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Xenobiotic-contaminated water and its impact on animal metabolism

population, intensive chemicalisation of agriculture, and the intensification of many other types
of anthropogenic pressure on nature have disrupted the circulation of substances and natural
energy exchange processes in the biosphere, damaged its regenerative mechanisms, and as a result,
its progressive destruction has begun. This research review aimed to present some of the main
impacts of water quality on metabolism in animal organisms within the concept of “One Health”.
The leading method for studying this problem is a review of recent literature. Typically, xenobiotics
are chemical compounds that enter the body and are not formed as a result of metabolic pathway
reactions. In this regard, water contaminated with xenobiotics enters the body with drinking
water or food, and this does not apply to metabolic water, which is formed as a result of chemical
reactions. Thus, along with the consumption of water due to hydration, other various chemical
substances may enter the body, which are usually not present in drinking water. However, the type
of chemical substances, as well as their quantity, are criteria that can transform water from a basic
nutrient into a harmful product. Soil and water play an important role in the chemical composition
of food or feed that grows in the soil, and the metabolism of plants or plant consumers can be
balanced or unbalanced depending on the quality and quantity of water. The materials of the article
have practical significance for elucidating the biological mechanisms of xenobiotic elimination and

preserving the health of animals and humans

Keywords: pollutants; animal organisms; contaminants; fluid balance; elimination

Introduction

The impact of xenobiotics on the reproductive
and developmental biology of all living organ-
isms has become of paramount importance in
the present day. As the effect of these xenobi-
otics on aquatic animals is an emerging area
of research and development, several groups
worldwide are working on these aspects, target-
ing various groups of fish in both marine and
freshwater ecosystems (Akhila et al., 2023).
Generally, xenobiotics refer to a wide range
of compounds, including synthetic and indus-
trial chemicals, drugs, pesticides, environmen-
tal pollutants, and other substances that are
introduced into an organism’s system through
various routes, such as ingestion, inhalation,
or dermal exposure, according to E.A. No-
man et al. (2019). The presence of xenobiotics
in freshwater — particularly in water used as a
source of drinking water for animals and hu-
mans - can largely be attributed to sewage sys-
tems for wastewater, but also to potential leaks,

especially during rainy weather and in humid
atmospheric conditions.

P.F. Zabrodskii (2020) notes that when xe-
nobiotics enter an organism, they can under-
go biotransformation, which is the process of
chemical modification that occurs within the
body. This transformation is primarily carried
out by enzymes in the liver, although other or-
gans and tissues can also contribute. The pur-
pose of biotransformation is to convert xeno-
biotics into more easily excretable forms and
to neutralise or detoxify potentially harmful
substances.

However, some xenobiotics may be difficult
to eliminate or may be transformed into metab-
olites that are more toxic or reactive than the
original compound. This can lead to adverse
effects on the organism’s health, such as organ
damage, disruption of physiological processes,
or the development of diseases. The study of xe-
nobiotics and their effects on living organisms

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 3
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is a significant field within toxicology and en-
vironmental science. Understanding how xeno-
biotics interact with biological systems and the
mechanisms of their metabolism and toxicity is
crucial for assessing their potential risks to hu-
man and ecological health (Oesch et al., 2018;
Ortiz et al., 2022; Rathore et al., 2022).

B. Lussenburg et al. (2022) indicate that
understanding how exogenous chemicals (xe-
nobiotics) are metabolised, distributed, and
eliminated is critical for determining the im-
pact of these chemicals and their metabolites
on the organism. Y. Hua et al. (2022) point out
that it is of great importance for food safety and
human health to study the migration and bio-
transformation of chemical pollutants among
agricultural elements, such as soil, water, and
crops. C.H. Chen (2024) notes that household
products containing chemical compounds are
used daily, while industrial chemicals and en-
vironmental pollutants are prevalent in the air
and water bodies. As a result, humans are con-
stantly exposed to these foreign substances,
known as xenobiotics. Many of these foreign
compounds that enter the body are lipophilic,
or fat-soluble. Unlike hydrophilic substances,
which dissolve in water, lipophilic compounds
are nonpolar and either insoluble or only
slightly soluble in water. Therefore, they must
be converted into water-soluble forms before
being eliminated from the body. The process of
removing these foreign substances involves ac-
tivation and detoxification mechanisms, which
serve as crucial defences for the human body.

The study aimed to analyse the influence
of xenobiotics in water on metabolic processes
in animals. The research methodology involved
a comprehensive study and analysis of recent
scientific literature. This approach aimed to re-
view and synthesise the most up-to-date find-
ings and theories relevant to the topic. The se-
lection of sources was based on their scholarly
significance, relevance, and contribution to the

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 3

existing body of knowledge. The analysis fo-
cused on identifying key themes, patterns, and
gaps in the literature, providing a robust foun-
dation for the research. By critically evaluating
recent studies, the methodology ensured that
the research was grounded in current scientif-
ic understanding, allowing for a well-rounded
perspective on the subject matter.

Xenobiotic water contamination
and its environmental impact

In this article, it is proposed to discuss “xeno-
biotic water”, which refers to water that is not
produced within biological systems through
metabolic reactions, but rather to the water in-
gested by humans and animals, namely drinking
water or water that enters the organism along
with food or feed. In this context, “xenobiotic
water” does not refer to “polluted water” but to
water that is not produced within the organism
as an intermediate or final product of reactions.

Metabolic water is produced inside the or-
ganism in a multitude of reactions, playing a
crucial role in maintaining proper hydration
levels. The human body, as well as many other
organisms, has evolved mechanisms to gener-
ate water as a byproduct of various metabolic
processes (Nelson & Cox, 2014).

One of the primary sources of metabolic
water is derived from cellular respiration (Ul-
rich & Zickermann, 2021; McClelland, 2022).
During this process, glucose and oxygen are
used to produce energy in various forms, but
most commonly as adenosine triphosphate
(ATP). Interestingly, as a byproduct of cellu-
lar respiration, water is generated through the
combination of hydrogen ions and electrons in
the electron transport chain (Bindoli & Rigo-
bello, 2013). This metabolic water production
occurs in the mitochondria, the powerhouse
of the cell (Cox, 2005). Additionally, the break-
down of stored glycogen in the liver and mus-
cles also yields metabolic water. As glycogen is
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metabolised to release glucose for energy, the
process produces water molecules as a byprod-
uct. Furthermore, the oxidation of fat stores
contributes to the production of metabolic wa-
ter (Matkov, 2018). Fat molecules contain more
hydrogen atoms compared to carbohydrates,
making them a potent source for water synthesis
when metabolised (Bindoli & Rigobello, 2020).

Overall, these metabolic reactions collec-
tively contribute to the production of water
within the organism. While the amount of water
generated through these processes is relatively
small compared to the water obtained from ex-
ternal sources such as drinking, it is neverthe-
less an important internal source of hydration,
particularly in situations where access to exter-
nal water is limited, such as during periods of
water scarcity or in arid environments.

Water contaminated with xenobiotics re-
fers to water that contains foreign substances,
such as synthetic chemicals, pharmaceuticals,
and pesticides (Gerrity et al., 2011). These sub-
stances can enter water sources through direct
discharge from industries, agricultural runoff,
improper waste disposal, or accidental spills.
They can be harmful to biological systems, in-
cluding humans, animals, and plants, as they
may interfere with normal cellular functions
and essential physiological processes.

Water containing xenobiotics can have
harmful effects on aquatic ecosystems and pose
risks to human health. Many xenobiotics are
persistent and do not easily degrade, leading to
long-term contamination of water bodies, such
as heavy metals (Ahmadi et al.,, 2018). These
substances can accumulate in the environment,
potentially affecting aquatic organisms and the
food chain.

Water treatment processes such as filtra-
tion, disinfection, and advanced oxidation are
commonly employed to remove or reduce xe-
nobiotics from water supplies. Additionally,
regulations and monitoring programmes aim

to control the release of xenobiotics into water
sources and mitigate their potential impacts on
both the environment and human populations.

The significance of xenobiotics present in
the water composition of biological systems is
that they can have detrimental effects on hu-
man health, the environment, and aquatic life.
Exposure to these contaminants can lead to
the development of diseases, birth defects, and
other health problems (Pankaj et al., 2017). Ad-
ditionally, xenobiotic water can disrupt ecosys-
tems and harm wildlife by altering their behav-
iour, growth, and reproduction. This is why it is
essential to monitor and regulate the presence
of xenobiotic substances in water sources to
ensure the safety of our natural resources and
public health.

Metabolic water refers to water produced
as a byproduct of metabolic processes in spe-
cific organisms, particularly those adapted to
survive in water-scarce environments. It serves
as a supplementary source of water, but it is
not the sole or primary means of meeting an
organism’s water requirements (Ferrier, 2014).
Certain organisms, such as desert-dwelling an-
imals, plants, and microorganisms, have meta-
bolic adaptations that allow them to generate
water as a byproduct of their metabolic pro-
cesses. This metabolic water production helps
these organisms survive in arid or water-scarce
environments where access to external water
sources is limited.

In these cases, metabolic water is derived
from the breakdown or metabolism of internal
energy stores, such as glycogen or fats. During
the breakdown of these energy stores, meta-
bolic reactions release water molecules as by-
products. This internally generated water can
be utilised by the organism to meet its water
needs, supplementing or compensating for the
lack of external water sources.

The production of metabolic water varies
depending on the specific organism and its
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physiological adaptations. For example, some
desert-dwelling animals, such as kangaroo rat
(Dipodomys phillipsii) (Swaner, 2013) — Fig. 1a,
certain reptiles (Uma scoparia) - Fig. 1b, and
wild Bactrian camel (Camelus ferus) — Fig. 1c
have highly efficient kidneys that concen-
trate their urine and minimise water loss.
This conservation of water, along with met-
abolic water production, helps them survive
in water-scarce environments and assists in

regulating body temperature, humidity, evap-
oration, and excretion.

It is important to note that metabolic wa-
ter production is often relatively limited com-
pared to the total water needs of an organism.
While it can contribute to water balance and be
beneficial in water-stressed environments, ad-
ditional water intake through drinking or other
external sources is typically necessary for prop-
er hydration for all living organisms.

Figure 1. Animals fully adapted to xeric environments
Note: a — kangaroo rat (Dipodomys phillipsii); b - reptiles (Uma scoparia); ¢ — wild Bactrian camel (Camelus ferus)
Sourse: developed by the authors

Importance of water for metabolic
pathways in animals

Water quality plays a crucial role in the health
and well-being of both animal and human or-
ganisms. Here are some key influences of water
quality on organisms:

Hydration — Water is essential for maintain-
ing proper hydration in organisms. Adequate
water intake is necessary for the functioning
of cells, tissues, and organs (Buck et al., 2017).
Poor water quality, such as water contaminated
with pollutants or pathogens, can lead to de-
hydration or waterborne diseases, negatively
impacting the health of animals and humans
(Hulea & Ahmadi, 2021).

Nutrient absorption — Water serves as a me-
dium for the absorption and transportation of
nutrients within organisms. Inadequate water
quality can hinder nutrient absorption, leading
tonutrientdeficienciesandrelated healthissues.

Contaminant exposure — Water quality af-
fects the degree of exposure to contaminants,
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including pollutants, chemicals, heavy metals,
pesticides, and pathogens. Consuming water
with high levels of contaminants can have det-
rimental effects on the immune system, organ
function, and overall health of organisms (Wid-
maier et al., 2008).

Disease transmission — Poor water quality
can facilitate the transmission of waterborne
diseases and infections. Pathogens such as bac-
teria, viruses, and parasites can contaminate
water sources, leading to illnesses in animals
and humans when consumed or used for hy-
giene purposes.

Aquatic ecosystems — Water quality is vital
for the health of aquatic ecosystems and the
organisms that inhabit them. Contaminated
water can disrupt the ecological balance, harm
aquatic species, and degrade habitats, affecting
the overall biodiversity and functioning of the
ecosystem (Pedersen et al., 2003).

Excretion — Water plays a vital role in the
process of excretion, which is the removal of
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waste materials from the body. The excretory
system, consisting of organs such as the kid-
neys, helps maintain the body’s internal envi-
ronment by filtering waste products and excess
substances from the bloodstream and eliminat-
ing them through urine.

Urine formation — The kidneys filter waste
products, excess ions, and other substances
from the blood to form urine. Water is a key
component of urine and acts as a solvent that
helps dissolve and transport these waste mate-
rials out of the body (Pollard et al., 2018).

Kidney function — Adequate water intake is
crucial for the proper functioning of the kidneys.
Water helps maintain optimal blood volume and
pressure within the kidneys, ensuring efficient
filtration and removal of waste products. Insuf-
ficient water intake can lead to concentrated
urine, which may contribute to the formation
of kidney stones or urinary tract infections.

Waste elimination — Water helps dilute waste
substances in the urine, making them easier to
excrete.Itassistsinflushingout toxins, metabol-
ic byproducts, and excess substances like urea,
uric acid, and electrolytes from the body. With-
out sufficient water, these waste products may
accumulate and cause various health problems.

Fluid balance — Water plays a critical role in
maintaining fluid balance throughout the body.
It helps regulate osmotic pressure and elec-
trolyte concentrations, which are essential for
cellular function (Buck et al., 2017). Adequate
hydration ensures that the body can effectively
eliminate waste materials and maintain overall
physiological stability.

To ensure the well-being of both animals
and humans, it is essential to maintain and
monitor water quality through measures such
as regular testing, water treatment and purifi-
cation, proper waste disposal, and safeguarding
water sources from pollution. Regulatory bod-
ies, environmental agencies, and public health
organisations often establish guidelines and

standards to protect water quality and promote
the health of organisms that depend on it (Pat-
terson et al., 2010).

Water is an essential component for the
proper functioning of metabolic pathways in
organisms. Metabolic pathways are a series of
chemical reactions that occur within cells to
break down molecules, generate energy, and
synthesise new molecules necessary for life
processes. Here are some ways in which water
is involved in metabolic pathways:

Solvent and reaction medium — Water serves
as a universal solvent and provides the me-
dium for metabolic reactions to occur. Many
metabolic reactions take place in the aqueous
environment inside cells, where water acts as a
solvent, facilitating the transport of molecules,
ions, and substrates involved in these pathways.

Hydrolysis reactions — Hydrolysis is a com-
mon metabolic reaction in which water mole-
cules are used to break down complex molecules
into simpler components. For example, during
digestion, water is involved in hydrolysing food
molecules such as carbohydrates, proteins, and
lipids into their respective monomers (sugars,
amino acids, and fatty acids).

Protein folding — Proper protein folding is
essential for the functioning of enzymes, recep-
tors, and other proteins. Water molecules inter-
act with amino acids as proteins fold, stabilis-
ing their structures and ensuring they achieve
their functional conformations.

Transport and diffusion — Water plays a
crucial role in the transport and diffusion of
metabolites within cells and tissues (Alber-
ti, 2010). Metabolites produced in one part of
the cell need to be transported to other cel-
lular compartments or even different cells
(Lea et al., 2003). Water, along with specialised
transport proteins, facilitates the movement of
metabolites across cell membranes (Groot &
Grubmdiller, 2001). Water’s role as a transport
medium is vital for the movement of nutrients,
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waste products, hormones, and other molecules
throughout the body, being directly involved in
cell size (Lloyd, 2013), volume (Sachs & Sivasel-
van, 2015), and shape (Koivusalo et al., 2009).
Blood, for example, is primarily composed of
water and acts as a medium for transporting
oxygen, nutrients, and waste products between
cells and organs.

Aquaporins are a family of membrane pro-
teins that facilitate the rapid transport of water
molecules across cell membranes (Abir-Awan et
al.,, 2019). They are essential for maintaining
water balance in various tissues and organs of
mammals. These water channels play a crucial
role in regulating water movement, osmotic
balance, and fluid homeostasis within cells and
tissues (Lodish et al., 2005). Among mammals,
there are several types of aquaporins, each with
specific distributions and functions, as follows:

Aquaporin-1 (AQP1) - is one of the first
aquaporins discovered and iswidely expressed in
various tissues, including the kidneys, lungs, red
blood cells,and the endothelium ofblood vessels.

Aquaporin-2 (AQP2) - is primarily found in
the kidney’s collecting ducts and is regulated by
the hormone vasopressin.

Aquaporin-3 (AQP3) - is present in the
plasma membranes of various tissues, includ-
ing the kidneys, skin, and gastrointestinal tract.

Aquaporin-4 (AQP4) - is highly expressed
in the brain and spinal cord, where it plays a
role in regulating brain water balance and cere-
brospinal fluid dynamics.

Aquaporin-5 (AQP5) - is found in tissues
with secretory and absorptive functions, such
as salivary glands, the respiratory tract, and
lacrimal glands.

Aquaporin-7 (AQP7) and Aquaporin-9
(AQPY) - are found in adipose tissue and liver
cells, respectively.

Aquaporin-6 (AQP6) - is primarily found in
intracellular vesicles of the kidney’s collecting
duct cells (Delgado et al., 2013).
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The function of aquaporins goes beyond
maintaining water balance. For instance, they
are involved in cell migration, cell signalling,
and interactions with other molecules (Hoff-
mann & Pedersen, 2011).

Mammalian aquaporin water channels are
fundamental for maintaining water homeosta-
sis and osmotic balance in various tissues and
organs. Their selective permeability to water
allows the rapid movement of water molecules
across cell membranes, ensuring the proper
functioning of cells and tissues throughout the
body (Roccaro et al., 2013).

Enzymatic reactions — Enzymes, which are
proteins that catalyse metabolic reactions, of-
ten require water as a necessary component for
their activity. Water molecules can be directly
involved in enzymatic reactions, either as a re-
actant or as a participant in the catalytic process.

Temperature regulation — Water possesses
a high heat capacity, allowing it to absorb and
release heat with minimal temperature chang-
es. Since metabolic reactions produce heat as a
by-product, water’s ability to maintain a stable
temperature is essential for regulating body
heat. This characteristic ensures that metabolic
processes occur within an optimal temperature
range, promoting efficient enzyme activity and
proper cellular function.

Metabolite synthesis — Water is involved in
the synthesis of many essential metabolites,
including carbohydrates, proteins, lipids, and
nucleic acids. Water molecules are incorpo-
rated into these compounds during their bio-
synthesis, contributing to their structure and
functionality.

In summary, water is integral to metabolic
pathways as a solvent, participant in reactions,
transport medium, and temperature regulator.
It enables the efficient functioning of cellular
processes and the synthesis and breakdown
of molecules necessary for life (Saragovi et
al., 2022). Maintaining adequate hydration and




Xenobiotic-contaminated water and its impact on animal metabolism

consuming high-quality water is vital for sup-
porting optimal metabolic function in organ-
isms. Additionally, water is involved in both
catabolic (breakdown) and anabolic (synthesis)
metabolic pathways. In catabolic reactions,
water is often used to break chemical bonds,
releasing energy. In anabolic reactions, water
is often a product as molecules are built up
(Khesbak et al., 2011). For instance, in photo-
synthesis, water molecules are split to provide
electrons and protons needed to convert carbon
dioxide into glucose.

ATP formation — The synthesis of adeno-
sine triphosphate (ATP), the primary energy
currency of cells, occurs in metabolic pathways
such as cellular respiration and photosynthe-
sis. These processes involve the movement of
protons across cell membranes, creating proton
gradients that drive ATP synthesis through ATP
synthase. Water molecules are released as a
by-product of these reactions and help regulate
the proton gradients and energy flow.

Detoxification — Water aids in the remov-
al of waste products and toxins from the body
through processes such as urination and sweat-
ing. The kidneys use water to filter waste prod-
ucts and excess substances from the blood,
forming urine that is excreted from the body.
Sweating helps regulate body temperature and
eliminates waste products through the skin.

The water needs of animals can vary de-
pending on the species, size, diet, activity level,
and environmental conditions. Here are some
general guidelines regarding water require-
ments for different types of animals:

Domestic animals — Dogs typically require
about 0.3 litres of water per pound of body
weight per day. However, this can vary based on
factors such as size, activity level, and diet. Cats
generally need about 0.1 to 0.15 litres of water
per 5 pounds of body weight per day. Cats con-
suming wet food derive some of their water in-
take from their diet. Horses can between 20 and

60 litres of water per day, depending on factors
such as size, climate, diet, and activity level.

Livestock animals — Cows typically require
around 30 to 45 litres of water per day. How-
ever, lactating cows or those in hot climates
may need more. Sheep and goats generally
need about 2 to 4 litres of water per day. This
requirement can increase during hot weather
or lactation. Pigs typically require about 2 to 4
litres of water per day, depending on their size
and environmental conditions.

Wild animals — Have varying water require-
ments based on their size, diet, and habitat. De-
sert-dwelling animals, such as camels, kanga-
roo rats (Longland & Dimitri, 2021), and certain
reptiles, have unique adaptations to conserve
water and can survive in very limited amounts.

Aquatic animals — Animals such as fish, am-
phibians,and marine mammals, obtain their wa-
ter needs from their surrounding environment.

Common xenobiotic water pollutants
that pose a risk to animals

Xenobiotics are substancesthatareforeigntothe
biological systems they enter, often originating
from human activities such as pharmaceutical
production, agriculture, industry, and personal
care. These contaminants can enter water sys-
tems through various pathways, leading to po-
tential environmental and human health risks.

Pharmaceuticals as xenobiotic contami-
nants: Pharmaceuticals are widely used for
medical purposes and are commonly found in
water systems due to incomplete metabolism
and excretion by humans. These compounds
can enter the environment through sewage dis-
charges, landfill leachate, and runoff from ar-
eas with pharmaceutical manufacturing facili-
ties. Once in water systems, pharmaceuticals
can have diverse ecological and human health
impacts. Thus, pharmaceuticals can disrupt
aquatic ecosystems by affecting the behaviour,
growth, and reproduction of aquatic organisms.
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Hormone-disrupting pharmaceuticals, such as
birth control pills, can alter the reproductive
behaviours of fish, leading to changes in popu-
lation dynamics (Dhaval et al., 2013).
Long-term exposure to low levels of phar-
maceuticals in drinking water might have cu-
mulative effects on human health. The presence
of antibiotics in water systems can contribute
to the development of antibiotic-resistant bac-
teria, posing challenges for disease treatment.
Pesticides as xenobiotic contaminants: Pes-
ticides are chemicals used to control pests in
agriculture, and they can contaminate water
systems through runoff from treated fields and
improper disposal. These compounds can per-
sist in the environment and have significant
implications for both ecosystems and human
health. Pesticides can harm non-target organ-
isms, leading to declines in pollinator popula-
tions (e.g., bees) and disruptions in food chains.
The bioaccumulation of pesticides in aquatic
organisms can lead to increased concentrations
as they move up the food chain. Pesticide-con-
taminated water can find its way into drinking
water sources, posing potential risks to human
health. Chronic exposure to pesticide residues in
water has been associated with a range of health
issues, including neurodevelopmental disor-
ders and certain cancers (Johnson et al., 2012).
Industrial chemicals as xenobiotic contam-
inants: Industrial chemicals, including heavy
metals and organic pollutants, are released
into water systems through industrial process-
es, waste disposal, and accidental spills. These
contaminants can have far-reaching effects
on aquatic ecosystems and human well-be-
ing. Heavy metals, such as mercury, cadmium,
and lead can accumulate in aquatic organisms,
causing deformities and reproductive issues
(Ahmadi et al., 2016).
Organic industrial pollutants, such as poly-
chlorinated biphenyls (PCBs), can disrupt endo-
crine systems in aquatic animals. Consumption
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of fish and shellfish from contaminated water
bodies can lead to human exposure to heavy
metals and persistent organic pollutants.

Industrial chemicals in water systems can
also contaminate agricultural produce, indi-
rectly affecting human health.

Personal care products as xenobiotic con-
taminants: Personal care products, including
cosmetics, fragrances, and cleaning agents, of-
ten contain chemicals that can enter water sys-
tems through domestic wastewater discharge.
These compounds can contribute to emerging
environmental challenges. Some compounds in
personal care products can interfere with the
growth and development of aquatic organisms.
Synthetic fragrances and antimicrobial agents
can be persistent in water systems, affecting
aquatic life. Certain ingredients in personal
care products, such as endocrine-disrupting
phthalates, can pose risks to human health
when present in water sources. The potential
for exposure to a mixture of chemicals from
various personal care products is a concern that
requires further research (Mathew et al., 2017).

Mitigating the impacts of xenobiotic
contaminants on water systems requires a
multi-faceted approach, such as wastewater
treatment, regulation and monitoring, phar-
maceutical disposal programmes, integrated
pest management, green chemistry, and prod-
uct design.

Upgrading wastewater treatment facilities
to include advanced treatment processes, such
as ozonation and activated carbon filtration,
can help remove a wider range of contaminants,
including pharmaceuticals and personal care
products. Strengthening regulations on the dis-
charge of pharmaceuticals, pesticides, and in-
dustrial chemicals into water systems can help
minimise their entry. Regular monitoring of
water bodies for contaminant levels is crucial.
Implementing proper disposal programmes for
unused or expired pharmaceuticals can reduce
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their presence in the environment (Tahar et
al., 2013; Embrandiri et al., 2016).

Promoting integrated pest management
practices in agriculture can reduce reliance on
synthetic pesticides, mitigating their entry into
water systems. Encouraging the development
of personal care products and industrial chem-
icals with reduced environmental persistence
and toxicity can limit their impact on water
systems. Xenobiotic contaminants, including
pharmaceuticals, pesticides, industrial chemi-
cals, and personal care products, pose signifi-
cant challenges to water systems and the en-
vironment as a whole. Their entry into aquatic
ecosystems can have far-reaching ecological
and human health consequences. Effective
mitigation strategies involve a combination of
regulatory measures, technological advance-
ments in wastewater treatment, and shifts in
consumption patterns towards more sustaina-
ble products. Safeguarding water quality from
these contaminants is crucial for the well-being
of both ecosystems and human populations.

Conclusions

Water’s role in metabolic pathways is multifac-
eted and essential for sustaining life. It acts as a
solvent for reactions, participates in hydrolysis,
aids in ATP production, regulates temperature,
facilitates nutrient transport, supports detoxi-
fication, contributes to proper protein folding,
and is intricately involved in both catabolic
and anabolic processes. Water’s ability to act

as a medium, solvent, and participant in met-
abolic reactions underscores its fundamental
importance to the functioning of the human
body. Xenobiotic metabolism is a complex pro-
cess influenced by a wide range of factors. Ge-
netic variability, age, sex, co-exposure to other
chemicals, disease states, nutritional status,
and environmental factors can all impact how
efficiently the body processes and eliminates
foreign compounds. Understanding these fac-
tors is essential for personalised medicine ap-
proaches, risk assessment, and designing ef-
fective interventions to minimise the adverse
effects of xenobiotics on human health. En-
zymes such as cytochrome P450s and glucuron-
osyltransferases play a critical role in xenobiot-
ic metabolism by facilitating the detoxification
and elimination of foreign compounds from the
body. These enzymatic processes are essential
for maintaining health and preventing the ac-
cumulation of toxic substances in the body.

The perspective of the research is to obtain
high-quality products from animal husbandry
and, accordingly, to reduce the threat to human
health.

Acknowledgements

Thanks to the staff of the University of Life
Sciences “King Michael I” from Timisoara for
fruitful cooperation.

Conflict of Interest

None.

References

[1] Abir-Awan, M., Kitchen, P., Salman, M.M., Conner, M.T., Conner, A.C., & Bill, R.M. (2019).
Inhibitors of mammalian aquaporin water channels. International Journal of Molecular Sciences,
20(7), article number 1589. doi: 10.3390/ijms20071589.

[2] Ahmadi, M., Nicula, M., Dumitrescu, G., Stef, L., Pet, I., Petculescu-Ciochina, L., & Dronca,
D. (2018). Specific proteins in relation with iron overload in experimental study. Revista de
Chimie. (Bucharest), 69(10) 2731-2733. doi: 10.37358/RC.18.10.6613.

[3] Akhila, D.S., Ashwath, P., Kavitha, G. M., Aksahy, S.D., Rao, R., Devivaraprasad, R.A., &
Rajeshwari, V. (2023). Pesticide and xenobiotic metabolism in aquatic organisms. In Xenobiotics
in aquatic animals (pp. 1-66). Berlin: Springer. doi: 10.1007/978-981-99-1214-8 1.

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 3



https://www.mdpi.com/1422-0067/20/7/1589
doi:%2010.37358/RC.18.10.6613
https://www.researchgate.net/publication/370699712_Pesticide_and_Xenobiotic_Metabolism_in_Aquatic_Organisms

Ahmadi et al.

[4] Alberti,S.(2010).Phase separation in biology. Current Biology,27(20),1097-1102.doi: 10.1016/].
cub.2017.08.069.

[5] Bindoli, A., & Rigobello, M.P. (2013). Peroxidase biochemistry and redox signaling. In
Encyclopedia of biological chemistry (pp. 407-412). Waltham: Academic Press. doi: 10.1016/
B978-0-12-378630-2.00179-1.

[6] Bindoli, A., & Rigobello, M.P. (2020). Electrons and protons — peroxidase biochemistry and
redox signaling. In Encyclopedia of biological chemistry III (pp. 579-585). Amsterdam: Elsevier.
doi: 10.1016/B978-0-12-809633-8.21402-7.

[71 Buck,M.D., Sowell,R.T.,Kaech, S.M., & Pearce, E.L. (2017). Metabolic instruction of immunity.
Cell, 169(4), 570-586. doi: 10.1016/j.cell.2017.04.004.

[8] Chen, C.H. (2024). Xenobiotic metabolic enzymes: Bioactivation and antioxidant defense. Berlin:
Springer. doi:10.1007/978-3-031-55287-8 1.

[9] Cox,S. (2005). Energy — metabolism. In Encyclopedia of human nutrition (pp. 106-114). Oxford:
Elsevier.

[10] Delgado,F., Cermak, F., Hecht, N.C., Son, V.C., & Li, S. (2013). Intracellular Water Exchange for
Measuring the dry mass, water mass and changes in chemical composition of living cells. PLOS
One, 8(7), article number 67590. doi: 10.1371/journal.pone.0067590.

[11] Dhaval,K.,Patel,D.K., & Sen, D.]. (2013). Xenobiotics: An essential precursor for living system.
American Journal of Advanced Drug Delivery.

[12] Embrandiri, A., Kiyasudeen, S.K., Rupani, P.F., & Ibrahim, M.H. (2016). Environmental
xenobiotics and its effects on natural ecosystem. In Plant responses to xenobiotics (pp. 1-18).
Singapore: Springer. doi:10.1007/978-981-10-2860-1 1.

[13] Ferrier, D. (2014). Lippincott’s illustrated reviews: Biochemistry. Lippincott: Williams & Wilkins.

[14] Gerrity, D.W., Benotti, M.]., Reckhow, D.A., & Snyder, S.A. (2011). Pharmaceuticals and
endocrine-disrupting compounds in drinking water. In Biophysico-chemical processes of
anthropogenic organic compounds in environmental systems (pp. 233-249). New Jersey: Wiley.
doi: 10.1002/9780470944479.ch9.

[15] Groot, B.L., & Grubmiiller, H. (2001). Water permeation across biological membranes:
Mechanism and dynamics of aquaporin-1 and GIpF. Science, 294(5550), 2353-2357.
doi: 10.1126/science.1066115.

[16] Hoffmann, S., & Pedersen, F. (2011). Cell volume homeostatic mechanisms: Effectors and
signalling pathways. Acta Physiologica, 202(3), 465-485. doi: 10.1111/].1748-1716.2010.02190.x.

[17] Hua, Y., Yuan, Y., Qin, Y., Zhang, C., Wang, X., Feng, S., & Lu, Y. (2022). Advances in the agro-
environment migration of organic chemical pollutants and their biotransformation in crops.
Agronomy, 12(12), article number 3009. doi: 10.3390/agronomy12123009.

[18] Hulea, S., & Ahmadi, M. (2021). Foods that harm, foods that promote health: A biochemical and
nutritional perspective in health and disease prevention. USA: Brown Walker Press.

[19] Johnson, C.H., Patterson, A.D., Idle, J.R., & Gonzalez, F.]. (2012). Xenobiotic metabolomics:
Major impact on the metabolome. Annual Review of Pharmacology and Toxicology, 52, 37-56.
doi: 10.1146/annurev-pharmtox-010611-134748.

[20] Khesbak, H., Savchuk, O., Tsushima, S., & Fahmy, K. (2011). The role of water h-bond
imbalances in B-DNA substate transitions and peptide recognition revealed by time-resolved
FTIR spectroscopy. Journal of the American Chemical Society, 133(15), article number 5834.
doi: 10.1021/ja108863v.

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 3



https://pubmed.ncbi.nlm.nih.gov/29065286/
https://pubmed.ncbi.nlm.nih.gov/29065286/
https://www.researchgate.net/publication/323706478_Peroxidase_Biochemistry_and_Redox_Signaling
https://www.researchgate.net/publication/323706478_Peroxidase_Biochemistry_and_Redox_Signaling
https://www.researchgate.net/publication/341470234_Peroxidase_Biochemistry_and_Redox_Signaling
https://pubmed.ncbi.nlm.nih.gov/28475890/
https://ouci.dntb.gov.ua/works/9GQzmRJ4/
https://researchonline.lshtm.ac.uk/id/eprint/12976/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0067590
https://www.primescholars.com/articles/xenobiotics-an-essential-precursor-for-living-system.pdf
https://link.springer.com/chapter/10.1007/978-981-10-2860-1_1
https://www.amazon.com/Biochemistry-Lippincott-Illustrated-Reviews-Ferrier/dp/1451175620
https://onlinelibrary.wiley.com/doi/10.1002/9780470944479.ch9
https://pubmed.ncbi.nlm.nih.gov/11743202/
https://pubmed.ncbi.nlm.nih.gov/20874806/
https://www.mdpi.com/2073-4395/12/12/3009
https://www.universal-publishers.com/m/book.php?method=ISBN&book=1627343474
https://www.universal-publishers.com/m/book.php?method=ISBN&book=1627343474
https://pubmed.ncbi.nlm.nih.gov/21819238/
https://doi.org/10.1021/ja108863v

Xenobiotic-contaminated water and its impact on animal metabolism

[21] Koivusalo, M., Kapus, A., & Grinstein, S. (2009). Sensors, transducers, and effectors that
regulate cell size and shape. Journal of Biological Chemistry, 284(11), 6595-6599. doi: 10.1074/
jbc.R800049200

[22] Lea, N.C., Orr, S.]., Stoeber, K., Williams, G.H., Lam, EW-F., Ibrahim, M.A.A., Mufti, G.J.,
& Thomas, N.S.B. (2003). Molecular and cellular. Biology, 23(7), article number 2351.
doi: 10.1128%2FMCB.23.7.2351-2361.2003.

[23] Lloyd, A.C. (2013). The regulation of cell size. Cell, 154(6), 1194-1205. doi: 10.1016/].
cell.2013.08.053.

[24] Lodish,H.,Berk,A.,Kaiser, C.A.,Krieger,M., Scott, M.P., Bretscher, A., Ploegh, H., & Matsudaira,
P. (2005). Molecular cell biology (5th ed.). New York: W.H. Freeman and Company.

[25] Longland, W.S., & Dimitri, L.A. (2021). Kangaroo rats: Ecosystem engineers on western
rangelands. Rangelands, 43(2), 72-80. doi: 10.1016/j.rala.2020.10.004.

[26] Lussenburg, B., Capinha, L., Reinen, J., Rooseboom, M., Kranendonk, M., Onderwater, R., &
Jennings, P. (2022). “Commandeuring” xenobiotic metabolism: Advances in understanding
xenobiotic metabolism. Chemical Research in Toxicology, 35(7), 1184-1201. doi: 10.1021/acs.
chemrestox.2c00067.

[27] Mathew, B.B., Singh, H., Biju, V.G., & Krishnamurthy, N.B. (2017). Classification, source, and
effect of environmental pollutants and their biodegradation. Journal of Environmental Pathology,
Toxicology, and Oncology, 36(1), 55-71. doi: 10.1615/]EnvironPatholToxicolOncol.2017015804.

[28] Matkov, K.G. (2018). How much water is possible to obtain from fat during oxidation in
organism? European Journal of Natural History, 3, 31-34.

[29] McClelland, G.B., (2022). Tissue respiration — cellular respiration. Amsterdam: Elsevier.
doi: 10.1016/B978-0-12-374553-8.00120-9.

[30] Nelson,D.L., & Cox, M.M. (2014). Lehninger principles of biochemistry. New York: W.H. Freeman
and Company.

[31] Noman, E.A., Al-Gheethi, A.A.S., Talip, B.A., Radin Mohamed, R.M.S., Nagao, H., & Mohd
Kassim, A.H. (2019). Xenobiotic organic compounds in greywater and environmental health
impacts. In Management of greywater in developing countries (pp. 89-108). Cham: Springer.

[32] Oesch, F., Fabian, E., & Landsiedel, R. (2018). Xenobiotica-metabolizing enzymes in the skin
of rat, mouse, pig, guinea pig, man, and in human skin models. Archives of Toxicology, 92,2411~
2456. doi: 10.1007/s00204-018-2232-x.

[33] Ortiz, P., Torres-Sdnchez, A., Lopez-Moreno, A., Cerk. K., Ruiz-Moreno, A., Monteoliva-
Sanchez, M., Ampatzoglou, A., Aguilera, M., & Gruszecka-Kosowska, A. (2022). Impact of
cumulative environmental and dietary xenobiotics on human microbiota: Risk assessment for
one health. Journal of Xenobiotics, 12(1), 56-63. doi: 10.3390/jox12010006.

[34] Pankaj, Tiwarri, S., P., Gangola, S., Khati, P., Kumar, G., & Sharma, A. (2017). Removal of
Xenobiotics from environment using microbial metabolism. Science India Magazine, 5, 33-34.
doi: 10.13140/RG.2.2.24814.61767.

[35] Patterson, A.D., Gonzalez, F.]., & Idlea, J.R. (2010). Xenobiotic metabolism — A view through
the metabolometer. Chemical Research in Toxicology, 23(5), 851-860. doi: 10.1021/tx100020p.

[36] Pedersen, J.A., Yeager, M.A., & Suffet, I.H. (2003). Xenobiotic organic compounds in runoff
from fields irrigated with treated wastewater. Journal of Agricultural and Food Chemistry, 51(5),
1360-1372. doi: 10.1021/jf025953q.

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 3



https://pubmed.ncbi.nlm.nih.gov/19004817/
https://pubmed.ncbi.nlm.nih.gov/19004817/
https://doi.org/10.1128%2FMCB.23.7.2351-2361.2003
https://pubmed.ncbi.nlm.nih.gov/24034244/
https://pubmed.ncbi.nlm.nih.gov/24034244/
https://www.scirp.org/reference/referencespapers?referenceid=852804
https://www.sciencedirect.com/science/article/abs/pii/S0190052820301024
https://pubs.acs.org/doi/full/10.1021/acs.chemrestox.2c00067
https://pubs.acs.org/doi/full/10.1021/acs.chemrestox.2c00067
https://pubmed.ncbi.nlm.nih.gov/28605331/
https://world-science.ru/en/article/view?id=33874
https://world-science.ru/en/article/view?id=33874
http://dx.doi.org/10.1016/B978-0-12-374553-8.00120-9
https://link.springer.com/chapter/10.1007/978-3-319-90269-2_5
https://link.springer.com/chapter/10.1007/978-3-319-90269-2_5
https://link.springer.com/article/10.1007/s00204-018-2232-x
https://pubmed.ncbi.nlm.nih.gov/35323221/
https://www.researchgate.net/publication/313051182_Removal_of_Xenobiotics_from_environment_using_microbial_metabolism
https://pubs.acs.org/doi/10.1021/tx100020p
https://pubs.acs.org/doi/10.1021/jf025953q

Ahmadi et al.

[37] Pollard, K.M., Christy, ].M., Cauvi, D.M., & Kono, D.H. (2018). Environmental xenobiotic
exposure and autoimmunity. Current Opinion in Toxicology, 10, 15-22. doi: 10.1016/].
cot0x.2017.11.009.

[38] Rathore, S., Varshney, A., Mohan, S., & Dahiya, P. (2022). An innovative approach of
bioremediation in enzymatic degradation of xenobiotics. Biotechnology & Genetic Engineering
Reviews, 38(1), 1-32. doi: 10.1080/02648725.2022.2027628.

[39] Roccaro, P., Sgroi, M., & Vagliasindi, F.G.A. (2013). Removal of xenobiotic compounds from
wastewater for environment protection: Treatment processes and costs. Chemical Engineering
Transactions, 32, 505-510. doi: 10.3303/CET1332085.

[40] Sachs,F., & Sivaselvan, M.V. (2015). Cell volume control in three dimensions: Water movement
without solute movement. Journal of General Physiology, 145(5), 373-380. doi: 10.1085/
jgp.201411297.

[41] Saragovi, A., Zilberman, T., Yasur, G., Turjeman, K., Abramovich, L., Kuchersky, M., Gottlieb, E.,
Barenholz, Y., & Berger, M. (2022). Analysis of cellular water content in T cells reveals a switch
from slow metabolic water gain to rapid water influx prior to cell division. Journal of Biological
Chemistry, 298(4), article number 101795. doi: 10.1016/j.jbc.2022.101795.

[42] Swaner, L. (2013). A review of the literature concerning the need for metabolic water of the genus
Peromyscus. Retrieved from https://www.etbu.edu/sites/default/files/2018-10/hp2013swaner_
honors_project.pdf.

[43] Tahar, A., Choubert, ].M., & Coquery, M. (2013). Xenobiotics removal by adsorption in the
context of tertiary treatment: A mini review. Environmental Science and Pollution Research, 20,
5085-5095. doi: 10.1007/s11356-013-1754-2.

[44] Ulrich, B., & Zickermann, V. (2021). Respiration - respiratory chain complex. In Encyclopedia
of biological chemistry (pp. 485-93). Oxford: Elsevier.

[45] Widmaier, E.P., Raff, H., & Strang, K.T. (2008). Vander’s human physiology: The mechanisms of
body function. Boston: McGraw-Hill Higher Education.

[46] Zabrodskii, P.F. (2020). The mechanisms of formation of immunodeficiency’s, autoimmune
reactions and hypersensitivity under the influence of xenobiotics. Journal of Immunology and
Allergy, 1(1), 1-5. doi: 10.37191/Mapsci-2582-6549-1(1)-001.

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 3



https://pubmed.ncbi.nlm.nih.gov/29503968/
https://pubmed.ncbi.nlm.nih.gov/29503968/
https://pubmed.ncbi.nlm.nih.gov/35081881/
https://www.cetjournal.it/index.php/cet/article/view/CET1332085
https://pubmed.ncbi.nlm.nih.gov/25870207/
https://pubmed.ncbi.nlm.nih.gov/25870207/
https://pubmed.ncbi.nlm.nih.gov/35248530/
https://www.etbu.edu/sites/default/files/2018-10/hp2013swaner_honors_project.pdf
https://www.etbu.edu/sites/default/files/2018-10/hp2013swaner_honors_project.pdf
https://link.springer.com/article/10.1007/s11356-013-1754-2
https://search.worldcat.org/title/Vander's-human-physiology-:-the-mechanisms-of-body-function/oclc/1085206432
https://search.worldcat.org/title/Vander's-human-physiology-:-the-mechanisms-of-body-function/oclc/1085206432
file:///C:\Users\e.bezhevets\Downloads\%5b47%5d%09Zabrodskii,%20P.F.%20(2020).%20The%20Mechanisms%20of%20formation%20of%20immunodeficiency’s,%20autoimmune%20reactions%20and%20hypersensitivity%20under%20the%20influence%20of%20xenobiotics

Xenobiotic-contaminated water and its impact on animal metabolism

Bopa, 3a0pygHeHa KCeHO0ioTuKamMu,
Ta 1l BIVIUB Ha MeTa001i3M y TBApHH

Mipena Axmani
IokTop dinocodii, qoreHT
VHiBepcuTeT npupogHnumx Hayk «Kopomst Muxaiina I» 3 Timimoapu
300645, Byn. Kani Apmynait, 119, m. Timimmoapa, PymyHist
https://orcid.org/0000-0001-8033-8463
lIoan Ilet
Ioxkrtop dinocodii, mpodecop
VHiBepcuTeT nMpupomHnumx Hayk «Kopomst Muxaiina I» 3 Timimoapu
300645, Byn. Kani Apmynaii, 119, m. Timimmoapa, PymyHist
https://orcid.org/0000-0003-2157-5009
T'a6i JymiTpecky
HokTop dinocodii, mpodecop
VHiBepcuTeT nmpupogununx Hayk «Koposst Muxaiina I» 3 Timimoapu
300645, Byn. Kami Apmynait, 119, m. Timimmoapa, PymyHist
https://orcid.org/0000-0001-9045-6631
Hopen IpoHka
Ioxkrop dinocodii, mpodecop
VHiBepcuTeT npupofHMuMx Hayk «Kopomst Muxaiina I» 3 Timimoapu
300645, Byn. Kani Apmynait, 119, m. Timimmoapa, PymyHist
https://orcid.org/0000-0002-5159-6460
Irop Kaninin
IlokTop 6GiomoTiYHMX HayK, Mpodecop,
HauioHanbHMit yHiBepcuTeT 6iopecypciB i IpMUpomoOKOPUCTYBaHHS YKpaiHu
03041, Byn. TepoiB O6opounu, 15, m. Kui, Vkpaina
https://orcid.org/0000-0002-3740-7600

AHoTanis. AKTyaJIbHICTh OOCTiIKeHHSI 3YMOBJI€HA TMUM, 1[0 HA CbOTOAHINIHIN JeHb Yy CBOEMY
PO3BUTKY JIIOJICTBO AOCSIVIO TOTO PiBHSI, KOJIM, OBOJIOAIiBIIM BeIMUYE3HUM HAYKOBO-TEXHIYHUM
MTOTEHIIiaJIOM, BOHO Ille He HaBUMJIOCS I6AiIMBO i pallioHaJIbHO #0ro BUKOpUCTOBYyBaTH. lIIBMaKa
ingycrpiamisanist Ta ypbaHisallis MaHeTH, pi3ke 3pocTaHHS ii HapoJoHAaceleHHS, iHTEHCMBHA
xiMisallisl CiTbChKOTO TOCIOAapCTBa, MOCMIEHHS 6araTbOX iHIIMX BUIIiB aHTPOIIOTEHHOIO TUCKY
Ha MPUPOAY TOPYIIWIM KPYroobGir peyoBMH Ta NPUPOOHI OOMiHHI eHepreTMuHi mpoiecu B
6iocdepi, momkomuay ii pereHepalliiiHi MexaHi3Mu, BHACTIIOK YOTO movasaocs ii mporpecyiode
pyiinyBaHHs. Lleii omisa mocaimkeHHSI MaB Ha MeTi MPeACTaBUTU JesKi 3 OCHOBHUX BIUIMBIB
SIKOCTi BOIM Ha MeTaboJi3M B OpraHi3mi TBapuH y KOHLeMNLii «€AMHOT0 300pOB’st». [IpoBigHUM
METOJOM AOCTiIKEHHS 1liei Tpo6IeMy € OIS JIiTepaTypHUX JaHUX OCTaHHIX POKiB. 3a3BuUYail
KCEeHOOIOTMKY — 11e XiMiUHi CIIONyKY, [0 HAAXOASITh B OPraHi3M, sIKi He YTBOPIOIOTHCS B pe3yabTaTi
peaxiliii MeTaboTiuHMX IUISXiB. 3 IIbOTO MPUBOIY BOJA, 3a6pyIHEHA KCEHOOi0THMKaMM, TIOTPAIlIsE B
oprasism 3 mMTBOM a60 i3Kelo, i I1e He CTOCYETbCSI METaO0TiYHOT BOAY, STKA YTBOPIOETHCS B pE3Y/IbTaTi
XiMiUHMX peakiliii. TakuM YMHOM, pa30M i3 CIIOKMBAHHSM BOIM BHACTIAOK rigpaTariii B opraHiam
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MOXXYTb HAIXOIUTH iHINI pi3HOMAaHITHI XiMiuHi pe4oBUHU, SIKi 3a3BUYall He MIPUCYTHI B MIUTHI
BOZi. Ajie TUII XiMiYHMX PEUOBMH, a TAKOX iX KUIbKICTh € KPUTEPisiMU, SIKi MOXKYTh ITePeTBOPUTH
BOJIy 3 OCHOBHOI MOXVBHOI PEYOBMHM HA WIKiIJIMBUIA TIPOAYKT. IPYHT i Boza BifirpaioTh BasKIUBY
POJIb y XiMiYHOMY CKJIaAi XXi 41 KOpMY, 1[0 pOCTe B I'PYHTI, a MeTaboJIi3M pOCIMH ab0 CIIOKMBauiB
pPOCIVH MOe OyTu 30a/iaHCOBaHMM ab0 He36aJaHCOBAaHMM 3aJIEXXHO Bif SIKOCTi Ta KiJbKOCTi
BoAy. Matepianu cTaTTi MalOTh MpPaKTUYHE 3HAUEHHS JJIS1 3’ICYBaHHS OiojOriyHMX MexaHi3MiB
enimMiHallii KCeHOGIOTHKIB Ta 36epesKeHHST 30POB’SI TBAPYMH i IIOAVHU

Ki11040Bi c/10Ba: ITOJIIOTAaHTY ; TBAPMHHI OpTaHi3Mu; KOHTaMiHaHTH ; QyI0iAHNMI 6a1aHC; eTiMiHaLis
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materials. In this context, this study aims to determine the impact of autonomic nervous system
tone on lipid metabolism in goats. The study involved Saanen goats, with the experimental groups
formed based on the results of variation-pulsometric study and electrocardiography, followed by
the determination of autonomic nervous system tone using the Baevsky method. The serum lipid
profile of goats was studied using a LabLine-010 spectrophotometer. The following indicators were
biochemically analysed in serum samples: content of triacylglycerols, cholesterol, high-density,
low-density, and very-low-density lipoproteins, and the atherogenic index was calculated. It was
established that the content of triacylglycerols was 23% lower (P < 0.05) in sympathotonic animals
and 41% lower (P<0.001) in vagotonic animals compared to normotonic animals. The level of low-
density lipoproteins in the blood serum of sympathotonic animals decreased by 40% (P < 0.05),
and in vagotonic animals — by 76% (P < 0.01), relative to normotonic animals. The content of high-
density lipoproteins in sympathotonic animals increased by 36% (P < 0.001), relative to normotonic
animals. The level of cholesterol in the blood serum of goats differed by 16% (P < 0.01) in
sympathotonic animals and 15% (P <0.01) in vagotonic animals compared to normotonic animals.
A significant influence of autonomic nervous system tone on the processes of maintaining lipid
homeostasis in goats was determined. Taking into account the individual features of the influence
of the autonomic nervous system on lipid metabolism when distributing animals will contribute
to the effective adjustment of diets. After all, each animal has a different tone of the autonomic
nervous system, which significantly affects the features of substance transformation in its body

Keywords: lipid metabolism; cholesterol; lipoproteins of varying density; atherogenic index;
autonomic regulation

Introduction

L. Wang et al. (2024) noted that goat farming
holds a prominent position in global livestock
production. This is attributed to farms produc-
ing milk and meat products with high protein
content and a shorter reproductive cycle than
cattle. As a result, goats are better adapted to
various environmental changes and exhibit ac-
celerated growth rates.

According to S. M’hir et al. (2024), the grow-
ing popularity of goat products in the consumer
market can be attributed to these advantages.
Furthermore, a positive aspect of goat farming
is the increasing consumer preference for goat
products over cow products, especially milk.
Contemporary statistics reveal that a growing
number of people are experiencing food aller-
gies when consuming cow’s milk. Notably, goat’s
milk contains a higher content of unsaturated
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fatty acids, making it a more desirable dietary
option. This issue is being actively researched
as the ratio of saturated to unsaturated fatty
acids in human diets is increasing each year,
playing a significant role in lipid metabolism.

S.A. Allaoua et al. (2021) demonstrated that
society is increasingly interested in evaluating
what they consume and their preferences, par-
ticularly regarding fatty acids such as omega-3
and omega-6. Scientists are paying growing
attention to lipid metabolism and methods for
its regulation. The main challenge lies in in-
creasing the fat content of milk while enriching
it specifically with omega-3 and omega-6 fat-
ty acids. It is also important to note that when
altering the concentration of these fatty acids,
it is essential to maintain their balanced ratio,
as failing to do so can disrupt lipid metabolism.
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H.T. Faisal et al. (2022) found that increasing
the unsaturated fatty acid content in goats is
achieved through the use of various dietary
supplements, which positively affect fatty acid
content. However, changes in diet do not always
yield the desired improvements in indicators.
The range of results often shows minimal dif-
ferences or only slight variations. As a result,
when these figures are consolidated, they lead
to significant errors in the average values.

Z. Antunovi¢ et al. (2020) demonstrat-
ed that this trend persists primarily when at-
tempts are made to adjust baseline lipid me-
tabolism indicators without considering the
factors that regulate metabolism in the body. It
should also be noted that each animal has indi-
vidual characteristics, which are reflected in its
overall metabolism. As a result, the effective-
ness of certain dietary supplements will vary,
and when deriving an overall numerical out-
come, there can be significant discrepancies. To
address this issue, attention should be paid to
the body systems that directly regulate homeo-
stasis. Among the complex mechanisms of neu-
rohumoral regulation, there is a framework for
understanding individual characteristics that
can improve approaches to regulating lipid me-
tabolism. According to T. LeBouef et al. (2023),
the autonomic nervous system is a key factor
in analysing the body’s metabolism. Its primary
role is to maintain homeostasis and to provide
an active response to external influences that
may negatively affect metabolic processes.

Y. Huang et al. (2023a) argued that the
study of lipid metabolism is a crucial issue in
the development of goat farming. According
to him, these animals, during foetal develop-
ment, early lactation, and periods of intensive
milk production, expend a significant amount
of energy-rich substances. Such intense metab-
olism, without certain adjustments in the diet,
can lead to an imbalance in energy, which, as a
consequence, will result in economic losses. An

example of this, according to Y. Huang (2023b),
is the low birth weight of newborn kids. A de-
ficiency of high-energy compounds during the
period of active foetal growth often leads to the
birth of newborn kids with reduced weight. In
the future, these animals will have a lower sur-
vival rate at a young age and, as adults, will be
prone to metabolic disorders.

D. Wang et al. (2023) noted that the active
growth of young animals and their productiv-
ity largely depend on sufficient levels of ami-
no acids and lipids in the body. Based on their
own research, the authors assert that the rates
of development vary depending on the indi-
vidual characteristics of goats, as evidenced by
the metabolic profile of their blood. Analysis
of lipid metabolism is crucial as it can facil-
itate effective modulation and improve the
quality of milk and meat. J. Wu et al. (2023a;
2023b) in their research highlighted the sig-
nificant importance of goat milk as a source
of bioactive components in the form of pol-
yunsaturated fatty acids and emphasised the
importance of studying lipid metabolism to
better regulate the mechanisms of synthesis
of these same fatty acids. Given this, the value
of goat products is increasing daily, prompt-
ing scientists to seek methods to increase the
productivity of these animals and improve the
quality of goat products.

To enhance productivity and balance li-
pid metabolism, researchers have employed
various methods. For instance, Y. Zhang et
al. (2023) supplemented goat diets with copper
to improve weight gain in meat breeds by in-
fluencing lipid metabolism. According to their
hypothesis, copper supplementation in goat di-
ets reduces the content of mRNA for enzymes
involved in the oxidation of long-chain fatty
acids. F. Zamuner et al. (2020) utilised infusions
of glucose, insulin, and adrenocorticotropin to
stimulate milk production and improve met-
abolic transformations. S. Liu et al. (2021) in-
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vestigated the effects of soybean oil as a sup-
plement to enhance milk production in goats.
Specifically, the use of this supplement provid-
ed an increase in lipid content in goats while
simultaneously increasing the fat percentage
in milk, and evaluated the animals’ ability to
counteract heat stress by compensating for en-
ergy expenditure under its influence. The appli-
cation of plant-based lipid supplements with a
high content of polyunsaturated fatty acids to
improve goat productivity by stimulating fat
accumulation in the mammary gland, leading to
an increase in its percentage and the consum-
er value of dairy products, has been explored.

This study aimed to investigate the sympa-
thovagal balance in goats to better understand
metabolic processes, particularly lipid metab-
olism. This understanding is essential for the
formation of technological groups of animals
based on their individual characteristics.

Materials and Methods

The biological material for this study was ob-
tained from Saanen goats at a farm in the vil-
lage of Knyahynynok, Lutsk District, Volyn Re-
gion, during the years 2023-2024. Samples were
taken from animals in experimental groups,
with 5 animals in each group. The formation
of these groups was based on the results of the
variation-pulsometric study conducted using
the methodology of R.M. Baevsky et al. (2001).
Based on the results obtained, three experi-
mental groups of animals were formed: nor-
motonics, sympathotonics, and vagotonics.
During the experimental studies, all manip-
ulations with the goats involved in the study
were carried out following the basic principles
of bioethics, in compliance with the European
Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Sci-
entific Purposes (1986) and the Procedure for
Conducting Research and Experiments on An-
imals by Scientific Institutions (2012).
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For the biochemical analysis, blood serum
was obtained by allowing native blood samples
to stand and incubating them for one hour in a
thermostat at 37°C.

A LabLine-010 spectrophotometer (Aus-
tria) was used to determine cholesterol content.
A test system from LLC “Granum Laboratory”,
Kharkiv, was used to determine total protein
content. Measurement conditions: wavelength
505 (500-550) nm, cuvette with an optical path
length of 1 cm, temperature 15-25°C.

The obtained results were calculated using
the formula:

Eexp
Coxp =7~

xXp — Esta X Cstd) (1)

where C, is the cholesterol concentration in
the experimental sample, mmol/L; E, is the
optical density of the experimental sample,
ODU; E_, is the optical density of the stand-
ard, ODU; C_, is the cholesterol content in the
standard, 5.16 mmol/L.

Determination of triacylglycerol content
in blood serum using a LabLine-010 (Austria)
spectrophotometer. Measurements were taken
at a wavelength of 490-550 nm in 1 cm cuvettes.

The obtained results were calculated using

the formula:

E,
exp o
Esta

Coxp = Csta, (2
where C,  is the triglycerides concentration in
the experimental sample, mmol/L; E,  is the
optical density of the experimental sample,
ODU; E_, is the optical density of the stand-
ard, ODU; C_, is the triglycerides content in the
standard, 2.25 mmol/L.

The content of low-density lipoproteins
(LDL) was determined using the LabLine-010
(Austria). Measurements were taken at a wave-
length of 590-700 nm in 1 cm cuvettes.

The obtained results were calculated using
the formula:
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Eexp
Coxp =7~

xp Esta

X Cstd’ (3)

where C, is the low-density lipoproteins con-
centration in the experimental sample, mmol/L;
E,, is the optical density of the experimental
sample, ODU; E_, is the optical density of the
standard, ODU; C_, is the low-density lipopro-
teins content in the standard, 5.17 mmol/L.
The determination of high-density lipo-
proteins (HDL) was carried out using the La-
bLine-010 (Austria). Measurements were taken

at a wavelength of 550-650 nm in 1 cm cuvettes.

Coxp = 122 % Coray @
where C, is the high-density lipoproteins con-
centration in the experimental sample, mmol/L;
E,, is the optical density of the experimental
sample, ODU; E_, is the optical density of the
standard, ODU; C_, is the high-density lipopro-
teins content in the standard, 2.585 mmol/L.
The content of very low-density lipopro-
teins (VLDL) was determined using Friede-

wald’s formula:

VLDL=TotalChol - (HDL+LDL).  (5)

The atherogenic index was calculated us-
ing the formula:

AI=(TotalChol - HDL)/LDL. 6)

Reagents from LLC “Granum Labora-
tory”, Kharkiv, were used to determine the
above-mentioned lipid metabolism parameters.

Statistical analysis of the obtained re-
sults was carried out using Microsoft Excel
software. The probability of the difference be-
tween the obtained indicators was calculated
using Student’s t-test. Differences between the
compared indicators were considered signifi-
cant at a significance level of P<0.05, P<0.01,
P<0.001.

Results and Discussion

According to the results of the biochemical
analysis of the blood serum of goats, the lipid
profile indicators for the vagotonic experimen-
tal group were established (Table 1).

Table 1. Lipid profile indicators of blood serum of vagotonic goats

Indicator NVO SE Mdn. SD Asym. Min. Max.
Triglycerides, mmol/L 5 0.01 0.26 0.02 -0.08 0.23 0.28
VLDL, mmol/L 5 0.01 0.13 0.02 -0.58 0.10 0.14
LDL, mmol/L 5 0.02 0.44 0.03 -0.04 04 0.47
HDL, mmol/L 5 0.02 1.22 0.04 -0.41 1.16 1.27
Cholesterol, mmol/L 5 0.02 1.79 0.04 0.27 1.76 1.84
Atherogenic index 5 0.02 0.47 0.04 -1.34 0.39 0.50

Note: NVO - number of valid observations, SE — standard error, Mdn. — median, SD - standard deviation, Asym. —

asymmetry, Min. — minimum value, Max. - maximum value

Source: authors' development

According to the study results, the triglyc-
eride levels in the blood serum of vagotonic
goats displayed minimal variation between
the minimum and maximum values, amount-
ing to 0.05 mmol/L, which ensured low stand-
ard deviation and standard error values. The

concentration of very low-density lipopro-
teins in animals with a predominance of the
parasympathetic nervous system showed a
difference of 0.04 mmol/L between the min-
imum and maximum values, accompanied by
low standard deviation and standard error.
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The low-density lipoproteins in this group
of animals exhibited a range difference of
0.07 mmol/L, with similarly low standard de-
viation and standard error values. The con-
centration of high-density lipoproteins in the
goats characterised by a predominance of the
parasympathetic nervous system indicated a
range difference of 0.11 mmol/L between min-
imum and maximum values, with low standard
deviation and standard error. The cholesterol
level in the blood serum of vagotonic goats

fluctuated between minimum and maximum
values by 0.08 mmol/L, also accompanied by
low standard deviation and standard error. The
atherogenic index in the vagotonic animals re-
vealed a difference of 0.11 mmol/L between
the minimum and maximum values, with low
standard deviation and standard error.
According to the results of the biochemical
analysis of the blood serum of goats, the lipid
profile indicators for the normotonic experi-
mental group were established (Table 2).

Table 2. Lipid profile indicators of blood serum of normotonic goats

Indicator NVO SE Mdn. SD Asym. Min. Max.
Triglycerides, mmol/L 5 0.01 0.42 0.02 0.60 0.40 0.47
VLDL, mmol/L 5 0.01 0.16 0.02 -0.08 0.14 0.19
LDL, mmol/L 5 0.01 0.26 0.03 -1.67 0.21 0.27
HDL, mmol/L 5 0.01 1.15 0.03 -1.34 1.10 1.17
Cholesterol, mmol/L 5 0.01 1.56 0.03 -0.04 1.52 1.59
Atherogenic index 5 0.02 0.36 0.04 2.00 0.34 0.44

Note: NVO - number of valid observations, SE — standard error, Mdn. — median, SD - standard deviation, Asym. —

asymmetry, Min. — minimum value, Max. - maximum value

Source: authors' development

According to the results of the lipid pro-
file analysis of the serum in normotonic goats,
the concentration of triacylglycerols ranged
between the minimum and maximum values
of 0.07 mmol/L, which indicated low values
of standard deviation and standard error. The
concentration of very low-density lipopro-
teins in animals with a balanced influence of
the sympathetic and parasympathetic nervous
systems demonstrated a difference in the range
of values between the minimum and maxi-
mum indicators of 0.05 mmol/L, also ensur-
ing low parameters of standard deviation and
standard error. The levels of low-density lipo-
proteins in normotonic animals showed a dif-
ference between the minimum and maximum
values of 0.06 mmol/L, which again reflected
low values of standard deviation and stand-
ard error. The concentration of high-density
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lipoproteins in goats with a balanced influ-
ence of the sympathetic and parasympathet-
ic nervous systems was characterised by a
difference between the minimum and max-
imum values of 0.07 mmol/L, ensuring low
values of standard deviation and standard
error. The cholesterol level in the serum of
normotonic animals revealed a difference be-
tween the minimum and maximum values of
0.07 mmol/L, which also indicated low values
of standard deviation and standard error. The
atherogenic index exhibited a difference be-
tween the minimum and maximum values of
0.10 mmol/L, confirming low values of stand-
ard deviation and standard error.

According to the results of the biochem-
ical analysis of the blood serum of goats, the
lipid profile indicators for the sympathotonic
experimental group were established (Table 3).
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Table 3. Lipid profile indicators of blood serum of sympathotonic goats

Indicator NVO SE Mdn. SD Asym. Min. Max.
Triglycerides, mmol/L 5 0.01 0.34 0.02 0.24 0.32 0.37
VLDL, mmol/L 5 0.01 0.15 0.02 0.59 0.13 0.18
LDL, mmol/L 5 0.01 0.35 0.02 -0.01 0.33 0.37
HDL, mmol/L 5 0.01 0.84 0.02 -0.55 0.82 0.86
Cholesterol, mmol/L 5 0.02 1.35 0.04 -1.53 1.27 1.38
Atherogenic index 5 0.02 0.59 0.04 0.17 0.54 0.63

Note: NVO - number of valid observations, SE — standard error, Mdn. — median, SD - standard deviation, Asym. —

asymmetry, Min. — minimum value, Max. - maximum value

Source: authors' development

According to the results of the lipid pro-
file analysis of serum in sympathotonic goats,
the concentration of triacylglycerols showed
a difference between the minimum and maxi-
mum values of 0.05 mmol/L, which resulted in
low values of standard deviation and standard
error. The concentration of very low-density
lipoproteins in animals with a predominance
of the sympathetic nervous system exhibited
discrepancies between the minimum and max-
imum values of 0.05 mmol/L, which accounted
for low values of standard deviation and stand-
ard error. The levels of low-density lipoproteins
in sympathotonic goats displayed differences
between the minimum and maximum values
of 0.05 mmol/L, again ensuring low values of
standard deviation and standard error. The con-
centration of high-density lipoproteins in ani-
mals with a predominance of the sympathetic
nervous system corresponded to a difference
between the minimum and maximum values of
0.04 mmol/L, which provided low parameters of
standard deviation and standard error. The cho-
lesterol concentration in the serum of sympa-
thotonic goats was characterised by differences
between the minimum and maximum values of
0.11 mmol/L, reflecting low values of standard
deviation and standard error. The atherogenic
index in this group of animals exhibited dif-
ferences between the minimum and maximum
values of 0.09 mmol/L, ensuring low values of
standard deviation and standard error.

When comparing the concentration of tri-
acylglycerols in the serum of goats from dif-
ferent experimental groups with varying auto-
nomic nervous system tones, some differences
were identified. In comparison with the normo-
tonic experimental group, it was found that the
concentration of triacylglycerols in sympatho-
tonic goats was 23% lower (P < 0.05), while in
the vagotonic experimental group, it was 41%
lower (P<0.001). Consequently, the normotonic
experimental group had higher triacylglycerol
levels, reflecting the intensity of fatty acid me-
tabolism in the goats (Fig. 1).

When analysing the concentration of
low-density lipoproteins, it was established
that, in relation to the normotonic experimental
group, characterised by a balanced sympathova-
gal balance, sympathotonic goats exhibited val-
ues that were 40% higher (P<0.05), while the an-
imals in the vagotonic experimental group had
values that were 76% higher (P <0.01) (Fig. 2).

The levels of high-density lipoproteins in
the normotonic experimental group of goats
were found to be 36% higher (P <0.001) when
compared with the sympathotonic goats, which
exhibited a predominance of the sympathetic
nervous system. In relation to the vagotonic ex-
perimental group, characterised by a predomi-
nance of the parasympathetic nervous system,
the levels of high-density lipoproteins showed
minor differences compared to the normotonic

group (Fig. 3).
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Figure 1. The concentration of triacylglycerols in the serum
of goats with different autonomic nervous system tones, mmol/L
Note: colours indicate different tones of the autonomic nervous system, respectively
Sourse: authors' development
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Figure 2. The concentration of low-density lipoproteins in the serum
of goats with different autonomic nervous system tones, mmol/L
Note: colours indicate different tones of the autonomic nervous system, respectively
Sourse: authors' development
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Figure 3. The concentration of high-density lipoproteins in the serum

of goats with different autonomic nervous system tones, mmol/L
Note: colours indicate different tones of the autonomic nervous system, respectively
Sourse: authors' development
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The total cholesterol concentration in the se-
rum of normotonic goats was 16% higher (P<0.01)
compared to that of sympathotonic goats. When
comparing the cholesterol levels between the

Vagotonic; 1;
1.79

Vagotonic; 25
1.77

e NOTMoOtoNIC; 1;

Vagotonic; 3;
1.76

normotonic animals and the vagotonic experi-
mental group, it was established that the concen-
tration in vagotonic goats was 15% higher com-
pared to the normotonic goats (P <0.01) (Fig. 4).
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Figure 4. The concentration of cholesterol in the serum

of goats with different autonomic nervous system tones, mmol/L
Note: colours indicate different tones of the autonomic nervous system, respectively

Sourse: authors' development

Analysis of the atherogenic index revealed
that in normotonic goats, compared to sympa-
thotonic goats with a predominance of the sym-
pathetic nervous system, the atherogenic index

was 38% lower (P<0.01). Inrelation to the vago-
tonic experimental group, the values of the ath-
erogenic index showed minor differences when
compared with the normotonic group (Fig. 5).
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Figure 5. Atherogenic index values in goats with different autonomic regulation tones
Note: colours indicate different tones of the autonomic nervous system, respectively

Sourse: authors' development

The atherogenic index values in the sym-
pathotonic experimental group were characte-
rised by high values, indicating a low level of high-
density lipoproteins relative to total cholesterol

parameters. The normotonic goats had the low-
est atherogenic index values, reflecting a higher
concentration of high-density lipoproteins rel-
ative to total cholesterol concentration.
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Analysis of the lipid composition in goats
is crucial. For high-yielding animals, a deficien-
cy in energy-rich substances can become a key
factor in the further development of their or-
ganism, which will be reflected in future pro-
ductivity. In addition, it is worth conducting a
risk assessment for these ruminants. The issue
of the stress factor is always relevant due to
its diversity and frequency of occurrence. Even
though, at first glance, the threat of a stressful
state of an animal carries insignificant shifts
in the body, over time this problem can grow,
which will be reflected in lipid metabolism and,
as a consequence, in productivity. The question
of improving metabolism in this case is quite
relevant since with an increase in the content of
energy-rich substances, an acceleration of the
growth and development of goats will be noted,
which will subsequently be reflected in produc-
tivity (Fougere et al., 2021).

To improve lipid metabolism, researchers
have developed various approaches primarily
focused on adjusting the levels of fats and fat-
ty acids in the body through different dietary
supplements. The aim of introducing addition-
al nutrients into the diet is to influence the en-
zymatic pathway, provide an additional source
of lipids, and correct the antioxidant system,
among other factors. Q. Li et al. (2024) analysed
the biochemical composition of goat serum at
different stages of their development. Their
study found that from the age of 180 days, the
intensity of lipid metabolism in goats was sig-
nificantly lower compared to other periods of
young animal development. It is important to
note that the aforementioned authors empha-
sised the significance of lipid metabolism for
ensuring adequate growth and development
in goats. Analysing the data obtained by these
researchers, it can be noted that the lipid pro-
file indicators are similar, but due to the dis-
tribution of animals according to the tone of
the autonomic nervous system, the error of the
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data in the presented material is significantly
reduced. This will substantially enhance the
analysis of lipid metabolism research results
for scientists, as the obtained indicators have
a smaller margin of error and take individual
characteristics into account.

A.Tanni et al. (2021) conducted a study in-
vestigating the effects of an olive leaf dietary
supplement on the lipid profile of goats. The
experimental group of goats fed a diet sup-
plemented with olive leaves, had a 9% lower
cholesterol content in their milk compared
to the control group. More significantly, the
blood cholesterol content was 20% lower in
the experimental group compared to the con-
trol. However, these results had a considerable
margin of error, which adversely affected the
values of the variation error. Such findings in-
dicated that the animals were not categorised
according to their individual characteristics,
resulting in disparate indicators with signifi-
cant errors. The results of this study highlight
the necessity of distributing animals according
to their individual traits, which would facili-
tate a more accurate analysis of lipid metabolic
transformations.

Y. Shen et al. (2022) conducted a study in-
volving the addition of resveratrol supplements
to the diet of goats to enhance animal growth
and improve lipid metabolism. The biochemical
analysis of the blood serum revealed the impact
of the resveratrol dietary supplement on the
levels of triglycerides, as well as high-density
and low-density lipoproteins. Compared to the
control group, it was found that the triglyceride
content significantly decreased by 55% in goats
receiving a high concentration of resveratrol,
with a dosage of 600 mg per kilogram of body
weight. The levels of high-density lipoproteins
increased by 1.5 times in animals receiving
this dietary supplement relative to the control
group, while the low-density lipoprotein levels
decreased by 2.5 times compared to the control
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group. There was also an increase in the athero-
genic index. Despite these significant differenc-
es, it is worth noting that during the study, the
methodology for correcting lipid metabolism
and improving lipid levels exhibited consider-
able discrepancies in the results. Consequently,
there was a lack of variation in the triglyceride
levels and LDL (P >0.05), as well as a weak cor-
relation when comparing the total cholesterol
and HDL (P <0.05). In comparing these results,
it can be concluded that distinguishing the ex-
perimental groups of animals according to the
activity of the autonomic nervous system would
enhance the effectiveness of the biochemical
analysis of lipid metabolism and reduce the in-
itial error in the statistical data.

M. Zheng et al. (2021) investigated the im-
pact of zinc supplements, including zinc sul-
phate, zinc methionine, and zinc glycinate, on
lipid metabolism. The aim of their study was to
determine the effects of these dietary supple-
ments on the performance indicators of goats
during the growth period. The highest lipid
content in blood serum was observed in ani-
mals fed zinc sulphate and zinc glycinate sup-
plements. The lowest lipid content was noted
in goats that consumed zinc methionine. It is
worth noting that although differences in in-
dicators were found in the three experimental
groups of animals, not all the results obtained
showed a correlation between lipid metabolism
indicators and the additional administration of
zinc supplements to these animals. This indi-
cates a significant discrepancy in the obtained
results, which confirms the need to divide the
experimental groups of animals according to
their individual characteristics. This can be
ensured by taking into account the tone of the
autonomic nervous system, as confirmed by the
results described in this material.

L. Min et al. (2023) investigated the im-
pact of dietary supplements consisting of Ag-
uilaria sinensis leaves on lipid metabolism in

goats. The aim of their research was to improve
productivity, specifically meat quality and
weight gain. Their research suggests that diets
supplemented with Aquilaria sinensis leaves
offer a viable alternative for improving lipid
metabolism and meat quality. This affordable
ingredient promotes balanced weight gain in
goats and enriches their bodies with polyun-
saturated fatty acids, thereby enhancing the
quality of the meat. The use of this dietary sup-
plement also contributed to a decrease in blood
cholesterol levels and an increase in high-den-
sity lipoprotein levels in goats. An analysis of
the data from the study suggests the need to
categorise animals based on the influence of
the divisions of the autonomic nervous system.
This is because not all lipid metabolism indica-
tors showed significant results when comparing
animals from the experimental group with the
control group. It is worth noting that, according
to the results obtained, animals have different
intensities of lipid metabolism under different
tones of the autonomic nervous system, which
provides new information for studying the im-
provement of organic substance metabolism.
S.Liu et al. (2021) used dietary supplements
in the form of flaxseed oil and heated flaxseed.
This resulted in a decrease in total levels of tria-
cylglycerols, cholesterol, and low-density lipo-
proteins in goats, which was significantly low-
er compared to diets using flaxseed oil alone.
However, when assessing the reliability of the
results, it was found that although the obtained
indicators showed some changes in plasma li-
pids, the difference between the values in the
experimental and control groups was quite
insignificant. Comparing with the results de-
scribed in this research, it should be noted that
the informativeness of such indicators signifi-
cantly depends on the body systems that control
and directly influence metabolism. To obtain
reliable results, it is recommended that animals
be divided into experimental groups according
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to their sympathovagal balance, which would
simplify the analysis of the results for scientists.

Having analysed various studies on im-
proving lipid metabolism in goats, it is evident
that the data showing changes in serum lipid
profiles exhibit significant numerical discrep-
ancies. This is corroborated by statistical anal-
ysis results, which lie at the lower boundary of
acceptability (Rawat et al., 2021). Several factors
can account for these discrepancies. Firstly, the
formation of experimental and control groups
can be a significant issue. Farmers do not always
consider the individual characteristics of each
animal, which is crucial as metabolic processes
vary from one organism to another. These over-
sights can lead to significant discrepancies in
biochemical analysis results. Secondly, differ-
ent animals may react differently to changes in
feeding strategies. The introduction of various
dietary supplements can have both positive and
negative effects, as alterations in diet composi-
tion can modify metabolic processes. This once
again highlights the need to consider individual
animal characteristics (Singh et al., 2023).

An analysis of serum lipid profiles in goats
with varying autonomic nervous system tones
revealed differences between animals in dif-
ferent experimental groups. These differences
reflect the metabolic processes occurring at
different intensities. The activity of the sym-
pathetic and parasympathetic nervous systems
is a key factor in this study. Each animal has a
specific sympathovagal balance, characterised
by varying activity of the divisions of the au-
tonomic nervous system (Metz et al., 2022). By
classifying goats based on individual character-
istics, three groups were formed: normotonics,
vagotonics, and sympathotonics. Each group of
animals was characterised by the different ac-
tivity of the sympathetic and parasympathetic
nervous systems, and consequently differ-
ent intensities of metabolic processes. This is
confirmed by the research results, which
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showed high levels of triacylglycerols in nor-
motonic animals, high levels of low-density li-
poproteins in vagotonic animals, and low levels
of high-density lipoproteins in sympathotonic
animals. Considering this, it becomes possible
to better understand the picture of lipid metab-
olism in goats.

By incorporating these characteristics in
methods to improve lipid metabolism in goats,
scientists will gain an additional reference
point. This is because, according to the ob-
tained data, there are already differences in the
content of cholesterol, lipoproteins of various
densities, and triacylglycerols without the ad-
dition of dietary supplements. These indicators
are quite important in assessing not only lipid
metabolism but also overall metabolic process-
es and goat productivity. Therefore, consider-
ing this criterion when forming experimental
animal groups will help scientists better eval-
uate the obtained results. This can elevate the
value of dietary supplements used to improve
lipid metabolism to a new level.

Considering environmental factors, an an-
imal can be subjected to a stressor at any given
time. Primarily, under these circumstances, the
stability of the body’s homeostasis will suffer,
as it will significantly mobilise energy reserves
to counteract these changes. One of the main
systems that respond to stress is the autonomic
nervous system, which, depending on individual
characteristics, will have a different tone (Duro-
saro et al.,, 2023). As a result, metabolic pro-
cesses in each goat will shift differently. Conse-
quences of this, if left unaddressed, may include
decreased productivity and economic losses.

Conclusions

The influence of autonomic nervous system
tone on serum lipid profiles in goats has been
established. Differences in lipid metabolism
indicators in these animals have been deter-
mined depending on the different tones of
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the autonomic nervous system: normotonics,
vagotonics, or sympathotonics. In particular,
in the serum lipid profile of goats, differences
have been found in indicators such as choles-
terol content, high-density and low-density
lipoproteins, triacylglycerols, and atherogenic
index values with different autonomic nervous
system tones.

It was determined that the content of tri-
acylglycerols in the blood serum of normoton-
ic goats was the highest compared to the ex-
perimental groups of sympathotonic animals
(P <0.05) and vagotonic animals (P < 0.001). It
was established that the level of low-density
lipoproteins was lowest in normotonic animals
compared to the experimental groups of sym-
pathotonic (P < 0.05) and vagotonic (P < 0.01)
animals. It was determined that the content
of high-density lipoproteins was the lowest in
goats of the sympathotonic experimental group
compared to the normotonic experimental
group (P <0.001). It was established that the

(P<0.01). The value of the atherogenic index in
the experimental group of normotonic animals
was the lowest compared to the experimental
group of sympathotonic animals (P <0.01) and
animals of the vagotonic experimental group
(P<0.05). It was established that depending on
the individual characteristics of the goat’s or-
ganism, reflected in the form of sympathovagal
balance, in which the influence of the sympa-
thetic or parasympathetic nervous system pre-
dominates or there is a balanced interaction of
the sympathetic and parasympathetic nervous
systems, lipid metabolism processes differ.

The prospect of further research involves
the use of dietary supplements in goat feed,
formulated based on the tone of the autonomic
nervous system. This approach is expected to
significantly enhance the effectiveness of these
supplements and contribute to improving lipid
metabolism in goats, ultimately leading to in-
creased productivity.
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to the experimental group of sympathotonic
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AHoTtanis. Ko3iBHUIITBO € TIepCIIeKTUBHOIO rajy3310 TBAPUHHUIITBA, OCKIJIBKY 32 CTATUCTUKOIO
MONUT Ha CIOXMBAHHS MOJOYHOI i M’ICHOi Mponykiii Ki3 Ha CBITOBMX pPMHKax CTPiMKO
3pocrae. [T HacMUeHHS PUHKY HeoOXiTHOI KiabKiCTIO mpomykilii moTpibHi HOBI MeTomuuHi
MigXOnM 3 MOKpalleHHS MPOAYKTUBHOCTI TBAPMH 3i 36epekeHHSIM SIKOCTi BUXiTHOI CMPOBUHM.
V 3B’43Ky 3 LIMM, METOIO AOCTiKeHHST OY/I0 BM3HAUEHHS BIUIMBY TOHYCY aBTOHOMHOI HEPBOBO1
cucTeMM Ha OOMIH JIiMigiB B opraHi3mi Ki3. s OOCTiAKeHHS BMKOPUCTOBYBAIM TBapUH
rmopoay 3aaHeHCbKa, GOPMyBaHHS JOCTIZHMUX TPYI MPOBOIMUIOCH 3 YpaxyBaHHIM pe3y/lIbTaTiB
BapialiifHO-ITyJIbCOMETPUYHOTO MNOCTIIKEHHSI 1 JaHMX ejeKTpokapniorpadii 3 mnomaabIIiMm
BM3HAUeHHSIM TOHYCY aBTOHOMHOI HEpBOBOI CUCTeMM 32 MeTOAMKO0 baeBcbkoro. JocmigkeHHS
nimigorpamu cMpoBaTKM KPOBi Ki3 37iicHIOBaIM 3a JomoMorolo criekrpodoromertpa LabLine-010.
V 3pa3Kkax CMpOBATKM KpPOBi 3miiicHIOBasM GiOXiMiuHMIT aHasi3 HACTYITHUX MMOKAa3HMUKIB: BMIiCTy
TPUALMITIILIEPOJTiB, XOJIECTEPOJTY, JTIMOIPOTEiHIB BMCOKO1, HM3bKOI i Ty’ke HM3bKOI IIi/IbHOCTI Ta
pPO3paxoBYBa/IM BeIMUMHY iHIEKCY aTepOreHHOCTi. BcTaHOB/IEHO, 10 BMICT TPUAIMITTILEPOTiB
HabyBaB 3HaueHb MeHIMX Ha 23% (P < 0,05) y cuMaToToHiKiB Ta Ha 41% (P < 0,001) B TBapuH
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BAaroOTOHIKiB TIOPiBHSHO 3 HOPMOTOHiKamu. PiBeHb JMOMpPOTeiHiB HM3bKOI MLIITBHOCTI Yy
CMUpOBATIIi KPOBi CUMMITATOTOHIKiB 3MeHIIryBaBcst Ha 40% (P < 0,05), a y BaroToHikiB — Ha 76%
(P<0,01), BigzHOCHO HOPMOTOHIKiIB. YMICT JIIMONPOTEiHiB BUCOKOI IIiTBHOCTi Y CMMIIaTOTOHIKiB
36inbiuryBaBcs Ha 36% (P<0,001), BiZHOCHO HOPMOTOHIKiB. PiBeHb X0/1eCcTeposy B CMPOBATIi KPOBi
Ki3 BigpisHsSBcs 3HaueHHsIMM BuinuMu Ha 16% (P <0,01) y cumnaToToHikiB Ta Ha 15% (P <0,01)
Yy BaroTOHiKiB MOPiBHSIHO 3 HOPMOTOHiKaMu. Bu3HaueHO iCTOTHMIT BIUIMB TOHYCY aBTOHOMHOIL
HEpPBOBOI CHCTeMM Ha IIPOLIeCH MiATPUMAaHHSI JITiAHOTO TOMe0CTa3y B OpraHi3mi Ki3. BpaxyBaHHS
iHOMBimyaJIbHMX OCOGAMBOCTE BIUIMBY aBTOHOMHOI HEPBOBOI CMCTEMM Ha MeTaboJi3M JIiMmimiB
TIpY PO3IIOAiJi TBAPUH CIIpUSITUMe eeKTMBHOMY KOPUTYBAaHHIO PallioHiB. All’kKe KOKHA TBapMHA
Ma€ pi3HUI TOHYC aBTOHOMHOI HEpPBOBOI CHUCTeMM, IO iCTOTHO BIUIMBAE HAa OCOGIMBOCTI
IlepeTBOPEHHS PeUOBMH B 11 OpraHismi

KiaiouoBi cimoBa: o6MiH JimifiB; xosmectepos; jinmomporeiHy pi3HOI IMiIbHOCTI; KoedilieHT
aTepOreHHOCTi; aBTOHOMHA PeTYJISIist
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Abstract. The relevance of this research is driven by the need to enhance biosecurity in animal
husbandry to improve the health and productivity of livestock, as well as to safeguard human health.
Biosecurity is a critical component that prevents the spread of infectious diseases, mitigates the
risks of epidemics, reduces treatment costs, and increases productivity and economic efficiency
within agricultural enterprises. In this regard, this study aimed to reveal the role of biosafety
in preventive veterinary medicine. The leading approach to investigating this issue involved
analysing existing practices and methods, which allows for a comprehensive examination of
various aspects of biosecurity. The conducted analysis substantiated that preventive veterinary
medicine is founded on the principle of disease prevention through risk reduction and the
implementation of healthy practices. It has been established that this approach encompasses
not only the treatment of sick animals but also the provision of advice to farmers on enhancing
the health and productivity of their livestock. It has been established that biosecurity also helps
prevent the emergence and spread of infectious diseases, reducing the need for antimicrobial
drugs and lowering the risk of antimicrobial resistance. The research highlighted that in today’s
rapidly changing world, biosecurity is becoming even more important due to population growth,
urbanisation, climate change, and human health threats such as antimicrobial resistance. The
concept of “One Health” is encompassed, emphasising the close connection and interdependence
among the health of humans, domestic and wild animals, plants, and the environment. The core
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principles of biosecurity included segregation, cleaning and disinfection, and considering the
behaviour and attitudes of people working with animals. The material presented in this article is
of practical value to veterinarians, farmers, and livestock farms, assisting them in developing and
implementing effective biosecurity plans adapted to changing conditions, thereby contributing to
reducing the risks of infectious diseases and improving livestock productivity

Keywords: preventive veterinary medicine; infectious diseases; antimicrobial resistance; cleaning
and disinfection; human health protection; climate change

Introduction

Biosecurity, as highlighted by A. Diana et
al. (2020), is a pivotal aspect of modern live-
stock farming, playing a crucial role in ensuring
animal and human health, as well as enhanc-
ing the productivity of farms. In the context of
growing populations, urbanisation, and climate
change, the need for implementing effective
biosecurity measures is becoming increasing-
ly urgent. Biosecurity not only prevents the
spread of infectious diseases among animals
but also contributes to reducing the use of anti-
microbial drugs, which in turn lowers the risk of
developing antimicrobial resistance.

The relevance of this research is driven by
the need to prevent the spread of infections
that negatively impact animal and human
health, as well as industry productivity. With
the expansion of animal husbandry, the risk
of epidemics also increases, necessitating the
implementation of effective biosecurity meas-
ures. This is critically important for ensuring
food security, economic stability, and reducing
environmental impact, particularly through the
fight against antibiotic resistance. V. Renault et
al. (2022) argued that adhering to these princi-
ples helps to reduce the risks of infectious dis-
eases and increase livestock productivity.

Biosecurity in modern animal husband-
ry is a subject of research for many scientists
who have analysed various aspects of this field.
V. Renault et al. (2022) investigated the im-
portance of the biosecurity concept as a key

element of the “One Health” approach. Using
the concept of “One biosecurity”, they empha-
sised the close link between public health com-
ponents and the need to consider them as an
integrated structure.

Adherence to biosecurity procedures is a
key aspect of preventing the spread of infec-
tious diseases among animals, as confirmed in
the scientific research of E. Butucel et al. (2022).
This can be achieved through an implemented
strategy that involves preventing direct or in-
direct contact with pathogenic agents, vaccina-
tion, disinfection, rational water management,
and appropriate disposal procedures, among
others. Non-compliance with biosecurity pro-
tocols can lead to a loss of disease control on
farms, resulting in animal mortality and signif-
icant economic losses for farmers.

As highlighted in the study by S. Sarrazin et
al. (2019), the transmission routes of epidemi-
ological diseases can be highly diverse, neces-
sitating the implementation of comprehensive
principles. The development of biosecurity
plans and the analysis of the effectiveness of
preventive measures can reduce risks and im-
prove the control of disease spread. T. Zhang et
al. (2024) have demonstrated that modern ani-
mal husbandry faces numerous challenges that
require the implementation of effective biose-
curity measures. One of the primary concerns
is the risk of infectious disease spread among
animals, which can lead to significant economic
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losses and pose a threat to human health. The
intensification of animal husbandry, globalisa-
tion of trade, and climate change create favour-
able conditions for the spread of pathogens,
making biosecurity issues even more pressing.

One of the primary threats is antimicrobial
resistance, which arises from the excessive and
improper use of antimicrobial agents in animal
husbandry. N.I. Azman et al. (2021) indicated
that this leads to a decrease in the effectiveness
of treating infectious diseases in both animals
and humans, which can have serious conse-
quences for public health. In particular, the rise
of antimicrobial resistance threatens a return
to an era when numerous infectious diseases
became untreatable. Another issue is the inad-
equate understanding and implementation of
biosecurity measures on farms. J.W. Aleri and
M. Laurence (2020) noted that some farmers do
not recognise the importance of biosecurity or
lack sufficient knowledge for its effective im-
plementation. The absence of appropriate ed-
ucation and training for farmers and livestock
workers results in even the best biosecurity
measures being ineffective due to human fac-
tors. For instance, as mentioned by E. Butucel et
al. (2022), non-compliance with hygiene proto-
cols, improper storage of feed and water, and
insufficient isolation of new or sick animals can
undermine all efforts to prevent the spread of
diseases.

Furthermore, the globalisation of trade in
animals and animal products creates additional
biosecurity risks. The international movement
of animals, feed, and equipment can provide a
pathway for the introduction of new pathogens
into different regions, making it more difficult
to control infectious diseases. This is particular-
ly important in the context of zoonotic diseas-
es, which can be transmitted from animals to
humans. According to the World Health Organi-
zation (WHO), approximately 60% of all human
infectious diseases have a zoonotic origin, high-
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lighting the importance of a comprehensive
approach to biosecurity. This statistic is also
supported by data from the Food and Agricul-
ture Organization of the UN (FAO, n.d.), which
indicates that 75% of new human infectious
diseases also originate from animals. This data
demonstrates the importance of coordinating
efforts between the human and animal sectors
to prevent the spread of diseases and improve
biosecurity levels. (World Health Organiza-
tion, 2020; World Health Organization, 2023).

Another aspect of the problem is the im-
pact of climate change on animal health.
Changes in temperature regimes, increased
humidity, and other climatic factors can create
favourable conditions for the development and
spread of pathogens. For instance, rising tem-
peratures can lead to increased populations
of disease-carrying insects, posing addition-
al risks to animal husbandry. Thus, as argued
by D. Black et al. (2023), biosecurity measures
must consider changing climatic conditions
and the need to adapt to them.

Finally, the implementation of biosecurity
measures often faces economic barriers. Some
farms may lack sufficient financial resources to
implement and maintain effective biosecurity
measures. This includes the costs of construct-
ing and maintaining isolation zones, purchas-
ing disinfectants, ensuring proper hygiene, and
training staff. Without financial support and
incentives from governments or international
organisations, farms cannot afford to imple-
ment the necessary biosecurity measures. Thus,
to address biosecurity challenges in modern
animal husbandry, a comprehensive approach
is needed, including the development of ed-
ucational programmes for farmers and farm
workers, financial support, research, and inter-
national cooperation. Only then can sustaina-
ble and safe production of animal products be
ensured, meeting the demands of the contem-
porary world.




Key aspects of biosafety in modern animal husbandry

This study aims to highlight the impor-
tance of biosecurity in animal husbandry and to
provide recommendations for its improvement.
The research employed methods of analysis,
synthesis, and the summarisation of scientific
and methodological literature on biosecurity in
modern animal husbandry. The primary sourc-
es for analysis were scientific articles published
by leading researchers abroad. These articles
included reviews and original studies address-
ing various aspects of biosecurity, from risk
management to the application of cutting-edge
technologies in the field of animal husbandry.
During the research, a substantial number of
scientific sources were analysed, including ar-
ticles published in peer-reviewed journals that
explored diverse aspects of biosecurity in ani-
mal husbandry. Particular attention was given
to research describing innovative approaches
to ensuring biosecurity, as well as studies eval-
uating the effectiveness of various methods for
protecting animals from infectious diseases.
For example, some researchers proposed the
use of biosensors for the early detection of dis-
eases, which can reduce the risks of infection
spread. Other scientists focused on developing
new vaccines and antimicrobial agents that
may be more effective and safer for animals.

Based on the analysis of the literature,
the main trends and approaches to ensuring
biosecurity in modern animal husbandry have
been summarised. In particular, key aspects
have been identified, such as risk manage-
ment, sanitary measures, disease control, and
the use of modern technologies for monitor-
ing animal health and husbandry conditions.
Risk management involves assessing and
minimising potential threats that may arise
during animal husbandry. Sanitary measures
encompass a wide range of practices aimed at
maintaining a high level of hygiene on farms,
including regular cleaning and disinfection of
animal housing.

Importance of biosecurity in modern
animal husbandry: Key aspects

Biosecurity is a vital component of modern
animal husbandry, helping to improve animal
health and productivity while also protecting
human health. This article explores the key as-
pects of biosecurity and its significance in pre-
ventive veterinary medicine. It aims to enhance
the knowledge and skills of veterinarians in de-
veloping and implementing effective biosecuri-
ty plansin collaboration with farmers and farms.

J. Dewulf et al. (2018) demonstrated that
preventive veterinary medicine is based on the
principle of disease prevention through risk
reduction and the implementation of healthy
practices. This approach involves not only
treating sick animals but also providing ongo-
ing advice to farmers on improving the health
and productivity of their animals. As A. Diana et
al. (2020) found, biosecurity is a key component
of this approach, as it helps prevent infectious
diseases, reducing the need for the use of anti-
microbials and lowering the risk of developing
antimicrobial resistance.

In today’s rapidly changing world, biose-
curity is becoming even more important. Pop-
ulation growth, urbanisation, climate change,
and threats to human health, such as antimi-
crobial resistance, demand effective solutions.
According to the FAO, the world’s population is
projected to reach 9.15 billion people by 2050,
placing significant pressure on food production
systems (FAO, n.d.). Furthermore, as H.W.F. Wal-
deck et al. (2021) note, approximately 60% of all
human infectious diseases have a zoonotic ori-
gin, highlighting the risks associated with close
interactions between humans and animals.

Biosecurity is not limited to animal health;
it also considers the health of humans, plants,
and the environment. V. Renault et al. (2022)
noted that the concept of “One Health” em-
phasises that the health of humans, domestic
and wild animals, plants, and the environment

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 3




Verzhykhovskyi & Nedosekov

are closely linked and interdependent. This
approach mobilises various sectors and disci-
plines to work together to ensure well-being
and combat threats to health and ecosystems.
For example, brucellosis is a zoonotic dis-
ease that has serious consequences for livestock
productivity and human health. This disease is
spread through contact with aborted materials
or birth fluids, as well as through the consump-
tion of contaminated milk. In humans, bru-
cellosis causes flu-like symptoms, but in some
cases, chronic complications can develop, sig-
nificantly impacting health and work capacity.
Control of brucellosis in animals involves
vaccination and the implementation of biosecu-
rity measures, such as maintaining hygiene dur-
ing milking, as well as boiling and pasteurising
milk. I. Garcia et al. (2023) highlight that veter-
inarians play a crucial role in educating farmers
about effective preventive measures, thereby
safeguarding both animal and human health.
In summary, veterinary professionals have
a significant role in improving the resilience
and efficiency of livestock farming. Implement-
ing biosecurity measures as part of preventive
veterinary medicine not only increases farm
productivity but also contributes to protect-
ing human health from zoonotic diseases and
antimicrobial resistance. Preventive veterinary
medicine helps ensure the stability and pros-
perity of both farmers and veterinarians, cre-
ating strong mutually beneficial relationships.

Basic principles of biosecurity
in animal husbandry

Biosecurity is a key aspect of maintaining
animal health and preventing the spread of
infectious diseases. This article focuses on the
fundamental principles of biosecurity, aiming
to assist farms in developing effective measures
to mitigate disease risks.

A. Diana et al. (2020) demonstrated that
biosecurity is a strategic and integrated
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approach that encompasses policies and regu-
latory frameworks for analysing and managing
risks in the domains of food safety, animal and
plant health, as well as associated environmen-
tal risks. It covers a wide range of pathogens,
including viruses, bacteria, fungi, endo- and
ectoparasites, as well as protozoa. The founda-
tion of effective biosecurity is a risk-based ap-
proach. In their study, M. Rahman et al. (2020)
noted that it is impossible to completely elimi-
nate the possibility of animals being infected by
pathogens; however, it is possible to reduce this
risk as much as practically possible. Prioritising
high-risk factors allows for the optimal use of
available resources.

Understanding the transmission pathways
of pathogens is the first step towards effective
biosecurity. The primary routes include aer-
osol, direct contact, oral, vector-borne, and
fomite transmission. For instance, some dis-
eases are transmitted through inhalation of
respiratory droplets expelled by another an-
imal, or through direct contact with infected
bodily fluids. Effective biosecurity measures
are typically categorised into three main com-
ponents: segregation, cleaning, and disinfec-
tion. Segregation involves preventing contact
between healthy and infected animals, as well
as between potentially contaminated objects
and healthy animals. Cleaning refers to the
removal of all organic material from surfaces,
significantly reducing the number of patho-
gens. ].S. Ferreira et al. (2024) emphasise that
disinfection involves the use of chemicals to
kill pathogens but its effectiveness depends on
correct application.

Physical biosecurity measures, such as
buildings and fencing, are important, but equal-
ly critical are the attitudes and behaviours of
those working with animals. Even the best bi-
osecurity protocols will be ineffective if people
fail to recognise the risks and do not adhere to
the guidelines.




Key aspects of biosafety in modern animal husbandry

Disease risks can fluctuate due to a vari-
ety of factors, including seasonality, weather
conditions, and changes in farming practices.
Therefore, biosecurity measures must be adapt-
ed to the current risk level. For instance, during
an outbreak in a neighbouring area, a farm may
temporarily change its feed sources to reduce
potential exposure.

A combination of different biosecurity
measures is often more effective than a single
approach. Research by J. Denis-Robichaud et
al. (2019) has shown that combining multiple
layers of protection reduces the likelihood of a
pathogen penetrating all barriers.

In conclusion, biosecurity is an indispen-
sable component of successful livestock farm-
ing, serving to mitigate the risks of infectious
diseases and enhance animal productivity. A
risk-based approach, understanding pathogen
transmission pathways, and implementing
principles of segregation, cleaning, and disin-
fection are fundamental to effective biosecurity
measures. Additionally, it is crucial to consid-
er the behaviour and attitudes of individuals
working with animals and to adapt measures to
changing conditions.

An integrated approach to biosafety:

Preventing pathogens

from the environment
Biosecurity is a critical aspect of modern animal
husbandry, playing a pivotal role in prevent-
ing the spread of infectious diseases among
animals. This section of the article discusses
biosecurity as outlined by K. Koutsoumanis et
al. (2022), specifically about the movement of
animals and vehicles visiting the farm.

One of the most crucial aspects of biose-
curity is controlling the movement of animals.
Introducing new animals to a farm can become
a source of pathogens, making it essential to
follow specific measures. Before purchasing
new animals, a list of pathogens to avoid should

be compiled. This will help assess the risks and
implement the necessary measures to prevent
them. Practices before purchasing animals in-
clude reducing the number of sources of new
animals and conducting health assessments of
the source herd through testing for undesira-
ble pathogens. New animals should be isolated
from the main herd for a period of three to four
weeks, allowing for the detection of potential
diseases and preventing their spread.

Vehicles visiting a farm can also act as a
source of infection. These include vehicles for
transporting animals, collecting milk, deliv-
ering feed, and others. As noted by F.]. Villaa-
mil et al. (2020), to reduce this risk, the follow-
ing measures should be adhered to: vehicles
transporting animals should be thoroughly
cleaned and disinfected after each journey.
Where possible, access to areas where animals
are housed should be restricted to vehicles. It is
recommended to create separate parking areas
outside the farm boundaries for certain types of
vehicles. Loading and unloading points for an-
imals should be located as far as possible from
the main animal housing areas (Center for dis-
ease control ..., n.d.).

It is crucial to understand that all types of
animal movements, not just the acquisition of
new individuals, can introduce pathogens, so
implementing appropriate biosecurity meas-
ures essential. Isolating new animals is a vital
step to prevent the introduction of diseas-
es onto the farm, with the quarantine period
needing to be long enough to detect potential
illnesses, while also conducting diagnostic
tests. Vehicles in contact with animals pres-
ent a high risk of spreading pathogens, making
cleaning and disinfection mandatory measures.
Recommendations for vehicle movement on
farms include using separate vehicles for feed
transport and the removal of manure or dead
animals. It is also advisable to minimise the
number of vehicles allowed access to animal
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housing areas and to carefully plan their routes
on the farm to prevent cross-contamination
(Denis-Robichaud et al., 2019).

Thus, implementing effective biosecurity
measures when moving animals and vehicles
on the farm is essential for maintaining ani-
mal health and improving farm productivity.
Adhering to these principles will help reduce
the risk of introducing and spreading infectious
diseases, which is critical for the sustainable
development of livestock farming. Visitors and
farm workers can also be sources of pathogens,
which may be carried on clothing, footwear, or
equipment (National Association of State Pub-
lic Health, 2023). Depending on the frequency
of visits and contact with animals, the level of
risk for pathogen introduction varies. High-risk
groups include veterinarians, hoof trimmers,
and workers employed on other farms or with
their own animals. Medium-risk groups consist
of product vendors, consultants, and milk truck
drivers, while visitors who rarely visit farms,
such as local school children, pose a low risk.
To reduce the likelihood of pathogen introduc-
tion, hygiene zones with showers and toilets
for visitors and workers should be established,
separate clothing and footwear for each farm
should be used, and regular hand washing and
disinfectant use should be practised.

Farm equipment can also serve as a source
of pathogen transmission between animals and
farms. To mitigate this risk, it is recommend-
ed to use single-use needles and syringes for
each animal, disinfect reusable equipment such
as thermometers and ultrasound sensors, and
clean and disinfect instruments after each use.
Contact with animals from neighbouring farms
can introduce pathogens, so it is essential to in-
stall robust fences to prevent contact between
animals from different farms. These fences
should be regularly maintained to prevent
damage, and manure and other waste should be
stored in airtight containers to prevent leaks.
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Improper storage of feed and water can
lead to contamination with pathogens. To en-
sure the safety of feed and water, they should
be stored in closed and dry premises, protected
from the weather and animals. The quality of
water should be regularly checked and treat-
ed, such as by chlorination, and water should
be stored in closed reservoirs to prevent access
by animals and pests (Black et al., 2020; Wal-
deck et al., 2021).

Implementing effective measures for vis-
itors, equipment, neighbouring farms, feed,
and water is crucial for reducing the risks of
introducing and spreading pathogens, thereby
contributing to sustainable animal husbandry
development.

Interaction with dogs, cats
and pests as a component
of biosecurity in animal husbandry

Dogs and cats can carry a variety of patho-
gens that are capable of infecting livestock
and humans. Major biological threats include
helminths such as Taenia hydatigena, which
causes liver lesions in sheep, Taenia ovis, which
affects the heart muscle of sheep, Taenia mul-
ticeps, which causes brain lesions in sheep,
and Echinococcus granulosus, which causes the
formation of hydatid cysts in the liver. Among
protozoa, Toxoplasma gondii is particularly
dangerous, as it can infect domestic animals
and humans, with cats as the primary transmit-
ters of this parasite, which can cause abortions
in livestock. Neospora caninum can also cause
abortions in cattle (Alocilla & Monti, 2022).

To prevent the spread of these pathogens, it
is essential to restrict access of dogs and cats to
feed storage areas, water sources, calving areas,
and places of storage of animal corpses. This
can be achieved by closing doors and gates to
prevent access to feed storage areas, installing
fences to restrict animal movement using phys-
ical barriers, and ensuring proper management
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and training of dogs, which should have desig-
nated areas for resting, feeding, and drinking.

Pests such as rodents, insects, and birds
can also carry pathogens that pose a threat to
livestock. For instance, rodents can transmit
leptospirosis, toxoplasmosis, and campylobac-
teriosis through their faeces. Birds are capable
of spreading Salmonella and Cryptosporidium,
contaminating feed and water with their faeces.
Insects may carry various viruses, including the
bluetongue virus and the nodular dermatitis
virus. To manage pest populations, it is crucial
to prevent conditions that favour their develop-
ment, which includes ensuring proper storage
of feed and water, adhering to hygiene practices
to prevent the accumulation of waste and litter,
and employing mechanical traps and insecti-
cides for insect control. Additionally, rodenti-
cides should be used to manage rodent popula-
tions, while physical barriers, such as nets, can
help restrict bird access. As a biological control
method, birds of prey can be used to deter other
birds from the area (Ouchene et al., 2023).

Products designed to control pests should
be stored in designated areas, according to the
storage conditions specified by the manufactur-
er.0.Alocilla & G. Monti (2022) pointed out that
these areas should be accessible only to author-
ised personnel to avoid accidental ingestion or
the inclusion of toxic products in animal feed.

In conclusion, adherence to biosecurity
principles in interactions with dogs, cats, and
pests is crucial for preventing the spread of
pathogens on farms. Proper storage of feed and
water, restricting animal access to storage ar-
eas, regular disinfection, and pest control will
help to ensure animal health and increase the
productivity of farms.

Security at livestock markets:
Key aspects and measures
Although the popularity of buying and sell-
ing live animals at markets has significantly

decreased over the past decade, according to
S. Sarrazin et al. (2019), this practice still ex-
ists and therefore requires special attention
and control from a biosecurity perspective.
The movement of animals is one of the pri-
mary routes for the transmission of pathogens
between herds. Research shows that livestock
markets can play a central role in the spread of
diseases. The mixing of animals of different age
and sex groups and from farms with different
epidemiological statuses plays a significant role
in this process. As scientists have noted, this
creates a high potential for the spread of patho-
gens both between farms and between regions.

Visiting livestock markets can introduce
pathogens onto a farm through infected ani-
mals or fomites such as footwear or clothing
that have been used at the market. For in-
stance, if a farmer returns from a market with-
out purchasing any animals, the risk is minimal.
However, if a farmer brings new animals onto
their farm, the risk increases significantly due
to potential contact with other animals at the
market. A medium-risk arises when a farmer re-
turns with unsold animals, which may also have
had contact with other animals.

To prevent the introduction of new path-
ogens onto a farm, farmers should adhere to
specific biosecurity measures. Firstly, it is es-
sential to conduct a visual inspection and avoid
purchasing animals that appear ill. Before buy-
ing, it is necessary to consult with a veterinar-
ian regarding the required vaccinations and
treatments for new animals. All purchased or
returned animals from the market should un-
dergo a quarantine period. Additionally, it is
necessary to plan in advance the number of
animals to be purchased to avoid unforeseen
situations, and to thoroughly clean and disin-
fect transport vehicles before and after trans-
porting animals.

Livestock markets should also provide ap-
propriate conditions to prevent the spread of
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pathogens. This includes adequate infrastruc-
ture for animal housing, ventilation, lighting,
and feeding, systems for waste removal and dis-
posal, and facilities for maintaining hygiene for
both workers and visitors. It is also important
to have animal identification systems to easily
track their movements and ensure the presence
of official veterinary control to check the health
status of animals before they are brought to the
market. Particular attention should be paid to
an isolation zone where animals requiring vet-
erinary examination can be segregated (Ava-
los et al., 2022).

In conclusion, livestock markets serve as
significant hubs for the dissemination of path-
ogens; therefore, implementing effective biose-
curity measures is crucial to preventing disease
outbreaks. Adherence to appropriate biosecu-
rity measures by both visitors and market op-
erators will help reduce the risks of introduc-
ing and spreading pathogens, ensuring animal
health and enhancing livestock productivity.

Biosafety assessment and
development of a biosafety plan
Evaluating the level of biosecurity is a cru-
cial step in identifying potential risks and de-
veloping effective measures to protect farms
from threats while minimising their impact
on animal health and productivity. A. Kucuk &
Y. Yildirim (2024) argued that the first step in
developing a realistic and effective biosecurity
plan is to assess the existing biosecurity meas-
ures on the farm. According to W.R. Ashmawy et
al. (2022), biosecurity assessment enables the
identification of the strengths and weaknesses
of current measures, allowing for recommen-
dations for their improvement. This requires
gathering accurate data on the biosecurity
measures that have already been implemented.
The assessment should be structured to collect
all necessary information regarding the cur-
rent biosecurity practices. The most common
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method for conducting the assessment is
through surveys, which evaluate how risks are
prevented or mitigated on the farm. It is essen-
tial to carry out the assessment directly on the
farm rather than relying solely on interviews.

It is important to note that obtaining ac-
curate responses from a farm can be challeng-
ing. Often, what is stated to be done differs
significantly from what is actually being prac-
tised. This is why, as B. Benavides et al. (2021)
pointed out, it is necessary to carefully plan the
assessment structure to obtain a realistic pic-
ture of the biosecurity measures implemented.
Conducting a biosecurity assessment requires
a specific approach to ensure accuracy and ef-
fectiveness. It is important to listen attentively
and not to perceive the assessment process as
an audit but as an opportunity for improvement.
To obtain complete information, it is advisable
to use open-ended questions that allow farmers
to explain in detail how biosecurity measures
are implemented. The assessment procedure
requires sufficient time to avoid hasty conclu-
sions. Additionally, as M. Leite et al. (2023) not-
ed, that visiting different parts of the farm is
necessary to observe how biosecurity measures
are implemented in practice on-site.

Following the completion of the biose-
curity assessment, the next step is to develop
a plan that should cover all possible routes of
pathogen entry into the farm and their subse-
quent spread. When developing the plan, it is
essential to carefully assess the areas that re-
quire improvement, based on the level of risk of
pathogen transmission. This also includes im-
plementing effective biosecurity measures that
address the identified threats. It is important
to consider the sociological and psychological
factors that may influence the implementation
of biosecurity measures. In addition, it is nec-
essary to carefully discuss the advantages and
disadvantages of the proposed measures. It is
important to anticipate systematic monitoring,
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regular review, and adaptation of the plan to
ensure its long-term effectiveness. Further-
more, it is necessary to immediately identify
the most important measures for improvement,
taking into account the limited resources of the
farms. The plan should be developed in part-
nership with the farms to ensure the accepta-
bility, feasibility, and sustainability of the pro-
posed changes.

Implementing the changes outlined in the
biosecurity plan is a critical step. It is impor-
tant to periodically assess and monitor the im-
plemented measures to improve them. Farms
and their workers must understand and be
convinced of the necessity and benefits of these
measures. As V. Sri Lestari et al. (2022) noted,
the implementation of biosecurity measures
can face various barriers, such as a lack of in-
frastructure or socio-economic factors. It is im-
portant to focus on measures that are feasible
and sustainable over time.

Veterinary professionals play a key role
in promoting biosecurity plans on farms. The
use of good communication skills is essential
to influence the behaviour of farm workers re-
garding biosecurity. In conclusion, it should
be noted that developing an effective bios-
ecurity plan requires a detailed assessment
of existing practices, taking into account the
specific risks for each farm, and cooperation
with them. The continuous implementation
and maintenance of biosecurity measures are
key to protecting animal health and improv-
ing farm productivity.

Conclusions

Biosecurity is an integral part of modern animal
husbandry, contributing to the preservation of
animal, human, and environmental health.
Implementing biosecurity principles prevents
the spread of infectious diseases, reduces the
use of antimicrobial drugs, and helps to reduce
the risk of developing antimicrobial resistance.

This article examines the key aspects of biose-
curity, its importance, and the main principles
that can be applied on farms to improve animal
health and productivity. Biosecurity is a vital
tool in modern animal husbandry, ensuring
not only animal health but also the protection
of human health. This is achieved through the
implementation of preventive measures that
reduce the risk of pathogen spread. Preventive
veterinary medicine is based on the principle
of disease prevention by reducing risks and
implementing healthy practices. This includes
not only treating sick animals but also provid-
ing advice to farms on improving the health
and productivity of their animals. The growing
population, urbanisation, and climate change
create additional challenges for biosecurity.
Effective measures that are implemented must
take into account these changes and adapt to
new conditions. The “One Health” concept
emphasises the interconnectedness of human,
animal, and environmental health. It mobilises
diverse sectors and disciplines to work togeth-
er to ensure well-being and combat threats to
health and ecosystems. The main principles of
biosecurity include segregation, cleaning, and
disinfection. It is also important to consider
the behaviour and attitudes of people working
with animals. A combination of different bios-
ecurity methods increases the effectiveness of
measures. Developing an effective biosecurity
plan requires a detailed assessment of existing
practices and the specific risks for each farm.
Cooperation with farmers is key to ensuring
the acceptability and sustainability of proposed
changes. The regular development of educa-
tional programs and training for farmers and
farm workers is critical to ensure understand-
ing and effective implementation of biosecurity
measures. Investments in infrastructure, such
as isolation zones, cleaning, and disinfection
systems, will help reduce the risks of pathogen
spread. Continuous monitoring and adaptation
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of biosecurity measures to changing conditions
will help maintain their effectiveness. Provid-
ing financial support to farms for implementing
biosecurity measures is a crucial step in ensur-
ing their sustainability and efficiency. Overall,
implementing effective biosecurity measures
is an integral part of sustainable livestock pro-
duction. Considering global challenges such as
climate change and population growth requires
a comprehensive approach to biosecurity. Co-
operation between farms, veterinarians, and
scientists, as well as financial support and ed-
ucational programs, will help ensure animal
health and increase the productivity of live-
stock farms, creating strong mutually beneficial
relationships between all stakeholders.

Future research will focus on develop-
ing effective biosecurity plans as preventative
measures against the emergence of infectious
diseases, to increase livestock productivity.
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AHoOTalis. AKTYaJqbHICTh IOCTIIKEHHS 3yMOBJIEHA HEOOXiMHIiCTIO TOKpameHHs 6io6e3meku
Yy TBApUHHUIITBI [JIs1 TOKpAIIeHHs 3J0pOB'S Ta IPOAYKTUMBHOCTI XymoOM, a TaKOX 3axUCTy
300pOB'a jTiofeii. Bio6esmeka € KIOUYOBUM e/IeMeHTOM, L0 3aI1006irae MouMpeHHI0 iHpeKuiiumux
3aXBOPIOBaHb, CIpUSIE 3HMKEHHIO PU3UKIB eIileMili, 3MeHIIeHHI0O BUTpaT Ha JiKyBaHHS I
MigBUIIEHHIO TPOSYKTUBHOCTI i eKOHOMiIUHO1 e(heKTUBHOCTI CiIbCbKOTOCIIONaPChKUX MiATIPUEMCTB,
CIIPUSIIOUM TIOKPAIEHHIO SIKOCTi MPOAYKIIii Ta 3MillHEHHIO IIPOAOBOJIBUOI 6€3ITeKH, IO MiABUIITYE
KOHKYPEHTOCITPOMOSKHICTb TOCMOJAPCTB HA PUHKY. Y 3B'A3KY 3 I[MM, MeTa I[bOTO JOCTiJKEeHHS
CIIpSIMOBaHA HAa PO3KPUTTS poii 6io6e3neku y TMPEBEHTUBHiN BeTEePUHAPHIA MeOUIMHI.
[TpOBimHMM ITiX0OM [0 MOCTiIKEHHS 11i€l Mpo6ieMy € aHaTi3 iCHYIOUMX MTPAKTUK Ta METO/IiB, 1[0
J03BOJISIE KOMILJIEKCHO PO3IVISTHYTY Pi3Hi acriekTy 6io6e3mneku. B pe3yabrati IpoBeeHOro aHatizy
06GI'PYHTOBAHO, 1[0 IIPEBEHTMBHA BeTepMHApHA MeIuIiHa 6a3y€ThCst Ha TIPUHITNUIII ITOTIepe ke HHS
XBOPOO uepe3 3HVKEHHST pU3UKIB Ta BIIPOBAIKEHHS 3[I0POBUX ITPAKTHK. 3’ICOBAHO, IO 11e¥i MiaXiz
BK/TIOUA€E He JIMIIe JIiKyBaHHS XBOPUX TBapyMH, ajie i HaJaHHS KOHCY/bTalliil gepmepam Iiomo
TTOKpaIlleHHsST 3I0POB's Ta MPOAYKTUBHOCTI iXHiX TBapuH. BcTaHOBIEHO, 10 6io6e3rmeka TaKoxk
JoTIoMarae 3amob6iraTy¥i BMHMKHEHHIO i MOIMpeHHI0 iHMeKIifHMX 3aXBOpIOBaHb, 3MEHIIYIOUN
HeOoOXiJHICTh Y BMKOPUCTAaHHI aHTUMIKpOGHMX IMperapaTiB Ta 3HIKYIOUM PU3UK PO3BUTKY
aHTUMIKPOOHOI Pe3UCTEHTHOCTI. JIOC/TiIKeHHIM MiIKpeCIeHo, [0 B CY4aCHOMY CBiTi, [0 MIBUIKO
3MiHIOEThCS, 6iobe3meKka cTae ie OibIl BasKIMBOIO Yepe3 3pOCTaHHS HaceJleHHsI, ypbaHisailito,
3MiHM KJIiMaTy Ta 3arpo3u Ijisl 300pOB'Sl JIIOAMHM, TaKi K aHTMMiKpOOHa PEe3UCTEHTHICTbh.
OXOIUIEHO KOHIIEMIIi10 «EIMHOr0 3I0POB'sI», sIKa IMiAKpPecania TiCHUIA 3B'130K i B3a€MO3aJIeXKHICTh
3[0POB'S JTI0JIEi, CBifiCbKMX Ta IVKUX TBapWH, POCINH i JOBKi/UIss. OCHOBHI IpMHLMIM 6io6e3nexu
BKJTIOUAIOTD CErperaiiito, OunineHHs Ta Ae3iHQeKIIiio, a TAKOK BPaxXyBaHHS TIOBEIiHKY Ta CTaBJI€HHS
JIIofeil, Mo MpalloiTh i3 TBapuMHaMu. MaTepiasu CTaTTi CTAHOBJSITh MPAKTUYHY LiHHICTH IJIsI
BeTepMHapHUX JIiKapiB, hepMepiB Ta TBAPMHHUIIBKUX TOCIIOAAPCTB, JOTIOMAraoun iM po3pobisTi
Ta BIIPOBAKyBaTu edeKkTMBHI 6i006e31eKoBi IlaHu, agarToBaHi O 3MiHHMX YMOB, L0 CIIPUSIE
3MeHIIeHHIO pM3UKiB iHPeKLiiiHMX 3aXBOPIOBaHb Ta ITiIBUILIEHHIO TPOAYKTUBHOCTI TBAPMHHULITBA
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Modern methods of raw meat processing...

techniques aimed at extending the storage duration of safe and high-quality meat, alongside their
scientific justification. This article focused on finding means to reduce bacterial contamination,
as microorganisms are the primary cause of meat spoilage. This study aimed to identify the most
promising and optimal methods for extending the freshness of raw meat. To conduct the analysis,
information from scientific primary sources, and electronic resources was used, and the results of
experimental data on the application of scientifically based safe approaches were studied. A review
of the main methods and measures aimed at extending the storage period of raw meat was carried
out. The advantages and disadvantages of various methods of raw meat processing that have a
bactericidal or bacteriostatic effect on various, including pathogenic, microorganisms that not only
cause meat spoilage but can also be a danger to the potential consumer were established. Various
traditional, novel, and innovative methods are currently employed in meat processing. Given the
advancements in science and technology, a comprehensive approach to raw meat processing is
emerging as the most promising. After analysing the research findings of numerous scientists,
it has been concluded that biological technologies utilising lactic acid bacteria, combined with
traditional physical methods such as refrigeration, offer the most optimal solution. This approach
preserves the freshness of meat while minimising the impact on organoleptic properties,
provided that temperature regimes and processing technologies involving cultures of lactic acid
microorganisms are adhered to. The practical significance of this study lies in identifying the most
promising directions for further research and improving existing safe antimicrobial treatments,
particularly through the use of various strains of lactic acid starters. Their practical application will
enable the preservation of meat freshness and extend its storage life

Keywords: slaughter products; lactic acid bacteria; disinfection with antimicrobial additives;
quality and safety control; antimicrobial chemical substances

Introduction

Producing safe, high-quality food products is
one of the primary and most important tasks of
the agro-industrial sector in Ukraine and glob-
ally. Today, the issue of food safety is critically
pressing, and there is a need to further research
the justification and application of modern ap-
proaches used by the European Union. Modern
retail trends and developments, driven by the
demands of the food industry, are focused on
extending the storage life of meat. Slaughter fa-
cilities play a pivotal role in supplying the pop-
ulation with high-quality, fresh, and safe meat
products. This is achieved through the use of
appropriate equipment, stunning methods, hy-
gienic primary processing, and the implementa-
tion of specific measures designed to minimise

bacterial contamination of half-carcasses and
facilitate the subsequent storage of raw meat.

F. Leroy et al. (2023) highlighted in their
study that raw meat is a complex, biologically
active product undergoing numerous physic-
ochemical and biochemical processes. Simul-
taneously, it is a valuable food source, rich in
essential amino acids, fatty acids, and various
bioactive compounds with health-promoting
properties (e.g., taurine, carnosine), as well as
easily absorbable micronutrients, often pro-
viding adequate nutrition for a wide range of
consumers. According to European legislation,
meat refers to muscle tissue and associated tis-
sues obtained from the carcasses of domestic
ungulates, including pigs, cattle, sheep, goats,
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domestic one-hoofed, as well as poultry, lago-
morphs, and wild game animals (Regulation EC
No. 853/2004, 2004).

Ukrainian researchers have investigated a
promising method of treating meat with lac-
tic acid bacteria cultures. They have demon-
strated a reduction in microbial contamination
of meat, allowing for an extended shelf life of
pork half-carcasses under refrigeration (Vo-
vkotrub et al., 2023).

Meat quality refers to the degree of proper-
ties that characterise its nutritional, biological,
and energy value, as well as its organoleptic,
physico-chemical, biochemical, and other at-
tributes that meet consumer needs. While meat
quality can be assessed using various methods,
safety and sensory attributes are paramount for
consumers. These components are influenced
by a range of internal and external factors, in-
cluding animal genetics, production systems,
feeding, pre-slaughter preparation, stress dur-
ing slaughter, and post-slaughter carcass han-
dling. Moreover, M. Gagaoua et al. (2022) and
V.Z. Trokhymenko et al. (2023) emphasised the
importance of the economic aspect of food pro-
duction, which is ensured by rational primary
processing methods and the subsequent utili-
sation of raw materials.

V. Kurcubic et al. (2022) highlighted that
meat processing facilities employ a significant
number of technologies aimed at enhancing
the quality of the final product. Particular at-
tention is paid to the method and speed of an-
imal slaughter, as well as subsequent carcass
chilling and storage. Furthermore, there has
been a growing demand in recent years for safe
and high-quality meat that contains only natu-
ral ingredients to extend its shelf life. Products
should include natural food preservatives, such
as organic acids and antimicrobial agents, which
do not have adverse effects on human health.

Despite significant scientific advance-
ments, there remains a need for more detailed
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research and in-depth study of the impact of
primary processing of carcasses from livestock
and poultry on the safety, quality, and market-
ability of meat. This research aimed to review
modern methods and analyse the most prom-
ising approaches used to extend the shelf life
of raw meat and to formulate recommendations
for their practical implementation in produc-
tion. The literature search utilised scientific
databases such as Scopus, Web of Science, and
other electronic resources, which provided in-
formation on meat processing methods, refer-
ences to legal frameworks, and food legislation.
Both Ukrainian and international research data
were consulted. A thorough analysis of existing
findings and studies in this field was conducted,
followed by the systematisation of the availa-
ble information. Traditional as well as new and
innovative processing methods were examined.
Given the importance of ensuring safe food
products and the development of modern tech-
nologies, preference was given to the most up-
to-date sources of information.

Cooling and freezing

of farm animal carcasses
Cooling and freezing of agricultural animal car-
casses are the most common traditional meth-
ods of meat preservation. Cooling extends the
shelf life of meat by slowing down the growth
of microorganisms and the chemical reactions
that lead to spoilage. Another technique, freez-
ing, primarily employs temperatures of -8°C
and below.

H.E. Rojas et al. (2022) pointed out that, as
global trade expands and the distance between
producer and consumer increases, the demand
for cooled and frozen meat is rising. This is
due to the need to satisfy consumer expecta-
tions for longer product freshness, while also
facilitating logistics and enhancing market-
ing. In recent years, research on the cooling of
pork half-carcasses has focused on accelerated
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cooling to minimise microbial contamination and
weight loss through evaporation. Additionally,
accelerated cooling can also improve the phys-
icochemical and biochemical properties of meat
by reducing the post-slaughter metabolic rate.
Pork displaying signs of PSE (pale, soft,
exudative) is frequently encountered. Typical-
ly, such animals have been raised using inten-
sive feeding practices and restricted movement
during their confinement. PSE characteristics
are also observed in stress-sensitive animals,
which can be caused by improperly conducted
stunning, prolonged transportation, exposure
to high temperatures, lack of oxygen, and so
forth. A delay in the onset of cooling and insuf-
ficiently low cooling temperatures contribute
to a decrease in pH levels. This defect is par-
ticularly pronounced in light-coloured muscle
fibres. The meat produced from these animals
has lower technological and commercial val-
ue. During freezing and thawing, a significant
amount of fluid is released, and substantial
mass losses occur during storage, boiling, or
frying; moreover, when salted, the meat retains
its pale colour. It is important to note that the
light colour of the meat is attributed to a sharp
decrease in pH levels following slaughter, facili-
tated by enzymes that more rapidly break down
glycogen into lactic acid. This results in earlier
post-mortem rigour, while the temperature of
the carcass remains high, promoting the rap-
id denaturation of muscle proteins due to the
action of proteases (Trevisan & Brum, 2020).
Consequently, as noted by A. Rybarczyk et
al. (2015), the meat assumes a lighter colour.
The DCB (dark cutting beef) defect pri-
marily occurs in steers and rarely in heifers.
The discolouration arises from prolonged
pre-slaughter stress and the depletion of gly-
cogen reserves. Additionally, a stress factor
can lead to another meat defect, characterised
by the presence of DFD (dark, firm, dry) attrib-
utes, most commonly observed in the carcasses

of cattle and sheep, and less frequently in pigs
and turkeys. This defect occurs when, as a result
of stress, strenuous physical exertion, fatigue,
or exhaustion, the glycogen content in muscle
tissue decreases before slaughter, leading to
an increase in pH due to reduced post-mortem
glycolysis and resulting in rapid post-mortem
rigour. H.E. Rojas et al. (2022) noted that the
pH of such meat is typically greater than 6.2.
These characteristics indicate that the carcass
originated from an animal that experienced
pre-slaughter stress, possibly due to injury or
illness. Such meat has high water-binding ca-
pacity, a dark red colour, coarse fibrousness, a
tough texture, increased stickiness, and poor
storage stability.

Consequently, in animals that have experi-
enced acute and short-term stress, the carcass
may exhibit PSE characteristics due to protein
denaturation, which contributes to a decrease in
water-holding capacity, displacement of intra-
cellular water and myoglobin into interfibrillar
spaces, and softening of the muscle structure. If
theanimal hasundergone prolonged pre-slaugh-
ter stress, the pH value increases as a result of
low energy reserves in the muscles, the mus-
cle tissue structure becomes denser and firm-
er, and the meat acquires DFD characteristics.

Therefore, the post-mortem changes that
occur during the process of transforming the
muscles of slaughtered animals into meat play
a crucial role in the development of quality at-
tributes and the overall perception of the fresh
product. S.K. Matarneh et al. (2017) emphasised
that after an animal is slaughtered, the supply
of oxygen ceases, and glycogen with phosphate
compounds is mobilised to maintain homeosta-
sis through the synthesis of adenosine triphos-
phate. As a result of lactate formation, the pH
level decreases. Subsequently, post-mortem rig-
our develops. With the inactivation of enzymes,
metabolism ceases, and ATP, which provides the
elasticity of muscle fibres, is depleted. This is
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followed by the proteolytic breakdown of struc-
tural proteins in the muscles, resulting in an
enhancement of the meat’s flavour properties.

H.E. Rojas et al. (2022) noted that the cool-
ing process does not improve meat quality but
merely maintains it, and therefore the meat
must be of a satisfactory sanitary and hygienic
standard. A safe cooling temperature is consid-
ered to be 4°C or below to inhibit the growth of
microorganisms. This method is one of the most
common in industrial settings. The biggest
drawback of this method is the weight loss of
the carcass due to the evaporation of water from
the meat surface, which depends on the rate of
temperature decrease. Consequently, when the
cooling rate is lower, the weight loss increases.

Freezing is also a widely used method for
preserving meat from various types of animals.
This method is economically significant for the
industry as it facilitates the trade of meat and
logistical connections through extended stor-
age periods. The primary objective of freez-
ing is to maximise the retention of the meat’s
original properties, which requires careful
control over the reduction of temperature and
the crystallisation of liquids during the stor-
age of carcasses in a frozen state, as well as
during their thawing process. When meat is
frozen, most of the water solidifies and forms
ice crystals, which is accompanied by the sep-
aration of dissolved solids. Rapid freezing re-
sults in the formation of small ice crystals that
generally remain within the muscle tissue,
thereby preserving its microstructure. During
the thawing process, the liquid is released and
bound to proteins. If freezing occurs quickly
while thawing is slow, moisture loss is mini-
mised. However, during the storage of meat in
a frozen state, ice crystals grow and damage
muscle cells, which, in turn, leads to the release
of enzymes that contribute to the oxidation of
proteins and lipids. This process can, as not-
ed by V. Lebret & M. Candek-Potokar (2022),
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lead to a deterioration of flavour, changes in
colour, and alterations in texture.

Rapidly reducing the temperature of mus-
cles before they reach the appropriate level
of acidification can lead to carcass shrinkage
(weight loss). Shrinkage is particularly evident
in carcasses from animals with lower levels of
subcutaneous fat, which facilitates faster heat
loss. Shock cooling also contributes to the freez-
ing of the skin and muscles located directly be-
neath the skin. During thawing, this leads to the
leaching of adjacent tissue and undesirable meat
colour. In studies by A. Rybarczyk et al. (2015),
it was shown that shock cooling of meat had a
negative impact on organoleptic characteristics
such as tenderness and flavour. However, the
results of their study did not reveal any signif-
icant differences between the effects of shock
cooling and conventional cooling systems
on meat quality between pig exterior classes.

The well-known Rinse&Chill (RCT) tech-
nology involves washing the vascular system of
various types of animals after slaughter using a
chilledisotonicsolutionatatemperature of +3°C.
This solution contains 98.5% water along with a
mixture of dextrose, maltose, and sodium phos-
phate (Hwang et al., 2022). Additionally, an iso-
tonic solution at +14°C is used, which comprises
98.5% water and a mixture of glucose, polyphos-
phates, and maltose (Fowler et al, 2017).

According to research by S.V. Erazo-Cas-
trejon et al. (2019), which determined the
haemoglobin content in muscle extracts as a
measure of blood removal, the application of
the RCT method ensures the removal of 40%
more blood from the muscles compared to con-
ventional methods, which leave approximately
60% of blood in the muscles of pigs. This tech-
nology effectively removes residual blood from
the carcass, rapidly lowers the internal temper-
ature of the muscles, and optimises the reduc-
tion of pH by delivering glycolytic substrates in
the wash solution.
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Research on the Rinse&Chill (RCT) tech-
nology has shown that early post-mortem
washing of the blood vessels in beef carcasses
positively impacts the quality and safety of the
meat, as well as its shelf life and the safety of
meat products (Hwang et al., 2022). This pro-
cedure facilitates the washing away of residual
blood from both beef and pork carcasses. The
use of pre-chilled isotonic solutions for intact
animal carcasses ensures a rapid reduction in
the internal temperature of the muscles and
accelerates the cooling of the entire carcass.
This technology, in particular, contributes to a
decrease in pH and ensures effective cooling of
the carcass, thereby improving the quality and
safety of the meat. The isotonic RCT solution
contains substrates that permeate the muscles,
which remain physiologically active during
the early post-mortem vascular washing. As a
result, they are fully metabolised by the mus-
cles and leave no residues. This technology has
been commercially approved and has been in
continuous use in the United States since 2000
and in Australia since 1997. As of January 2022,
23 meat processing enterprises in five countries
(Australia, the USA, Canada, New Zealand, and
Japan) have implemented this technology, all
of which have assessed and approved the RCT.
K. Hwang et al. (2022) noted that these enter-
prises operate under standard sanitation oper-
ating procedures (SSOP) and a Hazard Analysis
Critical Control Point (HACCP) system.

Therefore, to effectively cool pork carcass-
es in meat processing plants, various meth-
ods are employed, often in combination with
pre-slaughter preparation techniques and ani-
mal stunning methods.

Chemical technologies
for meat processing
M. Lulietto et al. (2015) noted that meat is a
unique nutrient-rich food but can pose a risk
when contaminated with and reproduction of

pathogenic microorganisms in it. To reduce
microbial contamination of meat, particular-
ly animal carcasses post-slaughter, chemical
treatments are employed. The European Food
Safety Authority (EFSA) has issued guidelines
outlining the essential components and pre-
requisites that studies must include demon-
strating that a substance intended for use to
remove microbial surface contamination from
food of animal origin will not pose any signif-
icant risk to consumer health and will contrib-
ute to a significant reduction in the prevalence
and number of pathogenic bacteria, thereby
reducing the microbiological risk. Given such
regulations, an increasing number of new prod-
ucts are seeking to enter the European Union
market. These are primarily foods produced
using new technologies, derived from novel
sources, or containing novel substances. Addi-
tionally, traditional foods consumed in non-EU
countries and not consumed in the EU before
15 May 1997 are also considered “novel foods”
according to Regulation (EU) No. 2015/2283,
2015. E. Ververis et al. (2020) emphasised that
food business operators wishing to market such
products in the European Union must obtain
authorisation from the European Commission.

Scientific research conducted by Z.A. Ella-
tif et al. (2020) and Z. Kaplan et al. (2021) has
demonstrated that a significant number of
chemical components, including organic acids,
have been developed and used to reduce con-
tamination of slaughtered animal meat and ex-
tend its shelf life. At the same time, D.N.N. Ma-
dushanka et al. (2018) and O.B. Braiek &
S. Smaoui (2021) noted that treatment with
solutions of organic acids, such as lactic and
acetic acid at concentrations of 1-2%, is also ef-
fective in reducing bacterial contamination, but
higher concentrations of these acids cause the
carcasses to whiten.

H. Van Ba et al. (2019) conducted a study
using 3% acetic and lactic acid solutions to

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 3




Vovkotrub et al.

reduce bacterial contamination on beef car-
casses. Live animals were sprayed with the
acid solution on their skin, and carcasses were
sprayed immediately after slaughter. Identi-
fied microorganisms were identified through
sequencing. Various microorganisms, such as
Staphylococcus, Shigella, Bacillus, Escherichia,
and Salmonella, were localised on the outer skin
surface of live animals and the surface of their
carcasses. Disinfectant sprays significantly re-
duced the number of all the aforementioned
bacteria on the carcass skin surface compared
to the control group without spraying. Thus,
the spraying method can be recommended to
reduce cross-contamination of beef carcasses
without negatively affecting meat quality.

A similar study was conducted to detect
and identify microbial populations on pork
carcasses at various stages of slaughter and on
pork cuts 24 hours post-slaughter, as well as to
evaluate the effectiveness of sprays containing
different concentrations (2% and 4%) of lactic
acid. The spray was applied to the carcass sur-
face at the end of the slaughter line. Bacterial
genus identification, including Staphylococcus,
Salmonella, Shigella, Enterococcus, Escherichia,
Acinetobacter and Corynebacterium spp., was
carried out. Their counts ranged from 2.70 to
4.91 logl0 CFU/100 cm? on carcasses during
slaughter. Most of these genera were also found
on carcasses after 24-hour cooling. Staphylo-
coccus, Acinetobacter and Corynebacterium were
identified on cuts from untreated carcasses but
were absent on treated ones. The bacterial count
significantly decreased on carcasses and cuts
treated with a lactic acid solution, particularly at
the 4% concentration. Thus, according to H. Van
Ba et al. (2019), spraying pig carcasses with a 4%
lactic acid solution could be an effective meth-
od for reducing bacterial contamination, and
enhancing the microbiological safety of pork.

In Brazil, the HACCP (Hazard Analy-
sis and Critical Control Points) program was
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established by Circular No. 369 of June 2, 2003,
issued by DCI/DIPOA (Control Division of In-
ternational Trade/Department of Inspection
Animal Products, Brazil). Common critical con-
trol points (CCPs) for slaughter are faeces, in-
testinal, and milk contamination of carcasses,
with no tolerance limits for their presence. The
same program recommends corrective actions
for faecal contamination removal through trim-
ming the contaminated part of the carcass and
visual inspection. Under appropriate slaugh-
ter conditions, despite swine carcasses having
satisfactory visual characteristics, they can be
heavily contaminated, as their skin is a primary
source of contamination. S. Bonardi (2017) not-
ed that the stress factor associated with group-
ing, transportation, and holding animals at the
slaughterhouse can provoke the excretion of
Salmonella and other pathogens in latent carri-
ers. This highlights the importance of adhering
to good slaughter hygiene practices.

The study found that washing pig carcasses
with water at a pressure of 8 bars can replace
the method of cutting away contaminated
parts without significantly affecting microbial
contamination, while also reducing the risk of
cross-contamination. J. Brustolin et al. (2014)
found a decrease in the number of psychrophilic
and mesophilic microorganisms on the surface
of pig carcasses that were treated with steam
and then irrigated with a 2% lactic acid solution.

For the treatment of pig carcasses, V. Si-
lano et al. (2018) conducted a study using a
2-5% lactic acid solution in the form of an aero-
sol at temperatures up to 80°C. In this process,
meat cuts pre-chilled by cold water showering
were immersed in solutions at temperatures up
to 40°C, with an optimal exposure time of up
to 30 seconds. It was noted that exceeding the
established concentration could, at least tem-
porarily, change the appearance of meat cuts.
The treatment of carcasses with organic acid
solutions was allowed at any stage: both after
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bleeding the carcasses and immediately before
packaging. Regarding the amount of solution, a
sufficient amount to cover the entire surface of
the carcass was used. Additional rinsing after
treatment with lactic acid was not provided. On
the contrary, the remaining organic acid sup-
pressed the growth of microorganisms in case
of repeated bacterial contamination.

Therefore, organic acids are the safest
chemicals used to treat meat to extend the
product’s shelf life by killing or inhibiting the
growth of pathogenic microorganisms. A. Mo-
rey et al. (2014) indicated that acids accumu-
late in the cytoplasm of microorganisms. This
rapidly decreases the pH, disrupts optimal en-
zymatic activity, and negatively affects the syn-
thesis of proteins, DNA, and RNA. Currently,
lactic and acetic acids are the most widely used
in the food industry. G.A.M. Rossi et al. (2023)
highlighted the potential use of other acids,
such as benzoic, ascorbic, citric, propionic, for-
mic, succinic, and tartaric acids as food preserv-
atives to increase the shelf life of meat.

M. Ciriaco et al. (2021) investigated the
bacteriostatic effects of acetic and citric acids
on Salmonella. To treat pig carcasses, 2% and
5% solutions of these acids were used. Both
acids at the specified concentrations exhib-
ited bacteriostatic activity. However, better
results were obtained when treating pig car-
casses with 5% lactic acid. In another study,
S. Dan et al. (2017) investigated the effects of
lactic, acetic, and citric acids at various con-
centrations (1%, 2%, 3%) on bacterial strains
of Salmonella enteritidis, Escherichia coli and
Listeria monocytogenes when treating beef. The
researchers noted that among these organic
acids, a 3% solution of lactic acid was the most
effective, while acetic and citric acids showed
slightly lower effectiveness. In the food indus-
try, malic and tartaric acids are also allowed to
be used, but these acids are less effective when
treating carcasses.

It is important to remember that the effec-
tiveness of carcass surface treatment depends
not only on the choice of a specific organic acid
but also on the water pressure, its temperature,
and the duration of the treatment. J.H. Park et
al. (2005) recommended using low-pressure
hot water washing or immersion, as well as
high-pressure spraying, with an average treat-
ment time of 10 to 20 seconds. Thus, there is
currently a wide range of antimicrobial meas-
ures, such as carcass washing, treatment with
organic acids, trimming, and deburring with a
knife, etc. However, intestinal pathogens, espe-
cially Escherichia coli and Salmonella, remain a
major problem for the safety of meat products,
including beef. Currently, none of the meth-
ods is sufficiently effective for these pathogens
when treating carcasses. C. Kocharunchitt et
al. (2019) noted that during the study of anti-
microbial agents, chlorine dioxide and peracet-
ic acid showed good results when treating beef
carcasses by spraying during cooling.

Chlorine is the most popular and widely
used antimicrobial agent in poultry processing
in the USA but is not permitted for use in the Eu-
ropean Union (EU). M. Sohaib et al. (2016) not-
ed that adding 18-25 mg/L to cold water could
significantly reduce Salmonella counts. The ef-
fectiveness of chlorine increases proportionally
with its concentration in the disinfectant solu-
tion. It should be noted that higher concentra-
tions can affect the carcass colour and also con-
tribute to the development of a specific odour.

The disinfection of animal carcasses with
chlorine also has its advantages and disadvan-
tages. Chlorine is widely used for the disinfec-
tion of animal products, particularly poultry. It
is a relatively inexpensive chemical compound
that is easy to apply to carcasses. It has high
antimicrobial activity against both gram-pos-
itive and gram-negative microorganisms. The
mechanism of action of chlorine involves the
destruction of the bacterial cell wall due to its
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high oxidative potential. As noted by S. Sheen et
al. (2011), chlorine solutions are effective even
at low concentrations. M. Kumari & S.K. Gup-
ta (2022) expressed concerns about the limita-
tions of using chlorine, which is neutralised by
organic matter, and recommended using it only
after skinning to prevent neutralisation by or-
ganic matter on the carcass surface. In addition,
chlorine is a toxic substance, its concentration
must be carefully controlled, and when reacting
with organic matter, it can form carcinogenic
compounds - trihalomethanes, which pose a
serious threat to human health.

It is important to note that the use of var-
ious chemicals, including chlorine, depends on
geographic location and the subsequent mar-
keting of finished products. K. Chousalkar et
al. (2019) noted that in Australia and many
Asian countries, chlorine remains the most
common disinfectant for poultry meat. Com-
pared to other disinfectants, it is cheaper and
easier to use. A.R. McWhorter et al. (2023) in-
dicated that Australia adheres to recommen-
dations for the safe use of chlorine in the food
industry, particularly the meat industry, where
the concentration of this compound is not al-
lowed to exceed 10 mg/L (ppm). In the USA,
regulations allow a higher concentration — up
to 20 mg/L for washing or spraying poultry car-
casses, and up to 50 mg/L in cooling tanks.

S S.M.E. Rahman et al. (2013) noted that
chemical treatment also includes ozone treat-
ment, which is a water-soluble gas of natural
origin that is a strong oxidant. This gas can
attack the cell membrane of bacterial cells and
also has antiviral effects. However, ozone also
accelerates the oxidative spoilage of fats and
affects muscle tissue, causing discolouration.
Therefore, ozone is mainly used to treat empty
freezers for meat storage.

Thus, the significant number of anti-
microbial chemical agents designed to re-
duce contamination of animal carcasses after
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slaughter indicate their effectiveness but have
several drawbacks, including deterioration of
the commercial appearance of meat, toxicity
to humans, and geographical restrictions. The
search for safe and effective agents capable of
ensuring long-term storage of meat and meat
products continues.

Use of biological approaches

to extend the shelf life of meat
In the food industry, the use of biological
methods to extend the shelf life of raw meat
is considered promising. Two main categories
of biological agents have been used recently:
starter cultures and protective cultures. Starter
cultures are a type of microorganism used to in-
itiate fermentation and produce specific chem-
icals that give fermented products their char-
acteristic texture and flavour. V.P. Singh (2018)
noted that protective probiotics are primarily
used to manage antibacterial properties and
minimise the persistence and growth of harmful
microorganisms in food. Due to their non-toxic,
non-immunogenic characteristics, thermal sta-
bility, and broad bactericidal activity, lactic acid
bacteria serve as excellent biopreservatives. In
addition to lactic acid bacteria, bacteriocins,
bacteriophages, and bacteriophage-encoded
enzymes are also used to ensure the quality and
safety of food products.

Biological methods are gaining popular-
ity due to their ecological approach. T. Bint-
sis (2018) established the safety of lactic acid
bacteria (LAB) for food products, specifically
Lactococcus, Lactobacillus, Pediococcus, Leuco-
nostoc, Streptococcus, and Enterococcus, which
can be added as starters to meat products.
E.E.Imade et al. (2021) indicated that these mi-
crobial groups can inhibit the growth and ac-
tivity of bacteria that spoil meat, providing an
alternative to the use of chemical compounds.
As the demand for high-quality food prod-
ucts free from synthetic chemicals increases —
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driven by changes in lifestyle and consumer
eating habits — lactic acid bacteria are increas-
ingly utilised to extend the shelf life of fer-
mented products. Their antimicrobial activity
is attributed to metabolites such as lactic acid,
hydrogen peroxide, and bacteriocins. S. Ka-
veh et al. (2022) demonstrated that LAB can in-
hibit pathogenic bacteria during the processing
of raw meat and meat products. However, there
are limitations to their use related to regulatory
frameworks, the technology for applying differ-
ent types of lactic acid microorganisms, and the
need to consider factors such as storage time,
temperature, and pH levels. Improper applica-
tion can lead to spoilage of meat. The positive
influence of Lactobacillus sakei on the cooling
pork half-carcasses has been established. For
instance, V. Vovkotrub et al. (2023) observed
the preservation of transverse and longitudinal
striations of muscle fibres during microscopic
examination on the fourth day of storage, in
contrast to untreated pork half-carcasses.

D.F. Benitez-Chao et al. (2021) and D. Bhat-
tacharya et al. (2022) noted that bacteriocins
are antimicrobial peptides produced by various
bacterial strains. They can be added to raw or
cooked meat to inhibit pathogenic microflora.
The research demonstrated the ability of bacte-
riocins to suppress pathogenic microorganisms
such as E. coli, Salmonella, and Listeria, high-
lighting the relevance and potential of these
agents. The only commercially available bacte-
riocin is nisin, which is permitted for use in the
food industry, particularly for the processing
of meat and meat products. Y.B. DeMartinez et
al. (2002) applied nisin and a spray of lactic acid
(1.5%, at 25°C) to poultry and bovine carcasses
to reduce the number of aerobic bacteria, E. coli,
or coliforms. The use of nisin alone was found
to have no effect on most gram-negative bacte-
ria, including pathogenic strains. Combinations
of various bacteriocins have improved the in-
hibition of foodborne pathogens. For example,

sakacin G and sakacin P, produced by L. sakei
CWBI-B1365 and L. curvatus CWBI-B28, respec-
tively, showed positive results, with a noted
suppression of the growth of L. monocytogenes
in poultry and beef (Dortu et al., 2008). A. Rada-
ic et al. (2020) indicated that the semi-purified
bacteriocin BacTN635, produced by L. Plantar-
um sp. TN635 and isolated from meat reduced
the proliferation of Listeria and other spoilage
microorganisms in beef and chicken breast un-
der refrigeration conditions.

Bacteriophages are viruses that specifical-
ly infect bacteria and are generally considered
harmless to humans, animals, and plants. Due
to their strict host specificity, bacteriophag-
es can infect and lyse only certain bacteria,
or even only specific strains within a species.
Bacteriophages do not have a negative impact
on the environment. Numerous studies and
examples have shown that bacteriophages
can be effectively used to control pathogenic
bacteria in food products. A. Ishaq et al. (2020)
demonstrated that in a study on the effect of
the bacteriophage List-Shield on reducing the
number of L. monocytogenes in contaminat-
ed beef samples, pathogen growth continued
on the surface of raw beef at a refrigerated
temperature of 4*1°C. However, over a 15-
day storage period of beef samples treated
with bacteriophages, a significant reduction
in pathogen concentration was observed. Ad-
ditionally, bacteriophages had no negative
impact on the colour or pH of the stored beef
samples. This indicated that they can be used
as an innovative antibacterial strategy to slow
down the growth of pathogenic bacteria on the
surface of meat.

Thus, lactic acid bacteria play a crucial
role in preserving and extending the shelf
life of meat and meat products by producing
bacteriocins, organic acids, and other metab-
olites. The use of these agents necessitates
further research, particularly the development
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of guidelines and regulations regarding their
application as food additives in meat and meat
products.

Innovative approaches to meat
and meat product processing
Beyond traditional methods, novel and innova-
tive technologies are employed to protect meat
products from spoilage and extend their shelf
life. As highlighted by W. Khalid et al. (2022),
these include non-thermal processing tech-
nologies such as gamma irradiation, electron
beam irradiation, high-pressure processing,

and pulsed electric fields.

Irradiation is a process used to control
foodborne pathogens, enhance the safety, and
extend the shelf life of meat products by main-
taining stable nutrient content during storage.
This method is also considered an effective way
to control microbial growth and eliminate mi-
crobiological hazards in meat and meat prod-
ucts. Currently, the irradiation of food prod-
ucts is regulated by national and international
standards to ensure product safety. R. Indiar-
to et al. (2023) emphasise the need for labelling
such products as “irradiated” and indicating
the irradiation dose. In the United States, the
Food Safety and Inspection Service (FSIS) of the
USDA oversees the safety and labelling of meat,
including the inspection and testing of irradi-
ated products. T. Wahyono et al. (2024) pointed
out the importance of adhering to the irradia-
tion dose as it can have a negative impact on
meat quality if not properly controlled.

According to the World Health Organiza-
tion (WHO), irradiation doses below 10 kGy are
generally considered safe and do not adverse-
ly affect the quality or safety of food products
(Khalid et al., 2022). Tonising radiation, when
applied to food, minimises or completely elim-
inates pathogenic microorganisms that cause
spoilage. G.M. Khalafalla et al. (2018) demon-
strated the effectiveness of irradiation in
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extending the shelf life of minced meat, par-
ticularly beef. A. Amiri et al. (2019) indicated
that this method is lethal to pathogenic mi-
croorganisms such as Salmonella and Escher-
ichia coli, allowing for a significant extension
of food shelf life. Additionally, studies have
reported minimal impact of irradiation on the
sensory properties and nutritional value of food
(Lima et al., 2018). Research also suggests that
irradiation can be combined with other chemi-
cal substances and technologies to enhance the
effectiveness of meat decontamination.

Ultrasonic technology involves the use of
sound waves with frequencies between 20 and
100 kHz to damage the cell membranes and
DNA of microorganisms (Morild et al., 2011).
This technology is particularly suitable for san-
itising poultry carcasses, as it typically involves
immersing the food product in an ultrasonic
bath. Ultrasonic waves are safe and non-toxic to
humans. A study combining the effects of ultra-
sound and lactic acid demonstrated a reduction
in the number of gram-negative microorgan-
isms in poultry meat.

Cold plasma is an innovative non-thermal
food processing technology that employs en-
ergetic chemically reactive gases to inactivate
unwanted microorganisms on meat, poultry,
fruits, and vegetables. This flexible method,
which exerts both bactericidal and bacteriostat-
ic effects on microorganisms, relies on the use
of electrical energy and carrier gases such as
oxygen, nitrogen, or helium, without the need
for antimicrobial chemical agents. The primary
mechanism of action is associated with ultra-
violet radiation and reactive chemical products
generated during the ionisation process in cold
plasma. A wide range of cold plasma systems
is being developed, operating either at atmos-
pheric pressure or in low-pressure processing
chambers. B.A. Niemira (2012) noted that the
bactericidal activity of cold plasma can reduce
the colony counts of microorganisms by more
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than 5 logarithmic units for pathogens such
as Salmonella, Escherichiacoli O157:H7, Listeria
monocytogenes and Staphylococcus aureus. The
effective processing time for food products us-
ing cold plasma can vary from 120 seconds to 3
seconds, depending on the type of food product
and processing conditions.

P. Sammanee et al. (2022) and M. Gavahi-
an & A.M. Khaneghah (2020) indicated that
the method of immersion in cold liquid plas-
ma can be employed to reduce the number of
pathogenic microorganisms in pork and poul-
try meat with skin. This modern innovative
technology holds potential for application
in the meat industry during the slaughter of
pigs and poultry. Liquid plasma contains ions,
atoms, and molecules of oxygen, ozone, ni-
trates, and nitrites, and can generate reactive
forms of oxygen and nitrogen that inactivate
harmful microorganisms. Recent studies have
demonstrated a reduction in the numbers of
S. enteritidis, S. typhimurium, E. coli and C. je-
juni on the surface of pork and poultry meat
following 15 minutes of treatment with liquid
plasma, evaluated on days 0, 3, 7, and 10. The
effectiveness of reducing S. Aureus colonies in
the meat was observed after a 3-day experi-
ment. However, as noted by P. Sammanee et
al. (2022), P. aeruginosa was not inactivated
under the same experimental conditions. The
results of the study established the efficacy of
liquid plasma in reducing contamination by
Salmonella enteritidis, Salmonella typhimuri-
um, E. coli, C. jejuni and S. aureus on the sur-
face of pork and poultry meat over a storage
period of three days at temperatures between
4-6°C, with minimal organoleptic changes in
the meat. During longer storage periods, a col-
our change was observed — pork samples took
on a lighter hue, while less significant changes
were noted in the poultry meat samples. A sig-
nificant reduction in pH levels was found com-
pared to the control group.

Innovative methods for meat processing
include the application of pulsed electric fields
(PEF). Despite the considerable number of sci-
entific publications, this technology is still re-
garded as new in the food industry. The PEF
technology is one of the promising non-ther-
mal methods for preserving food products and
can effectively manage biological hazards.
Pulsed electric fields can be employed for the
treatment of food items. K. Kopuk et al. (2020)
noted that this method utilises short pulses of
high voltage. V.R. Krishnamurthi et al. (2020)
indicated that, under this method, the cell
membranes of microorganisms are damaged
due to the high voltage, leading to their death.
While high voltage also generates heat, it does
not adversely affect meat quality because of the
extremely short exposure time. Some studies
have reported contradictory findings regarding
the use of pulsed electric fields for the decon-
tamination of meat and meat products; there-
fore, further research is necessary to assess the
potential of this method before its widespread
application in the meat industry can commence.

Combined methods of processing
meat and meat products
Currently, in addition to traditional methods
such as cooling, pre-slaughter preparation,
slaughter hygiene, and primary processing,
various combined methods are employed to re-
duce the contamination of slaughter products
by pathogenic microflora. Research findings
indicate the individual and combined effects
of organic acids, bacteriophages, and ultravi-
olet light on populations of Salmonella in beef
mince contaminated with four strains of Salmo-
nella bacteria, resulting in a contamination lev-
el of 3.5 log CFU/g after grinding. A.S. Danso et
al. (2018) noted that the individual application
of lactic and peracetic acids, or their combina-
tions, did not result in a significant reduction
in Salmonella numbers in beef mince. The
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individual use of bacteriophages and ultraviolet
light reduced their numbers by 1 log CFU/g of
mince. The combined application of bacterio-
phages and ultraviolet light resulted in a reduc-
tion of Salmonella in the mince by 2 log CFU/g.

F. Soyer et al. (2020) demonstrated that the
application of activated lactoferrin and rose-
mary extract to pork meat effectively reduced
levels of E. coli, Salmonella and Listeria in in vitro
studies. However, further research is needed to
investigate the synergistic effects of plant ex-
tracts and essential oils, as well as to determine
optimal dosing and application conditions.

Ultrasonic technology has shown promise
for the decontamination of poultry carcasses,
as it involves complete immersion in an ultra-
sonic bath (Sohaib et al., 2016). When combined
with lactic acid, ultrasound has been shown to
reduce the number of gram-negative bacteria in
poultry meat. R.K. Morild et al. (2011) proposed
a combined thermal (steam) and ultrasonic de-
contamination method for pork. This method
effectively reduces the overall number of mi-
croorganisms, including Salmonella and E. coli.
The advantage of this method is its short pro-
cessing time and reduced water consumption;
effective treatment can be achieved within 1-2
seconds without noticeable changes in the ap-
pearance of the pork.

S.K.Sadaghiani et al. (2019) established that
to achieve a synergistic effect, rather than using
LAB or bacteriocins separately, they should be
combined with any natural antimicrobial sub-
stance. The scientists conducted a study using
Limosilactobacillus reuteri and L. plantarum
separately, as well as with 1% garlic extract in
raw beef, which was stored for 12 days at 4°C.
When LAB strains and garlic extract were used
together, they reduced L. monocytogenes con-
tamination to 1.5 log CFU/g, indicating a better
effect with the synergistic action of the prepa-
rations. Thus, the combined use of measures,
in particular, two or more, gives a better effect
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than a single intervention after the primary
processing of animals. For carcass decontami-
nation, preparations against pathogenic micro-
organisms and physical methods are most often
used, with low-temperature treatment being
the most common.

A significant number of methods have been
developed and are currently used for the decon-
tamination of meat and meat products. Howev-
er, these methods possess several drawbacks,
including alterations to organoleptic charac-
teristics, complex application techniques, and
insufficient scientific justification, which hin-
der their widespread adoption in production.
Consequently, while numerous antimicrobial
agents designed to reduce contamination of
animal carcasses after slaughter have demon-
strated their effectiveness, they also have draw-
backs related to the deterioration of meat’s ap-
pearance and potential toxicity to humans. This
necessitates the search for safe and effective
agents that can ensure the long-term storage of
meat and meat products.

Conclusions

Both in the European Union and globally,
there remains a traditional demand for safe
and high-quality meat, which is an essential
component of human nutrition. The safety
and quality of meat depend significantly on
the conditions of animal husbandry, feeding,
and care. In addition to these factors, impor-
tant roles are played by the conditions of ani-
mal preparation for slaughter, transportation,
pre-slaughter holding, stunning, bleeding,
evisceration, splitting carcasses into halves,
post-slaughter cleaning, and cooling of the
meat. A primary factor contributing to micro-
bial contamination of carcasses during cooling
and storage is the unsatisfactory state of the
relevant facilities, as well as violations of the
technological regimes for refrigeration treat-
ment, which create favourable conditions for
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the growth and multiplication of microorgan-
isms. A provisional classification of the main
modern methods of meat processing aimed
at reducing microbial contamination and ex-
tending its shelf life has been presented. These
methods include physical techniques, the use
of various chemical substances, biological
technologies, and combined processing meth-
ods. Each technology has its own advantages
and disadvantages. When selecting the opti-
mal method to reduce bacterial contamination
and prolong shelf life, it is essential to consid-
er the chemical composition of the meat, the
species of animal, the technological capabili-
ties of the processing facility, the season, and
other factors. The current approach, which
takes into account the modern ecological state
and the growing trend towards consuming or-
ganic products, underscores the importance of
focusing on safe methods (without the use of
toxic chemicals) and substances of natural or-
igin for meat processing, aimed at improving
quality and extending shelf life. It is known
that most meat processing enterprises utilise
organic acids to treat the surface of carcasses
to reduce microbial contamination. However,
these acids have several drawbacks, particu-
larly their impact on organoleptic properties,
necessitating the development of new meth-

towards mono- and polysaccharides, do not
adversely affect the organoleptic properties of
meat, and display antagonism towards condi-
tionally pathogenic and pathogenic microor-
ganisms. Therefore, considering the research
findings on the use of lactic acid bacteria and
bacteriocins, and their detrimental effects on
key pathogenic microorganisms for humans,
including E. coli, Salmonella spp., and Listeria
monocytogenes, it is essential to combine clas-
sical physical processing methods - such as
temperature control, pressure application, and
mechanical cleaning — with biological tech-
nologies to produce safe and high-quality raw
meat. Thus, the utilisation of suspensions of
lactic acid bacteria starters for the final treat-
ment during the cooling of pork carcasses (or
half-carcasses) in refrigeration chambers re-
quires a detailed investigation into their im-
pact on the quality and safety of pork, taking
into account sensory properties and the over-
all appearance of the meat.

In the future, it is planned to investigate the
effectiveness of using starter cultures of strains
SafePro® B-SF-43 (Leuconostoc carnosum) and
SafePro® B-2 (Lactobacillus sakei) as a final
treatment for pork half-carcasses to achieve
biopreservation and maintain freshness.

ods for prolonging the shelf life of meat in a Acknowledgements
cooled state. Such methods may include the  None.
application of microbiological preparations,
specifically special strains of lactic acid bac- Conflict of Interest
teria, which exhibit selective fermentation None.

References

[1] Amiri, A., Zandi, H., & Khosravi, H.M. (2019). Effect of electron beam irradiation on survival
of Escherichia coli O157:H7 and Salmonella enterica serovar Thyphimurium in minced camel
meat during refrigerated storage. Journal of Food Quality and Hazards Control, 6(4), 174-178.

doi: 10.18502/jfghc.6.4.1996.

[2] Benitez-Chao, D.F., Leon-Buitimea, A., Lerma-Escalera, J.A., & Morones-Ramirez, J.R. (2021).
Bacteriocins: An overview of antimicrobial, toxicity, and biosafety assessment by in vivo
models. Frontiers in Microbiology, 12, article number 630695. doi: 10.3389/fmicb.2021.630695.

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 3



https://doi.org/10.18502/jfqhc.6.4.1996
https://pubmed.ncbi.nlm.nih.gov/33935991/

Vovkotrub et al.

(3]

(4]

[5]

(6]

[7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

(15]

Bhattacharya, D., Nanda, P.K., Pateiro, M., Lorenzo, ].M., Dhar, P., & Das, A.K. (2022).
Lactic acid bacteria and bacteriocins: Novel biotechnological approach for biopreservation
of meat and meat products. Microorganisms, 10(10), article number 2058. doi: 10.3390/
microorganisms10102058.

Bintsis, T. (2018). Lactic acid bacteria as starter cultures: An update in their metabolism and
genetics. AIMS Microbiol, 11(4), 665-684. doi: 10.3934/microbiol.2018.4.665.

Bonardi, S. (2017). Salmonella in the pork production chain and its impact on human
health in the European Union. Epidemiology & Infection, 145(8), 1513-1526. doi: 10.1017/
S095026881700036X.

Braiek, O.B., & Smaoui, S. (2021). Chemistry, safety, and challenges of the use of organic acids
and their derivative salts in meat preservation. Journal of Food Quality, 2021, article number
6653190. doi: 10.1155/2021/6653190.

Brustolin, J., Pisol, A., Steffens, J., Toniazzo Backes, G., Valduga, E., Luccio, M., & Cansian,
R. (2014). Decontamination of pig carcasses using water pressure and lactic acid. Brazilian
Archives of Biology and Technology, 57(6), 954-961. doi: 10.1590/S1516-8913201402363.
Chousalkar, K., Sims, S., McWhorter, A., Khan, S., & Sexton, M. (2019). The effect of
sanitizers on microbial levels of chicken meat collected from commercial processing plants
International Journal of Environmental Research and Public Health, 16(23), article number 4807.
doi: 10.3390%2Fijerph16234807.

Ciriaco, M., Moura-Alves, M., Silva, R., Pinto, I., Saraiva, C.M., & Esteves, A. (2021).
Decontamination of pig carcasses with organic acids. Proceedings, 70(1), article number 63.
doi: 10.3390/foods_2020-07649.

Dan, S., Mihaiu, M., Reget, O., Oltean, D., & Tabaran, A. (2017). Pathogens contamination
level reduction on beef using organic acids decontamination methods. Bulletin of University
of Agricultural Sciences and Veterinary Medicine Cluj-Napoca Veterinary Medicine, 74(2), article
number 212. doi: 10.15835/buasvmcn-vm:0052.

Danso, A.S., Morel, P.C.H., Kenyon, P.R., & Blair, H.T. (2018). Effects of dietary protein
and energy intake on growth, body composition and nutrient utilisation in lambs reared
artificially with milk replacers and pellet feeds. Animal Feed Science and Technology, 237, 35-
45. doi: 10.1016/j.anifeedsci.2018.01.007.

DeMartinez, Y.B., Ferrer, K., & Salas, E.M. (2002). Combined effects of lactic acid and nisin
solution in reducing levels of microbiological contamination in red meat carcasses. Journal of
Food Protection, 65(11), 1780-1783. doi: 10.4315/0362-028X-65.11.1780.

Dortu, C., Huch, M., Holzapfel, W.H., Franz, C.M.A.P., & Thonart, P. (2008). Anti-listerial
activity of bacteriocin-producing Lactobacillus curvatus CWBI-B28 and Lactobacillus sakei
CWBI-B1365 on raw beef and poultry meat. Letters in Applied Microbiology, 47(6), 581-586.
doi: 10.1111/j.1472-765X.2008.02468.x.

Ellatif, Z.A., Saad, S., Fatin, S., F., Salem, A., & Saleh, E. (2020). Efficiency of some organic
acids as decontaminants in sheep carcasses. Benha Veterinary Medical Journal, 38(2), 116-119.
doi: 10.21608/bvmj.2020.27504.1197.

Erazo-Castrejon, S.V., Zhang, W., Mickelson, M.A., Claus, J.R., Yin, J., & Richards, M.P. (2019).
Quantification of hemoglobin and myoglobin in pork muscle: Effect of Rinse & Chill technology
on blood removal. Meat and Muscle Biology, 1(3), article number 110. doi: 10.22175/rmc2017.105.

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 3



https://pubmed.ncbi.nlm.nih.gov/36296334/
https://pubmed.ncbi.nlm.nih.gov/36296334/
https://pubmed.ncbi.nlm.nih.gov/31294241/
https://pubmed.ncbi.nlm.nih.gov/28241896/
https://pubmed.ncbi.nlm.nih.gov/28241896/
https://doi.org/10.1155/2021/6653190
https://www.researchgate.net/publication/278324079_Decontamination_of_Pig_Carcasses_Using_Water_Pressure_and_Lactic_Acid
https://doi.org/10.3390%2Fijerph16234807
https://www.mdpi.com/2504-3900/70/1/63
https://www.researchgate.net/publication/321634890_Pathogens_Contamination_Level_Reduction_on_Beef_Using_Organic_Acids_Decontamination_Methods
https://www.sciencedirect.com/science/article/abs/pii/S0377840117306569
https://pubmed.ncbi.nlm.nih.gov/12430703/
https://pubmed.ncbi.nlm.nih.gov/19120930/
https://www.researchgate.net/publication/345419411_Efficiency_of_some_organic_acids_as_decontaminants_in_sheep_carcasses
https://www.iastatedigitalpress.com/mmb/article/id/9361/

Modern methods of raw meat processing...

[16] Fowler, S.M., Claus, J., & Hopkins, D.L. (2017). The effect of applying a rinse and chill
procedure to lamb carcases immediately post-death on meat quality? Meat Science, 134, 124-
127. doi: 10.1016/j.meatsci.2017.07.015.

[17] Gagaoua, M., Duffy, G., Alvarez, C., Burgess, C.M., Hamill, R., Crofton, E., Botinestean, C.,
Ferragina, A., Cafferky, J., Mullen, A.M., & Troy, D. (2022). Current research and emerging
tools to improve fresh red meat quality. Irish Journal of Agricultural and Food Research, 61(1),
145-167. doi: 10.15212/ijafr-2020-0141.

[18] Gavahian, M., & Khaneghah, A.M. (2020). Cold plasma as a tool for the elimination of food
contaminants: Recent advances and future trends. Critical Reviews in Food Science and
Nutrition, 60(9), 1581-1592. doi: 10.1080/10408398.2019.1584600.

[19] Hwang, K., Claus, J.R., Jeong, ].Y., Hwang, Y.H., & Joo, S.T. (2022). Vascular rinsing and chilling
carcasses improves meat quality and food safety: A review. Journal of Animal Science and
Technology, 64(3), 397-408. doi: 10.5187/jast.2022.e29.

[20] Imade, E.E., Omonigho, S.E., Babalola, O.0., & Enagbonma, B.J. (2021). Lactic acid bacterial
bacteriocins and their bioactive properties against food-associated antibiotic-resistant
bacteria. Annals of Microbiology, 71, article number 44. doi: 10.1186/s13213-021-01652-6.

[21] Indiarto, R., Irawan, A.N., & Subroto, E. (2023). Meat irradiation: A comprehensive review
of its impact on food quality and safety. Foods, 12(9), article number 1845. doi: 10.3390/
foods12091845.

[22] Ishag,A.,Ebner,P.D.,Syed, Q.A., & Rahman, H.U. (2020). Employing list-shield bacteriophageas
a bio-control intervention for Listeria monocytogenes from raw beef surface and maintain
meat quality during refrigeration storage. LWT, 132, article number 109784. doi: 10.1016/j.
Iwt.2020.109784.

[23] Kaplan, Z., Yurdakul, O., Keyvan, E., & Sen, E. (2021). Decontamination of Salmonella
typhimurium with chitosan and lactic acid on broiler carcasses. Ankara Universitesi Veteriner
Fakultesi Dergisi, 68(4), 389-395. doi: 10.33988/auvfd.801253.

[24] Kaveh, S., Hashemi, S.M.B., Abedi, E., Amiri, M.]., & Conte, F.L. (2023). Bio-preservation
of meat and fermented meat products by lactic acid bacteria strains and their antibacterial
metabolites. Sustainability, 15, article number 10154. doi: 10.3390/su151310154.

[25] Khalafalla, G.M., Nasr, N.F., Gaafar, A.M., & Abo-Zaid, R.M. (2018). Effect of gamma irradiation
on microbial load, physicochemical characteristics and shelf-life of raw minced beef meat.
Middle East Journal of Applied Science, 8(2), 625-634.

[26] Khalid, W., Magbool, Z., & Sajid Arshad, M. (2022). Recent advances and innovation in meat
with reference to processing technologies. Health Risks of Food Additives - Recent Developments
and Trends in Food Sector, article number 108620. doi: 10.5772/intechopen.108620.

[27] Kocharunchitt, C.,Mellefont, L., Bowman,].P., & Ross, T. (2019). Application of chlorine dioxide
and peroxyacetic acid during spray chilling as a potential antimicrobial intervention for beef
carcasses. Food Microbiology, 87, article number 103355. doi: 10.1016/j.fm.2019.103355.

[28] Kopuk, B., Giines, R., & Uran, H. (2020). Utilization of pulsed electric field (pef) technique
in meat and seafood processing. Turkish Journal of Agriculture - Food Science and Technology,
8(10), 2202-2213. doi: 10.24925/turjaf.v8i10.2202-2213.3659.

[29] Krishnamurthi, V.R., Rogers, A., Peifer, J., Niyonshuti, L.I., Chen, J., & Wang, Y. (2020).
Microampere electric current causes bacterial membrane damage and two-way leakage
in a short period of time. Applied and Environmental Microbiology, 86(16), e011015-e11020.
doi: 10.1128/aem.01015-20.

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 3



https://doi.org/10.1016/j.meatsci.2017.07.015
https://www.scienceopen.com/hosted-document?doi=10.15212/ijafr-2020-0141
https://www.tandfonline.com/doi/full/10.1080/10408398.2019.1584600
https://pubmed.ncbi.nlm.nih.gov/35709092/
https://annalsmicrobiology.biomedcentral.com/articles/10.1186/s13213-021-01652-6
https://www.mdpi.com/2304-8158/12/9/1845
https://www.mdpi.com/2304-8158/12/9/1845
https://www.sciencedirect.com/science/article/abs/pii/S0023643820307738
https://www.sciencedirect.com/science/article/abs/pii/S0023643820307738
http://vetjournal.ankara.edu.tr/en/pub/issue/65112/801253
https://www.mdpi.com/2071-1050/15/13/10154
https://www.researchgate.net/publication/325855404_Effect_of_gamma_irradiation_on_microbial_load_physicochemical_characteristics_and_shelf-life_of_raw_minced_beef_meat
https://www.researchgate.net/publication/325855404_Effect_of_gamma_irradiation_on_microbial_load_physicochemical_characteristics_and_shelf-life_of_raw_minced_beef_meat
https://www.researchgate.net/publication/366218692_Recent_Advances_and_Innovation_in_Meat_with_Reference_to_Processing_Technologies
https://pubmed.ncbi.nlm.nih.gov/31948612/
https://agrifoodscience.com/index.php/TURJAF/article/view/3659
https://doi.org/10.1128/aem.01015-20

Vovkotrub et al.

[30] Kumari, M., & Gupta, S.K. (2022). Cumulative human health risk analysis of trihalomethanes
exposure in drinking water systems. Journal of Environmental Management, 321, article number
115949. doi: 10.1016/j.jenvman.2022.115949.

[31] Kurcubic, V., Stajic, S., Miletic, N., & Stanisic, N. (2022). Healthier meat products are
fashionable — consumers love fashion. Applied Sciences, 12(19), article number 10129.
doi: 10.3390/app121910129.

[32] Lebret, B., & Candek-Potokar, M. (2022). Review: Pork quality attributes from farm to
fork. Part I. Carcass and fresh meat. Animal, 16(1), article number 100402. doi: 10.1016/j.
animal.2021.100402.

[33] Leroy, F., Smith, N.W., Adesogan, A.T., Beal, T., lannotti, L., Moughan, P.J., & Mann, N. (2023).
The role of meat in human diet: evolutionary aspects and nutritional value. Animal Frontiers,
13(2), 11-18. doi: 10.1093/af/vfac093.

[34] Lima, F., Vieira, K., Santos, M., & Mendes de Souza, P. (2018). Effects of radiation technologies
on food nutritional quality. Descriptive Food Science, article number 80437. doi: 10.5772/
intechopen.80437.

[35] Lulietto, M., Sechi, P., Borgogni, E., & Cenci-Goga, B. (2015). Meat spoilage: A critical review
of a neglected alteration due to ropy slime producing bacteria. Italian Journal of Animal
Science,14(3), article number 4011. doi: 10.4081/ijas.2015.4011.

[36] Madushanka,D.N.N.,Jayaweera,T.S.P.,Jayasinghe,].M.C.S.,Yasawathie,D.G., & Ruwandeepika,
H.A.D. (2018). Decontaminating effect of organic acids and natural compounds on broiler
chicken meat contaminated with Salmonella typhimurium. Asian Food Science Journal, 3(1), 1-9.
doi: 10.9734/AFS]/2018/41802.

[37] Matarneh, S.K., England, E.M., Scheffler, T.L., & Gerrard, D.E. (2017). The conversion of muscle
to meat. In Lawrie’s meat science (pp. 159-185). Sawston: Woodhead Publishing. doi: 10.1016/
B978-0-08-100694-8.00005-4.

[38] McWhorter, A.R., Weerasooriya, G., Kumar, S., & Chousalkar, K.K. (2023). Comparison of
peroxyacetic acid and acidified sodium chlorite at reducing natural microbial contamination
on chicken meat pieces. Poultry Science, 102(11), article number 103009. doi: 10.1016/j.
psj.2023.103009.

[39] Morey, A., Bowers, ].W., Bauermeister, L.]., Sing, M., Huang, T.S., & McKee, S.R. (2014). Effect
of salts of organic acids on Listeria monocytogenes, shelf life, meat quality, and consumer
acceptability of beef frankfurters. Journal of Food Science, 79(1), 54-60. doi: 10.1111/1750-
3841.12220.

[40] Morild, R.K., Christiansen, P., Sorensen, A.H., Nonboe, U., & Aabo, S. (2011). Inactivation
of pathogens on pork by steam-ultrasound treatment. Journal of Food Protection, 74(5), 769-
775.doi: 10.4315/0362-028X.JFP-10-338.

[41] Niemira, B.A. (2012). Cold plasma decontamination of foods. Annual Review of Food Science
and Technology, 3, 125-142. doi: 10.1146/annurev-food-022811-101132.

[42] Park, J.H., Seok, S.H., Cho, S.A., Baek, M.W., Lee, H.Y., Kim, D.]., Chung, M.]., Kim, S.D.,
Hong, U.P., & Park, J.H. (2005). Antimicrobial effect of lactic acid producing bacteria culture
condensate mixture (LCCM) against Salmonella enteritidis. International Journal of Food
Microbiology,101(1), 111-117. doi: 10.1016/j.ijfoodmicro.2004.11.005.

[43] Radaic, A., Jesus, M.B., & Kapila, Y.L. (2020). Bacterial anti-microbial peptides and nano-sized
drug delivery systems: The state of the arttowardimproved bacteriocins. Journal of Controlled
Release, 321, 100-118. doi: 10.1016/j.jconrel.2020.02.001.

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 3



https://pubmed.ncbi.nlm.nih.gov/35985263/
https://doi.org/10.3390/app121910129
https://www.sciencedirect.com/science/article/pii/S1751731121002457
https://www.sciencedirect.com/science/article/pii/S1751731121002457
https://pubmed.ncbi.nlm.nih.gov/37073319/
https://www.intechopen.com/chapters/80437
https://www.intechopen.com/chapters/80437
https://doi.org/10.4081/ijas.2015.4011
https://journalafsj.com/index.php/AFSJ/article/view/24
https://www.researchgate.net/publication/316909257_The_Conversion_of_Muscle_to_Meat
https://www.researchgate.net/publication/316909257_The_Conversion_of_Muscle_to_Meat
https://www.sciencedirect.com/science/article/pii/S003257912300528X
https://www.sciencedirect.com/science/article/pii/S003257912300528X
https://pubmed.ncbi.nlm.nih.gov/24460770/
https://pubmed.ncbi.nlm.nih.gov/24460770/
https://pubmed.ncbi.nlm.nih.gov/21549047/
https://www.annualreviews.org/content/journals/10.1146/annurev-food-022811-101132
https://pubmed.ncbi.nlm.nih.gov/15878412/
https://pubmed.ncbi.nlm.nih.gov/32035192/

Modern methods of raw meat processing...

[44] Rahman, S.M.E., Wang, J., & Oh, D.-H. (2013). Synergistic effect of low concentration
electrolyzed water and calcium lactate to ensure microbial safety, shelf life and sensory quality
of fresh pork. Food Control, 30(1), 176-183. doi: 10.1016/j.foodcont.2012.06.041.

[45] Regulation (EC) No. 853/2004 of the European Parliament and of the Council Laying Down
Specific Hygiene Rules for The Hygiene of Foodstuffs. (2004, April). Retrieved from https://
www.fao.org/faolex/results/details/en/c/LEX-FAOC063427/.

[46] Regulation (EU) No. 2015/2283 of the European Parliament and of the Council on Novel Foods,
Amending Regulation (EU) No. 1169/2011 of the European Parliament and of the Council and
repealing Regulation (EC) No. 258/97 of the European Parliament and of the Council and
Commission Regulation (EC) No. 1852/2001. (2015, November). Retrieved from https:/www.
fao.org/faolex/results/details/en/c/LEX-FAOC151053/.

[47] Rojas, H.E., Contreras, R.L., Schnake, F.G., Marin, P.M., Huissier, P.G., & Castillo, P.B. (2022).
Factors determining meat quality and cold preservation methods to extend shelf life. Journal
of Biomedical Science, 4(1), 1459-1470. doi: 10.38125/0A]BS.000377.

[48] Rossi, G.A.M., Link, D.T., Bertolini, A.B., Tobias, F.L., & Mioni, M.S.R. (2023). A descriptive
review of the use of organic acids and peracetic acid as a decontaminating strategy for meat.
eFood, 4(4), article number e104. doi: 10.1002/efd2.104.

[49] Rybarczyk, A., Karamucki, T., Pietruszka, A., Rybak, K., & Matysiak, B. (2015). The effects of
blast chilling on pork quality. Meat Science, 101, 78-82. doi: 10.1016/j.meatsci.2014.11.006.

[50] Sadaghiani, S.K., Aliakbarlu, J., Tajik, H., & Mahmoudian, A. (2019). Anti-listeria activity and
shelflife extension effects of Lactobacillus along with garlic extract in ground beef. Food Safety,
39(6), article number e12709. doi: 10.1111/jfs.12709.

[51] Sammanee, P.,Ngamsanga, P.,Jainonthee, C., Chupia, V., Sawangrat, C., Kerdjana, W., Lampang,
K.N., Meeyam, T., & Pichpol, D. (2022). Decontamination of pathogenic and spoilage bacteria
on pork and chicken meat by liquid plasma immersion. Foods, 11(12), article number 1743.
doi: 10.3390/foods11121743.

[52] Sheen, S., Hwang, C., & Juneja, V. (2011). Modeling the impact of chlorine on the behavior
of Listeria monocytogenes on ready-to-eat meats. Food Microbiology, 28(5), 1095-1100.
doi: 10.1016/j.fm.2011.01.001.

[53] Silano, V., Barat Baviera, ].M., Bolognesi, C., Bruschweiler, B.]., Chesson, A., Cocconcelli, P.S.,
Crebelli,R., Gott,D.M., Grob, K., Lampi, E., Riviere, G., Steffensen, I.L., Tlustos, C., Van Loveren,
H., Vernis, L., Zorn, H., Bolton, D., Bover-Cid, S., Knecht, J., & Mortensen, A. (2018). Evaluation
of the safety and efficacy of the organic acids lactic and acetic acids to reduce microbiological
surface contamination on pork carcasses and pork cuts. EFSA Journal European Food Safety
Authority, 16(12), article number 5482. doi: 10.2903/j.efsa.2018.5482.

[54] Singh, V.P. (2018). Recent approaches in food bio-preservation — a review. Open Veterinary
Journal, 8(1), 104-111. doi: 10.4314/0vj.v8il.16.

[55] Sohaib, M., Anjum, F.M., Arshad, M.S., & Rahman, U.U. (2016). Postharvest intervention
technologies for safety enhancement of meat and meat based products; a critical review.
Journal Food Science and Technology, 53, 19-30. doi: 10.1007/s13197-015-1985-y.

[56] Soyer,F.,Keman, D., Eroglu, E., & Ture, H. (2020). Synergistic antimicrobial effects of activated
lactoferrin and rosemary extract in vitro and potential application in meat storage. Journal of
Food Science and Technology, 57(12), 4395-4403. doi: 10.1007/s13197-020-04476-5.

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 3



https://www.sciencedirect.com/science/article/abs/pii/S0956713512003738
https://www.fao.org/faolex/results/details/en/c/LEX-FAOC063427/
https://www.fao.org/faolex/results/details/en/c/LEX-FAOC063427/
https://www.fao.org/faolex/results/details/en/c/LEX-FAOC151053/
https://www.fao.org/faolex/results/details/en/c/LEX-FAOC151053/
https://www.researchgate.net/publication/357835526_Factors_Determining_Meat_Quality_and_Cold_Preservation_Methods_to_Extend_Shelf_Life
https://doi.org/10.1002/efd2.104
https://doi.org/10.1016/j.meatsci.2014.11.006
https://doi.org/10.1111/jfs.12709
https://doi.org/10.3390/foods11121743
https://pubmed.ncbi.nlm.nih.gov/21569957/
https://www.efsa.europa.eu/en/efsajournal/pub/5482
https://pubmed.ncbi.nlm.nih.gov/29721439/
https://link.springer.com/article/10.1007/s13197-015-1985-y
https://pubmed.ncbi.nlm.nih.gov/33087953/

Vovkotrub et al.

[57]

[58]

[59]

[60]

[61]

[62]

Trevisan, L., & Brum, J. (2020). Incidence of pale, soft and exudative (PSE) pork meat in reason
of extrinsic stress factors. Anais da Academia Brasileira de Ciencias, 92(3), article number
€20190086. doi: 10.1590/0001-3765202020190086.

Trokhymenko, V.Z., Kovalchuk, T.I., Zakharin, V.V., & Bezverkha, L.M. (2023). Quality
management of livestock raw materials. Bulletin of Sumy National Agrarian University. The
Series: Livestock, 1(52), 51-58. doi: 10.32782/bsnau.lvst.2023.1.8.

Van Ba, H., Seo, H.W., Seong, P.N., Kang, S.M., Cho, S.H., Kim, Y.S., Park, B.Y., Moon, S.S.,
Kang, S.J., Choi, Y.M., & Kim, J.H. (2019). The fates of microbial populations on pig carcasses
during slaughtering process, on retail cuts after slaughter, and intervention efficiency of
lactic acid spraying. International Journal of Food Microbiology, 294, 10-17. doi: 10.1016/j.
ijfoodmicro.2019.01.015.

Ververis, E., Ackerl, R., Azzollini, D., Colombo, P.A., Sesmaisons, A., Dumas, C., Fernandez-
Dumont, A., Costa, L.F., Germini, A., Goumperis, T., Kouloura, E., Matijevic, L., Precup, G.,
Roldan-Torres, R., Rossi, A., Svejstil, R., Turla, E., & Gelbmann, W. (2020). Novel foods in the
European Union: Scientific requirements and challenges of the risk assessment process by
the European Food Safety Authority. Food Research International, 137, article number 109515.
doi: 10.1016/j.foodres.2020.109515.

Vovkotrub, V., Iakubchak, O., Horalskyi, L., Vovkotrub, N., Shevchenko, L., Shynkaruk, N.,
Rozbytska, T., Slyva, Y., Tupitska, O., & Shtonda, O. (2023). The microscopic structure of
pork neck after cooling with showering stiving and processing by culture Lactobacillus sakei.
Potravinarstvo Slovak Journal of Food Sciences, 17, 759-776. doi: 10.5219/1905.

Wahyono, T., Ujilestari, T., Sholikin, M.M., Muhlisin, M., Cahyadi, M., Volkandari, S.D., &
Triyannanto, E. (2024) Quality of pork after electron-beam irradiation: A meta-analysis study.
Veterinary World, 17(1), 59-71. doi: 10.14202/vetworld.2024.59-71.

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 3



https://doi.org/10.1590/0001-3765202020190086
https://snaubulletin.com.ua/index.php/ls/article/view/822
https://pubmed.ncbi.nlm.nih.gov/30711888/
https://pubmed.ncbi.nlm.nih.gov/30711888/
https://www.sciencedirect.com/science/article/pii/S0963996920305408
https://potravinarstvo.com/journal1/index.php/potravinarstvo/article/view/1905
https://pubmed.ncbi.nlm.nih.gov/38406359/

Modern methods of raw meat processing...
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JIJIsI SMEHIIIeHHSI MiKpOOHOT KOHTaMiHaIii
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AHorTanig. IcHyI0Th pi3Hi MeToau 30epeskeHHs SIKOCTi Ta MOJOBXKEHHS TepMiHy MPUAATHOCTI
XapuoBUX MPOAYKTiB. Cupe M’SICO Pi3HMX BUIIB TBAPUH — MPOMIYKT, IO IMiIAA€THCS MBUAKOMY
TICYBAHHIO. AKTYaJIbHICTh HOC/TiIKEHHS 3yMOBJI€EHAa HEOOXiJHICTIO y3araJibHEHHS Cy4acHUX
3HaHb CTOCOBHO MiJXOAiB i METOiB TOIOBKEHHS TEPMiHiB 30epiraHHs 6€31eYHOro Ta SIKiCHOTO
M’sica Ta iX HayKOBOIO OOI'pyHTyBaHHs. JlaHa po6oTa Oysna cokycoBaHa Ha MMOUIYKY 3ac06iB, SIKi
3HIKYIOTh OaKTepiaabHe 3a0pyIHEHHS, OCKIJIbKM CaMe MiKpOOPTraHi3MM € TOJIOBHOK MPUUYMHOIO
TICYBaHHS M’sica. MeTo10 po60THM 6YB MONIYK Hai6ibIII TePCIIEKTUBHUX Ta ONMTUMATbHUX METO/IiB
IJIS1 TIOOBKEHHST TepMiHiB 36epiraHHs CBiXXOCTi cuporo m’sica. [Ijis1 aHai3y BUKOPUCTOBYBAIN
iHbopMallilo HayKOBUX TEpIIOMKEpeT, €JIeKTPOHHI pecypcu, BUBUaIM  pe3yIbTaTU
eKCIIepUMEHTAJbHUX [JaHMX IIO[0 3aCTOCYBaHHS HAYKOBO OOIPYHTOBAaHMX 6e3MeyHUx
migxomiB. 3milicHEHO OIVISIH, OCHOBHMX METOHIB Ta 3aXO[iB, SIKi CIIPSIMOBAHI Ha ITOAOBKEHHS
TepMiHiB 36epiraHHs cuporo Mm’sica. BcTaHOBJIEHO IepeBary Ta HEOOJiKM PiSHUX METO[iB
00pO6KM CHMPOro M’sca, IO [il0Th OGAKTePUIIMIHO UM OGaKTepioCTaTUYHO Ha pi3Hi, 30Kpema,
raToreHHi MiKpoOpraHi3Mu, sIKi BUKJIMKAIOTh He JIMINE TICYBaHHSI M’Sica, aje i MOXYTbh OyTU
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He6e3nmeyHMMY GaKkToOpaMu JjIsl TOTEHITIHOTO CrokMBava. HMHI BUKOPUCTOBYIOThH TPAaUIIiliHI,
pi3HOMAaHITHI HOBi Ta iHHOBaLiliHi MeTomu. 3 ypaxyBaHHSM CyYaCHUX [OCSITHEHb HAyKU Ta
TEeXHOJIOTii HalilepCrneKTUBHIIIMM € BUKOPUCTAHHS KOMIUIEKCHUX METOHiB O6pO6KM CUPOTO
M’sica. [IpoaHasisyBaBIIM Pe3ylIbTaTH LOCTIIKEHb 0araThOX HAyKOBIIiB 3pOGJIEHO BMCHOBOK,
10 HAaONITUMAabHIIIMMM € 6i0M0TiUHi TeXHOMOriT 3 BUKOPUCTAHHIM MOJTOYHOKUCINUX GaKTepiit
y MoeAHaHHI 3 TpaaulliiiHumu metogamu (izmMuHoi 06pobKM, a came, OXOJNOMKEHHSIM. JTaHuit
migxin 36epirae cBixkicTh M’sica Ta BUSIBJISIE MiHiMaTbHMI BIUIMB HAa OPTaHOMENITUYHI TOKAa3HUKNA
3a IOTPMMAaHHS TeMITepaTypPHUX PEKMMIB Ta TEXHOJIOTiI 06pO6KM KYIbTypPaMy MOTOYHOKMCINX
MiKpoopraHismiB cuporo m’sica. [IpuKkiaagHe 3HaUeHHs Iiei poOOTHM TOATAE Y BCTAHOBJIEHHI
HAMIepCHeKTUBHIMX HAMpPSIMKIiB [JIs1  MOJAJbIIOTO OOCTIIKEHHS Ta BIOCKOHAJIEHHS
HasIBHMX Oe3IeYHMX MPOTUMIKpOOHMX TperapariB, 30KpeMa, BUKOPUCTAHHSI Pi3HUX LITaMiB
MOJIOUHOKMC/IMX 3aKBACOK. IX IpaKTUYHE 3aCTOCYBAHHS JACTh MOK/IMBICTH 36€perTu CBixXiCTb
M’sica Ta MOJOBKUTHU OT0 TepMiH 36epiraHHs

KirouoBi c1oBa: mpoayKTy 3a6010; MOJTOYHOKMCTI GakTepii; 3He3apaskeHHsT TPOTUMiKPOOHUMU
J006aBKaMM; KOHTPOJIb SIKOCTI i 6€3I1eUHOCTi; MPOTUMIKpOOHi XiMiuHi peuoBMHM
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Abstract. The relevance of this study lies in the necessity to evaluate the effectiveness of surgical
treatment for pyometra in dogs, employing sonographic diagnosis. Pyometra, a common uterine
infectioninfemaledogs,canleadtolife-threatening complications suchassepsisandkidneydamage
if left untreated. Ultrasound imaging, a non-invasive and effective diagnostic tool, plays a crucial
role in the early detection of pyometra and can identify potential post-operative complications
following ovariohysterectomy. This study aimed to identify the ultrasound characteristics of the
abdominal cavity in dogs affected by pyometra and to compare the postoperative ultrasound
features of the abdominal cavity following ovariohysterectomy over time in a group of animals
with and without complications. The primary research method involved a sequential and targeted
ultrasound examination of the abdominal cavity in dogs diagnosed with pyometra. Subsequent
ultrasound examinations were performed during ovariohysterectomy and at 1, 5, and 10 days
postoperatively. It was established that the pathologically altered uterus on ultrasound often
exhibited characteristics of an enlarged, distended tubular structure with anechoic or hypoechoic
content. Ultrasound examination of affected dogs also demonstrated diagnostic effectiveness
in cases of visualising intrauterine fluid, even when the uterine size was within normal limits.
The use of ultrasound diagnostics allowed for the timely detection of pyometra at early stages,
significantly improving the effectiveness of subsequent treatment. Ovariohysterectomy proved to
be the most effective treatment method for dogs with pyometra, promoting the normalisation of
vital functions as early as 2-3 days post-surgery, which reduced the risk of recurrence. Dynamic
ultrasound examination of the abdominal cavity after surgery ensured timely adjustment of
treatment measures and improved prognosis for patients. The established facts have practical
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significance for veterinarians, which will contribute to improving the quality of pyometra diagnosis
in dogs, the effectiveness of their treatment, and reducing mortality

Keywords: uterine pathology; ultrasound diagnosis; surgical intervention; postoperative period;

intrauterine fluid; complications

Introduction

Pyometra is a common condition in adult female
dogs, caused by an acute or chronic bacterial
infection of the uterus. This pathology is char-
acterised by the accumulation of inflammatory
exudate within the uterine cavity and presents
with various clinical signs. Pyometra most com-
monly occurs in females during the luteal phase
of the cycle due to high levels of progesterone,
which plays a key role in its development. The
diagnosis is based on medical history, physical
examination, laboratory tests, and results from
radiography and/or ultrasound, which reveal an
enlarged, fluid-filled uterus. Delayed diagno-
sis of pyometra, when the kidneys are already
damaged, can lead to irreversible consequences
for their function.

B. Gasser et al. (2020) demonstrated the
potential for multiple organ dysfunction as a
consequence of sepsis and endotoxemia, which
can be life-threatening. This research high-
lighted the importance of early diagnosis of
pyometra to prevent serious complications. In
this context, ultrasound imaging emerges as an
accurate method for diagnosing pyometra in
dogs. Pathological changes in the uterus, such
as endometrial hyperplasia, can lead to infer-
tility in dogs. These conditions may be collec-
tively referred to as “pyometra” or considered
as a symptom complex of endometritis with
the accumulation of purulent exudate in the
uterine cavity. Pyometra in dogs remains one
of the most common and serious reproductive
pathologies. In recent years, numerous stud-
ies have been dedicated to improving diag-
nostic and treatment methods for this disease.
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Scientists have investigated clinical and ul-
trasound indicators for the early diagnosis of
septic acute kidney injury in female dogs with
pyometra, underscoring the importance of
timely diagnosis.

S. Ahn et al. (2021) compared clinical and
inflammatory parameters in dogs with pyomet-
ra before and after ovariohysterectomy, empha-
sising the importance of surgical intervention.
Their research highlighted that surgery is the
key treatment for pyometra, contributing to
the normalisation of vital functions in dogs as
early as 2-3 days postoperatively. P.R. Batista et
al. (2022) evaluated the use of Doppler ultra-
sonography to assess females receiving medical
treatment for pyometra, emphasising the effec-
tiveness of this method. Doppler ultrasonog-
raphy allowed for the detection of changes in
uterine blood flow, which is an important in-
dicator for determining the animal’s condition
and treatment effectiveness.

Ukrainian researchers have also made sig-
nificant contributions to the study of pyometra.
P.M. Sklyarov & V.V. Piatibrat (2021) reviewed
the diagnostic aspects of pyometra in female
dogs, providing an overview of current infor-
mation on this topic. Their study includes a
detailed analysis of diagnostic methods used in
Ukraine and their comparison with internation-
al standards. D.V. Zarutska (2022) investigated
the application of ultrasound for the diagnosis
of pyometra in dogs, confirming its high di-
agnostic value. Her research highlighted that
ultrasound diagnostics allows for the timely
detection of pathological changes in the uterus
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and the presence of intrauterine fluid, even in
cases where uterine size is within normal lim-
its. In recent studies, scientists have focused
on various aspects of pyometra development.
R. Hagman (2022) updated information on
pyometra in small animals, including new ap-
proaches to diagnosis and treatment. His re-
search showed that a comprehensive approach
to the diagnosis and treatment of pyometra can
significantly reduce mortality from this disease.

M.K. Nilsson et al. (2023) investigated the
sonographic features of uncomplicated post-
operative abdominal conditions in dogs treat-
ed for pyometra via ovariohysterectomy. Their
study confirmed that ultrasound imaging is a
valuable tool in monitoring the post-operative
condition of patients. A.J.R. Peixoto et al. (2023)
examined the impact of clinical presentation,
the presence of systemic inflammatory re-
sponse syndrome (SIRS), and organ dysfunc-
tion on mortality in female dogs with pyometra,
highlighting the importance of a comprehen-
sive approach to the treatment of this disease.
Their research confirmed that timely diagnosis
and adequate treatment significantly increase
the chances of a successful recovery.

E. Porowska et al. (2018) argued that in the
current context of veterinary medicine, it is
important to implement new technologies and
diagnostic methods that ensure high accuracy
and timeliness in disease detection. The de-
velopment of ultrasound diagnostics opens up
new opportunities for veterinarians in diagnos-
ing reproductive pathologies, such as pyometra,
allowing for a significant improvement in the
quality of treatment. The application of mod-
ern diagnostic and treatment methods not only
increases the effectiveness of therapy but also
reduces the risk of complications and mortality
in animals. Thus, the study of the effectiveness
of surgical treatment of pyometra using ultra-
sound diagnostics is a relevant and important
area of research. Therefore, pyometra in female

dogs is a serious disease that requires timely
diagnosis and adequate treatment. Ultrasound
diagnostics emerges as an important tool in the
early detection and monitoring of this disease.
Surgical treatment, supported by modern diag-
nostic methods, can significantly increase the
chances of a successful recovery.

This study aimed to evaluate the effective-
ness of surgical treatment of pyometra in dogs
using sonographic diagnosis. The objectives of
the study included the analysis of the effec-
tiveness of ultrasound diagnosis in the early
detection of pyometra, the assessment of clin-
ical outcomes following surgery, and the com-
parison of the obtained data with previously
described facts in the literature.

Literature Review

Pyometra accounts for over 87% of gynaeco-
logical pathologies in dogs. In 80% of cases in
female dogs, this condition is caused by false
pregnancy, chronic genital inflammation, and
functional disorders such as uterine atony and
hypotonia (Zarutska, 2022). Pyometra is a po-
tentially life-threatening condition and can
have fatal consequences due to toxin poisoning
(endotoxemia), the development of peritonitis,
and systemic sepsis. P.M. Sklyarov & V.V. Piat-
ibrat (2021) found that in most cases, Escheri-
chia coli is often the cause of purulent uterine
inflammation.

According to R. Rautela & Katiyar (2019),
the disease is not seasonal and can occur due to
abnormal sexual cycles, missed matings, patho-
logical births, medication effects, and other
factors. Inflammatory processes in the uterus
are often accompanied by mastitis, forming
the symptom complex “endometritis-mastitis”.
V. Sachan et al. (2019) established that cats with
polycyclic cycles have an increased risk of py-
ometra. This disease can develop at different
ages, even immediately after oestrus during the
luteal phase. On average, pyometra is detected
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in animals aged 5-6 years, but this pathology is
recorded in females from 8 months of age and
throughout life (13-16 years). The incidence in-
creases with age, the older the animal, the more
likely the pathology. In pyometra, conditions are
created in the uterine cavity that adversely affect
the survival, movement, and viability of sperm.

The primary cause of endometritis and py-
ometra is attributed to the influence of infec-
tion that enters during oestrus. Depending on
the aggressiveness of microorganisms and the
resistance of genital tissues, the symptoms of
the disease can vary from obvious to hidden.
Treating endometritis and pyometra is a com-
plex task. L. Llazani et al. (2021) demonstrated
that pyometra in dogs is one of the most com-
mon reproductive disorders found in female
dogs, especially during dioestrus and the dom-
inant progesterone phase of the oestrus cycle.
This is an accumulation of exudate in the uter-
ine lumen, which usually occurs during or after
a cycle with high progesterone levels. Symp-
toms of this disorder include weakness, loss of
appetite, increased thirst and urination, vomit-
ing, and abnormal vaginal discharge.

Depending on the nature of the exudate
in the uterine cavity, inflammatory processes
can be classified as serous, catarrhal, purulent,
fibrinous, or haemorrhagic. N.P. Ovcharuk &
0.0. Kravchuk (2016) established that pyomet-
ra can manifest in either acute or chronic forms,
with symptoms that may be clinically apparent
or subclinical.

It has been demonstrated that the patho-
logical changes in the uterine tissues are de-
pendent on the type of pathogen and the im-
mune response of the organism. In cases of
serous and catarrhal endometrial inflamma-
tion, erythema of the swollen mucosa is ob-
served, accompanied by the discharge of serous
exudate. Haemorrhages of various types can be
visualised within the uterine tissues. Ulcera-
tions form on the surface of the endometrium
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following the detachment of necrotic tissues.
Changes in the glandular part of the endome-
trium are characterised by infiltration, dilata-
tion of the glands, thinning between them, fill-
ing the cavity with secretion, and the formation
of cysts. The walls of the blood vessels undergo
thickening, the lumen becomes narrower, and
there is evidence of obliteration and calcifica-
tion (Hagman, 2018).

A.J.R. Peixoto et al. (2023) found that py-
ometra is characterised by the discharge of
brown mucus from the vaginal opening with
admixtures of exudate. With an open cervical
canal, exudate constantly flows out of the body,
whereas with a closed canal, the exudate accu-
mulates in the uterine cavity, leading to asym-
metry of the uterine horns, their adhesion, and
the detection of fluctuation during rectal exam-
ination. During oestrus, the exudate discharge
increases. During mating, fertilisation does not
occur, even with an intact sexual cycle.

With a prolonged course of these diseas-
es, deep morphological changes in the uterine
wall occur, leading to infertility in animals. If
untreated, pyometra can be fatal. Weakened
uterine contractility can be caused by various
factors such as lack of exercise, poor nutrition,
diseases of other organs, as well as pathological
complications of pregnancy, including a large
number of foetuses, foetal hydrops, retention of
foetal membranes, metritis and endometritis,
and the development of ovarian cysts. All of the
above factors can eventually lead to pyometra.

In most cases, treatment of any form of py-
ometra typically involves surgery, as this meth-
od is more effective and the risk of recurrence
is nearly eliminated (Pailler et al., 2022). Typi-
cally, the diagnosis of uterine inflammation in-
cludes an analysis of the medical history, clin-
ical manifestations, and the conduct of special
examinations such as ultrasound and radiog-
raphy. M. WozZna-Wysocka et al. (2021) deter-
mined that timely diagnosis and treatment of
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pyometra significantly increase the likelihood
of animal survival. The diagnosis of “pyomet-
ra” is established taking into account the an-
amnestic data, clinical symptoms, general ex-
amination, results of general and biochemical
analysis, and ultrasound of the uterus.

The disease is easily differentiated in typ-
ical cases, but in the absence of visible vaginal
discharge, diagnosis is difficult, especially if
the medical history and clinical symptoms are
unclear. As R. Hagman (2022) demonstrated,
palpation can detect a distended, segmented
uterus, making radiography unnecessary, as it
does not always provide clear results.

N. Lansubsakul et al. (2022) established
that bacteriological analysis of vaginal dis-
charge is not effective for diagnosis, as similar
microorganisms can be present in healthy dogs.
Palpation of the abdominal wall can reveal an
enlarged uterus. Visual diagnosis is quite use-
ful for determining the size of the uterus and
ruling out other possible causes of its enlarge-
ment. According to research by R.S. Kumar et
al. (2023), radiography often shows the pres-
ence of a large tubular structure in the anter-
oposterior part of the abdominal cavity. The
ultrasound method is better at detecting patho-
logical changes, such as the size of the uterine
cavity, especially when exudate is present and
the diameter of the uterus remains within nor-
mal limits; changes in the tissues of the uterus
(thickening) and ovaries (cysts).

L.E. Lavin & L.C. Maki (2023) established
that among the possible differential diagno-
ses, mucometra, hydrometra, and hematometra
should be excluded, as they present with similar
symptoms and cause similar results on ultra-
sound examination of the uterus. Vaginal cytol-
ogy often reveals marked signs of degeneration
in leukocytes, neutrophils, macrophages, plas-
ma cells, and lymphocytes, but phagocytosis
of bacteria is not always observed. N. Lansub-
sakul et al. (2022) noted that vaginoscopy can

be useful for establishing the origin of vaginal
discharge and excluding other pathologies, but
its use is not typical in new clinical settings.

A preliminary diagnosis of this disease
is made based on the medical history, results
of clinical and gynaecological examinations,
blood tests (haematological and biochemical),
and results of ultrasound or radiographic ex-
amination. Confirmation of the diagnosis of
pyometra occurs through macroscopic and his-
tological analysis of the uterus and ovaries after
surgery, as well as through bacteriological anal-
ysis of the uterine contents.

The chronic form of pyometra may man-
ifest without clear visible signs (subclinical).
The diagnosis of subclinical pyometra can be
established using ultrasonography. S. Ahn et
al. (2021) proved that the traditional method
of treating pyometra is the surgical removal of
the uterus along with the ovaries, which allows
for the rapid and final removal of the patholog-
ical contents of the uterus and the cessation
of toxins entering the general bloodstream.
The disadvantages of surgery include the risk
of anaesthesia and the factors of sterility. The
optimal and safest way to treat pyometra is sur-
gical removal of both the ovaries and the infect-
ed uterus, known as ovariohysterectomy. This
procedure is also commonly used to sterilise
females to prevent the occurrence of pyometra.

Research by V. Suchan et al. (2019) has
shown that the simultaneous removal of the
uterus and ovaries is the most effective meth-
od of treatment, as it eliminates the source of
infection, preventing the possibility of the dis-
ease recurring. Many experts argue that surgical
treatment is the only reliable method for treat-
ing the accumulation of purulent exudate in
the uterine cavity in dogs with a closed cervix.
However, the technique of ovariohysterectomy
differs from female sterilisation, as it needs to
be performed in such a way that the uterine
contents do not enter the abdominal cavity.
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If this condition is not met, it can lead to the
development of peritonitis and, consequently,
the need for additional antibiotic therapy, and
in severe cases, additional surgery to clean and
drain the abdominal cavity, which can lead to
the formation of adhesions in the postoperative
period. In any case, whether performed by a ret-
rograde or direct method, the uterus is removed
along with the cervix, leaving only the vaginal
stump in the abdominal cavity. If the cervix
with the stump is left in the abdominal cavity,
there is a risk not only of pyometra recurring
but also of developing cervical cancer.

C.H. Santana & R.L. Santos (2021) found
that pyometra is a common disease in unmated
female dogs. Approximately 20-25% of unmat-
ed females develop the condition before the age
of 10. The recommended treatment is ovario-
hysterectomy. Complications such as perito-
nitis, urinary tract infections (UTIs), wound
infections, and even death after surgery have
been recorded in approximately 25% of cases.
If signs of complications arise, an ultrasound
examination of the abdominal cavity is usually
performed to rule out peritonitis, abscessation
of the cervix, bleeding, and/or UTI. However,
the echographic characteristics of a normal
postoperative abdomen may overlap with po-
tential pathological findings. Common surgical
reactions, such as hyperechoic fat, pneumop-
eritoneum, peritoneal effusion, and postop-
erative ligature absorption, can be difficult to
distinguish from postoperative peritonitis and
cervical abscessation (Nilsson et al., 2023).

After a comprehensive review of the availa-
ble literature, few published studies were found
that describe the echographic characteristics of
the abdominal cavity following ovariohyster-
ectomy in dogs for the treatment of pyometra.
To date, only a few studies have described the
typical echographic pattern of the abdomen in
dogs after any surgical procedure. Therefore,
veterinary clinicians may find it difficult to
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determine whether the observed reactions dur-
ing an ultrasound examination are part of the
normal postoperative process or indicative of
postoperative complications.

Materials and Methods

The study was conducted following ethical
standards and principles of humane animal
care. All procedures, including diagnostics and
surgery, were performed by accepted veterinary
medical standards and the recommendations of
the TASP Guidelines for the Use of Animals in
Research (n.d.). All dog owners provided writ-
ten informed consent for the inclusion of their
animals in the study and the performance of
all necessary medical procedures. All animals
received adequate pre-operative preparation,
anaesthesia, and postoperative care, tailored
to their individual needs and promoting rapid
recovery from surgery.

All examinations were performed on 23
March 2021, according to a standard protocol
and were conducted in B-mode using a GE (Logiq
E9) ultrasound machine with a linear transduc-
er (9-11 MHz). The GE LOGIQ E9 ultrasound
system is a modernised version of the previous
generation flagship LOGIQ 9 equipment from
the American company GE (General Electric).
During ultrasound scanning, all dogs were po-
sitioned in a supine position. The standardised
ultrasound examination procedure began with
A-FAST (Abdominal Focused Assessment with
Sonography for Trauma) to detect free fluid. If
an abdominal fluid score (AFS) was detected,
this information was recorded in the patient’s
medical history. Following A-FAST, an assess-
ment of the upper abdomen was performed to
detect the presence of pneumoperitoneum.

Several statistical methods were employed
to analyse the data, appropriate to the type and
nature of the data collected. Descriptive sta-
tistics were used to calculate mean, standard
deviation, median, minimum, and maximum
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values for quantitative variables such as hae-
matological and biochemical blood parameters.
To compare mean values between groups, an
independent samples t-test or Mann-Whitney
U test was used. Correlation analysis was used
to assess the relationship between clinical and
laboratory parameters, employing Pearson’s or
Spearman’s correlation coefficient. Regression
analysis helped to identify dependencies be-
tween different factors, and analysis of variance
(ANOVA) was used to compare mean values in
more than two groups. All statistical analyses
were performed using SPSS software (version
25) or R (version 4.0.2), with the significance of
differences considered statistically significant
at a p-value of <0.05.

A convenience sample of privately owned
dogs exhibiting clinical signs typical of py-
ometra, including vaginal discharge, polyuria,
polydipsia, loss of appetite, vomiting, lethargy,
fever, and visually confirmed purulent content,
were included in the study following informed
consent from the owners. The study popula-
tion consisted of female dogs — patients of the
veterinary clinic over the past six months and
diagnosed with pyometra based on the results
of clinical and laboratory examinations. The
progression of pyometra in dogs was assessed
based on the conducted studies.

Most of the studies were conducted on an-
imals with clinical signs typical of pyometra,
which were hospitalised with obvious symp-
toms of the disease. The diagnosis of pyome-
tra was based on the results of medical histo-
ry, clinical and laboratory examinations, and
analysis of morphological and biochemical
blood parameters using standard methods.
For this purpose, an automated haematology
analyser Sysmex XS-1000i (Japan) was used to
count the number of erythrocytes, leukocytes,
and thrombocytes, and a biochemical analyser
Roche Cobas c¢311 (Switzerland) was used to
determine the levels of urea, creatinine, total

protein, and other parameters. Ultrasound ex-
amination of the uterus and ovaries was used
for additional diagnostic clarification. An as-
sessment of the animals’ living conditions and
the nature of their care, including an analysis
of their diet, was also conducted. Most of the
animals (six individuals) were kept in outdoor
environments, while four were housed indoors.
The dietary regimens of the animals varied.
All animals exhibited satisfactory feeding and
housing conditions.

The clinical examination involved a gener-
al physical examination of the animals present-
ed to the clinic, taking into account their breed
and age. This included inspection, percussion,
and palpation, determination of habitus and
constitution, assessment of limbs, condition
of all body systems, measurement of body
temperature, and assessment of pulse and res-
piratory rate. The general condition of the sick
animals was assessed by visual examination.
The diagnosis was established using bimanual
palpation, revealing an enlarged and thickened
uterus, sometimes with the presence of ampul-
lary dilations and septa. Ultrasound diagnosis
was used to confirm the diagnosis, showing an
enlarged uterus with a hypoechoic structure.
When making a diagnosis, the main physiologi-
cal parameters, the general condition of the an-
imal, the condition of the mucous membranes,
the condition of the hair coat, changes in food
and water intake, and the nature of the vaginal
discharge were taken into account.

Preoperative preparation involved sub-
cutaneous injection of atropine sulphate in a
0.1% solution at a dose of 0.2-0.5 mL depend-
ing on the weight of the dog, intramuscular
injection of diphenhydramine in a 1% solution
(1-2 mL) and acepromazine in a 2% solution
(0.5 mL/10 kg weight). For general anaesthesia,
a 2% solution of xylazine was used at a dose
of 0.1-0.15 mL/kg. Before surgery, the surgi-
cal field was disinfected. Access to the surgical
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area was gained along the linea alba at the lev-
el of the posterior pair of mammary glands,
performing a supravaginal extirpation of the
uterus together with the ovaries. For premedi-
cation 30 minutes before the main anaesthesia,
atropine sulphate at a dose of 0.1-0.5 mL/10 kg,
diphenhydramine at a dose of 0.2 mg/kg, and
xylazine at a dose of 0.15 mL/kg were used. Ket-
amine was utilised as the primary anaesthetic
at a dose of 1 mL/kg. The animal was secured on
the surgical table in a supine position.

The surgical procedure involved a laparot-
omy along the linea alba, during which, after
incision of the skin, muscle layer, and perito-
neum, the uterus was carefully exteriorised,
avoiding the possible rupture of it and its blood
vessels. After the uterus was fully exteriorised
and placed on a sterile surgical drape, using
a haemostatic clamp, the mesovarium was
punctured beneath the ovarian-uterine artery.
A haemostat was then applied to the ovarian
pedicle, and a catgut suture was placed above
the clamp. A second clamp was similarly posi-
tioned at the uterotubal junction, and a suture
was applied beneath this clamp. Using this liga-
ture, the uterine artery was ligated and severed
between the two clamps. After that, the broad
ligament of the uterus was incised outside the
uterine artery up to the body of the uterus, al-
lowing the uterine horn to be freely retracted
backwards. The same actions were performed
on the other uterine horn.

Before performing the amputation of the
uterus, the anterior portion of the abdominal
wall wound was closed using several individual
sutures to prevent the evisceration of internal
organs. A haemostatic clamp wrapped in gauze
was placed at the level of the cervix, and the
longitudinal arteries of the cervix (the uter-
ine-vaginal arteries) were ligated. Subsequent-
ly, a tight ligature was applied as a transverse
stitch around the entire body of the uterus,
positioned approximately 2-3 c¢cm below the
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haemostatic clamp. The excision was carried
out along the posterior line of the haemostat-
ic clamp. Prior to excision, a gauze swab was
placed beneath the incision site. The stump was
treated with iodine, creating a groove to fold
the uterine wall inward before suturing. Finally,
the stump was dusted with an antibiotic and re-
introduced into the abdominal cavity.

All dogs included in the study underwent
three consecutive standardised ultrasound ex-
aminations of the abdominal cavity. These ex-
aminations were conducted the day after surgery,
on the 5th day post-surgery, and on the 10th day,
which was also the day of suture removal. Ultra-
sound examinations were performed according
to a standard protocol using a GE ultrasound
machine (Logiq E9) and a linear transducer (9-
11 MHz) in B-mode. The dogs were in the supine
position during the ultrasound examination.

The protocol for the ultrasound examina-
tion began with the performance of A-FAST
(Abdominal Focused Assessment with Sonog-
raphy for Trauma) to detect free fluid. If ab-
dominal fluid was identified, this information
was recorded in the patient’s medical history.
Following A-FAST, an assessment of the upper
abdomen was conducted to check for pneu-
moperitoneum. The video of the cervical hinge
was taken in both longitudinal and transverse
planes, from left to right and caudally to crani-
ally, respectively. Static images were utilised to
capture the maximum longitudinal size of the
cross-sectional area of the medial iliac lymph
nodes, obtained using a transducer positioned
ventrolaterally on the dog’s body and angled
at approximately 45° to the mid-sagittal plane.
The video loop in the sagittal plane over the left
and right areas of the mesovarium was recorded
from a lateral to a medial direction.

Results and Discussion

In this study, ultrasound examinations were
performed on 10 dogs with a confirmed
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diagnosis of pyometra. It was found that in 85%
of cases, the pathologically altered uterus had
the characteristics of an enlarged, distended
tubular structure. In 15% of cases, despite the
normal size of the uterus, ultrasound examina-
tion revealed the presence of intrauterine fluid.

Following ovariohysterectomy, within 2-3
days post-surgery, 90% of dogs showed improve-
ment in their overall condition, normalisation
of vital functions, and the absence of clinical
signs of disease. According to an ultrasound ex-
amination 10 days post-surgery, all animals had
a stable condition and no complications. At the
same time, the study confirmed that the clini-
cal manifestations of pyometra in female dogs
depend significantly on the state of the cervix,
i.e., whether it is open or closed. An open cervix
allows the drainage of purulent fluid, whereas
with a closed form, such discharge is not ob-
served, leading to more severe symptoms due
to endotoxemia and an increase in uterine size.

Purulent inflammation of the uterine lin-
ing was accompanied by vaginal discharge,
which varied in colour from light red to brown.
However, these discharges may not be pres-
ent, depending on the degree of cervical open-
ing. Pyometra is characterised by thick, puru-
lent discharges of a yellowish-red, brown, or
dark brown colour with a foul odour, although
sometimes odourless, as found in 80% of cas-
es. General nonspecific symptoms included loss
of appetite, general weakness, excessive thirst,
frequent urination, vomiting, fever, tachycar-
dia, and tachypnoea. In cases of severe intox-
ication, hyperthermia, lethargy, and diarrhoea
may be observed, especially with severe sys-
temic inflammatory response syndrome.

With the open form, external signs can be
detected due to vaginal discharge. The closed
form often manifests with severe symptoms due
to an enlarged uterus and endotoxemia. Sepsis,
toxaemia, shock, elevated body temperature,
significant abdominal distension, and tension

of the hair coat may occur. Ultrasound has been
established as the most accurate method for di-
agnosing pyometra, allowing the detection of
even small amounts of intrauterine fluid and
abnormal changes in the ovaries and uterine
tissues. Ultrasound shows a swollen uterus with
anechoic cysts due to pus accumulation. Histo-
pathological analysis revealed cystic endome-
trial hyperplasia, wall thickening, inflammatory
cells, and bacterial colonies.

E. Porowska et al. (2018) demonstrated that
the severity of clinical signs depends on the
degree of cervical opening, which may be suffi-
cient for drainage of the pathological exudate.
Purulent endometritis is accompanied by vagi-
nal discharge of red and brown colour. This se-
cretion is characteristic of inflammation of the
uterine lining, but its amount directly depends
on the degree of cervical opening, and in some
cases is completely absent. In cases of pyometra,
the discharge has a thick, purulent consistency,
ayellowish-red, brown or dark brown colour, and
a foul odour, but may sometimes be odourless.

In 80% of cases, such discharges were
detected. Animals often exhibited general
non-specific symptoms, such as loss of appe-
tite, general weakness, increased thirst, in-
creased urination, vomiting, fever, tachycardia,
and tachypnoea. Lethargy and diarrhoea were
also observed among these clinical signs, espe-
cially with the development of severe systemic
inflammatory response syndrome. Hyperther-
mia in more than 20% indicated the presence
of fever. Temperature increased in the early
stages of the disease but then often returned to
normal or lower values. The animal’s condition
and the condition of its coat depended on how
quickly the pathological process progressed.
Occasionally, intoxication, severe anaemia, and
shock were observed.

According to R. Hagman (2018), pyometra
in female dogs can be classified into two forms
based on the condition of the cervix: closed
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and open. The clinical manifestations in cases
where the cervix is closed are often more severe
than in those where it is open, as the animals
experience an increase in uterine size and esca-
lating endotoxemia. Such pathological changes
frequently lead to uterine rupture and provoke
the development of sepsis. In the closed form
of purulent inflammation of the endometrium,
the clinical symptoms are not pronounced in
the initial stages of the disease and typically ap-
pear only after general intoxication. In cases of
severe intoxication, hyperthermia, significant
abdominal distension, and a ruffled coat may
be observed. D. Talukdar et al. (2022) demon-
strated that among the symptoms of pyometra
with a closed cervix, depression, lethargy, vom-
iting, septicaemia, toxaemia, and shock may
occur. The researchers emphasised that sepsis
and life-threatening toxicosis necessitate the
immediate removal of the source of pathogenic
microorganisms through the administration of
appropriate antibacterial agents.

V. Sachan et al. (2019) found that female
dogs with pyometra can experience an increase
in white blood cell count to levels ranging from
15,000 to 60,000/mm?®. In the “closed” form of
pyometra, ultrasound and X-ray examinations
revealed a fluid-filled uterus, and histological
examination of the uterine horns and body
showed cystic endometrial hyperplasia, wall
thickening, and inflammatory cells in the glan-
dular and endometrial areas, as well as bacterial
colonies. Along with pyometra, a significant in-
crease in the number of macrophages and neu-
trophils in the endometrium was observed. In
most situations where pyometra is suspected,
ultrasonography is used for diagnostic imag-
ing. Using this method, accurate information is
obtained about the size, wall thickness of the
uterus, the presence of cysts or fibrosis in the
endometrium, and the presence of uterine flu-
id. The detection of uterine blood vessels, ac-
cording to R.G.C. Xavier et al. (2024), helps to
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differentiate pyometra from mucometra in cas-
es where the uterus is filled with fluid.

A.K. Ahuja et al. (2019) demonstrated that
ultrasonography is the most accurate meth-
od for diagnosing pyometra, as it allows for a
qualitative and quantitative assessment of the
uterine condition. In cases of pyometra, the
uterus is usually swollen, and anechoic cysts
are visualised due to the accumulation of pus.
G. Mantziaras & G. Luvoni (2020) found that
the advantage of ultrasonography is the abili-
ty to detect even small amounts of intrauterine
fluid, as well as abnormal changes in the ovaries
and uterine tissues. Depending on the degree of
uterine involvement, the ultrasound signs of
pyometra may vary. Areas of uterine damage
may appear as hypoechoic or anechoic regions.
For example, with moderate uterine involve-
ment, the uterus may appear as a hypoechoic,
almost round structure, located ventrally and
ventrolaterally to the anechoic urinary bladder
on transverse scanning.

R.S. Kumar et al. (2023) determined that
cystic endometrial hyperplasia (CEH), which
precedes the development of pyometra, can ap-
pear as small, fluid-filled cysts on an ultrasound
of the endometrium. Transabdominal ultra-
sonography is an effective method for diagnos-
ing the closed form of pyometra. Characteristic
signs include multiple anechoic cysts with al-
tered uterine wall thickness. Thus, ultrasound
can be used as a rapid and non-invasive method
for detecting uterine pathologies such as CEH
and pyometra.

R.G.C. Xavier et al. (2024) noted that in
clinically healthy animals, the anatomical and
topographical position of the uterus can com-
plicate its visualisation using ultrasonography,
as the cervix and body of the uterus are locat-
ed posteriorly in the pelvic cavity, between the
loops of the intestine, while the uterine horns
are situated above the bladder in the abdomi-
nal area. Meanwhile, a full urinary bladder can
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create an acoustic window by displacing the in-
testinal loops, facilitating the visualisation of a
uterus with limited content or a healthy uterus.
However, if the uterus is located higher than a
full urinary bladder, most often only the cervix
and body of the uterus can be seen, which on
the ultrasound appear as elongated structures
with a hypoechoic structure. Identifying the
uterine horns on the sonogram can be chal-
lenging, as they are often indistinguishable
from the intestinal loops. Nevertheless, when
there are secretions, even with a small amount
of mucus, the uterine horns can be readily
visualised. During ultrasonography, they ex-
hibit smooth walls of moderate echogenicity,
and no cavities are observed. In the case of
inflammatory processes within the uterus, the

cavities of the horns may fill with inflammatory
exudate, leading to an increase in horn diame-
ter. The presence of exudate within the cavities
of the uterine horns can be clearly visualised
from any point on the abdominal wall during
ultrasonography.

Typically, female dogs with pyometra ex-
hibited characteristic ultrasonographic findings
that included enlarged uterine horns, which
appeared as round anechoic structures located
beneath the urinary bladder. The uterine body
could also be enlarged, with anechoic content
in the horn cavities, which could be homogene-
ous or heterogeneous. The uterine walls were
usually of increased echogenicity and heter-
ogeneous, and thickening of the endometrial
walls was also observed (Fig. 1).

Figure 1. Ultrasound image of pyometra in female dogs
Note: arrows in the figure indicate the pathological process within the uterus in cases of pyometra

Sourse: author’s material

Ultrasonography proved to be informative
in detecting intrauterine fluid even when the
diameter of the uterus remained within normal
limits. Additionally, it had the advantage of de-
tecting further pathological changes in tissues
and ovaries, such as ovarian cysts or cystic en-
dometrial hyperplasia. During the study, a sit-
uation arose where the left uterine horn was
enlarged to 4.3 cm, as seen on a transverse sec-
tion, and it had hypoechoic content, indicating
the presence of pyometra.

S.Ahnetal. (2021) concluded that endome-
tritis in carnivores is rarely responsive to con-
servative treatment and recommended surgical
treatment - ovariohysterectomy. M.K. Nils-
son et al. (2023) insisted that the most effective
method of treatment and prevention of recur-
rences is a combination of ovariohysterectomy
and antibiotic therapy. This method allowed
for rapid removal of purulent content from
the uterus and reduced the manifestation of
intoxication of the organism. However, it has
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its drawbacks. Firstly, surgery is always asso-
ciated with the risks of anaesthesia and post-
operative complications. Secondly, ovario-
hysterectomy involves the sterilisation of the
female, which is not optimal for breeding or
purebred animals kept for breeding. Despite
the widespread use of ovariohysterectomy, it
has its risks and leads to a complete loss of the
female’s reproductive function.

The blood vessels supplying the uterus are
located on both sides: on one side is the ovar-
ian-uterine artery, on the other - the uterine
artery. A collateral branch of the posterior aorta
is the ovarian-uterine artery, which penetrates
the mesovarium and branches into two parts:
one supplies the ovary, and the other supplies
blood to the anterior part of the uterine horn
and broad uterine ligament. This artery con-
nects anteriorly with the ovarian artery, poste-
riorly with a branch of the vaginal artery. Dur-
ing pregnancy and pyometra, the uterine artery
increases significantly in size. During all stages
of the operation, special care was taken to in-
teract with the uterus, which contains purulent
content. Accidental movements of the instru-
ments can lead to perforation of the uterus and
leakage of pus into the abdominal cavity. Ade-
quate anaesthesia during surgery for pyometra
is critically important, as it provides continu-
ous monitoring, and prevents complications

that may arise due to impaired cardiovascular,
respiratory, and haemostatic functions. Since
pyometra causes toxic effects on all organs, the
choice of anaesthetics should be based on pre-
vious clinical studies of the animal.

This study sought to describe the postoper-
ative ultrasonographic features of the cervical
stump, mesovariumligatures, medialiliac lymph
nodes, and surrounding abdominal tissues at
various time points following surgery in a group
of dogs with pyometra and a group of dogs with-
out postoperative complications. The hypothe-
ses predicted that the size and other character-
istics of the cervical stump, mesovarium region,
and medial iliac lymph nodes would differ at
three different time points of examination.

The ultrasound examination revealed
the following. Assessment of abdominal flu-
id volume showed a decrease by the 10" day
compared to the 1%t and 5" days post-surgery.
On the 1% and 5™ days, free fluid was found in
60% and 50% of dogs, respectively, while after
10 days, fluid was found in only 20% of dogs.
Pneumoperitoneum was observed in 30% of
dogs on the 10th day compared to 90% and 70%
at the previous control points. The results of
the assessment of abdominal fluid volume and
the number of dogs with free fluid and pneu-
moperitoneum at three examination points are
presented in Table 1.

Table 1. Assessment of abdominal fluid and the number of dogs
with free fluid and pneumoperitoneum at three time points after ovariohysterectomy
in 10 female dogs diagnosed with pyometra

Parameter Day 1, quantity (%) Day 5, quantity (%) Day 10, quantity (%)
Free fluid 6 (60%) 5 (50%) 2 (20%)
Pneumoperitoneum 9 (90%) 7 (70%) 3 (30%)
Abdominal fluid indicator
0 6 (60%) 7 (70%) 9 (90%)
1 4 (40%) 5 (50%) 1(10%)
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Table 1. Continued

Day 5, quantity (%) Day 10, quantity (%)

Abdominal fluid indicator

Parameter Day 1, quantity (%)
2 2 (20%)
3 1(10%)
4 0 (0%)

0 (0%) 0 (0%)
0 (0%) 0 (0%)
0 (0%) 0 (0%)

Note: the assessment of the volume of abdominal fluid involved the following values: 0 — no fluid, 1 — the presence of
fluid in one quadrant of the abdominal cavity, 2 - in two quadrants of the abdominal cavity, 3 — in three quadrants of
the abdominal cavity, 4 — in all four quadrants of the abdominal cavity

Source: developed by the author

In all 10 dogs, the cervical stump was ex-
amined at all selected time points. The stump
had a mixed echogenicity with a hypoechoic
central region and a hyperechoic rim of vary-
ing thickness. There was a relationship between
body weight and the cross-sectional area of the
cervix. The area of the stump varied from 75 to
716 mm?® on the 1% day, from 156 to 887 mm? on
the 5th day, and from 108 to 558 mm? on the
10th day. Areas of the mesovarium were found
in all 10 dogs over the three days of observa-
tion. They appeared as hyperechoic heteroge-
neous areas with shadows at the edges or cen-
tral shadowing artefacts.

The cervical stump increased in size up to
the 5th day post-operatively compared to sub-
sequent days. The size of the mesovarium lig-
ature reaction remained stable at all selected
time points of the study. The study suggests that
the cervical stump, the reaction to mesovarium
ligatures, and the medial iliac lymph nodes can
be effectively visualised using ultrasonography
after ovariohysterectomy. It is noteworthy that
the details and size of the cervical stump varied
significantly between individuals.

All images and videos were stored, and vid-
eo loops were played to assess the margins of the
cervical stump and the reaction of the mesovar-
ium ligature. For measurements, frames with
the maximum cross-sectional area were used,
later defined as size. The maximum length of

the cervical stump was measured in the longi-
tudinal plane, placing the callipers at the level
of the ligature and the external cranial edge of
the hyperechoic area, defined as the cervix. The
maximum height of the cervix in the longitudi-
nal view was measured in two places — cranial
and caudal to the ligature, placing the callipers
at its extreme ventral and dorsal external edges.
In the transverse plane, a frame containing the
cervical stump at its maximum size was used.
At this point, measurements were taken of both
the maximum diameter (referred to as width)
and the orthogonal diameter (referred to as
height). The cross-sectional area of the cervical
stump was calculated by indicating the outer
hyperechoic edge at eight different points to
cover the area of interest. The maximum length
of the mesovarium reaction was measured par-
allel to the long axis of the transducer scanning
plane, placing the callipers on its outer hyper-
echoic edges. The point of its maximum height
was identified and measured perpendicular to
the length. The maximum height and length of
the medial iliac lymph nodes were measured on
still images. The characteristics of the cervical
stump, mesovarium reaction, and medial iliac
lymph nodes were documented.

The present study confirmed the effective-
ness of using ultrasound diagnostics for the
early detection of pyometra in dogs and for as-
sessing post-operative conditions. Ultrasound
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proved useful in detecting intrauterine fluid
even in cases where the size of the uterus was
within normal limits. Ultrasound examinations
conducted on the 1%, 5% and 10* days post-sur-
gery provided objective data on the animals’
condition and revealed even minor complica-
tions. This confirms the high diagnostic value
of ultrasound.

The results of the study showed that ovari-
ohysterectomy is the most effective method for
treating pyometra, contributing to the normal-
isation of vital functions as early as 2-3 days
post-surgery. This is consistent with the find-
ings of a study by S. Ahn et al. (2021), who also
emphasised the importance of surgical inter-
vention for the treatment of pyometra and the
improvement of clinical parameters in dogs.

In the study by B. Gasser et al. (2020), the
importance of timely diagnosis of pyometra
to prevent sepsis and kidney failure was not-
ed, confirming the value of ultrasound as a
rapid and non-invasive method. P.R. Batista et
al. (2022) evaluated the use of Doppler ultra-
sound to assess the condition of dogs after
medical treatment for pyometra, emphasising
that this technique also has high diagnostic
value, although it requires extensive training
and specialised equipment compared to tradi-
tional ultrasound.

A.J.R. Peixoto et al. (2023) highlighted the
importance of a comprehensive approach to
the treatment of pyometra, including the as-
sessment of systemic inflammatory response
and organ dysfunction, emphasising the need
for a multi-faceted diagnostic approach to im-
prove treatment efficacy and reduce mortal-
ity. PM. Sklyarov & V.V. Piatibrat (2021) and
D.V. Zarutska (2022) also confirmed the high
diagnostic value of ultrasound for detecting
pyometra in dogs and its complications. They
emphasised the need for early diagnosis and
timely surgical intervention to improve treat-
ment outcomes.
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Thus, the present study affirmed the ef-
fectiveness of ultrasound in the diagnosis of
pyometra and postoperative monitoring. Com-
parison with other studies showed that the re-
sults are generally consistent with the existing
literature, underlining the importance of ultra-
sound diagnosis and surgical treatment for re-
ducing mortality and improving the quality of
life of dogs with pyometra.

Conclusions

Pyometra in dogs is a dangerous infectious
disease that requires immediate diagnosis and
treatment to prevent complications such as
multiple organ dysfunction, particularly kid-
ney damage due to endotoxins. The study es-
tablished that ultrasound is a highly effective
method for detecting pyometra in dogs, allow-
ing for the timely identification of pathological
changes in the uterus and the implementation
of appropriate surgical intervention.

Ultrasound examinations performed using
a GE (Logiq E9) machine demonstrated high
informativeness and accuracy in the diagno-
sis of pyometra. Diagnostic criteria, includ-
ing the presence of purulent material in the
uterus, increased uterine size, and changes in
the uterine wall structure, correlated with the
results of clinical and laboratory investiga-
tions, confirming their reliability. A compari-
son of the effectiveness of different treatment
methods for pyometra revealed that ovario-
hysterectomy was the fastest and most effec-
tive method. After surgery, the inflammatory
process ceased immediately, which had a pos-
itive impact on the animal’s health. In most
cases, the normalisation of vital functions in
patients was observed within 2-3 days after
surgery, whereas with conservative treatment,
this period lasted up to 10 days.

Following surgical treatment, a series of
follow-up ultrasound examinations were con-
ducted to assess the state of the abdominal
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cavity and the healing process. Ultrasound
characteristics were established for each ex-
amination, including features of the cervical
stump and mesovarium, size and echogenic-
ity of the medial iliac lymph nodes, as well
as the presence of free peritoneal fluid and
pneumoperitoneum. In all dogs, the cervical
stump had a heterogeneous appearance with
a hypoechoic centre surrounded by hypere-
choic tissue.

It should be noted that ultrasound is a
non-invasive and rapid diagnostic method
for detecting pyometra, even small fluid col-
lections. Changes in the uterus on ultrasound
typically appeared as an enlarged, distended
tubular structure with anechoic or hypoechoic
content. Therefore, ultrasound is an effective
diagnostic tool for both qualitative and quan-
titative assessment of pyometra in female
dogs, significantly contributing to the treat-
ment process both during surgery and in the
postoperative recovery period.

Future research directions include analysis
of long-term outcomes after ovariohysterecto-
my and refinement of ultrasound techniques to
improve diagnosis and monitoring of animals
post-surgery.
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OunjiHka pe3yJbTaTUBHOCTI XipyprigyHoro JikyBaHH:A
i3 3acrocyBanHsAM coHOrpadivHOI [iarHOCTHKH 3a MiOMeTPH B CO0AK

Irop Jexuuu
AcrmripaHT
[MonTaBchbKuit fepykaBHMIT arpapHuUii YHiBEpCUTET
36003, Bys. CkoBopoau, 1/3, m. [Tontasa, Ykpaina
https://orcid.org/0000-0001-5687-3765

AHoTalisl. AKTYyaJIbHICTh [OCTIIKEHHS TMojsirajia B HeOOXimHOCTI OIiHKM e(eKTUBHOCTI
XipypriuHoro aikyBaHHSI IioMeTpu B cobak i3 BUMKOPUCTAHHSIM COHOTpacdiyHOI iarHOCTUKMU.
[TliomeTpa € OIHi€I0 3 HANMOIIMPEHIMNX PEeNnpoAyKTMBHUX MAaTOJOTiM Yy CyK, IO Y BUIAAKY
3aIi3HiN0l AiarHOCTMKM MOXKE IMPU3BECTM OO0 PO3BUTKY HebGe3MeuHuX YCKIaJHEHb — CEeICUcy
Ta ypakeHHS HUPOK. YIbTPAa3ByKOBE OOCTEXEHHS € HeiHBa3UBHMUM Ta €(EeKTUBHUM METOIOM
JiaTHOCTUKY TIiIOMETpPH, SIKe € BaXKIMBUM iHCTPYMEHTOM [IJis BCTAHOBJIEHHSI HaBiThb HEe3HAYHMX
YCKJIaJHEHb ITic/Is TPOBeeHO1 OBapioricTepekTOMii Ta JO3BOJISIE 3A4i/iICHIOBATY MOHITOPUHT CTaHy
3[0pOB’Sl TBapuHU. MeTa Iiiei po6OTHM Monsrana y BUSIBIEHH] YIbTPa3BYKOBUX XapaKTePUCTUK
yepeBHOI TMOPOXXHMHM B C00aK, XBOpMX Ha IipOMETpPY, Ta IMOPiBHSIHHS MiCJIsornepauiiiHux
YIbTPa3BYKOBUX XapaKTe€PUCTUK UepeBHOI MOPOKHUHM ITiC/Isl oBapioricTepekToMii B IMHAMMIIL
y Ipyli TBapMH 3 MioMeTpolo Ta 6e3 ycKiaaHeHb. I[IpoBiZHMM MeTOmOM OOCTiIKeHHS O6yIo
roeTarHe i IiecIpsMOBaHe YIbTPa3ByKOBEe OOCTEXKEHHSI YepeBHOI MOPOKHMHM B COBGAK ISt
BUSIBJIEHHSI MOMeTpu, JaJli Mmif vac oBapioricTrepekTomii, a Takoxk Ha 1, 5 Ta 10 mo6y micast
omepatii. BcraHOB/IEHO, 1[0 MATONOTIYHO 3MiHEHa MaTKa Ha YJIbTPa3BYKOBOMY 306paskeHHi
YacTo Majia XapaKTePUCTUKY 36i/blIeHOl, PO3TITHYTOI TPy6GUacToi CTPYKTYpPU 3 aHEXOT€HHUM
abo TirnoexoreHHMM YMiCTOM. YIIbTPa3BYKOBe IOCTiIKEHHS XBOPUX COOaK BUPi3HSIOCH TaKOXK
JiaTHOCTMYHOI0 e(PeKTUBHICTIO y BUIIAJKaX Bisyasizallii BHYTPillTHbOMAaTKOBOI PifiyiHM, HABITh,
KOJIM pO3Mipy MaTKM BiJMOBiganmy MexkaM HOpMU. 3aCTOCYBaHHSI COHOrpadiuHOi HAiarHOCTUKM
O3BOJISUIO CBOEYACHO BUSBUTM TIiOMETPy Ha paHHIX CTafisgX, [0 3HAYHO TOJIMIIyBalo
edeKTUBHICTh TOAANBIIOTO JIiKyBaHHS. OBapioricrepekToMisi BUSBMIACS HaledeKTUBHIIINM
METOJOM JIiKyBaHHSI CO6aK 3 MiOMeTPOI0, CIIPUSIOUM HOpMaJTi3allii JKUTTeBUX QYHKIIi Bke Ha 2-3
o0y micsst onepatiii, o 3MeHIITYBaao PU3UK PelUAMBiB. YIbTPa3ByKOBe JOCTiIKeHHS YepeBHO1
MOPOKHMHY B AMHAMIIi TMiC/s OMepaTMBHOTO BTPYYaHHS 3a6e3IeUyBago CBOEUYACHY KOPEKIIio
JIIKYBaJIbHMX 3aXO[iB i ITOKpallleHHS IPOTHO3Yy [Jis IallieHTiB. BcTaHoBieHi dakTu MaioTh
MMPaKTUYHe 3HAYeHHS [IJIs JIiIKapiB BeTepMHAPHOI MeOUITMHN, IO CITPUSITYME ITOKPAIeHHIO STKOCTi
MiarHOCTUKY MTioMeTpHu Y co6ak, e(peKTUBHOCTI iX JIIKyBaHHS Ta 3MEHIIEHHIO JIeTaJTbHOCTI
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nicasionepaniiiHuii mepion; BHYTPilIHbOMATKOBA PilMHA; YCKIaAHEHHS

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 3



https://orcid.org/0000-0001-5687-3765

UKRAINIAN
JOURNAL OF 2024. Volume 15, No. 3. P. 94-112

VEEIIE;\III(‘;QQY Received: 21.03.2024 Revised: 29.06.2024 Accepted: 15.08.2024

DOI: 10.31548/veterinary3.2024.94

UDC 636.92:616.07/.008.87
Diagnostic studies for enterotoxaemia in rabbits

Zhambyl Kaziyev
Doctor of Veterinary Sciences, Associated Professor
Kazakh National Agrarian Research University
050000, 8 Abaya Ave., Almaty, Republic of Kazakhstan
https://orcid.org/0000-0002-3715-8800

Serhii Holopura
Doctor of Veterinary Sciences, Associated Professor
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0001-9149-0540
Mykola Tsvilikhovskyi
Doctor of Biological Sciences, Professor
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0002-5663-6644
Natalia Boyko
PhD of Veterinary Sciences, Associated Professor
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0001-9954-4099
Artem Ushkalov
PhD in Veterinary Sciences, Doctoral Student
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0001-8317-7909

Abstract. The relevance of this study is highlighted by the occurrence of enterotoxaemia in
rabbits, particularly caused by Clostridium perfringens, in the context of industrial rabbit farming.
The research aimed to determine the causes of morbidity and increased mortality in young
rabbits during the growing period. The study involved a stepwise analysis of feed samples,
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clinical examination of rabbits reared in an industrial rabbit farm, and laboratory examination
of the obtained biological material. Additionally, to establish a diagnosis and provide the farm
with appropriate recommendations regarding the maintenance and prevention of rabbit diseases,
the health status of the rabbits, the causes of digestive disorders with symptoms of diarrhoea
and increased mortality under production conditions were analysed. Clinical, haematological,
pathological, microbiological, and statistical research methods were used. In diseased rabbits, an
increase in rectal body temperature, symptoms of diarrhoea, and in some animals, seizures were
established. Several animals succumbed to the disease. During laboratory blood tests of the rabbits,
moderate anaemia was detected, with a decrease in the number of erythrocytes and a reduction in
haemoglobin content. There was also a disturbance in the qualitative composition of erythrocytes,
including the presence of poikilocytosis and altered erythrocyte forms: acanthocytes, echinocytes,
schistocytes, dacryocytes, keratocytes, and drepanocytes. A decrease in the immune status of the
rabbits was characterised by a reduction in the total number of leukocytes and lymphocytes in the
blood and a low neutrophil-to-lymphocyte ratio. Biochemical analysis of rabbit serum revealed
a decrease in glucose levels below the physiological range and an increase in the activity of the
enzymes alanine aminotransferase, alkaline phosphatase, and gamma-glutamyl transferase.
Results of post-mortem examinations of the deceased rabbits indicated the presence of gas-filled
small intestines, with a fluid content and no macroscopic signs of inflammation. The feed provided
to the rabbits on the farm was found to contain sulphite-reducing clostridia, specifically Clostridium
perfringens. Identifying the causes of morbidity and mortality in rabbits will enable the selection of
appropriate methods for preventing deaths within specific farming conditions

Keywords: enterotoxin; anaemia; digestive disorders; morphological blood studies; biochemical
blood studies

Introduction

Clostridia are widespread in nature and found
in soil, water bodies, bedding, and feed. They
are part of the normal microflora in the gas-
trointestinal tract of animals. These are highly
resistant spores capable of surviving in the en-
vironment for extended periods. Not all species
of clostridia cause disease, but those that do are
usually fatal (Clostridiosis on a dairy..., 2024).
According to A. Camargo et al. (2024), Clost-
ridium perfringens bacteria, which have an etio-
logical significance in the infectious pathology
of both animals and humans, produce a range
of toxins and cause various types of diseases.
The Clostridia that synthesise toxins of types A,
B, C, D, and E can be both an etiological factor
in the development of foodborne illnesses in

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 3

calves, lambs, and piglets and a causative agent
of infectious diseases characteristic of each
animal species. According to M. Hoonakker et
al. (2024), a common feature of all Clostridium
perfringensis theirimpact on their hosts through
the secretion of very potent exotoxins, some of
which are spore-forming toxins. Clostridia do
not pose a threat to the animal’s body until fa-
vourable conditions arise. Typically, clostridial
infections are very severe and manifest acutely
(Clostridiosis on a dairy..., 2024).

Moreover, A. Camargo et al. (2024), expres-
sed that the etiological role of clostridia in an-
imal pathology is often controversial, as most
species of clostridia can be part of the micro-
biota of the intestines of healthy animals and
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humans, and from there enter and accumu-
late in the environment, feed, water, and soil.
Therefore, infectious diseases can be endoge-
nous in nature, when unfavourable conditions
enhance the multiplication and accumulation
of Clostridium perfringens in the intestine. For
example, as a result of poor feeding hygiene
(incomplete and sudden changes in diet) or
poor animal husbandry conditions, or in the
case of using feed contaminated with Clostridi-
um perfringens, several different antibiotics and
disinfectants are naturally ineffective, especial-
ly against their spore forms.

According to research by G.G. Alves et
al. (2024), the beta-toxin produced by Clostrid-
ium perfringens types B and C causes necrotic
enteritis, characterised by deep segmental ne-
crosis of the mucosa with pronounced haemor-
rhage in the small intestine, the occurrence of
neurological symptoms, and sudden death in
animals, and rarely, humans. M. Hoonakker et
al. (2024) indicated that while C. perfringens
type C secretes several exotoxins, the be-
ta-toxin is the primary virulence factor for in-
ducing necrohaemorrhagic intestinal lesions.
B. Tarek et al. (2021) established that beta-tox-
in plays a pivotal role in the pathogenesis of
necrohaemorrhagic enteritis in young animals
and humans by targeting endothelial cells in
the intestine. M. Hoonakker et al. (2024) noted
that beta-toxin primarily affects the endothe-
lial cells of blood vessels in the mucosa and
may also suppress platelet function. The be-
ta-toxin is produced as a monomeric protein
with a molecular weight of 34.86 kDa. Clostrid-
ium perfringens secrete it in the form of a wa-
ter-soluble monomer that binds to membrane
receptors on target cells, making it one of the
most potent clostridial toxins known. Binding
to receptors in the plasma membrane of target
cells results in local concentration, oligomeri-
sation, and the formation of a multimeric pre-
pore that undergoes conformational changes

and inserts into the lipid bilayer, where it cre-
ates a functional transmembrane pore. These
pores disrupt membrane permeability by al-
lowing ions to pass through, which, accord-
ing to B. Tarek et al. (2021) and G.G. Alves et
al. (2024), lead to changes in intracellular con-
centration and the responses of affected cells.
Furthermore, A. Camargo et al. (2024) dis-
covered that Clostridium perfringens produces
other clinically significant supplementary tox-
ins, such as perfringolysin O, tetanotoxin, and
Clostridium perfringens beta 2 toxin. Although
these toxins are not used for toxinotyping,
they can act synergistically with extracellu-
lar toxins, influencing the expression of other
toxins, their production levels, and virulence
factors, thereby contributing to the overall
progression of the disease.

.M. Gohari et al. (2021) demonstrated
that most of the toxin genes in C. perfringens
are encoded in conjugative plasmids, including
pCW3-like and recently discovered pCP13-like
families of plasmids. The production of C. per-
fringens toxins is tightly regulated through
processes involving two-component regulato-
ry systems, quorum sensing, and/or alterna-
tive sigma factors associated with sporulation.
Non-toxin factors, such as degradative en-
zymes and sialidases, are also involved in the
pathogenicity of this bacterium. These factors
may contribute to the action of toxins in vitro
and possibly in vivo, and may also enhance in-
testinal colonisation by C. perfringens. For ex-
ample, sialidase Nanl increases the adherence
of C. perfringens to intestinal tissue and gener-
ates nutrients for its growth, at least in vitro.

This study aimed to determine the health
status of rabbits, taking into account the results
of clinical, haematological, pathological, and
microbiological examinations, and to elucidate
the causes of digestive disorders with diarrhoe-
al syndrome and increased mortality in these
animals under production conditions.
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Literature Review

Modern industrial rabbit farming typically in-
volves slaughtering rabbits at the age of three
months. By this time, rabbits should have
gained approximately 2.5-3 kg of body weight.
Although rabbits are considered fast-growing
animals, such results can only be achieved
with a complete and balanced diet (Abdela-
zeem et al., 2019a; 2019b) and a healthy gas-
trointestinal tract, which allows the animal’s
body to be provided with everything necessary
for its growth.

Digestive disorders are one of the primary
causes of mortality in young rabbits. C. Rome-
ro et al. (2011) noted that Clostridium perfrin-
gens is a widespread pathogenic bacterium as-
sociated with intestinal diseases in domestic
animals, and its pathogenicity is linked to the
production of potent exotoxins. A. Shrestha et
al. (2022) indicated that Clostridium perfrin-
gens enterotoxin (CPE) induces gastrointesti-
nal symptoms of enterotoxaemia in animals
and is one of the most common bacterial food-
borne diseases.

Enterotoxaemia is characterised by symp-
toms of diarrhoea, primarily in rabbits aged
between 4 and 8 weeks, although according to
M.E. Ensminger et al. (1990), it can affect rabbits
of any age. The main symptoms of this disease
in rabbits are severe diarrhoea, loss of appetite,
and the presence of a rough coat. Death of the
animal occurs within the first forty-eight hours
of the onset of symptoms. This disease is caused
by several microorganisms: Clostridium spirofor-
me, Clostridium perfringens, and Escherichia coli.

According to C. Romero et al. (2011), a rab-
bit exhibiting mild diarrhoea, distension of the
foregut with gaseous fluid content, and lesions
of the caecum without macroscopic signs of in-
flammation is considered to have epizootic rab-
bit enteropathy (ERE). I.M. Gohari et al. (2021)
demonstrated that during gastrointestinal
tract lesions, C. perfringens produces entero-
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toxin in the intestine. Clostridium perfringens
enterotoxin (CPE) is a primary cause of food
poisoning and antibiotic-associated diarrhoea.
D.C. Briggs et al. (2011) noted that this entero-
toxin structurally belongs to the family of aer-
olysin pore-forming toxins. CPE binds to recep-
tors belonging to the claudin family of proteins
(Jorge et al., 2014; Shrestha et al., 2022). Clau-
dins are a family of integral membrane proteins
that mediate interactions between cells of the
mammalian intestinal epithelium by localising
and stimulating the formation of intercellular
tight junctions (Anderson & Van Itallie, 2009).
Clostridium perfringens causes widespread gas-
trointestinal disorders in mammals due to the
action of enterotoxin, which affects claudins.
CPE binds to claudins at or near tight junctions
in the intestine and disrupts their barrier func-
tion (Ogbu et al., 2022). CPE widens B-hairpins
in the cell membranes of enterocytes, form-
ing active pores (Jorge et al., 2014; Shrestha et
al., 2022). The formation of this pore causes an
influx of free calcium into intestinal entero-
cytes, killing these cells in a dose-dependent
manner. Specifically, according to M.I. Gohari et
al. (2021), even low doses of CPE induce classi-
cal apoptosis. In contrast, according to A. Shres-
tha et al. (2022), low doses of CPE form only a
small number of CPE pores, leading to a limited
influx of free calcium and moderate activation
of calpain. This, in turn, leads to cell death via
caspase-3-mediated classical apoptosis. High-
er concentrations of CPE induce the formation
of many CPE pores, greater influx of free cal-
cium into enterocytes, and stronger activation
of calpain, which induces the death of these
cells via necroptosis. Furthermore, according to
C. Ogbu et al. (2022), CPE ultimately destroys
cells expressing claudin through the formation
of a cytotoxic membrane penetrating B-barrel.

A. Shrestha et al. (2022) noted that in the
loops of the rabbit small intestine, the cyto-
toxicity of CPE leads to fluid accumulation in
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the intestinal lumen and histological damage
to the epithelium, including villus shortening
and epithelial desquamation. Considering the
data of previous authors and the information
from M.I. Gohari et al. (2021), it was found that
CPE is a significant pathogenicity factor of C.
perfringens type F strains. Type F strains cause
5-10% of cases of antibiotic-associated diar-
rhoea in animals.

Therefore, based on the analysis of the lit-
erature, the impact of enterotoxin on the mech-
anisms underlying the development of the cor-
responding symptoms in diseased rabbits has
been determined.

Materials and Methods

The study was conducted in 2023 within an in-
dustrial farm in the central region of Ukraine,
involving rabbits aged between 35 and 68
days. The rabbits were housed in wire mesh
cages with wire mesh floors, with 3-5 animals
per cage. Each cage was supplied with water
through a system equipped with nipple drink-
ers, allowing free access to water for each an-
imal. The rabbits were fed a granulated feed
produced on the farm.

Blood samples were collected from the
jugular vein of diseased rabbits into vacuum
tubes containing ethylenediaminetetraacetic
acid (EDTA). Blood smears were immediate-
ly prepared during venipuncture to prevent
changes in blood cell morphology. The blood
samples were transported in a thermally in-
sulated bag with ice, separated by a layer of
cotton, to inhibit the processes of lactic acid
formation from glucose in the erythrocytes.
For post-mortem examination, carcasses of
animals that had just died were collected.
Post-mortem examinations of the rabbits were
carried out immediately on the rabbit farm
in a separate, equipped room. During the ex-
periments on the rabbit farm, all bioethical
requirements for animals were adhered to, by

the Law of Ukraine No. 249 (2012) and the Eu-
ropean Convention for the Protection of Ver-
tebrate Animals used for Experimental and
Other Scientific Purposes (1986)

The clinical condition of the animals was
assessed using standard methods. During the
study, attention was paid to the animal’s gener-
al appearance, visible mucous membranes, con-
dition of the coat and skin, lymph nodes, organ
systems, and individual organs. Body temper-
ature was measured rectally using a mercury
thermometer manufactured by Tetafarm LLC
(Ukraine). Quantitative analysis of the morpho-
logical composition of the blood was performed
using a haematology analyser “Mindray animal
care” BC — 5000 Vet (China). The haematocrit
value was determined using a haematolo-
gy analyser “VetAutoread”, manufactured by
“IDEXX Laboratories” (USA). The qualitative
composition of erythrocytes was examined in
blood smears stained with haematological dyes
“Leucodif 200”, manufactured by “Erba lache-
ma” (Czech Republic).

Biochemical parameters of rabbit serum,
namely: total protein, albumin, glucose, urea,
creatinine, inorganic calcium, total phos-
phorus, total bilirubin, and the activities of
aspartate aminotransferase (AST), alanine
aminotransferase  (ALT), gamma-glutamyl
transferase (GGT), and alkaline phosphatase
(ALP), were determined using standard meth-
ods with a photometric biochemical analyser
“Lab Line 010” (Austria). Reagents from the
company SpinaLab (USA) were used for the bio-
chemical studies.

Microbiological analysis of the feed was
conducted following the following testing
methods: determination of the number of yeasts
and mould fungi - DSTU ISO 7954:2006 (2006)
Microbiology of food and animal feed. General
guidelines for counting yeasts and microscopic
fungi. Colony counting technique cultivated at
a temperature of 25°C (DSTU ISO 7954:1997,
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IDT); determination of Bacillus cereus — DSTU
ISO 7932:2007 (2009); Microbiology of food
products and animal feeds. Horizontal meth-
od for the enumeration of presumptive Bacillus
cereus. Counting technique at a temperature of
30°C (ISO 7932:2004, IDT); determination of the
number of sulphite-reducing clostridia Clostrid-
ium perfringens — (6) DSTU ISO 7937:2006 (State
standard..., 2006); Microbiology of food prod-
ucts and animal feeds. Horizontal method for
the enumeration of Clostridium perfringens.
Colony counting technique.

Samples of pathological material from rab-
bits (heart blood, liver, kidneys, stomach, and
intestine) were examined for the presence
of pathogens of pasteurellosis (Pavlenko et
al., 1995), streptococcosis (Methodological
guidelines..., 1983), staphylococcosis (Meth-
odological recommendations..., 1999), sal-
monellosis (DSTU 4769:2007, 2009), yersin-
iosis (Melnychuk et al, 2013), listeriosis
(Bondar et al., 2007), and clostridial diseases
(DSTU 8492:2015, 2017). Statistical analysis of
the research results was performed using the
computer program Microsoft Excel 2016.

Results and Discussion

The results of the clinical examination of the
animals indicated that a portion of the rabbit
population experienced periodic digestive dis-
orders during the period from 35 days of age
(the weaning period from the female rabbit)
until slaughter at 68 days. These disorders in-
cluded loose stools and soiling of the fur around
the anal region with faeces. At the onset of di-
arrhoea, the rectal temperature increased to
40-41°C. Subsequently, the body temperature
decreased to within physiological ranges (38.5-
39.5°C), but diarrhoea persisted. The rabbits
exhibited stunted growth and poor weight gain,
and some individuals displayed seizure-like
symptoms with backward head tilting A portion
of the rabbits succumbed to the condition. Pal-
pation of the abdomen revealed signs of intes-
tinal gas, but no signs of pain were observed.

According to the results of the morpholog-
ical study of rabbit blood, moderate anaemia
was recorded, as indicated by a haemoglobin
level lower than the physiological range, a re-
duced erythrocyte count, and a decreased hae-
matocrit value (Table 1).

Table 1. Morphological blood parameters of rabbits, M*¥m, n=5

Parameter Research results  Physiological range*
% Ht, Haematocrit 33.0+0.15 36.6-47.4
g/L HB, Haemoglobin, 104.0+2.0 115-151
10'%/L RBC, Erythrocytes 5.05+0.18 5.2-6.8
pg MCH, Haemoglobin content in an erythrocyte 20.5+0.44 21.1-24.5
% MCHC, Haemoglobin concentration in an 317405 99.5-33.9
erythrocyte
fl MCV, Erythrocyte volume 65.34%1.16 64.6-76.2
10%/L WBC, Leukocytes 4.2%0.6 6.30-10.06
10%/L Basophils 0 0.06-0.36
10%/L Eosinophils 0.05%0.13 0.01-0.15
10°/L Band Neutrophils 0 0
10°/L Segmented Neutrophils 1.47+0.06 1.49-3.21
10%/L Lymphocytes 2.48+0.34 3.36-7.00
10°/L Monocytes 0.21+0.05 0.05-0.45

Note: *Physiological ranges according to M.A. Thral et al. (2012)

Source: authors’ development
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M.I. Tsvilikhovskyi et al. (2023) demon-
strated that a decrease in haematocrit can oc-
cur in anaemia of various origins or due to hy-
perhydration. With a normal concentration of
total plasma protein, a low haematocrit can be
a result of increased erythrocyte destruction,
decreased erythrocyte production, or chronic
blood loss. These authors note that the causes
of decreased haemoglobin in the blood can in-
clude iron deficiency anaemia, anaemia due to
acute blood loss, hypoplastic anaemia, haemo-
lytic anaemia after a haemolytic crisis, B ,-de-
ficlency anaemia, anaemia associated with
neoplasms or leukaemia, and hyperhydration.
The development of anaemia in an animal, ac-
cording to A.H. Rebar et al. (1999), is associat-
ed with the development of hypoxia, which, in
turn, causes damage to the cell membranes of
parenchymal organs (such as the liver) and an
increase in the activity of cytoplasmic enzymes.

After centrifugation, the blood plasma had
a red colour (Fig. 1), which may indicate intra-
vascular haemolysis and the development of
hemoglobinemia and, consequently, haemoglo-
binuria in the experimental rabbits.

-
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Figure 1. Haematocrit content determination
Sourse: authors’ material

According to L.M. Perry-Clark & L.D. Meu-
nier (1991), this could also be due to the fact
that rabbit blood readily haemolyzes and clots
quickly. However, colour indices did not in-
dicate a deficiency of iron and copper in the
experimental rabbits. The size of the erythro-
cytes was not reduced. The authors of this ar-
ticle believe that the decrease in the number of
erythrocytes occurred as a result of haemolytic
processes, i.e., the development of haemolytic

anaemia. This is confirmed by polychroma-
sia (an increase in the number of polychro-
matophils greater than 4/100 erythrocytes)
(Figs. 2-5). According to M. Suckow et al. (2002),
in rabbits, 1-4% of circulating erythrocytes can
be polychromatophils. The presence of a few
nucleated erythrocytes (1-2x100 leukocytes)
should be considered within the normal refer-
ence range for rabbits, rather than an indicator
of cell regeneration (Melillo, 2007). However,
according to A. Bodnariu (2022), in rabbits up
to two months of age, the percentage of reticu-
locytes can be as high as 12% of the number of
erythrocytes. Polychromasia and the presence
of polychromatophils in rabbit blood smears
are explained by the short lifespan of the ani-
mals and the intensity of erythropoiesis (Suck-
ow et al., 2002). The increased number of poly-
chromatophils in the blood of the examined
rabbits indicates that the red bone marrow of
the animals is undamaged and actively restores
erythrocytes lost due to haemolysis. A. Bodnar-
iu (2022) found that erythrocyte regeneration
is characterised by increased anisocytosis and
polychromasia. The authors of this article be-
lieve that a likely cause of haemolysis in rabbits
may be the influence of toxins with a haemolytic
effect (feed toxins, bacterial toxins, in particu-
lar alpha-toxin of Clostridium perfringens, etc.).

0 %
® @

Figure 2. Blood smear from an experimental
rabbit. Marked polychromasia
Note: Polychromatophils — 1, echinocyte — 2, and
acanthocyte — 3 are visible under the microscope.
Leucodif 200 staining. Magnification x1000
Sourse: authors’ material
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During the examination of blood smears
from the rabbits, no nucleated erythrocytes
or Howell-Jolly bodies were detected. Eryth-
rocytes in the blood smear exhibited marked
poikilocytosis. The presence of the latter in-
dicates the development of processes in the
rabbits’ bodies that lead to a disruption of the
erythrocyte membrane structure due to chang-
es in lipid and protein metabolism. Poikilocy-
tosis can be caused by both a disruption of the
erythrocyte membrane structure and a disrup-
tion of redox processes in the erythrocyte and
at the level of the whole organism. Almost all
erythrocytes had an altered shape: many acan-
thocytes (Figs. 2-6), echinocytes (Figs. 2-6),
schistocytes (Fig. 3), dacryocytes (Fig. 4), kerat-
ocytes (Fig. 5), and drepanocytes (Fig. 6). In the
literature presented above, the appearance of
acanthocytes in the blood of experimental rab-
bits is associated with an increase in the con-
centration of cholesterol relative to phospho-
lipids in erythrocyte membranes, which occurs
with an increase in the level of cholesterol in
the blood plasma or the presence of abnormal
lipoprotein in it. In blood smears of humans,
acanthocytes are found with impaired lipid me-
tabolism, which manifests itself in liver pathol-
ogy. However, in the blood of dogs, acanthocytes
are found quite rarely with hepatopathology.
As a rule, acanthocytes are recorded in blood
smears of domestic cats with hepatosteatosis,
and in the blood of dogs with hemangiosarco-
ma. Echinocytes, like acanthocytes, appear in
the blood of animals with uraemia, vitamin E
deficiency, and hyperlipidaemia caused by liv-
er dysfunction. J.S. Owen et al. (1985) proved
that plasma membrane receptors of erythro-
cytes bind to high-density lipoproteins and
this causes a change in their shape. According
to M.I. Tsvilikhovskyi et al. (2023), the presence
of schistocytes in rabbit blood can be attrib-
uted to intravascular damage, particularly in
cases of disseminated intravascular coagula-
tion (DIC). During DIC, fibrin strands trap and
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fragment erythrocytes, leading to the forma-
tion of schistocytes. Animals experiencing DIC
may also exhibit thrombocytopenia. In calves,
the appearance of schistocytes is widely recog-
nised as a characteristic feature of DIC. In the
blood of horses and cats, schistocytes are rarely
observed, and their presence is associated with
hepatopathy (Fig. 4).

Figure 3. Blood smear from an experimental
rabbit. Marked poikilocytosis of erythrocytes
Note: Echinocytes — 1, acanthocytes — 2, schistocytes —
3, and polychromatophils — 4 are visible under the
microscope. Leucodif 200 staining. Magnification x 1000

Sourse: authors’ material

Figure 4. Blood smear from an experimental

rabbit. Marked poikilocytosis
Note: Echinocytes — 1, acanthocytes — 2, dacryocytes —
3, and polychromatophils — 4 are visible under the
microscope. Leucodif 200 staining. Magnification x 1000
Sourse: authors’ material

The presence of dacryocytes in rabbit blood
may indicate haemolytic anaemia, a condition
where erythrocytes are destroyed by the body’s
own immune system. As a result, the bone mar-
row produces a larger number of blood cells,
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including those with structural abnormalities,
which are then released into the bloodstream.
J.W. Harvey (2012) noted that dacryocytosis is
commonly found in the blood of dogs with mye-
lofibrosis, glomerulonephritis, and hypersplen-
ism, as well as in dogs and cats with myeloid
neoplasms. In ruminants, dacryocytes are often
seen in cases of iron deficiency anaemia.

Figure 5. Blood smear
of the experimental rabbit

Note: Polychromatophils - 1, echinocytes - 2,
acanthocytes - 3, and keratocyte — 4 are visible under the
microscope. Leucodif 200 staining. Magnification x 1000
Sourse: authors’ material

The presence of keratocytes in rabbit blood
can be indicative of various pathological con-
ditions, including iron deficiency anaemia and
liver diseases such as hepatosteatosis. In these
cases, damage to the erythrocyte membrane oc-
curs as a result of oxidative stress. For instance,
in iron deficiency, a rounded vacuole initially
forms within the erythrocyte. This vacuole then
moves to the cell’s exterior due to oxidative
damage to the inner surface of the membrane.
According to the literature previously cited, one
reason for the formation of this clear zone (vac-
uole) could be a deficiency of haemoglobin. The
same literature mentioned that drepanocytes
appear in the blood of animals due to haemo-
globin polymerisation. This phenomenon oc-
curs in vitro when the partial pressure of oxygen
increases and the pH level exceeds 7.4.

Figure 6. Blood smear
of the experimental rabbit

Note: Drepanocytes — 1, echinocytes — 2, and
acanthocytes — 3 are visible under the microscope.
Leucodif 200 staining. Magnification x1000

Sourse: authors’ material

A reduction in the white blood cell (WBC)
count in the experimental rabbits indicated a
suppression of their immune system. Absolute
lymphopenia was diagnosed in the blood of
these animals, further supporting the conclu-
sion of immune suppression. Lymphopenia is
more commonly associated with acute or severe
inflammatory processes and can be linked to
chronic viral, bacterial, and fungal infections.
The release of endogenous glucocorticoids in
response to severe systemic disturbances may
play a major role in the development of lym-
phopenia, which often accompanies these dis-
turbances. According to M.I. Tsvilikhovskyi et
al. (2023), glucocorticoids can potentiate ap-
optosis in susceptible lymphocytes. In rabbits,
lymphocytes are primarily found in the blood,
spleen, bone marrow, lymph nodes, and gas-
trointestinal lymphatic tissues. The number of
circulating lymphocytes represents a balance
between cells entering and leaving the blood-
stream, and this does not necessarily reflect
changes in lymphopoiesis. A. Melillo (2007)
demonstrated that an increase in adrenaline
levels in rabbit blood (acute stress) induces
lymphocytosis, while an increase in cortisol
levels (chronic stress) leads to lymphopenia.
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The data from this author and D.R. Reavill &
R.E. Schmidt (2000) suggest that viral diseases
may not affect the lymphocyte count in these
animals or may even lead to lymphocytosis.
The extremely low neutrophil to lymphocyte
ratio (0.59), combined with a low absolute lym-
phocyte count (2.48 +0.34x10°%L) in the blood
of the experimental animals (Table 1), indi-
cates immunosuppression rather than stress.
The neutrophil-to-lymphocyte ratio in healthy
adult rabbits is approximately 1:1. Changes in
this ratio can be associated with stress (heter-
ophilia and lymphopenia). A. Bodnariu (2022)
noted that rabbits do not develop significant
leukocytosis in response to bacterial infection.
However, a change in the neutrophil-to-lym-
phocyte ratio is typically observed. During this
study, band neutrophils were not detected in
the rabbit blood. According to A. Melillo (2007),
these neutrophils are a rare finding in the blood

of rabbits with clinical infection, but the ab-
sence of a left shift in the leukocyte profile does
not rule out an infectious process.

The researcher demonstrated that four
days of fasting did not decrease blood glucose
levels in healthy rabbits. Glucose metabolism in
rabbits differs from that in dogs or cats. Rabbits
not only eat continuously throughout the day
but also utilise volatile fatty acids produced by
the caecal flora as a primary energy source. Ob-
taining a fasting blood sample is impossible as
rabbits practice coprophagy. A rabbit deprived
of food may continue to consume cecotropes.

Biochemical analysis of the blood plasma
(Table 2) of the experimental rabbits revealed a
decrease in glucose levels below the minimum
physiological range. This may indicate areduced
level of energy and fibre in the rabbits’ diet, as
well as impaired synthesis of this metabolite
in the animals’ bodies, particularly in the liver.

Table 2. Biochemical analysis of rabbit plasma, M*m, n=5

Parameter Result Physiological range *
Total protein, g/L 60.9+2.38 54-75
Albumin, g/L 38.72+2.34 27-46
Glucose, mmol/L 5.22%0.21 6.1-15.9
Calcium, mmol/L 3.96+0.14 2.4-4.2
Phosphorus, mmol/L 1.34%+0.18 0.6-2.7
Urea, mmol/L 5.47+0.41 2.3-6.6
Creatinine, pmol/L 68.04%5.46 44.2-141.4
Alkaline phosphatase, units/L 174.14+4.28 19-173
ALT, U/L 77.48+4.09 25-60
AST, U/L 27.89+1.87 5-31
GGT, U/L 7.54%0.29 0-7
Total bilirubin, pmol/L 6.34%0.64 3.4-8.5

Note: *Physiological ranges according to M.A. Thral et al. (2012)

Source: authors’ development

Hypoglycaemia can be induced by anorexia,
starvation, or impaired liver function. Addition-
ally, according to A. Bodnariu (2022), it leads to
the mobilisation of free fatty acids from adipose
tissue, causing ketoacidosis and hepatic lipido-
sis. A negative consequence of hypoglycaemia
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can also be impaired detoxification function of
the liver, synthesis of heparin, hyaluronic acid,
and chondroitin. Insufficient synthesis of the
latter can lead to impaired vascular permeabil-
ity, resulting in haemorrhages in such animals.
R.A. Saunders & R.R. Davies (2005) noted that
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hypoglycaemia is a rare occurrence in rabbits.
In anorexic animals, it suggests that the rabbit’s
body is utilising fat stores and is at risk of de-
veloping fatty liver disease. Hypoglycaemia can
occur in cases of terminal mucoid enteropathy,
hepatic insufficiency, or other chronic diseases.
Rabbits with acute sepsis may also experience
hypoglycaemia.

Elevated levels of alanine aminotransferase
(ALT), alkaline phosphatase (ALP), and gam-
ma-glutamyl transferase (GGT) in the blood
plasma of the experimental rabbits indicated
destructive changes in cell membranes, primar-
ily in the liver, and the development of cholesta-
sis. It is known that ALT activity is lower and
less organ-specific in rabbits compared to other
mammals. A. Bodnariu (2022) noted that in-
creased ALT activity in rabbits suggests possi-
ble hepatocyte damage, however, the degree of
elevation does not correlate with the severity of
hepatopathy and is not a prognostic indicator.
Slightly elevated ALT activity in blood plasma is
acommon occurrence in healthyrabbits. A slight
increase in ALT activity in the blood of healthy
rabbits can be explained by the influence of
low concentrations of toxic substances, such as
resins in wooden bedding or aflatoxins in feed.
A. Melillo (2007) demonstrated that increased
ALT activity in blood plasma in combination
with elevated ALP and GGT can be associated
with hepatic lipidosis, and was also observed
in rabbits with hepatic coccidiosis (Eimeria
steidae). Thus, increased ALT activity in rabbit
blood can accompany both pathological chang-
es in the liver parenchyma and biliary tract of
an inflammatory nature, as well as in dystro-
phy caused by intoxication of various origins.

Alkaline phosphatase (ALP) is a non-spe-
cific enzyme. The highest concentrations of
ALP are found in the liver and bones, but it is
also abundant in the intestinal epithelium, kid-
ney tubules, and placenta. Similar to other spe-
cies, according to the two aforementioned au-

thors, higher concentrations of ALP are found
in the plasma of young rabbits compared to
adults due to increased osteoblastic activity. As
a liver enzyme, ALP activity does not increase
due to hepatocellular damage but indicates bile
stasis (e.g., hepatic coccidiosis, liver abscesses,
neoplasia, lipidosis). The authors found that in-
creased GGT activity in rabbit plasma is most
often associated with obstructive lesions of the
bile ducts (cholestasis) but with less sensitivity
than in other species.

During necropsy of the rabbit carcasses, the
presence of gas-filled loops of small intestine
with fluid contents and no macroscopic signs of
inflammation was diagnosed (Fig. 7).

Figure 7. Meteorism of the intestine

in an experimental rabbit
Note: The arrow indicates the Ilocation of the
pathological process
Sourse: authors’ material

Samples of pathological material from
rabbits (heart blood, liver, kidneys, stomach,
intestine) were examined for the presence of
the causative agents of pasteurellosis, strep-
tococcosis, staphylococcosis, salmonellosis,
yersiniosis, listeriosis, and clostridial diseases.
No pathogens were detected. Given the clinical
symptoms, blood test results, and post-mor-
tem findings, it was necessary to determine the
cause of these changes. To this end, feed sam-
ples were collected and subjected to microbio-
logical analysis.
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Samples of plant-based rabbit feed (grist,
compound feed, bran, premix, sunflower seed
hulls) were examined for microbiological in-
dicators (number of yeasts and mould fungi;
quantity of Bacillus cereus and sulphite-reduc-

ing clostridia Clostridium perfringens; detection
of Enterobacteriaceae, pathogenic Yersinia, Sal-
monella spp., coagulase-positive Staphylococcus
aureus, and Listeria monocytogenes). The results
of the studies are presented in Table 3.

Table 3. Results of the microbiological analysis of rabbit feed samples

@ Norms
A Rabbit feed samples R
Indicator regulatory
assessed documentation
10/1 10/2 10/3 10/4 10/5 10/6 10/7 10/8
Yeast count, @ <10 (not <10(not <10(not <10(not <10(not <10(not <10(not <10 (not
CFU/g detected) detected) detected) detected) detected) detected) detected) detected) Not more than
Mould fungi count, Lo <10 (not . i <10 (not T e <10 (not 5x10°
@ CFU/g =230 detected) 220 =l detected) B2l A1 detected)
Bacillus cereus <10 (not <10 (not <10 (not <10 (not <10(not <10 (not <10 (not <10 (not Not established
count,® CFU/g  detected) detected) detected) detected) detected) detected) detected) detected)
Sulphite-reducing
clostridia i
g <10 (not <101 ot <10 (not ot <10(ot <10 (not <10 (not Not permitted
Cl_ostndlum detected) Eeal ll£1E detected) 1L45-11E detected) detected) detected) inlg
perfringens count,
@ CFU/g
Coagulase-positive
staphylococci .
Staphylococcus not detected Not ﬁfrlmltted
aureus count, @ g
CFU/g

Presence of
bacteria from
the family
Enterobacteriaceae,
®MPNin1.0g
Pathogenic
Yersinia, in 25 g
Pathogenic
microorganisms,
including
Salmonella spp.,
in25g
Presence
of Listeria
monocytogenes,
in25¢g

not detected

No Enterobacteriaceae bacteria detected (The actual number of microorganisms in 1
g is within 0.0-9.4 at a 95% confidence level)

not detected

Not more than
300CFUIn1g

not detected

Not more than
300CFUIn1lg

Not established

Note: OCFU - Colony-forming units. @List of maximum permissible levels of undesirable substances in animal feeds

and feed raw materials. “MPN - Most probable number
Source: authors’ development

No yeasts, Enterobacteriaceae, pathogenic
Yersinia, Salmonella spp., coagulase-positive
Staphylococcus aureus, or Listeria monocytogenes
were detected in any of the feed samples ex-
amined. According to the test results, samples
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10/1 - Grist (No. 2); 10/4 — Bran; 10/6 — Grist
(No. 1); 10/7 - Bran; and 10/8 — Compound feed
PK-90 Kremiks complied with the requirements
of the normative documentation (ND) (On the
approval..., 2012).
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Samples that did not meet the require-
ments of the ND were: 10/2 - Compound
feed (due to “Quantity of sulphite-reducing
clostridia Clostridium perfringens”); 10/3 — Sun-
flower seed hulls (due to “Mould fungi count”
and “Quantity of sulphite-reducing clostridia
Clostridium perfringens”); and 10/5 — Premix
“Kremiks” (due to “Quantity of sulphite-reduc-
ing clostridia Clostridium perfringens”).

Based on the research conducted, the most
probable diagnosis is enterotoxaemia in rabbits
caused by Clostridium perfringens. Due to the
epidemiological data, clinical symptoms, and
post-mortem findings, it is quite difficult to
establish a definitive diagnosis for this disease.
Therefore, the results of bacteriological and
toxicological studies are crucial for confirming
the diagnosis. The absence of positive results
from culturing the pathological material from
rabbit tissues and the inability to detect the
presence of toxins cannot confirm but also can-
not refute this diagnosis. R.M.C. Guedes (2016)
suggested that certain strains of Clostridium
perfringens are pathogenic to piglets and can
cause diarrhoea and reduced growth rates in
these animals, but how to identify them is still
unknown. This, of course, poses a significant
challenge in combating this disease. Some of
the lesions observed in the experimental rab-
bits may partially reflect the effects of a-toxin
on the organism, specifically causing gas pro-
duction and tissue damage.

In fact, J.G. Songer (1996) and C. Romero et
al. (2011) noted that this toxin hydrolyses lec-
ithin and sphingomyelin, causing membrane
destruction. According to these authors, some
rabbits in which a-toxin was not detected had
lesions similar to those caused by high concen-
trations of a-toxin. D. Marlier et al. (2006) were
also unable to detect the presence of a-toxin in
the intestinal contents of rabbits that died from
anaerobic enterotoxaemia or other digestive
disorders. Clostridium type C produces a potent
toxin - leukocidin - which almost completely

blocks the immune system of the diseased ani-
mal. This makes it vulnerable to other diseases
and leads to the development of new, non-spe-
cific clinical symptoms for enterotoxaemia
(Moraru, 2020). Additionally, according to
M.E. Fernandez-Miyakawa et al. (2007), isolates
of C. perfringens type B also produce epsilon
toxin, which exhibits potent neurotoxic activ-
ity. In their opinion, there is currently limited
information on the pathogenesis of diseases as-
sociated with type B, although these same au-
thors indicated that both CPE and epsilon toxin
can contribute to lethality.

As a result of enterotoxaemia, the death of
a rabbit occurs quite rapidly; therefore, treat-
ment is rarely employed. The choice of feed has
a significant impact on the development of the
disease — the higher the fibre content in the
diet, the lower the incidence of enterotoxae-
mia. M.E. Ensminger et al. (1990) have demon-
strated that a diet consisting of hay, straw, and
oats significantly reduces the risk of develop-
ing this disease. Therefore, preventive meas-
ures to prevent the development and spread of
enterotoxaemia in rabbit populations must be
considered when formulating diets and prepar-
ing feed for feeding.

Conclusions

A comprehensive study of the health status of
the experimental rabbits, including clinical,
morphological, and biochemical analyses of
blood samples, as well as microscopic examina-
tion of feed components and tissues from de-
ceased animals, revealed changes characteristic
of enterotoxaemia. Affected rabbits exhibited
digestive disturbances, watery faeces, and inter-
mittent fever of 40-41°C. These rabbits demon-
strated stunted growth, poor weight gain, and,
in some cases, experienced convulsions; sever-
al of them succumbed to the condition. Blood
analysis revealed a decrease in the number of
erythrocytes, leukocytes, neutrophils, and lym-
phocytes, as well as low haemoglobin levels and
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reduced haematocrit. The blood plasma had a
red colour, indicating intravascular haemolysis
and the development of hemoglobinemia and,
consequently, haemoglobinuria. The obtained
colour indices refuted the deficiency of iron and
copper in the experimental rabbits. Erythrocyte
size was not reduced. An increase in the num-
ber of polychromatophils to more than 4/100
erythrocytes confirmed the presence of haemo-
lytic processes in the sick rabbits. Rabbit eryth-
rocytes exhibited altered morphology, which
also indicated the development of anaemia and
a decreased immune status in the diseased ani-
mals. The sick rabbits developed hypoglycaemia,
suggesting an energy imbalance in the body.

development of cholestasis. During the
post-mortem examination, the anterior loops
of the small intestine were found to be distend-
ed with gas and fluid content, but macroscopic
signs of inflammation were absent. Samples of
the feed components did not meet the require-
ments of the normative documentation regard-
ingthe quantity of sulphite-reducing clostridia -
Clostridium perfringens, suggesting the possible
influence of their toxins on the rabbit organism.

A promising avenue for future research in-
volves identifying the specific types and quan-
tities of Clostridium perfringens toxins that
cause mortality in rabbits, as well as developing
effective preventive measures.

Simultaneously, an increase in the activity of

liver-specific enzymes — alkaline phosphatase, Acknowledgements

alanine aminotransferase, and gamma-glu- None.
tamyl transferase — was detected in the blood .
serum of these animals, indicating destructive Conflict of Interest
changes in hepatocyte membranes and the None.
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AHOTalisg. AKTyaJbHICTh HOCTIMKEHHS 3yMOBJIeHa Mpo6ieMaMy eHTepPOTOKCceMii y KpOIiB,
mo BukAMkaetrbcs Clostridium perfringens B ymMoBax IPOMMCJIOBOTO KpOMiBHUITBA. Meta
IOCJTiIKeHHST — BU3HAUEHHS IMPUYMH 3aXBOPIOBAHOCTI Ta MiJBUIIIEHOT JIETATbHOCTI B MOJOJHSIKY
KpOJIiB y mepion mopoinyBaHHs. Y po60Ti moeTarmHo MpoBeeHO aHasli3 3pa3KiB KOpMY, KITiHiuHe
00CTesKeHHSI KpOJIiB, BUPOIIEHMX B yMOBaX MPOMMUCIOBOI Kponedepmu, Ta JjabopaTopHe
MOCTiIKEHHSI OTPUMMAaHOTO Bif HuX 6iojoriuHoro matepiany. Kpim Toro, mjsi BCTaHOBJIEHHS
[iaTHO3y Ta HAaJaHHS TOCIMOAAPCTBY BiAIMOBiAHMX peKOMeHZAlliii IIOA0 yTPMMaHHS Ta
podislakTVKM 3aXBOPIOBAHb KPOJIiB aHATi3yBa/IM CTaH iX 3[I0POB’sl, TPUUMHYM PO3/1aJiB TPABJIEHHS
3 CUMIITOMaMM Jiapei Ta MiABUIIEHOI CMEPTHOCTi B YMOBax BUMPOOHMUIITBA. BUKOPUCTOBYBAIU
KJIiHiYHi, TeMaToJIOriyHi, MMaToJOroaHaTOMiuyHi, MiKpOO6iO/JOriuHi Ta CTAaTUCTUYHI MeETOmU
IOCTiIKEHHSI. Y XBOPMX KpOJIiB BCTAHOBJIEHO IIiJBUINEHHSI PEKTaJbHOI TemIlepaTypu Tina,
CUMIITOMM fiapei, B OKpeMMuX TBapMH — Hamaau cygoM. YacTuHa TBapuH 3aruHyia. Ilig gac
71a60PaTOPHOTO AOC/iKEHHSI KPOBi KPOJIiB BUSIBMIM IIOMipHY aHEMIIO 3i 3MEeHIIEeHHSIM KiJIbKOCTi
€PUTPOIIUTIB i 3HVKEHHIM BMiCTy TeMOIJIO0iHY Ta MOPYIIEHHS SIKICHOTO CKJIaTy epUTPOLUTIB,
30KpeMa HasBHICTh MOMKIIONUTO3Y, 3MiHEHUX (HOPM epUTPOLUTIB: aKaHTOIUTIB, eXiHOIUTIB,
IIUCTOLUTIB, HOaKpioLMUTiB, KepaTOUUTIB 1 [ApernaHOUUTiB. 3HUKEHHS iMYHHOTO CTaTycy
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OpraHi3aMy KpoJiiB XapaKTepu3yBaaocsl 3MeHIIeHHSIM y KPOBi 3arajJbHOI KiJIbKOCTi JIeMKOIUTIB,
NAiMGoUNUTIB, HU3BKMM CIIiBBiAHOIIEHHSIM HelTpodinis go nimdouuris. Ilig yac 6ioximiuHoro
aHali3y CHMpOBaTKM KpOBi KpOIIB BCTAaHOBJIEHO 3HIDKEHHS pPIiBHA INIIOKO3M HIMKYeE Mexi
¢disionorivuHux KOAMBAHb Ta MiABUIIEHHS aKTMBHOCTI dbepMeHTIB — ajaHiHaMiHOTpaHcdepasu,
aykHoi docdarasm i ramma-rayTaMiJiTpaHCIenTHAA3u. Pe3yabTaT MATOMOTIYHOTO PO3TUHY
KpOJIiB, IO 3aruMHY/IM, CBiIUMIM TIPO HASIBHICTh MepelOBHEHMX Trasamy TMepeaHix IeTesb
TOHKOTO KUIIEUHMKY, 3 PIIKMM yMiCcTOM Ta 6€3 MaKpOCKOMIYHMX O3HAK 3amajeHHs. Y KopMi,
SIKMM TOZYBaJIM KPOJIiB Y TOCIIOAAPCTBi, BUABIEHO CyabdiTpenykyiodi kaoctpuaii — Clostridium
perfringens. BusHaueHHsI IPUYMH 3aXBOPIOBAHOCTI Ta JIeTaAbHOCTI KPOJIiB HaJaCTh MOX/IMBICTD
nigi6paTy HamexxHi MeTonu NpodinakTUKY MafeXy B yMOBaX KOHKPETHOTO rocliofapcTaa

KiiouoBi c/10Ba: eHTepOTOKCYH ; aHEeMisT; pO3/1aAy TpaBaeHHs ; MOpGOJIOTivHi JOCTiIKeHHS KPOBi;
6ioximiuHi mOCTimKEHHST KPOBi

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 3




UKRAINIAN
JOURNAL OF 2024. Volume 15, No. 3. P. 113-135

VEEIIE;\III(‘;QQY Received: 09.05.2024 Revised: 17.07.2024 Accepted: 15.08.2024

DOI: 10.31548/veterinary3.2024.113

UDC 616-071:616-006:616.411

Clinical and morphological analysis of splenic neoplasms

Andriy Marunchyn’
PhD in Veterinary Sciences, Head Doctor of Veterinary Clinic “UniVet”
Veterinary Clinic “UniVet”
02002, 6E Mykilsko-Slobidska Str., Kyiv, Ukraine
https://orcid.org/0009-0001-1035-457X

Anastasiia Kovalova
Head of Pathomorphological Department
Universal Clinic “Oberig”

03057, 3G & 3V Zoolohichna Str., Kyiv, Ukraine
https://orcid.org/0000-0002-9886-3685
Palys Marcin
Veterinarian, Specialist in Non-domestic Animal Diseases
Veterinary Office “AGAMA”

32-046, 181 Minoga Str., Minoga, Poland
https://orcid.org/0009-0002-8359-6470
Kateryna Tereshchenko
Master's Degree, Veterinarian
Veterinary Clinic “UniVet”

02002, 6E Mykilsko-Slobidska Str., Kyiv, Ukraine
https://orcid.org/0009-0009-8786-8163
Mark Honcharenko
Master's Degree, Veterinarian
Veterinary Clinic “UniVet”

02002, 6E Mykilsko-Slobidska Str., Kyiv, Ukraine
https://orcid.org/0009-0004-7335-7673

Abstract. The relevance of this study arises from the pressing need for a deeper investigation
into the morphological aspects of identifying focal and localised lesions in the spleen. The
spleen performs several vital functions, including immune, haematological, storage, metabolic,

Suggested Citation:

Marunchyn, A., Kovalova, A., Marcin, P., Tereshchenko, K., & Honcharenko, M. (2024). Clinical and
morphological analysis of splenic neoplasms. Ukrainian Journal of Veterinary Sciences, 15(3), 113-135.
doi: 10.31548/veterinary3.2024.113.

‘Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
oY Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://orcid.org/0009-0001-1035-457X
https://orcid.org/0000-0002-9886-3685
https://orcid.org/0009-0002-8359-6470
https://orcid.org/0009-0009-8786-8163
https://orcid.org/0009-0004-7335-7673

Clinical and morphological analysis of splenic neoplasms

haemostatic, hormonal, and antiblastic roles, among others. Therefore, this study aimed to
determine the clinical characteristics of splenic tumour lesions and their structural changes, as
well as to identify the macroscopic appearance of the organ post-splenectomy. In diagnosing
splenic diseases, a key instrumental method was employed - ultrasound examination with
Doppler imaging — which enabled comprehensive investigation, analysis, and characterisation of
parenchymal pathologies. Animals underwent clinical examinations during routine health checks
or upon presentation of symptoms. When a splenic neoplasm was detected, surgical treatment was
carried out, specifically through an open laparotomy and splenectomy. The surgery was performed
under combined general anaesthesia (using both non-inhalational and inhalational anaesthetics).
The intraoperatively collected material from the affected organ was subjected to histological
examination. It was found that the pathomorphosis of splenic lesions varies, and the author's
pathological and histological studies highlight the key morphological characteristics of the
neoplasms. Accordingly, any splenic neoplasm can pose a life-threatening condition for several
reasons: organ rupture and haemorrhage, organ torsion, and malignancy, among others. The
findings are crucial for verifying splenic pathology, enabling the establishment of a definitive
clinical diagnosis, facilitating treatment of the animal, and extending its lifespan. The practical
significance of the results lies in identifying the need for comprehensive clinical and morphological
investigations in diagnosing splenic diseases, as well as examining histological preparations for
cellular and tissue changes. In veterinary medicine, the method of surgical treatment for splenic
lesions in animals may be a subject of debate. In contrast, in human medicine, established
protocols exist for performing organ-destructive operations such as splenectomy (by open or
laparoscopic approach), organ-preserving procedures like splenic resection or splenectomy
with autotransplantation of splenic tissue into the greater omentum (by open or laparoscopic
approach), and percutaneous punctures for splenic cysts

Keywords: ultrasound examination; lymphogranulomatosis; myelolipoma; structural changes;
laparotomy; endothelial cells; non-Hodgkin lymphoma

Introduction

According to the classification provided by
AY Mazurkevich et al. (2023), mesenchymal-
origin neoplasms are categorised into tumours
of fibrous, nervous, adipose, muscular, and syn-
ovial tissues, as well as of vascular origin and
myxomas. In dogs, fibromas, fibrosarcomas,
leiomyomas, haemangiomas, and malignant
fibrous histiocytomas are more common. In
cats, fibrosarcoma predominates, often asso-
ciated with the feline fibrosarcoma virus. Vas-
cular-origin tumours are relatively frequently
diagnosed in dogs, ranking 1° to 3" among soft
tissue neoplasms. The average age of affect-
ed animals is 8-9 years, with an almost equal

gender ratio. These tumours typically localise
in the neck, torso, and limbs (with the pel-
vic limbs being affected 2.6 times more often
than the thoracic limbs). The spleen, like soft
tissues, is also frequently affected. This is a
heterogeneous group of tumours. According to
the classification from the 1990s, the follow-
ing are distinguished: angioma, angiosarcoma,
epithelioid haemangiosarcoma, spindle-cell
haemangiosarcoma, malignant endovascular
papillary angioendothelioma (Dabska tumour),
haemangiopericytoma, and retiform haeman-
giosarcoma. A distinctive feature of the lat-
ter is the presence of long, branching vessels
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lined by monomorphic endothelial cells and
pronounced lymphoid infiltrates. Cytological
differentiation of these tumours is not always
possible. The vascular origin of the tumour is
indicated by the presence of blood vessels in
the material for examination.

J.M.M. Rodriguez et al. (2020) conducted
histological and immunohistochemical investi-
gations of a haemangioma found in the spleen of
a grey wolf (Canis lupus lupus) and compared the
results with those obtained in dogs. The authors
note that there are relatively few published re-
ports on the pathology of the spleen in carni-
vores. The results show similar characteristics
to dogs, in which neoplastic cells express vimen-
tin, von Willebrand factor, antibodies to smooth
muscle actin and endothelial growth factor. Spe-
cial staining with toluidine blue demonstrat-
ed a moderate increase in the number of mast
cells infiltrating the tumour. The study focus-
es on this particular feature of the neoplasms.

In the studies of M.V. Utechenko (2022) and
M. Quinci et al. (2020), it was highlighted that
one of the reliable methods for differentiating
focal splenic lesions is the use of ultrasonog-
raphy results, microscopy, and imaging of ne-
oplastic processes, which assist in determining
treatment strategies and prognosis. A review
of the specialised literature reveals differing
views on the functional role of the spleen in
mammals. Some researchers do not classify this
organ as essential for survival, although they
do not deny its significance for the proper func-
tioning of the body. When pathological pro-
cesses affect the spleen, splenomegaly is often
observed, which may result from the acute or
chronic impact of a pathological factor.

S. Griffin (2021) highlights the importance
of ultrasound examination of the abdominal
organs, especially when splenic neoplasms are
discovered incidentally. The author emphasised
that diagnostic accuracy is quite high when per-
formed by a skilled operator. However, all de-
tected splenic neoplasms, whether localised or
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diffuse, are indications for surgical intervention.

G. Corvera et al. (2024) demonstrated the
critical role of the spleen in the body, perform-
ing at least three essential functions: elimi-
nating foreign particles and bacteria from the
blood; participating in immune responses; and
producing blood cells when bone marrow hae-
matopoiesis is suppressed, as seen in myeloid
metaplasia of the spleen, which occurs as a res-
toration of the haematopoietic function origi-
nally active during embryogenesis.

The spleen also plays a role in stress adap-
tation. Through the activity of beta-adrenore-
ceptors, its capsule contracts, releasing stored
erythrocytes into the bloodstream, thereby in-
creasing the blood’s oxygen-carrying capacity.
In some animal species, the spleen functions
solely as an organ of lymphopoiesis. During
embryogenesis, it acts as a mixed lymphomy-
eloid structure and regulates the cytological
composition of the blood.

N. Kim et al. (2022) found that following a
splenectomy, the body’s resistance to bacteri-
al and viral agents decreases, leading to com-
plex changes in both the humoral and cellular
branches of the immune system. This includes
a reduction in the clearance of particulate an-
tigens, inhibition of phagocytic activity, and
suppression of antibody production in re-
sponse to non-specific antigens. Alterations
in the spleen’s filtration function result in hy-
percoagulopathy and thrombocytosis, with an
increased risk of excessive thrombus formation
post-surgery, which is explained by elevated
levels of TNF-o and interleukin-6 in the blood,
as well as overproduction of platelet antibod-
ies. The immune response is also weakened,
and IgG catabolism increases. Post-splenecto-
my immune disorders involve reduced levels
of IgG1 and IgG4 fractions, as well as lower
concentrations of fibronectin and IgM, accom-
panied by impaired functional ability of neu-
trophil granulocytes, monocyte cytotoxicity,
and shifts in lymphocyte population ratios.
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Consequently, the authors emphasise the im-
portance of differential diagnosis in the study
of splenic neoplasms.

Based on previous research reflected in
specialised publications, this study aimed to
conduct post-operative histological studies of
splenic neoplasms detected by ultrasound.

Literature Review

In their study, T. Fossum et al. (2019) demon-
strated that the spleen plays a crucial role in
animals by producing blood cells, which, un-
der conditions of myeloid metaplasia, support
the restoration of haematopoiesis. A. Birig et
al. (2019) noted that splenic tumours are com-
mon in dogs and are often diagnosed during
routine screening using ultrasound exami-
nation of the abdominal organs, as well as in
patients showing clinical symptoms of the dis-
ease. Statistical data were collected from April
2007 to June 2018, indicating that splenic tu-
mours accounted for 6% (97 cases) of the total
(1,629 cases) neoplasms examined. Histologi-
cally, malignant tumours were found in 89% of
cases, benign tumours in 11%, with haemangio-
sarcoma diagnosed in 75% and splenic lympho-
ma in 22%. Of the 97 splenic tumours included
in this research, 64 were diagnosed as primary
haemangiosarcoma, with 56% exhibiting me-
tastases in various organs of the body.
According to the research of ]J.M. Con-
nors et al. (2020), Hodgkin’s lymphoma is clas-
sified as a B-cell lymphoma. The clonal prolifer-
ation of so-called Hodgkin and Reed-Sternberg
cells, which belong to the B-cell population and
are surrounded by reactive cells, occurs primar-
ily in the lymph nodes before spreading to the
spleen and other organs. The aetiology of the
disease remains unknown. In human medicine,
the condition is predominantly observed in
adolescents and young adults, although it can
also affect the elderly. Diagnosis is based on
histological and immunohistochemical exam-

ination of tissue following a biopsy. Morpho-
logical changes in the tissue and the antigen
expression profile allow for the classification of
the lymphoma subtype (nodular sclerosis, mixed
cellularity, lymphocyte-depleted, or lympho-
cyte-rich lymphoma). A thorough understand-
ing of the pathology is essential for determining
the approach to multimodal therapy, includ-
ing radiation and multi-agent chemotherapy.

G. Corvera et al. (2024) determined that in
dogs, the spleen functions as a secondary lym-
phoid organ where both neoplastic and non-tu-
morous nodular formations of varying sizes can
develop. The research aimed to characterise
several focal lesions and identify risk factors
specifically associated with tumour develop-
ment. A total of 507 histological reports were
examined. Hemangiosarcoma and hyperpla-
sia were most commonly observed in Cocker
Spaniels, German Shepherds, and Labrador Re-
trievers. The collected data were analysed us-
ing descriptive statistics and multiple logistic
regression. Similarly, E.J. Herman et al. (2019)
reported that hemangiosarcoma is a preva-
lent tumour in geriatric dogs. To confirm the
pathohistological changes, it is necessary to ex-
amine the entire organ. M.A. Griffin et al. (2021)
suggested that hemangiosarcoma in dogs and
cats originates from pluripotent bone marrow
with a multifactorial pathogenesis. In dogs,
the disease is recorded more frequently than
in cats. According to the authors’ studies, af-
fected animals have an unfavourable prognosis
with rapid metastasis. The primary treatment
method is complete splenectomy combined
with chemotherapy based on anthracyclines.
J.M. Rozolen et al. (2021) reported that splenic
hemangiosarcoma is a malignant tumour aris-
ing from endothelial cells and predominantly
affects middle-aged and older dogs. The tu-
mour leads to extensive necrosis and haemor-
rhages within the organ’s parenchyma. Their
study utilised 53 samples of splenic tumour

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 3




Marunchyn et al.

tissue from dogs that had been previously diag-
nosed through histopathological examination,
which were fixed in formalin and embedded in
paraffin. The expression levels of Claudin-5,
PSMA, and Ki67 proteins were evaluated using
immunohistochemistry, while gene expression
was assessed through quantitative polymerase
chain reaction. Overexpression of Claudin-5
was observed in patients with metastases and
those with stage III tumours compared to pa-
tients with stages I and II. The findings indicat-
ed that the expression of Claudin-5 protein is
associated with the metastatic process, whereas
the expression of the PSMA gene and Ki67 pro-
tein correlates with survival time.

F.]. Leyva et al. (2018) histopathologically
investigated the characteristics of concurrent
neoplasms of the spleen and liver in dogs that
underwent complete splenectomy and biop-
sy. The study included 125 patients (dogs), of
which 27% (34/125) showed no signs of malig-
nant neoplasms, while 48% (60/125) had ma-
lignant neoplasms of both the liver and spleen.
Notably, 56 of these 60 dogs presented with
identical malignant neoplasms in both organs.

The relevance of splenectomy in cases of
diffuse splenic lesions was discussed by A. Am-
pese et al. (2022). The authors noted that my-
elolipoma of the spleen is a benign neoplasm
composed of adipocytes and haematopoietic
tissues. In comparison to the incidence of tu-
mours such as haemangiosarcoma, fibrosarco-
ma, haemangioma, and lymphoma, myeloli-
poma is relatively rare. Typically, the disease
remains asymptomatic in animals. In some cas-
es, symptoms such as vomiting, abdominal dis-
tension, and signs of pain were observed. The
presence of a neoplasm was confirmed through
ultrasound diagnostics. In cases of significant
neoplasms and splenomegaly, adjacent inter-
nal organs, including the liver, pancreas, and
kidneys, may become compressed. The surgical
treatment for myelolipoma involves total sple-
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nectomy L. Cassaro et al. (2021) reported that
myelolipoma can occur in both dogs and cats
and may develop in various organs and tissues.
A clinical case of splenic myelolipoma in a dog
was described, detailing its clinical-pathologi-
cal status and ultrasound examination findings.
Ultrasound imaging revealed splenomegaly
with formations along the entire length of the
parenchyma, exhibiting mixed echogenicity and
heterogeneous echostructure, likely due to the
mixing of tumour components with adipose tis-
sue. Macroscopically, the spleen appeared en-
larged, with the presence of irregularly shaped
nodules on the surface of the organ, which were
red with small yellowish areas. Microscopically,
a well-defined encapsulated formation was ob-
served, consisting of differentiated neoplastic
adipose tissue with islands of haematopoietic
elements in varying proportions. J.A. Nitz et
al. (2020) described a clinical case of splenic
myelolipoma in a human patient. Ultrasound
imaging, along with computed tomography,
identified a splenic neoplasm with character-
istics consistent with adipose tissue. Following
a total splenectomy, a pathological examina-
tion of the organ was conducted, confirming
the diagnosis. The authors emphasised that
the differential diagnosis of splenic neoplasms
containing adipose tissue, as seen on comput-
ed tomography, ranges from benign tumours to
malignant mesenchymal origins.

J.L. Kutok & C.D.M. Fletcher (2005) estab-
lished the existence of both benign and ma-
lignant tumours of the spleen. Benign tumour
types include lymphangiomas, haemangiomas,
and endothelial tumours, with osteomas, chon-
dromas, and fibromas being exceedingly rare.
Malignant tumours encompass specific types of
sarcomas, such as lymphosarcoma, fibrosarco-
ma, angiosarcoma, and reticulosarcoma, among
others. The authors focused on the differential
diagnosis of vascular tumours of the spleen in
their contemporary context.
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The splenic angiomata were investigated
by P.P. Arcuri et al. (2022). The authors noted
that primary angiomata of the spleen are gen-
erally benign; however, instances of malignan-
cy have been reported. They cited a case study
involving a patient who underwent diagnostic
investigations using both computed tomogra-
phy with contrast agents and magnetic reso-
nance imaging.

P.A. Cole (2012) and K. O'Byrne & G. Hos-
good (2019) demonstrated that various diseas-
es can lead to neoplasms of the spleen. Their
research was based on ultrasonography and
computed tomography. The comparisons were
conducted across different breed sizes: small,
medium, and large. They found that the preva-
lence of malignant and benign tumours did not
significantly differ; however, small-breed dogs
were more likely to have benign neoplasms.
This information is important to consider dur-
ing initial consultations with pet owners.

In summary, the literature indicates that
splenic neoplasms are relatively common in an-
imals. Pre-operative clinical examinations and
post-operative histological studies are crucial
for accurate diagnosis. Splenic lesions can be
both benign and malignant.

Materials and Methods

The study was conducted between 2020 and
2023 at the “Universal Veterinary Care” clin-
ic and the pathology department of the “Uni-
versal Clinic Oberih” medical centre in Kyiv.
Thirteen illustrative clinical cases of splenic
neoplasia were documented. All experimental
procedures involving animals were conducted
following the fundamental principles of bio-
ethics, following the European Convention for
the Protection of Vertebrate Animals Used for
Research and Other Scientific Purposes (1986)
and the Procedure for Conducting Research
and Experiments on Animals by Scientific In-
stitutions (2012).

In particular, the results of surgical treat-
ment for various species of animals are pre-
sented: an 11-year-old female Dachshund;
an 1l-year-old female Yorkshire Terrier; an
11-year-old female Jack Russell Terrier; a
10-year-old female French Bulldog; a 10-year-
old male Yorkshire Terrier; a 10-year-old male
Jack Russell Terrier; a 10-year-old male mixed-
breed dog; a 10-year-old female Yorkshire Ter-
rier; a 9-year-old female Pug; an 8-year-old
male Yorkshire Terrier; a 3-year-old male chee-
tah (Acinonyx jubatus); a 6-year-old male chee-
tah (Acinonyx jubatus); and a 6-year-old female
cheetah (Acinonyx jubatus).

All affected animals underwent clinical
and instrumental examinations, including an
ultrasound of the abdominal organs using the
MyLabOneVet veterinary scanner (Esaote). The
detected neoplasm was measured and charac-
terised in terms of the echogenicity of the af-
fected area, its relation to surrounding organs,
and the blood circulation in the affected region
was assessed using Doppler ultrasound.

The protocol for general anaesthesia used
was as follows: an anaesthetic mixture was
administered intramuscularly, consisting of
Domitor Vet (medetomidine hydrochloride 1
mg/mL) at a dose of 0.01 mg/kg and Butomidor
(butorphanol) at 0.1 mg/kg of the animal’s body
weight (Orion Pharma, Finland). Surgical in-
tervention was conducted under isoflurane en-
dotracheal anaesthesia (Iso-Vet, isoflurane 1000
mg/g, United Kingdom). For this purpose, the
Komesaroff small animal closed circuit anaes-
thetic machine MINI-KOMV (Australia) was
used, along with endotracheal tubes with a cuff.

The examination of animals under anaes-
thesia was conducted using clinical methods
and a device that monitored pulse rate, respira-
tory rate, blood oxygen saturation, rectal body
temperature, and arterial blood pressure (via
an automatic cuff placed on the brachial area
of the limb) known as InnoCare-Vet (Hungary).
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The surgical procedure involved an open lap-
arotomy of the upper midline abdominal wall
along the linea alba. Small bleeding vessels
were coagulated during the operation using
bipolar forceps connected to the device EXBA-
350M/1206 “Nadiya-2” (Ukraine). Ligation
was applied to the larger vessels supplying the
spleen. The surgical wound was closed in lay-
ers, primarily using simple interrupted sutures.
Absorbable surgical suture material, Syntil No.
3 and 4, was employed for ligatures, soft tissue
of the abdominal wall, and skin.

Subsequently, in pursuance of the aim, tis-
sue samples were taken from the pathological-
ly altered areas of the spleen and fixed in 10%
neutral formalin for further investigation.

Subsequently, histotechnical processing of
the material was performed using the STP120
Microm / Thermo Scientific (Germany) tissue
processing machine of carousel type, which
involved dehydration in a series of ascending
concentrations of alcohol, followed by embed-
ding in paraffin. Paraffin blocks were prepared
using the EC350 Microm/Thermo Scientif-
ic (Germany) tissue embedding centre. From
these blocks, serial sections were produced with
a thickness of 3-5 ym using the HM340E Mi-
crom/Thermo Scientific (Germany) rotary mi-
crotome, which was additionally equipped with
the STS Microm/Thermo Scientific (Germany)
transfer system for sections. The samples were
placed on standard glass slides, followed by de-
paraffinisation and histological staining in the
HMS 740 Microm (Germany) staining machine.
The staining protocol involved haematoxylin
(Harris Haematoxylin Accified series S, Epre-
dia, Spain)/ eosin (Eosin Y Alcoholic series R/
Epredia, Spain). Upon completion of the stain-
ing process, the tissue samples were mounted
under glass using the mounting medium Mi-
cromount/DiaPath (Italy). Subsequently, the
histological preparations were examined using
light microscopy with an Olympus BX 46 micro-
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scope (Japan) equipped with an Olympus SC 50
camera (Japan), with sequential observations at
magnifications of x4, x10, x20, and x40 (with a
x10 ocular).

Results and Discussion

According to patient medical histories, it was
established that the symptoms of splenic ne-
oplasms may not manifest clinically, or the
disease could follow a subclinical course. In
cases of malignant tumour development, the
symptoms may be more pronounced, particu-
larly with rapid metastasis. Clinical cases of
13 patients diagnosed with splenic neoplasms
through ultrasonographic examination, fol-
lowed by splenectomy and morphological stud-
ies, are presented.

Non-Hodgkin lymphoma. Dog, Dachs-
hund, 11-year-old, female.

Medical history: Clinical symptoms in-
cluded abdominal wall pain, with noted tension
in the area. During clinical examination using
ultrasound of the abdominal organs, the fol-
lowing findings were recorded: the spleen was
not enlarged, crescent-shaped, with smooth
contours and clear boundaries. The echogenic-
ity was increased, and the structure was homo-
geneous. A mass, measuring 1.2x1.1 cm, was
visualised in the middle third of the spleen.
It had a homogeneous hypoechoic internal
structure with irregular and unclear borders,
and blood flow to the mass was not enhanced
(Fig. 1). A laparotomic splenectomy was per-
formed. Macroscopic changes: The spleen was
not enlarged, palpably not compacted, with a
1.2x1.1 cm nodular growth of light grey tissue
with unclear margins, penetrating into the
normal splenic parenchyma (Fig. 2). Morpho-
logical changes: The splenic parenchyma was
histologically normal, with typical white and
red pulp organoid structure. Tumour growth
focus: a focus of proliferating lymphoid tis-
sue forming atypical follicular structures,
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composed of neoplastic cells of the lymphoid
series. These cells were of medium size, with

well-defined nucleoli, and sporadic figures of

Figure 1. Ultrasound image
of the neoplasm
Note: hypoechoic neoplasm
measuring 1.2x1.1 cm
Sourse: authors’ material

Cavernous haemangioma. Dog, York-
shire Terrier, 11-years-old, female.

Medical history: The splenic tumour was
discovered incidentally during a dispensary
examination. No clinical symptoms of the dis-
ease were observed. Ultrasound examination:
The spleen was not enlarged, with a typical
crescent shape, smooth borders, and well-de-
fined edges. The echogenicity was increased,
and the parenchymal structure was homoge-
neous. In the lower pole of the middle third
of the spleen, a lesion measuring 1.8x1.6 ¢cm
with a heterogeneous internal structure and
poorly defined borders was visualised, with
no increase in blood flow to the lesion (Fig. 4).
A laparotomic splenectomy was performed.

Figure 2. Intraoperative photo

of the splenic neoplasm
Note: neoplasm localisation
Sourse: authors’ material

mitotic divisions were observed (Fig. 3). This
histological pattern is indicative of non-Hodg-
kin lymphoma.

Figure 3. Atypical lymphoid
proliferation in splenic tissue
Note: Haematoxylin-eosin staining,

magnification x100
Sourse: authors’ material

Macroscopic changes: Palpation of the spleen
was not compressed, blood-filled, with a
soft-consistency neoplasm located superficial-
ly (Fig. 5). Morphological changes: Histologi-
cally, the spleen showed age-related involu-
tive changes, such as widespread hyalinisation
of the capsule and sclerosis of the organ’s pa-
renchyma. There were areas of proliferating
thick-walled fibrous structures branching and
anastomosing to each other. These septa were
lined with endothelial cells without signs of
cellular atypia. The formations corresponded
to cavernous structures, with the lumens par-
tially filled with blood (Figs. 6, 7). The histo-
logical findings are consistent with a cavern-
ous haemangioma.

Figure 4. Ultrasound image

of the splenic neoplasm
Note: neoplasm 1.8x1.6 cm
Sourse: authors’ material

Figure 5. Intraoperative photo
of the same splenic neoplasm

Note: neoplasm visualisation
Sourse: authors’ material
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I

Figure 6. Proliferation of thick-walled septa
lined with endothelial cells,

forming cavernous structures
Note: Haematoxylin-eosin staining, magnification x40
Sourse: authors’ material

Neoplasm complicated by haemorrhage.
Dog, Jack Russell Terrier, 11-years-old, female.

Medical history: The splenic neoplasm was
detected during a dispensary examination of
the animal via ultrasound examination. No clin-
ical symptoms of the disease were recorded. Ul-
trasound examination: The spleen was neither
enlarged nor displaced, maintaining its typical
shape, with smooth contours and well-defined
borders. The parenchymal structure was homo-
geneous, and coarse-grained, with unchanged
echogenicity. In the mid-third of the spleen, a
formation was found in the central pole, with
clear contours measuring 1.5x1.4 c¢cm, with a

Figure 7. Proliferation of thick-walled septa
lined with endothelial cells,

forming cavernous structures
Note: Haematoxylin-eosin staining, magnification x40
Sourse: authors’ material

hypoechoic internal structure (Fig. 8). A lapa-
rotomic splenectomy was performed. Macro-
scopically, the spleen was not enlarged, palpably
compacted, blood-filled, and a focal point with
structural disorders was found in the parenchy-
ma. On incision, this area revealed a disruption
in tissue integrity due to the accumulation of
unstructured, dark red masses (Fig. 9). Mor-
phological changes: Histologically, fragments
of splenic parenchyma showed areas of haem-
orrhage replaced by erythrocytes, with a focus
of haemorrhage in the white pulp, and areas of
capsular hyalinisation (Fig. 10). The histological
presentation is consistent with haemorrhage.

Figure 8. Ultrasound image

of the splenic neoplasm
Note: neoplasm with mixed
echogenicity 1.50x1.4 cm
Sourse: authors’ material

Lymphangiohaemangioma. Dog, French
Bulldog, 11-years-old, female.
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Figure 9. Intraoperative photo

of the same splenic neoplasm
Note: visualisation of haemorrhage
within the parenchyma
Sourse: authors’ material

Figure 10. Spleen
showing disrupted typical
histostructure due to

haemorrhage
Note: Haematoxylin-eosin staining,
magnification x40
Sourse: authors’ material

Medical history: The animal underwent
surgery for purulent endometritis three months
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prior. The splenic neoplasm was detected dur-
ing a dispensary examination. Ultrasound ex-
amination: The spleen was not enlarged, its
shape was typical, with smooth contours and
well-defined borders. The parenchyma ap-
peared homogenous, and echogenicity was
unchanged. In the lower pole, an oval-shaped
neoplasm measuring 2.2x1.5 cm was detected,
with indistinct borders and a hypoechoic inter-
nal structure. A laparotomic splenectomy was
performed. Macroscopic changes: The spleen
was not enlarged, with a doughy consistency

on palpation and filled with blood. In the lower
pole, a mass measuring 2.2x1.5 cm with a firm
consistency was observed (Fig. 11). Morpho-
logical changes: Histologically, a tumour was
found in the splenic parenchyma, consisting
of proliferating thick- and thin-walled vessels
with branching, narrow lumens. Some vascular
spaces showed occlusion, while the majority
were filled with lymph and blood. The endothe-
lium exhibited signs of hyperchromasia and
oedema (Figs. 12, 13). The histological findings
are consistent with lymphangiohaemangioma.

q s : N
e Y A .
I (.'/ % .
S
b
Figure 11. Intraoperative Figure 12. Splenic tissue Figure 13.
photo with the proliferation of Lymphangiohaemangioma
of the splenic neoplasm lymphangiohaemangioma, proliferation

Note: neoplasm localisation
Sourse: authors’ material

filled

with lymph and blood
Note: Haematoxylin-eosin staining,
magnification x 100

Note: Haematoxylin-eosin staining,
magnification x100
Sourse: authors’ material

Sourse: authors’ material

Vascular malformation and haemor-
rhage. Dog, Yorkshire Terrier, 10-years-old, male.

Medical history: Clinical symptoms in-
cluded abdominal discomfort, abdominal wall
tremors, and a reaction to bimanual palpation.
Ultrasound examination: The spleen was not
enlarged, with a typical shape, smooth con-
tours, and well-defined boundaries. Echogenic-
ity was mixed, and the parenchymal structure
appeared heterogeneous (Fig. 14). A laparoto-
mic splenectomy was performed. Macroscopic
changes: The spleen was palpably compacted

with a focal structural disorder in the form of
grey-brown foci with relatively clear contours
(Fig. 15). Morphological changes: Histologi-
cal examination of the splenic tissue revealed
vascular malformation characterised by thick-
walled vessels, branching and anastomosing
with each other, alongside fields of haemor-
rhage with varying degrees of organisation. The
white pulp was almost entirely displaced, with
no signs of cellular atypia (Fig. 16). The histo-
logical findings indicate vascular malformation
and haemorrhage.
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Figure 14. Ultrasound image

of the splenic
Note: mixed echogenicity
Sourse: authors’ material

0Old haemorrhage. Dog, Jack Russell Terri-
er, 10-years-old, male.

Medical history: A splenic neoplasm was
discovered incidentally during the animal’s rou-
tine check-up. No clinical symptoms of the dis-
ease were recorded. An ultrasound examination
of the abdominal organs revealed that the spleen
was not enlarged or displaced, but a localised
area with clear contours and altered echostruc-
ture was found within the parenchyma (Fig. 17).
A laparotomy was performed for splenectomy.
A laparotomic splenectomy was performed.

Figure 17. Ultrasound image
of the splenic neoplasm
Note: neoplasm with mixed echogenicity 2.50%2.3 cm
Sourse: authors’ material
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Figure 15. Intraoperative
photo |

of the same splenic
Note: isualisation of spleen tissue
Sourse: authors’ material

Figure 16. Spleen specimen
demonstrating a focus of
vascular malformation
Note: Haematoxylin-eosin staining,

magnification x40
Sourse: authors’ material

Macroscopic changes: The spleen was not en-
larged, had a doughy consistency upon palpa-
tion, and was filled with blood. An area measur-
ing 2.5%2.3 cm was present in the middle third
of the organ (Fig. 18). Morphological changes:
Histologically, the typical architecture was
disrupted due to the formation of a cavity, the
walls of which comprised the parenchyma of the
spleen, with areas of mildly expressed fibrosis.
The cavity was filled with erythrocytes exhibit-
ing signs of decay (Figs. 19, 20). The histological
findings are characteristic of old haemorrhage.

Figure 18. Intraoperative photo

of the same splenic neoplasm
Note: visualisation of haemorrhage
Sourse: authors’ material




Clinical and morphological analysis of splenic neoplasms

Figure 19. Spleen showing disrupted typical
histostructure due to haemorrhage

Note: Haematoxylin-eosin staining, magnification x 100

Sourse: authors’ material

Splenic lymphoma. Dog, mixed breed,
10-years-old, male.

Medical history: The animal exhibited
weight loss and intermittent vomiting, particu-
larly in the morning on an empty stomach. Dur-
ing a clinical examination using ultrasound of
the abdominal organs, echostructural signs of
a neoplasm were observed in the parenchyma
of the spleen. The spleen was not enlarged, re-
tained its typical shape, had smooth contours,

Figure 20. Subcapsular area of the spleen
with disrupted typical histostructure due to

haemorrhage
Note: Haematoxylin-eosin staining, magnification =100
Sourse: authors’ material

and clear margins. Echogenicity was increased,
and the parenchymal structure was homoge-
neous. A formation with increased echogenic-
ity measuring 1.8x1.6 cm was visualised in
the upper pole of the parenchyma (Fig. 21).
A laparotomic splenectomy was performed.
Macroscopic changes: The spleen was palpa-
bly compressed and blood-filled, with a dense
formation in the upper pole of the parenchyma
measuring 1.8x1.6 cm (Fig. 22).

Figure 21. Ultrasound image of a splenic

neoplasm (local changes in echostructure)
Note: neoplasm of the spleen with increased
echogenicity
Sourse: authors’ material

Morphological changes: The histological
structure of the spleen’s parenchyma was com-
pletely disrupted due to the proliferation of
neoplastic lymphoid-type cells, resulting in a
diffuse growth pattern. The tumour cells were
medium-sized, possessing a single enlarged

Figure 22. Intraoperative photo

of the same neoplasm in the spleen
Note: localisation of lymphoma
Sourse: authors’ material

nucleus with convoluted and diffuse chroma-
tin, and exhibited figures of mitotic division.
The cytoplasm of the cells appeared limited,
amphiphilic, or weakly basophilic (Figs. 23, 24).
The histological findings are consistent with
lymphoma.
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Figure 23. Spleen exhibiting disrupted
typical histostructure due to the proliferation
of pleomorphic neoplastic cells
of lymphoid origin
Note: Haematoxylin-eosin staining, magnification x200

Sourse: authors’ material

Haemangiolymphangioma. Dog, York-
shire Terrier, 10-years-old, female.

Medical history: No clinical symptoms of
the disease were recorded. Ultrasound exam-
ination: The spleen was not enlarged, with a
typical shape, smooth contours, and clear mar-
gins. Echogenicity was elevated, and the pa-
renchyma exhibited a homogeneous structure.
In the middle third of the organ, a formation
measuring 1.1x1.0 cm was visualised, charac-
terised by indistinct contours and a hypoechoic
internal structure (Fig. 25).

Alaparotomic splenectomy was performed.
Macroscopic changes: The spleen was not

Figure 24. Spleen exhibiting disrupted
typical histostructure due to the proliferation
of pleomorphic neoplastic cells
of lymphoid origin
Note: Haematoxylin-eosin staining, magnification x100

Sourse: authors’ material

enlarged, and the parenchyma was full of blood,
with a moderately dense neoplasm palpable
beneath the capsule (Fig. 26). Morphologi-
cal changes: Histologically, the neoplasm was
represented by a system of vascular structures
separated by thin connective tissue septa. The
lumens of the vessels varied in size, and the
walls were lined with endothelial-type epithe-
lial cells. The lumens of the vascular structures
were partially filled with homogeneous eosin-
ophilic material corresponding to lymph, and
partially with erythrocytes (Figs. 27, 28). The
histological picture is characteristic of hae-
mangiolymphangioma.

Figure 25. Ultrasound and Doppler
examination of the spleen
Note: area with a hypoechoic internal structure
Sourse: authors’ material
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Figure 26. Intraoperative photo
of the neoplasm in the spleen
Note: haemangiolymphangioma
Sourse: authors’ material
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Figure 27. Tumour composed

of lymphatic and blood vessel types
Note: Haematoxylin-eosin staining, magnification x40
Sourse: authors’ material

Cavernous lymphangioma of the spleen.
Dog, Pug, 9-year-old, female.

Medical history: Clinical symptoms of
the disease were not observed. During a
screening examination using ultrasound of
the abdominal organs, a neoplasm was iden-
tified in the parenchyma of the spleen. A lap-
arotomic splenectomy was performed. Mac-
roscopic changes: The spleen was enlarged
and engorged with blood, a compacted area

Figure 28. Structures of the
haemangiolymphangioma that branch

and anastomose with one another
Note: Haematoxylin-eosin staining, magnification x40
Sourse: authors’ material

with a hard consistency was palpated in the
parenchyma (Fig. 29). Morphological chang-
es: Histologically, the lumens of the vascular
structures were filled with a homogeneous
light eosinophilic substance corresponding
to lymph, within which a few lymphoid cells
were diffusely distributed, showing no signs
of cellular atypia (Figs. 30, 31). The histolog-
ical picture is consistent with cavernous lym-
phangioma.

Figure 29. Intraoperative
photo
of the cavernous
lymphangioma
Note: area with parenchymal
damage
Sourse: authors’ material

Cavernous haemangioma. Dog, Yorkshire
Terrier, 8-years-old, male.

Medical history: The animal exhibit-
ed no clinical signs of illness. A neoplasm in
the parenchyma of the spleen was discovered

Figure 30. Cavernous
lymphangioma
of the spleen
Note: Haematoxylin-eosin staining,
magnification x100
Sourse: authors’ material

Figure 31. Cavernous
lymphangioma
of the spleen
Note: Haematoxylin-eosin staining,
magnification x100
Sourse: authors’ material

incidentally during an ultrasound examination
of the abdominal organs. Ultrasound examina-
tion: The spleen was not enlarged, and had a
typical shape, with smooth contours and clear
boundaries. Echogenicity was elevated, and
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the structure of the parenchyma was coarse-
grained and homogeneous. A formation meas-
uring 1.02x1.3 cm was identified, with indistinct
contours and an internal structure of mixed
echogenicity (Fig. 32). A laparotomic splenec-
tomy was performed. Macroscopic changes:
The spleen was not enlarged, engorged with
blood, and palpably not compacted. Under the
capsule, a neoplasm was visualised that dif-
fered in colour from the parenchyma, exhibit-
ing a soft consistency (Fig. 33). Morphological

changes: Histologically, a tumorous formation
was identified, comprising thick-walled vessels
with cavernous structures. The inner walls of
the cavities were lined with endothelial cells,
the vessel is surrounded by serocytes, without
histological features. The cavities of the for-
mation were filled with erythrocytes exhibit-
ing signs of decay, along with the formation of
mural thrombi (Figs. 34, 35). The histological
picture supports a diagnosis of cavernous hae-
mangioma.

Figure 32. Echostructural changes
in the parenchyma with a neoplasm

of mixed echogenicity
Note: neoplasm 1.02x1.30 cm
Sourse: authors’ material

Figure 34. Cavernous haemangioma
composed of dilated vessels forming

cavities filled with blood
Note: Haematoxylin-eosin staining, magnification x 100
Sourse: authors’ material

Lymphogranulomatosis (Hodgkin’s
lymphoma). Cheetah (Acinonyx jubatus),
name: Casper, 3-years-old, male. Medical histo-
ry: The animal exhibited a decrease in appetite,
gradual weight loss, and digestive disturbances.
During an abdominal ultrasound examination,
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Figure 33. Intraoperative material.

Visual changes in the spleen
Note: localised cavernous haemangioma
Sourse: authors’ material

Figure 35. Cavernous haemangioma
composed of dilated vessels forming

cavities filled with blood
Note: Haematoxylin-eosin staining, magnification =100
Sourse: authors’ material

diffuse neoplasms of varying sizes and mixed
echogenicity were identified within the splenic
parenchyma (Fig. 36). A laparotomic splenecto-
my was performed. Macroscopic changes: The
spleen was not enlarged, exhibited insufficient
blood supply, and had a doughy consistency.
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Diffuse subcapsular neoplasms were present,
which felt soft upon palpation (Fig. 37). Mor-
phological changes: Histologically, there was
the proliferation of lymphoid elements of var-
ying degrees of maturity within the splenic tis-
sue. Reed-Sternberg multinucleated cells and

Hodgkin’s single-nucleus cells were identified.
The background was comprised of an infiltrate of
lymphocytes and eosinophils. Tumour structures
were partially separated by connective tissue
strands (Figs. 38, 39). The histological appear-
ance is characteristic of lymphogranulomatosis.

Figure 36. Ultrasound image of the diffuse

lesion in the splenic parenchyma
Note: mixed echogenicity of the parenchyma
Sourse: authors’ material

(Hodgkin’s lymphoma)
a significant number of diagnostic cells:
1 - Hodgkin’s cells and 2 — Reed-Sternberg cells.
Haematoxylin-eosin staining, magnification x200
Sourse: authors’ material

Note:

Myelolipoma. Cheetah (Acinonyx jubatus),
name: Orion, 6-years-old, male.

Medical history: The animal exhibited
limited physical activity, an increase in the
contour of the abdominal wall, and dyspeptic
disorders. Ultrasound examination revealed
diffuse changes in the echostructure of the
spleen, characterised by mixed echogenicity.
A laparotomic splenectomy was performed.
Macroscopic changes: The spleen was enlarged
and firm, with diffuse neoplastic formations of

Figure 37. Intraoperative photo.

Macroscopic changes
Note: diffuse lesions in the splenic parenchyma
Sourse: authors’ material

Figure 39. Lymphogranulomatosis
(Hodgkin’s lymphoma)
Note: a significant number of diagnostic cells:
1 - Hodgkin’s cells and 2 — Reed-Sternberg cells.
Haematoxylin-eosin staining, magnification x1000
Sourse: authors’ material

solid consistency noted within the parenchyma
(Fig. 40). Morphological changes: Histological-
ly, the tumour tissue was composed of mature
lipocytes with large, optically clear cytoplasm
and a single eccentrically located nucleus,
showing no signs of nuclear pleomorphism. De-
posits of myeloid-derived cells were observed
among the proliferates of mature lipocytes,
with no evidence of cellular atypia (Figs. 41, 42).
The histological appearance is characteristic of
myelolipoma.
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Figure 40. Intraoperative

photo of the spleen
Note: diffuse splenic lesions
Sourse: authors’ material

Myelolipoma. Cheetah (Acinonyx juba-
tus), name: Ariel, 6-years-old, female. Medical
history: No clinical symptoms of the disease
were reported. The examination was carried
out in a dispensary using ultrasound. Sple-
nomegaly and solitary hyperechoic inclu-
sions were detected in the splenic parenchy-
ma (Fig. 43). A laparotomic splenectomy was
performed. Macroscopic changes in the organ:
The spleen was engorged with blood, enlarged,
and had a doughy consistency upon palpation.

Figure 41. Myelolipoma.
Proliferation of lipocytes

and myeloid cells
Note: 1 - lipocytes; 2 — myeloid
cells. Haematoxylin-eosin staining,
magnification x100
Sourse: authors’ material

Figure 42. Myelolipoma.
Proliferation of lipocytes

and myeloid cells
Note: 1 - lipocytes; 2 — myeloid
cells. Haematoxylin-eosin staining,
magnification x200
Sourse: authors’ material

Various-sized compacted inclusions were not-
ed beneath the capsule (Fig. 44). Morphologi-
cal changes: Histologically, the tumour tissue
consisted of mature lipocytes with volumi-
nous optically clear cytoplasm and a single
eccentrically located nucleus, with no signs
of nuclear pleomorphism. Between the prolif-
eration of mature lipocytes, deposits of mye-
loid cells were observed, with no evidence of
cellular atypia (Figs. 45, 46). The histological
picture is consistent with myelolipoma.

Figure 43. Ultrasound image of the neoplasm
Note: area with a hyperechoic lesion measuring
1.04x1.5cm
Sourse: authors’ material
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Figure 44. Intraoperative photo of the spleen
Note: hyperaemia, splenomegaly, and solitary
neoplasms in the spleen
Sourse: authors’ material
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Figure 45. Lipoma (myelolipoma).
Proliferation of lipocytes and myeloid cells
Note: 1 - lipocytes; 2 — myeloid cells. Haematoxylin-
eosin staining, magnification x100
Sourse: authors’ material

Thus, the described results of ultrasound
diagnostics, surgical interventions (splenecto-
my), and histopathological studies of the spleen
are consistent with the findings of C.H. Sproh-
nle-Barrera et al. (2022), which state that the
spleen can be affected by various tumours, such
as tumour-like formations, vascular tumours,
lymphoid tumours, and non-lymphoid tu-
mours. Establishing a clinical diagnosis during
the animal’s lifetime remains challenging when
dealing with pathological changes directly
within the organ. Ultrasound diagnostics clear-
ly revealed pathological structural changes,
their size, quantity, and whether the organ was
enlarged or reduced (hypersplenism or hypos-
plenism); however, the diagnosis is confirmed
through morphological examination.

A. Auerbach et al. (2023) highlighted the
challenges of differential diagnosis of splenic
neoplasms, particularly regarding surgical bi-
opsy methods and the complications that may
arise following the procedure. The authors em-
phasised the importance of developing molec-
ular-genetic markers for tumour identification.
In their studies, patients in the postoperative
period were provided with adequate antibac-
terial therapy and postoperative pain manage-
ment. Special attention was given to wild ani-
mals, particularly cheetahs (Acinonyx jubatus),
as postoperative access to these animals was

Figure 46. Lipoma (myelohpoma)

Proliferation of lipocytes and myeloid cells
Note: 1 - lipocytes; 2 — myeloid cells. Haematoxylin-
eosin staining, magnification x100
Sourse: authors’ material

limited (making it difficult to maintain surgi-
cal sutures). In the operated animals, the sur-
gical wound healed by primary intention (prima
intentio) on the 10™-12% day, without signs of
complications.

A.M. Pirvu et al. (2021) demonstrated the
diversity of morphological changes using 194
cases of surgically removed spleens. The au-
thors characterised the macroscopic appear-
ance of the spleen in cases of splenomegaly,
cystic, and tumourous pathological lesions.
The study focused on postoperative cytological
and histopathological modifications. In cases
of splenomegaly, the absence of follicles and
dendritic cells, as well as poorly developed fi-
brous trabeculae, were noteworthy. Additional-
ly, foci of extramedullary haematopoiesis may
be observed. In cavernous haemangiomas, the
tumour was composed of vascular cavities re-
sembling sinusoids of varying sizes and shapes,
interconnected with one another. These cavities
were lined by a single layer of compressed en-
dothelial cells. Similar findings were obtained
in this study. The authors also emphasised
that such haemangiomas can lead to sponta-
neous splenic rupture and may give rise to the
following vascular tumours: cavernous hae-
mangioma, littoral cell angioma, multinodular
haemangioma, capillary haemangioma, benign
(infantile) haemangioendothelioma, diffuse
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sinusoidal haemangiomatosis, angiosarcoma,
and haemangiopericytoma.

According to Y.U. Ko et al. (2023), histo-
pathological studies are crucial for predicting
the course of angiosarcoma. Angiosarcoma was
found to be the most common malignant vas-
cular tumour of the spleen. Its microstructure is
polymorphic, characterised by spindle-shaped,
polygonal, or round cells forming vascular
channels and slits. In these studies, angiosar-
coma appeared macroscopically as a distinct
haemorrhagic nodule, with a risk of organ rup-
ture. Microscopically, large vascular cavities
filled with blood were observed, lined by a thin
layer of immature endothelial cells (tumoural
angioblasts). Focal areas of loose connective
tissue fibres were found between tumour cells.
The neoplastic endothelium was loose, leading
to frequent signs of wall integrity disruption
within the tumoural vessels, which resulted
in haemorrhages and necrosis. The nuclei of
tumoural angioblasts were enlarged, polymor-
phic, and hyperchromatic.

One type of malignant transformation of
lymphoid tissue is lymphogranulomatosis, or
Hodgkin’s lymphoma, characterised by the
presence of Reed-Sternberg giant cells, which
are identified during microscopic examination
of affected lymph nodes. In this study, numer-
ous Reed-Sternberg cell proliferations were
found not only in the lymph nodes but also in
the spleen, indicating an aggressive malignant
progression and extensive spread of the disease.

Y.U. Ko et al. (2023) demonstrated that my-
elolipoma belongs to the category of non-lym-
phoid tumours and is significantly less com-
mon compared to other spleen neoplasms.
This polyetiological disease is based on various
toxic injuries to the spleen, such as infections,
lymphatic system tumours, autoimmune and
systemic diseases, haemolytic anaemias, and
others. It leads to splenomegaly and replace-
ment of the parenchyma with adipose and
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myeloid tissue. This condition poses a threat as
it alters the organ’s topography and structure,
potentially leading to torsion or even rupture.
In the research described in this study, myeloli-
poma was recorded in two cheetahs (Acinonyx
jubatus) and confirmed morphologically. In one
case, clinical symptoms characteristic of spleen
neoplasms were observed, while the second
case was subclinical. After surgical intervention
(splenectomy), the symptoms in the affected
animal disappeared.

Clinical and morphological studies of splen-
ic lesions confirm that neoplasms can be of var-
ious types. Early detection, surgical interven-
tion, and histological examination are crucial
for the detailed characterisation of the patho-
logical condition and saving the animal’s life.

Conclusions

When neoplasms develop in the spleen of ani-
mals, it becomes necessary to verify the struc-
tural changes to refine the clinical diagnosis
and, consequently, the prognosis. Currently,
the primary diagnostic method for splenic ne-
oplasms (such as cysts and tumours) in veter-
inary medicine is abdominal ultrasound, as it
is the most accessible for patients. However,
based on experience and the capabilities of ul-
trasound equipment, the nature of the changes
can be inferred from the echographic image of
the organ’s structure. In human medicine, di-
agnostic computed tomography and magnetic
resonance imaging are also widely used.

All methods of instrumental visual diag-
nostics were aimed at a more detailed study of
the pathomorphological changes in the spleen
and the development of individualised ther-
apeutic strategies or surgical interventions.
The conducted studies show that neoplastic
processes in the spleen parenchyma appeared
in most cases in adult animals, predominant-
ly in the second half of life. In the case of di-
agnosed benign neoplasms, the possibility of
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threatening conditions cannot be excluded,
namely: rupture of the spleen capsule and leak-
age of the contained neoplasm into the abdomi-
nal cavity, which may lead to the development of
haemoperitoneum or peritonitis; or the abscess-
ing of the neoplasm if a bacterial infection occurs.

In cases where a malignant tumour or even
signs of its presence are established, splenec-
tomy is warranted. All detected neoplasms in
the splenic parenchyma should undergo fur-
ther morphological examination following the
splenectomy. Post-splenectomy morphological
studies provide the opportunity to establish a
definitive clinical diagnosis and to predict the
course of the disease, enabling the develop-
ment of an individualised therapeutic strategy
for patient management.

According to the conducted research,
splenic neoplasms are often interpreted as
“incidental findings” in dispensary ultrasound
screening. In such cases, disease symptoms

are absent. Timely surgical intervention and
subsequent morphological examination can
objectively contribute to extending the ani-
mal’s life when benign neoplasms are present
(such as haemangiolymphangioma, lymphang-
iohaemangioma, cavernous haemangioma,
cavernous lymphangioma, haemorrhage, and
myelolipoma). In cases of malignant neo-
plasms (lymphoma, lymphogranulomatosis,
non-Hodgkin lymphoma), it has also been pos-
sible to manage the disease effectively and alle-
viate the recovery period.

In the future, it is planned to implement
the developed experimental immunohisto-
chemical techniques and oncological markers.
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MeTa IbOTO TOCTiIKeHHSI CTOCYBaJIacs BU3HAYEHHS 0COOIMBOCTEN KIITHIYHOTO MPOSIBY ITYXJIMHHOTO
YpaskeHHSI cesle3iHKM Ta ii CTPYKTYPHUX 3MiH , @ TaKoX BM3HAUEHHSI MaKPOCKOMIYHOI KapTUHU
opraHy Micis CruieHeKToMii. Y AiarHOCTUIIi 3aXBOPIOBaHb Cee3iHKY BUKOPUCTOBYBAIN ITPOBiTHMIL
iHCTpYMeHTaJIbHUII MeTOH, Takuit SIK YIbTPa3BYKOBe OOCTiIxeHHsS 3 pgoruieporpadieio, o
JI03BOIMJIO KOMIIJIEKCHO JOCTIAUTH, IPOaHasli3yBaTy Ta OXapaKTepy3yBaTy MaToNOril B apeHximi
oprany. TBapuHaM, IiJ yac mucriaHcepusaliii abo 3a 03HAaK 3aXBOPIOBAHHS ITPOBOAVIIM KITiHIUHE
obcrexkeHHs. ITic/is BUSIBIIEHHS HOBOYTBOPEHHSI CeNIe3iHKM 3[ifiCHIOBAIM XipypriyHe JiKyBaHHS,
a came, orepaTuBHE BTPY4YaHHSI METOOOM BigKpuTOi JlamapoTomii Ta cruieHekToMi. Omeparlrist
MPOBOAM/IACS IIiJi KOMOIHOBAaHMM 3arajJibHMM 3HEOOTIOBAHHIM (HeiHrassiiiHi Ta iHransamiiHi
aHecTeTVKM). Bimi6panmniiiHTpaoneparliiiHo MaTepias i3 ypajkeHOTo OpraHy ImiI/IsiraB riCTOOT i YHOMY
IOCTiIKeHHI0. 3’sicyBasiy, o 1aToMopdo3ypakeHbcesle3iHKM Pi3HMIA, a BIACHI IATONIOTOTiCTOMOT UHI
JIOCTiPKeHHST BUCBIT/IIOIOTh OCHOBHI MOPQOJIOTiUHi 0COGMMBOCTI HOBOYTBOpeHb. BinmosinHO,
6yIb-sIke HOBOYTBOPEHHSI Cele3iHKY MOyKe CIIPUUYMHUTHU 3arpo3JIMBMIA CTaH 3 6araThbOX MPUYMH:
pPO3pUB OpraHy Ta KpOBOTeuy, CKpYYyBaHHSI OpraHy, Majlirtisaiio Tomo. OTpuMaHi pe3yJbTaTu
MaloTh BHMpilllajibHe 3HaueHHs y Bepudikailii matosorii cesesiHKM, IO [O3BOJISE TOCTABUTU
3aKJTIOUHM KITIHIYHMI [iarH03, MPOBECTH JIiKyBaHHS TBAPMHY Ta TTOJOBXUTY TPUBAJIICTD i1 SKUTTS.
[TpakTuYHe 3HAUEHHST OTPUMAHMX Pe3y/abTaTiB MOJATaE Y BUSBIeHHI HeOOXiTHOCTi KOMITJIEKCHOTO
MPOBEeAEHHS KIiHIYHMX i MOP(ONOTiuHMX TOCTIIKEeHb Y iarHOCTUII 3aXBOPIOBaHb CeJIe3iHKM, a
TaKOX JIOC/Ii/PKeHHI ricTornpernapariB Ha IpeAMeT KJIiTUHHUX Ta TKAHMHHUX 3MiH. IMCKYCIITHUM Y
BeTepUHAPHIiI MegUIMHI MOKe OYTY MeTO[, XipypriyHOro JiKyBaHHS B TBAPMH YpaskeHb Cee3iHKM.
Ha mporuBary, B ryMaHHili MeOUIIMHI BjKe BM3HAUEHi aJITOPUTMM MTPOBEAEHHSI OPraHOPYMHYIOYO1
omepartii, — cruileHeKTOMii (BiZKpUTUM ab0 JamapoCKOMiYHUM AOCTYIIOM), opraHo36epiraouoi —
pes3eKIlist cene3iHky ab0 CIIJIEHEKTOMIS 3 ayTOTPAHCIIAHTAIlIEI0 Ce/Ie3iHKOBOT TKAHUHM Y BETUKUIA
CaTbHMK (BiIKPUTUM a60 JamapoCKOIMiYHMM JIOCTYIIOM), Yepe3 IIKipHi MyHKIii Mpy KiCTO3HMX
YTBOPEHHSIX Cele3iHKM

KiiouoBi c1oBa: yabTpa3sBYKOBe IOCTiMKEeHHS; JiM(GOrpaHyIeMaTo3; MieojinomMa; CTpyKTypHi
3MiHM; JIalIapOTOMisl; eHI0TeNTiaabHi KJIiTUHY; HEXOIKKiHChKa JTiMmpoMa
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Abstract. The relevance of this research lies in the current lack of information regarding
the pathological manifestations of fungal infections in the parenchymal organs of animals,
the manifestations and the host’s response to the fungus. Diagnosis of visceral mycoses
is quite complex and insufficiently substantiated. A significant factor is the absence of
clear criteria for pathological changes in visceral mycoses and differential diagnosis from
similar diseases. This study aimed to reveal and establish the features of the clinical and
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morphological manifestation of the visceral form of candidiasis in the domestic dog (Canis
familiaris). The study employed the following main methods: morphologic and biochemical
blood analysis, post-mortem examination, and cytological and histological studies. When
conducting biochemical analyses of blood serum in dogs, it was found that the glucose
concentration was 2.17 mmol/L, which is almost three times lower than the lower limit of
the norm, while the creatinine content exceeded the norm by four times and corresponded
to a value of 560.4 mmol/L. As a result of serum analysis, an increase in the content of total
and direct bilirubin was also recorded. In particular, the content of total bilirubin exceeded
the physiological limit by 20 times and amounted to 222.68 pmol/L, while the level of direct
bilirubin increased almost 10-fold and corresponded to a value of 59.4 uymol/L. The activity
of aminotransferases, gamma-glutamyl transpeptidase, amylase, and alkaline phosphatase
in the blood serum of sick animals increased significantly. Key pathological features of
visceral mycoses in domestic dogs include haemolytic jaundice with extensive haemorrhages
in organs and tissues. Hepatitis and nephritis, diagnosed in sick dogs, are the result of a
generalised infectious process, the etiological factor of which is visceral candidiasis. The
obtained data are of practical value for practising veterinarians in the issue of differential
diagnosis of candidiasis, revealing the features of clinical and morphologic changes in the
visceral form of mycoses in dogs

Keywords: mycoses; hepatitis; nephritis; haemolysis; haemolytic jaundice; pathological changes;
Candida albicans

Introduction

Candidiasis is an opportunistic infection caused
by yeasts of the genus Candida. According to
studies by S. Allert et al. (2023), these fungi ac-
count for over 80% of yeast infections, and their
prevalence has increased dramatically in recent
years. K.G. Suprun (2020) and H. Hizlisoy et
al. (2024) argued that due to the resurgence
of diseases that weaken the immune system
and the widespread use of immunosuppressive
chemotherapy, there is a great deal of interest
in Candida infections. The clinical spectrum of
candidiasis ranges from superficial infections,
such as candidiasis of the skin, gastrointestinal
tract, and genital organs, to systemic diseases,
including candidemia.
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J. Lopes & M. Lionakis (2021) noted that
yeasts of the genus Candida are the primary
cause of these infections. Over 200 species of
Candida have been identified, but only around
20 are responsible for infections in both an-
imals and humans. Typically, these are com-
mensal microbes that reside on the skin, inside
the body, in the oral cavity, throat, intestines,
and vagina without causing problems. They
only exhibit their pathogenic potential when
there are factors that promote the transition of
an endogenous commensal into a disease-caus-
ing parasite. B. Beckwith-Cohen & S.M. Pe-
tersen-Jones (2024) found that these factors
can be either intrinsic or extrinsic to the host.
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Animals with obesity, those undergoing pro-
longed broad-spectrum antibiotic therapy and
corticosteroid treatment, are more susceptible.
Immunosuppression remains one of the most
common risk factors. The resurgence of dis-
eases that weaken the immune system, such as
immunosuppressive treatments and intensive
chemotherapy, has led to a dramatic increase in
Candida infections, which have become a major
cause of morbidity and mortality.

S. Headley et al. (2023) noted that yeast is
a common component of the surface microor-
ganisms of mammals. They inhabit external
and internal moist surfaces, such as the skin,
ear canal, conjunctival sac, mouth, digestive
tract, and perineal area. Studies by J. Lopes &
M. Lionakis (2021) have shown that among the
various species of Candida, C. albicans is the
most frequently encountered, being a commen-
sal yeast found in the oral cavity, gastrointes-
tinal tract, mucous membranes of the genitals,
and skin. Antibiotic-induced dysbiosis, iatro-
genic immunosuppression, or medical inter-
ventions that compromise the integrity of the
skin-mucosal barrier and disrupt host defence
mechanisms allow C. albicans to become an
opportunistic pathogen, causing debilitating
mucocutaneous diseases and life-threatening
systemic diseases and infections. Depending on
the site of infection, candidiasis can be superfi-
cial or systemic.

A. Rodrigues Hoffmann et al. (2023) es-
tablished that lesions in mammals are often
invasive and ulcerative. Systemic Candida in-
fection is typically rare in dogs and cats. How-
ever, surgical procedures and trauma, such as
foreign body ingestion, can lead to the pene-
tration of the pathogen into deeper tissues or
the abdominal cavity, resulting in granuloma
formation or peritonitis in cats and dogs. T. Di-
sha & F. Haque (2022) noted that in non-inva-
sive forms of the disease, Candida species begin
to actively proliferate in the intestinal lumen

without penetrating the mucosal layer. At the
same time, these microscopic fungi begin to
release specific fungal toxins and poisonous
fermentation products, leading to mucosal ir-
ritation. The effects of these toxic agents result
in mycotic allergy and the development of sec-
ondary immunodeficiency.

In the invasive form of candidiasis, both
local and systemic immunity are weakened.
Candida species invade the intestinal epitheli-
um (tropic to stratified squamous epithelium),
penetrate deeper into the tissue, and transform
into a filamentous form. Against a background
of cell-mediated immune suppression, Can-
dida fungi enter the bloodstream and spread
throughout the body. In the context of signifi-
cantly weakened immunity, visceral candidiasis
is essentially an infectious disease of the gastro-
intestinal tract caused by the host’s own fungal
flora. The clinical presentation of candidiasis
depends on the form of the disease and mani-
fests as pain, intestinal meteorism, liquefaction
of stools, ulcerative colitis, and fungal sepsis.

Difficulties in diagnosing the disease can
be caused by nonspecific symptoms that mimic
those of myocarditis, endocarditis, or endoph-
thalmitis.

Therefore, considering the significant
prevalence of fungal infections in animals and
the severity of the disease, the study aimed to
thoroughly investigate the pathological chang-
es in the affected internal organs of dogs with
intestinal candidiasis.

Literature Review

Over the past decade, there has been a surge in
the incidence of mycoses (fungal diseases) in
many countries worldwide, including Ukraine,
while viral and bacterial diseases have become
less prevalent (Alves et al., 2023). T. Shimamu-
ra et al., (2012) and S.P. Bouopda Tamo (2020)
have demonstrated that neoplastic diseases, au-
toimmune disorders, primary bacterial or viral
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diseases, metabolic disturbances, hypovitamin-
osis and avitaminosis, infectious and non-in-
fectious diseases of the digestive and respira-
tory systems, the use of antibacterial agents,
hormone therapy, immunosuppressive and
cytostatics drugs, dysbiosis, hormonal imbal-
ances, and primary and secondary immunode-
ficiencies are all endogenous factors that com-
promise the body’s defences against mycoses.

The term “candidiasis” refers to a patholog-
ical process primarily characterized by the over-
growth of Candida in the gastrointestinal tract,
as initially suggested by H.R. Conti et al. (2012),
and secondarilyin other organs, most commonly
the bronchial mucosa and parenchymal organs,
according to F.A. Uzal et al. (2016). E. Segal &
M. Frenkel (2018) established that visceral my-
coses (Aspergillus, Candida, Mucor and Nocar-
dia) are frequently encountered in veterinary
practice across various species and age groups,
posing diagnostic challenges. The structure of
individual visceral mycoses is as follows: As-
pergillus accounts for 45% of cases, Candida for
35%, Mucor for 15%, and Nocardia for 5%. The
development of candidiasis in dogs and cats,
similar to humans, is associated with multiple
factors, primarily a weakened immune system.

According to R. Arenas et al. (2012), data
from the World Health Organization has shown
that Candida spp. are the most common and
prevalent causative agents of invasive mycos-
es in patients from intensive care units. The
incidence of invasive candidiasis in patients
varies from 1 to 10% depending on the unit’s
profile. The attributable mortality rate for in-
vasive candidiasis is high, ranging from 10 to
47%. Additionally, researchers have noted high
resistance to antifungal drugs used in modern
therapy, as well as the emergence of new fungal
pathogens.

Fungi of the genus Candida are widely dis-
tributed in the environment. They can be found
in the air, soil, water, household items, and
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various animal and plant-based food products.
Candida is a saprophytic fungus and a compo-
nent of the natural microflora of the mucous
membranes in animals and humans. T.J. Curi-
el (2008) indicated that fungal pathogens pos-
sess certain factors that can disrupt the host’s
immune defence mechanisms. The antigenic
components of Candida have similar antigenic
components to those of the host. This fact dis-
rupts the formation of a protective immune re-
sponse and can provoke autoimmune reactions.
As stated by R. Tunca et al. (2006), in mycoses
(Candida albicans, Aspergillus fumigatus), the
main mechanisms of impaired host defences are
their ability to suppress the protective activity
of phagocytes and disrupt the processes of spe-
cific immune response formation. G.]. Galiza et
al. (2012) found that suppression of the host’s
immune system occurs through direct inhibi-
tion of lymphocyte proliferation and mediator
secretion, as well as through the activation of
suppressor immune cells. Due to their powerful
adaptive mechanisms, which are absent in most
viruses and bacteria, fungi have proven to be
well-adapted to survival in extreme conditions.
E.P.F. Souto, E.P.F et al. (2018) distinguished
three forms of mycosis:

1. The superficial form, which affects the
mucous membranes of the oral and nasal cav-
ities, the anus, external genitalia, the stratum
corneum of the skin, and its derivatives;

2. The subcutaneous form, characterised
by the involvement of deeper layers of the skin,
the dermis, and/or subcutaneous fat;

3. The systemic form, which involves the
spread of the infection to internal organs, man-
ifests as systemic pathological changes.

Mucous membranes possess specific mech-
anisms that provide antifungal resistance. In
addition to the normal microbiota, several
other substances can inhibit the adhesion of
fungi to epithelial cells, including lysozyme
and secretory immunoglobulins such as sIgA.
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Fungi can penetrate these protective barri-
ers and enter the internal environment either
through mechanical disruption or after colo-
nising the barriers. It is important to note that
humoral immune factors exert only a fung-
istatic, rather than a fungicidal, effect on fungi.
Among the nonspecific cellular immune fac-
tors, phagocytes are of the greatest importance
in protecting the body from fungal infections.
Phagocytes interact with fungi through direct
contact. Smaller fungal cells are engulfed by
phagocytes and undergo intracellular killing. It
has been shown that even massive colonisation
by Candida can lead to the development of vis-
ceral or systemic candidiasis only in the pres-
ence of neutropenia.

A. Bufalari et al. (2016) noted that differ-
entiating internal organ candidiasis from other
diseases can be quite challenging, as the symp-
toms of candidiasis are non-specific. Therefore,
comprehensive laboratory and instrumental
studies are necessary. According to the research
of A.R. Khosravi et al. (2009) and E.P. Souto et
al. (2018), the visceral form of candidiasis is ac-
companied by severe gastrointestinal disorders.
One of the internal factors contributing to re-
duced resistance and the development of fun-
gal diseases is a decrease in the activity of se-
rum fungistasis, which should inhibit the vital
activity of yeast flora. It has been established
that approximately half of all domestic animals
have the conditionally pathogenic microorgan-
ism Candida on their mucous membranes. In
the samples studied, C. albicans was the pre-
dominant species.

Consequently, the detection of fungal path-
ogens in the oral and vaginal cavities is quite
common in veterinary medicine, often with
asymptomatic courses. The number of carriers
among dogs and cats is approximately the same,
but the average number of Candida per infected
animal is an order of magnitude higher in dogs.
No sex-related predisposition to candidiasis

has been found, but an age-related predisposi-
tion has been observed: the older the animal,
the more frequent oral and vaginal candidiasis.

Materials and Methods

The study was carried out in the histopatho-
logical laboratory of the Department of Normal
and Pathological Morphology and Forensic Vet-
erinary Medicine at the Odesa National Agrar-
ian University, and the “Animal Health” vet-
erinary clinic (Hlevakha, Kyiv Region) during
2023. The subject of the study was the internal
organs and tissues (blood, lungs, liver, kidneys,
spleen, pancreas, heart, intestine) of a dog (8
years old) with spontaneous Candida infection.
Morphological and biochemical blood analysis
was performed using automated analysers. The
results of the clinical blood analysis were ob-
tained using a URIT-2900 Vet Plus haematology
analyser (China), and biochemical parameters
were determined using a VetScan VS2 analys-
er (USA). The complete blood count included
the determination of the number of leukocytes,
lymphocytes, intermediate cells, granulocytes,
percentage of lymphocytes, percentage of in-
termediate cells, percentage of granulocytes,
number of erythrocytes, mean erythrocyte
volume, mean haemoglobin content in eryth-
rocyte, mean haemoglobin concentration in
erythrocytes, erythrocyte distribution width,
haematocrit, platelet count, mean platelet vol-
ume, platelet distribution width, thrombocrit.
The biochemical parameters of serum includ-
ed the determination of glucose, total protein,
albumin, urea, creatinine, triacylglycerols, cho-
lesterol, total bilirubin, conjugated bilirubin,
calcium, phosphorus, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), gam-
ma-glutamyl transferase (GGT), amylase, and
alkaline phosphatase. Coagulation tests on
native blood samples were also performed. All
experimental procedures adhered to the main
principles of bioethics outlined in the European
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Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Sci-
entific Purposes (1986) and the Procedure for
Conducting Research and Experiments on An-
imals by Scientific Institutions (2012).
Post-mortem examination of the dog was
conducted by full evisceration, following the
generally accepted sequence. Before the nec-
ropsy, a visual examination of the deceased an-
imal was carried out, assessing the general con-
dition of the body, nutritional status, presence
of injuries, and paying attention to the condi-
tion of the skin and mucous membranes of the
respiratory tract, eyes, and oral cavity. After the
necropsy, a visual examination of the internal
organs and tissues was conducted with a de-
tailed description and recording of the obtained
data in a protocol. After a visual assessment of
the condition of the internal organs, affected
pieces of organs and tissues measuring 1x1 cm
were taken for histological examination. Pieces
of lung, liver, kidney, stomach, intestine, spleen,
heart, and adipose tissue served as material for
histological examination. Several pieces were
cut at the border of healthy and affected tissue,
taking into account the macro- and microscopic
structure of the organs, and volumetric granu-
lomas were completely excised. Subsequently,
the taken material was fixed in a 10% solution
of neutral formalin (pH 72-74). Some samples
of the affected organs were prepared on a freez-
ing microtome, and the main part of the pieces
was embedded in paraffin and serial sections
were prepared on a sliding microtome. In order
to avoid errors and successfully carry out differ-

ential diagnosis between different types of fun-
gal pathogens, as well as to assess the features
of the macroorganism’s reaction in response to
the pathogen, sections were stained in several
ways. Histological sections were stained with
haematoxylin and eosin, according to Van Gie-
son, and according to Mallory. The general his-
tological structure and microstructural changes
in histological preparations were studied under
a light microscope MC 100LED (Micros Austria).

To assess the cytological composition of
the samples, biological material was collected,
namely bronchoalveolar lavage, exudate from
the mucous membranes of the mouth, and uro-
genital organs, obtained by deep scraping and
impression smears. The obtained material was
applied to a glass slide, stained with the spe-
cial dye “Diff-Quik” (Croatia), according to the
standard method, then the preparation was
covered with a coverslip and examined under an
MC 100LED microscope (Micros Austria).

Results and Discussion

During a clinical examination of an 8-year-old
domestic dog, to conduct a planned general
anaesthesia, liver and kidney dysfunction was
detected. Following this, the animal under-
went outpatient treatment. Less than a week
passed from the clinically significant deterio-
ration of the animal’s general condition to its
death. The preliminary diagnosis was liver cir-
rhosis (hepatitis).

The results of the general clinical blood
analysis of the diseased animal are presented
in Table 1.

Table 1. General clinical blood analysis of the dog

Indicator Normal range 'glflihiiri::;’ Tl:f! :ﬁzosrtlg‘g,ay
Leukocytes, x 10%/L 6-17 274 44
Lymphocytes, x 10%/L 0.8-5.1 25.3 22.3
Intermediate cells, x 10%/L 0-1.8 1.2 6.0
Granulocytes, x 10%/L 4-12.6 0.9 15.7
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Table 1. Continued

Indicator Normal range s ﬁr:ij;g whie e :ﬁ?srtlﬂ &i; y of
Percentage of lymphocytes, % 12-30 92.3 50.8
Percentage of intermediate cells, % 2-9 4.2 13.7
Percentage of granulocytes, % 60-83 3.5 35.5
Erythrocytes, x 10'%/L 5.5-8.5 6.67 6.5
Haemoglobin, g/L 110-190 164.0 160.0
Mean erythrocyte volume, fl 62-72 67.8 66.4
Mean haemoglobin content in an 920-25 246 24.7
erythrocyte, pg
Mean haemoglobin concentration in an
efythroc sto, gL 300-380 363 371
Distribution width of erythrocytes, CV, % 11-15.5 13.3 13.7
Distribution width of erythrocytes, MCV, fL 35-56 35.7 35.2
Haematocrit, % 39-56 45.2 43.2
Platelet, x 10%/L 117-460 337 327
Mean platelet volume, fl 7-12.9 7.2 7.2
Platelet distribution width, % 10-18 174 17
Thrombocrit, % 0.1-0.5 0.243 0.234
Large platelet coefficient, % 13-43 4.5 51]

Source: compiled by the authors

On the first day of the blood examination,
an increase in the number of leukocytes to
27.4x10%L was observed, compared to the nor-
mal range of 6-17x10°L. On the second day, the
number of leukocytes in the blood increased
by 1.6 times. The number of lymphocytes was
three times higher than the upper limit of the
normal range (normal range 12-30%). On the
second day, the number of lymphocytes in the
blood decreased by 12%. However, the number
of lymphocytes decreased by 45% compared to
the first day, which is almost twice the upper
limit of the norm. At the same time, the number
of granulocytes in the dog’s blood increased 17-
fold (normal range 4-12.6x10%L). The number
of granulocytes on the first day of the examina-
tion was 3.5%, and on the second day - 35.5%,
which is significantly below the lower limit
of the normal range of 60-83%, at 17 and 1.7
times, respectively.

The number of intermediate blood cells
(monocytes, eosinophils, basophils, and their
precursors) on the first day of the examination

was within the physiological range (normal
range 0-1.8x10°/L). On the second day of the
examination, the number of intermediate blood
cells increased 5-fold. The number of erythro-
cytes (Table 1), haemoglobin concentration,
mean erythrocyte volume, mean haemoglobin
content in erythrocytes, hematocrit, platelet
count, thrombocrit, and other parameters of the
clinical blood analysis on the first and second
days of the examination were within the phys-
iological range. At the same time, a decrease in
the large platelet coefficient was observed: on
the first day of the examination, it was 4.5%,
and on the second day — 5.1%, which is 3 times
lower than the lower limit of the norm, which
was 13-43%.

The increasing incidence of fungal diseas-
es in animals is primarily linked to the immu-
nosuppressive effects of modern technolog-
ical civilisation on animal organisms, which
weakens the body’s defences against infectious
diseases. In recent years, there has been a no-
ticeable trend towards increased carriage of
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Candida due to the frequent use of antibiotics.
The role of irrational antibacterial therapy in
the development of this mycosis is substanti-
ated by the suppression of the normal micro-
flora of the animal host, which competes with
Candida for mucosal receptors and glucose as
a nutrient source. Broad-spectrum antibiotics
(such as penicillin, streptomycin, amoxicillin,
baytril, tetravet, etc.) and, especially, their com-
binations, play the most significant role in the
development of dysbiosis. The use of antibiot-
ics disrupts the vitamin balance in the animal’s
body (suppressing the vital activity of Escheri-
chia coli, which actively participates in the syn-
thesis and replenishment of various vitamins),
leading to vitamin deficiency and promoting
the development of candidiasis. The results of
studies by S. Allert et al. (2018) also indicated
that the likelihood of developing invasive fun-
gal infections increases significantly in case of

impaired immune system function, including
immunodeficiency states, neutropenia, dis-
orders of cellular immunity, age, and severe
conditions against the background of the un-
derlying disease. One may agree with the data
of N. Willems et al. (2017), who proved that dis-
ruption of the endogenous microflora by antibi-
otics or immunosuppressive therapy, or disrup-
tion of the normal skin or mucosal barriers as a
result of surgery, the installation of permanent
catheters, or trauma, contributes to the pene-
tration of Candida into the body. H.R. Conti et
al. (2014) noted that primary susceptibility to
yeast infections can be associated with diseas-
es such as endocrinopathies, hyperadrenocor-
ticism, diabetes mellitus, cirrhosis of the liver,
neoplasms, and hypothyroidism.

On the second day of the examination, the
animal underwent a biochemical analysis of its
blood (Table 2).

Table 2. Results of the biochemical analysis of the blood of the affected animal

Indicator Unit of measurement
Glucose mmol/L
Total protein g/L
Albumin g/L
Total bilirubin umol/L
Conjugated bilirubin umol/L
ALT U/L
AST U/L
GGT U/L
Amylase U/L
Alkaline phosphatase U/L
Urea mmol/L
Creatinine umol/L
Ca mmol/L
P mmol/L
Triglycerides mmol/L
Cholesterol mmol/L

Source: compiled by the authors

Specifically, the glucose concentration
in the dog’s serum was found to be 35% be-
low the lower limit of the normal range (3.33-
6.38 mmol/L). Levels of total protein, albumin,
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Normal range Result
3.33-6.38 2.17
55.1-75.2 58

22-39 30.04
0.9-10.6 222.68
0-5.5 59.4
8.2-57.3 938.96
8.9-48.5 1376.84
1-10 19.92
269.5-1462.4 4530.11
10.6-100.7 286.59
3.1-8.5 8.33
44.3-138.4 560.4
2.2-3.0 2.68
0.7-1.8 4.4
0.11-5.56 2.46
2.9-6.5 1.27

and urea were within normal physiological
limits. However, creatinine levels were four
times higher than the upper limit of the nor-
mal range for a physiological serum concen-
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tration of 44.3-138.4 ymol/L. Serum analysis
revealed a significant increase in both total and
conjugated bilirubin, 20 and 10 times higher
than the physiological limits, respectively (to-
tal bilirubin 0.9-10.6 pmol/L, conjugated bil-
irubin 0-5.5 umol/L). The cholesterol level in
the serum was 2.2 times lower than the phys-
iological parameters, which range from 2.9 to
6.6 mmol/L. Triacylglycerol levels remained
within the normal physiological range of 0.11-
5.56 mmol/L.

Regarding the mineral metabolism param-
eters of the diseased animal, the calcium level
in the blood serum was within the physiological

range (normal range 2.2-3.0 mmol/L). However,
phosphorus levels were 2.5 times higher than
the maximum normal value (0.7-1.8 mmol/L).
The activity of all enzymes tested was signifi-
cantly elevated. ALT activity increased 16-fold
(normal range 8.2-57.3 U/L). AST activity in-
creased 28-fold (normal range 8.9-48.5 U/L).
GGTP activity increased 2-fold (normal range
1-10 U/L). Amylase and alkaline phosphatase
activity increased nearly threefold, compared
to the normal ranges of 269.5-1462.4 U/L and
10.6-100.7 U/L, respectively. As shown in Ta-
ble 3, the coagulation profile of the dog’s blood
indicated that no clot formation occurred.

Table 3. Coagulation profile of the affected animal’s blood

Indicator Result
International normalised ratio No clot
(INR) formed

Quick prothrombin time fNO clot
ormed

Prothrombin time No clot
formed

Activated partial thromboplastin time No clot
(APTT) formed

ibri No clot
Fibrinogen P

Unit of
Normal range
measurement
Total: 0.8-1.0
Anticoagulant treatment: 2.0-3.5
% Total: 70-130
sec Total: 9-16
sec 9-18
g/L 1.0-3.7

Note: no clot was formed, comparing the obtained results with the indicators of the normal range

Source: compiled by the authors

The causative agents of systemic mycoses
exhibit several common biological character-
istics. Depending on temperature and growth
conditions, they are capable of forming either
mycelial or yeast thalli. They have a high de-
gree of adaptation to parasitism: in natural
conditions, at a temperature of 20-30°C, these
organisms form mycelium, which feeds on dead
organic matter. At a temperature of 37°C, cor-
responding to the conditions within the body,
the pathogens shift to yeast growth, which is
more efficient in semi-liquid, organic-rich en-
vironments. This characteristic is widely used
in their diagnosis.

The findings of U. Binder et al. (2014) in-
dicated that Candida species can remain lo-
calised on the skin and mucous membranes,
causing superficial mycoses in immuno-
competent hosts, or can disseminate via the
bloodstream throughout the body, leading to
systemic mycoses. ]J.C. Heseltine et al. (2003)
noted that systemic candidiasis is reported in
a limited number of cases in dogs. According
to S. Seyedmousavi et al. (2018), most cases of
systemic candidiasis in dogs, for which the spe-
cies has been identified, are caused by Candida
albicans. The authors also reported a case of
disseminated candidiasis caused by C. glabrata
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in two dogs with concurrent other systemic
fungal infections.

According to a study by A. Khosravi et
al. (2009), infected dogs exhibited clinical signs
including fever, dyspnoea, and neurological
symptoms, along with agitation. Congestion
and petechial haemorrhages were observed in
all visceral organs of the dogs. Small, multiple
necrotic foci and greyish-white, nodular ab-
scesses were detected in the lungs, liver, heart,
brain, meninges, spleen, and kidneys. Micro-
scopic examination for Candida revealed mass-
es of branched, septate hyphae, pseudohyphae,
and yeast cells (blastospores) ranging from
round to oval, budding, and measuring 3-5 pm
in diameter, within various tissues. Yeast forms
predominated in most tissues, while filamen-
tous forms, especially true Candida hyphae,
were predominant in the brain and eye. Addi-
tionally, significant true hyphae were detected
in the lungs, kidneys, and liver. Tissue cultures
from various organs showed that in the study,
the lungs contained the highest load of C. al-
bicans. Furthermore, fungal load was observed
in the tissues of the kidneys, heart, liver, brain,
spleen, adrenal glands, lymph nodes, skeletal
muscles, pancreas, eyes, and thymus.

S.A. Headley et al. (2023) were the first to
report a case of mammary candidiasis in a dog.

Cytological examination of purulent mastitis
revealed Candida fungal hyphae within the le-
sions. A general examination of the dog revealed
multiple lesions in the kidneys, liver, myocardi-
um, pancreas, and brain. Histopathological and
histochemical methods diagnosed fungal ne-
phritis, hepatitis, myocarditis, pancreatitis, and
encephalitis, associated with fungal hyphae
within the lesions, often with fungal emboli
and vasculitis. Pure cultures of C. albicans were
obtained from fragments of lesions observed in
the myocardium and kidneys. The study results
suggested that the dog experienced an initial
skin infection, which likely served as the entry
point to the mammary gland, leading to mam-
mary gland candidiasis and subsequent embolic
dissemination to numerous organs. The results
of this study confirm and expand upon the find-
ings of the aforementioned authors.

A post-mortem examination revealed
marked jaundice of the skin, serous mem-
branes, and mucous membranes. The oral mu-
cosa of the dog was yellow with haemorrhages
and areas of thickening (mainly swelling of the
gums). A distinct diffuse yellow colouring with
a lemon tint was observed, along with small
haemorrhages in the subcutaneous tissue and
patchy bleeding in both superficial and deep
muscles (Fig. 1).

Figure 1. Icterus of the subcutaneous tissue and haemorrhages in the muscles
Note: black arrows indicate the icterus (jaundice) of the subcutaneous tissue, while orange arrows show the location

of haemorrhages in the muscles
Source: authors’ material
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Up to 500 mL of dark red fluid with a
brownish tint was found in the thoracic cavity.
The serous membrane of the thoracic wall had a

yellow tint and multiple haemorrhages located
along the ribs and in the muscles of the ventral
part of the thoracic spine (Fig. 2).

o
A

Figure 2. Icterus and haemorrhages on the serous membrane of the chest cavity
Note: black arrows indicate icterus (jaundice) of the serous membrane of the chest, while green arrows show the

location of haemorrhages on the serous membrane in the chest area

Source: authors’ material

Pericardial adipose tissue was abundant,
yellow in colour, and contained numerous
haemorrhages, ranging from pinpoint to
blotchy. The heart membranes displayed a
yellowish tint, with the epicardium and en-
docardium showing predominantly pinpoint
haemorrhages. The endothelium of blood

vessels also exhibited icteric discolouration.
The ratio of the right to left ventricular wall
was 1:4. The lungs had an uneven colour,
containing haemorrhages, with flat, diffuse
greyish-white foci observed under the pleura
(similar signs were found under the liver cap-
sule) (Fig. 3 A, B).

Figure 3. Overall appearance of the lungs from the pleura (A).

Multiple haemorrhages and fungal mycelium beneath the lung pleura (B)
Note: arrows indicate the location of haemorrhages under the lung pleura
Source: authors’ material

In cross-sections, foamy, reddish-brown
fluid was observed seeping from the lumens

of certain alveolar areas. The tracheal and
bronchial mucosa contained small clots of dark
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red, semi-fluid material. Subpleural haemor-
rhagic lesions were also found in the lungs,
extending deep into the parenchyma, along
with accumulation of serofibrinous exudate
in the alveolar spaces and marked infiltration
of neutrophils, mononuclear cells, and mac-
rophages in the alveolar walls. The abdominal
cavity contained a fluid similar to that found

in the thoracic cavity, with a volume of up to
300 mL. The serous membranes and visceral

fat had a jaundiced appearance and contained
haemorrhages. Multiple formations, flat and
round with scalloped edges and a jaundiced
colour, ranging in size from a grain of rice to
larger, were noted on the surface of the mes-
entery (Fig. 4 A, B).

Figure 4. Generalised form of visceral mycosis (serous membranes of the abdominal cavity)
Note: arrows indicate the location of the formations on the serous membranes of the abdominal cavity

Source: authors’ material

These formations consisted of granulo-
mas with a central necrotic core surrounded
by peripheral neutrophils, followed by ep-
ithelioid macrophages and multinucleated
giant cells, enclosed by a layer of fibroblasts
mixed with a moderate number of lympho-
cytes and plasma cells. Within the granulo-
mas, myriads of intracellular and extracel-
lular yeasts and extracellular hyphae were
found. The liver was not enlarged. It appeared
flabby in consistency with an uneven dark red
colour, and under the capsule, there were flat,
diffuse grey-white foci (similar findings were
noted beneath the pleura of the lungs and the
splenic capsule). The gallbladder was above
average in fullness, with a dark brown, fluid
bile. The pancreas was enlarged, gelatinous,
and light with a jaundiced hue, with occa-
sional patchy haemorrhages. The mesenter-
ic lymph nodes were enlarged, displaying an
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uneven red colour, and the blood vessels were
notably engorged.

The spleen was slightly enlarged, with a
wrinkled capsule and a diffuse dark red colour,
and produced a moderate scraping of the paren-
chyma. Up to 4 small, barely visible neoplasms
were detected, becoming noticeable upon pal-
pation. One of the neoplasms was round, up to
3 ¢cm in diameter, with a firm consistency and a
jaundiced colour, containing a fine network of
blood vessels and had a structured appearance
on the cut surface. Small formations in the form
of grey cords were visible beneath the capsule
(similar in colour and consistency to the lesions
found in the lungs and liver) (Fig. 5A). The se-
rous membrane of the mid and posterior sec-
tions of the digestive tract exhibited uneven red
discolouration with a jaundiced tint and con-
tained haemorrhages. The contents were below
average, dark red, and semi-fluid. The mucosa




Clinical and morphological manifestation...

was red, with haemorrhages but remained in-
tact. The adipose capsule of the kidneys showed
diffuse jaundiced discolouration and contained
haemorrhages. The renal cortex was clay-yel-
low in colour, with blood vessels in the medulla
displaying prominent blood engorgement, and
haemorrhages were observed. The bladder was
empty, with a thickened wall, and both the se-

rous and mucous membranes had a jaundiced
tint and contained haemorrhages (Fig. 4B). The
kidneys exhibited congestion, haemorrhages,
tubular degeneration, and neutrophil infiltra-
tion. Numerous necrotic foci and an inflamma-
tory reaction were found in the cortex, and to
a lesser extent in the medulla, initially domi-
nated by neutrophils and later by macrophages.

Figure 5. Neoplasms of the spleen (A). Bladder wall from the mucosal side (B)
Note: in Figure 4A, the black arrow indicates visceral fat with a jaundiced tint, while the green arrow points to the
location of the neoplasm in the spleen. In Figure 4B, the orange arrows indicate haemorrhages on the thickened
bladder wall from the mucosal side
Source: authors’ material

Thus, the post-mortem examination re-
vealed haemolysis of erythrocytes, leading to
haemolytic jaundice with corresponding icter-
ic and haemorrhagic manifestations in organs
and tissues. The fungal mycelium (Candida
species) was localised in the mesentery (diffuse
form), lungs, liver, and spleen, contributing to
the development of pneumonia, degenerative
hepatitis, splenitis, and pancreatitis. The for-
mation of dental calculus, candidiasis and ne-
oplasms (tumours) in the spleen and liver may
have contributed to the development of degen-
erative stomatitis. Nephrosis, impaired hae-
modynamics of the renal medulla, and haem-
orrhagic gastroenterocolitis were also present.
Histological examination identified the neo-
plasms as predominantly haemangiomatosis of

the spleen and liver (benign vascular tumours
of the abdominal cavity).

Conclusions

In the case of a dog suffering from visceral
candidiasis, serum analysis revealed a sig-
nificant elevation in total bilirubin levels to
222.68 umol/L, which was 20 times higher
than the physiological range, and conjugated
bilirubin reached 59.4 pmol/L, exceeding nor-
mal levels by 10 times. The serum creatinine
concentration in this animal was 4 times in-
creased, measuring 560.4 umol/L, which is four
times the normal range of 44.3-138.4 umol/L.
These changes are characteristic of liver and
kidney dysfunction associated with visceral
candidiasis.
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A notable aspect of the infectious pro-
cess in the domestic dog was the nearly 5-fold
increase in lymphocyte count. A marker for
fungal infection was found to be a decrease in
granulocytes compared to the norm, down to
0.9 10°/L, compared to the physiological range
of 4-12.6 10°/L. In this context, the relative
proportion of granulocytes in the blood of the
affected animal decreased 17 times below the
lower limit of normal, which is 60-83%, result-
ing in a value of only 3.5%.

Lesions caused by visceral mycoses can be
purulent, granulomatous, or mixed, influencing
the variability of histopathological manifes-
tations. More often, the body’s response may
be mixed. Candidiasis is rarely recorded as a
standalone disease. It most commonly occurs
against a background of other acute or debilitat-
ing chronic diseases and therefore presents as a

consequences of a generalised infectious pro-
cess, the etiological factor of which is visceral
candidiasis (mycosis of the serous membranes).
Considering the rapid development of clinical
manifestations and the characteristics (and se-
verity of the lesions) of pathological changes in
organs and tissues, the possibility of the disease
co-occurring with viral diseases of carnivores
cannot be ruled out. The established patterns re-
garding the clinical and morphological manifes-
tations of visceral candidiasis in domestic dogs
hold significant practical importance for veteri-
narians in terms of facilitating timely and effec-
tive diagnosis of this condition in this species.

Future research should focus on delineat-
ing the clinical and morphological characteris-
tics of visceral candidiasis in cats.
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Clinical and morphological manifestation...
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AHoTanisg. AKTYaJbHICTh HOCTigKeHHS OOyMOBJIeHA BifCYTHICTIO Ha CbOTroAHi iHdopmarii
I0JI0 0COGAMBOCTEN MTaTOMOP)OTOTIYHOTO MPOSIBY IpUOKOBUX iHGEKIIi Y TapeHXiMaTO3HUX
opraHax TBapuH, 0COGIMBOCTe MPOSIBY i peakilii MakKpoopraHisamy y BiAmoBiab Ha aito rpuba.
IliarHOCTMKa BicIlepaJibHUX MiKO3iB JOCUTb CKJIaJHA i HEJOCTATHbO OOTPYHTOBaHA. BasknMBUM
(dakTopoM € BiICYTHICTb YiTKMX KpUTepiiB maToMopdonoriyHmMx 3MiH MIpPU BiclepasbHUX
Miko3ax Ta gudepeHIjiaJibHa OiarHOCTMKA BiJl CXOXUX XBOopo6. Meroio 1iei po6otu 6yno
PO3KPUTTS Ta BCTAHOBJIEHHSI OCOOGMMBOCTEN KITiHiKO-MOP(OIOTiYHOrO MPOSIBY BiciepanbHOI
dbopmu KaHOMIO3y B cobaku cBijicbkoro (Canis familiaris). Y po60Ti BUKOPUCTOBYBaIN TaKi
OCHOBHI MeTomu: Mopdosoriune i 6ioxiMiuHe HOCTIIKeHHS KpOBi, MaTOI0rOaHATOMIUHMIL
PO3TUH Ta IUTOJIOTiIUHE i TicTomoriuHe gocimkeHHs. [Ipu mpoBefeHHi 6i0XiMiuHUX DOCTiIKeHb
IMOKa3HMKIiB CMPOBATKM KPOBi B c0O6aK BUSIBJIEHO, 1[0 KOHIIEHTpAIlis IJII0OKO3YM cTaHOBMIa 2,17
MMOJIb//, W0 Malike BTPUUi MeHIlIe HMKHbOI MeXi HOPpMU, a BMICT KpeaTUMHiHy B YOTUPU
pasu mepeBUIyBaB HOPMY i BifmoBigaB 3HaueHHI0 560,4 MMOJIb//1. Y pe3yabTaTi JOC/TiIKeHHS
CUPOBATKM KPOBi TAKOXX PEECTPYBAIYU 3POCTAHHSI BMIiCTy 3arajbHOrO Ta MPSIMOTO 6isipy6iHy.
3okpemMa, BMIiCT 3arajibHOTO 6imipy6iHy B 20 pasiB mepeBuiyBaB IOKa3HUK (iziomoriuHoi
MexXi Ta cTaHOBMB 222,68 MKMOJIb/JI, a piBeHb NMpsMOTro 6inipy6iny 3poctaB maibke y 10 pasis
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Aemop

Ta BiANOBimaB 3HAUe€HHIO 59,4 MKMOJIb/J. AKTUBHICTb B CHUPOBATI[i KPOBi XBOPUX TBapuH
amiHoTpaHcdepas, raMMa-rIyTaMiJITpaHCIENTUAA3M, aMinasu TaaykHoi pocdaTasm 3a3HaBama
icTroTHOTO MigBUIIEHHS. [I0 0CO6IMBOCTE MAaTOMOPGOIOriYHOTO IPOSIBY BicllepaJbHUX MiKO3iB
y co6aky CBiliCbKOTO CJTi[ BiIHECTU TeMOJiTUUHY JKOBTSIHUIIIO 3 MACUBHUMM KPOBOBUIMBAMMU
B OpraHM Ta TKaHMHU. [emaTuT Ta HeGPUT, SIKi AiarHOCTYBAJIM Y XBOPUX COOAK, € HACTIJKOM
reHepasizoBaHOTO iHGEKIITHOTO MPOoIlecy, eTioNoriYHMM YMHHUKOM SIKOTO € BicLiepalabHMit
KaHAino3. OTpMMaHi JaHi CTAaHOBJSTh IPAKTUYHY L[iHHICTb JJ151 IPaKTUKYIOUMX BeTepUuHapHUX
JikapiB B muTaHHI AudepeHIifiHOI miarHOCTMKM KaHAMI03iB, PO3KPMBAIOUM OCOBIMBOCTI
KJIiHiKO-MOpdosorivHMx 3MiH 3a BicuepanibHOi hopmu Miko3iB y co6ak

KmiouoBi cmoBa: Miko3u; remaTuT; HebpuT; TreMoOJi3; TIeMOJTITMYHA SKOBTSIHMUIIS;
rnaTtosioroaHatomiudi 3minm; Candida albicans
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