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ABSTRACT 

The endocrine system plays an important role in regulating various physiological 
processes in animals, encompassing growth, reproduction, metabolism, immune 
response, and overall homeostasis. This review delves into the fundamental definition 
and profound significance of endocrine function in animals, shedding light on its complex 
mechanisms and the vital role it plays in maintaining health and optimizing various 
aspects of animal production. 
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The endocrine system, a complex network of glands 
and organs, is responsible for the secretion of 
hormones – vital molecules that govern a multitude of 
bodily functions. These functions encompass growth 
and development, metabolic processes, electrolyte 
balances, and reproduction (Nagy and Malcomson, 
2022). This complex system comprises several key 
components, including the hypothalamus, pituitary 
gland, adrenal glands, gonads (testes and ovaries), 
thyroid gland, parathyroid glands, pancreas, and 
thymus (Skórka-Majewicz et al., 2020). Hormones, 
important to this system, are released into the 
bloodstream in response to specific triggers, reaching 
their target cells to convey critical messages (Nagy and 
Malcomson, 2022). 
 The endocrine system maintains a vigilant watch 
over the hormone levels in the blood, expertly 
regulating their release through complex biochemical 
mechanisms and the feedback loop (Hackney and 
Lane, 2015). Examples of these complex feedback 

loops are the hypothalamus-pituitary axis and the 
pituitary-adrenal axis, which finely tune hormone 
production and release (Paragliola et al., 2017). This 
complex system is instrumental in overseeing growth 
and development, tissue function, metabolism, and 
reproductive processes (Barzilai et al., 2012). 
 Undoubtedly, manipulating endocrine processes 
holds considerable potential in the realm of animal 
production. The significance of endocrines in the 
extents of nutrition, breeding, and overall production 
of farm animals cannot be overstated (Velazquez et 
al., 2008). The manipulation of endocrine processes 
promises enhanced animal growth, reproductive 
outcomes, and overall health. This can be achieved 
through a variety of strategies, including the 
administration of growth hormones as growth 
promoters, estrous synchronization, augmentation of 
milk production, the regulation of immune function to 
bolster health, and the reduction of stress by 
modulating cortisol levels. Such manipulation presents 

*Corresponding Author: Abdulazeez Muzemil  
E-mail: Muzammilabdulazeez@gmail.com. 

 
 https://dergipark.org.tr/en/pub/http-www-jivs-net  

Article History 

Received: 26.01.2024 
Accepted: 27.04.2024 
Available online:  
08.06.2024 

This work is licensed under the Creative Commons Attribution 4.0 International License.  

 Introduction 

http://creativecommons.org/licenses/by/4.0/


 93 

 

a nuanced approach to optimizing animal production, 
aligning with the sophisticated science of endocrine 
function. 

Endocrine regulation of growth and reproduction 

Overview of key endocrine glands and hormones 
involved in growth and reproduction 

The endocrine system, often referred to as the 
hormone system, is a fundamental component found 
across the animal kingdom, encompassing mammals, 
birds, fish, and numerous other species. This complex 
system comprises an array of glands distributed 
throughout the body, each with its specific function. 
These glands produce hormones, which are 
subsequently released into the bloodstream or the 
fluid surrounding cells. These hormones act as 
messengers, and their actions are recognized and 
responded to by receptors in various organs and 
tissues (Jameson, 2015). In essence, hormones 
function as the body's communication network, 
transmitting vital messages from one part of the body 
to another (Pert, 1988). 
 The endocrine system plays a important role in 
regulating an extensive spectrum of biological 
processes, from the earliest stages of life, through 
adulthood, and into old age. Its influence extends to 
the development of the brain and nervous system, the 
growth and function of the reproductive system, and 
the complex control of metabolism and blood sugar 
levels (Jameson, 2015). 
Among the key players in this system are: Pituitary 
Gland: Often termed the "master gland," the pituitary 
gland exerts control over various other endocrine 
glands. It produces a plethora of hormones, including 
growth hormone, which fosters the growth of bones 
and other bodily tissues. Furthermore, it plays a crucial 
role in nutrient and mineral utilization. Additionally, 
the pituitary gland produces luteinizing hormone and 
follicle-stimulating hormone, which regulate the 
production of sex hormones – estrogen in females and 
testosterone in males, and also govern the production 
of eggs in females and sperm in males (Bharati et al., 
2023). 
Thyroid gland: The thyroid gland is responsible for the 
production of thyroid hormones. These hormones 
wield influence over all cells within the body and hold 
sway over biological processes such as growth, 
reproduction, development, and metabolism 
(Jameson, 2015). 
Adrenal glands: These remarkable glands synthesize 
several hormones, including aldosterone, which 
maintains salt and water balance and blood pressure 
regulation. Furthermore, cortisol, produced by the 

adrenal glands, governs metabolism, influencing 
growth, maturation, and immune function (Nagy and 
Malcomson, 2022). 
Pancreas: Serving as an exocrine and endocrine gland, 
the pancreas primarily focuses on controlling blood 
sugar levels. It achieves this through the production of 
insulin and glucagon (Knight, 2021). 
Ovaries: In female animals, the ovaries are the primary 
source of sex hormones, including estrogen and 
progesterone. These hormones play a important role 
in regulating the estrous cycle, and they are key actors 
in processes such as pregnancy and parturition 
(Persson, 2000). 
Testes: In males, the testes serve as the primary 
source of sex hormones, particularly testosterone. This 
hormone is instrumental in the development of male 
sex organs and the emergence of secondary sex 
characteristics (Toppari et al., 1996). 
 In addition to these primary actors, a host of other 
hormones are involved in the complex web of growth 
and reproduction. This includes hormones like growth 
hormone-releasing hormone, thyrotropin-releasing 
hormone, corticotropin-releasing hormone, 
gonadotropin-releasing hormone, oxytocin, 
vasopressin, dopamine, and somatostatin (Nagy and 
Malcomson, 2022). Each of these hormones, glands, 
and their functions, contribute to the awe-inspiring 
symphony that is the endocrine system, underscoring 
its indelible impact on the biological processes that 
shape life in the animal kingdom. 

Hormonal interactions and pathways regulating 
growth and reproduction 
The endocrine system is complex and involves a 
network of hormones and pathways that work 
together to ensure proper growth and reproductive 
function. Hormonal interactions and pathways play a 
crucial role in regulating growth and reproduction in 
animals. Here are some key points about the hormonal 
regulation of growth and reproduction:  
1. Hormones regulating growth: Growth Hormone 
(GH): Produced by the pituitary gland, GH promotes 
protein synthesis throughout the body, especially in 
cartilage, bone, and muscle (Isaksson et al., 1985)  
Somatotropin: A hormone produced by the pituitary 
gland, somatotropin is responsible for promoting 
protein synthesis and growth (Isaksson et al., 1985) .  
Steroid sex hormones: Testosterone and estrogen also 
have a role in regulating growth in humans. The 
hormone surge during adolescence produces a growth 
spurt in both male and female animals (Rogol et al., 
2002)  
2. Hormones regulating reproduction: Gonadotropin-
Releasing Hormone (GnRH): Released by the 
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hypothalamus, GnRH stimulates the release of follicle-
stimulating hormone (FSH) and luteinizing hormone 
(LH) from the anterior pituitary, which are essential for 
reproductive processes (Yaron and Levavi-Sivan, 2011)  
Follicle-Stimulating Hormone (FSH): Produced by the 
anterior pituitary, FSH stimulates the growth and 
development of ovarian follicles in females and sperm 
production in males (Chappel and Howles, 1991) 
Luteinizing Hormone (LH): Also produced by the 
anterior pituitary, LH triggers ovulation in females and 
stimulates testosterone production in males (Chappel 
and Howles, 1991)  
Sex Steroid Hormones: Estrogen and progesterone in 
females, and testosterone in males, play crucial roles 
in regulating reproductive processes, including the 
development of secondary sex characteristics and the 
regulation of gonad function (McEwen, 1992). 

3. Interactions and pathways 

Growth hormone and reproduction: There is evidence 
to suggest that growth hormone (GH) also directly 
modulates reproduction, exerting both gonadotropin-
dependent and gonadotropin-independent effects 
(Hull and Harvey, 2014). 
GH-insulin-like growth factor (IGF)-1-gonadal axis: 
This axis plays a significant role in reproduction, with 
GH and IGF-1 influencing gonadal function and the 
production of sex steroid hormones (Dosouto et al., 
2019). 
Hormonal control of animal performance: Hormones, 
including growth hormone and cortisol, interact and 
impact the development and performance of animals, 
particularly during niche shifts and metamorphosis 
(McCormick and Romero, 2017).  

Manipulation of growth hormones 

Exogenous administration of growth-promoting 
hormones 
The practice of administering exogenous growth-
promoting hormones is a widespread strategy in 
animal production, aimed at augmenting growth rates 
and enhancing feed efficiency (Qaid and Abdoun, 
2022). These hormones encompass androgens, 
estrogens, glucocorticoids, progestogens, and 
synthetic compounds like trenbolone acetate and 
zeranol (Yazdan et al., 2022). It's noteworthy that the 
Food and Drug Administration (FDA) in the United 
States has sanctioned the utilization of these 
hormones in animal production (Qaid and Abdoun, 
2022). 
 Exogenous administration of growth hormone to 
animals has far-reaching consequences, impacting 
various physiological processes, including growth and 
lactation (Peel et al., 1983). The key hormonal 

substances employed for growth promotion 
encompass naturally occurring steroids such as 
estradiol-17β, progesterone, and testosterone, 
alongside synthetic compounds like zeranol, 
trenbolone acetate, and melengestrol acetate (MGA) 
(Jeong et al., 2013). Nevertheless, the application of 
growth-promoting hormones has stirred debate 
concerning the safety of livestock products for human 
consumption. Despite the ongoing controversy, 
several countries routinely employ these hormones, 
concurrently reducing greenhouse gas emissions, 
energy use, water consumption, and reactive nitrogen 
loss in beef production compared to hormone-free 
methods (Skoupá et al., 2022). In the context of an 
evolving demand for sustainability, growth-promoting 
hormones hold the potential to enhance production 
efficiency, thereby contributing significantly to the 
overarching goal of producing more food with fewer 
resources (Hume et al., 2011). 
Effects of growth hormone manipulation on growth 
rates and body composition: Growth hormone 
manipulation wields substantial influence over the 
growth rates and body composition of animals. 
Notably, most insights into GH's mode of action have 
been gleaned from laboratory rather than farm 
animals (Berryman et al., 2008). Additionally, the 
precise mechanisms underpinning GH's effects on 
metabolism remain a subject of ongoing inquiry 
(Chaves et al., 2013). 
1. Effects on growth rates: Pituitary growth hormone 
(GH) emerges as a potent anabolic agent in animal 
production, exemplified by swifter growth rates and 
reduced feed consumption per unit of body weight 
gain in treated animals, alongside diminished carcass 
fat compared to untreated counterparts (Williams et 
al., 1994). The consequential impact on body 
composition is a product of GH's dichotomous effects 
on lean and fat mass – promoting the former while 
curtailing the latter (Palmer et al., 2009). 
2. Effects on body composition: GH exercises a 
profound lipolytic effect, resulting in the reduction of 
adipose tissue mass, all while preserving lean body 
mass (Berryman and List, 2017). GH's effects are 
mediated either directly or through the induction of 
IGF-1, which governs overall body growth (Oberbauer, 
2015). This hormone also drives the growth of lean 
tissue while curbing the accumulation of adipose 
tissue (Berryman and List, 2017). It's imperative to 
acknowledge that the dietary conditions to which 
animals are exposed assume a important role when 
assessing the effects of hormonal manipulation on 
body weight and adiposity in whole-animal models 
(Ribaroff et al., 2017). 
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Ethical and safety considerations of using growth 
hormones in animal production 

The utilization of growth hormones in animal 
production gives rise to ethical and safety concerns 
that warrant attention. 
1. Ethical considerations: From an animal welfare 
perspective, the application of growth hormones can 
inflict discomfort and pain on animals, potentially 
leading to health problems like lameness and joint 
pain (Ormandy et al., 2011). The genetic modification 
of some growth hormones through genetic 
engineering further raises ethical concerns concerning 
animal welfare and potential risks to human health 
(Ormandy et al., 2011). 
2. Safety considerations: In the context of human 
health, the use of hormonal substances in food-
producing animals has been linked to potential health 
concerns, including an elevated risk of breast cancer 
and other health issues (Nachman and Smith, 2015). 
Moreover, the use of growth promoters, including 
antibiotics, can contribute to the emergence of 
resistance genes, rendering infections harder to treat 
in both animals and humans (Jeong et al., 2013). The 
presence of growth hormones in meat may pose 
potential health risks for consumers (Jeong et al., 
2013). 
Induction of superovulation and multiple pregnancies 

The induction of superovulation and multiple 
pregnancies represents a vital technique in animal 
production, involving hormonal treatments to 
stimulate the recruitment and development of 
multiple follicles in animals, leading to the production 
of a larger number of embryos (González-Bulnes et al., 
2004). This technique is frequently employed 
alongside embryo transfer to expedite the propagation 
of animals with desired genetic traits (Jainudeen et al., 
2016). Follicle-stimulating hormone (FSH) stands as 
the most commonly used hormone for inducing 
superovulation, but the yield of embryos can be 
variable and influenced by factors such as breed, age, 
nutrition, and management practices (S. Khan et al., 
2023). Quality variations in embryos produced through 
superovulation in cow  have also been documented (S. 
U. Khan et al., 2022). Consequently, ongoing research 
endeavors aim to refine and simplify superovulation 
protocols. Selection of multiparous animals with high 
pregnancy experience and consideration of ovarian 
follicular development activity may enhance the 
outcomes of simplified superovulation (Khan et al, 
2022). 
 Inducing multiple pregnancies is a sought-after 
outcome of superovulation in animal production, 
facilitating the generation of a larger number of 

offspring harboring desirable genetic traits (Moore and 
Thatcher, 2006). In cattle raised for beef production, 
the induction of twin pregnancies holds particular 
significance. 

Thyroid hormone manipulation 

Influence of thyroid hormones on metabolism and 
growth 

Thyroid hormones have a critical role in animal 
metabolism, growth, and development. Altering 
thyroid hormone levels in animal production can 
significantly impact growth and metabolism, as these 
hormones are fundamental for normal growth and 
development. Thyroid hormone supplementation has 
been demonstrated to increase growth rates in 
animals (Todini, 2007). Conversely, a deficiency in 
thyroid hormones can lead to growth retardation and 
reduced productivity (Choksi et al., 2003). Additionally, 
thyroid hormones are important in regulating animal 
metabolism. They elevate the metabolic rate, resulting 
in increased energy expenditure and heat production 
(Bianco et al., 2005). Manipulating thyroid hormones 
can thus influence the energy balance of animals and, 
in turn, impact their productivity. 
 In terms of reproduction, thyroid hormones also play 
a role. Studies have shown that thyroid hormone 
deficiency can lead to reproductive issues in animals, 
including reduced fertility and litter size (Choksi et al., 
2003). Supplementation of thyroid hormones can 
enhance reproductive performance in animals. 
Moreover, maternal thyroid hormone levels during 
pregnancy and lactation can influence offspring 
growth and development. Studies have indicated that 
maternal thyroid hormone supplementation can 
increase offspring growth rates and enhance their 
survival (Hsu et al., 2022). 

Stress hormone regulation and animal 
welfare 

Stress hormones can have profound effects on animal 
well-being and productivity. Chronic stress can lead to 
severe health problems, reduced productivity, and 
behavioral changes (Ghassemi Nejad et al., 2022). 
Stress can result in decreased growth, impaired 
reproductive success, and compromised cognitive 
abilities (Martínez-Miró et al., 2016). In livestock, 
stress can increase mortality and morbidity, decrease 
growth efficiency, and lead to less desirable end 
products (Edwards, 2010). To effectively manage the 
consequences of stress in animals, it is crucial to assess 
the level of stress, identify stressors, and consider 
various factors that affect the stress response 
(Ghassemi Nejad et al., 2022). 
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Hormones involved in stress responses can lead to 
physiological and behavioral changes in animals 
(Tilbrook and Ralph, 2018). Various biomarkers are 
employed to evaluate stress, categorized into four 
groups based on the physiological system or axis 
assessed: the sympathetic nervous system, the 
hypothalamic-pituitary-adrenal axis, the hypothalamic-
pituitary-gonadal axis, and the immune system 
(Martínez-Miró et al., 2016). 

Strategies to minimize stress-related hormonal 
responses in animal production 

There are several strategies that can be implemented 
to minimize stress-related hormonal responses in 
animal production, enhancing both animal health and 
productivity: 
Environmental Modifications: Providing animals with 
a comfortable environment, including proper 
ventilation, temperature control, and sufficient space, 
can reduce stress (Collier et al., 2006). 
Nutritional Management: Ensuring animals receive a 
balanced diet with adequate nutrients can lower 
stress, as nutritional deficiencies can lead to increased 
stress and reduced productivity (West, 1999). 
Handling and Management Practices: Proper handling 
and management practices that minimize stressors, 
reduce noise levels, and provide a calm and quiet 
environment can help alleviate stress in animals 
(Lloyd, 2017). 
Genetic Selection: Selecting animals with calm 
temperaments that are less susceptible to stress can 
contribute to reduced stress-related hormonal 
responses (Chen et al., 2015). 
Health Management: Implementing proper health 
management practices, such as regular vaccinations, 
parasite control, and timely treatment of sick animals, 
can minimize stress (Pertanika and Trop, 2018). 
Behavioral Enrichment: Providing opportunities for 
natural behaviors through environmental enrichment, 
socialization, and access to toys can reduce stress in 
animals (Maria Dimova and Stirk, 2019). 
Supplementation: The supplementation of specific 
nutrients, such as chromium, can help alleviate stress 
in animals (El-Kholy et al., 2017). 
Heat Stress Management: In hot climates, providing 
shade, cooling systems, and access to cool water can 
help mitigate heat stress in livestock production 
systems (Dourmad et al., 2022). 

Balancing productivity goals with animal welfare 
concerns 

Balancing productivity goals with animal welfare 
concerns under hormone manipulation in animal 
production is a complex and multifaceted challenge. 
Although hormones are often used to enhance 

productivity, their use can have both positive and 
negative effects on animal welfare. It is essential to 
recognize that while animals require a minimum level 
of care to be productive, productivity does not 
automatically equate to good welfare (Lusk and 
Norwood, 2011). Animal welfare cannot be solely 
determined by productivity; it encompasses various 
aspects of an animal's overall well-being (Fraser, 
1995). 
 Management practices play a critical role in 
enhancing both animal welfare and productivity. 
However, the impact of these practices on livestock 
performance can vary depending on factors such as 
species, environment, and specific management 
protocols (Morgado et al., 2023). It is also essential to 
consider the individual needs and requirements of 
animals to achieve a balanced approach. 
 Efforts to increase productivity while reducing 
greenhouse gas emissions per unit of product are in 
line with goals set by organizations like the World 
Bank (Laborde et al., 2021). This dual focus on welfare 
and productivity is particularly relevant in the dairy 
industry, where farmers aim to boost productivity 
using fewer resources (Oltenacu and Algers, 2005). 
Additionally, animal welfare in extensive production 
systems is an ongoing area of concern, with research 
primarily focusing on welfare issues commonly 
associated with intensive systems (Temple and 
Manteca, 2020). 

Hormonal manipulation in aquaculture 

Aquaculture, the cultivation of aquatic organisms like 
fish, crustaceans, mollusks, and aquatic plants, 
frequently employs hormonal manipulation 
techniques to regulate reproductive functions in 
captive fish. The use of hormones is vital for sustaining 
commercial aquaculture production. The fish 
reproductive cycle is separated into the growth 
(gametogenesis) and maturation phase (oocyte 
maturation and spermiation), both controlled by the 
reproductive hormones of the brain, pituitary, and 
gonad (Mylonas et al., 2010).Hormonal manipulations 
of reproductive function in cultured fishes have 
focused on the use of either exogenous luteinizing 
hormone (LH) preparations that act directly at the 
level of the gonad, or synthetic agonists of 
gonadotropin-releasing hormone (GnRHa) that act at 
the level of the pituitary to induce release of the 
endogenous LH stores (Mylonas et al., 2010). 
Hormones are used in fish farming to increase fish 
production when one sex of a species has the capacity 
to grow bigger and faster than the other sex (Hoga et 
al., 2018).  
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 For successful aquaculture, determination of the 
reproductive condition of captive broodstock is 
important for administering hormonal therapies and 
inducing spawning  (Mylonas et al., 2010). The first 
step for hormone-induced spawning is to determine 
the type of hormone suitable for the fish species of 
interest (Chatakondi et al., 2018). Efficacy of hormones 
is determined by the dose and timing of 
administration (Chatakondi et al., 2018). The use of 
hormones in aquaculture has been studied 
extensively, and analytical methods have been 
developed to determine their residues (Hoga et al., 
2018). The first methods employed freshly ground 
pituitaries collected from reproductively mature fish, 
which contained gonadotropins (mainly LH) (Zohar and 
Mylonas, 2001). Hormonal manipulation is an 
important key factor for the sustainability of 
commercial aquaculture production of wild captive 
fish (Mylonas et al., 2010). 

Hormonal control of sex differentiation 

Sex differentiation in fish and other aquatic species is 
influenced by a combination of genetic, physiological, 
and environmental factors. Hormones, particularly 
gonadotropins from the pituitary gland, play a 
significant role in regulating gonadal development and 
differentiation in some fish species (Arcand-Hoy and 
Benson, 1998). Environmental factors, such as 
temperature, can interact with hormonal cues to 
influence sex determination (Budd et al., 2015). 
Hormonal sex reversal treatments, utilizing exogenous 
hormones and other chemicals, have been applied to 
many fish species. These treatments enable changes in 
an individual's sex and are particularly useful in 
aquaculture (Piferrer, 2001). Aromatase and estrogens 
have been identified as key components in the process 
of sex differentiation in fish (Guiguen et al., 2010). 

Hormone-assisted breeding techniques in 
aquaculture 

Hormone-assisted breeding techniques are widely 
utilized in aquaculture to increase fish production and 
enhance the quality of offspring. These techniques 
involve administering hormones to fish for various 
purposes, including: 
Inducing and sustaining vitellogenesis: To stimulate 
egg production, hormones like estrogens are 
employed. 
Sex reversal: Hormones can be used to change the sex 
of fish to favor more productive sexes. 
Chromosome Set Manipulation: Hormones can be 
used to manipulate the chromosome set in fish to 
generate desired characteristics or traits. 
Hybridization: Hormones are used to facilitate the 
hybridization of different fish species to create new 

varieties or species (Mylonas et al., 2010). 
 For example, European eel aquaculture aims to close 
the life cycle in captivity, overcoming natural 
inhibitions to sexual maturation in both sexes by 
applying assisted reproduction protocols (Benini et al., 
2022). Studies continually investigate the efficacy of 
various synthetic hormones in inducing breeding in 
different fish species, striving to improve the efficiency 
of hormone-assisted breeding techniques and ensure 
high-quality offspring (Nazir et al., 2023). 

Environmental considerations and challenges in 
hormone use in aquaculture 

The use of hormones in aquaculture comes with 
various environmental considerations and challenges: 
Eutrophication: Aquaculture effluents with high 
biological oxygen demand (BOD) and suspended solids 
can contribute to eutrophication, characterized by 
excessive growth of algae and aquatic plants, which 
can lead to oxygen depletion and fish mortality 
(Hlordzi et al., 2020). 
Accumulation of waste products: Aquaculture 
generates waste products, including uneaten food and 
feces, which can accumulate in the environment and 
affect water quality (Fraga-Corral et al., 2022). 
Release of Chemicals: The widespread use of bioactive 
compounds, such as hormones, raises concerns about 
their release into the aquatic environment (Okeke et 
al., 2022). 
Water quality concerns: Specific environmental 
steroids are a significant concern for water quality due 
to their potential adverse effects on aquatic organisms 
(Agrawal et al., 2010). 
Biosafety concerns: The use of advanced 
biotechnological tools like CRISPR/Cas in fish 
aquaculture introduces biosafety concerns related to 
gene flow to wild populations and potential 
unintended effects on non-target organisms (Bohua et 
al., 2023). 
 Balancing the benefits of aquaculture with these 
environmental concerns requires careful management, 
regulation, and the development of sustainable and 
environmentally friendly practices in the industry. 

Endocrine disruptors and unintended effects 

Introduction to endocrine-disrupting compounds 
(EDCs) 

Endocrine-disrupting compounds (EDCs) are natural or 
human-made chemicals that may mimic, block, or 
interfere with the body’s hormones, which are part of 
the endocrine system (Crawford et al., 2017). EDCs can 
be found in the environment, food sources, personal 
care products, and manufactured products (Archer et 
al., 2017). Exposure to EDCs can occur through diet, 
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air, skin, and water (Metcalfe et al., 2022). The 
endocrine system is a network of glands and organs 
that produce, store, and secrete hormones, which 
regulate the body's healthy development and function 
throughout life (Nagy and Malcomson, 2022). 
 EDCs can interfere with the normal function of the 
endocrine system by acting like "hormone mimics" and 
tricking the body into thinking that they are hormones, 
blocking natural hormones from doing their job, 
increasing or decreasing the levels of hormones in the 
blood, or changing how sensitive the body is to 
different hormones (Uthayanan and Sundareswaran, 
2023). According to the Endocrine Society, there are 
nearly 85,000 human-made chemicals in the world, 
and 1,000 or more of those could be endocrine 
disruptors, based on their unique properties (Nagy and 
Malcomson, 2022). EDCs are associated with a wide 
array of health issues, including male reproductive 
problems, early female puberty, leukemia, brain 
cancer, and neurobehavioral disorders (Gore et al., 
2014). Research is ongoing to better understand how 
EDCs work and define their role in health and disease. 
Research areas in progress include developing new 
models and tools to better understand how EDCs 
work, developing and applying high throughput assays 
to identify substances with endocrine disrupting 
activity, conducting animal and human health research 
to define linkages between exposure to EDCs and 
health effects, developing new assessments and 
biomarkers of exposure and toxicity, and identifying 
and developing new (Crews and Mclachlan, 2006). 
 The Endocrine Society and International POPs 
(Persistent Organic Pollutant) Elimination Network 
(IPEN) have joined together to develop an EDC Guide 
to raise global awareness about EDCs. The guide draws 
from each organization’s strengths to present a more 
comprehensive picture of global EDC exposures and 
health risks than either could have done alone. 
Endocrine Society authors contributed the scientific 
and health-related content (Gore et al., 2014). 

Potential risks of EDCs in animal production and the 
food chain 

Endocrine Disruptive Chemicals (EDCs) are a group of 
chemicals that can interfere with the endocrine 
system, which is responsible for regulating hormones 
in the body. EDCs can have a significant impact on 
animal production and the food chain, as they can 
enter the food chain through various routes, including 
the living environment of food-producing organisms, 
direct use in food production, and release from food 
contact materials (Mantovani, 2016). 
Here are some potential risks of EDCs in animal 
production and the food chain: 

Reproductive and developmental effects: EDCs can 
interfere with the reproductive and developmental 
systems of animals, leading to reduced fertility, birth 
defects, and other reproductive problems (Mallozzi et 
al., 2016). 
Hormonal imbalances: EDCs can disrupt the normal 
functioning of hormones in animals, leading to 
hormonal imbalances that can affect various body 
systems (Lee et al., 2013). 
Cancer: Some EDCs have been linked to an increased 
risk of cancer in animals (Alsen et al., 2021). 
Immune system effects: EDCs can weaken the immune 
system of animals, making them more susceptible to 
diseases and infections (Ansar Ahmed, 2000). 
Environmental effects: EDCs can have a significant 
impact on the environment, as they can accumulate in 
soil, water, and air, and can affect wildlife and 
ecosystems (Kabir et al., 2015). 
Human health effects: EDCs can also have an impact 
on human health, as they can enter the human body 
through the food chain and other routes of exposure. 
Some EDCs have been linked to an increased risk of 
various health problems, including cancer, 
reproductive problems, and developmental disorders 
(Yilmaz et al., 2020). 

Strategies to mitigate the exposure and effects of 
endocrine disruptors 

Endocrine disruptors are synthetic chemicals found in 
everyday products like plastics and fragrances that can 
mimic hormones and interfere with the delicate 
endocrine system. Exposure to these chemicals can 
cause irreversible changes in the body, especially 
during phases of accelerated development like in 
utero and throughout the developmental period 
(Mallozzi et al., 2016). To mitigate the risks of EDCs in 
animal production and the food chain, it is important 
to take steps to reduce exposure to these chemicals. 
This can include using alternative methods of pest 
control, reducing the use of plastics and other 
materials that contain EDCs, and improving waste 
management practices to prevent the release of EDCs 
into the environment (Campbell et al., 2006). 

Emerging technologies in endocrine 
manipulation 

Advances in genetic and biotechnological approaches 
for hormone manipulation 

Advances in genetic and biotechnological approaches 
have been used to manipulate hormones in animal 
production. Here are some ways in which these 
approaches have been used: 
1. Genetic engineering: Scientists have used genetic 
engineering to create transgenic animals that express 
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higher levels of growth hormone, which can increase 
productivity in farm animal species (Ormandy et al., 
2011). For example, transgenic pigs and sheep have 
been genetically altered to express higher levels of 
growth hormone (Devlin et al., 2009). 
2. Gene knock-out techniques: Gene knock-out 
techniques have been used to create designer 
companion animals. For example, some companies 
use genetic engineering techniques to remove the 
gene that codes for the major cat allergen Fel d1, 
creating hypoallergenic cats (Ormandy et al., 2011). 
3. Modification of animal products: Modern 
biotechnological techniques have been used to alter 
the characteristics of animal products. For example, 
genetic manipulation in transgenic animals can alter 
the carcass to be lower in fat and cholesterol (Asaye et 
al., 2014). 
4. Improved milk production traits: Genetic 
engineering and cloning have been used to improve 
milk production in livestock. Scientists hope to 
produce animals with altered traits such as milk 
composition (Moore and Thatcher, 2006). For 
example, a transgenic goat has a transgene that codes 
for a human protein under the control of a promoter 
region that targets expression specifically to the 
mammary gland. The human protein is secreted in the 
goat's milk but nowhere else in the animal (Pittius et 
al., 1988). 
While these approaches have shown promise in 
improving animal productivity and food quality, there 
are also ethical and welfare concerns associated with 
genetic engineering of animals (Ormandy et al., 2011). 
The generation of a new genetically engineered line of 
animals often involves the sacrifice of some animals 
and surgical procedures on others (Ormandy et al., 
2011). Therefore, it is important to consider the 
welfare of the animals involved in these processes. 

Gene editing and its potential applications in altering 
endocrine functions 

Gene editing is a powerful tool that allows for precise 
and efficient alteration of an animal's DNA (McFarlane 
et al., 2019). By using gene editing technology, 
targeted mutations can be made in specific genes, and 
novel lines of animals with valuable phenotypes can be 
produced (Li et al., 2020). Gene editing combined with 
animal production technologies provides the potential 
for accelerating the genetic improvement of livestock, 
including the alteration of production traits, enhancing 
resistance to disease, reducing the threat of zoonotic 
disease transmission, and improvement of livestock 
welfare (Perisse et al., 2021). 
 Endocrine functions play a crucial role in animal 
production, and gene editing can be used to alter 

these functions to improve livestock productivity. Here 
are some potential applications of gene editing in 
altering endocrine functions in animal production: 
1. Improving growth and muscle development: The 
myostatin gene (MSTN) is a common target for 
research into increased growth and muscle 
development. Gene editing can be used to inactivate 
the MSTN gene, leading to increased muscle mass and 
improved meat quality (Zhao et al., 2022). 
2. Enhancing milk production: Gene editing can be 
used to alter the genes responsible for milk 
production, leading to increased milk yield and 
improved milk quality (Kadarmideen et al., 2003). 
3. Reducing stress and improving animal welfare: Gene 
editing can be used to alter the genes responsible for 
the stress response in animals, leading to reduced 
stress and improved animal welfare (Kramer and 
Meijboom, 2021). 
4. Improving reproductive performance: Gene editing 
can be used to alter the genes responsible for 
reproductive performance in animals, leading to 
improved fertility and increased litter size (Abdoli et 
al., 2016). 
Future prospects of precision endocrinology in animal 
production: 
Precision endocrinology is a rapidly growing field in 
animal production that aims to improve animal health, 
welfare, and productivity by using precise 
measurements of hormones and other biomarkers. 
Here are some future prospects of precision 
endocrinology in animal production: 
1. Improved reproductive management: Reproductive 
hormones play a crucial role in animal reproduction, 
and precise measurements of these hormones can 
help improve reproductive management in livestock. 
For example, measuring progesterone levels in dairy 
cows can help identify the optimal time for 
insemination, leading to improved conception rates 
and reduced calving intervals (Crowe et al., 2018). 
2. Better growth and feed efficiency: Hormones such 
as growth hormone and insulin-like growth factor (IGF-
1) are important regulators of growth and metabolism 
in animals. Precise measurements of these hormones 
can help identify animals with superior growth and 
feed efficiency, allowing farmers to select and breed 
animals with desirable traits (Velazquez et al., 2008). 
3. Improved animal welfare: Hormones such as 
cortisol and oxytocin are indicators of stress and social 
bonding, respectively, in animals. Precise 
measurements of these hormones can help identify 
animals that are experiencing stress or social isolation, 
allowing farmers to take corrective actions to improve 
animal welfare (Neethirajan et al., 2021). 
4. Reduced use of antibiotics: Hormones such as 
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cortisol and progesterone are also involved in the 
immune response of animals. Precise measurements 
of these hormones can help identify animals that are 
at risk of developing infections, allowing farmers to 
take preventive measures and reduce the need for 
antibiotics (Neethirajan and Kemp, 2021). 
5. Integration with other precision livestock farming 
technologies: Precision endocrinology can be 
integrated with other precision livestock farming 
technologies such as precision feeding, precision 
health monitoring, and precision genetics to create a 
comprehensive (Tekın et al., 2021). 

Regulatory and ethical considerations 

International regulations and guidelines for the use 
of hormones in animal production 

International regulations and guidelines for the use of 
hormones in animal production vary across different 
countries and regions. Here are some key points: 
1. European union: In the European Union, the use of 
substances having a hormonal action for growth 
promotion in farm animals is prohibited (Serratosa et 
al., 2006). 
2. United states: In the United States, the Food and 
Drug Administration (FDA) has approved the use of 
growth-promoting hormones such as estradiol, 
progesterone, testosterone, trenbolone acetate, and 
zeranol in beef cattle and sheep (Qaid and Abdoun, 
2022). However, no steroid hormone implants are 
approved for growth purposes in dairy cows, veal 
calves, pigs, or poultry (Drouillard, 2018). 
3. Benefits of hormone use: The use of hormonal 
active growth promoters ("hormones") in farm animals 
can increase the production of veal and beef 
significantly, up to 15% (Stephany et al., 2001). 
Research has demonstrated that hormone treatment 
improves growth rate, nitrogen retention, and feed 
conversion efficiency during the five- to six-week 
period before slaughter (Velle, W.1982). 
4. Human health concerns: The former Scientific 
Committee on Veterinary Measures relating to Public 
Health (SCVPH) thoroughly re-evaluated the risks to 
human health from hormone residues in bovine meat 
and meat products treated with six hormones for 
growth promotion (Kesler, 1985). In 1999, this 
independent scientific advisory body concluded that 
no acceptable daily intake (ADI) could be established 
for any of these hormones (Alemanno and Capodieci, 
2012). 
5. Compliance with limits: The levels of hormone 
residues found in beef originating from the USA are, in 
the vast majority of cases, below the Maximum 
Residue Limit as recommended by the FAO/WHO Joint 
Expert Committee of Food Additives (Stephany et al., 

2001). More than 20 countries use growth-promoting 
hormones regularly and have reduced greenhouse gas 
emissions, energy use, water use, and reactive 
nitrogen loss of beef production in comparison to beef 
raised without growth-promoting hormones (Di 
Benedetto et al., 2017). 
In conclusion, the use of hormones in animal 
production is a complex issue that involves various 
factors such as regulations, health risks, and economic 
importance. While some countries have banned the 
use of hormones for growth promotion in farm 
animals, others have approved certain hormones 
under strict conditions. It is important to consider the 
potential risks and benefits of using hormones in 
animal production and to establish safe limits for 
hormone residues in meat to ensure consumer safety. 

Ethical considerations regarding hormone use and 
animal welfare 

Hormone use in animals can raise ethical concerns 
related to animal welfare. Here are some key 
considerations: 
1. Proper treatment of experimental animals: To 
avoid undue suffering of animals, it is important to 
follow ethical considerations during animal studies 
(Festing and Wilkinson, 2007). This includes providing 
the best possible care to animals from both ethical and 
scientific points of view. 
2. The "4 R's": The "4 R's" of animal research ethics 
refer to the principles of Replacement, Reduction, 
Refinement, and Responsibility (Osinubi, 2013). 
Responsibility refers to concerns around promoting 
animal welfare by improving experimental animals’ 
social life, developing advanced scientific methods for 
objectively determining sentience, consciousness, 
experience of pain, and intelligence in the animal 
kingdom, as well as effective involvement in the 
professionalization of the public discussion on animal 
ethics (Kiani et al., 2022). 
3. Clear rationale and reasoning: Researchers must 
have a clear rationale and reasoning for the use of 
animals in a research project. They must have a 
reasonable expectation of generating useful data from 
the proposed experiment, and the research study 
should be designed in such a way that it involves the 
lowest possible sample size of experimental animals 
while producing useful results (Kiani et al., 2022). 
4. Genetic engineering: Genetic engineering of 
animals can raise ethical issues, including concerns for 
animal welfare (Ormandy et al., 2011). Governing 
bodies have started to develop relevant policies, often 
calling for increased vigilance and monitoring of 
potential animal welfare impacts (Ormandy et al., 
2011). 
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5. Wild animal welfare: Research involving wild 
animals can also raise ethical concerns related to 
animal welfare (Soulsbury et al., 2020). It is important 
to consider the welfare of wild animals and the ethics 
of using them in scientific research (Soulsbury et al., 
2020). 
6. Guidelines for ethical conduct: The American 
Psychological Association (APA) has developed 
guidelines for ethical conduct in the care and use of 
nonhuman animals in research (Akins and Panicker, 
2012). These guidelines are for psychologists working 
with nonhuman animals and are informed by Section 
8.09 of the Ethical Principles of Psychologists and Code 
of Conduct (Behnke and Jones, 2012). The acquisition, 
care, housing, use, and disposition of nonhuman 
animals in research must comply with applicable 
federal, state, and local laws and regulations, 
institutional policies, and with international 
conventions to which the United States is a party 
(Behnke and Jones, 2012). 

Consumer perceptions and attitudes towards 
hormone-treated animal products 

Consumer perceptions and attitudes towards hormone
-treated animal products are influenced by various 
factors, including animal welfare, health concerns, and 
ethical considerations. 
1. Consumer attitudes: Consumer attitudes, subjective 
norms, and perceived behavioral control have 
significant and positive effects on their purchase 
intentions of animal welfare-friendly products (Chang 
and Chen, 2022). 
2. Awareness of animal welfare: Consumers are 
aware of the pain animals experience in animal 
agriculture, and this awareness can influence their 
dietary choices (Fonseca and Sanchez-Sabate, 2022). 
3. Health concerns: Study participants acknowledged 
that what was bad for the animals was ultimately bad 
for consumers, particularly in relation to the control of 
disease, and consumer negativity regarding the use of 
antibiotics in intensive production systems, with all 
being linked to human health concerns (Clark et al., 
2016). 
4. Animal welfare labels: Consumers who have 
greater concern for animal welfare consume animal 
products less frequently, purchase welfare-friendly 
products more frequently, and indicate a greater use 
of welfare-related labels (Clark et al., 2016). 
 Overall, consumers' perceptions and attitudes 
towards hormone-treated animal products are 
complex and influenced by various factors. Animal 
welfare, health concerns, and ethical considerations 
are some of the key factors that can influence 
consumer choices. 

Case studies and success stories 

Real-world examples of successful endocrine 
manipulation in animal production 

1. Growth promotion: Hormones like estrogen, 
progesterone, and testosterone have been used to 
promote growth in beef cattle, dairy cows, and pigs. 
For instance, estrogenic compounds like 
diethylstilbestrol (DES) and hexoestrol have been 
shown to increase weight gain and feed efficiency in 
beef cattle. The use of testosterone implants in beef 
cattle has also increased muscle mass and reduced fat 
deposition (Reddy et al., 2014). 
2. Reproductive management: Hormones play a 
crucial role in managing the reproductive processes of 
animals. Prostaglandins are used to synchronize estrus 
in dairy cows, while gonadotropins like follicle-
stimulating hormone (FSH) and luteinizing hormone 
(LH) are used to induce ovulation in mares and cows. 
Progesterone is used to suppress estrus in mares and 
synchronize estrus in beef cattle (Bó and Mapletoft, 
2014). 
3. Disease prevention: Hormones can be used to 
prevent diseases in animals. Melatonin has been 
shown to enhance the immune system and reduce the 
incidence of infectious diseases in sheep and cattle. 
Growth hormone has improved the immune response 
in chickens and reduced the incidence of infectious 
diseases (Leshchinsky and Klasing, 2001). 
4. Transgenic animals: Transgenic animals are used to 
produce specific proteins or traits. Transgenic cows 
have been developed to produce human lactoferrin in 
their milk, which has potential applications in infant 
formula and other food products (Ã et al., 2006). 

Comparative analysis of production outcomes using 
hormone manipulation techniques 

1. DES implants: DES implants have been shown to 
result in an increase of about 12% in gain and an 
improvement in feed conversion efficiency (FCE) of 
approximately 10%  in animals (Kling et al., 2012). 
2. Glucocorticoid manipulation: Glucocorticoid 
manipulation has been used in survival studies of 
breeding black-legged kittiwakes (Crossin et al., 2016). 
However, there are concerns about the safety of 
hormonal application in farm animal production (Qaid 
and Abdoun, 2022). 
3. Thyroid hormone manipulation: Differential effects 
of thyroid hormone manipulation and β adrenoceptor 
agonists have been studied (Mostyn et al., 2008). 
 In general, hormone manipulation techniques have 
been shown to improve production outcomes in 
animal production. However, safety concerns 
regarding hormonal application in farm animal 
production exist, and alternative methods to enhance 
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animal production are being explored (Sillence, 2004). 

Lessons learned and implications for future research 
and practice 

Lessons learned 
1. Genetic defects of protein folding in the secretory 
pathway can cause endocrine disorders in animals 
(Morishita and Arvan, 2021). 
2. New evidence obtained in genetically manipulated 
research animals has challenged the old paradigm of 
the relationship between growth hormone and 
reproduction (Dosouto et al., 2019). 
3. There are relationships between endocrine traits 
and life histories in wild animals, but there are also 
potential pitfalls in studying these traits (Dosouto et 
al., 2019). 
4. A range of techniques allows analysis of the 
pituitary gland in awake mammalian models in 
unparalleled detail, complementing large-scale 
imaging studies (Hoa et al., 2019). 
5. Epidemiology and animal experiments have often 
focused on male reproduction, testicular dysgenesis, 
and decreased fertility (Skakkebæk et al., 2001). 

Implications for future research and practice 

1. Researchers should continue to investigate the 
genetic basis of endocrine disorders in animals, 
particularly those caused by defects of protein folding 
in the secretory pathway (Zhu et al., 2002). 
2. Future studies should consider the new evidence 
obtained in genetically manipulated research animals 
when examining the relationship between growth 
hormone and reproduction (Aubin‐Horth and Renn, 
2009). 
3. Researchers should be aware of potential pitfalls 
when studying endocrine traits in wild animals and 
should take steps to mitigate these risks (Kavlock et 
al., 1996). 
4. The range of techniques available for analyzing the 
pituitary gland in awake mammalian models should be 
further explored and developed (Hoa et al., 2019). 
5. Future research on endocrine disruptors should 
consider the potential effects on male reproduction, 
testicular dysgenesis, and decreased fertility 
(Skakkebæk et al., 2001). 
 The lessons learned and implications for future 
research and practice underscore the need for 
continued investigation into the genetic and 
physiological basis of endocrine disorders, as well as 
the potential risks and benefits of manipulating 
endocrine systems in animals. 

Conclusions and future directions 

Key Findings 

1. Successful Endocrine Manipulation Techniques: 

Endocrine manipulation techniques have been applied 
successfully in animal production. These include using 
hormones for growth promotion, reproductive 
management, disease prevention, and the 
development of transgenic animals to produce specific 
proteins or traits. 
2. Production outcomes: The use of hormones like 
DES implants has led to increased weight gain and 
improved feed conversion efficiency in animals. 
However, there are concerns about the safety of 
hormonal applications in farm animal production, and 
alternative methods are being explored. 
3. Lessons learned: Genetic defects in the secretory 
pathway can cause endocrine disorders in animals. 
New evidence from genetically manipulated research 
animals has challenged our understanding of the 
relationship between growth hormone and 
reproduction. Researchers should consider potential 
pitfalls when studying endocrine traits in wild animals. 

Insights 
1. Ethical considerations: The use of hormones in 
animal production raises ethical concerns related to 
animal welfare. Proper treatment of experimental 
animals, adherence to the "4 R's" of animal research 
ethics, and clear rationale for using animals in research 
are essential. 
2. International regulations: Regulations regarding the 
use of hormones in animal production vary across 
different countries and regions. Some countries, like 
the European Union, prohibit the use of hormonal 
growth promoters, while others, like the United 
States, approve specific hormones under strict 
conditions. Consumer perceptions and attitudes are 
influenced by factors such as animal welfare, health 
concerns, and ethical considerations. 
3. Precision endocrinology: Precision endocrinology 
offers promising prospects for improving animal 
health, welfare, and productivity through the precise 
measurement of hormones and biomarkers. It can 
enhance reproductive management, growth, and feed 
efficiency while reducing the use of antibiotics and 
improving animal welfare. 
4. Health risks: Endocrine-disrupting compounds 
(EDCs) can interfere with the normal function of the 
endocrine system and are associated with various 
health issues, including reproductive problems, early 
puberty, cancer, and neurobehavioral disorders. 
5. Future research: Future research should focus on 
investigating the genetic basis of endocrine disorders 
in animals, considering new evidence from genetically 
manipulated animals, and addressing the relationship 
between endocrine traits and life histories in wildlife. 
Additionally, researchers should explore advanced 
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techniques for analyzing the pituitary gland in awake 
mammalian models. 
 In summary, the review highlights the successful 
applications of endocrine manipulation techniques in 
animal production, ethical considerations in using 
hormones, variations in international regulations, the 
role of precision endocrinology, health risks associated 
with endocrine-disrupting compounds, and the need 
for further research to understand and improve 
endocrine manipulation in animals. 

This review on endocrine manipulation in animal 
production highlights several gaps in knowledge and 
areas for further research. Here are some of the key 
gaps and research needs: 
1 Safety and long-term effects: While the review 
discusses the benefits of endocrine manipulation, 
there is a need for further research to 
comprehensively assess the long-term safety and 
potential adverse effects of using hormones and other 
endocrine-disrupting compounds (EDCs) in animal 
production. This includes studying the impact on 
animal health, meat quality, and the environment. 
Longitudinal studies on the health and welfare of 
animals exposed to hormone manipulation are 
necessary. 
2. Alternative approaches: The review mentions that 
there are concerns about the safety of hormonal 
applications in animal production, which suggests a 
need for research into alternative approaches to 
achieve similar or improved production outcomes. 
Identifying and developing non-hormonal growth 
promoters and disease prevention methods is 
essential. 
3. Consumer perception and behavior: Further 
research is needed to understand the factors 
influencing consumer perceptions and behaviors 
regarding hormone-treated animal products. This 
includes studying consumer attitudes toward animal 
welfare, health concerns, and ethical considerations. 
Additionally, research can explore the effectiveness of 
labeling and communication strategies in influencing 
consumer choices. 
4. Ethical considerations: Research should continue to 
explore ethical considerations in using hormones in 
animal production. This includes refining ethical 
guidelines for the treatment of experimental animals, 
promoting the principles of Replacement, Reduction, 
Refinement, and Responsibility (the "4 R's"), and 
addressing concerns related to genetic engineering 
and research involving wild animals. 
6. Genetic and molecular studies: To better 
understand endocrine disorders and the genetic basis 
of hormone-related traits, further research is needed 

to investigate genetic defects in the secretory pathway 
that can lead to endocrine disorders. This research 
could provide insights into endocrine-related health 
issues in animals. 
6. Precision endocrinology: The review highlights the 
potential of precision endocrinology in improving 
animal health, welfare, and productivity. Future 
research should focus on developing and validating 
precise and non-invasive methods for measuring 
hormones and biomarkers in animals to enhance 
reproductive management, growth, and animal 
welfare. 
7. Environmental impact: While the review briefly 
mentions the impact of endocrine manipulation on the 
environment, there is a need for comprehensive 
research on how the use of hormones and EDCs in 
animal production affects soil, water, air, and 
ecosystems. Studying the environmental risks and 
sustainability of these practices is crucial. 
8. Global comparative analysis: Further research can 
involve conducting a global comparative analysis of 
regulations and practices related to hormone use in 
animal production. This would provide a more in-
depth understanding of regional variations and their 
implications for international trade and consumer 
preferences. 
9. Transgenic animal welfare: As the review mentions 
the development of transgenic animals, future 
research should focus on assessing the welfare and 
ethical considerations related to these genetically 
modified animals. This research can help establish 
ethical guidelines and best practices for using 
transgenic animals in animal production. 
10 Health risks of endocrine-disrupting compounds: 
Research should continue to investigate the health 
risks associated with endocrine-disrupting compounds 
(EDCs), particularly their links to diseases such as 
cancer, reproductive problems, and neurobehavioral 
disorders. This includes conducting epidemiological 
studies to better understand the effects of EDC 
exposure on human and animal health. 
 In conclusion, this review highlights various 
knowledge gaps and areas for further research in the 
field of endocrine manipulation in animal production. 
Addressing these gaps and conducting further 
research in these areas will contribute to a better 
understanding of the effects, safety, and ethical 
considerations related to hormone use in animal 
agriculture. 
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1. Pasteurella multocida (P. multocida) and 
Mannheimia haemolytica (M. haemolytica) are 
worldwide spread Gram-negative coccobacilli bacteria 
that exist in the same family (Pasteurellaceae) that are 
responsible for many diseases in animal species more 
intensively in cattle and sheep leading to a huge loss in 

the livestock sector (Abd-Elsadek et al., 2021). 
According to WOAH (World Organization for Animal 
Health), about 20% of bovine deaths come from 
Pasteurella infections WOAH (2020). Both 
microrganisms are found on the surface of the 
respiratory tract as commensal microflora but can 
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proliferate and act as an opportunistic pathogen in 
case of association with other illnesses or any 
condition that could predispose infection by dropping 
the immune system defense mechanisms (Abbas et al., 
2023; Hsuan et al., 1999). 
  Different strains of P. multocida are multi-species 
organisms which causes  very serious illness in animals 
like hemorrhagic septicemia (HS) in cattle and buffalo, 
fowl cholera, atrophic rhinitis in swine, snuffles in 
rabbits, enzootic calf pneumonia and shipping fever 
(bovine respiratory disease). Although some of these 
diseases are classified as multifactorial diseases 
(Mahrous et al., 2022); till now no epidemiological 
study clearly explained the role of P. multocida. 
Pasteurellosis is one of the zoonotic diseases; Human 
cases of Pasteurellosis usually are due to bites or 
scratches by pets-animals or by getting contact with 
contaminated animal food or other belongings (Hanafy 
et al., 2022; Omaleki et al., 2016). M. haemolytica 
formerly had been classified as Pasteurella 
haemolytica type A until Angen and his colleagues had 
reclassified it in a separate genus (Angen et al., 1999a). 
Bovine respiratory disease (also known as shipping 
fever) is a major disease that comes as a result of 
infection with M. haemolytica and other etiologies in 
addition to septicemia and pneumonia in sheep and 
goats, also sheep mastitis has been reported to be 
caused by M. haemolytica. Some studies suggest that 
M. haemolytica can form biofilm on epithelial cells of 
the respiratory system (Amat, 2019). 

2. Historical background 

The organism had been identified for the first time by 
French chemist Louis Pasteur in 1880 when he had 
worked on fowl cholera, so named after his name as 
Patsteurella (Pasteur, 1880). According to recent 
classification P. multocida has been grouped into three 
subtypes they are; P. multocida subsp. multocida, P. 
multocida subsp. gallicida, and P. multocida subsp. 
Septica. P. multocida divided to five different 
serotypes (A, B, D, E, and F) based on capsular 
polysaccharides such as hyaluronic acid, heparin, 
arabinose, mannose, galactose and chondroitin. These 

serotypes again divided according to their 
lipopolysaccharides to 16 different serovars from (1 to 
16) (Harper et al., 2006). M. haemolytica previously 
had been isolated for the first time from bovine 
pneumonia in the 1920s and classified as Pasteurella 
haemolytica to be distinguished from none haemolytic 
one (Jones, 1921).. P. haemolytica had two distinct 
biotypes: A biotype, which ferments arabinose, and T 
biotype, which ferments trehalose. The T biotype was 
later reclassified as P. trehalosi and eventually placed 
into a separate genus called Bibersteinia trehalosi 
(Blackall et al., 2007).  
  Angen and his colleagues re-identified P. 
haemolytica to be M. haemolytica (Serotypes 1, 2, 5–9, 
12–14, 16, and 17). M. haemolytica serotypes seem to 
be closely related to each other, especially S1, S2,  and 
S6 on serologic and genetic bases, but sing molecular 
techniques for specific genes has revealed the 
differences between these strains (Angen et al., 
1999b; Davies & Lee, 2004). 

3. Bacteriology and growth conditions 

P. multocida and M. haemolytica are Gram-negative, 
non-motile, non-spore-forming small facultative 
coccobacillus both of them are members of the family 
Pasteurellaceae.  Organisms grow well at 37°C on 
blood agar and also can be grown on dextrose-starch, 
casein-sucrose-yeast (CSY), chocolate, Mueller-Hinton, 
or brain heart infusion (BHI) agar, however, there is no 
growth on MacConkey agar. M. haemolytica is 
producing  β-hemolysis on blood agar (Garzon et al., 
2023; Rice et al., 2007).  
 Most clinical isolates of P. multocida are catalase, 
oxidase, indole, and ornithine decarboxylase positive. 
Also, isolates can ferment sucrose and glucose without 
gas production and reduce nitrate to nitrite on 
biochemical bases. M. haemolytica fail to ferment D-
mannose which is first step to differentiate it from P. 
multocida (Carter & Cole Jr, 2012). 

4. Virulence factors  

Tremendous virulence factors are possessed by P. 
multocida and M. haemolytica. As shown in Table 1 
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Table 1. Some important immunogenic factors of both P. multocida and M. haemolytica 

Factor Origin Mechanism Immunogenicity action   

Capsule Bacterial surface Antiphagocytic and resistance of lysis Weak   

Leukotoxin Secreted Leukocyte necrosis Strong   

LPS Bacterial cell wall Proinflammatory Lipid A is strong   
OmpP2 Outer membrane Biofilm formation and adhesion Weak   

OmpA Outer membrane Adherence to lactoferrin Strong   

PlpE Outer membrane Unknown Strong   

Biofilm (M. 
haemolytica) 

Surface proteins 
(adhesins) 

Antibiotic resistance and escape 
immune response 

Generally weak 
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these factors are similar to each other due to their 
mutual origin, however, some genetic differences 
between those factors like molecular weight, protein 
synthesis pathways, and mode of action have been 
disclosed (De la Mora et al., 2007). 

4. 1. P. multocida 
4.1.1. Capsule   
P. multocida has five different capsular groups 
according to the capsular polysaccharide they possess. 
The genes encoding for these strains was assumed to 
be located in a single region on the genome until 
studies done by DeAngelis and White showed that 
capsules of strain A and B were encoded from 
different region, so they concluded that may refer to 
farther capsule variation in future (DeAngelis & White, 
2004; Mirtneh et al., 2022). The main role of the 
capsule is the resistance to phagocytosis and 
resistance to complement-mediated lysis (innate 
immunity) mainly through expressing hydrophilic 
substrate (Boyce et al., 2000; Guan et al., 2020).   

 4.1.2. Pasteurella multocida toxin (PMT) 
This toxin is about 146 - kDa protein encoded on 
lysogenic bacteriophage existing only in the genome of 
the toxin-producing strains (type D strain; the 
causative agent of atrophic rhinitis in swine). The toxin 
is released upon bacterial lysis and inters host cells via 
receptor-mediated endocytosis (Pullinger et al., 2004). 
The role of PMT in pathogenesis is the activation of 
some proteins in the cytoplasm of host cells such as G 
proteins, (Gq and G12/13) and Cβ. These interactions 
between protein pathways result in activation of 
specific signal transduction pathways which lead to 
cytoskeletal changes, inhibition of osteoblast 
maturation and activation of the mitogen activating 
protein. PMT may also obstacle the migration of 
dendritic cells to lymph nodes (Kitadokoro et al., 
2007). 
4.1.3. Iron acquisition proteins  
Iron is a very important compound for survival of 
bacteria; P. multocida has many different ways to 
acquire iron from host depots such as ferric 
hydroxides, hem, and transferrin. Acquiring iron 
requires a specific outer membrane receptor and a 
periplasmic-binding protein. Siderophores are the 
keyword in the iron acquisition process; these 
compounds are normally possessed by many 
microorganisms. It can be classified into three 
structural types: hydroxy carboxylate, catecholate, or 
hydroxamate. Only one siderophore, named 
multocidin, is unique to P. multocida (Boyce et al., 
2010). Recent study has shown that lacking of some 
iron acquisition protein genes  such as HgbA and HgbB 
genes may lead to forming of nontypical  P. multocida, 

eventually, P. multocida may change or lose its capsule 
due to shortness or absence of iron acquisition 
proteins (Balevi et al., 2023). 

4.1.4. Lipopolysaccharide (LPS) 
LPS generally is a very important component of Gram-
negative bacteria rich with variability in polymeric O-
antigen repeats, but with exception of P. multocida; 
there is a lack of O-antigen repeats. LPS of P. 
multocida is varied from one strain to another for 
example LPS of strain A differs from other strains LPS. 
Also, LPS fails to induce the same immune response in 
two different animal species and therefore no 
heterogenous immunity can be induced (Harper et al., 
2011; Mombeni et al., 2021). 

4.1.5. Fimbriae and adhesin 
Full genome sequencing of P. multocia pm70 had been 
carried out, it revealed that all types possess in their 
genome many genes such as (ptfA, flp1, and flp2) that 
encode for different types of fimbriae (May et al., 
2001). Although P. multocida genetically has different 
genes and different types of fimbriae, they functionally 
do the same role in pathogenesis by attaching to 
surfaces of the respiratory tract and adhering to host 
cells (colonization and invasion) (Yanthi et al., 2021).    

  4.1.6. Sialic Acid metabolism 
Sialic acid has several roles in the pathogenesis of P. 
multocida including stabilization of membranes and 
regulation of transmembrane receptors function. 
Bacteria can utilize host sialic acid as a carbon and 
nitrogen source by sialidases enzyme. Existing of sialic 
acid may enhance the ability of bacteria to avoid the 
immune system of the host by blocking some 
receptors or altering some molecules features (Vimr et 
al., 2004). 

 4.1.7. Hyaluronidase  
Hyaluronidase enzyme assumed to play important role 
in pathogenesis of P. multocida usually produced by 
type B strain that causing hemorrhagic septicemia in 
buffaloes and cattle. HA is thought to function as a 
“spreading factor” by degrading hyaluronic acid on 
host cells, thus allowing the spread of bacteria in 
tissues (Carter & Chengappa, 1980). Type A and B 
strain especially B: 2 strain is the only type that 
produces this enzyme so some researchers suggest it 
may be a useful tool for diagnosing and differentiating 
type B: 2 strain of P. multocida (Chung et al., 2001; Raj 
et al., 2023).  

 4.1.8. Outer membrane proteins (OMPs) 
OMPs of P. multocida was identified firstly as one of 
five important immunogens able to evoke an immune 
response, it is mass about 37kDa; monoclonal 
antibody produced against this protein enhanced 
immunity of rabbit and protected from homologous 
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challenge; but for heterologous strains, some 
limitations have been noted. The main role of these 
outer membrane proteins is facilitating adherence of 
invading organisms to host cell surfaces. The major 
outer membrane proteins of P. multocida are OmpH, 
OmpA, Oma87, Pm1069, iron related proteins, and 
Tbp (transferrin binding protein) (Gogoi et al., 2018), 
recently (Zhao et al., 2021) approved that pcgD  outer 
membrane has a critical role in P. multocida infection. 
Biofilm formation has been reported for the first time 
by (Petruzzi et al., 2017). They confirmed the ability of 
P. multocida serogroup A to produce a type of biofilm 
in vitro, produced biofilm is smooth and thicker than 
biofilm produced by other encapsulated bacteria. In 
the same trial, they suggested that capsular 
polysaccharide (CPS) may interfere with biofilm 
formation by blocking the adherence of bacteria to the 
surfaces or by preventing the EPS matrix from 
encasing large numbers of bacterial. In a different 
study (Petruzzi et al., 2018) experimentally found that 
P. multocida was able to produce biofilm in vivo on  
avian pulmonary tissues and suggested that it may be 
correlate to chronic infections of fowl cholera.  

4.2. Mannheimia haemolytica and LPS 
M. haemolytica produces many types of capsular 
antigens it differs according to serotype of the 
organism for example S1, S9, and S12 but generally 
they evoke host immune responses besides it is main 
role in avoiding phagocytosis by macrophages. LPS 
extremely necessary for M. haemolytica pathogenesis 
it has a classical endotoxic activity able to stimulate 
pro-inflammatory mediator production and 
inflammation specially O-antigen which is known to be 
the most immunogenic component of LPS (Table 1). 
activation of these inflammatory substances results in 
damaging endothelium layers and causing vascular 
leakage (Confer & Ayalew, 2013; Kamarulrizal et al., 
2022). 

4.2.1. Outer membrane proteins (OMPs) 
This compound structure of OMPs maintains the 
hemostasis of bacterium by controlling the influx and 
efflux of nutrients in addition to coordinating signals 
transduction. There are different types of outer 
membrane proteins with different functions, basically 
they act as adhesin factors or iron acquisition proteins, 
the function of some proteins is still unknown. 
Examples of these proteins are PlpE, PlpF, OmpA, and 
OmpP2 (Avalos-Gómez et al., 2020). 
  Members of the OmpA family of proteins 
resemble a good model for vaccine production for 
several bacteria. M. haemolytica OmpA is an 
approximately 30 kDa, heat-modifiable, it was found 
to be a highly immunogenic protein with porin activity. 

Members of the OmpA protein family share some 
features such as homology with heat-modifiable OMPs 
protein from numerous bacteria (Confer & Ayalew, 
2013; Ujvari et al., 2019). OmpA protein has adhesin 
properties and recently had been identified as a 
binding factor to lactoferrin (Zhang et al., 2016). 
Although a lot of these proteins are not immunogenic, 
they potentially trigger immune response for 
producing opsonizing antibodies which afforded 
protective against M. haemolytica. Transferrin binding 
proteins B family also remove iron from transferrin, 
mostly outer membrane immunogens are strong 
immunogens (Samaniego-Barrón et al., 2016). 

4.2.2. Adhesins 
M. haemolytica adhesins include a 68 kDa 
glycoprotein, N-acetyl-D-glucosamine (MhA) that 
responsible for adherence to epithelial cells of trachea 
and activates the oxidative burst of host neutrophils 
through glycoprotein receptor, it has major role in 
colonization of respiratory tract surfaces. M. 
haemolytica produces this adhesin more intensively 
when cultivated at 41°C (Wynn & Clawson, 2022; 
Zhang et al., 2016) in addition to this many types of 
antigens act as adhesins such as OmpA, lipoprotein1, 
Filamentous hemagglutinin and fimbriae (Kisiela & 
Czuprynski, 2009).  

4.2.3. Toxins 
M. haemolytica is known to produce leukotoxin (LKT) 
since it associated with infection in bovine respiratory 
disease where serious damage on host macrophages 
and neutrophils has been reported (Maheswaran et 
al., 1992).  Four genes are coding for leukotoxin (lktC, 
lktA, lktB, and lktD) lktA codes for the structural toxin, 
and lktC codes for activation, whereas products of lktB 
and lktD are coding for secretion of toxin (Rice et al., 
2007). LKT is the most important virulence factor in M. 
haemolytica – induced pneumonia. LKT is also 
responsible for hemolysis in vitro, toxin is produced by 
all serotypes of the bacterium except the mutant one 
(LKT – deficient mutant) (Confer & Ayalew, 2018).  

4.2.4. Biofilm formation  
Biofilm concept refers to a type of microorganism 
arrangement, often in two different levels the first one 
is attachment of microorganisms to each other and 
secondly attaching to adjuvant surfaces here adherent 
bacteria become embedded within a slimy 
extracellular matrix mainly in shape of extracellular 
polymeric substances (EPSs) (Montes García et al., 
2018; Olson et al., 2002). These biofilms protect the 
bacterial cells against the host immune response and 
antibiotic treatment bacteria within a biofilm are more 
resistant to antibiotics than planktonic cells. 
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Figure 1. Stages of biofilm development.  
Initial attachment, (2) Irreversible attachment, (3) Maturation I, (4) 
Maturation II, and (5) Dispersion. Each stage of development in the 
diagram is paired with a photomicrograph of a developing P. 
aeruginosa biofilm created by P. Dirckx, K. Sauer, and D. Davies 
(100). 

Production of biofilm in M. haemolytica has been 
reported in bovine respiratory disease (Boukahil & 
Czuprynski, 2016; Kandimalla et al., 2022). 

4.2.5. Produced enzymes 
M. haemolytica secreted numerous enzymes that 
participated somehow in pathogenesis. 
Neuraminidase (sialidase) is a major extracellular 
protein associated with many bacterial species; it acts 
on sialic acid residues of host mucosal sialo-
glycoprotein exposing underlying carbohydrate 
moieties used for bacterial adhesion. Neuraminidase 
has a role in enhancing bacterial adherence to cell 
surfaces that have been affected by this enzyme 
action.  
  M. haemolytica genes also code for O-
sialoglycoprotease enzyme which hydrolyzes peptide 
bonds within glycoproteins. Studies found that 
homologs of the protein were detected in several 
Gram-negative bacteria; however, secretion in the 
form of O-sialoglycoprotease was restricted to M. 
haemolytica serotypes (Klima et al., 2018). Protease 
recently has been detected on supernatant from M. 
haemolytica culture it is responsible for cleaving of 
host immunoglobulins, especially IgG1into 39,12 and 7 
kDa bands whereas no effect on IgG2 has been 
recorded (Kotelnikova et al., 2016a). 

5. Pathogenesis  

5.1. P. multocida pathogenesis  
Although P. multocida possesses a huge set of 
virulence factors the mechanism of action for some of 
them is still anonymous. Induced diseases and 
susceptible hosts are so variable with strong specificity 

it may be due to strain, adaptation, possession and 
expression of specific virulence factors. Also host 
factors such as anatomic features and innate 
immunity, above all the ecology factors which partially 
neglected in studies on P. multocida infections (Harper 
et al., 2006; Peng et al., 2019). 
P. multocida is an opportunistic pathogen that 
normally colonizes surfaces of the respiratory tract of 
hosts so it directly moves down into tissues after 
association with suitable predisposing factors. Studies 
on fowl cholera suggest that mucosal membranes may 
act as a portal of entry, the same for open wounds 
(Pattison et al., 2007).  
  Firstly P. multocida attaches to host cells using 
adhesins, which are surface proteins that bind to 
specific receptors on the host cell surface. Secondly 
one of the crucial steps in the pathogenesis of 
systemic disease is resistance of phagocytosis by 
bacterial capsule; the capsule has two major roles in 
pathogenesis; one is producing hyaluronidase enzyme 
that degrades the hyaluronic acid of the host cell to 
facilitate entering into tissues leading to necrosis and 
cellulitis, and the other one is avoiding lysis through 
complement system proteins. Also one of important 
steps in P. multocida pathogenesis it is ability to 
invoked a high inflammatory response when growing 
in any parenchymatous tissue this damage usually is 
local as abscesses  (Diallo & Frost, 2000; Smallman et 
al., 2024); found evidence for multiplication of P. 
multocida on blood in vivo. However, some strains 
survive in vitro in serum with active complement 
proteins and they think growing in serum did not 
necessary correlate with virulence in avian strain of P. 
multocida. In fowl cholera and hemorrhagic septicemia 
usually, animals death is attributed to spreading 
petechiae on serosal and epicardial surfaces, which 
indicates consumptive coagulopathy common to many 
endotoxemias. 
  P. multocida produces various toxins, 
dermonecrotic toxin (in atrophic rhinitis in pigs), 
leukotoxin, these toxins can damage host cells, disrupt 
the immune response, and promote bacterial survival 
and dissemination, beside that also P. multocida can 
modulating cytokine production that result in  can 
manipulate the immune response to its advantage 
(Boyce et al., 2010; Sahoo et al., 2020). 

5.2. M. haemolytica pathogenesis 
M. haemolytica has a variety of virulence factors 
involved in pathogenesis process as a general 
mechanism of these factors resemble its counterparts 
in other Gram-negative bacteria, few differences may 
exist depending upon bacteria-host interaction 
mechanisms. Infection with M. haemolytica is 
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Figure 2. P. multocida on blood agar. Photo taken from 

atlas.sund.ku.dk 

 

Figure 3. M. haemolytica on blood agar. (101) 
 
reported to be related specifically with ruminants 
(Confer & Ayalew, 2018). Classic immunogens such as 
capsule, LPS, toxins and neuraminidase are major 
factors contributing in clinical manifestation of M. 
haemolytica infections (Rice et al., 2007). 
  Routes of entering same as for P. multocida 

through respiratory tract after association with viral 
diseases and/or other illness that pave the road for 
their proliferation and invasion of tissues. Unlike P. 
multocida, M. haemolytica has limitations in infected 
hosts and produced clinical cases (Gelasakis et al., 
2015). Capsule and surface proteins are very 
important in colonization of bacteria. Penetration of 
epithelial cells is facilitated by secretion of 
neuraminidase enzyme which is an extracellular 
protein present in many bacterial species. Its role 
involves cleaving sialic acid residues from host 
mucosal sialoglycoproteins, which exposes underlying 
carbohydrate structures that bacteria use for 
adhesion. This mechanism is crucial for bacterial 
attachment to host cells and tissues (Zhao et al., 2023). 
M. haemolytica neuraminidase was demonstrated to 
be a large, approximately 160 kDa, extracellular, 
enzyme produced by different serotypes, mainly 
during stationary growth phase (Highlander, 2001; 
Klima et al., 2014) Neuraminidase is produced in vivo 
in M. haemolytica-infected cattle as evidenced by the 
rise in anti-neuraminidase antibodies during infection 
(Briggs et al., 2021; Confer & Ayalew, 2018). 
  Several proteases were recently identified in the 
culture supernatant of M. haemolytica S2, and those 
were primarily cysteine proteases or metalloproteases 
(Rico et al., 2017). 
  Proteases that can break down IgG have been 
found in Streptococcus pyogenes, Pseudomonas 
aeruginosa, Proteus mirabilis, and Staphylococcus 
aureus. Although a search of the genome databases of 
10 M. haemolytica did not reveal a specific IgG 
protease, the presence of multiple endopeptidases 
suggests the potential for IgG cleavage. Furthermore, 
(Ayalew et al., 2017)) identified a potential IgA 
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protease in M. haemolytica culture supernatant using 
proteomic analyses. IgA proteases in other bacteria 
are typically associated with autotransporter 
molecules, facilitating bacterial invasion of mucosal 
surfaces and evasion of host defenses. Bacterial IgA 
proteases are also known to be immunogenic, 
triggering the production of local and systemic 
antibodies in infected hosts (Kotelnikova et al., 2016b). 
The gene encoding sialoglycoprotease and its 
enzymatic activity were linked to various serotypes of 
M. haemolytica, with similar proteins found in several 
Gram-negative bacteria. However, the secretion of O-
sialoglycoprotease was specific to M. haemolytica 
serotypes  Vaccination of calves with a recombinant 
sialoglycoprotease-fusion protein induced antibody 
production against the protein (Shewen et al., 2003). 
Antibodies against sialoglycoprotease were detected 
in the sera of cattle challenged with live M. 
haemolytica (Lee et al., 1994; McGill & Sacco, 2020). 
The exact role of sialoglycoprotease in respiratory 
pathogenesis remains unclear. Studies have shown 
that it can cleave cell surface glycoproteins such as 
CD34 (present on hematopoietic progenitors and 
endothelium), CD43 (leukosialin found on leukocytes), 
CD44 (a receptor for hyaluronic acid involved in cell 
adhesion), CD45 (a leukocyte common antigen 
involved in signal transduction), and platelet selectin 
(Ramírez-Rico et al., 2024). 
  Leukotoxin has been subjected to intensive studies 
since in vitro damage by M. haemolytia toxin had been 
reported on bovine neutrophils. Leukotoxin type A lyse 
cells mainly through pores formation; leads to the 
efflux of K+ and influx of Ca2+ leading to swelling and 
eventual cell lysis, apoptosis and mitochondrial 
dysfunction (Atapattu & Czuprynski, 2005; Hsuan et 
al., 1999). Dominant chemokines in production of pro-
inflammatory response are cytokines, such as tumor 
necrosis factor-α (TNF-α), interleukin (IL)-1β and IL-8. 
Researchers suggest that LPS has basic role in 
cytotoxicity of macrophages and monocytes 
(Jeyaseelan et al., 2000).  
  Biofilm formation is one M. haemolytica tools to 
persist and invade respiratory system. Conducted in 
vitro trials was found that OmpA adhesin is the main 
factor that facilitates attachment of M. haemolytica to 
plastic surfaces so OmpA considers the first step 
toward biofilm formation (Boukahil & Czuprynski, 
2015) and (Kisiela & Czuprynski, 2009) reported in 
their study that lipoprotein 1 (Lpp1) also has a role in 
attachment of M. haemolytica to bovine epithelial 
cells. (Boukahil & Czuprynski, 2015); took advantage of 
this knowledge (adhesins role in biofilm formation) to 
design blocking substances such as monosaccharides 

to compete with bacterial adhesins in attaching to host 
cells surfaces this resulted in inhibition of bacterial 
adhesins and obstacles biofilm formation. 

6. Epidemiology 

6.1. P. multocida  
Theodore Kitt in 1885 first described the causative 
agent called Bacterium bipolare multocidum, later 
Bacillus bovisepticus by Flugge in 1896. In 1900 
Lignieres proposed the name Pasteurella, Pasteurella 
haemolytica was given by Newsom and Cross in 1932 
and this has also been well accepted (Rehmtulla & 
Thomson, 1981). Incidence of P. multocida is high 
globally and so distribution of serotypes and serovars 
of this organism. Despite intensive studies on this 
pathogen neither developed countries nor 
undeveloped counties have ultimate way to remove 
clinical manifestations of this pathogen. Outbreaks 
redundantly have been reported in tropical regions 
more specifically in Asia and Africa as hemorrhagic 
septicemia and fowl cholera diseases which are caused 
by P. multocida strain B and strain A respectively 
(Moustafa et al., 2015). 
  Morbidity and mortality of shipping fever average 
approximately 14 and 1% respectively (USDA National 
Animal Health Monitoring System (NAHMS) (Storz et 
al., 2000) revealed in their study the important role of 
coronavirus in shipping fever wherein two different 
outbreaks high percentage of association of 
respiratory bovine coronavirus with shipping fever had 
been reported as 61% and 74%. Their study 
recommended that vaccination and management 
methods against shipping fever should consider and 
include this virus as main factors in the infection. 
  Diseases of P. multocida in livestock are varying in 
clinical features and animal species, most important 
diseases besides (BRDC) are hemorrhagic septicemia 
(HS) in cattle and buffaloes, fowl cholera in poultry, 
atrophic rhinitis in pigs and snuffles in rabbits, 
pneumonic and septicemic Pasteurellosis. Generally, 
Pasteurellosis has roughly 100% mortality in endemic 
areas of Africa and Asia (OIE 2009). Deaths usually 
occur in older calves and young adults alike. In non-
endemic areas, massive epizootics may occur with a 
high morbidity rate may reach up to 100% if treatment 
is not applied at an early stage of disease onset 
(Benkirane & De Alwis, 2002). As for Fowl cholera it is 
a very serious disease with a mortality rate reach to 
90% disease had been recorded in Europe since the 
18th century. Outbreaks of fowl cholera associated 
with high mortality are typically seen in laying flocks 
(Singh et al., 2014). Several studies carried out on 
diversity of P. multocida associated with fowl cholera 
outbreaks; the findings of such epidemiological studies 
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vary in their outcome, and some outbreaks are 
associated with a single genotype for several years 
(Singh et al., 2013). However, outbreaks with multiple 
genotypes have been reported in turkeys this 
contradiction some reports suggest problems in 
Heddleston serotyping method (reproducibility or 
stability). Overall, the evidence of study carried by 
(Singh et al., 2014). Researchers strongly suggested a 
single strain of P. multocida causing these repeated 
outbreaks of fowl cholera. They identified P. multocida 
by PCR then serotyped isolates using the Heddleston 
scheme and genotyped using both multilocus 
sequence typing (MLST) method and an 
enterobacterial repetitive intergenic consensus (ERIC)-
PCR method. Kumar and his colleagues hypothesized 
that the variation in the distribution and occurrence of 
P. multocida infections in different agroclimatic 
regions of India includes different species of animals 
and avian species. They also observed outbreaks 
throughout the year regardless of the season. Their 
findings contradict the notion that HS mostly occurred 
during the monsoon or post-monsoon period and this 
is consistent with the previous findings (Kumar et al., 
2004; Loneragan, 2001). Globally serotype B is second 
dominant strain in fields after type A strain of P. 
multocida. Hemorrhagic septicemia causing strain in 
Africa is prevalently caused by B strain and strain E is 
most dominant in Asia but some studies showed that 
both B and E are isolated from Africa and Asia from 
clinical cases of P. multocida infections (Smith et al., 
2021). 
  In Europe, although HS is uncommon diseases 
which firstly been reported in pigs in Spain; P. 
multocida has been intensively studied from clinical to 
advance genetic approach levels especially in bovine 
respiratory complex (Borge et al., 2011). All 
epidemiological studies assure that P. multocida is a 
ubiquitous organism that lives as commensal on 
surfaces of respiratory tracts of animals acts as an 
opportunistic pathogen cannot clinically induce 
diseases alone unless in presence of predisposing 
factors such as Mycoplasma species most relevant 
with calf pneumonia infections M. haemolytica, H. 
somni coronavirus, adenovirus and Bovine syncytial 
virus (Autio et al., 2007; Hirose et al., 2003). Outbreak 
of bovine haemorrhagic septicaemia caused by P. 
multocida type B has been reported for first tinme by 
(Cuevas et al., 2020). Investigation  of nontypical of P. 
multocida has been carried by (Sakmanoğlu et al., 
2021) Surprisingly they found the nontypical strains 
number is higher than previously reported numbers. 
They found out of 92 isolates of P. multocida 34 are 
type A:3A as the most dominant strain type about 

(36.95%) all isolated were from animals with a 
respiratory disease which may imply to hidden role of 
nontypical P. multocida in pathogenesis too.  

6.2. Mannheimia haemolytica 
M. haemolytica in comparison with P. multocida; it 
tends to be moderate in severity with few numbers of 
diseases although recently an increase in annual 
incidence has been mentioned. In an epidemiological 
study conducted by (Biesheuvel et al., 2021) in 
Netherlands, morbidity rate reached 65% in dairy cows 
while in veal calves reached 20.6%. They attributed 
death in highly productive dairy cows to acute 
pleuropneumonia caused by M. haemolytica. This type 
of pneumonia results in death often within 24 hours. 
While in veal calves M. haemolytica infections cause 
fatal polyserositis, characterized by acute pleuritis, 
peritonitis, and pericarditis (Timsit et al., 2016). There 
are several serotypes of M. haemolytica Serotype 1 
(S1) is most commonly isolated from diseased cattle or 
lesions of pneumonia while serotypes 2 and 6 are a 
common cause of sheep pneumonia (Klima et al., 
2014). Serotype 6 is associated with BRD cases 
approximately 20% of the time or less. Whereas S2 is 
often isolated from the nasal passages in high 
concentration in healthy non-stressed cattle but 
infrequently may causes bovine pneumonia (Odendaal 
& Henton, 1995). M. haemolytica has been reported as 
the causative agent of mastitis in sheep with a 
prevalence rate reaching 40% in sporadic cases, this 
implies the significance of this bacterium in ovine 
mastitis some reports assume it may be similar to or 
even greater than that of classical agent of mastitis 
(Staphylococcus aureus) (Omaleki et al., 2011; Omaleki 
et al., 2016). Incidence rate of clinical mastitis is less 
than 5% in sheep and goats and increases to more 
than 20% in outbreaks associated with particular 
predisposing factors. M. haemolytica is also causing 
septicemia in young animals and pneumonia in 
animals at different ages. Reports of mastitis in sheep 
caused by saying M. haemolytica can be more 
transmitted horizontally transmission to lambs via 
suckling (Omaleki et al., 2016). 

7. Diagnosis  

P. multocida and M. haemolytica originated from the 
same family of Pasteurellaceae, both of them settle 
the upper and lower respiratory tract surfaces of an 
animal (Kisiela & Czuprynski, 2009). Moreover, 
diseases caused by them resemble each other so 
almost same diagnosis procedures are applied for 
them. The first step toward perfect diagnosis it is the 
isolation of the bacterium from the clinically ill animal 
through culturing on different media and later 
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identification through molecular methods (Dziva et al., 
2008). Sampling depends upon disease type and 
whether a serological tests or culturing is going to be 
carried out for normal culturing usually samples like, 
lung, liver, spleen, kidney and intestine swaps from 
wounds also can be collected and cerebral fluids are 
useful if animal has septicemia. Prior to culturing, a 
direct examination can be conducted by creating an 
impression smear of the liver to observe bacteria 
under a microscope, using stains such as Giemsa or 
Wright's. Both Pasteurella and Mannheimia grow 
readily in trypticase soy, blood or dextrose agar plates 
at 35-37°C.  P. multocida on blood agar plate usually is 
mucoid, 1 to 3 mm in diameter, and nonhemolytic 
colonies. Whereas M. haemolytica on blood agar 
plates is grey, medium sized colonies with zones of β-
haemolysis (Carter & Cole Jr, 2012). As for serological 
tests serum and whole blood can be used. Serological 
approaches are mostly used for the assessment of 
herd immunity after vaccination campaigns in addition 
to research purposes. Routinely used tests are ELISA, 
disk diffusion test, rapid whole blood agglutination and 
serum plate agglutination. Moreover, indirect 
hemagglutination test (IHA) is considered the most 
serological test used for diagnosis of M. haemolytica 
infections and serotyping of field isolates (Carter & 
Cole Jr, 2012; WOAH, 2020). Also advanced techniques 
such as immunofluorescent microscope, in-situ 
hybridization (ISH) and polymerase chain reaction 
(PCR) are applied for more specific identifications 
(Townsend et al., 2001). They have developed 
multiplex PCR as a rapid alternative approach to the 
conventional capsular serotyping system of 
Henderson. Overall, PCR tests and molecular typing 
techniques have their benefits, they are most effective 
when used in combination with other methods and 
integrated into a broader investigative approach. 

8. Transmission 

Diseases caused by those pathogens are respiratory 
system restricted so the transmission of the infections 
from animal to animal or among birds easily occurs 
during Pasteurella and Mannheimia outbreaks. 
Chronically infected, asymptomatic carrier chickens or 
turkeys are considered to be the main sources of 
disease in fowl cholera infections this besides other 
carrier such as wild birds or other mammals (dogs, 
cats, and rodents). Fowl cholera infection does not 
seem to be vertical transmittable through the egg 
(Christensen et al., 2008). Generally,   infections 
caused by P. multocida and M. haemolytica 
transimitted either by direct contact or from 
surrounding environment contaminated with coughing 
and excretions which could be nasal discharges, mouth 
saliva or lacrimation (D’Amico et al., 2022). These 

bacteria can survive long enough to be spread by 
contaminated water, feed, shoes, clothes and other 
equipment in the farms (Magyar & Lax, 2014). M. 
haemolytica in mastitis infection can be transmitted 
through milk secretions that contaminate the 
surrounding environment and to lambs through 
suckling, also infection can be transmitted ascendingly 
from lambs to dams if there are some abrasions or 
wounds on udder surface or teats (Kannangara et al., 
2020; Omaleki et al., 2016). 

9. Antibiotic Resistance 

Antibiotic resistance by bacteria of an animal origin 
especially form animal raised for milk or meat 
consumption purposes shape a critical situation due to 
correlation with human health in general and 
possibility of new emergence of antibiotic resistant 
bacteria in human medicine field. Although not all P. 
multocida possess plasmids in some isolates plasmids 
with different sizes have been identified. Mostly these 
plasmids harbor resistance genes to multiple 
antibiotics (Hirsh et al., 1981; San Millan et al., 2011). 
Most commonly these resistance to antibiotics such as 
erythromycin, b-lactams, tetracycline, 
fluoroquinolones, novobiocin chloramphenicol, 
streptomycin, sulfonamides and thiamphenicol (Arif & 
Champlin, 1998). Generally antibiotic resistance 
plasmids of Pasteurellaceae members are 
transferrable among the family members (Bahr et al., 
2021; San Millan et al., 2011; Shayegh et al., 2009).   
Studies carried by (Kadlec et al., 2011) and (Michael et 
al., 2012) showed that P. multocida strain 36950 
isolated from a case of bovine respiratory disease 
(BRD), resist all antibiotics that commonly used to 
control BRD (Hirsh et al., 1981).  Further genome 
sequencing of this isolate revealed that antibiotic 
resistance genes have been found on mobilizable or 
conjugative elements integrated into the 
chromosomes of the strain. Also studies showed 
increasing of antibiotic resistance by M. haemolytica 
to very high percentage of resistance to routinely used 
antibiotics, commonly M. haemolytica resist tilmicosin 
oxytetracycline, spectinomycin, erythromycin (McClary 
et al., 2011; Schink et al., 2022), Tetracycline and 
ampicillin. Obviously this wide range of resistance to 
different classes of antibiotics indicate that M. 
haemolytica is multidrug resistant; although the 
resistance is relative and differ according to region of 
research, and type of breeding system and feeding 
system and antibiotics usage status in the farms or 
feedlots, still ability of more antibiotic resistance 
emergence is high especially to antibiotics routinely 
used in BRD treatment (Ashrafi et al., 2022; Lubbers & 
Hanzlicek, 2013). 
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10. Prevention and control  

Generally, respiratory diseases caused by and P.  
multocida M. haemolytica are preventable diseases; 
although its prevention may be a long and complicated 
process but is achievable. The process depends mainly 
on good management of the animal farms and good 
veterinary practice by veterinarians and assistant staff 
(Yeates, 2012). For treatment always antibiotics are 
the first choice to reduce the secondary infection and 
control animal parameters, Cephalothin of first-
generation of cephalosporin and third-generation of 
cephalosporin antibiotics basically ceftiofur, both 
reported to be very effective (Nagai et al., 2019; Welsh 
et al., 2004). Oxytetracycline, streptomycin and 
rifampicin are found to be a good choice, also surgical 
treatment for atrophic rhinitis can be carried out 
(Lizarazo et al., 2006; Van Driessche et al., 2018). 
  Vaccination plays an important role in protection 
of livestock, poultry, and indirectly mankind, vaccine 
decreases incidence of diseases among herds of 
animals in endemic regions or areas of outbreaks. 
Since (Pasteur,1880) worked on a vaccine against fowl 
cholera causing P. multocida till today so many vaccine 
trials have been tried out and a lot of them succeeded 
in evoking the immune system with long term 
protection and marginal side effects, most of them are 
commercially available nowadays (Dabo et al., 2007; 
Elsayed et al., 2021). A wide range of vaccines have 
been introduced to control respiratory infections 
caused by these two-organisms starting from 
bacterins, live attenuated, killed, subunit, recombinant 
and DNA vaccines, each of these vaccines model has 
its specific features with different immune response 
produced by host animals (Ahmad, 2014; Wubet et al., 
2019). In fowl cholera live attenuated vaccine has long 
cross-serotype protection when administered in food 
or water but it considers unsafe compared to bacterins 
which affords safety short-term, serotype-specific 
immunity (Chung et al., 2005). One of limitations in 
vaccination programs against P. multocida and M. 
haemolytica is multi-causative agent in bovine 
respiratory diseases and calf pneumonia, in these 
complex cases introducing one vaccine against specific 
causative agent is not enough for producing full 
protection, although some studies showed that 
vaccination with single vaccine may protect herds. In 
1975 (Ismail et al., 2023; Thomson et al., 1975) found 
that vaccination of cattle with efficacious M. 
haemolytica vaccines prior to shipment potentially 
increased specific antibody titers and reduces shipping 
fever pneumonia. Also, control of respiratory disease 
in newborn calf may fail due to either failure of passive 
transfer of maternal antibodies through colostrum or 
due to unspecific immune repose from newborn calf 

which possesses native immune cells (Furman-Fratczak 
et al., 2011). In calf the most important cause of 
vaccination failure is the maternal antibodies which 
react against introduce vaccine and neutralize them so 
timing of vaccination is critical step. It should not be 
soon after birth not later after declining of maternal 
antibodies titers which may result in a period of 
vulnerability before newborn calf develop their own 
immune response (Detmer & Glenting, 2006; 
Tabatabaei et al., 2007). Therefore, measuring of 
maternal antibodies is very important before starting 
any vaccination program Moreover, using of unspecific 
adjuvant also can play vital role in failure of animal 
immunization (Roth, 1999). In addition, vaccination 
may fail due to so many reasons such as stress, 
malnutrition, concurrent illness and 
immunosuppression status which lead to imperfect 
immune response; also immaturity of immune system 
is one of these reasons. Vaccines also fail to evoke the 
immune system due to interference between multiple 
vaccine those introduced concurrently in last 
differences between vaccine strain and field strains 
should be considered when administrate vaccines 
(Adler et al., 1999; Harland & Potter, 1992; Mostaan et 
al., 2021).  

11. Conclusion  

Principles of one health must be applied in dealing 
with diseases caused by Pasteurella and Mannheimia 
in general. Moreover, the industry must potentially act 
with the diseases as an animal welfare issue not just a 
matter of profit and loss, and more importantly they 
should apply the experimentally approved to be an 
excellent choice of drug or vaccine. More specific 
research needed to shed light on phenotype and 
genotype differences among those organisms. 
Although a full genetic map has been successfully 
achieved still more genomic studies are needed to 
reveal the origin of virulence diversity, host specificity 
and predilection side of bacteria. Likewise developing 
an ideal vaccine against those bacteria also is one of 
future research challenges. According to available 
literature specifically some issues should be subjected 
to intensive investigations and research focus such as 
emerging and re-emerging infectious diseases and 
antigenic variants between agents. Evaluation of 
innate and adaptive immunity after infections or 
vaccinations is important for producing   more specific 
drugs or vaccines in the future. Some vaccine strains 
have been in use for more than five decades so new 
innovative vaccines using new technologies are 
demanded. Lastly that shortage in diagnostic field 
tests is also one of the challenges faces scientists 
nowadays. 
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ABSTRACT 

Determining the pH value and collagen value in beef is very important in terms of healthy 
and quality nutrition. Collagen value is of great importance in meat-like products in order 
to offer healthy products to consumers. Today, various measurement techniques are 
used to measure pH value and collagen value. However, the success and reliability of 
each measurement varies. Therefore, more sensitive and reliable measurement methods 
need to be developed. Within the scope of this study, modern techniques used in the 
food industry to measure the pH value and collagen value of cut meat were examined. 
The reliability and acceptance level of each technique varies. This research aims to 
contribute to the development of more accurate methods for measuring collagen and pH 
values. In this way, it is aimed to increase the quality of beef products and offer healthier 
and more delicious products to consumers. 
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The increasing human population in the world causes 
people to migrate from rural to urban areas. As a 
result, the demand for animal foods is gradually 
increasing (FAO, 1998). People meet their nutritional 
needs by consuming protein-rich foods, and animal 
foods such as meat (cattle, sheep, goats, poultry, pigs, 
fish and seafood/shellfish), milk and eggs are the main 
ones (Geletu et al., 2021).  
  Meat and meat products are the most valuable 
animal products and sources of high quality protein 
due to their amino acid composition. While the need 
for protein is increasing day by day, the rich protein 
content in these products offers an important source 
for a healthy diet. For the food industry, the safety of 
products and consumer satisfaction are as important 
as meeting protein needs. In the food industry, 
collagen content and pH value are two important 

parameters that determine the quality of beef 
products. Collagen is one of the building blocks of 
meat tissue and is a critical component that 
determines the texture, tenderness and durability of 
meat. Therefore, determining the right amount of 
collagen is a factor that affects the quality and cooking 
characteristics of meat. In addition, pH value is 
another important parameter affecting meat quality. 
pH value indicates the acidity level of meat and affects 
its color, taste and storage time. Correct pH values 
ensure that the meat remains fresh and durable and 
offers a better product to the consumer. 
  Beef is an important source of protein consumed 
worldwide and consumer demands are consistently 
high. Therefore, ensuring quality control in beef 
production is a critical imperative for the industry. 
Collagen and pH are two determining factors that 
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affect success in this process. Too little or too much 
collagen can adversely affect the texture of the meat 
and provide an unpleasant experience for the 
consumer. Likewise, an incorrect pH value can shorten 
the shelf life of the meat and reduce the consumability 
of the product. Therefore, accurately measuring and 
regulating collagen and pH in cattle is a fundamental 
step to improve the quality of meat products and gain 
the trust of consumers. 
  In this study, we will examine in detail why the 
measurement of collagen and pH in cattle is important 
and the laboratory techniques used to determine 
these parameters. Laboratory methods are 
indispensable tools to optimize the quality of bovine 
meat products and to provide safe and healthy 
products in the food industry. 

1.1. Collagen: structure, variety and role in food 
products 
Collagen is the most abundant protein in mammals 
and birds and is found in all tissues, especially skin, 
tendons and bone. Connective tissue, which is mainly 
composed of collagen, serves to support, separate, 
protect and provide bedding for vascular and neural 
tissue and prevents excessive elongation of the muscle 
and damage to its contractile structure (Weston et al., 
2002). Collagen is found in various parts of the muscle. 
Within the muscle, it acts to coordinate and transmit 
the forces generated in individual muscle fibers so that 
a reaction occurs as a result. In the form of tendons, 
collagen connects muscle to bone and plays a role in 
moving a body part through muscle contraction 
(Fratzl, 2008). Naturally synthesized collagen 
molecules consist of three long helicoid chains of 
amino acid residues with non-helical terminals at both 
ends. At least 46 unique polypeptide chains have been 
found in collagen from various animals (Matinong et 
al., 2022). 
  Collagen chains are most commonly composed of 
a Gly-X-Y motif. Here, Gly represents the amino acid 
glycine, while X and Y usually refer to the amino acids 
proline and 4-hydroxyproline, respectively. This motif 
is different from other ECM components (Matinong et 
al. 2022). The α chains of different types of collagen 
differ in composition depending on the frequency of 
repetition and the length of the segment containing 
the Gly-X-Y motif, whether it is interrupted or 
continuous, and the amino acid residues occurring at 
the X and Y positions (Holmes et al., 2018). 
  The arrangement of polypeptide chains and the 
diversity of terminals give both fibrillar and non-
fibrillar collagen types their distinctiveness. Collagen 
types vary in conformations resulting in a distribution 
of different lengths of helices and non-helical 

segments. These criteria are used to group collagens 
into various groups. General groups include fibrillar 
collagens, FACIT (fibril-associated collagens with 
interrupted triple helices), FACIT-like collagen, 
basement membrane collagen, beaded filament 
collagen, transmembrane collagen, short-chain 
collagen and unclassified collagen (Sherman et al., 
2015). At least 29 types of collagen are currently 
recognized (Sorushanova et al., 2021). Fibrillar 
collagens are the most abundant ECM proteins in 
vertebrates and provide stability, connectivity and 
form to tissues and organs. The most abundant fibrillar 
collagen in most tissues is type I collagen. It is found 
primarily on the fibrillar surfaces of skin and bones and 
in connective tissues. Collagen type I has a rod-like 
structure consisting of three helical chains. It has a 
molecular weight of approximately 300 kDa, a length 
of 280 nm, a diameter of 1.4 nm and contains 
approximately 1020 amino acid residues per chain 
(Matinong et al., 2022). 
  There are also some commercial collagen-based by
-products used in various meats and meat products, 
including hides (skins) and skin trimmings, tendon, 
bovine shank, sinus remnants and bones separated 
manually or mechanically from bovine, porcine and 
poultry carcasses (Zarkadas and Maloney, 1998). 
Inauthentic meat products may include the 
substitution of meat from a high-value species with 
meat from a lower-value species, the augmentation of 
a meat product with connective tissue or fat (so that 
these ingredients are present in greater quantities 
than those naturally associated with the meat used), 
and the use of non-meat proteins or other substances. 
Many countries therefore specify the maximum 
allowable level of collagen in comminuted meat 
products, such as Protected Designation of Origin 
(PDO) and Protected Geographical Indication (PGI) 
products (Messia et al., 2008). 
  Collagen content in slaughtered beef products 
may vary depending on various factors. In one study, it 
was found that the total collagen content in the 
longissimus lumborum (LL) muscle of cattle breeds 
such as Limousine and Charolais was around 287-368 
mg/100 g, while the insoluble collagen content was 
215-278 mg/100 g (Szałkowska and Modzelewska-
Kapituła, 2017). 
  Another study by Modzelewska-Kapituła et al. 
(2016) examined the effect of crossbreeding on 
collagen solubility and tenderness in beef. The 
researchers found that crossbreeding had an effect on 
collagen content and solubility, as well as on the shear 
strength and eating quality of beef. This suggests that 
crossbreeding can affect the collagen properties and 
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tenderness of beef. 
  A meta-analysis conducted by Blanco et al. (2013) 
investigated the influence of animal and management 
factors on collagen properties in beef. The study 
revealed that the development of total and insoluble 
collagen content with degree of maturity (DOM) 
differed between dairy and beef breeds, especially in 
bulls. However, the relationships between collagen 
content and DOM were not precise enough for 
prediction. The study suggested the development of a 
dynamic mechanistic model to better understand 
changes in collagen content in beef. 
  Bruce and Roy (2009) investigated the production 
factors affecting the contribution of collagen to beef 
toughness. They found that factors such as age of the 
animal at slaughter, steroid and beta-adrenergic 
agonist use and breed of cattle can affect the 
contribution of collagen to beef quality. In particular, 
mature collagen cross-link pyridinoline (PYR) 
concentrations were positively correlated with cutting 
force and age at slaughter. 

1.2. Importance of pH value in determining meat 
quality 
 The pH level of meat is one of the most important 
criteria in determining quality. While the pH level in 
meat is 7.3 when the animal is alive, the pH level drops 
to 7.0 after the animal is slaughtered and bled. The 
decrease in oxygen level after slaughter and the 
increase in lactic acid formed as a result of aneorobic 
glucose in the muscles cause the pH level in the meat 
to decrease. Within the first 1 hour after slaughter, the 
pH value of the meat drops to between 5.6-6.2. As a 
result of the decrease in pH, the meat absorbs more 
water and becomes crisp. It is a known fact that the 
rearing conditions of the animals and the ill-treatment 
at the time of slaughter and the resulting stress are 
effective on the pH values measured after slaughter. 
Among these treatments, stress (beating, handling, 
exercise), electrical stimulation and stunning before 
slaughter are known to affect the pH levels of meat. It 
is also known that the quality of feeding applied to the 
animal is also a factor affecting the pH level after 
slaughter. Animals fed high energy diets have lower pH 
levels compared to animals fed low energy diets (Şireli, 
2018). 
  We have stated that the pH value in beef can be 
affected by various factors. In one study, a relationship 
was found between the increase in the number of 
days in the feedlot and the increase in carcass weight 
and the increase in the temperature predicted at pH 6 
and the occurrence of high rigor temperature (Warner 
et al., 2014). In another study, it was observed that pH 
decreased significantly as the number of freeze-thaw 

cycles increased, indicating a deterioration in the 
physicochemical quality of bovine muscle (Rahman et 
al., 2015). Research has also shown that instrumental 
precision measurements such as pH and shear force 
can be used to predict beef eating quality with a high 
degree of accuracy. However, the success of these 
predictions can vary greatly and R2 values for sensory 
precision can be as low as 0.01 (Farmer and Farrell, 
2018). Furthermore, pH values of beef patties did not 
show clear trends and were not significantly affected 
by time (Gómez et al., 2014). In terms of meat quality, 
the expression of heat shock proteins has been 
associated with both the sensory quality and meat 
quality characteristics of highly marbled beef (Oh et 
al., 2019). Heat shock proteins play a role in protecting 
cells from stress and can affect the tenderness and 
flavor of beef. 
  Modern laboratory tests used in the field of food 
engineering 
  Some important modern laboratory techniques 
used in food engineering to determine collagen and 
pH in beef are listed below: 

1.3.a. Near infrared spectroscopy (NIRS): Near 
infrared spectroscopy (NIRS) is increasingly used to 
monitor fermentation processes using NIR absorption 
spectroscopy ranging from 12-820 to 4000 cm-1. 
Chemical structures contribute to the characteristic 
position, shape and size of the analyte's absorption 
bands. Nutrients, metabolites, product formation or 
biomass concentrations can be monitored 
simultaneously with process-related changes in the 
NIR spectra of complex culture media. NIRS is a 
frequently used non-destructive technique for 
collagen determination in the meat industry (Hills, 
2017; Monago-Maraña et al., 2021). 

1.3.b. Fluorescence Spectroscopy: Fluorescence 
spectroscopy is used to determine the changes that 
occur in food products as a result of technological 
process and storage. This method can determine 
various properties of foods (such as functional 
component, composition, nutritional component) 
without the use of chemical reagents. White and red 
meat products have a composition rich in protein, 
polyunsaturated fatty acids, vitamins and minerals. 
However, the quality of red and white meat 
deteriorates rapidly during storage due to microbial 
growth, oxidation and enzymatic autolysis. Therefore, 
rapid analysis methods are important to ensure food 
safety and quality (Karoi and Blecker, 2011; Ankaralıgil 
and Güneşer, 2021). 

1.3.c. FTIR-ATR Spectroscopy: FTIR, also known as the 
Fourier transform method, is a chemical analytical 
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method that measures the wavelength of light against 
its infrared intensity. FTIR-ATR method is used in 
quantitative and qualitative analysis in food research. 
This method allows for rapid evaluation of ingredients 
to ensure quality, safety and traceability in foods. The 
scale of infrared spectroscopy can be extended for 
applications such as food classification, sorting, 
authentication, tracking of contaminants and 
adulteration. FTIR-ATR has been used to determine 
fatty acid content in meat and meat products. This 
method has the ability to determine the ratio of 
saturated fatty acids to monounsaturated and 
polyunsaturated fatty acids (Lucarini et al., 2018). 

1.3.d. High Performance Liquid Chromatography 
(HPLC): HPLC is an efficient technology used in 
analytical chemistry for the separation, identification 
and quantification of components. This technique is 
based on the principle of moving a pressurized liquid 
solvent (mobile phase) at high pressure through a 
column filled with a solid adsorbent material 
(stationary phase). Each component experiences 
unique molecular interactions with the adsorbent 
material, and since these interactions are different for 
each component, the components have different flow 
rates, which allow them to separate as they exit the 
column. Analysis is supported by multiple detectors 
such as a variable wavelength ultraviolet (UV) 
detector, fluorescence detector and refractive index 
detector (RID). HPLC is a versatile and widely preferred 
technique in industry that can quantify target 
components using calibrations prepared with standard 
substances (Sheppard and O'Dell, 2003; Shockcor, 
2017). 

1.3.e. pH meter: A pH meter is a critical tool used to 
measure levels of acidity or alkalinity. For example, the 
specially designed Skin pH Meter® PH 905 is used to 
measure the pH of the skin and includes a special 
electrode to increase skin contact (Ariffin and Hasham, 
2020). pH meters were used in a study evaluating the 
efficacy of proton pump inhibitor (PPI) injections by 
measuring the pH of gastric fluids (Diesner et al., 
2016). 
The pH meter is an important tool in research and 
analysis (Ariffin and Hasham, 2020). In the food 
industry, pH meters are used to measure the pH of 
different food products and for quality control. These 
modern techniques offer valuable assistance to food 
engineers in the quality, nutritional value and safety of 
beef (Sheppard and O'Dell, 2003; Shockcor, 2017). 

Conclusion 
In the food industry, it is important to provide 
consumers with high quality and healthy products. 
This high product quality is a combination of a number 

of factors, including the amount of collagen in meat. 
Meat contains collagen, a connective tissue protein, 
which has a decisive effect on its texture and 
durability. The amount of collagen, its maturation 
state and pH value are factors that directly affect the 
tenderness and flavor of meat. Collagen provides 
structure and durability by forming intermolecular 
cross-links between the muscle fibers in the meat. 
These bonds change during the processing of meat 
with temperature. Collagen fibrils shrink as they heat 
up, which causes the loss of water in the meat, 
resulting in meat that contains less water and is less 
tender. However, this process also serves to hold the 
muscle fibers of collagen together to preserve the 
texture of the meat after cooking. 
Collagen is more abundant in older animals and 
mature cross-links increase with age, resulting in 
tougher meat than in younger animals. Therefore, the 
content of collagen, its maturation state and pH value 
is an important factor to determine the quality of 
meat products. Furthermore, the post-mortem 
degradation of collagen and the use of collagenase 
enzymes are also used to control the tenderness of 
meat. These enzymes are used to alter the structure of 
collagen to provide the desired tenderness and 
texture. 
In the food industry, the detection, analysis and pH 
determination of collagen plays a critical role in 
improving the quality of meat products and providing 
consumers with more flavorful and tender meat. 
Factors such as collagen content, maturation status 
and pH value are important determinants of the 
quality of meat products and therefore need to be 
carefully monitored. There is therefore a great interest 
in developing tools for the rapid determination of 
collagen in meat and for controlling its pH value. 
In this study, modern laboratory techniques used for 
collagen determination and pH measurement in cattle 
were discussed. These techniques include tools such as 
near infrared spectroscopy (NIRS), fluorescence 
spectroscopy, FTIR-ATR spectroscopy, high pressure 
liquid chromatography (HPLC) and pH meters. These 
techniques play an important role in assessing and 
analyzing the quality of meat products, and their 
ability to precisely measure critical properties such as 
collagen content and pH value has been highly 
successful in ensuring quality control in beef 
production and providing consumers with more 
palatable, healthy and durable meat products. 
Nowadays, modern laboratory techniques are 
frequently used in the meat industry to improve 
product quality. Our study makes an important 
contribution to improve the quality standard of meat 
products and meet consumer demands.  
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ABSTRACT 

The incidence of obesity in pets appears to be increasing in line with the increasing 
incidence of obesity in humans, and leads to decreased life expectancy. Obesity, which is 
considered a multifactorial disease caused by excessive adiposity, leads to a decrease in 
quality of life and serious health problems. It is known that there is an increase in the 
incidence of respiratory disorders, cardiological disorders, metabolic and endocrine 
problems, orthopedic diseases and some types of cancer in obese cats and dogs. There 
are many factors in the formation of obesity. One of these factors is the balance of the 
microbiota in gut. Many studies have shown that the microbiota affects critical steps in 
the formation of obesity and there are strong relationships between dietary content, 
microbiota, and obesity.  In particular, high-fat diets are known to increase microbiome 
composition in terms of gram-negative bacterial strains and trigger dysbiosis. Again, in 
cases where dysbiosis occurs, the levels of volatile fatty acids also vary and lead to 
undesirable results through hormonal mechanisms. This condition, which causes 
hyperphagia, hypertriglyceridemia and insulin resistance, increases the incidence of 
obesity and diabetes mellitus. The ratio of Firmicutes and Bacteroidetes, which are 
among the largest phylae of the microbiota, shows serious differences when compared in 
underweight and obese animals. In this article, these relationships between microbiota 
and obesity are reviewed. 
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Obesity constitutes an important health problem in 
pets as well as in humans in developed countries. 
Most researchers agree that the incidence of obesity 
in the pet population, as in humans, is increasing and 
leading to a decrease in quality of life. A study 
conducted in 11 European countries reveals that 30-
70% of pet dogs and 20-50% of dog owners are 
overweight (Muñoz-Prieto et al., 2018). Recent studies 
have shown that the prevalence of obesity in dogs in 
developed countries varies between 25% and 44% 
(Pegram et al., 2021). In the United Kingdom, obesity 

was the seventh most common disease reported in 
dogs in 2014, and in 2021 obesity was the third most 
common disease, after periodontal disease and otitis 
externa (O’Neill et al., 2021). According to the results 
of the Pet Obesity Research published by the 
Association for the Prevention of Pet Obesity in 2022, 
it was reported that 59% of dogs and 61% of cats were 
classified as overweight or obese (Anonymous, 2022). 
Energy imbalance is the main reason for the 
development of obesity in cats and dogs. In this 
context, excessive dietary intake or insufficient energy 
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use leads to a state of positive energy balance, 
resulting in excess fat storage in the body (Kopelman, 
2000). However, some pets may be classified as 
overweight due to markedly reduced energy 
expenditure due to neutering and reduced activity 
levels even if there is no increase in energy intake. 
Cats are generally regarded as being overweight when 
their body weight is at least 10-20%, obese 20% above 
ideal weight (Roudebush et al., 2008a). 
  Obesity alters the metabolic and endocrine 
function of adipose tissue, resulting in increased 
release of fatty acids, hormones, and pro-
inflammatory molecules that contribute to obesity-
related complications (Okada et al., 2017). Obesity-
associated diseases include diabetes, insulin 
resistance, lipid profile abnormalities, orthopedic 
diseases, cardiorespiratory diseases, neoplasia, and 
shortened life expectancy (Roudebush et al., 2008b). 
In a lifelong study conducted with 48 Labrador 
Retriever dogs, it was found that the median life 
expectancy was significantly higher in the 
experimental group fed 25% fewer calories compared 
to the control group. In addition, it was determined 
that the onset of chronic health problems such as 
osteoarthritis was later in the experimental group 
consumed less calories (Kealy et al., 2002). In a study 
conducted with 1457 cats, it was revealed that obese 
or overweight cats were 3.9 times more likely to 
develop diabetes mellitus and 4.9 times more likely to 
develop lameness complaints than thin and lean cats 
(Scarlett & Donoghue, 1998). 
Many factors are involved in the development of 
obesity, including inadequate lifestyle, neuronal and 
hormonal mechanisms, imbalance between energy 
intake and expenditure, and genetic and epigenetic 
factors. White adipose tissue is the most well-known 
type of fat where triglycerides are stored and lipids are 
mobilized for systemic use when other tissues need 
energy. Although once thought of as a passive fuel 
depot, white adipose tissue is now an active endocrine 
organ that provides feedback from the adipose tissue 
and communicates with the brain and peripheral 
tissues by secreting a wide variety of hormones and 
protein factors called adipokines, including leptin 
(Trayhurn, 2005). 

Microbiota in cats and dogs 
The gut microbiota can be defined as the total 
population of microbial species living in the digestive 
tract. From birth, a diverse community of 
microorganisms, including bacteriophages, bacteria, 
archaea, viruses, and eukaryotic microorganisms, use 
the digestive system as a host. This community of 
microorganisms makes an important contribution to 

the digestion and utilization of foods in the 
gastrointestinal tract. The mammalian gastrointestinal 
microbiota is diverse and complex, consisting of at 
least hundreds, perhaps thousands, of interdependent 
or competing species that are often poorly 
characterized (Ley et al., 2008). Microbial density 
varies greatly throughout the gut. While the stomach 
and small intestine contain a small number of bacteria, 
the large intestine has a much more dense population. 
Bacterial components are the largest in this population 
and provide basic digestive functions such as 
fermentation of fibers (Sender et al., 2016). In one 
study, molecular analysis using 16S rRNA sequencing 
revealed that Firmicutes, Fusobacteria, Bacteroidetes 
and Proteobacteria commonly reside in the 
gastrointestinal tract of dogs (Handl et al., 2011). 
According to studies conducted in dog feces, it has 
been observed that there is a core microbiota 
consisting of Firmicutes, Bacteroidetes and 
Fusobacteria (Hand et al., 2013). These phyla include 
bacteria belonging to the Clostridia and Bacilli classes, 
such as Faecalibacterium, which produce short chain 
fatty acids (SCFA), and Lactobacillus, which have 
probiotic properties by producing lactic acid (Pilla & 
Suchodolski, 2021a). In another study, it was shown 
that in the gastrointestinal tract of cats, Firmicutes and 
Proteobacteria, with the predominance of the 
Bacteroidetes phylum, are common, while archaea, 
fungi and viruses are found in much lower amounts 
(Tun et al., 2012). The dominant bacterial phyla in cat 
feces are Firmicutes, Bacteroidetes and 
Proteobacteria, respectively (Barry et al., 2012). High 
amounts of obligate anaerobic bacteria in the feces of 
cats are considered abnormal in dogs and humans 
(Johnston et al., 2001). While bacterial diversity in cats 
varies less between individuals, it is known that 
individual microbiota diversity in dogs is higher (Handl 
et al., 2011). The bacterial load, especially in the large 
intestine, is closely related to energy homeostasis, fat 
metabolism and obesity. The gut microbiota is also 
thought to play a role in regulating food intake by 
affecting metabolic function and hormones that 
stimulate areas of the brain associated with eating 
behavior (Hildebrandt et al., 2009). 
  The most important mediators that enable the 
microbiota to exert its effects on host health are 
bacterial metabolites such as tryptophan metabolites, 
SCFA and secondary bile acids (Lavelle & Sokol, 2020). 
SCFAs, especially acetate, propionate and butyrate, 
are products of bacterial fermentation of dietary 
fibers. It has been shown that acetate and propionate 
are mainly produced by the Bacteroidetes phylum, 
while butyrate is predominantly produced by the 
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Firmicutes phylum (Ismail et al., 2011). SCFAs 
contribute to intestinal health by acting as energy 
substrates for colonic epithelial cells, maintaining 
epithelial barrier integrity, regulating energy 
metabolism, and providing an anti-inflammatory effect 
(Koh et al., 2016). In addition, by regulating the satiety 
signal and intestinal movements, they lower the 
intestinal pH and provide the formation of an 
antimicrobial environment against pH-sensitive 
enteropathogens (Cherrington et al., 1991, Rowland et 
al., 2018). In addition to being an energy source for 
colonocytes in mice (Hartstra et al., 2015), butyrate 
has been shown to be effective against diet-mediated 
obesity without causing hypophagia (Lin et al., 2012a). 
It is known that propionate contributes to 
gluconeogenesis (Lin et al., 2012b), reduces 
cholesterol synthesis and increases leptin gene 
expression (Harris et al., 2012). 
  One of the ways that the microbiota exerts its 
effects is through lipopolysaccharides (LPS). LPS, an 
endotoxin found in the cell membrane of gram-
negative bacteria, provides the immunomodulation 
activity of the microbiota. They are powerful activators 
of the inflammatory response and cause the 
inflammatory response to occur even in small amounts 
(de Vos et al., 2022). LPSs that activate Toll-like 
receptor 4 (TLR-4) induce antigen-presenting cell 
activation in this way. Thus, by establishing a 
connection between innate immunity and acquired 
immune response, a response to microbial factors 
occurs and signalling cascades for damaged tissue 
repair are activated (Poltorak et al., 1998). One of the 
microbiota's contributions to digestion is through 
secondary bile acids. Primary bile acids that escape the 
enterohepatic bile cycle undergo modifications such as 
deconjugation and dehydroxylation by bacteria in the 
intestine (de Vos et al., 2022). As a result, secondary 
bile acids are formed, changing the bioavailability and 
bioactivity of the bile cycle and their effects on the 
metabolic pathways in which they are involved 
(de Aguiar Vallim et al., 2013).  
  It is extremely important for the microbiota to be 
in an individual-specific order and balance to maintain 
general health. Imbalance within the microbiota is 
called dysbiosis and potentially leads to the formation 
of pathologies (Carding et al., 2015). Dysbiosis has 
been linked to inflammatory bowel disease, acute 
diarrhea, autoimmune diseases, various cancers, and 
obesity in humans (Rojo et al., 2017). The state of 
dysbiosis is thought to promote adiposity and lead to 
obesity through several different mechanisms. These 
include changes in satiety signals in the brain, 
regulation of hormones originating from the 

gastrointestinal tract, and affecting lipid metabolism in 
white adipose tissue and liver (Tremaroli & Bäckhed, 
2012). 

Dietary content and connection to microbiota 
Gastrointestinal microbiota may vary depending on 
diet, eating habits and nutritional content. The 
bacterial population, which may vary depending on 
the substrate present in the intestinal tract, is 
primarily affected by the nutritional compositions that 
make up the diet. While changes in bacterial taxa 
require major changes in macronutrients in the diet, 
changes in micronutrients are required for bacterial 
metabolites and microbiota function changes (Pilla & 
Suchodolski, 2021b). While cats are obligate 
carnivores whose diets must be high in protein, dogs 
are metabolically omnivorous and can digest and 
metabolize higher amounts of carbohydrates than cats 
(Deng & Swanson, 2015). This difference in digestive 
systems is one of the factors that shape the diversity in 
the microbiota of cats and dogs. Microbiota changes 
depending on nutrients; It leads to a decrease in the 
synthesis of SCFAs, which protect the intestinal 
epithelial barrier integrity, reduce inflammation and 
increase the expression of hormones that suppress 
hunger. In addition, adipocyte expression is inhibited, 
resulting in dyslipidemia. It is argued that this situation 
will result in conditions such as low-grade chronic 
inflammation and obesity (Amabebe et al., 2020a). In 
this context, one of the most important factors 
affecting diversity is protein:carbohydrate ratio. In a 
study comparing the effects of a diet containing 
medium levels of protein and carbohydrates (MPMC) 
and two diets containing high levels of protein and low 
levels of carbohydrates (HPLC) on the microbiota in 
kittens, it was observed that the number of 
Actinobacteria in the feces was higher and the number 
of Fusobacteria was lower in kittens fed MPMC. Fecal 
Fusobacterium count was found to be highest in 
kittens fed by HPLC (Hooda et al., 2013).  In another 
study conducted in 8 healthy adult cats, the effects of 
dietary protein levels on the microbiota were 
examined. While the bacterial similarity index was 
66.7% in the group fed with a medium-level protein 
diet, this value was 40.6% in the group fed with a high-
level protein diet. It was observed that 
Bifidobacterium populations were higher in cats fed a 
diet containing moderate protein than in the other 
group, while Clostridium perfringens populations were 
higher in the group fed a diet containing high levels of 
protein. The results of this study indicate that the 
amount of protein in the diet can cause dramatic 
changes in microbiota, and the necessity of probiotic/
prebiotic supplements should be considered in cats 
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fed high protein diets (Lubbs et al., 2009). In a similar 
study conducted with canine subjects, it was shown 
that C. perfringens increased while the 
Bifidobacterium phylum decreased (Zentek et al., 
2003). Similar studies have also been conducted on 
humans. In human subjects undergoing diet trials such 
as high protein-low carbohydrate or high protein-
medium carbohydrate, fecal SCFA and butyrate 
concentrations have been shown to decrease in the 
group with reduced carbohydrate levels (Duncan et al., 
2008). Supporting the results of this study, in another 
study, it was observed that fecal output decreased in 
the obese group on a high-fat diet, and the total SCFA 
amount, butyrate concentrations and Bifidobacteria 
count in the stool were lower in subjects fed diets 
containing different levels of carbohydrates and fat. It 
is thought that changes in the microbiota may be 
related to various gastrointestinal diseases 
(Brinkworth et al., 2009).  
  Diets containing high fat-carbohydrate make the 
microbiota rich in bacteria associated with 
pathogenicity such as Firmicutes (Clostridium), 
Prevotella and Methanobrevibacter, while beneficial 
bacteria such as Bacteroides, Bifidobacterium, 
Lactobacillus and Akkermansia are lacking (Amabebe 
et al., 2020b). Firmicutes:Bacteroidetes ratio is used to 
evaluate the increased amount of body fat and 
susceptibility to obesity (Dreyer & Liebl, 2018). It is 
thought that a microbiota composition that supports 
obesity may increase fatness by obtaining more 
energy from diet (Turnbaugh et al., 2008).  It was 
observed that the amount of the Actinobacteria 
phylum increased while the amount of the 
Bacteroidetes phylum decreased significantly in a 
study investigating the effects of a diet containing 
moderate protein and high fiber on the microbiota of 
8 neutered male obese cats with limited feeding. 
Likewise, it was concluded that Prevotella bacteria 
decreased significantly with weight loss (Pallotto et al., 
2018). In a study in which a commercial weight loss 
diet was applied to 22 obese cats for 24 weeks, in the 
first sampled microbiota composition was observed to 
be the most dominant phylum Firmicutes, followed by 
Bacteroidetes. After restricted feeding with a 
commercial diet containing high protein and high fiber 
content, it was observed that there were decreases in 
7 bacterial species belonging to the Firmicutes phylum. 
Additionally, decreases in concentrations of fecal 
metabolites including SCFA, branched-chain fatty 
acids, phenol, and indoles have been reported. As a 
result of this study, it is understood that restricted 
feeding along with dietary content may have an effect 
on the microbiota due to the decreasing amount of 

substrate for the colonic microbiota (Opetz et al., 
2023). One of the effects of diet content on obesity 
and general health status is through LPSs. High fat 
content in the diet and uncontrolled increases in body 
weight cause high intestinal permeability, increasing 
the circulating plasma LPS level. Thus, the metabolic 
endotoxemia situation is occurred (Cani et al., 2007).  
It is known that probiotic supplements given with the 
diet have positive effects on health. A decrease in the 
number of Clostridium spp. and Enterococcus faecalis 
in the feces was observed in 15 cats in which 
Lactobacillus acidophilus supplement was used. In 
addition, while plasma endotoxin concentrations 
decreased, an increase in phagocytic capacity was 
demonstrated in peripheral granulocytes. These 
results are evidence that probiotic supplements added 
to the diet create positive systemic changes in addition 
to immunomodulatory effects (Marshall-Jones et al., 
2006). 

Relationship between microbiota and obesity 

High-fat diets alter the composition of the microbiome 
in a way that increases the proliferation of gram-
negative bacterial strains, namely Bacteroidetes. This 
causes increased production of LPS, a component of 
the Gram-negative cell membrane, and increased 
intestinal permeability. High levels of LPS and SCFA 
production activate TLR-4, which selectively binds LPS 
and induces low-grade inflammation that plays a role 
in the development of obesity (Graham et al., 2015). 
TLR-4 activation also results in the regulation of 
inflammatory pathways that contribute to insulin 
resistance and increased adiposity (Petrich et al., 
2004). A study using rats fed a high-fat diet found an 
increase in acetate conversion rate and glucose-
stimulated insulin secretion proportional to total 
calories consumed. It was concluded that increased 
acetate concentrations originate from the gut 
microbiota and drive parasympathetic nervous system 
activation, resulting in pancreatic β-cell stimulation 
and increased secretion of ghrelin, an appetite-
stimulating hormone (Perry et al., 2016). 
  A study on the relationship between obesity and 
microbiota was also conducted using twin human 
individuals and mice. Fecal samples from human twins 
discordant for obesity were transplanted into germ-
free mice. In a study conducted on mice, microbiota of 
obese individuals transported to lean control groups 
and the results showed that there was a significant 
increase in adiposity without an increase in food 
consumption. This study showed that obesity can be 
transmitted through microbiota modulation (Ridaura 
et al., 2013). In another study involving 10 obese and 
10 normal weight dogs, microbiome analysis was 
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performed in feces. It was understood that the most 
abundant phyla in both groups were Firmicutes and 
Bacteroidetes, followed by Fusobacteria, 
Proteobacteria and Actinobacteria. However, when 
the two groups were compared, significant differences 
were observed in the microbiome composition. While 
a higher number of Firmicutes was observed in obese 
dogs compared to normal dogs, Bacteroidetes was 
found in lower numbers. The ratio of Firmicutes to 
Bacteroidetes was significantly lower in normal weight 
dogs compared to obese dogs (Thomson et al., 2022). 
In another study conducted by Moinard et al. (2020), it 
was shown that the Firmicutes:Bacteroidetes ratio 
increased in dogs on a high-fat diet, and this was 
accompanied by a decrease in insulin sensitivity and 
changes in epithelial permeability (Moinard et al., 
2020). It was also observed that this level decreased in 
dogs with weight loss. Considering the studies 
conducted on dogs, it appears that changes in the 
Firmicutes:Bacteroidetes ratio contribute to the 
development and maintenance of obesity in dogs, in 
line with humans and other animals. Martínez-Cuesta 
et al. (2021) it has been suggested that the change in 
this ratio leads to the induction of specific metabolic 
pathways involved in SCFA production and, as a result, 
causes an increase in fat tissue in the individual 
(Martínez-Cuesta et al., 2021). 
  In another study on the effect of obesity on 
intestinal microbiota diversity, the composition of the 
fecal microbiota was evaluated in 22 lean and 21 
obese domestic dogs, as well as five research dogs fed 
ad libitum and four research dogs as a lean control 
group. As a result, Firmicutes, Fusobacteria and 
Actinobacteria were the dominant bacterial phyla, and 
Actinobacteria phylum and Roseburia genus were 
significantly more abundant in obese domestic dogs. In 
research dogs, it was observed that the order 
Clostridiales increased significantly under ad libitum 
feeding (Handl et al., 2013).  
  Another study was conducted to investigate the 
anti-obesity and hypocholesterolemic effects of 
Bifidobacteria animalis DY-64, a lactic acid bacterium 
isolated from the human intestine, with 40 male 
Sprague-Dawley rats. The rats were divided into four 
groups, respectively, and four rations were created 
with control diet, B. animalis supplement added to the 
control diet, high-fat-high-cholesterol diet, and B. 
animalis supplement added to the high-fat-high-
cholesterol diet, and a feeding protocol was applied 
for 4 weeks. At the end of the experiment, when the 
group fed with a high-fat-high-cholesterol diet was 
compared with the group fed with a diet 
supplemented with B. animalis; It was understood that 

the increase in body weight, liver and fat tissue 
weights was greater than the former. It was observed 
that serum total cholesterol, LDL-cholesterol and 
leptin levels, which were significantly higher in the 
group fed with a high-fat-high-cholesterol diet than in 
the control group, decreased in the fatty diet group 
supplemented with B. animalis. These results indicate 
that B. animalis DY-64, isolated from human intestine, 
exerts hypocholesterolemic effects by reducing serum 
and liver cholesterol levels and plays a role in 
preventing obesity caused by high-fat diet (Choi et al., 
2013). Similarly rats fed a high-fat diet and a control 
diet were supplemented with L. rhamnosus for 13 
weeks. Then, body weights, insulin sensitivity, and 
expression of genes related to glucose and lipid 
metabolism were examined. As a result, a decrease in 
weight gain and increased insulin sensitivity were 
observed in the group fed with a high-fat diet, while 
no change was observed in the group fed with a 
control diet. Significant adiponectin production had 
been also reported. These results suggest that 
supplementing the diet with L. rhamnosus improves 
insulin sensitivity and reduces lipid accumulation by 
stimulating adiponectin secretion (S.-W. Kim et al., 
2013). An attempt has also been made to establish a 
link between body condition and intestinal diversity in 
relation to obesity. In this context, a study conducted 
with 24 healthy 2-year-old Beagle dogs focused on this 
connection. When fecal analyses were performed in 
dogs fed a commercial diet based on metabolic 
properties, it was understood that this main 
microbiota in the intestine was distributed differently 
according to body condition score. In subjects with 
high body condition scores, Firmicutes was the most 
common bacterial species, followed by Bacteroidetes, 
Fusobacteria, Proteobacteria and Actinobacteria. It 
was observed that taxonomic diversity was higher 
when the body condition score was 3 but decreased 
when the score increased to 4-6. Fusobacteria species 
were observed to increase especially at condition 
score 6 and higher. Thus, the idea that microbiome 
diversity may have an opposite relationship with 
fitness has emerged (Chun et al., 2020). In a study 
conducted in Italy, 16 dogs with a body condition score 
of 7 and above out of 9 formed the obese group, while 
15 dogs with a body condition score of 4 and 5 out of 9 
formed the control group. The average overall weight 
loss percentage after calorie restrictions with the 
commercial obesity diet was 12.9% of the initial body 
weight. At the end of the study, total protein, C-
reactive protein, haptoglobin and reactive oxygen 
compounds in the blood were higher in the obese 
group than in the lean group. In the feces, biogenic 
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amines such as putrescine, cadaverine, spermine and 
spermidine were found to be more in the obese group 
and the amount of Firmicutes decreased and the 
amount of Bacteriodes increased in the obese group. 
This study ultimately provided evidence that obese 
dogs suffer from a subclinical inflammatory state 
characterized by higher levels of certain inflammatory 
markers and an accompanying higher total antioxidant 
capacity (Vecchiato et al., 2023).  
  It is known that there are significant microbiota 
changes in obese cats compared to thin cats (Kieler et 
al., 2016). According to the results of the research, 
Fusobacteria was found more in thin cats and 
Actinobacteria in obese cats, but the difference was 
not significant (Li & Pan, 2020). In another study 
conducted with cats, different result was obtained 
from the results observed in humans and rodents. 
Significant decreases were observed in the 
microbiome of obese cats compared to normal cats, 
which suggests a dysbiosis state in obese cats. The 
most common phylum in obese cats was Bacteroidetes 
with a rate of 40.9%, while Firmicutes came in second 
with 27.9%. It was concluded that the Firmicutes/
Bacteroidetes ratio was significantly low (Ma et al., 
2022). Result suggests that, unlike humans and 
rodents, high Bifidobacterium levels may be associated 
with obesity. Accordingly, probiotic and prebiotic 
supplements to be used for weight management 
should be well designed. Consistent with the results of 
the aforementioned study, an another study showed 
that the Firmicutes phylum was found at higher levels 
in neutered thin cats than in the neutered obese 
group, while the Bacteroidetes phylum was 
significantly lower (Fischer et al., 2017).  

  The results of a study conducted with mice on the 
effects of SCFAs is also pointed out to a microbiota 
effect. In the study investigating the mechanism 
behind the anorectic effect of prebiotic fibers, the 
relationship of acetate, with appetite control was 
emphasized. Two groups of rats fed a high-fat diet 
supplemented with highly digestible inulin and a high-
fat diet supplemented with low-digestible cellulose 
were subjected to various analyses after 8 weeks. The 
results showed that mice fed the inulin-supplemented 
diet gained significantly less weight and consume less 
food than the other group. It was determined that 
there was a significant increase in acetate in the 
colonic content (Frost et al., 2014). In another study, 
mice were supplemented with prebiotics and 
synbiotics from birth until the 42nd day and were then 
placed on a high-fat diet for 8 weeks. The results 
showed that adult insulin sensitivity and dyslipidemia 
improved and the most significant changes in gene 

expression were in the ileum, where Bifidobacterium 
is concentrated and authors concluded that early-life 
synbiotics protect mice from excessive fat 
accumulation caused by a high-fat diet (Mischke et al., 
2018).  

Conclusion 
Obesity is a common metabolic dysfunction disease 
that is highly associated with the homeostasis of the 
gut microbiota. Evaluating the changes in the intestinal 
microbiota of obese pets and the physiological 
consequences resulting from these changes has an 
important place in the universal fight against obesity. 
The intestinal microbiota paves the way for obesity by 
regulating energy absorption, central appetite, fat 
storage and triggering chronic inflammation. Similarly, 
there are also strong connections between dysbiosis 
and obesity. At the phylum level, the increased 
Firmicutes/Bacteroidetes ratio is thought to be an 
important feature of the intestinal microbiota in 
obesity. The relationships between the composition 
and diversity of the intestinal microbiota and 
metabolic diseases such as obesity also emerge as a 
target for the prevention and treatment of these 
diseases. Considering all these, more studies are 
needed to elucidate the relationship between obesity 
and microbiota. 
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ABSTRACT 

Many wildcat species are threatened with extinction, rare or vulnerable due to habitat 
destruction and poaching. In addition, Ankara and Van domestic cat species originating 
from Türkiye are in danger of extinction and are under protection. Thus, the requirement 
for assisted reproductive techniques in b oth domestic and nondomestic cat species has 
been increasing in recent years. Assisted Reproductive Technologies (ART) such as in 
vitro maturation, in vitro fertilization, embryo transfer, and cloning in domestic cats (Felis 
catus) provide a useful and suitable model for the conservation of endangered cat 
species. Domestic cats can be recipients for embryo transfer and recipient cytoplasm for 
nuclear transfer from various small wildcat species. Thanks to ART, it is possible to 
ensure the continuation of the generation by producing in vitro embryos or by making 
intra or inter-species clones from wild cats that have lost their reproductive functions or 
even died recently. Many inherited genetic disorders have been identified in cats that are 
similar to humans. Due to their genetic closeness, they have recently begun to be used as 
animal models in some therapeutic studies on humans, especially on kidney and nervous 
system diseases. In the early years, in vitro study results were less successful than in farm 
animals but in recent years ART’s such as in vitro embryo production, embryo transfer, 
cloning, and transgenesis have made significant progress in domestic of domestic and 
wild cats. This review includes the assisted reproductive technologies applied in recent 
years and the results obtained in domestic cat and felines. 
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Although there is currently no species-specific culture 
medium, significant advances have been made in 
assisted reproductive technologies in domestic cats 
since the birth of the first kitten produced from IVF-
derived embryos was born in 1988 (Goodrowe et al., 
1988).  This review will give information about the 
estrous cycle in cats, and recent ART’s such as in vitro 
oocyte maturation, in vitro fertilization, embryo 
transfer, semen storing, cloning, and transgenic 
studies, which have rapidly developed in recent years. 

1. Estrus Cycle of Cat 
Free-living female cats show seasonal polyestrus. This 
season in the northern hemisphere begins in January 
when the day length begins to increase and melatonin 
pressure begins to disappear and intensifies in spring. 
Estrus continues to decrease towards the summer and 
lasts until autumn. Melatonin hormone has an anti-
gonadal effect in cats, and the period of anestrus is 
between October and December when the dark period 
becomes longer. Cats living at home may show estrus 
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and ovulation can only occur by stimulating 
endogenous LH secretion through natural/artificial 
mating reflex or exogenous hormone applications. If 
there is no mating or any exogenous stimulation or 
hormone administration, the follicles developed in the 
ovaries are resorbed after about a week and cats enter 
interestrus, which is a calm period. After 2-3 weeks of 
interestrus, cats come into estrus again. This cycle 
continues throughout the season. Even if a non-fertile 
mating occurs, rapidly rising progesterone levels 
decrease to basal levels only after 40-45 days, and this 
period is called pseudo-pregnancy. After a fertile 
mating, the resulting embryos descend to the uterus in 
4–5 days, and at the morula stage, and implantation 
occurs in 12–13th days. The number of offspring varies 
depending on the breed, age, and number of 
ovulations that will occur in parallel with the number 
of mating. The gestation period varies depending on 
some factors such as breed and number of offspring, 
but it is approximately 62– 67 days (Pope, 2000).  

2. In Vitro Technologies 

a. Collection and Transport of Ovaries: The ovaries 
collected after routine ovariohysterectomy are used 
for in vitro studies of cats. The ovarian transport 
solution type, temperature, and duration are critical 
factors in the quality of oocytes to be recovered. 
Ovaries are usually transported to the laboratory 
within a few hours in isotonic solutions such as PBS or 
0.9 % NaCl are generally preferred as transport 
solutions (Evecen et al., 2009; Evecen et al., 2003b; 
Johnston et al., 1989). Recently, a study was 
conducted with oocytes obtained from ovaries stored 
in ET-Kyoto solution (ET-K), which is used for the 
transportation of human organs. It is revealed that in 
vitro fertilized cat oocytes were more successful than 
the control group, in terms of cleavage and further 
embryo development in vitro (Yoshhida et al., 2022). 
The temperature of the transport solution was 
preferred by some researchers as warm (22–38 oC) 
(Karja et al., 2002; Merlo et al., 2005; Güriş and Birler, 
2011; Evecen et al., 2016), and by some researchers as 
cold (5 oC) (Johnston et al., 1989; Wolfe and Wildt, 
1996; Evecen et al., 2002). The ability of oocytes 
obtained after storing cat ovaries in cold environments 
for a long time to mature and be fertilized in vitro 
provides significant contributions to the protection of 
wildlife and endangered species (Wolfe and Wildt, 
1996; Evecen et al., 2010; Arıcı et al., 2022). We 
demonstrated in our previous study that the in vitro 
maturation rates obtained after keeping cat ovaries at 
5 oC for 24 hours, gave similar results (50.7 and 48.2%) 
to the control group (Evecen et al., 2010). Adding 
some antioxidants such as Superoxide dismutase 

(SOD), Catalase (Cocchia et al., 2015). Resveratrol, 
Melatonin, and Lycopene, in the transport solution 
(Swelum et al., 2022) help prevent oxidation that may 
occur during transport, improving oocyte yield and 
viability. It can make positive contributions to the 
quality of the embryos to be produced. 

b. Harvesting of Oocytes: Oocytes from both domestic 
and wild felines can either obtained by stimulation of 
follicles with exogenous hormones or by collection 
from ovaries obtained after neutering (Pope 2000). 
Stimulation of Ovaries: Oocytes are collected 
according to the principle of starting hormone therapy 
when female cats are in their interestrus period. The 
estrus period of a female cat is easily determined by 
vaginal cytology. To stimulate the ovaries, either a 
single dose of PMSG (50-100 IU) or FSH (1.5–4 mg) is 
applied for 4 days. For the maturation of follicles and 
oocytes, a single dose of hCG (100-150 IU) or 3 IU LH is 
administered 80-84 hours after PMSG. Then, matured 
oocytes are collected by aspiration of preovulatory 
follicles with the help of a laparoscope or laparotomy 
Hormone doses are calculated and applied in the same 
way for wild felines, calculated on a live weight basis 
(Pope 2000).  
Slicing of Ovaries:  If the ovaries have been 
transported at a cold temperature, they are kept at 
room temperature for 30–60 minutes before the 
processing begins. After cutting sections on the surface 
of the ovaries with the help of a scalpel (slicing), they 
are washed and rinsed with a suitable washing 
medium (Oocyte washing medium, M2 medium, TCM– 
199 with Hepes buffer) at 32–38 °C (Uchikura et al., 
2011; Evecen et al., 2003a; Evecen et al., 2004).  

c. Selection of Oocytes: The recovered oocytes are 
rinsed and evaluated under a stereo-microscope and 
only oocytes with Grade A quality are selected for in 
vitro maturation. The selection of Grade A oocytes to 
be matured in vitro is made according to the following 
criteria: A complete and intact zona pellucida, 
surrounded by at least four cumulus oophorous/
corona radiata cell layers, having large, homogeneous, 
and darkly pigmented vitellus structure filling the 
inside of the zona pellucida. Approximately 5–20 
Grade A oocytes canbe obtained from each ovary, 
depending on the cat's age, weight, nutritional status, 
season, and estrus cycle stage (Evecen et al., 2003a; 
Evecen et al., 2004). 

d. In Vitro Maturation:  In the cat, the oocyte ovulates 
in the metaphase II stage (MII) and is ready for 
fertilization. However, the oocytes obtained by slicing 
the ovaries are still in the primary oocyte stage and are 
not yet mature. Thus, they must be matured in vitro 
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is generally carried out between 32–48 hours (Evecen 
et al., 2009; Karja et al., 2002; Evecen et al., 2002; 
Evecen et al., 201et al., 2009; Evecen et al., 2003a). In 
vitro maturation period 0; Pichardo et al., 2021). In 
vitro, maturation of oocytes is one of the most critical 
points of the in vitro embryo production process. 
Therefore, several researchers reported very different 
(2–82%) in vitro maturation results in cat (Pope 2000). 
Becausethe process can be affected by many variables 
such as season, nutritional status, and cyclic period of 
donor cats, the selected oocyte quality, the type of 
medium used, different substances added to the 
medium (proteins, hormones antioxidants, and growth 
factors), the gas ratios, the temperature and humidity 
of the incubator (Evecen et al., 2004). 
  The Season and The Cyclic Period of Donor Cats: 
Different studies on this subject have obtained either 
supporting or contradictory results in cats (Pope 
2000). Some researchers declare that they did not find 
a difference between the in vitro maturation rates of 
oocytes obtained in different estrus cycle stages or 
seasons (Karja et al., 2002; Uchikura et al., 2011; 
Pichardo et al., 2021). In our previous study, we found 
that although not statistically significant, there were 
differences in in vitro maturation rates between 
different estrus cycle stages of queens and that the 
follicular stage was superior to other stages (Evecen et 
al., 2004).  
  In Vitro Maturation Chamber: The ambient 
temperature is regulated according to the body 
temperature of the animal species, and the gas 
composition varies depending on the type of 
environment used. Cat oocytes are matured in an 
incubator with a temperature of 38°C, containing 5% 
CO2 or a gas mixture (5% CO2, 5% O2, and 90% N2) and 
approximately 100% humidified atmosphere (Pope 
2000; Evecen et al., 2003a).  
 In Vitro Maturation Media: Because there is no 
medium specifically designed for the in vitro 
maturation of cat oocytes, researchers use media that 
is used for other mammalian oocytes. The most 
commonly used media are; TCM 199 (Karja et al., 
2002; Evecen et al., 2016; Evecen et al., 2002; Evecen 
et al., 2003a), Ham's F-10 (Evecen et al., 2016; Evecen 
et al., 2003a). Synthetic Oviduct Fluid (Evecen et al., 
2010; Evecen et al., 2009; Evecen et al., 2004), and 
Eagle's Minimal Essential Medium (Wolfe and Wildt, 
1996). Several scientists used different media for in 
vitro maturation of cat oocytes and different results 
have been obtained (2–82 %) (Pope, 2000). 
Supplements to In Vitro Maturation Media: In vitro 
maturation of immature oocytes is an attempt to 
mimic the in vivo environment (Pope et al., 2006). For 

this purpose, the temperature, humidity, and gas 
components of the incubator, there are also other 
important supplements such as Hormones, Proteins, 
Growth factors, and sometimes Antioxidants that need 
to be added to the medium (Pope 2000). 
Hormones: Gonadotropic hormones such as FSH and 
LH are essential to support the maturation of cat 
oocytes in vitro (Pope et al., 2006). Additionally, in 
studies where steroids were used, it was reported that 
better in vitro maturation (Wolfe and Wildt, 1996; 
Wood et al., 1995; Pope et al., 2006) and in vitro 
fertilization (IVF) results were obtained compared to 
control groups (Wood et al., 1995). 
  Most researchers add FSH and LH to the 
maturation medium at 1-10 µg/ml (Evecen et al., 2009; 
Evecen et al., 2016; Wolfe and Wildt, 1996; Evecen et 
al., 2002; Pope et al., 2006) and estradiol-17b at 1 µg/
ml (Wolfe and Wildt, 1996; Uchikura et al., 2011).  
Protein Sources: Proteins are crucial molecules for the 
integrity of the zona pellucida, survival, and 
development of oocytes/embryos in vitro. Complex 
biological macromolecules with different structures 
are used as protein sources in many in vitro culture 
systems (Pope et al., 2006). Different homologous and 
heterologous protein sources such as Bovine Serum 
albumin (BSA), Fetal Calf Serum (FCS), Estrus Cat 
Serum (ECS), and Polyvinyl Alcohol (PVA) are generally 
used in various doses in cat studies in vitro and various 
results obtained (Pope et al., 2006). Researchers 
generally used BSA 3–6% mg/ml, FBS 5-10%, Polyvinyl 
Alcohol 1–3%, and OCS 5% in culture medium (Karja et 
al., 2002; Güriş and Birler, 2011; Wood et al., 1995; 
Pope et al., 2006; Nestle et al., 2012). Although some 
researchers claimed that the protein sources do not 
affect the quality of blastocysts produced during in 
vitro in cats (Nestle et al., 2012), many others have 
reported different results (Karja et al., 2002; Güriş and 
Birler, 2011; Wood et al., 1995; Pope et al., 2006; 
Nestle et al., 2012). It has been reported that the use 
of BSA was superior to Fetal Calf Serum (FCS) for 
oocytes reaching the M II stage (16,5 vs 5.4%) in cat 
oocytes in vitro (Güriş and Birler, 2011). It has been 
reported that BSA supports in vitro maturation rates 
more than FCS, whereas FCS is more successful in in 
vitro fertilization in cats (Wood et al., 1995). It has 
been also reported that FCS is more successful than 
BSA in terms of both reaching the embryo stage and 
the number of embryonic cells (Karja et al., 2002). 
Growth Factors: Epidermal growth factor, which is 
thought to play an important role in folliculogenesis in 
cats, has been reported to be present in the theca 
interna cells of cats, smaller cells of the ovarian cortex, 
and corpus luteum (Göritz et al., 1996). EGF is known 
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to promote nuclear and cytoplasmic maturation in 
human, bovine, and porcine oocytes. Additionally, 
beneficial effects of EGF on oocyte maturation were 
found in rats, rabbits, buffalo, sheep, and horses 
(Merlo et al., 2005). It is reported that the addition of 
epidermal growth factor (EGF) to in vitro maturation 
of domestic cat oocytes in 10 ng/mL, enhances 
fertilization frequency and blastocyst development in 
vitro (Gomez et al., 2001). Another study comparing 
10, 25, and 50 ng/ml EGF doses in cats, found that EGF 
did not contribute to in vitro maturation rates but at 
25 ng/ml better supported in vitro fertilization and 
blastocyst rates (Merlo et al., 2005).  
Antioxidants: Aerobic metabolism is associated with 
the production of pro-oxidant molecules called free 
radicals or reactive oxygen species (ROS). A state of 
oxidative stress begins when there is an imbalance 
between pro-oxidants and antioxidants. When free 
radicals begin to increase in the environment, it 
negatively affects gametes. Oxidative stress affects 
both embryonic implantation and early embryo 
development by interacting with cytokines and 
hormones (Agarwal et al., 2006). To protect oocytes 
and embryos from oxidative stress in the in vitro 
culture environment, some researchers sometimes 
prefer to add antioxidant substances. In studies 
conducted in different animal species, various 
antioxidants such as cysteamine cysteine, taurine and 
hypotaurine, βmercaptoethanol, vitamins E and C, 
superoxide dismutase (SOD), glutathione peroxidase 
(GPx) and catalase (CAT) have been used to reduce 
ROS and supports developing embryos in vitro 
(Cocchia et al., 2015; Agarwal et al., 2006). It reported 
that superoxide dismutase (SOD), glutathione 
peroxidase (GPx), and catalase (CAT) added to the 
medium provided significant benefits and while 
supplementing IVM media with SOD and CAT did not 
improve the oocyte maturation rate but it accelerated 
progression to the blastocyst stage on in vitro 
maturation and in vitro fertilization of cat oocytes 
(Cocchia et al., 2015). Another recent study showed 
that SOD and taurine supplementation promoted 
blastocyst development in low-quality cat oocytes 
(Ochota et al., 2016). 

e. In Vitro Fertilization and Embryo Development: In 
vitro fertilization can be performed either by using in 
vivo matured (MII stage) oocytes (collected from 
female ovaries by aspiration) or in vitro matured 
oocytes. Thereafter, the mature oocytes and 
capacitated sperm are placed in the same 
environment, or sperm cells can be injected into the 
oocyte's cytoplasm (intracytoplasmic sperm injection: 
ICSI) (Johnstonet al.,1989). Various IVF protocols have 

also been developed for domestic cats and have been 
adapted to the wild cat species. However, in most 
studies the proportions of offspring surviving after ET 
have been highly irregular. Due to this inconsistency, 
IVF/ET is not currently used as a genetic management 
tool for the reliable production of offspring in any cat 
breed, but studies on this subject are ongoing (Pelican 
et al., 2006).  
Sperm Capacitation: Ejaculated or epididymal 
collected cat semen can be used. Semen is diluted 1:1 
with capacitation medium (Hams F-10, Synthetic 
Oviduct Fluid, TCM-199, Brackett Oliphant Medium, or 
others) including heparin, which improves the 
capacitation process and centrifuged at 300 g for 8 
minutes. Then the supernatant is discarded, the 
remaining pellet is added to 100 µl of a medium, and 
the sample is kept at room temperature (swim up) for 
1 hour. Later, about 50 µl of the upper layer containing 
active spermatozoa swimming upwards is taken and 
evaluated in terms of sperm motility, motility, and 
concentration (Evecen et al., 2003a).  
In Vitro Fertilization (IVF) and Embryo Culture: The 
selected motile sperm concentration was adjusted to 2
–4x106/ml for fertilization. The prepared semen 
sample was left next to groups of 10–20 oocytes in 
fertilization medium drops under mineral oil. The 
gametes co-incubated for 20–24 hours, then 
transferred to the embryo culture medium. The 
embryo formation and development were checked 
every two days and eliminated those oocytes that had 
not divided. Also on the third and fifth days, the 
culture medium renewed, and in vitro culture 
continued for up to seven days (Johnstonet al.,1989; 
Karja et al., 2002; Evecen et al., 2003a). Although 
much lower rates were initially achieved (2–10 %), 
with the improvement of in vitro culture systems in 
recent years approximately 30 - 50 % of cat embryos 
produced in IVM/IVF developed into blastocysts on 
Day 7 of IVC (Pope 2000; Evecen et al., 2003a).  

f. Embryo Cryopreservation and Transfer: Although 
both vitrification and slow freezing methods can be 
used to freeze cat embryos, the slow freezing method 
was found more successful (Pope 2000). Since the 
birth of live kittens from the transfer of in vitro derived 
and frozen embryos in 1994 (Pope et al., 1994), 
several pregnancies and births have occurred in both 
domestic and wild cat species (Pope 2000; Pope et al., 
2006). In the first successful transfer of fresh cat 
embryos, 47 embryos from nine females were 
transferred to the uteri of nine recipients, and four live 
kittens were born (Pope et al., 2006). The first kittens 
after transfer of IVM/IVF-derived embryos were born 
in 1997 and three litters were produced (Pope 2000). 
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Embryos are transferred via laparotomy depending on 
the day of development, into the cornu uteri or 
oviduct of recipient females in domestic or wild cats 
whose estrus cycles are similarly synchronized (at 
varying doses) by exogenous gonadotropic hormones. 
After the first domestic kittens were born after 
transferring cryopreserved embryos derived from in 
vitro matured oocytes, several additional pregnancies 
and births have been reported by using the slow 
cryopreservation method in both domestic and non-
domestic cats (African wildcat (Felis silvestris lybica), 
Ocelot (Leopardus), Pardalis, and Caracal (Caracal 
caracal) (Pope et al., 2006). Pregnancy success in both 
domestic and wild felines ranges from 0-50% (Pelican 
et al., 2006). 

g. Semen Storage and Cryopreservation: The main 
purpose of storing and cryopreserving cats of domestic 
cat sperm is to preserve the gamet for future use and 
thus to apply the freezing techniques to wild felines 
that are in danger of extinction and vulnerable. Semen 
from domestic cats can be collected by the following 
methods: Artificial vagina (AV), Electroejaculation (EE), 
sperm collection from the epididymis or testicles, and 
a newly developed technique named "urethral 
catheterization after pharmacologically induced 
sedation”. The cat embryo development rates in vitro, 
after IVF using ejaculated spermatozoa that had been 
stored in Tes-Tris egg yolk extender at cold 
temperature (4–8 oC) to 21 days were found similar to 
that obtained when fresh spermatozoa were used 
(Harris et al., 2002). Cat semen canbe successfully 
frozenby the paiette or pellet method in Tris 
(hydroxymethyl-aminomethane), TesT (N 
Trishydroxymethyl-methyl-2-aminomethane-sulfonic 
acid + Tris), and Tris-Fructose-Citric acid extenders, 
which contain 3–8% glycerol (Axner and Linde-
Forsberg, 2002). There is no diluent specifically 
developed for cryopreservation of cat sperm. 
Therefore, diluents formulated for other species are 
used. Although many extenders such as; Skim milk-
glucose-taurine (SMGT), egg yolk sodium citrate (EYC), 
and lactose egg yolk-based extenders have achieved 
similar success in freezing cat semen, Tris-egg yolk-
based (TEY) extender, which contains glucose 
and was developed to freeze dog sperm, is the most 
commonly used extender in the cryopreservation of 
cat sperm. Besides, successful results are also 
obtained in studies in which lactose and fructose are 
added to the same diluent instead of glucose. If cat 
semen is cryopreserved as a pellet, a warm Tris-
buffered solution that does not contain glycerol and 
egg yolk is generally used. However, if the semen has 
been cryopreserved in straws, it can be thawed by 

placing the straws in warm water for 30 sec. (37–38 
oC) (Buranaamnuay 2017). In our previous study, we 
found that the post-thaw motility and morphologic 
defect rates in 3% and 4% glycerol-containing Tris 
extenders (including fructose instead of glucose) were 
similar and cat semen could be frozen with both 
glycerol levels successfully (Baran et al., 2010). 

h. Artificial Insemination: Artificial insemination in 
domestic cats does not have widespread clinical 
application as it does in dogs. Many factors limit AI in 
cats. The main ones are; aggression, difficulty in semen 
collection techniques, very low semen volume, 
insemination method, ovulation induction, and 
sedation. Although intravaginal AI has been achieved 
in domestic cats and tigers, very high concentrations 
of sperm (107–108) were required to achieve 
pregnancy (Chagas e Silva et al., 2000). Although 
artificial insemination studies in cats have been tried 
for fifty years, the results are still very different and 
not at the expected level (Buranaamnuay 2017). 
However, recently some researchers announced that 
two healthy kittens were born from artificial 
insemination of domestic cats with fresh semen 
(Daşkın et al., 2022). It is known that the anesthesia 
applied during this procedure has a negative effect on 
both sperm transport and ovulation in domestic cats 
through mechanisms that reduce uterine contractions 
(Howard 1992). Freezing procedures reduce the 
potential fertility of semen (Buranaamnuay 2017). This 
necessitated the development of intrauterine AI 
procedures. While AI with fresh spermatozoa is 
applied successfully in domestic cats and cheetahs, 
this success rate is much less in other wild felines, 
mostly for unknown reasons (Pelican et al., 2006). 

3. Somatic Cell Nuclear Transfer (Cloning) 

Animal breeding through Somatic Cell Nuclear Transfer 
(SCNT) is a valuable tool for the conservation of 
vulnerable and endangered species and the 
production of transgenic animals. In recent years, 
great advances have been made in assisted 
reproductive technologies for the protection of 
endangered felines, as in other animal species. SCNT 
also known as cloning, is a very valuable technology in 
preserving genetic diversity. Although Nuclear transfer 
(NT) technology is used for producing identical 
individuals, it is also an important tool for 
understanding the cellular and molecular aspects of 
nuclear reprogramming (Gomez et al., 2004). 
Following the birth of the first cloned domestic cat 
kittens in 2002 (Shin et al., 2022), the first wild cat 
(African wildcat) was born in 2004 after SCNT and intra
-species transfer (to the domestic cat) (Gomez et al., 
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2004). Since endangered cat oocytes are very scarce, 
the ooplasm of a domestic cat oocyte can be used as a 
somatic cell nucleus recipient of an endangered cat. At 
the same time, collecting tissue samples (such as a 
piece of skin) from wild animals is easier, less costly 
and harmless than collecting gametes or embryos. The 
possibility of obtaining somatic resources from fetal 
cells offers the advantage of obtaining genetic material 
from animals even in cases of stillbirth and abortion. 
This provides great convenience in protecting wild 
felines with the help of domestic cats. Despite the 
common belief that cloned animals have the same 
cellular structure, telomere length in cats is 
independent of telomere length in donor cells 
(Imsoonthornruksa et al., 2012). Although offspring 
can be produced via SCNT in different mammalian 
species, success rates are still very low (1–11%). 
Different somatic cell types have been tried as sources 
of genetic material for SCNT. These; are fibroblasts, 
cumulus cells, and preadipocytes from adults and 
fetuses. However, fetal cells were generally found to 
be better than those obtained from adults. In our 
previous study, where we used cumulus cells as a 
source of somatic cells, we produced in vitro cat 
embryos with SCNT (Evecen et al., 2016). 
Howeveralthough cytoplasts were cleaved (15.75 %) 
and some of them (9.58%) reached the morula cell 
stage, none of them could reach the blastocyst stage. 
While some authors prefer to transfer early-stage 
embryos to the oviduct (Goodrowe et al., 1988), 
others have chosen to transfer more developed 
embryos (morula/ blastocyst) into the uterus (Pope et 
al., 2006). Both methods have resulted in pregnancy 
and the production of live kittens in both domestic and 
wild cats. The first cloned cat (a female named Copy 
Cat) reproduced naturally and gave birth to three 
healthy kittens (Shin et al., 2002). Thus, the view that 
cloned animals are normal is confirmed and that SCNT 
is therefore a valuable method to preserve 
endangered felines. Recently, the use of endoscopy for 
transcervical artificial insemination in cats has created 
excitement for the application of this method in 
embryo transfer (Zambelli et al., 2015). 

4. Transgenesis 

Studies in domestic cats have discovered that cats 
have 18 pairs of autosomal chromosomes and XY sex 
chromosome pairs. Gene mapping studies in cats have 
shown that the genome organization of cats is more 
similar to humans than that of dogs or mice (Muldoon 
et al., 1994). Recently it has been demonstrated that 
90 % of the genes discovered in the cat carry 
homologues of human genes (Gomez et al., 2009). 
Sandhoff disease is a genetic disorder characterized by 

the deposition of GM2-gangliosides and other related 
asialoglycolipids in the brain and other tissues. 
Children with the infantile form of this disease usually 
die by the age of four. In 1985, researchers detected a 
disorder in Korat cats that is analogous to human type 
II GM2-gangliosidosis (Neuwelt 1985). Studies are 
being carried out to examine the mutations that cause 
diseases in cats to develop a cat model for similar 
diseases in humans. The Korat cat provides an animal 
model that may be suitable for testing gene 
replacement therapy in, Sandhoff disease in humans 
(Muldoon et al., 1994). Autosomal dominant polycystic 
kidney disease (ADPKD) is one of the most common 
genetic diseases in humans and affects approximately 
five million people in the world. Polycystic kidney 
disease is a disease seen in longhaired Persian cats and 
is similar to autosomal dominant polycystic kidney 
disease (ADPKD) in humans. Cats are also a valuable 
animal model for studies on the treatment of this 
disease in humans (Biller et al., 1996). Recently, 
different researchers have conducted successful 
transgenic studies in domestic cats, proving that green 
and red fluorescence genes are expressed in the born 
kittens (Gomez et al., 2009; Yin et al., 2008). 
Transgenic studies such as these offer great 
opportunities to create desired disease models and 
cure individuals with genetic diseases with gene 
therapy (Gomez et al., 2009).  

Conclusion 

Since the first successful embryo transfer, significant 
advances have been made in assisted reproductive 
technologies in cats. These advances have encouraged 
researchers to adapt these techniques to wild cat 
species, mostly in the last two decades. Thanks to 
these technologies, domestic cats are now successfully 
cloned commercially and provide great happiness to 
their owners whose pets have aged or died by giving 
them new ones. Thus it becomes much easier to 
protect endangered wild cat species, with domestic 
cats becoming good model animals for wild cats or 
serving as interspecies embryo carriers. Additionally, 
due to their genetic similarity cats are helpful as 
animal models in the study of many genetic diseases 
found in humans that are similar to their feline 
counterparts. ARTs also make great contributions to 
the development of future treatment methods by 
helping to investigate and understand the mechanisms 
of many genetic diseases that are similar to their 
counterparts in humans and cats. 

Öndeş Candan and  Evecen, 2024 / Journal of Istanbul Veterinary Sciences. Volume 8, Issue 2, pp: 140-147 



 146 

 

Agarwal, A., Gupta, S., & Sikka, S. (2006). The role of free 
radicals and antioxidants in reproduction. Current Opinion 
in Obstetrics and Gynecology, 18(3), 325-332. 

Arıcı, R., Ak, K., Pabuccuoğlu, S., Birler, S., Demir, K., 
Yağcıoğlu, S., Eser, A., Ersoy, N., Oruç, İ., Bakirer Öztürk, 
G., Kömürcü Bayrak, E., Özsait Selçuk, B., Kılıçkap, A., & 
Evecen, M. (2022). Effects of melatonin addition to the 
cold storage medium on cumulus oocyte complex 
apoptosis, viability and in vitro maturation rates of cat 
oocytes. Kafkas University Veterinary Faculty Journal, 28
(2), 193-200. 

Axner, E., & Linde-Forsberg, C. (2002). Semen collection and 
assessment, and artificial insemination in the cat. http://
www.ivis.org, Communications date: 15.09.2002. 

Baran, A., Tek, Ç., Demir, K., Sabuncu, A., & Özdaş, Ö.B. 
(2010). Intrauterine insemination with cat semen frozen 
with various extenders. Turkish Journal of Veterinary and 
Animal Sciences, 35, 311-318. 

Biller, D.S., DiBartola, S.P., Eaton, K.A., Pflueger, S., Wellman, 
M.L., & Radin, M.J. (1996). Inheritance of polycystic 
kidney disease in Persian cats. Journal of Heredity, 87(1), 1
-5. 

Buranaamnuay, K. (2017). Protocols for sperm 
cryopreservation in the domestic cat: A review. Animal 
Reproduction Science, 183, 56-65. 

Chagas e Silva, J.N., Leitao, R.M., Lapao, N.E., da Cunha, M.B., 
da Cunha, T.P., da Silva, J.P., & Paisana, F.C. (2000). Birth 
of Siberian tiger (Panthera tigris altaica) cubs after 
transvaginal artificial insemination. Journal of Zoo and 
Wildlife Medicine, 31(4), 566-569. 

Cocchia, N., Corteggio, A., Altamura, G., Tafuri, S., Rea, S., 
Rosapane, I., Sica, A., Landolfi, F., & Ciani, F. (2015). The 
effects of superoxide dismutase addition to the transport 
medium on cumulus-oocyte complex apoptosis and IVF 
outcome in cats (Felis catus). Reproductive Biology, 15(1), 
56-64. 

Daşkın, A., Totan, E., & Olğaç, K.T. (2022). Artificial 
insemination in a cat: Report of first successful 
performance resulted with parturition in Turkey. Ankara 
University Veterinary Faculty Journal, 69(2), 225-227. 

Evecen, M., Baran, A., & Tek, Ç. (2002). The effects of 
gonadotrophins on in vitro maturation of cat oocytes. 
Turkish Journal of Veterinary and Animal Sciences, 26(6), 
1315-1320. 

Evecen, M., Atalla, H., Birler, S., Baran, A., & Ak, K. (2003a). 
Studies on the in vitro maturation of cat oocytes. Turkish 
Journal of Veterinary and Animal Sciences, 27(6), 1409-
1412. 

Evecen, M., Şahin, E., Baran, A., Ak, K., & İleri, İ.K. (2003b). 
Kedi oositlerinin in vitro fertilizasyonu. Istanbul University 
Veterinary Faculty Journal, 29(2), 253-258. 

Evecen, M., Özdaş, Ö.B., Pabuccuoğlu, S., Birler, S., Tek, Ç., & 
İleri, İ.K. (2004). The effects reproductive status of queens 
on in vitro maturation of cat oocytes. Indian Veterinary 
Journal, 81, 1005-1009. 

Evecen, M., Cirit, U., Demir, K., Karaman, E., Hamzaoğlu, A.İ., 

& Bakirer, G. (2009). Developmental competence of 
domestic cat oocytes from ovaries stored at various 
durations at 4 degrees C temperature. Animal 
Reproduction Science, 116(1-2), 169-172. 

Evecen, M., Cirit, U., Demir, K., Özdaş, Ö.B, Taş, M., Birler, S., 
& Pabuccuoğlu, S. (2010). Effects of estrous cycle stage 
and transport temperature of ovaries on in vitro 
maturation of canine oocytes. Animal Reproduction 
Science, 117(1-2), 160-165. 

Evecen, M., Pabuccuoğlu, S., Demir, K., Yağcıoğlu, S., Can, A., 
Ertürk, E., Sandal, A.I., Arici, R., Öztürk, G., Ak, K., & Birler, 
S. (2016). Somatic cloning in cats using MI or MII oocytes. 
Kafkas University Veterinary Faculty Journal, 22(6), 923-
928. 

Gomez, M.C., Pope, C.E., Davis, A.M., Harris, R.F., & Dresser, 
B.L. (2001). Addition of epidermal growth factor (EGF) 
during in vitro maturation of domestic cat oocytes 
enhances fertilization frequency and blastocyst 
development in vitro. Theriogenology, 55, 472. 

Gomez, M.C., Pope, C.E., Giraldo, A., Lyons, L.A., Harris, R.F., 
King, A.L., Cole, A., Godke, R.A., & Dresser, B.L. (2004). 
Birth of African wildcat cloned kittens born from domestic 
cats. Cloning and Stem Cells, 6(3), 247-258. 

Gomez, M.C., Pope, C.E., Kutner, R.H., Ricks, D.M., Lyons, 
L.A., Ruhe, M.T., Dumas, C., Lyons, J., Dresser, B.L., & 
Reiser, J. (2009). Generation of domestic transgenic 
cloned kittens using lentivirus vectors. Cloning and Stem 
Cells, 11(1), 167-176. 

Goodrowe, K.L., Wall, R.J., O'Brien, S.J., Schmidt, P.M., & 
Wildt, D.E. (1988). Developmental competence of 
domestic cat follicular oocytes after fertilization in vitro. 
Biology of Reproduction, 39(2), 355-372. 

Göritz, F., Jewgenow, K., & Meyer, H.H. (1996). Epidermal 
growth factor and epidermal growth factor receptor in 
the ovary of the domestic cat (Felis catus). Journal of 
Reproduction and Fertility, 106(1), 117-124. 

Güriş, A.E., & Birler, S. (2011). The effects of various protein 
supplementations on in vitro maturation of cat oocytes. 
Kafkas University Veterinary Faculty Journal, 17(1), 37-40. 

Harris, R.F., Gomez, M.C., Leibo, S.P., & Pope, C.E. (2002). In 
vitro development of domestic cat embryos after in vitro 
fertilization of oocytes with spermatozoa stored for 
various intervals at 4°C. Theriogenology, 57, 365. 

Howard, J.G., Barone, M.A., Donoghue, A.M., & Wildt, D.E. 
(1992). The effect of pre-ovulatory anaesthesia on 
ovulation in laparoscopically inseminated domestic cats. 
Journal of Reproduction and Fertility, 96(1), 175-186. 

Imsoonthornruksa, S., Sangmalee, A., Srirattana, K., Parnpai, 
R., & Ketudat-Cairns, M. (2012). Development of 
intergeneric and intrageneric somatic cell nuclear transfer 
(SCNT) cat embryos and the determination of telomere 
length in cloned offspring. Cell Reprogramming, 4(1), 79-
87. 

Johnston, L.A., O'Brien, S.J., & Wildt, D.E. (1989). In vitro 
maturation and fertilization of domestic cat follicular 
oocytes. Gamete Research, 24(3), 343-356. 

Öndeş Candan and  Evecen, 2024 / Journal of Istanbul Veterinary Sciences. Volume 8, Issue 2, pp: 140-147 

References 



 147 

 

Karja, N.W., Otoi, T., Murakami, M., Yuge, M., Fahrudin, M., 
& Suzuki, T. (2002). Effect of protein supplementation on 
development to the hatching and hatched blastocyst 
stages of cat IVF embryos. Reproduction, Fertility and 
Development, 14(5-6), 291-296. 

Merlo, B., Iacono, E., Zambelli, D., Prati, F., & Belluzzi, S. 
(2005). Effect of EGF on in vitro maturation of domestic 
cat oocytes. Theriogenology, 63(7), 2032-2039. 

Muldoon, L.L., Neuwelt, E.A., Pagel, M.A., & Weiss, D.L. 
(1994). Characterization of the molecular defect in a 
feline model for type II GM2-gangliosidosis (Sandhoff 
disease). American Journal of Pathology, 144(5), 1109-
1118. 

Nestle, E., Graves-Herring, J., Keefer, C., & Comizzoli, P. 
(2012). Source of protein supplementation during in vitro 
culture does not affect the quality of resulting blastocysts 
in the domestic cat. Reproduction in Domestic Animals, 47
(6), 152-155. 

Neuwelt, E.A., Johnson, W.G., Blank, N.K., Pagel, M.A., 
Maslen-McClure, C., McClure, M.J., & Wu, P.M. (1985). 
Characterization of a new model of GM2-gangliosidosis 
(Sandhoff's disease) in Korat cats. Journal of Clinical 
Investigation, 76(2), 482-490. 

Ochota, M., Pasieka, A., & Nizanski, W. (2015). Superoxide 
dismutase and taurine supplementation improves in vitro 
blastocyst yield from poor-quality feline oocytes. 
Theriogenology, 85(5), 922-927. 

Pelican, K.M., Wildt, D.E., Pukazhenthi, B., & Howard, J. 
(2006). Ovarian control for assisted reproduction in the 
domestic cat and wild felids. Theriogenology, 66(1), 37-48. 

Pichardo, J., Reyes, M., Kjelland, M., & Suastegui, J. (2021). 
Effect of different reproductive stages and culture times 
on domestic cat in vitro oocyte maturation. Advances in 
Reproductive Sciences, 9, 129-138. 

Pope, C.E. (2000). Embryo technology in conservation efforts 
for endangered felids. Theriogenology, 53(1), 163-174. 

Pope, C.E., Gómez, M.C., & Dresser, B.L. (2006). In vitro 
production and transfer of cat embryos in the 21st 
century. Theriogenology, 66(1), 59-71. 

Pope, C.E., McRae, M.A., Plair, B.L., Keller, G.L., & Dresser, 
B.L. (1994). Successful in vitro and in vivo development of 
in vitro fertilized two- to four-cell cat embryos following 
cryopreservation, culture and transfer. Theriogenology, 

42(3), 513-525. 

Shin, T., Kraemer, D., Pryor, J., Liu, L., Rugila, J., Howe, L., 
Buck, S., Murphy, K., Lyons, L., & Westhusin, M. (2002). A 
cat cloned by nuclear transplantation. Nature, 415(6874), 
859. 

Swelum, A.A., Abdelnour, S.A., Sheiha, A.M., Hashem, N.M., 
Taha, A.E., Khafaga, A.F., Attia, Y., Al-Mutary, M.G., Abdel-
Bar, M.M., Ohran, H., Nagadi, S.A., & Abdel-Hack, M.E. 
(2022). Enhancing in vitro oocyte maturation competence 
and embryo development in farm animals: roles of 
vitamin-based antioxidants – a review. Annals of Animal 
Science, 22(1), 3-19. 

Uchikura, K., Nagano, M., & Hishinuma, M. (2011). The effect 
of ovarian status and follicular diameter on maturational 
ability of domestic cat oocytes. Journal of Veterinary 
Medical Science, 73(5), 561-566. 

Wolfe, B.A., & Wildt, D.E. (1996). Development to blastocysts 
of domestic cat oocytes matured and fertilized in vitro 
after prolonged cold storage. Journal of Reproduction and 
Fertility, 106(1), 135-141. 

Wood, T.C., Byers, A.P., Jennette, B.E., & Wildt, D.E. (1995). 
Influence of protein and hormone supplementation on in 
vitro maturation and fertilization of domestic cat eggs. 
Journal of Reproduction and Fertility, 104(2), 315-323. 

Yin, X.J., Lee, H.S., Yu, X.F., Choi, E., Koo, B.C., Kwon, M.S., 
Lee, Y.S., Cho, S.J., Jin, G.Z., Kim, L.H., Shin, H.D., Kim, T., 
Kim, N.H., & Kong, I.K. (2008). Generation of cloned 
transgenic cats expressing red fluorescence protein. 
Biology of Reproduction, 78(3), 425-431. 

Yoshida, T., Alam, M.E., Hanafusa, K., Tsujimoto, Y., 
Tsukamoto, M., Kanegi, R., Inaba, T., Sugiura, K., & 
Hatoya, S. (2022). Effects of the preservation medium and 
storage duration of domestic cat ovaries on the 
maturational and developmental competence of oocytes 
in vitro. Journal of Reproduction and Development, 68(2), 
160-164. 

Zambelli, D., Binii, C., Küster, D.G., Molari, V., & Cunto, M. 
(2015). First deliveries after estrus induction using 
deslorelin and endoscopic transcervical insemination in 
the queen. Theriogenology, 84(5), 773-778. 

 

 

Öndeş Candan and  Evecen, 2024 / Journal of Istanbul Veterinary Sciences. Volume 8, Issue 2, pp: 140-147 



   

 

Case Report 

Volume: 8, Issue: 2  
August, 2024 
Pages: 148-154 

Medical management of idiopathic chylothorax in a crossbreed cat with 
octreotide and rutin use: A case report 

Journal of Istanbul Veterınary Scıences 

Burcu Ezgi Eregar1, Elçin Emiroğlu2, Özlem Güzel3 

1.Department of Surgery, İstanbul University-Cerrahpaşa, Faculty of Veterinary Medicine, 
İstanbul, Türkiye. 2. Bianca Animal Hospital, Antalya, Türkiye. 3. Department of Surgery, İstanbul 
University-Cerrahpaşa, Faculty of Veterinary Medicine, İstanbul, Türkiye. 

Eregar, B.E. ORCID ID: 0000-0002-7624-2685; Emiroğlu, E. ORCID ID: 0009-0008-8029-8607; Guzel, 
Ö. ORCID ID: 0000-0002-3832-4233 

ABSTRACT 

This case report describes the diagnosis and treatment of idiopathic chylothorax in a 5-
year-old female crossbreed cat who presented with respiratory distress, tachypnea, 
cyanosis, exercise intolerance and weight loss over a short period of time. Based on the 
clinical examination, blood results, radiological and echocardiographic findings, the 
patient was diagnosed with chylous effusion. Chylothorax was considered idiopathic 
because there was no underlying trauma or disease etiology. Effusion drainage was 
performed by thoracocentesis to reduce respiratory stress. After thoracocentesis, 
followed by using medical octreotide- a somatostatin analogue (Sandostatin mg/ml 
ampoule, Novartis, USA)  and rutin - a flavone benzo-γ-pyrone plant fruit extracted from 
the Brazilian plant Fava D'anta (Dimorphandra mollis) (Rutin - Plant-Based Bioflavonoid, 
500 mg tablet, Solgar USA), were administered in addition to supportive treatment. 
Rutin and ocreotide have been used successfully in humans, dogs and cats to the 
treatment of pleural effusions as presented various studies. It is hoped that these drugs 
may also be useful for decreasing pleural effusion in cats with chylothorax. In this 
represented case; partial resolution of pleural effusion was observed after octreotide 
usage and complete resolution of pleural effusion was observed after rutin (plant-based 
bioflavonoid) usage. No recurrence was observed during 7 months of regular follow-up.It 
was determined that the use of octreotide and rutin after thoracocentesis gave 
successful results in the medical management of idiopathic chylothorax in cats. 
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Chylothorax is the effusion of lymph into the pleural 
cavity (Chinnock, 2003; Fossum, 2006). This is a 
complex condition and relatively rare in animals. 
However, it has been reported in horses, cattle, rats, 
dogs and cats. Chylothorax represents 2% to 3% of 
pleural effusions and can be classified into four 
different types: traumatic, malignant, idiopathic or 

miscellaneous (Gupta and Faith, 1977; Bichard et. al., 
1995; Brink et. al., 1996; Litvin et al., 2023). Etiologies 
of chylothorax in cats include neoplasia (e.g. 
mediastinal lymphosarcoma), congenital anomalies, 
dirofilariasis, blastomycosis, pericardial diseases, 
cardiomyopathies (especially secondary to 
hyperthyroidism), cardiogenic disorders (e.g. 
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paroxysmal atrioventricular block), thoracic duct 
rupture or leak, and fungal granulomas. Also rare 
cases reported secondary to diaphragmatic herni and 
lung lobe torsion.  In the majority of affected cats, 
even after wide diagnostic examination, chylothorax is 
classified as idiopathic, when the underlying etiology 
cannot be determined. Although any condition causing 
increased venous pressure can cause chylothorax, a 
differential diagnosis should be made together with a 
full cardiac assessment. As the management of this 
condition depends on the underlying etiology and type 
of chylothorax, the presence of coexisting conditions 
should be eliminated before definitive diagnosis and 
treatment is administered (Fossum, 2006; Nikiphorou 
et al., 2016; Hambrook and Kudnig, 2012; Mclane and 
Buote, 2011). 
  Idiopatic chylothorax is a disease characterised by 
gradual deterioration of the cat and usually present 
with respiratory distress due to atelectasis of the lung 
caused by chylous fluid. These patients may also 
display symptoms such as exercise intolerance, 
lethargy, rapid breathing, coughing and weight loss. As 
the volume of the pleural fluid increases, the patient 
becomes more tachypneic, more dyspneic and less 
able to tolerate exercise (Kopko, 2005). The loss of 
chyle has several adverse effects; lipids, proteins, 
lymphocytes, electrolytes and fluids are lost.  This is 
extremely harmful if the animal's thorax is drained 
regularly over weeks or months. If fluid and calorie 
intake is not increased, dehydration and loss of weight 
going to occur (Birchard and Fossum 1987; Stockdale 
et al., 2018). 
  The diagnosis of chylothorax is based on the 
patient's history, chest and lung sounds oscultation, 
and diagnostic procedure that thorax radiography, 
ultrasound and/or computed tomography (CT), cardiac 
echocardiography and Doppler imaging. Loss of 
cardiac silhouette, nonairated atelectatic lungs, 
indistinct interlobar margins, sometimes slightly 
dorsally elongated trachea confirm pleural effusion. 
Analysis of thoracocentesis fluid can be used to 
determine the nature of the fluid. In particular, the 
detection of high triglyceride levels and the 
identification of large numbers of lymphocytes, 
characteristic dencity and protein content indicate the 
presence of chyle (modified transudate). Its protein 
concentration is between 2.5-4 g/dL, with a cell count 
below 7000/µL and a specific gravity below 1.032. 
Further laboratuary test carried out to find the 
underlying cause (Beatty and Barrs, 2010; Spencer and 
Karen, 2012; Singh et al., 2012). 
  The management of idiopatic chylothorax in cats 
includes medical, surgical or both treatment 
modalities. Conventional medical management and 

palliative treatment (involving frequent thoracentesis 
and a low-fat diet), of idoipathic chylothorax in cats 
has been associated with a poor diagnosis. Therefore, 
limiting fluid accumulation is crucial to prevent the 
need for repeated thoracentesis, which can be finally 
lead to severe fibrosing pleuritis due to chyle - 
resulting in pleural thickening and impaired pulmonary 
expansion and increase the risk of mortality due to 
anesthesia-related complications post-fluid removal. 
Currently surgical options avaible for cat with 
idiopathic chylothorax, include thoracic duct ligation 
and mesenteric lymphangiography, post-cisterna chyli 
and thoracic duct glue embolization, passive and 
active pleuroperitoneal shunting, active pleurovenous 
shunting, subtotal pericardectomy, omentalization and 
pleurodesis. Surgical interventions such as ligation of 
the thoracic duct have been only limited success in 
relieving chylous effusions. Post-operative recurrence 
and death has also been reported in some of these 
cases (Fossum, 2001; Stockdale et al., 2018). 
  The primary goal of idiopathic chylothorax 
treatment in cats, is to achieve resolution of the 
chylous fluid without re-occurance. Recent studies 
have reported the use of octreotide (a somatostatin 
analogue) and rutin (a flavone benzo-γ-pyrone 
extracted from the Brazilian plant - Fava D'anta, 
Dimorphandra mollis) administration for this purpose. 
In medical treatment, the efficacy of octreotide has 
been reported in recent cases, with rutin (plant-based 
bioflavonoid) usage also showing effectiveness in 
previously reported cases (Thompson et al., 1999; 
Gould, 2004; Kopko, 2005). Octreotide mimics the 
naturally occurring hormone known as somatostatin in 
humans. Produces an increase in water absorption and 
intestinal transit and a decrease in pancreatic-
duodenal secretion. More importantly, the resistance 
to splenic blood flow increases, and intestinal 
arteriolar flow decreases, in turn reducing lymphatic 
flow due to the inhibition of serotonin and other 
intestinal peptides (Esme,2019). Rutin (benzo-γ-
pyrone), a bioflavonoid found in the fruit of the 
Brazilian fava d'Anta tree, is classified as nutraceutical 
and is available without a prescription. It has been 
used successfully to treat lymphedema in humans and 
it is hoped that this drug may be useful in reducing 
pleural effusion in cats with chylothorax (Gingirelli et 
al., 2016; Kopko, 2005; Thompson et al., 1999). 
However, the effectiveness of rutin (plant-based 
bioflavonoid) in reducing pleural effusion in 
chylothorax-afflicted cats remains uncertain. Some 
reports indicate complete resolution of pleural 
effusion in cats treated with rutin (50-100 mg/kg, po, 
q8h) after 2 months, although it is controversial 
whether this outcome is due to the drug or 
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spontaneous healing (Gould, 2004). In a separate 
study involving rutin treatment (benzo-γ-pyrone 
Dimorphandra mollis based bioflavonoid; 250mg or 
500mg, per cat, q8h for 63 days), complete resolution 
was observed in a domestic cat (Kopko, 2005), and 
another study showed clinical improvement 3 out of 4 
cats (Thompson et al., 1999). Recent findings have 
highlighted the efficacy of octreotide, which directly 
impacts lymphatic flow, in neoplastic and traumatic 
cases of chylothorax in humans (Esme, 2019). 
However, the response to octreotide treatment in cats 
with chylothorax varies. In one study (Yılmaz and 
Kocatürk, 2023), octreotide administration at 10 µg/kg 
subcutaneously, 3 times daily for 2-3 weeks, led to 
complete resolution in one case.  
  This case report aimed to investigate the efficacy 
of medical octreotide and rutin (benzo-γ-pyrone 
Dimorphandra mollis based bioflavonoid) usage in the 
treatment of idiopathic chylothorax in a cat. The 
researchers aim to achieve successful results with this 
treatment approach, reduce the necessity for surgical 
interventions and make significant contribution to the 
existing literature. This study on the treatment of this 
rare condition in cats, provides veterinarians with a 
scientifically grounded method to invastigate medical 
treatment options and implement healing 
interventions. 

Case  

The case was a 5 years old female crossbreed sterilised 
cat who was referred to the İstanbul University-
Cerrahpaşa, Faculty of Veterinary Medicine, Surgery 
Department with complaints of respiratory difficulties, 
cyanosis of mucous membranes, intermittent cough, 
exercise intolerance and rapid weight loss in a short 
period of time (3.8kg to 3.2kg). During the clinical 
examination of the patient, it was in a sitting sternal 
position and moderately stressed. The patient noted 
dyspnea and tachypnea (44 bpm-beats per minute), 
along with a slight increase in body temperature (39°
C). The mucosa was slightly cyanotic and the oxygen 
saturation (SpO2) was 92%. Heart rate was within the 
reference range for cats. Auscultation of the lungs 
revealed that breathing sounds were slightly muffled. 
After 30 minutes of observation in the oxygen cabinet, 
saturation levels increased to 95% according to the 
admissions. Laterolateral (LL) and ventrodorsal (VD) 
thorasic and abdominal radiographs of the patient 
were taken. Radiographs showed fluid accumulation in 
the interlobar cracks, significant thickening of the 
visceral pleura and widening of the mediastinum. 
Blunting and rounding of the costophrenic and 
lumbodiaphragmatic angles of the lung lobes was 
observed, along with border effacement with the 

cardiac silhouette and diaphragm. Interlobar fissure 
lines and cranial lung lobes atelectasis were noted, 
with dorsal elevation of caudal lung lobes. In addition 
to these findings, thoracic radiography (VD) showed 
the cardiac silhouette was almost completely absent, 
especially on the right side (Figure 1, Figure 2). 

Figure 1. Thorax LL (laterolateral) radiography. 

Figure 2. Thorax VD (ventrodorsal) radiography 

Thoracic and abdominal ultrasound, examinations, 
along with color Doppler echocardiography (Mindray 
Vetus 8, Shenzhen Mindray Animal Medical 
Technology Co., LTD.; China), were performed. Pleural 
fluid was anechoic on thoracic ultrasonography (USG), 
with intact diaphragmatic integrity. Other ultrasound 
findings were unremarkable. In 2D, M-mode 
echocardiography the systolic and diastolic diameters 
of the left ventricular free wall (LVFW) and 
interventricular septum (IVS) were within normal 
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range (<6mm), along with normal left ventricular 
systolic function, indicated by fractional percentages 
(FS & EF), and a Sphericity index of 1.42 (normal: 1.43 
±0.12). No evidence of pericardial effusion or cardiac 
neoplasm was found. However, there was generalized 
bilateral pleural effusion. Sinus tachycardia (212 bpm) 
with normal QRS morphology on ECG was considered 
to be stress-related.  
  The drainage of pleural effusion was decided upon 
to regulate dyspneic respiration, reduce compression 
on the lungs, and determine the character of the 
effusion. For the purpose of prevent to triggering 
stress, mild sedation was administered with 
butorphanol (Butomidor, 10mg/ml, Richter Farma, 
Wels-Austria) at a dose of 0.2mg/kg intramuscularly 
(im), before 10 minutes of thoracosenthesis. During 
administration, to achieve stabilization, sedation depth 
was increased with propofol (Propofol-PF, 10 mg/ml, 
Polifarma, Turkey) at a dose of 1-4mg/kg 
intraveneously (iv) and local anesthesia was applied to 
the intercostal muscles and skin with lidocaine HCl 
(Jetokain Simplex, 20mg/2ml, ampoule, ADEKA 
Pharmaceutical Industry and Trade Inc., Turkey; im 
infiltration applied until desensitization is achieved) 
while the patient was conscious and in sternal 
position. Bilateral thoracentesis was performed using 
23 gauge butterfly cannula and 3-way stopcock. The 
fluid obtained from thoracentesis was creamy in color, 
had an oily consistency, milk-like character and was 

odorless, costent with 
chylothorax (Figure 3).  

No alteration in the 
color of the fluid was 
observed post-
centrifugation. The 
milky fluid had a specific 
gravity of 1.025 
(reference range for 
chylous fluid, 1.010 to 
1.050) and total protein 
content of 373g/dL 
(reference range 6.0-
7.9g/dL) was very high. 
The Rivalta test was 
negative and rapid 
biogram (Speed 
Biogram, Virbac, 
England) yielded no 

microbial growth from chylous fluid. 
Figure 3. Milky pleural aspirate. 

Post- thoracentesis radiograhic imaging of thorax 
revealed consolidation of lung lobes with boundaries 
marked. Cranial lung lobes exhibited atelectasis, while 
aerated lung was present only in the caudal 1/3 of 
thorax. Further investigations through thoracic and 
abdominal computed tomography (SOMATOM 
go.Now, Simens, Germany) revealed findings 
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pleural efusion reaching a thickness of 12 mm on the 
right and 38 mm on the left; was observed. Increased 
soft tissue density in a thick band-like pattern on the 
right lung suggests compression atelectasis. 
Retrosternal localization lymph nodes were enhanced 
in the cranial mediastinum (Figure 4). 
  The biochemical profile (Fuji DRI-CHEM NX600V, 
Fujifilm, Japan) was normal (alkaline phosphatase -
ALP, gamma glutamyl transferase- GGT, glucose, total 
bilirubin - TBIL, creatinine - CRE, blood urea nitrogen - 
BUN, albumine - ALB, phosphor, total cholesterol, 
triglyceride, calcium) except alanine aminotransferase 
- ALT 151 u/L (reference ranges 22-84 u/L) total 
protein - TP 8.4 g/dL (reference ranges 5.7-7.8 g/dL), 
ammonia - NH₃ 93 µg/L ( 23-78 µg/L) which were 
increased. Hemogram (BC60R Vet, Mindray China) 
analysis abnormalities noted were mild lymphopenia 
(0.298 x10^9/L, referance range 0.7-7.4 x10^9/L) and 
low PCT (0.25ml/L, reference range 0.9-7 ml/L). Feline 
NT-ProBNP <50pmol/L (referece range <100pmol/
L:normal; 100pmol/L and >100pmol/L: abnormal,V-
Check, Bionote Inc., Korea) ve feline troponin l, 
0.12ng/ml (referece ranges, <0.14 ng/ml:normal; 0.14-
0.22ng/ml equivo and > 0.22ng/ml abnormal, V-Check, 
Bionote Inc., Korea) founded. Feline immunodeficiency 
virus (FIV Ab), feline leukemia virus (FeLV Ag) and 
feline heartworm (FHW Ab) tests performed on the 
patient (Anigen Rapid FIV Ab/FeLV Ag Test Kit and 
Anigen FHW Ab; Anigen Animal Genetics Inc., Korea) 
also gave negative results.   
  Based on laboratory results, clinical, radiological 
and echocardiographic findings, the patient was 
diagnosed with chylous effusion. Since there was no 
underlying trauma or disease etiology, diagnosis was 
considered idiopathic chylothorax. 
  Octreotide (Sandostatin®, 0.1 mg/ml ampoule, 
Novartis, USA; 10 µg/kg, q8h, sc, 21 days) was used for 
the resolution of chylous effusion. Salbutamole 
(Ventolin® Nebules®, 2,5 mg/2,5 ml nebule, 
GlaxoSmithKline, Australia Pty. Ltd., Australia; 0.5mg 
per cat, q12h, nebule) and fluticasone propionate 
(Flixair 500 µg /2 ml, aerosol, VEM Pharmaceutical Ind. 
and Trade Inc, Ankara; 110 µg per cat, q12h, nebule) 
were added to the treatment for the first 3 days as 
supportive therapy. After 21 days, the chylous fluid 
had slightly decreased but not completely resolved. 
Subsequently of these finding, a second thoracentesis 
was performed. Following this procedure, rutin (Rutin 
- Plant-Based Bioflavonoid, 500 mg tablet, Solgar®, 
USA; 250mg/per cat, q8h, 63 days) was initiated. Two 
weeks later respiratory findings had normalised and 
the pleural effusion had significantly decreased. 
Haematological parameters were found to non-
specific. Biochemical analysis showed that ALT 
returned to normal reference range whereas glucose 

and TP were slightly increased. The patient, who was 
noted to have a normal mental status and appetite, 
was noted to have gained weight (4.3 kg) after 
treatment. No clinical signs were observed at the 4th, 
8th and 12th week examinations. It was observed that 
atelectatic cranial lobes stayed non-aerated and did 
not return to normal localization on radiography 
(Figure 5). Rounded lung lobes and findings consistent 
with pleural fibrosis were observed on radiography. It 
was determined that the chylous effusion was 
completely resolved.  

Figure 5. Thorax VD radiography – after two weeks of 
rutin (plant-based bioflavonoid) treatment. 

Disscussion 

Chylothorax is a rare type of pleural effusion in 
animals and has been reported in many different 
species. In cats, it is expressed that it is mostly seen in 
pure breeds such as Siamese and mostly affects aged 
cats (Fossum, 1991; Beatty and Barrs 2010). In this 
case, the patient was a crossbreed and a 5-year-old 
middle aged cat. The study presented (Gould, 2004) is 
supported by the case being neither purebred nor 
aged. Various factors such as neoplasia, cardiogenic 
disorders, diaphragmatic hernias and trauma play a 
role in the formation of chylothorax in cats (Fossum 
2006; Nikiphorou et al., 2016; Hambrook and 
Kudnig,2012; Mclane and Buote, 2011). Clinical 
examination, radiological and echocardiographic 
evaluation of this case revealed no findings of any 
disease that could lead to chylothorax formation. 
Thoracic and abdominal ultrasound imaging along with 
color Doppler echocardiography represented that the 
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masses (Gould, 2004) and computed tomography 
findings consist with that findings (McGrath, 2011). As 
there was no underlying trauma or disease etiology 
(Fossum 2006), based on the radiographic findings of 
pleural effusion as well as the appearance and analysis 
of pleural fluid, the diagnosis was considered to be 
idiopathic chylothorax. The milky apperiance, protein 
concentration and density of the chylous fluid also 
found to confirm the diagnosis. (Beatty and Barrs, 
2010; Spencer & Karen, 2012; Singh et al., 2012). 
Idiopathic chylothorax is a disease characterised by 
gradual progressive detorioration of the cat's clinic 
condition which usually present with respiratory 
difficulty, rapid breathing and coughing due to 
atelectatic lung caused by chylous fluid (Kopko, 2005). 
In this presented case, significant dyspnea, increased 
respiratory rate and intermittent cough were 
observed. In addition to respiratory symptoms, a poor 
appetite and weight loss (Gould, 2004; Beatty and 
Bars, 2010) have been observed to accompany the 
clinical presentation. The fast decrease in body weight 
in this patient history, was presumed to originate from 
the energy deficit occurring during respiratory effort 
and the loss of chyle fluid as reported in the literatures 
(Kopko 2005; Bitchard at all., 1998). 
  Also dsypnea and coughing findings (Gould, 2004; 
Yılmaz and Kocatürk, 2023) consistent with 
radiological findings (USG, thoracic radiography and 
CT) which  presented of a bilateral diffuse pleural 
effusion and a large area of atelectasis. The presence 
of pneumothorax on CT images was considered as an 
air-filled area remaining from the unventilated 
atelectic lungs remaining from the chylous fluid 
formed after thoracocentesis.  The cardiac silhouette 
in the VD radiograph is indistinct compared to that in 
the LL radiograph which was thought to be due to the 
displacement of the chylous fluid in the mediastinal 
apertures according to the patient position (Beatty and 
Barrs, 2010). 
  There was no spesific medical treatment of 
idiopathic chylothorax as known. The management of 
idiopathic chylothorax in cats poses a challenge, with 
the primary goal being the resolution of chylous fluid 
accumulation without recurrence (Thompshon, 1999). 
Recent studies have explored various treatment 
modalities, including the use of octreotide and rutin. 
Octreotide has garnered attention for its potential 
effectiveness in preventing chyle formation, as 
evidenced by recent cases (Ghiringhelli, 2016; Yılmaz & 
Kocatürk, 2023; Bichard, 2012; Esme,2019). However, 
the response to octreotide treatment in cats with 
chylothorax appears to variable; some cases achieving 
complete resolution with prolonged administration 
(Yılmaz & Kocatürk, 2023), while others may require 
additional interventions (Fossum 1991; Singh at 

all,2012; Reeves et al., 2020). 
  In our case, octreotide administration post-
thoracentesis resulted in a partial reduction in chyle 
fluid volume by the 21st day of treatment initiation, 
although complete resolution was not achieved. 
Subsequently, rutin (plat-based bioflavonoid) was 
introduced, which has been reported to aid in the 
dissolution of chyle (Gould, 2004; Kopko, 2005; 
Thompson et al., 1999). After two weeks of rutin (plant
-based bioflavonoid) administration, complete 
resolution of chyle fluid was observed during the initial 
follow-up. This outcome prompts discussion regarding 
the mechanisms underlying treatment success. While 
some literature suggests that the resolution may be 
attributed to time-dependent healing processes, 
others argue for the efficacy of medication. Despite 
octreotide usage not achieved complete response 
within 21 days; after two week rutin (plant-based 
bioflavonoid) usage, the resolution of chyle observed. 
This indicated the potential effects of rutin, which 
contribute to the resolution of chyle accumulation in 
idiopathic chylothorax. 
  The findings from the 4th, 8th, and 12th-week 
examinations indicated that the patient was able to 
breathe comfortably without respiratory distress, 
exhibited normal appetite, and even gained weight 
compared to admission. However, the cranial 
atelectatic lung lobes remained non-aerated 
bilaterally, and radiographic evidence consistent with 
pleural fibrosis manifested as rounded, consolidated 
lung lobes and accentuated interlobar pleural lines 
(McGrath 2011, Beatty and Barrs 2012, Sack et al., 
2022) was observed. Nevertheless, there was no 
recurrence of chylous fluid. 
  Surgical treatment is considered in cases where 
medical treatment cannot be performed or 
unsuccessful (Fossum 2001). However, no further 
surgical intervention was required in this case 
diagnosed as idiopathic chylothorax because the 
patient responded positively to medical octreotide and 
a specially rutin (plant based bioflavonoid) treatment. 
This synthesis highlights the ongoing discussions about 
the optimal management of idiopathic chylothorax in 
cats and underlines the need for further research to 
explore the mechanisms of its possible effects and to 
optimise treatment strategies (Reeves et al., 2020). 
In conclusion, our study demonstrated that 
administration of octreotide and rutin (plant-based 
bioflavonoid) treatment following thoracocentesis 
yields favorable results in the medical management of 
idiopathic chylothorax in cats. The utilization of these 
treatments before considering invasive surgical 
interventions may offer a beneficial therapeutic 
approach. 
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ABSTRACT 

A six-month-old, female Scottish fold cat was presented to our Surgery Department of 
the Faculty of Veterinary Medicine, University of Istanbul-Cerrahpasa due to complaints 
of blepharospasm, keratitis and epiphora in right eyes present since birth. In the ocular 
examination, lacking a part of the palpebra in the right eye and secondary trichiasis were 
observed. Palpebral defects and secondary trichiasis were repaired using an epilation, 
cauterization and modified Holtz-Celsus surgical technique. This technique provided a 
good cosmetic appearance and functional outcome to the patient. 
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Chylot Eyelids are mobile skin folds that move thanks 
to muscles and protect the eye against external 
dangers by covering the eyeball (Page et al., 2016). 
Feline eyelid agenesis describes a congenital condition 
in which patients are born with a deformed eyelid. In 
other words; eyelid agenesis describes colobomas on 
the eyelids (Esson & Calvarese, 2022). The term 
coloboma is most commonly used for ophthalmic 
conditions resulting from the congenital absence of 
any ocular tissue which have been reported in 
humans, peregrine falcons, cheetahs, snow leopards, 
sheep, goats and cats (Warren et al., 2020). Eyelid 
coloboma may be unilateral or bilateral, symmetrical 
or asymmetrical. It may be associated with other 
ocular anomalies such as microophthalmia, persistent 
pupillary membrane (PPM), choroidal and optic nerve 
colobomas, retinal dysplasia, and dermoids (Etemadi 
et al., 2013). Lateral involvement of the upper eyelids 
is typical in cats (Warren et al., 2020). Although its 

etiology is unknown, conditions such as recessive 
genetic disorders and teratogenic effects have been 
reported (Demir & Karagözoğlu, 2019). Eyelid 
coloboma causes clinical findings such as 
blepharospasm, epiphora, and irregular corneal 
surface caused by trichiasis (Etemadi et al., 2013). 
Medical treatments often include treatment of 
inflammatory or ulcerative lesions, as well as the 
application of a topical lubricant to protect the corneal 
surfaces (Esson & Calvarese, 2022). Surgical 
treatments include; the Mustardé technique, lip-to-lid 
technique, Roberts-Bistner technique, bucket handle 
technique and cryo-epilation technique (Beel, 2015). 
This report, describes the use of epilation cauterization 
and modified Holtz-Celsus surgical technique to 
treatment of unilateral congenital eyelid coloboma in 
a cat. This technique has simply achieved both 
functional and cosmetic success. 
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Case description 
A six-month-old female Scottish fold cat with 
blepharospasm, keratitis, epiphora and photophobia 
was referred to the Surgery Department of the Faculty 
of Veterinary Medicine, University of Istanbul-
Cerrahpaşa. In the ophthalmic examination, it was 
observed that a part of the right upper palpebrae and 
its edges were unilaterally absent, and the skin hairs 
were in contact with the corneas, causing keratitis and 
blepharospasm (Figure 1). The palpebral fissures were 
not completely closed during blinking and causing 
epiphora.There is also congenital microphthalmia and 
mucopurulent discharge was observed in the left eye. 
Using of appropriate surgical procedures was planned 
to correct to all these ocular malformations and 
situations. 

Figure 1. Lateral part of the upper palpebrae and its edges 
absent and trichiasis  

  General anaesthesia was carried out with 
medetomidin hydrochloride (0.08 ml/kg, IV, Domitor, 
Zoetis, Turkey) and ketamine hydrochloride (5mg/kg 
IV, Ketalar®, Pfizer, Turkey) followed by 2% isoflurone 
(Forane®, Abbott, Turkey) in oxygen. Analgesia was 
provided by meloxicam (0.2mg/kg, SC, Melox, Nobel, 
Turkey) 30 minutes before surgery.  Amoxicillin 
clavulanic acid (12.5 mg/kg SC, Synulox, Zoetis, Turkey) 
was administered during to surgery. 
  Initially, the hairs in contact with the cornea were 
removed. The skin area which we extracted the hair 
follicles were cauterized to a depth of 3 mm (Figure 2). 
The patient's left eye was extirpated in the same 
operation. An Elizabethan collar was worn to the 
patient and discharged. Antibiotic eye drop and 
artificial tear drops were prescribed for ten days. The 
patient returned to our clinic with the same 
complaints in the right eye one month after the 
operation. The left eye extirpation area was healed 
uneventfully. 
  During the ocular examination, the same 
symptoms were observed again, and using a different 

Figure 2. The skin area which we extracted the hair follicles 
were cauterized. 

Figure 3. Modified Holtz-Celsus surgical technique (Diaz & 
Grundon, 2015). A) An initial incision is made with a scalpel blade 

2mm from, but parallel to, the lid margin, extending along the area 
plus 2mm to 3mm either side. B) A second curve incision is applied 
ventral of the first incision, at a varying distance depending on the 
size of the damage, and the intervention tissue is resected. C-D) 
The wound is closed with simple interrupted sutures. 

surgical technique was decided. In this operation; 
epilation, cauterization and modified Holtz-Celsus 
surgical technique (Figure 3) were applied together. A 
small piece of skin was removed, and the operation 
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line was stitched using a simple separate stitch 
technique with 4/0 PGA. When the stitches were 
removed at 10th post-operative day, ocular 
examination findings were normal. Antibiotic eye drop 
use was ceased but the artificial tear drops use were 
continued. No recurrence was observed in the 
patient's right eye in postoperative 1ˢᵗ, 3ʳᵈ and 6ᵗʰ 
month follow-ups (Figure 4). 

Figure 4. Patient's right eye in postoperative 1st, 3rd and 6th 

month follow-ups. 

Discussion 

Congenital eye anomalies are less common than other 
organ anomalies. Eyelid agenesis is one of the 
important anomalies of the eye and the most common 
area in cats is the upper eyelid, especially the lateral 
part (Demir & Karagözoğlu, 2019). In this case, 
agenesis was diagnosed in the lateral 1/3 of the right 
upper eyelid. 
  There is no breed predisposition. Eyelid agenesis 
can occur alone or with other ocular disorders such as 
microphthalmia, dermoids, PPM, lacrimal gland 
aplasia, retinal dysplasia and anophthalmia (Etemadi 
et al., 2013). In our case, while there is agenesis of the 
upper eyelid in the right eye, microphthalmia was 

present in the left eye. Various medical treatment 
options are available for eyelid agenesis in cats 
(Woerdt, 2004). Patients with mild eyelid defects may 
only need to apply artificial tear lubricating ointment 
or gel (Warren et al., 2020). However, since it is 
difficult to get a response to medical treatment in 
eyelid anomalies, surgical methods are generally 
preferred (Demir & Karagözoğlu, 2019). Trichiasis can 
be resolved with various epilation procedures (Warren 
et al., 2020). 
  If the defective area is smaller than 1/3 of the 
eyelid width, primary closure after wedge-shaped 
excision is the ideal treatment, whereas complex 
techniques are required for larger defects (Whittaker 
et al., 2010). These are the applicable operating 
techniques in severe cases; direct surgical closure or 
partial-thickness eyelid repair for small defects, 
Roberts- Bistner technique, bucket handle technique 
and cryo-epilation, lip commissure to eyelid 
transposition, sliding skin graft, switch flap 
reconstruction, modified Mustarde technique and 
combined with Stades subdermal collagen injection 
(Warren et al., 2020). 
  Since our patient had agenesis in the lateral 1/3 of 
the upper eyelid and the case was considered mild, 
simple surgical procedures were preferred. The 
direction of the hair on the eyelid was towards the 
cornea, so at first epilation and cauterization were 
applied to the parts close to the eye, but it was 
unsuccessful. Because of these to slightly tighten the 
palpebral skin but not prevent the eye from closing, a 
small piece was removed using the modified Hotz-
Celsus technique in the second operation, which is also 
used in enteropion patients. Considering the patient's 
condition and these operation techniques applied 
together; it has been observed that possible 
complications are minimized due to the small incision 
line. 
  In conclusion, a large number of upper eyelid 
reconstruction options are available. When evaluating 
them and choosing the appropriate one, it is necessary 
to select the method that gives the best result and 
causes the least damage. 
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ABSTRACT 

The prevalence of chronic diseases in dogs has been increasing due to their longer life 
spans. One of the diseases developing with age is Canine Cognitive Dysfunction (CCD) 
and it is a neurodegenerative disease that affects geriatric dogs. In dogs with cognitive 
dysfunction, behavioral changes such as anxiety, alterations in sleep patterns, and house 
soiling can be observed. The treatment protocols used for CCD focus on alleviating the 
symptoms of the disease. Since this dysfunction cannot be cured, in addition to 
medications, lifestyle changes and dietary interventions are used to manage the 
symptoms. Herbal compounds frequently used in CCD have been the topic of recent 
studies. This review article presents the herbal compounds that can be used in dogs with 
CCD and summarizes the findings from studies on these supplements. 
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It has been reported that the average life span of dogs, 
regardless of breed, has increased over the years and 
reached 13.6 years (Brace, 1981). The increase in the 
average lifespan of dogs can be attributed to 
advancements in veterinary medicine and balanced 
nutrition. It has been reported that there has been a 
50% increase in the average life expectancy of dogs in 
Japan since 1980 (Inoue et al., 2018), and an increase 
in the average life expectancy in the USA between 
2013-2018 (Montaya et al., 2023). The prevalence of 
chronic diseases in dogs has been increasing due to 
their increasing life span. The period after 7 years of 
age is considered geriatric for dogs (Harvey, 2021). 
Aging in dogs is a natural process and occurs over time 
in all living creatures, rather than a pathological 
process. The normal aging process does not have a 
significant impact on the dog's daily life but altered by 
cognitive disorders and chronic diseases with aging
(Salvin et al., 2011). 

Canine Cognitive Dysfunction (CCD) is a 
neurodegenerative disease that develops progressively 
in geriatric dogs. In order to diagnose canine cognitive 
dysfunction, it is necessary to rule out chronic diseases 
causing pain and can lead to behavioural changes, as 
well as conditions such as hearing and visual 
dysfunction. (Bellows et al., 2015). CCD is considered 
an under-diagnosed disease. A study conducted in 
2006 reported that 14.2% of dogs exhibited behavioral 
changes associated with cognitive dysfunction. 
However, only 1.9% of these dogs were diagnosed 
with cognitive dysfunction in veterinary clinics (Salvin 
et al., 2010). Behavioral changes are observed along 
with cognitive dysfunctions in dogs. Seperation 
anxiety, new phobias, changes in sleeping cycle, house 
soiling, disorientation, excessive vocalization are the 
most common changes observed in dogs with CCD 
(Colle et al., 2000; Osella et al., 2007; Salvin et al., 
2011a, 2011b; Fast et al., 2013). CCD is associated with 
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age-related oxidative damage (Ames et al., 1993; Liu 
and Mori, 1999; Head, 2002, 2009), reduction in brain 
volume (Tapp et al., 2004), accumulation of amyloid 
beta (Aβ) plaques (Cummings et al., 1996; Head et al., 
2000; Tapp et al., 2004;), lipofuscin accumulation 
(Borràs et al., 1999), changes in neurotransmitters, 
along with an increase in monoamine oxidase B 
(Landberg and Araujo, 2005), increase in ventricular 
volume, and cortical atrophy (Su et al., 1998). 
Cognitive dysfunction in dogs is a similar pathology to 
Alzheimer's disease in humans (Head et al., 2010). 
With aging, Aβ plaques accumulate in the brains of 
dogs, similar to those seen in humans (Cummings et 
al., 1996a, 1996b). Amyloid deposition started in the 
prefrontal region at the age of 9 years and in the 
occipital, parietal and entorhinal cortex at the age of 
14 years in a research dogs involved between 2 and 18 
years of age (Head et al., 2000). Aβ proteins, 
polyglucosan and lipofuscin deposits increased with 
age (Borràs et al., 1999). In a study conducted on 
geriatric dogs aged 9-15 years, MRI scans were used to 
examine the brain tissue, revealing an increase in 
ventricular volume and cortical atrophy (Su et al., 
1998). 

Herbal compounds and canine cognitive dysfunction 

Increase in oxidative damage with age is considered 
one of the causes of Canine Cognitive Dysfunction 
(Head et al., 2002; Skoumalova et al., 2003). Normal 
activities in the brain produce oxidants or reactive 
oxygen species (ROS). ROS are products of 
mitochondrial oxygenated respiration and can contain 
any atom or electron. ROS  are unstable and these 
unstable oxygen free radicals cause cell damage and 
loss of function. Excessive production of ROS can 
damage proteins, lipids and nucleoids (Ames et al., 
1993). These damages lead to neuronal damage and 
death of neurons in the brain (Liu and Mori,1999; 
Floyd et al., 2001). Reducing the production of ROS 
may be useful for slowing down the aging process. Six 
weeks usage of antioxidant-enriched supplements in 
geriatric dogs, dogs' errors in cognitive function tests 
decreased, their learning abilities increased, and after 
2 years of use, their memory improved and the 
formation of Aβ plaques decreased (Head, 2009). In a 
study examining seven dogs diagnosed with cognitive 
dysfunction, administration of supplements containing 
Ginkgo biloba, phosphatidylserine, pyridoxine, alpha 
tocopherol, and resveratrol led to a reduction in 
symptoms associated with cognitive dysfunction 
(Osella et al., 2007). Cognitive dysfunction is a 
progressive disease that can significantly impact a 
dog's quality of life. Studies suggest that early dietary 
supplementation with herbal compounds may help 

reduce symptoms and improve behavioural changes 
associated with cognitive dysfunction in dogs (Cotman 
et al., 2002; Head, 2009a, 2009b).  

Polyphenol 

Polyphenols are chemical compounds found in fruits 
and vegetables. Polyphenols are classified as 
flavonoids, stilbenes, lignans and phenolic acids 
(Naomi et al., 2023). Studies suggest that their use 
may be beneficial in cognitive dysfunctions due to 
their antioxidant effects and neuroprotective 
properties (Reichling et al., 2006; Fragua et al., 2017; 
Lee et al., 2022; Naomi et al., 2023). A study was 
conducted to investigate the impact of antioxidants on 
the cognitive function of 35 dogs aged between 8 and 
14.5 years. The dogs were divided into two groups; the 
treatment group received supplements derived from 
grapes and blueberries rich in polyphenols, and the 
control group, consisting of 11 dogs that did not 
receive supplements. Within the treatment group, 12 
dogs were supplemented at a dose of 240 ppm, while 
another 12 dogs at a dose of 480 ppm. The genes 
linked to oxidative stress in dogs were analyzed using 
the Reverse Transcriptase Polymerase Chain Reaction 
(RT-PCR) method, and a Delayed Nonmatching to 
Position (DNMP) test was performed. The results of 
the DNMP test showed that cognitive function 
improved in dogs received supplements, regardless of 
the dose. Dogs receiving high doses of supplements 
had higher levels of nuclear factor erythroid 2-related 
factor 2 (Nrf2), while dogs receiving low doses had 
higher levels of superoxide dismutase compared to 
other groups (Fragua et al., 2017). In the nucleus, Nrf2 
binds to the gene region associated with the 
expression of the antioxidant response element (ARE). 
Through this mechanism, Nrf2 is responsible for the 
synthesis of antioxidants such as superoxide dismutase 
(Francisqueti-Ferron et al., 2019). The effects of 
flavonoids on cognitive function in dogs were studied 
using supplementation (Lee et al., 2022). Nine dogs, 
older than 7 years of age, were fed with a food 
containing honey nuts, which had cyanidin-3-O-
glucoside as the active ingredient. Cognitive function 
tests were conducted before and after the 12-week 
feeding period. The dogs were received food 
containing 10.5 mg cyanidin-3-O-glucoside per 100 
grams once a day. Weekly phone calls were made, and 
blood tests and weight measurements were taken at 
least 4 times. At the end of 12 weeks, the physical 
examination findings of the animals remained 
unchanged. However, there was a significant decrease 
in Aβ oligomer markers in serum. In the test for the 
detection of cognitive dysfunction, a significant 
decrease in symptoms was observed at the end of 90 
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days, except for one dog. At the end of 90 days, 
inflammation markers, including Tumor Necrosis 
Factor Alpha (Tnf-α), Interleukin-6 (IL-6), C-reactive 
protein (CRP), and Interleukin-1 Beta (IL-1β), 
decreased. Additionally, antioxidant levels, such as L-
carnitine and glutathione reductase, increased. 

Plant extracts 

In a study examining the effects of antioxidant 
supplements on oxidative stress in geriatric dogs, a 
supplement containing various carotenoids and 
polyphenols was used. The supplement included 
extracts from Grifola frondosa, Curcuma longa, Carica 
papaya, Punica granatum, Aloe vera, Polygonum 
cuspidatum, Solanum lycopersicum, Vitis vinifera, and 
Rosmarinus officinalis.  The study was conducted over 
a period of 6 months to evaluate the effects of 
supplements on reactive oxygen metabolites, 
biological antioxidant properties, oxidative stress, and 
brain-derived neurotrophic factor (BDNF) in dogs. 
Blood analyses were performed before and after the 
diets were introduced. The results showed a decrease 
in reactive oxygen metabolites in the two groups of 
dogs that received supplements, while no change was 
observed in the other two groups that did not receive 
supplements. According to the report, brain-derived 
neurotrophic factor (BDNF) increased in two groups of 
dogs that received supplements, while it remained 
unchanged in the other two groups (Sechi et al., 2015). 
Ginkgo biloba is one of the oldest living trees. Extracts 
from its leaves are used in the treatment of 
Alzheimer's disease in humans (Amieva et al., 2013). 
The leaves of Ginkgo biloba contain flavonoids and 
terpenes as active ingredients (Gold et al., 2002). 
Terpenes act as antagonists of platelet activating 
factor and suppress platelet accumulation (Koltai et 
al., 1991). The extract obtained from the leaves of 
Ginkgo biloba contains flavonoids, which have been 
demonstrated to possess antioxidant properties 
(Oyama et al., 1994). The use of Gingko biloba 
supplementation in cognitive dysfunction in animals is 
being studied. Studies on mice have investigated the 
use of Gingko biloba supplementation in cognitive 
dysfunctions, and have observed positive effects on 
cognitive function that deteriorates with age 
(Stackman et al., 2003) and improves memory (Stoll et 
al., 1996; Tadano et al., 1998). In a study, 42 geriatric 
dogs with an average age of 11.2 years and age-
related cognitive dysfunction were given 40 mg of 
Gingko biloba extract per 10 kg body weight for 8 
weeks. Positive changes were observed in the dogs' 
behavior within the first 4 weeks. At the end of 8 
weeks, a significant improvement in the dogs' general 
condition was reported, and clinical symptoms such as 

disorientation, changes in sleep and activity, and 
behavioral changes disappeared in 36% of the dogs 
(Reichling et al., 2006). 

Phosphatidylserine 

Phosphatidylserine is a phospholipid found in the 
structure of cell membranes. It is abundant in the 
nervous system and plays a role in maintaining the 
normal function of the cell membranes of the nervous 
system (Ramesh et al., 2019). Soybeans are one of the 
natural sources of phosphatidylserine (Kid, 1996; Ye et 
al., 2020). According to recent studies (Crook et al., 
1992; Zhang et al., 2015; Ye et al., 2020), 
phosphatidylserine supplements may be used in the 
treatment of cognitive dysfunction. Several studies 
have investigated the relationship between 
acetylcholinesterase and Alzheimer's disease (Talesa, 
2001; Herholz, 2008; Singh et al., 2013), and it has 
been observed that acetylcholinesterase activity may 
be associated with the accumulation of amyloid 
plaques (Talesa, 2001). One of the drugs used in 
human Alzheimer's disease is an acetylcholinesterase 
inhibitor (Moreta et al., 2021). Low concentrations of 
phosphatidylserine stimulated ATPase and 
acetylcholinesterase, while high levels of 
phosphatidylserine inhibited these enzymes in dogs 
(Tsakiris and Deliconstantinos, 1984). A study was 
conducted on rats with Alzheimer's disease. One group 
of rats was designated as the control group, while two 
groups with Alzheimer's disease were given 
phosphatidylserine supplementation at doses of 
30mg/kg and 15mg/kg, respectively. The study 
examined the effects of phosphatidylserine 
supplementation on cholinesterase, hydroxyl radicals, 
and superoxide dismutase. When comparing the 
supplemented group to the control group, the rats 
given phosphatidylserine had increased levels of 
hydroxyl radical inhibition and superoxide dismutase, 
and decreased levels of acetylcholinesterase (Zhang et 
al., 2015). One study showed that supplementing 
phosphatidylserine for 12 weeks improved memory in 
aged mice (Zanotti et al., 1989). 
  A study was conducted to investigate the effects of 
supplements on the memory of dogs. Five female 
Beagle dogs, aged between 7 and 12.7 years, were 
given capsules containing 25 mg of 
phosphatidylserine, 24 mg of Ginkgo biloba extract 
(24%), 20.5 mg of pyridoxine, and 33.5 mg of d-alpha-
tocopherol at a rate of 1 capsule per 5 kilograms BW 
for 70 days. DNMP tests were used to assess the short-
term visual memory of the dogs and found that the 
memory of the dogs in the supplemented group 
improved .Additionally, the effects on memory were 
reported to continue for 70 days after the 
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supplements were stopped. The conclusion of the 
study was that the use of dietary supplements before 
the onset of pathological changes in the brain may 
contribute to the maintenance of cognitive function
(Araujo et al., 2008). 

Lycopene 

Lycopene is a carotenoid pigment found in fruits and 
vegetables, such as tomatoes, papaya, and 
watermelon. It is known for its antioxidant and anti-
inflammatory effects, which play a neuroprotective 
role in the nervous system and support cognitive 
function (Zhao et al., 2018; Chen et al., 2019 Lycopene 
reduced Aβ accumulation and oxidative stress and 
improved memory in aged mice (Zhao et al., 2018). In 
diabetic rats, an increase in acetylcholinesterase 
levels, a decrease in superoxide dismutase, and an 
increase in TNF-α have been observed in the brain. 
There was a prevention of the increase in 
acetylcholinesterase levels, a decrease in TNF-α levels, 
an increase in superoxide dismutase levels, and 
positive developments in cognitive tests in lycopene 
supplemented diabetic rats  (Kuhad et al., 2008). In a 
study of geriatric dogs , an antioxidant-rich 
supplement containing papaya and tomato was used 
and results showed decreased reactive oxygen 
metabolites and increased neurotrophic factor levels
(Sechi et al., 2015). 

Alpha lipoic acid 

Alpha-lipoic acid plays a role in mitochondrial energy 
metabolism and has antioxidant, anti-inflammatory 
properties, and effective in maintaining cognitive 
function (Shay et al., 2009). Twenty-four beagles 
between the ages of 8.05 and 12.35 years were 
administered tocopherol, alpha-lipoic acid, L-carnitine, 
vitamin C supplements and spinach, carrot pieces, 
orange, grape, and citrus pulp. The dogs also 
underwent behavioral enrichment treatment, which 
included socializing with other dogs, playing with toys, 
and walking activities. The study aimed to analyze the 
effects of antioxidant use, behavioral enrichment, or 
both on cognitive function by examining Aβ deposits in 
the brain. The study showed that the decrease in the 
Aβ plaque accumulation was more pronounced in the 
dogs that received both antioxidant and behavioral 
enrichment treatments than in the dogs that received 
behavioral enrichment alone (Pop et al., 2010). A later 
study analyzed reactive oxygen species in 24 beagle 
dogs taking the same supplements and found that ROS 
levels were higher in the brains of older dogs, while 
mitochondrial ROS levels decreased in dogs taking 
antioxidant supplements (Head et al., 2009). In a study 
involving dogs aged between 7.6 and 8.8 years, 

supplementation with alpha lipoic acid and L-carnitine 
resulted in improved cognitive function test scores. 
Result suggests that these supplements may slow 
down mitochondrial deterioration and could 
potentially be used to treat cognitive dysfunctions 
(Milgram et al., 2007). A study investigated the effects 
of alpha lipoic acid, L-carnitine, and antioxidants on 
cognitive function in dogs. The results showed that 
dogs given L-carnitine and alpha lipoic acid improved 
on cognitive function tests (Snigdha et al., 2016). 

Curcumin 

Curcumin is a polyphenolic compound derived from 
the plant Curcuma longa, commonly known as 
turmeric (Farooqui, 2016). It is known for its 
antioxidant properties and neuroprotective effects 
through its interaction with amyloid oligomers 
(Farooqui, 2016; Akinyemi et al., 2017). Research has 
demonstrated that curcumin can reduce 
neuroinflammation and may be effective in treating 
cognitive dysfunctions. A study investigated the effect 
of curcumin on neuroinflammation in mice injected 
with lipopolysaccharide, a known cause of 
neuroinflammation. The results demonstrated that 
curcumin reduced neuroinflammation (Sorrenti et al., 
2018). Curcumin inhibits acetylcholinesterase and 
provides protection against cognitive impairment 
(Akinyemi et al., 2017). In mice treated with curcumin, 
brain-derived neurotrophic factor (BDNF) increased 
and Aβ accumulation decreased (Okuda et al., 2019). 
Curcumin has been reported to interact with Aβ 
oligomers and reduce their toxicity (Rao et al.,2015; 
Thapa et al., 2016). A study conducted on individuals 
aged between 50 and 80 years found that 
supplements containing curcumin resulted in 
improved memory and reduced stress levels (Cox et 
al., 2020). These studies suggest that curcumin may 
slow the pathologies caused by oxidative damage and 
Aβ plaque accumulation, which are associated with 
cognitive dysfunction. Ten dogs aged nine years or 
older diagnosed with cognitive dysfunction were 
evaluated based on specific behavioral factors 
(disorientation, sleep, socialization, house soiling, 
anxiety, activity, excessive vocalization, etc.). The dogs 
were administered supplements containing SAMe, 
phosphatidylserine, curcumin, coenzyme Q10, vitamin 
E, and zinc for a period of two months. At the end of 
the first and second months, the cognitive function 
test was repeated based on the initial scoring to 
evaluate the dogs' cognitive functions. The results 
showed that all dogs had improved cognitive function 
scores (Dewey et al., 2023). The study indicates that 
reducing oxidative damage may be beneficial for 
cognitive dysfunction. In an another study, dogs with 

Emre Mantar and Demirel,  2024 / Journal of Istanbul Veterinary Sciences. Volume 8, Issue 2, pp: 159-165 



 163 

 

an average age of 9 years were given a herbal mixture 
rich in antioxidants, including curcumin (Sechi et al., 
2015). The researchers evaluated reactive oxygen 
metabolites and BDNF levels in dogs given antioxidant-
rich supplements. The study reported a decrease in 
reactive oxygen metabolites and an increase in BDNF 
levels in dogs received antioxidant-rich supplements. 
The data suggests that a diet enriched with 
antioxidants may be beneficial in the management of 
cognitive dysfunction in dogs. 

Conclusion 

Nowadays, there is a continued search for alternatives 
to improving the quality of life, both in animals and in 
humans, in addition to the use of traditional treatment 
methods. Recent studies have demonstrated that 
herbal compounds are effective in slowing the 
progression of pathologies that cause cognitive 
impairment. Polyphenols, which are well known for 
their antioxidant properties, are becoming increasingly 
prominent in the research literature. The results of the 
studies showed that oxidative damage in geriatric dogs 
can be reduced by supplements containing these 
herbal compounds. Several studies have shown that 
herbal supplements can improve memory and 
cognitive function in dogs. Based on those findings, 
adding herbal compounds to a dog's diet before the 
onset of impairment may be more effective in 
reducing symptoms of cognitive dysfunctions in dogs. 
To obtain more conclusive results, further studies 
should be conducted on a larger scale. Given the 
limited number of studies in this area, further research 
is needed to provide more definitive results regarding 
the use of herbal compounds for the treatment of 
cognitive dysfunction in dogs. 
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ABSTRACT 

Lymphocystis disease (LCD) is the most frequently reported viral infection in sea bream 
farms in the South Atlantic and Mediterranean regions. Therefore, in this study, the 
presence of lymphocystis disease virus (LCVD) which is the causative agent of LCD was 
investigated in sea bream (Sparus aurata) farm in the Aegean region. The 78 fish 
samples, 40 of them showing fin/skin lesions characteristic to LCD and 38 fishes without 
skin lesions were collected. Samples from skin lesions and spleen and livers were taken 
from the fishes without skin lesions. The samples pooled were analyzed for the presence 
of LCDV by SYBR-Green real time PCR. All samples were found to be positive by real time 
PCR, but an amplification was seen only in 1 sample by conventional PCR. Sequence 
analysis has indicated that nucleotide sequences were belong to capsid gene of LCDV. In 
conclusion, this study shows that LCDV is present in Türkiye and causes serious health 
problems in sea bream in Izmir, Türkiye. Screening of fishes for LCDV by real time PCR is 
very crucial especially in fishes without skin lesions. Sequence analysis helps to 
determine circulating strains and variants of the virus in Türkiye.  
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Increase in World population and demand for animal 
proteins have the pressure on production of animals 
including fishery in the World as well as in Türkiye. 
Therefore, there is need to produce more but healthy 
food for human and animal consumption with 
minimized bacterial and viral infections in the 
populations. For these hygienic facilities and 
preventive measurements are necessary like 
vaccination and monitoring for infectious agents in 
aquaculture (Benkaroun et al., 2022).  
 There are two production methods in fishery 

industry; one of them is hunting and the other one is 
breeding which is called Aquaculture. Aquaculture is a 
fast-growing industry which has increased almost 12-
fold in the last 30 years, with an average annual 
increase of 8.8 % worldwide (Ozrenk, 2023). Turkish 
aquaculture is rapidly growing in recent years, ranking 
among major producers in the World and the largest 
producer among the non-EU and EU member 
countries, together with Norway, UK, and Russia. In 
2021, sea bream aquaculture has an important place 
in the income from fisheries in Türkiye with a 31 % 
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share and a contribution of $ 637,187 to a total 
finance. Sea basses and sea breams are the most 
widely farmed species in marine waters in Türkiye 
(Yiğit et al., 2024). 
  Gilthead sea bream (Sparus aurata), a member of 
the Sparidae family, is naturally found in the 
Mediterranean region and from the British Isles to 
south Senegal. Türkiye, Greece and Spain are the main 
producers, accounting for more than 70 % of the sea 
bream production in the Mediterranean. (Borrego et 
al., 2017b). Sea bream production reached 152 
thousand tons in 2022. Muğla and İzmir are at the top 
of the list in marine farming and sea bream production 
in Türkiye (WWF, 2021). Among other Sparidae 
species, Gilthead Sea bream is the most important fish 
species in Mediterranean aquaculture, providing good 
growth performances and regular production 
increases. However, health management remains one 
of the most important problems in sea bream culture, 
as diseases particularly viral infections can cause major 
losses in commercial production (Borrego et al., 
2017a). 
  There are number of infectious agents which 
affect sea bream health and production. Lymphocystis 
disease (LCD) is the most frequently reported viral 
infection in sea bream farms in the South Atlantic and 
Mediterranean regions (Valverde et al., 2017). 
Lymphocystis disease virus (LCDV) a member of the 
Iridoviridae family, is the causative agent of 
lymphocystis disease (LCD). The aetiological agent is 
LCDV, a double-stranded DNA virus of cytoplasmic 
replication with complex icosahedral particles ranging 
from 130 to 300 nm in diameter, belonging to the 
genus Lymphocystivirus. (Chinchar et al., 2011).  
  At present, complete genome sequences are only 
available for 3 distinct isolates, LCDV-1, isolated from 
European flounder Platichthys flesus (Tidona & Darai 
1997), LCDV-China, collected from Japanese flounder 
Paralichthys olivaceus (Zhang et al., 2004), and LCDV-
Sa, from gilthead seabream Sparus aurata (López-
Bueno et al., 2016). According to the sequences of the 
conserved viral major capsid protein (MCP), 9 different 
genotypes have been proposed, with clustering 
related to host species rather than geographic location 
(Kitamura et al., 2006; Hossain et al., 2008; Cano et al., 
2010; Palmer et al., 2012; Labella et al., 2019) 
  LCD is a self-limiting disease causing hypertrophy 
of fibroblastic cells in the connective tissue of fishes 
characterised by the occurrence of whitish, reddish, or 
grayish nodules of hypertrophic fibroblastic cells in the 
dermis and sometimes in the viscera. These 
hypertrophied cells, referred to as lymphocysts or 
lymphocystis cells, are usually observed in the skin and 

fins, but they have also been described in several 
internal organs (such as the stomach, spleen, liver, 
kidney, and heart). In sea bream, LCD-associated 
lesions have been observed only in the skin and fins of 
affected fish and usually disappear after 20–45 days, 
depending on water temperature (Colorni & Diamant, 
1995). 
  Diagnosis of LCDV is generally made by 
histopathology of skin lesions and detection of virus in 
clinical or subclinical samples. Several studies have 
shown that viral antigens can be detected in a number 
of organs and skin lesions of infected fish (Valverde et 
al., 2017). Molecular methods such as real time PCR 
and PCR frequently have been used.  LCDV infects 
more than 150 marine and freshwater fish species 
belonging to 42 families causing great economical 
losses worldwide (López-Bueno et al., 2016).  
Lymphocystis disease was first described in gilthead 
seabream in Israel in 1982 (Paperna et al., 1982), and 
since then it has been frequently reported in several 
countries from the same geographic area (Labella et 
al., 2019). Outbreaks of LCD have been reported 
worldwide, but little is known about the spread and 
frequency of the virus in Türkiye (Pekmez et al., 2022). 
Therefore, this study was performed to investigate the 
presence of LCDV by PCR on clinical and subclinical 
samples reported in a sea bream farm in İzmir 
province, Türkiye. 

Materials and Methods 

Fish farm and sampling 

A sea bream production farm located in Aegean sea 
having suspected cases of LCD was visited. The fishes 
showing clinical signs of LCD mainly skin lesions were 
examined. History and clinical signs of the fishes were 
recorded. LCDV-suspected fishes (n=78) were collected 
from the sea-cages of a commercial sea bream farm.  
They were then transported to the laboratory, 
Department of Virology, Veterinary Faculty, Istanbul 
University-Cerrahpaşa in a cold chain (4-8 °C). The 
samples were either processed directly or stored at -
20 °C until required.  
  The samples were pooled and analysed for initial 
screening of LCDV by SYBR-Green real time PCR. Pool 
samples were prepared for DNA extraction. For 
pooling, the samples were taken from the fin/skin 
lesions (n = 40) and from the liver and spleen of the 
fishes (n = 38) without fin/skin lesions after necropsy. 
A total of 12 pools were formed.  

DNA Extraction 

All pooled samples were first homogenised separately 
using the tissue disrupter (Bullet Blender, Next 
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Advance). Viral DNA was extracted from the 
homogenised tissue by using a commercial DNA 
extraction kit (The PureLink Genomic DNA Mini Kit, 
Invitrogen Cat No: K1820-02, Carlsbad, CA 92008) as 
described by the manufacturer. The amount of DNA in 
the extracts was measured by nanodrop device 
(NanoDrop, Thermo Scientific, Waltham, USA). They 
were then stored at -20 °C until required. 

SYBR-Green real time PCR 

SYBR Green based real time PCR and primers were 
used to detect LCDV in samples as described 
previously (Table 1) (Ciulli et al., 2015). In an optimized 
PCR reaction, a 25 ml PCR mixture composed of 2 ml 
template DNA, 12.5 ml mastermix (Maxima hotstart 
mastermix, Thermoscientific, USA), 1 ml forward and 
reverse primers, 0.5 ml of SYBR-Green and 8 ml 
nuclease-free water (Table 1). The PCR reaction was 
placed in a thermal cycler (StepOnePlus Real Time 
PCR System, Applied Biosystems using the cycling 
conditions as follows: after 10 minutes of initial 
incubation at 95 °C, 45 cycles of denaturation steps at 
95 °C for 15 seconds, annealing at 50 °C degrees for 30 
seconds, and extension at 72 °C for 30 seconds (Table 
1). For all PCR reactions, negative and positive controls 
were always used. Positive controls were from the 
samples that were previously found to be positive in 
the Department of Virology, Veterinary Faculty of 
Istanbul University-Cerrahpasa. As negative control, 
nuclease free water was added in place of template 
DNA. 

Results 

Clinical signs and necropsy 

It was observed that all the fishes analysed in this 
study were clinically ill. At necropsy, amongst 78 
fishes, 40 showed significant skin and fin lesions 
(Figures 1 and 2). Among the fishes (38) that did not 
show lesions at necropsy examination, there were no 
obvious gross lesions in spleen and liver samples 
(Figure 3). 

Figure 1. Fin/skin lesions on the fishes on clinical 
observation.   
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Test Target 
Genes 

Primers (5’-3’) Product 
size 

Reaction mixture PCR Conditions References 

Real-Time 
PCR 

MCP 

qPCR-F1 
AATGAAATAAGATTAACGTTTCA 

151 

MM:12,5 µl 95 °C- 10m 
  

Ciulli et al., 
2015 

Primer F: 1 µl 

qPCR-R2 
CGTTAGTGATCCATACTTG 

  
  
  

Primer R: 1 µl 

45 cycles of 
95 °C- 15s 
50 °C-30s 
72 °C-30s 

SYBR Green : 0,5 µl 

Water: 8 µl 

DNA: 2 µl 

Conventio
nal PCR 

Capsit 
Gene 

LF7-F 
CGCGCTGCCTTATAATGA 

789 

MM:12,5 µl 95 °C- 3m 
  

Ciulli et al., 
2015 

Primer F: 1 µl 

LC1-R 
GGAAAACCCATTGATCCGT 

  
  
  
  
  

Primer R: 1 µl 35 cycles of 
94 °C- 1m 
55 °C-2m 
72 °C-1m 

  

Water: 7,5 µl 

DNA: 3 µl 
  
  
  
  

Last ext. 
72 °C-3m 

Table 1. Primers, reaction mixtures and PCR conditions for PCR analyses of the LCDV  
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Figure 2. Skin and fin lesions on fish found to be positive for 
LCDV by both real time PCR and conventional PCR. Arrows 
indicate fin and skin lesions seen in PCR positive fishes. 

Figure 3. Spleen and liver samples taken from fish without 
skin and fin lesions. 
 

Figure 4. Ct values (A) and melting curves (B) of samples and 
controls analysed by SYBR-Green real time PCR 

SYBR-Green real time PCR 
Amplification was seen in all pool samples (n = 12) and 
positive control analysed by SYBR-Green real time PCR. 
Ct values were detected between 5.87-25.08 (Figure 4-
A). No Ct was detected in negative control. Melting 
curves of positive control and positive samples were 
determined between 78.55-79 °C (Figure 4-B). 
Whereas melting curve of negative control was 68 °C 
(Figure 4-B).  

Conventional PCR  

When real time PCR positive samples were analysed by 
conventional PCR, an amplification product (789 bp) 
was seen on agarose gel electrophoresis. Sequencing 
data has indicated that the nucleotide sequences (data 
not shown)  were part of capsid gene of LCDV. 

Discussion 
Lymphocystis disease (LCD) is a well-known iridoviral 
infection that affects both wild and cultured fish 
species living in freshwater and marine life worldwide. 
The clinical signs of the disease are characterized by 
the development of small pearl-like macroscopic 
nodules (0.3−2.0 mm) located mostly on the fins and 
skin, although internal organs may also be affected. 
The disease occurs in a wide range of salinities and 
water temperatures, and it has been reported in at 
least 150 fish species from 42 families. LCD has been 
reported in many countries but the knowledge about 
LCD in Türkiye is limited (Palmer et al., 2012; Ciulli et 
al., 2015; Labella et al., 2019; Pekmez et al., 2022). 
Therefore, this study was performed to investigate 
presence of LCDV in sea breams in Izmir, Turkey. 
   LCDV has caused significant economic losses in 
aquaculture in many parts of the world, especially in 
the South Atlantic and Aegean sea. Therefore, this 
study was performed in Izmir located in Agean sea. 
Our neighbours, especially Greece, have reported 
serious health problems in sea breams due to LCD 
(Colorni et al., 2011). Apart from Greece in the Aegean 
sea, LCDV has also been reported in countries such as 
Italy, Spain and Portugal, as well as in our neighbour 
Iran (Labella et al., 2019; Pekmez et al., 2022; Rahmati-
Holasoo et al., 2023). It has been proposed that LCDV 
was spread through the Atlantic coasts of Europe and 
the Mediterranean along with the international trade 
of gilthead seabream (Chinchar et al., 2017). LCDV has 
an incidence rate as high as 70 % meaning it causes 
significant economic losses in the aquaculture sector, 
as external lesions appear and samples with disease 
symptoms are difficult to commercialize (Masoero et 
al., 1986). 
  Diagnosis of LCD is mainly based on pathological 
and molecular techniques. Presence of small pearl-like 
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macroscopic nodules on the fins and skin of the fish is 
characteristic appearance of LCD as reported in 
previous studies (Samalecos, 1986). In this study, 
serious pearl-like nodular lesions were observed in 40 
of 78 sea bream fish produced in a seafood farm in 
Agean sea in Izmir. LCD was detected in all samples 
taken from these lesions. However, the problem in 
diagnosis of LCD is the cases without fin or skin lesions. 
Therefore, in the present study, liver and spleen 
samples were taken from the fishes without skin 
lesions and LCDV DNA was detected. These results and 
the results of other study (Ciulli et al., 2015) indicate 
that visceral organs can be used to investigate 
presence of LCDV in fishes without skin lesions. For 
this, the primers targeting to MCP gene of LCDV is 
highly conserved region of iridoviruses and were used 
in the present study and they are capable of detecting 
all LCDV strains as indicated previously (Tidona et al., 
1998; Ciulli et al., 2015). Similarly, the primers and real 
time PCR detected LCDV in all pooled samples 
analysed in this study. 
  Incidence of LCD is very high and can be up to 70 
% as reported previously (Masoero et al., 1986). In the 
surveillance studies carried out in Spain, the incidence 
in juvenile seabream samples from asymptomatic 
farms was 87.5-100 %, whereas it was detected in 30-
100 % of symptomatic farms (Valverde et al., 2017) In 
this study, LCDV was detected by real-time PCR in 
samples taken from sea breams in 100 % of pooled 
samples with lesions and in 100 % of pooled samples 
formed from organs of fishes without lesions . 

Conclusion 

This study shows that LCDV is present in Türkiye and 
causes serious health problems in Izmir, Turkey. 
Screening of fishes for LCDV by real time PCR is very 
crucial especially in fishes without skin lesions. 
Conventional PCR helps for sequencing the virus to 
determine circulating strains and variants of the virus. 
This will input data in vaccine preparation and 
vaccination strategies.  
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ABSTRACT 
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directly affects economic efficiency in the livestock industry. Genetic studies have 
enabled the identification of various genes and genetic mechanisms influencing 
reproductive performance in goats, including key genes such as KISS1, GDF9 and BMP15. 
It is essential to examine the reproductive conditions and traits in farm animals, 
particularly in indigenous goat breeds historically, culturally, and economically significant 
in our country. This review examines KISS1, GDF9 and BMP15 genes associated with 
reproduction, their functions, and their impacts on reproductive biology in light of 
current literature. The importance of modern genetic techniques and biotechnological 
applications in enhancing reproductive efficiency in goat populations is also discussed. 
This review provides data for the optimization of gene selection strategies and the 
integration of current genetic knowledge to improve reproductive performance in goat 
breeding.  
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After dogs, goats (Capra hircus), as the second 
domesticated animal, have provided significant 
benefits to human agricultural communities by 
facilitating the transition to settled life through the 
production of products such as meat, milk, and wool 
(Porter, 1996; Pringle, 1998; Zeder and Hesse, 2000). 
Goats are found on every continent except Antarctica, 
and surprisingly, 93.4% of these animals are located in 
Asia and Africa. Their presence is crucial in various 
roles, from livelihood sustenance to agricultural 
production, spanning from sparsely populated and non
-industrialized countries to industrialized ones. Africa 

raises approximately 35.7% of the world's goat 
population, with 60% of these animals concentrated in 
the sub-Saharan region, including countries such as 
Chad and Ethiopia. (World Population Review, 2021). 
According to statistics, hair goats make up the largest 
proportion of the total goat population in Türkiye, 
accounting for approximately 93% of the total goat 
herd (Daşkıran et al., 2018). When goat farming is 
mentioned in Turkey, Hair goats generally come to 
mind. According to the 2020 Turkish Statistical 
Institute (TÜİK) data, the goat population is 12,350,811 
heads. Hair goats and their crosses account for 
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approximately 98% of the total goat population, and 
Angora goats account for 2%. The share of the goat 
population in our country's small ruminant population 
is approximately 22.43% (Turkish Statistical Institute, 
2024). The suitability of Turkey's natural resources, 
mainly pastures, for breeding sheep and goat species, 
as well as factors such as consumption habits in rural 
areas, create a favorable environment for small 
ruminant breeding (Kaymakçı et al., 2006).  
  Primates and many ruminants typically release a 
single oocyte at each cycle whereas species such as 
mice and pigs have consistently high ovulation rates. 
In mammals the ovulation rate and the litter sizes are 
a result of well-regulated interactions of endocrine 
and paracrine mediators. How precisely the litter size 
is controlled remains a critical and essential question 
in reproductive biology (Polley et al., 2009). 
  Through genome scans, many genomic regions 
(Quantitative Trait Loci, QTL) that influence various 
productive traits have been identified, and candidate 
gene studies are being conducted to identify genes 
involved in the physiological regulation of nutrition, 
growth, and energy metabolism (Schrooten et al., 
1996; Ashwell et al., 2004; Weikard et al., 2004). The 
basis of QTL mapping studies is to determine the 
relationship between specific genetic markers and 
phenotypes. In farm animals, marker-QTL linkage 
studies are generally conducted within populations 
and require the presence of polymorphic marker 
regions (Primrose et al., 2006; Weller 2009). Molecular 
markers in farm animals are extensively used to reveal 
genetic variation at the DNA level, associate gene 
regions with economically important traits, or identify 
single genes affecting a particular trait (Balcıoğlu et al., 
2014). The data acquired herein is employed in 
selection investigations aimed at augmenting 
productivity within the domain of animal husbandry. 
The amelioration of reproductive attributes in 
livestock species has garnered escalating attention, 
notably in ovine and caprine species, where even 
marginal enhancements in litter size can yield 
substantial profitability increments. 
  Consequently, several studies have been 
conducted to identify genes and candidate genes 
associated with fertility traits in goats (Getaneh and 
Alemayehu, 2022). 
  In recent years, there has been significant progress 
in understanding the genetic factors that influence 
reproductive performance in goats. Among these 
factors, candidate genes such as KISS1 (Kisspeptin), 
GDF9 (Growth differentiation factor 9) and BMP15 
(Bone morphogenetic protein 15) have garnered 
considerable attention due to their critical roles in 

regulating reproductive traits. This review examines 
these key genes in detail, exploring their functions, the 
mechanisms by which they impact reproductive 
biology, and their potential applications in genetic 
selection strategies. By integrating the latest findings 
from the current literature, this review will provide a 
comprehensive overview of how KISS1, GDF9 and 
BMP15 contribute to enhancing reproductive 
efficiency in goat populations. 

Kisspeptin (KISS1) 

The kisspeptin/GPR54 pathway is recognized as a key 
regulator of pubertal development and reproductive 
function. Several studies have been conducted on the 
KISS1 gene as a candidate gene for animal 
reproductive traits (West et al., 1998). KISS1 neurons 
in the hypothalamus contribute to crucial aspects of 
reproductive maturation and function, such as sexual 
differentiation at the brain level, the onset of puberty, 
and the neuroendocrine regulation of gonadotropin 
secretion and ovulation (Caraty et al., 2010). So far, 
the literature on KISS1 and goat reproduction is 
limited. Due to the importance of KISS1 as a regulator 
of puberty onset, it is likely that polymorphisms in this 
gene may be associated with some reproductive traits 
in goats, such as high productivity, precocious puberty, 
and year-round estrus phenotypes (Sharma et al., 
2013). 
  According to genetic research, the KISS1 gene is a 
major fecundity gene in goats. Polymorphisms of the 
KISS1 gene were associated with higher litter size (Cao 
et al., 2010; An et al., 2013). 
  The KISS1 gene in goats is located in chromosome 
16. KISS1 gene consists of two coding regions (exons) 
and one single non-coding region (intron), and the 
transcript length is 408 bp and encodes 135 amino 
acids. This gene reaches around 2.62 kilobases 
(Febriana et al., 2022). This gene encodes a family of 
neuropeptides called kisspeptins, which activate G 
protein-coupled receptor-54 (GPR54) (Ohtaki et al., 
2001; Yeo and Colledge, 2018; Harter et al., 2018). 
  In a study conducted on 90 female goats, 
consisting of 30 individuals from each of the Kacang, 
Kejobong, and Senduro breeds, the sequence 
alignment analysis revealed one insertion/deletion and 
fourteen polymorphic sites in the intron 1 KISS1 gene 
on three Indonesian native goat breeds. SNP9 at intron 
1 of the KISS1 gene was found to be in strong linkage 
with SNP8 and SNP10; and identified to have a 
significant association with litter size and parity. 
Furthermore, the does with H2 haplotype 
(CCATAGCGCAACGT) had higher litter size than those 
other haplotypes (Febriana et al., 2022). 

Atalay and Ateş / Journal of Istanbul Veterinary Sciences. Volume 8, Issue 2, pp: 172-177 



 174 

 

  In another study conducted using the PCR-RFLP 
method on 124 animals, comprising 62 Cyprus goats 
and 62 Iraqi black goats, three polymorphic sites (with 
transversion mutations) in exon 1 (893G>C, 973C>A, 
and 979T>G) were detected. The reference sequences 
of the gene (ID: JX047312.1 for Cyprus goat samples 
and KC989928.1 for Iraqi black goat samples) were 
used for comparison. The results of this study showed 
that polymorphisms of the KiSS1 gene cause an 
increase of the litter size in two goat breeds. The 
genetic diversity of polymorphism content in 
combination with genotypes of different KiSS1 gene 
loci was associated with litter size performed in both 
Cyprus and Iraqi black Doe at locus g. 893G>C. 
Significant (P<0.05) genetic diversity was determined 
at that locus in the HWE test in Cyprus and Iraqi black 
goats (Rahawy and Al-Mutar, 2021). 
  In a study that utilized 723 goats belonging to 
three breeds, including 306 Xinong Saanen, 221 
Guanzhong, and 196 Boer, the SNPs of the KISS1 gene 
were genotyped by PCR-RFLP. Two SNPs (g.2124T>A 
and g.2270C>T) were genotyped in the three goat 
breeds. These two SNP loci were in Hardy-Weinberg 
disequilibrium in the SN and GZ breeds (P < 0.05), 
which showed that the genotypic frequencies had 
been affected by selection, mutation or migration (An 
et al., 2013). 
  In another study conducted on 89 Gaddi goats, the 
PCR-RFLP assay revealed polymorphism in the 
amplified product of intron 1 of the kisspeptin (KISS1) 
gene in the migratory Gaddi goat population. DNA 
sequencing confirmed one nucleotide mutation 
(T125A) in the intron 1 region of the KISS1 gene with 
the allelic frequency of alleles A and B as 0.43 and 
0.57, respectively. A significant association with T 
allele for litter size was observed in screened 
migratory Gaddi goats (Sankhyan et al., 2020). 

Growth differentiation factor 9 (GDF9) 

The growth differentiation factor 9 (GDF9) gene is one 
of the most important fecundity genes that widely 
studied in goats belonging to the transforming growth 
factor β (TGFβ) superfamily. The protein is one of the 
important fecundity genes which plays a critical role 
during early folliculogenesis as a growth and 
differentiation factor secreted by oocytes in mammals 
(Elvin et al,. 1999). 
  Mammalian oocytes secrete GDF9 and is a key 
regulator of follicular proliferation, ovulation and 
fertilization, and also improves the developmental 
competence of oocytes in females (Wang et al., 2019). 
The secretion of GnRH stimulates the release of 
gonadotropins, luteinizing hormone (LH) and follicle-
stimulating hormone (FSH) from the pituitary gland, 

ultimately controlling gonadal function (Jih and Wu, 
1995; Fulghesu et al., 1997). 
  The GDF9 gene is located on caprine Chromosome 
7 and has a coding region of 4720 base pairs and two 
exons. Many single nucleotide polymorphisms (SNPs) 
that have been identified in the gene, and the SNPs 
have been reported influence on litter size in goats. 
The most common SNP in the caprine GDF9 gene is 
V397I or c.1198G>A located on exon (Mahmoudi et al., 
2019). 
  Literature has shown that the V397I SNP was 
polymorphic in many goat populations while non-
polymorphic in other goat breeds (Polley et al., 2009). 
A study investigated the polymorphisms of GDF9 
genes in 641 goats of three breeds: Xinong Saanen, 
Guanzhong and Boer. The biochemical and 
physiological functions, together with the results 
obtained in the investigation, suggest that the GDF9 
genes could serve as genetic markers for litter size in 
goat breeding (An et al., 2012). 
  Feng et al (2011) concluded that the C allele at 
locus 959 of the GDF9 gene was associated with high 
litter size in Jining Grey goats (P < 0.01).  
  In a study, 48 female Pote goats from smallholder 
farms were utilised, with a range of permanent incisive 
(0, 1, 2, 3, 4). A survey method was used to collect 
data on the litter size of Pote goats and the PCR-RFLP 
method was used for laboratory observation to detect 
GDF9 gene polymorphism. This study shows that GDF9 
gene polymorphism is associated with litter size of 
Pote goats. Based on these results, it means that the 
GDF9 gene mutation is significantly associated with 
the litter size trait in Pote goats, and the genetic 
variant of the GDF9 gene is considered as a genetic 
marker for increased proliferation in Pote goats 
(Imaniah et al., 2023). 
  In another study, the investigation was conducted 
to identify point mutations in two goat breeds from 
Indonesia, namely Kosta and Lakor, native livestock 
from Banten and Southwest Maluku regency, 
respectively. This investigation specifically targeted the 
analysis of exon region 1 of the GDF9 about litter size 
ability in both breeds. The multiple alignment results 
of exon-1 from the GDF9 gene revealed the presence 
of 2 nucleotides with mutations. However, it was 
observed that these mutations did not result in the 
encoding of different amino acids. This suggests that 
the mutation is associated with the litter size of Lakor 
and Kosta goat populations (Rumanta et al., 2023). 
  In a study conducted on 15 local Iraqi Bucks, direct 
sequencing was used to screen potential SNP loci in 
the goat GDF9 exon one. As a result, one SNP locus 
site, 2006 CTC < CTA (leu < leu), was positively 
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identified. This study is the first to show a significant 
association of GDF9 in the initiation or maintenance of 
spermatogenesis in male goats (Jassim and Al-Azzawi, 
2022). 
  In another large-scale study, 45 SNP loci were 
gathered and sorted from the goat GDF9 gene. The 
main focus of the analysis and discussion revolved 
around the relationship between a subset of 
potentially "true" SNPs and the reproductive traits of 
goats. Among these mutations, three non-synonymous 
mutations A240V, Q320P, and V397I and three 
synonymous mutations L61L, N121N, and L141L were 
found to have a high mutant frequency in many 
fecundity goat breeds. Particularly, the mutations 
Q320P, V397I, L61L, and N121N exhibited high 
frequencies, ranging from 0.5 to 0.7. According to the 
summary and analytic results of the current SNP loci 
within the goat GDF9 gene in this study, it was found 
that A240V, Q320P, V397I, L61L, N121N, and L141L are 
six effective SNPs associated with the litter size trait. In 
most goat breeds worldwide, the V397I and L61L 
mutations showed a negative relationship with strong 
goat fertility, and the other four SNPs exhibited a 
positive effect (Wang et al., 2019). 

Bone morphogenetic protein 15 (BMP15) 

The critical role of BMP15 in early follicle growth is 
species-specific and revealed to be related to mono-
polyovulatory animals (Moore and Shimasaki, 2005). 
  BMP15 regulates granulosa cell proliferation and 
differentiation by promoting granulosa cell mitosis, 
suppressing follicle-stimulating hormone receptor 
expression, and stimulating kit ligand expression. 
These functions play a pivotal roles in female fertility 
in mammals (Juengel et al., 2002). 
  There is a high influence of BMP15 and GDF9 on 
fecundity. These genes are produced by the ovary and 
influence its function. In addition to increasing the 
ovulation rate in goats, they also affect follicle growth 
and development at all stages of follicular genesis in 
females (Getaneh and Alemayehu, 2022). 
  Bone morphogenetic protein 15 (BMP15) is a 
member of the TGFβsuperfamily that is especially 
expressed in oocytes. The goat BMP15 gene maps to 
the X chromosome (Farhadi et al., 2013). 
  In a study of the association of the bone 
morphogenetic protein 15 (BMP15) gene with the 
prolific characteristics of Surti goats managed under 
farm and field conditions, it is claimed that a mutation 
in the Exon-2 region of the BMP15 gene, with a base 
size of 575 bp, increases litter size. In total, 100 Surti 
goats were involved in the study, revealing the 
presence of two polymorphic sites. One site was 

identified at 500 base pairs, while the other was found 
at 400 base pairs. Out of the 100 Surti goats examined, 
58 were identified with the AA genotype, while 29 had 
the AB genotype, and 13 had the AC genotype. A 
polymorphic region at 500 bp (AB genotype) plays a 
highly significant role in the higher prolificacy of Surti 
goats as compared to base size 575 bp (AA genotype) 
and polymorphic site 400 bp (AC genotype). 
Polymorphic region AB may be used as a marker 
genotype for early age selection of female Surti goat. It 
is claimed that the polymorphic region AB may be 
used as a marker genotype for early age selection of 
female Surti goats (Dangar et al., 2022). 
  In addition, the association of BMP15 gene with 
prolificacy/litter size was investigated in Jamunapari 
and crossbred goats (Shaha et al., 2022), in Haimen, 
Boer, and Huanghui goat breeds of China (He et al., 
2010), and Markhoz goats of Iran (Ghoreishi et al., 
2019; Getaneh and Alemayehu, 2022). 
  Polymorphisms of BMP15 gene exon 2 and its 
relationship with the prolificacy of goats were 
detected by PCR-SSCP and DNA sequencing methods 
in two Chinese local goat breeds (Wang et al., 2011). 
  In a study, 200 adult female Markhoz goats were 
examined with the PCR-RFLP method for the FecXH, 
FecXI, FecXG and FecXB mutations. The results showed 
no polymorphism in the tested Markhoz goats 
(Shokrollahi, 2015). However, in another study, the 
mutation of BMP15 genes associated with the goat 
fecundity has been confirmed in Markhoz goats 
(Paulini and de Oliveira Melo 2011).  
  In contrast, homozygous mutant animals showed 
higher numbers of kids in Beetal goats (Islam et al., 
2019). 

Conclusion 

This review underscores the critical roles of the KISS1, 
GDF9, and BMP15 genes in managing reproductive 
traits in goats. Each of these genes uniquely 
contributes to reproductive efficiency, affecting crucial 
aspects such as the onset of puberty, follicle 
development, ovulation, and litter size.  
  The KISS1 gene is essential for starting puberty and 
regulating reproductive functions through the 
neuroendocrine system. Variations in this gene are 
linked to better reproductive outcomes, including 
larger litter sizes. The GDF9 gene is vital for early 
follicle development, with several variations 
associated with increased fertility, making it a valuable 
marker for breeding programs. The BMP15 gene also 
plays a key role in the growth and differentiation of 
granulosa cells, with its variations linked to higher 
fertility in different goat breeds. 
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  Incorporating genetic knowledge about KISS1, 
GDF9, and BMP15 into breeding strategies offers 
significant potential for improving goat reproductive 
performance. Advances in genetic technologies and 
biotechnological applications allow for precise 
selection and breeding decisions, boosting productivity 
and economic efficiency in the livestock sector. This 
review highlights the need for ongoing research into 
these genes to develop optimized genetic selection 
strategies, enhancing goat breeding programs by 
leveraging current genetic insights. 
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ABSTRACT 

Nowadays, various methods are used to control reproduction in domestic animals. The 
most commonly used method is ovariohysterectomy, in which the ovaries and uterus are 
removed together. In this review, an overview will be made of urinary incontinence due 
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Definition 
Urinary incontinence can be briefly defined as 
involuntary urination or incontinence. The condition, 
which is mostly observed as the animal wetting itself 
while sleeping, can also be observed at different times 
and positions such as running, jumping, coughing or 
barking, sitting position (Tektepe, 2019). 
 While the risk of urinary incontinence in 
unneutered dogs is less than 1%, in neutered dogs the 
risk varies between 5% and 20%. In some breeds, this 
rate can be as high as 60%. Urinary incontinence 
usually occurs on average 2-5 years after neutering. 
However, symptoms can also occur up to 10 years 
after neutering or immediately after the operation. 
(Reichler and Hubler, 2014). 
 The operation procedure, whether it was 
ovariectomy or ovariohysterectomy, had no effect on 
the incidence of urinary incontinence or the time 
interval between the occurrence of urinary 
incontinence after sterilization (Stöcklin-Gautschi et 
al., 2001). 

 As a result of the study (Tektepe, 2019)  it was 
determined that decreases in urethral sphincter 
pressure were observed within a year following the 
operation and when this pressure fell below the 
critical level, urinary incontinence complication was 
observed. In the study conducted by Trusfield (1985), 
the link between sterilization and urinary incontinence 
was proven. It is suggested that it occurs as a result of 
neurological, vascular, and hormonal changes that 
occur after sterilization, rather than mechanical 
damage to the lower urinary tract during sterilization. 
There are multiple factors involved in the etiology of 
urinary incontinence (Thrusfield, 1985). The 
probability of urinary incontinence in neutered dogs 
varies according to body weight. The probability of 
occurrence in neutered dogs with a body weight of 
less than twenty kilograms was 9.3%, while this rate 
was determined as 30.9% in dogs with a body weight 
of more than twenty kilograms. Breed predisposition 
should also be considered in urinary incontinence 
cases. While the rate of urinary incontinence in boxer 
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dogs was 65%, this rate was found to be 10.6% in 
German shepherd dogs (Arnold et al., 1989). The 
probability of urinary incontinence was highest in 
female dogs spayed before the age of three months. 
According to the data collected in the study, the 
probability of urinary incontinence in the first six years 
of life was 12.9% in dogs spayed before the age of 
three months, while this rate was 5% in dogs spayed 
after three months of age (Spain et al., 2004). 
Although the advantages of neutering before the age 
of six months are defined as the ease of the operation, 
less postoperative trauma in young dogs, prevention 
of unwanted pregnancies, and decreased risk of 
mammary tumours, there is no significant association 
between early spaying and incontinence found in a 
study conducted by Bleser at al. (2011). Incontinent 
neutered bitches present lower levels of 
gonadotropins than continent neutered bitches, 
creating the hypothesis that a low endogen GnRH 
production is involved in incontinence. Although the 
mechanism is still unclear (Jesus et al., 2020). Estrogen 
receptors presence in the inferior urinary tract has 
been demonstrated, and such receptors can be 
detected in the vesical trigone, in the urethra and in 
the connective tissue around it (Batra and Iosif, 1983). 
Which justifies the deleterious effects on the urinary 
tract of bitches post-neutering with the reduction of 
circulating estrogen (Jesus et al., 2020). Since urinary 
incontinence is a condition that requires lifelong 
treatment and brings discomfort to the patient's 
relatives, all factors should be taken into consideration 
to choose the optimum period for sterilization (Bleser 
et al., 2011). 
 Some changes occur in the urinary bladder after 
sterilization. The changes are listed below. 

1. Changes in the urinary bladder after neutering 
1.1. Response to Muscarinic Stimulation: The response 
to muscarinic stimulation in the urinary bladder was 
lower in gonadectomized animals than in non-
gonadectomized animals, irrespective of age, weight, 
and sex. The neurogenic response in the urinary 
bladder parallels the muscarinic response and also 
does not vary with age, weight and sex. It is 
significantly reduced in gonadectomized animals 
compared to non-gonadectomized animals (Coit et al., 
2008). 
1.2. The amount of collagen in the urinary bladder 
wall: The amount of collagen in the urinary bladder 
wall is also among the findings that change after 
gonadectomy. Collagen deposition increased 
significantly in the urinary bladder after 
ovariohysterectomy. Accumulated collagen 
accumulates between the muscle bundles, changes 
the structure of the bladder, and predisposes to 

urinary incontinence (Coit et al., 2008; Ponglowhapan 
et al., 2008). In the study conducted by Ponglowhapan
(2008) gender differences were found in all four 
regions of the lower urinary tract in intact dogs but 
only in proximal urethra in gonadectomised dogs 
where spayed females had a higher proportion of 
collagen and less muscle. Excessive collagen deposits 
and less muscular volume may impair structural and 
functional integrity of the lower urinary tract which 
may associate with the development of post-neutering 
urinary incontinence in the dog (Ponglowhapan et al., 
2008).  
1.3. Urinary bladder glucosamine amount: It has been 
reported that the amount of glucosamine in the 
urinary bladder and urethra decreased in 
gonadectomized rodents due to gonadal hormone 
deficiency (Cabral et al., 2003). Similarly, a decrease in 
the amount of glucosamine in the tissues of the lower 
urinary tract has been reported in premenopausal and 
menopausal women (Bezerra et al., 2004). These 
observations in both species suggest that the 
glucosamine content in the lower urinary tract is 
regulated by the endocrine system and that altered 
glucosamine composition is associated with the 
development of urinary incontinence (Ponglowhapan 
et al., 2011). The study conducted by Ponglowhapan
(2011) demonstrated the effect of gonadal status on 
the glycosamine profile in the lower urinary tract of 
dogs. The decrease in glycosamine composition in the 
lower urinary tract of gonadectomized dogs indicates 
the effect of gonadectomy on glucosamine 
metabolism.         
 Disorders in the urethral sphincter mechanism and 
their causes should also be considered in cases of 
urinary incontinence. 

2. Causes of urethral sphincter mechanism 
incompetence (USMI) 
Urethral incompetence is the most common cause of 
incontinence in adult female dogs (Adams, 2010). 
Adhesions at the bladder neck and vaginal-uterine 
adhesions, anatomical or neurologic damage, 
shortening of the urethra, caudal positioning of the 
bladder, hormonal changes after ovariohysterectomy, 
body size, race, presence of obesity, and tail docking 
can be listed as causes (Gregory, 1994). Holt and 
Thrusfield (1993) demonstrated a link between tail 
docking and urethral sphincter mechanism deficiency. 
   Since predisposition to urethral sphincter 
mechanism failure was observed in breeds with 
urinary incontinence after ovariohysterectomy and in 
breeds that routinely undergo tail docking, further 
studies are needed to explain the link between these 
conditions. (Bleser et al., 2011). Estrogen deficiency in 
spayed females is believed to lead to a type of urinary 
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incontinence known as “urethral sphincter mechanism 
incompetence” (USMI), which involves not only the 
urethra smooth muscle but submucosa vasculature 
and urothelium, culminating in urethra insufficient 
closure (Jesus et al., 2020). When the collagen content 
of periurethral tissues was measured after 
ovariohysterectomy, no significant change was 
observed in the amount of collagen in the periurethral 
tissues of unspayed and sterile dogs (Forsee et al., 
2013). 
3. Urinary incontinence treatment options 
3.1. Using alpha-agonist agents: Phenylpropanolamine 
prevents involuntary contractions by acting on 
adrenergic receptors in the smooth muscles of the 
urethral sphincter with sympathomimetic effect. In 
this way, involuntary urine output is prevented. Blood 
pressure should be monitored at the beginning of 
treatment to eliminate the risk of high systolic blood 
pressure, one of the possible side effects of 
phenylpropanolamine. It should be used with caution 
or should not used at all in patients with heart 
problems after a general cardiac examination (Byron, 
2018). 
  Blood pressure measurements should be 
performed regularly within 2-4 weeks after the start of 
treatment. Other side effects of phenylpropanolamine 
include restlessness, aggression, decreased appetite, 
and insomnia. These side effects disappear when the 
dose is reduced or treatment is discontinued. (Byron, 
2018) Phenylpropanolamine dosage;  1-1.5 mg/kg 8h 
or 12h PO (Chew, 2011) 
3.2. Estrogenic agents: Estrogenic agents such as 
estriol increase the sensitivity of alpha-adrenergic 
receptors in the urethral sphincter to catecholamines. 
Applying alpha-agonist treatment together with 
estrogen treatment increases the success rate with 
synergistic effect between the drugs. In estrogen 
therapy, estriol, which does not accumulate in the 
body and is excreted through urine without being 
metabolized in the liver, should be preferred (Chew, 
2011). Estriol is a short-acting estrogen derivative. The 
side effects caused by estrogen (estrous symptoms 
and behavior, depression, pyometra) are not seen in 
estriol treatment. In a study conducted by Beceriklisoy 
et al. (2005), the treatment rate of urinary 
incontinence with estriol was reported to be 80% 
(Beceriklisoy, 2005). The recommended dose is 
reduced after improvement by 0.5 mg per week until 
the minimum effective dose is reached, which can be 
continued every other day. If no response to 
treatment is achieved after the first two weeks, it may 
be beneficial to continue dosing 2 mg/dog until clinical 
improvement is appreciated (Timmermans et al., 
2019).  

3.3 Combination therapy: If there is no response to 
phenylpropanolamine or estriol treatment or if relapse 
is observed, treatment with combined 
phenylpropanolamine and estriol is given. For dog’s 
combination therapy, urodynamic evaluation is 
recommended. If urethral sphincter incompetence is 
diagnosed; injection of urethral bulking agents or 
surgical methods to increase urethral resistance 
applied (Adams, 2010).  
3.4. Artificial urethral sphincter: Artificial urethral 
sphincter works by acting as a silicone cuff sphincter 
placed around the urethra. The cuff inside the artificial 
sphincter is adjusted by the operator to hold the urine 
during bladder filling, but to allow urine to pass out 
when a certain level of fluid pressure is reached. This 
treatment method can be used as an alternative in 
drug-insensitive patients, but its applicability is still in 
the framework of research as it requires a specialized 
operator (Rose et al., 2009). 
3.5. Injection of urethral bulking agents: Bulking agents 
(glutaraldehyde cross-linked collagen) are applied to 
the proximal urethra as submucosal injection. In 
veterinary medicine, components containing bovine 
collagens are used for bulking. These agents, which 
lengthen the length of muscle fibers by acting as 
central padding, increase urethral bulging. Urethral 
bulging improves control of incontinence. The 
disadvantage of this application is that it requires 
repetition because of the agents used in the injection 
do not have a lifelong effect. The agents used are 
effective for 17-21 months. The fact that the 
application is easy and minimally invasive shows that it 
can be used as a treatment alternative in dogs 
resistant to medical treatment (Butty et al., 2018). 

Conclusion 

Although the etiologic origins of urinary incontinence 
in dogs are still unclear, the incidence of urinary 
incontinence increases after ovariohysterectomy. Also 
while the advantages of prepubertal 
ovariohysterectomy have been frequently discussed in 
the academic world recently, lifelong complications 
such as urinary incontinence should be mentioned and 
should be considered as a serious complication after 
sterilization. While treatment options for urinary 
incontinence vary, the most used techniques are the 
usage of alpha-agonist agents, the usage of estrogen 
or using them both as combined treatment. In recent 
years, with the development of veterinary surgical 
procedures and research on urogynecology, the rate of 
resolution of urinary incontinence cases has increased 
rapidly. 
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ABSTRACT 

Clostridioides difficile, a Gram-positive spore-forming bacterium, has emerged as a 
significant cause of healthcare-associated infections (HAIs) on a global scale. While initial 
investigations predominantly linked C. difficile transmission to hospital settings, recent 
reports indicate a worrisome increase in community-acquired C. difficile infections (CDIs), 
irrespective of factors such as prior hospitalization or age. The CDC's 2021 Annual Report 
for Clostridioides difficile infection underscores this shift, revealing a slightly higher 
prevalence of CDIs in the community (55.9 cases/100.000 people) compared to 
healthcare settings (54.3 cases/100.000 people). These statistics highlight the substantial 
role of non-hospital sources in CDI transmission. Ongoing studies posits zoonotic 
pathways, particularly the consumption of contaminated food, as pivotal in community-
acquired CDI transmission. Research findings indicate the detection of C. difficile in both 
raw and heat-treated meat, as well as meat products, raising significant concerns. 
Present investigations emphasize a noteworthy potential for the transmission of C. 
difficile to humans through the consumption of poultry meat. Although no traces of this 
bacterium have been identified in heat-treated poultry meat and products thus far, the 
risk of latent transmission through cooked poultry products should not be dismissed. 
Despite the absence of identified cases in processed poultry meat, the plausible 
transmission of C. difficile through these products underscores the exigency for further 
investigation in this field. This review provides an in-depth screening of studies on C. 
difficile contamination in poultry meat and its products worldwide. It also summarizes 
the risk factors associated with C. difficile infection through poultry meat consumption 
and outlines preventive measures to mitigate this risk. 
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Clostridioides difficile (previously known as Clostridium 
difficile) is a significant spore-forming enteropathogen 
that is associated with serious gastrointestinal 
disorders all over the world (Cohen et al., 2010). It is 
the primary agent responsible for nosocomial diarrhea 
and pseudomembranous colitis in individuals who 
have been subjected to antimicrobial treatment in the 
year 1978, Clostridium difficile infection (CDI) has been 

acknowledged as a hospital-acquired affliction (George 
et al., 1978; Hampikyan et al., 2018). 
  Initially, CDI was associated with hospitalized 
patients treated with antibiotics that are effective 
against a wide variety of bacteria. It has been held 
responsible for 20-30% of diarrhea cases caused by 
antimicrobial drugs (McFarland, 2007) and has been 
defined as a dangerous disease that can result in 
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pseudomembranous colitis, toxic megacolon and even 
death. A notable shift in the epidemiology of CDI was 
observed during the initial years of the 21st century. 
The hyper-virulent fluoroquinolone-resistant strain of 
C. difficile, known as NAP1/BI/027, initially emerged in 
North America (He et al., 2013). Subsequently, there 
emerged accounts of CDI outbreaks attributed to the 
strain C. difficile RT 027 in both the United States and 
Europe, with cases exhibiting a twofold increase 
(Zilberberg et al., 2008; Jones et al., 2013). The 
incidence of CDI, which was previously rare and 
defined as community-acquired CDI (CA-CDI) and is 
independent of risk factors such as long-term 
antibiotic treatment, advanced age, a weakened 
immune system, gastric acid suppression, and previous 
hospitalization, has begun to increase significantly 
(Hampikyan et al., 2018; Song and Kim, 2019). 
  Especially, during the 2010s, there was a notable 
rise in the incidence of C. difficile contamination in 
both food and the surrounding environment 
(Rodriguez Diaz et al., 2018; Knight et al., 2015). Based 
on the findings presented in the CDC's Emerging 
Infections Program 2021 Annual Report for 
Clostridioides difficile Infection (CDC, 2023), it is 
observed that the incidence of community-associated 
cases slightly surpasses that of healthcare-associated 
cases. Specifically, the rate of community-associated 
cases stands at 55.9 cases/100.000 individuals, while 
healthcare-associated cases are reported at a rate of 
54.3 cases/100.000 individuals. These statistics suggest 
that sources beyond the hospital environment play a 
substantial role in the transmission of CDI. 
  Ever since its initial discovery in birds and 
mammals during a scientific investigation carried out 
in Antarctica in the year 1960 (McBee, 1960), C. 
difficile has emerged as a causative agent for enteric 
disturbances and diarrheal episodes in numerous 
animal species, including poultry (Bingol et al., 2020). 
Numerous studies have substantiated the notion that 
animals possess the capacity to serve as vectors for 
the dissemination of the bacterium to human beings, 
either through direct contact or via indirect 
transmission facilitated by the consumption of raw 
sustenance or the ingestion of contaminated water 
sources (Songer and Anderson, 2006; Rupnik and 
Songer, 2010). The spread and resistance of C. difficile 
in poultry meat and their products, as well as the 
molecular linkages between strains isolated from 
poultry meat and humans, should be considered when 
evaluating the risk of C. difficile presence in poultry 
meat and investigating the possible threat it poses. 

General features  

Clostridioides difficile is classified as Gram-positive, 

toxigenic, and obligate anaerobic bacterium that 
possesses the ability to undergo spore formation 
(Akkaya and Hampikyan, 2019; Heise et al., 2021). It 
flourishes in an oxygen-deprived environment by 
metabolizing a diverse array of carbon and nitrogen 
sources, alongside simple nutrients such as trace 
elements (Rui et al., 2024). The bacterium’s optimal 
growth occurs at temperatures ranging from 35 to 40 °
C; it is capable of fermenting amino acids to produce 
energy (adenosine triphosphate) while also 
metabolizing sugars (Gibbs, 2009). Nutrient deficiency, 
intercellular communication, and harsh environmental 
conditions activate the survival mechanisms of C. 
difficile. This triggers the activation of the vital Spo0A 
protein, which initiates endospore formation. These 
endospores gather around a dehydrated nucleus 
containing DNA, the bacterium's genetic material, 
transfer RNA required for protein synthesis, 
ribosomes, and essential enzymes for metabolic 
processes that initiate germination. Comparable to 
lifeboats, these endospores ensure the survival of the 
bacterium’s core components, keeping them secure 
and intact until the environment becomes hospitable 
again (Lawler et al., 2020). A sub-lethal thermal shock 
of approximately 75–80°C for 10 minutes, or 
alternative stimuli such as high pressure or acidic 
environments, are requisite for the swift germination 
of these spores (Gibbs, 2009). Additionally, bile salts 
and certain amino acids induce spore germination. All 
these conditions lead to the transformation of 
dormant Clostridioides difficile endospores into 
exospores. These exospores then undergo germination 
into active vegetative cells (Lawler et al., 2020; Rui et 
al., 2024). Their vegetative forms do not survive 
prolonged exposure to oxygen outside the body. In the 
context of individuals who are in good health, the 
presence of stomach acid and commensal intestinal 
flora serves as a protective mechanism against the 
invasion of harmful microorganisms. The ingestion of 
vegetative C. difficile cells is effectively neutralized by 
the low pH environment, often ranging from pH 1 to 2. 
However, it is important to note that this acidic 
condition does not exhibit the same lethal effect on C. 
difficile endospores. Furthermore, C. difficile, a 
bacterium that typically resides in the gastrointestinal 
tracts of both humans and animals, generates toxins 
as a consequence of the disruption of the typical 
microbial community caused by prolonged and 
consistent antibiotic administration (Akkaya and 
Hampikyan, 2019). Therefore, C. difficile is capable of 
spreading throughout the gastrointestinal tract, 
causing a variety of gastrointestinal symptoms 
including diarrhea that can range in severity from 
moderate to severe. In specific instances, individuals 
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who are afflicted with severe illness may even die (De 
Boer et al., 2011). The CDC's Antibiotic Resistance 
Threats in the United States 2019 report states that in 
2017, hospitals in the United States admitted 
approximately 223,900 adult people, and regrettably, 
this infection resulted in a minimum of 12,800 deaths 
(CDC, 2024). In contrast, the infant gut shows a natural 
resistance to C. difficile toxins. The low incidence of 
clinical infection in this demographic group is proof of 
this resistance. Colonization rates in healthy infants 
decline from birth and stabilize at a level 
corresponding to typical adult levels by the age of 
three years. There may be possible reasons for this. 
Initially, the lack of specific receptors in intestinal cells 
prevents toxins from binding to them. In addition, 
because the signaling pathways in the gastrointestinal 
tract of infants are incomplete, harmful agents cannot 
act sufficiently. Breast milk is a rich source of 
antibodies and other protective proteins, which 
neutralize toxic substances. Finally, the unique 
composition of the intestinal microflora in infants 
creates a line of defense that prevents the 
proliferation and activation of pathogens (Kociolek et 
al., 2019; Li et al., 2023). Therefore, the incidence of 
clinical infections is low and, in particular, infants 
younger than one year of age are often asymptomatic 
carriers of the bacteria, with more than 40% of 
individuals in this age group being such carriers 
(Stoesser et al., 2017). Despite all these, Clostridioides 
difficile is a commonly encountered bacterium in 
pediatric medicine and its negative effects on child 
health should not be ignored. According to population-
based surveillance done by the CDC Emerging 
Infections Program in 2019, the rate of community-
associated Clostridioides difficile infection in children 
was 25.8 per 100,000 and accounting for 75% of all CDI 
cases in children. This suggests that emerging 
infections are more likely to be community-associated 
than healthcare-associated (Shirley et al., 2023; CDC 
2024). 
  The virulent strains of C. difficile are known to 
generate two substantial clostridial toxins, namely 
toxins A (tcdA) and B (tcdB) and these toxins are 
encoded by the genes tcdA and tcdB, respectively 
(Hensgens et al., 2012). The tcdA gene encodes the 
production of toxins A (enterotoxin), which leads to an 
increase in colonic fluid and cellular damage. Similarly, 
the tcdB gene encodes the production of toxins B 
(enterotoxin) which also contributes to cellular 
damage. These toxins are crucial in the pathogenesis 
of CDI. Certain strains also have cdtA/B genes, which 
encode the creation of binary toxins (actin-specific 
ADP-ribosyl transferase) (Barbut et al., 2005). Even 
though binary toxins by themselves have not been 

shown to cause disease (Eckert et al., 2015), their 
presence has been linked to more severe illness 
(Barbut et al., 2005). The presence of these toxins is 
largely responsible for the pathogenicity of this 
bacteria (Usui et al., 2020). Certain strains of C. difficile 
lack the ability to produce toxins, resulting in the 
absence of CDI symptoms (Jöbstl et al., 2010; 
Mooyottu et al., 2015). Nevertheless, non-toxigenic 
strains of C. difficile may have the ability to acquire 
toxins through horizontal gene transfer (Brouwer et 
al., 2013). Certain strains of C. difficile possess a DNA 
segment known as the pathogenicity locus (PaLoc), 
which harbors genes responsible for producing toxins 
A and B. Some strains of C. difficile with PaLoc can 
cause illness. C. difficile strains that possess this DNA 
sequence are toxigenic, indicating that they are 
capable of causing sickness. In spite of the fact that 
certain strains are only capable of including a single 
gene for the toxins (A−B+ or A+B−), it has been shown 
that they nonetheless cause serious sickness in people 
(Bolton and Marcos, 2023). However, not every strain 
of C. difficile possesses this specific DNA region. 
Therefore, PaLoc-free C. difficile strains are non-
toxigenic and typically do not result in illness. 
Nevertheless, certain non-toxigenic strains of C. 
difficile have the ability to obtain this genetic material 
from another C. difficile strain that possesses PaLoc. 
Therefore, C. difficile that was previously non-toxigenic 
can undergo a transformation and begin generating 
toxins, thereby becoming toxigenic. There is concern 
that non-toxigenic strains of C. difficile, especially 
those that are resistant to many treatments, may 
obtain PaLoc and become toxic. This raises concerns 
that certain strains may be more resistant to 
treatment and potentially more harmful (Mooyottu et 
al., 2015). 
  Some C. difficile ribotypes have higher toxin 
production and effective sporulation, which renders 
them hypervirulent. In this subgroup, human 
pathogenic ribotypes such as RT027 and RT078 are 
prominent and are recognized as the cause of human 
CDI (Barbut et al., 2005; Rahimi et al., 2015; 
Hampikyan et al., 2018). The RT027 strain exhibits 
elevated rates of sporulation, resistance to 
fluoroquinolone antibiotics, heightened secretion of 
toxins A and B, and the ability to produce binary toxin, 
also known as C. difficile transferase (Lyon et al., 
2016). The community-associated ribotypes RT027, 
RT078, and RT017 of C. difficile have additionally been 
identified in food products and farm animals (Goorhuis 
et al., 2008; Janezic et al., 2012; Rodriguez et al., 
2014).  
  Ribotype 078 has been identified as the 
predominant etiological agent responsible for 
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Clostridium difficile-associated community-acquired 
diarrhea and infection (CACDI) in the Northern 
Hemisphere (Knight et al., 2015). The strain in 
question has been detected in ground turkeys located 
in Pennsylvania, USA (Varshney et al., 2014), as well as 
chicken carcasses situated in Ontario, Canada (Weese 
et al., 2010). 

Presence of C. difficile in foods 

The detection of genetically similar C. difficile strains in 
food and humans has led to an increased awareness of 
the potential for C. difficile as an unspecific foodborne 
agent (Songer and Anderson, 2006; Goorhuis et al., 
2008; Rupnik et al., 2009; Knight et al., 2015). 
Numerous hypotheses have been proposed thus far 
regarding the transmission of C. difficile. Research 
conducted on various continents have exhibited 
escalating apprehension regarding the potential role 
of food as a reservoir for CDI. Food products were 
deemed to possess the capacity to function as a 
medium for the proliferation of C. difficile endospores. 
However, it appears that the ingestion of metabolically 
dormant endospores is primarily responsible for the 
transmission of CDI, likely due to the obligate 
anaerobic nature of the bacterium (Akkaya and 
Hampikyan, 2019). In addition, the rising prevalence of 
community-acquired C. difficile infection (CA-CDI) 
among younger individuals who have not been 
hospitalized suggests that retail foods may serve as 
significant reservoirs for this pathogen (Usui et al., 
2020).  
  C. difficile has been detected in the environment 
(soil and water), a diverse array of sources/reservoirs 
including food animals (cattle, poultry, pigs, and 
sheep), meat and meat products (beef, chicken, lamb, 
pork, turkey, and veal), seafood (clams, mussels, 
salmon, and shrimp), vegetables, fruits, and packaged 
foods, according to studies conducted to date  (Gould 
and Limbago, 2010; Knight et al., 2015; Hampikyan et 
al., 2018; Bingol et al., 2020). Recent meta-analytical 
studies have shed light on the relationship between 
various food types and the presence of C. difficile. A 
synthesis of 79 studies conducted from 1981 to 2019 
by Rodriguez-Palacios et al. (2020) revealed a 4.1% 
prevalence in commonly consumed foods, including 
seafood, green leafy vegetables, and meats such as 
beef, pork, and poultry. These findings suggest not 
only an increasing incidence of C. difficile, but also a 
worrying trend of rising infection rates linked to these 
food products. Similarly, Borji et al. (2023) conducted a 
meta-analysis of 60 studies over a ten-year period 
from 2009 to 2019, focusing on the prevalence of C. 
difficile in commonly consumed foods, including 
seafood, poultry, red meat, dairy products, vegetables, 

salads, and other foods. Their research reported a C. 
difficile prevalence of 6.3 percent across all food types. 
According to the results of the analysis, seafood had 
the highest C. difficile prevalence with 10.3%, followed 
by poultry (6.2%), salads (6.1%), and red meat (5.5%). 
The study also calculated risk ratios, and seafood 
emerged as the highest risk carrier with a ratio of 
12.88, indicating a risk approximately thirteen times 
greater than that of side dishes, which pose the least 
hazard for C. difficile contamination. Other significant 
risk carriers included ready-to-eat red meats and 
cooked poultry, which had risk ratios of 9.75 and 7.75, 
respectively, followed by salads and raw poultry meat. 
C. difficile is acknowledged to be harbored by food 
animals. Studies conducted in Türkiye (Hampikyan et 
al., 2018), Belgium (Rodriguez et al., 2014), Canada 
(Rodriguez et al., 2019; Weese et al., 2009), Australia 
(Jöbstl et al., 2010), Costa Rica (Quesada-Gómez et al., 
2013), and United States (Mooyottu et al., 2015) have 
detected C. difficile in various meat products, including 
beef, pork, veal, and sheep carcasses. In their study, 
Weese et al. (2009) successfully detected the presence 
of specific toxin genes (tcdA, tcdB, and cdtA/B) in the 
samples they analyzed. The presence of tcdA, tcdB, 
and cdtA/B was later confirmed in the findings of 
Rodriguez et al. (2014), although in a smaller 
percentage of pork and beef samples. It also identified 
a group of samples that tested positive for tcdA and 
tcdB but did not have the binary toxin genes, with one 
sample completely devoid of the genes in question. 
According to a study by Hampikyan et al. (2018), tcdB 
was discovered in more than half of the cattle isolates, 
and tcdA in nearly half of them. Furthermore, the 
majority of the isolates contained cdtA/B. Their study 
emphasized that a significant number of cattle and 
sheep samples contained all three virulence genes, 
while a small portion of sheep carcass isolates did not 
have any. Quesada-Gómez et al. (2013) discovered 
isolates positive for cdtA and tcdB but did not have the 
binary toxin genes. On the other hand, studies 
conducted by Jöbstl et al. (2010) and Mooyottu et al. 
(2015) have not found any evidence of these toxin 
genes. Contamination rates have ranged from 1.5% to 
33.6%, indicating a widespread presence of C. difficile 
in the global meat supply chain. The persistent nature 
of C. difficile spores, which can endure harsh 
environmental conditions for extended periods, 
facilitates their transmission from personnel, 
equipment, and contaminated surfaces to food due to 
improper hygiene practices and posing a significant 
public health risk (EFSA, 2013; Hampikyan et al., 2018). 
The body of research investigating C. difficile 
contamination in vegetables and ready-to-eat salads 
remains limited. It has been observed that compost 
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fertilizers derived from farm animals have the 
potential to harbor C. difficile spores (Jöbstl et al., 
2010; Quesada-Gómez et al., 2013). Hence, there is a 
potential risk of C. difficile entering the food chain due 
to the use of fertilizers on the land. The potential for 
contamination of vegetables and fruits arises from the 
utilization of contaminated water during irrigation or 
washing processes (Rupnik and Songer, 2010). 
Furthermore, even if good agricultural procedures are 
implemented, there is still a plausible possibility of 
spore transfer to fresh produce via fertilizer (Quesada-
Gómez et al., 2013). The ingestion of minimally 
processed or uncooked vegetables or fruits has the 
potential to function as a means of transmission for 
CDI. Research conducted in Canada (Metcalf et al., 
2010), South Wales (al Saif and Brazier, 1996), and 
Scotland (Bakri et al., 2009) has demonstrated raw 
vegetables contamination rates ranging from 2.3% to 
7.5%, highlighting the potential for non-animal food 
sources to contribute to the spread of C. difficile, 
including antibiotic-resistant strains. 
  Although the studies have focused more on animal
-derived foods and their different foodstuff, there is a 
scarcity of data on the prevalence and characteristics 
of C. difficile contamination in seafood. Several studies 
have reported the presence of C. difficile in various 
marine creatures, such as edible bivalve molluscs (e.g., 
scallops), shellfish (e.g., shrimp, clam, cockle, mussel, 
oyster), finfish, and fishes (e.g., perch, salmon), from 
different regions of the world. The prevalence of C. 
difficile contamination in seafood varies widely, 
ranging from 3.17% to 66.6%, depending on the 
location, species, and source of the samples. Italy 
(Pasquale et al., 2012; Troiano et al., 2015), Canada 
(Metcalf et al., 2011), United States (Montazeri et al., 
2015; Norman et al., 2014), and Iran (Nayebpour and 
Rahimi, 2019) are some of the areas where C. difficile 
has been detected in seafood. These studies reveal 
that seafood, like other food products, can be 
contaminated by C. difficile and that there may be 
geographical differences in the contamination levels of 
this bacterium. 

Presence of C. difficile in poultry meat and 
products 

The detection of C. difficile in poultry raises concerns 
that poultry may be a possible reservoir for CDI. 
Studies demonstrate an association between C. 
difficile and its human pathogenic ribotypes in chicken 
carcasses, implicating chickens as a likely source of 
bacterial contamination and potentially contributing to 
the transmission of C. difficile to humans (Pasquale et 
al., 2012; Rahimi et al., 2015; Hampikyan et al., 2018). 
The presence and characterization of C. difficile in 
poultry meat are summarized in Table 1. It has been 

observed that the presence of C. difficile in poultry 
products was detected within a range of 1% to 44.4%. 
Upon examination of these studies, it becomes 
apparent that the region of North America has 
exhibited the highest recorded prevalence rate, 
standing at an impressive 44.4% (Songer et al., 2009). 
Subsequently, Türkiye has been documented to 
possess a prevalence rate of 37.3% (Bingol et al., 
2020), while Iran follows suit with a prevalence rate of 
24.4% (Barezi et al., 2023). It is evident that the 
prevalence of C. difficile in meat collected in Asia is 
lower than that in meat collected in Europe, and the 
prevalence of C. difficile in Europe’s meat is lower than 
that in United States-origined meat. In addition, the 
binary toxin (cdtA/B) was found in isolates originating 
more often from Canada and the United States 
(Songer et al., 2009; Weese et al., 2010; Varshney et 
al., 2014). Similarly, several investigations conducted 
in Europe have reported the presence of dual toxin 
genes (Bingol et al., 2020; Tkalec et al., 2020). In 
contrast, certain studies have documented the 
absence of binary toxin genes in isolates obtained 
from chicken meat (De Boer et al., 2011; Guran and 
Ilhak, 2015; Heise et al., 2021). 
  Recently, there has been increasing concern about 
the uncontrolled use of antibiotics in poultry. Different 
countries ban the use of antibiotics, yet the poultry 
industry uses various types of antibiotics to promote 
growth, treat diseases, and prevent disease. Because 
of this use, there is ongoing concern about the 
development of antibiotic resistance in C. difficile in 
poultry (Bingol et al., 2020). The European Society of 
Clinical Microbiology and Infectious Diseases (ESCMID) 
recommends vancomycin and metronidazole as the 
top choices for treating C. difficile infections in humans 
(Cho et al., 2020). Studies have shown that 
vancomycin and metronidazole are the antibiotics to 
which C. difficile strains are most frequently 
susceptible on all continents (Harvey et al., 2011; 
Quesada-Gómez et al., 2013; Varsheney et al., 2014; 
Ersöz and Coşansu, 2018; Lee et al., 2018; Usui et al., 
2020; Attia et al., 2021; Barezi et al., 2023). This 
demonstrates their continued efficacy in treating C. 
difficile infections. On the other hand, resistance to 
clindamycin ranged from 2.2% to 50.0% (Lee et al., 
2018; Usui et al., 2020), and some strains showed 
intermediate resistance (Lee et al., 2018; Attia et al., 
2021; Filabadi et al., 2022). In addition to that, Harvey 
et al. (2011) and Bingol et al. (2020) both found that 
cefotaxime was not effective against many strains of C. 
difficile, with 100% (7/7) and 97.1% (67/69) of these 
strains being resistant. These results raise concerns 
that clindamycin and cefotaxime may show a higher 
frequency of resistance, limiting treatment options. 
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Table 1. Review of the presence and characterization of Clostridioides difficile in poultry meats from investigations 
conducted in countries on the European, Asian and American continents. 

Reference Study period Country 
Raw / 

Cooked 
Sample material 

Sam-
ples 
(n) 

Positive 
samples 

(np) 

Percentage of 
positive sam-

ples (%) 

Toxin type 
(nt) 

PCR ribotype 
(nr) 

Von Aber-
cron et al. 
(2009) 

April - September 2008 Sweden R poultry meat 

4 0 0.0 - - 
April - September 2008 Sweden C poultry sausages 

Indra et al. 
(2009) 

February 2008 - April 2008 Austria R chicken meat 6 0 0.0 - - 

De Boer et 
al. (2011) 

October 2008 - March 2009 
Nether-

lands 
R chicken meat 257 7 2.7 

tcdA+ tcdB+ cdtAB- (4)     
tcdA- tcdB- cdtAB- (3) 

001, 003 (2), 
071, 087, NT** 

(2) 

Guran and 
Ilhak (2015) 

October 2012 - April 2013 Türkiye R 

chicken carcass (leg 
quarters, breast, 

wings, drumsticks, 
livers) 

310 25 8.1 
tcdA+ tcdB- (8)               
tcdA- tcdB+ (5) 

- 

Ersöz and 
Coşansu 
(2018) 

April 2013 - February 2014 Türkiye R chicken (breast) 27 0 0.0 - - 

Bingol et al. 
(2020) 

US* Türkiye R chicken carcass 185 69 37.3 

tcdA+ tcdB+ cdtAB+ (17) 
tcdA+ tcdB+ cdtAB- (14) 
tcdA+ tcdB- cdtAB+ (1) 
tcdA+ tcdB- cdtAB- (3) 

tcdA- tcdB+ cdtAB+ (13) 
tcdA- tcdB+ cdtAB- (11) 
tcdA- tcdB- cdtAB+ (0) 
tcdA- tcdB- cdtAB- (10) 

003 (1), 010 
(1), 020 (2), 

027 (6), 
ML#027 (6), 
085 (4), 087 
(4), 470 (4), 
456 (2), NT** 

(39) 

Tkalec et al. 
(2020) 

April 2015 - December 2015 
March 2016 - December 

2016 
March 2016 - December 

2017 

Slovenia R 

chicken meat 60 3 5.0 - 
001, 014/020, 

015 

chicken meat prep-
arations 

120 5 4.2 - 
001, SLO 052, 

078 

Heise et al. 
(2021) 

July 2017  
January 2018 - June 2018  

June 2019 - July 2019 
Germany R 

poultry meat (skin-
out) (chicken and 

turkey) 
42 0 0.0 - - 

poultry meat (skin-
on) (chicken and 

turkey) 
322 51 15.8 tcdA+ tcdB+ (43) 

002/2 (10); 
001 (9); 005 
(5); 014 (5); 
NT** (4); 087 
(2); 049 (1); 
020 (1); 464 
(1); 503 (1); 

212 (1); 220/1 
(1); 625 (1); AI-
29 (1); 205 (3); 

701 (2); 010
(1); 578 (1);  

629 (1) 

Songer et al. 
(2009) 

January 2007 - April 2007 USA R ground turkey 9 4 44.4 
toxinotype V 

NAP7 
tcdA+ tcdB+ cdtAB+ (4) 

078 

Weese et al. 
(2010) 

November 2008 - June 2009 Canada R 
chicken carcasses 
(thigh, wing, and 

leg) 
203 26 12.8 - 078 (26) 

Harvey et al. 
(2011) 

July 2010 USA R chicken meat 96 7 7.3 
toxinotype V 

NAP7 (3) or NAP7-variant 
(4) 

- 

Varshney et 
al. (2014) 

October 2011 - September 
2012 

USA R 

chicken meat 
(thighs) 

77 6 7.8 
tcdA+ tcdB+ cdtAB+ (4) 
tcdA- tcdB- cdtAB+ (1) 
tcdA- tcdB- cdtAB- (1) 

- 

ground turkey 76 11 14.5 

tcdA+ tcdB+ cdtAB+ (3) 
tcdA+ tcdB+ cdtAB- (1) 
tcdA+ tcdB- cdtAB+ (1) 
tcdA- tcdB- cdtAB+ (4) 
tcdA- tcdB- cdtAB- (2) 

027 (1), 078 (2) 

Mooyottu et 
al. (2015) 

US* USA R chicken meat (wing) 100 0 0.0 - - 

Quesada-
Gómez et al. 
(2013) 

November 2009 - April 2010 Costa Rica R chicken meat 67 1 1.5 tcdA+ tcdB+ cdtAB- 029 
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Continuation of Table 1 

Hasanzade 
and Rahimi 
(2013) 

US* Iran R turkey meat 120 14 11.7 - - 

Hasanzadeh 
and Rahimi 
(2013) 

US* Iran R chicken meat 120 19 15.8 - - 

Rahimi and 
Khaksar 
(2015) 

April - October 2012 Iran C chicken nugget 150 0 0.0 - - 

Razmyar et 
al. (2017) 

2014 Iran R 
packed chicken 

parts (necks, thighs, 
wings) 

65 10 15.4 

tcdA+ tcdB+ (5) 
tcdA+ tcdB- (1) 
tcdA- tcdB- (2) 

tcdA+ tcdB+ cdtAB+ (2) 

- 

Lee et al. 
(2018) 

April 2013 - March 2014 
South 
Korea 

R chicken meat 149 25 16.8 tcdA+ tcdB+ (2) - 

Usui et al. 
(2020) 

March 2015 - March 2016 Japan R 

chicken (liver) 28 1 3.6 - - 

chicken meat 89 6 6.7 - - 

Attia (2021) 
October 2019 - November 

2019 
Saudi 
Arabia 

R 
chicken carcass 

(legs, thighs, wings, 
breasts) 

250 11 4.4 - - 

Ghorbani 
Filabadi et 
al. (2022) 

July 2018 - July 2019 Iran R chicken meat 100 1 1.0 tcdA+ tcdB+ - 

Ansarian 
Barezi et al. 
(2023) 

July 2018 - July 2019 Iran R 

quail meat 60 1 1.7 - - 

duck meat 60 12 20.0 - - 

chicken meat 90 22 24,4 - - 

Hazarika et 
al. (2023) 

July 2019 - De cember 
2020 

India 

R 
 

C 
 

C 

chicken meat 28 4 14.81 tcdA+ tcdB+ (2) - 

chicken sausage 10 0 0.0 - - 

chicken salami 10 0 0.0 - - 

Prevalence of C. difficile in poultry meat in Europe: 
Research conducted in Europe has revealed that the 
presence of C. difficile is frequently observed in chicken 
meat with a range of 2.7 % to 37.3 % (Table 1). The 
ribotypes RT 001, 014, 027, and 078 identified in 
research conducted in Germany (Heise et al., 2021), 
the Netherlands (De Boer et al., 2011), Slovenia (Tkalec 
et al., 2020), and Türkiye (Bingol et al., 2020), are 
commonly detected in human that have been linked to 
human CDI.  
Prevalence of C. difficile in poultry meat in America: 
C. difficile has been isolated from a variety of poultry 
and its products in America and Canada, including 
uncooked ground turkey, chicken meat, and chicken 
thigh, wing, and leg. The prevalence of C. difficile in 
these products ranges from 7.3 % to 44.4 % (Table 1). 
Several studies have also found that some of the C. 
difficile strains isolated from poultry and its products 
are toxigenic. These strains are responsible for the 
production of toxins that cause CDI. Additionally, some 
of these strains have been identified as ribotypes 027 
and 078, which are two of the most virulent strains of 

C. difficile and are associated with significant CDI in 
humans (Songer et al., 2009; Weese et al., 2010; 
Varshney et al., 2014). 
Prevalence of C. difficile in poultry meat in Asia: 
Numerous investigations have made contributions 
towards conducting a thorough examination of the 
occurrence of C. difficile in diverse reservoirs of poultry 
meat inside the Asian region. The observed prevalence 
of C. difficile in poultry meat exhibits considerable 
heterogeneity, ranging from a minimum of 1% to a 
maximum of 24.4% (Table 1). A greater number of 
research have been undertaken in Iran compared to 
other nations within the Asian continent (Hasanzadeh 
and Rahimi, 2013; Razmyar et al., 2017; Ghorbani 
Filabadi et al., 2022; Barezi et al., 2023). These studies 
have revealed a range of C. difficile prevalence rates, 
spanning from 1 % to 15.8 %, focusing on diverse 
poultry meat varieties such as chicken, turkey, quail, 
duck, and partridge (Barezi et al., 2023). Moreover, C. 
difficile has also been identified in South Korea (Lee et 
al., 2018), Japan (Usui et al., 2020), Saudi Arabia (Attia, 
2021), and India (Hazarika et al., 2023).  

ML#: most likely; np: number of positive samples; nr: number of ribotypes; nt: number of toxin types; NT**: Non -typable 
by the National Reference Laboratory for Clostridium difficile; US*: unspecified 
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  In contrast to the prevailing trend, there exist 
studies that have documented an inability to identify 
the C. difficile strain within endeavors carried out in 
both the United States (Mooyottu et al., 2015) and the 
European (Indra et al., 2009; Von Abercron et al., 
2009; Ersöz and Coşansu, 2018) continents. In the 
Asian continent, Rahimi and Khaksar (2015) 
investigated the heat-treated food (chicken nuggets), 
in contrast to earlier research, and indicated that no 
evidence of the presence of this pathogen was found. 
Additionally, upon closer examination of the African 
continent, it is worth noting that thus far only a 
solitary study has been documented (Abdel-Glil et al., 
2018), wherein the existence of C. difficile was 
regrettably not ascertained. 
Factors contributing to discrepancies in isolation 
rates across continents: The observed variabilities in C. 
difficile isolation rates across continents can perhaps 
be attributed to variations in the procedures employed 
for the isolation and identification of C. difficile within 
each continent. The absence of universally accepted 
ISO protocol for the identification of C. difficile in food 
products makes it difficult to compare the results of 
different studies, resulting in data inconsistencies. 
(Blanco et al., 2013) reported that the method used to 
isolate C. difficile may have a substantial effect on the 
prevalence statistics for this pathogen. The observed 
discrepancies in prevalence can also be ascribed to 
disparities in the biological material, collection 
techniques, hygiene practices, sampling 
methodologies, process size, and cultural practices 
utilized at each individual site.  
  The prevalence rates of C. difficile may be subject 
to variation due to factors such as geographical 
location and seasonal fluctuations. Research 
conducted at hospitals in Taiwan and Australia 
revealed that the prevalence of CDI exhibited a peak in 
the month of March, while the lowest incidence was 
observed during the last quarter of the year (Lee et al., 
2016; Worth et al., 2016). Furuya-Kanamori et al. 
(2015) emphasized that the infection peaks in spring 
and is seen at a lower frequency in summer and 
autumn. 
  Rodriguez-Palacios et al. (2009) identified the 
prevalence of Clostridioides difficile in retail meat 
products, while Rodriguez et al. (2019) investigated 
the distribution of this pathogen in environmental soil 
samples. The results of both investigations indicate 
that there is a notable prevalence of C. difficile during 
the winter season. The observation that the detection 
of C. difficile in poultry was predominantly reported 
throughout the winter and spring seasons, particularly 
in the months of November to March, indicates a 
noteworthy correlation with the mentioned 
investigations.  

  Additionally, it is imperative to consider the age, 
breed, and other relevant characteristics of the 
animals that were included in the sample (Varshney et 
al., 2014; Ersöz and Coşansu, 2018; Hampikyan et al., 
2018). Knight et al. (2013) observed that the 
prevalence of C. difficile decreases with the age of 
production animals, so meat from older animals poses 
much less risk. Colonization of C. difficile in chickens 
occurs predominantly during the initial two weeks 
following hatching, followed by a gradual decline as 
the poultry age. 

Presence of C. difficile in heat-treated products 

C. difficile is currently not recognized as a foodborne 
pathogen. Therefore, the available data regarding the 
viability of this strain in food is comparatively limited 
when compared to other pathogenic species within 
the Clostridium genus. In comparison to other 
pathogens, the most notable characteristic of C. 
difficile is the great resilience of its spores to a range of 
physical conditions, including heat and chemicals. 
Given the capacity of spores to endure the acidic 
environment of the stomach and the elevated 
temperatures encountered during cooking procedures, 
it is conceivable that these microorganisms may 
endure in food items even after being cooked 
(Rodriguez-Palacios et al., 2010; Rodriguez et al., 
2013). Moreover, this persistence of spores presents a 
formidable obstacle in the thorough eradication of 
spores during the culinary preparation of food and the 
sanitation of food processing equipment and surfaces 
(Esfandiari et al., 2014).  
  The process of heating can lead to a decrease in 
the oxygen content within cooked food, which can 
result the creation of anaerobic conditions that can 
trigger the germination and growth of spores (Kouassi 
et al., 2014). In addition, heat treatments have the 
potential to enhance the resilience of some pathogens 
that can produce heat-shock proteins, hence leading 
to the possibility of pathogen selection during the 
process of heat treatments (Cowen and Lindquist, 
2005). This selection increases the pathogenic 
properties of microorganisms exposed to heated 
foods, leading to their widespread presence in the 
food supply and increasing the risk of foodborne 
infections resulting from the consumption of these 
foods. 
  Flock et al. (2022)  revealed the survival of C. 
difficile in fermented pork summer sausage even after 
exposure to a pH below 5 and cooking at 66.5°C for 45 
minutes. In a study conducted by Rodriguez-Palacios 
et al. (2010), it was shown that vegetative cells of the 
bacterium C. difficile were able to withstand the 
recommended cooking temperatures for beef set by 
USDA, which is 71°C, for a duration of 2 hours. 
However, it was found that subjecting the food to a 
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reheating process at a temperature of 85°C resulted in 
the elimination of 90% of C. difficile spores within a 
span of 10 minutes. Similarly, it has been observed 
that C. difficile spores can withstand temperatures 
ranging from 60°C to 75°C for extended periods, with 
significant reduction in spore count only occurring at 
temperatures exceeding 85°C (Lawley et al., 2009). It 
was also demonstrated that the inhibition of C. difficile 
spore increased by subjecting them to a heat shock at 
a temperature of 96°C for a duration of 15 minutes. 
However, heat treatment is not always effective in 
killing spores, as some spores may exhibit persistence 
or regenerative ability even after exposure to high 
temperatures (Rodriguez-Palacios and LeJeune, 2011). 
Research on thermal inactivation kinetics further 
supports this notion, indicating that heating C. difficile 
spores to 100°C for 30 seconds resulted in a 3.75 log 
reduction, while a temperature of 105°C for the same 
duration achieved a 4.29 log reduction (Saad et al., 
2023). 
  The heat resistance of C. difficile spores has been 
extensively documented in various studies. Songer et 
al. (2009) detected C. difficile in 14.3% ready-to-eat 
summer sausage and 62.5% ready-to-eat pork 
braunschweiger, highlighting its persistence after 
cooking processes. Ribotype 027 was identified in 
sausage, while both ribotype 078 and ribotype 027 
were detected in braunschweiger. The prevalence of 
ribotype 078 in food sources indicates a potential for 
greater heat resistance compared to several other 
ribotypes, such as RT027 (Rodriguez-Palacios et al., 
2016). This strain, possessing the ability to endure 
temperatures as high as 96°C, has been linked to 
instances of C. difficile infections (Brown and Wilson, 
2018). 
  The fact that spores usually survive at 
temperatures recommended for cooking indicates the 
potential role of food in the transmission of the 
disease (Rodriguez-Palacios and LeJeune, 2011; Deng 
et al., 2015). Therefore, the current cooking 
recommendations ought to be revised to incorporate 
C. difficile and it is crucial to adopt more efficacious 
intervention measures aimed at mitigating spore 
contamination in food products. Moreover, the 
presence of C. difficile in ready-to-eat meat products 
underscores the potential role of food in the 
transmission of this pathogen, necessitating stricter 
control measures throughout the food chain. These 
combined efforts are crucial to mitigate the risk of 
foodborne C. difficile infections and safeguard public 
health. 

Protection 

Safeguarding consumer health throughout the food 

production continuum is paramount, necessitating 
strict adherence to prescribed food safety standards at 
every stage, from production and processing to 
storage, shipment, and consumption. In the realm of 
poultry meat and its products, sanitation protocols 
must be meticulously executed throughout the 
entirety of the poultry rearing process, following the 
farm-to-table methodology. During production, the 
utmost care must be exercised when extracting 
internal organs and removing feathers, ensuring no 
contamination of the carcass. This precautionary 
measure aims to avert potential contamination. 
Additionally, cleanliness of materials, machinery, and 
personnel hygiene must be maintained, and animal 
waste disposal must be handled with caution and 
attentiveness (Akkaya and Hampikyan, 2019). 
  The spores of C. difficile demonstrate an 
exceptional degree of resistance when confronted 
with adverse physical circumstances. The spores of C. 
difficile may survive in the environment for a period 
longer than five months (Kramer et al., 2006). A 
multitude of methodologies like subzero temperatures 
as low as -80°C, elevating temperatures to a maximum 
of 85°C, desiccation, exposure to UV radiation, 
utilization of alcohol gel, and application of various 
disinfectants, have been ascertained to be ineffective 
in eradicating said pathogenic bacterium (Deng et al., 
2015; Connor et al., 2017).  
  Due to the ability of spores to survive cooking 
temperatures, C. difficile spores must be heated to a 
temperature above 85°C to ensure food safety 
(Rodriguez-Palacios and LeJeune, 2011; Deng et al., 
2015). Nevertheless, the current cooking 
recommendations ought to be revised to incorporate 
C. difficile, and it is crucial to adopt more efficacious 
intervention measures aimed at mitigating spore 
contamination in food products. Furthermore, it is 
important to raise awareness among food handlers 
and consumers about proper food handling and 
cooking practices to prevent C. difficile contamination. 
These comprehensive measures will help ensure a 
safer food supply and protect individuals from 
potential infections. 

Conclusions 

The present review has provided an overview of the 
current understanding of Clostridioides difficile 
contamination in poultry meat and its products. While 
the role of contaminated poultry in human illness 
remains a subject of debate, the growing body of 
evidence suggests that poultry may serve as a 
potential reservoir for C. difficile infections within 
communities. The detection of identical C. difficile 
ribotypes, including RT001, RT014, RT027 and RT078, 
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in both human illnesses and poultry further supports 
this notion. 
  Nonetheless, rigorous hygiene management 
practices throughout the poultry production and 
handling process are crucial in minimizing the risk of C. 
difficile contamination and potential human exposure. 
Although there is limited research conducted to date 
on heat-treated poultry meat products, C. difficile 
exhibit resistance to heat treatment and have been 
identified in meat products derived from various 
animal sources, including pigs and cattle, suggests a 
potential concern regarding the potential presence of 
this bacterium in poultry meat products.  
  In conclusion, even though poultry is one of the 
agents that may play a role in the transmission of C. 
difficile infections, its potential role in foodborne 
transmission warrants further investigation and 
proactive intervention. The development and 
implementation of effective control strategies for the 
prevention of C. difficile cases related to poultry meat 
may be essential to protect public health and reduce 
the prevalence of C. difficile infections. 
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ABSTRACT 

Throughout history, viral diseases have periodically reached pandemic proportions and 
have had devastating effects on human history. With the advancement of science and 
technology, antivirals have been developed and continue to be developed in the fight 
against viral diseases. The difficulty in the development of antirival has tried to use new 
technologies in the development of antiviral. One of these new technologies is the 
CRISPR/Cas system. CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) 
defines a series of DNA sequences called clusters of regularly interspaced palindromic 
repeats, and CAS defines endonucleases that use CRISPR sequences as a guide to 
recognize and cut specific DNA chains related to the CRISPR region. While protein 
engineering systems defined before CRISPR/Cas systems can be off-target and cause 
undesirable results, the CRISPR/Cas system reduces this risk by Watson-Crick base 
pairing. In the fight against viral infections of humans and animals, vaccine protection 
methods are widely used due to the problems in developing antivirals. On the other 
hand, the difficulty of vaccination, inadequacies in long-term immunity and the 
emergence of new infections or epidemics due to mutational changes in viruses pave the 
way for developing new antivirals. This article emphasizes the history and working areas 
of CRISPR-Cas technology and the potential applications of this method in antiviral 
development for human and animal viruses.  

Keywords: CRISPR-Cas technology, antivirals, antiviral development  

DOI: https://doi.org/10.30704/http-www-jivs-net.1497783 

To cite this article: Yolhan Şeflek, Z., &  Hasöksüz, M. (2024). CRISPR-Cas technology and use in antiviral development. 
Journal of Istanbul Veterinary Sciences, 8(2), 195-206. Abbreviated Title:  J. İstanbul vet. sci. 

CRISPR (Clustered Regularly Interspaced Short 
Palindromic Repeats) refers to a series of DNA 
sequences called clusters of regularly interspaced 
palindromic repeats, CAS refers to endonucleases that 
use CRISPR sequences as a guide to recognise and cut 
specific DNA strands related to the CRISPR site. Before 
the discovery of CRISPR, RNA-targeted nucleases, zinc 
finger nucleases (ZFNs), transcription activator-like 
effector nucleases (TALENs) or self-directed 
meganucleases were widely used in protein 
engineering (Bogdanove and Voytas, 2011; Jinek et al., 
2012 as cited in Gök and Tunalı, 2016). Although these 

methods are successfully applied, the proteins 
produced can sometimes cause off-target effects and 
toxic effects. On the other hand, CRISPR technology is 
based on simple Watson-Crick base pairing, which 
reduces the risks in different techniques. In the fight 
against viral infections of humans and animals, vaccine 
protection methods are widely used due to the 
problems in developing antivirals. On the other hand, 
the difficulty of vaccination, inadequacies in long-term 
immunity, and the emergence of new infections or 
epidemics due to mutational changes in viruses pave 
the way for developing new antivirals. In this article, 
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developing new antivirals. In this article, the history 
and working areas of CRISPR-Cas technology and 
potential applications of this method in antiviral 
development are emphasized.  

History of CRISPR-CAS technology 

Firstly Ishino et al.(1987), while doing a gene 
sequencing study on Escherichia coli, noticed these 
gene regions repeating at certain intervals, but he 
could not make sense of these regions. In the 
following years, Mojica also noticed these repetitive 
gene regions in the 1990s and 2000 Mojica et al. 
named these regions SRSRs (Short Regularly Spaces 
Repeats) and focused his studies on SRSRs (F. J. Mojica 
et al., 1993, 1995, 2000). 
  Jansen et al. (2002) with Mojica  et al. named 
these repetitive regions CRISPR. In this in-slico study, 
the genomes of more than 40 microorganisms were 
sequenced and as a result of these sequences, they 
found that CRISPR regions can be more than one and 
that there is a protein region following these CRISPR 
regions (CRISPR-Cas). Cas regions were found to bind 
to helicases, ligases and DNA.  
  In 2005, Mojica et al. proposed the idea that these 
repetitive regions are an immune site against phages 
in microorganisms (Mojica et al., 2005). 
  Various studies have been carried out around the 
world to find out the importance of CRISPR. As a result 
of these studies, it was discovered that these 
repetitive regions originated from bacteriophage. With 
this discovery, it started to be investigated whether 
CRISPR regions are related to the immunity of 
bacteria. 
  Barrangou et al., (2007) in their study on 
Streptococus thermophilus, as a result of their 
sequences, it was observed that as the number of 
CRISPR regions increased in the genome of the 
bacterium, the bacterium showed resistance to phages 
and did not die.  
  Since 2010, the basic mechanism of the CRISPR 
system has been investigated and revealed by various 
scientists. Doudna and Carpentier received the Nobel 
Prize in 2020 for their work on the mechanism of 
CRISPR, which largely revealed the functioning of the 
system. In almost the same period as Doudna and 
Carpentier, Siksyns also found the working principle of 
CRISPR and these three scientists received the 
Nanosience Prize (Cross Ryan, 2018; Nobel Prize, 
2020). 
  During this period, studies have been carried out 
to reveal the CRISPR mechanism, defining the 
functional mechanisms of the CRISPR Type II system, 
the simplicity of this system for genome editing and 
the basic components. In a study on Streptococcus 

thermophilus, Cas9 was found to be the only enzyme 
in the cas gene clusters that enables the cutting of 
target DNA (Garneau et al., 2010). 
  Deltcheva et al. (2011) revealed trans-activating 
crRNAs (tracrRNAs). TracrRNAs are RNA hybrids 
formed from Cas9 and endogenous RNA III and are 
required for transcription of the CRISPR sequence into 
mature crRNAs in the CRISPR Type II system (a CRISPR 
system using Cas9).     
  Sapranauskas et al. (2011) transplanted the CRISPR 
Type II region from Streptococus thermophilus into 
Esherichia coli, demonstrating that type II CRISPR is 
transferable and can be rearranged in different 
bacterial strains.  
  In 2013, the CRISPR-Cas9 system started to be 
used in genome editing with the successful use of 
Streptococus thermophilis and Streptecocus pyogenes 
for editing mammalian cells with CRISPR in two 
separate studies   (Cong et al., 2013).  
  In their paper, Ran et al. (2013), showed that 
CRISPR could be used to identify the mammalian 
genome. 

CRISPR-CAS system 

In fact, CRISPR-CAS is a defence mechanism that 
bacteria and some archaea involved in fermentation 
etc. develop against phages coming from outside. 
Studies have shown that this defence mechanism is 
provided by CAS proteins in the bacterial genome. (van 
der Oost et al., 2009)  (Bikard and Marraffini, 2012). 
  In short, Cas (CRISPR-associated protein) in the 
CRISPR-Cas system can also be called the adapted 
antiviral immune system of prokaryotes. Cas is 
widespread in archaea (~90%) but is also present in 
some bacteria (~50%) (Bayat et al., 2018). 
  CRISPR sequences are formed by the insertion of 
foreign genomes, foreign genome products, 
transplanted products of non-repeating sequences 
into repetitive sequences; certain parts of the genetic 
material of the phage infecting bacteria or archaea are 
integrated into CRISPR sites together with repetitive 
regions (Gök and Tunalı, 2016). 
  A bacterial or archaeal genome may contain 
different CRISPR regions. While the repeat sequences 
are around 21-48 base pairs (bp), the gaps, which vary 
from a few to several hundred, are 26-72 bp in length. 
At the 5' end of the first repeat sequence in the CRISPR 
region, there is a leader sequence rich in Adenine and 
Thymine. This leader sequence is approximately 550 
bp in bacterial genomes. A genome may contain single 
or multiple CRISPR sites (Jansen et al., 2002; Pourcel et 
al., 2005; Rath et al., 2015; as cited in Kılıç Tosun and 
Kesmen, 2022). 
  The genomic components of the CRISPR system 
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are formed by trans-activated crRNA (tracrRNA), which 
is formed by short direct repeat sequences led by the 
cas protein. In between these repeat regions, gaps are 
formed from non-repeating regions. These spacer 
regions are mainly composed of invasive elements of 
the virus or plasmid. The CRISPR-Cas system provides 
the organism with resistance to foreign genetic 
material that has already been transferred to the 
CRISPR site in the organism's genome. (Bayat et al., 
2018). This immune system consists of three stages: 
  1) Gap fragments obtained from exogenous 
nucleic acid are inserted into the CRISPR site and 
adaptation is achieved. The gaps to be inserted are 
determined by protospacer adjacent motifs (PAM) in 
the genome of the invading phage or plasmid. PAM is 
specifically recognised. These conserved sequences of 
2-5 nucleotides of the genome of the invading 
microorganism are adapted to the CRISPR site by 
repeating genes in the spacer portion of the invading 
genome. The lack of PAM in the CRISPR region 
prevents the region from being cut, mutations in the 
PAM region can cause the invading microorganism to 
escape from CRISPR and thus from the host organism's 
immunity. (Jiang and Doudna, 2015) 
  2) The target region in the DNA of the invading 
microorganism is inserted into the CRISPR site and 
transcribed into pre-CRISPR RNAs, the transcribed pre-
crRNA Cas endoribonucleases are converted into cr-
RNAs corresponding to the invader genome, showing 
base pairing with the target sequences. 
  3) In the last step, nucleic acids belonging to the 
invader genome are targeted with crRNA, homologous 
sequences are cut with Cas nucleases, thus preventing 
the replication of viruses and plasmids. Nucleic acids 
of the invader genome are targeted according to the 
Watson-Crick base pairing principle (Gök and Tunalı, 
2016) 

Types of CRISPR system 

The components of CRISPR are basically divided into 
two parts. The first is the Cas enzyme, which cuts the 
DNA strand at specific locations in the genome. The 
second is Guide RNA (gRNA), which drives the Cas 
protein to the target region of the genome. 
  The widely used classification was developed by 
Haft et al. in 2005 using the topology of the Cas1 
phylogenetic tree on around 40 archaea and bacteria 
and CRISPR-Cas system typing on eight genomes. (Haft 
et al., 2005)  
  The names of the four core Cas genomes were 
proposed by Jansen et al. in 2002. The other two core 
Cas gene names Cas 5 and Cas 6 were added later. The 
names were proposed for genes encoding proteins 
unique to each of the eight genes. For example, a 

unique system found in E. coli was found and named 
cse1 (CRISPR system of E. coli gene number 1), cse2, 
cse3, cse4 and cse5 (elsewhere these E. coli genes 
have also been named casA, casB, casE, casC, casD, but 
this difference has caused confusion). 
  Although the diversity of Cas proteins, the 
presence of different CRISPR regions in a genome and 
the ability to switch between living organisms make 
classification difficult, according to the organisation of 
the CRISPR region and the content of Cas genes, the 
CRISPR-Cas system is basically divided into three main 
systems and 11 subsystems. Apart from these, there 
are also Unclassified CRISPR-Cas Systems.  
  Type I CRISPR-Cas System: Type I: CRISPR-Cas 
systems contain 6 subsystems from 1A to I-F. Type I- 
CRISPR-Cas system gene region, typically the cas3 
gene. This gene synthesises a wide range of proteins 
with helicase DNAase activities. In addition, these 
genes probably also synthesise Cascade-like complexes 
of different composition. These complexes include 
proteins in the RAMP (receptor-activated regulatory 
protein) superfamily, including many Cas5 and Cas6 
family proteins. Cas7 protein was also detected by 
HHPred method. The CRISPR-Cas function contained in 
these complexes includes large proteins such as Cse1 
as well as small alpha-helicase proteins or subunits 
such as Cse 2. In the cascade complex there is a RAMP 
protein with RNA endonuclease activity, catalase 
activity, and a defined main enzyme activity that 
transcribes long gap- repeat segments into mature cr-
RNA. Mostly catalytic RAMP proteins are peripherally 
encoded by the respective operon; Cas5 and Cas7 do 
not belong to RMAP families. However, subtype I-C 
(also known as Dvulg or CASS1) may be an exception 
for the RNAase activity of Cas5 and Cas7 (Makarova et 
al. 2011). Type-I CRISPR-Cas systems appear to target 
DNA. Target cleavage is mediated by Cas3-based HD 
nuclease activity. In several type-I CRISPR-Cas systems, 
the Cas4 domain RecB nuclease fuses with Cas1. Cas4 
is potentially involved in cavity acquisition. (Makarova 
et al. 2011) Basically, in the type-I CRISPR-Cas system, 
cascade and Cas3 cut foreign DNA. mature crRNAs are 
produced from pre-crRNAs via Cas6. Cas6 performs 
the cutting of repeat portions of pre-cRNAs. (Gök and 
Tunalı , 2016) 
  Type II CRISPR-Cas System: Type II: CRISPR-Cas 
systems include 3 subsystems, II-A to II-C. Type II 
system is the system whose mechanism is the most 
researched and known in detail among CRISPR-Cas 
systems (Gök and Tunalı, 2016). Type II CRISPR-Cas 
systems include the "HNH"-type system 
(Streptococcus-like; also known as Nmeni subtype, 
Neisseria meningitidis serogroup A str. Also known as. 
Z2491, or also called CASS4,). It contains a very large 
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protein containing Cas9, which produces crRNA and 
cleaves target DNA.   Cas1, Cas2 and Cas9 contain at 
least two nuclease domains. The RuvC-like nuclease 
domain is located near the amino terminus and the 
HNH (McrA-like) nuclease domain is located in the 
centre of the protein. The HNH nuclease domain 
contains abundant restriction enzymes and has 
endonuclease activity and is responsible for cutting 
target DNA (Makarova et al., 2011). The type 2 system 
cleaves the double formation between pre-crRNA and 
tracrRNA. The first cleavage occurs at repeat sites in 
the processing pathways of pre-crRNA. This cleavage is 
catalysed by hausekeeping. It is mediated by the 
double-stranded RNA-specific RNAase 3 in Cas9.  
(Deveau et al., 2008).  
  In the type II system, the endonuclease cas9 
together with a non-coding RNA combines with CRISPR 
RNA (crRNA) to form a ribonucleoprotein complex that 
recognises and cuts the foreign genome. (Rath et al., 
2015). 
Type III CRISPR-Cas system: Type III: CRISPR-Cas 
systems contain 2 subsystems, III-A to III-B. The type III 
system contains polymerase and RAMP modules that 
perform cascade complex-like transcription by 
processing the gap- repeat complex. Ribonucleases 
identified in the type III system (except cas2 protein) 
are RAMP proteins. Type III systems contain at least 
two RAMPs in addition to the Cas6 protein. These 
additional RAMP proteins are involved in the 
trancription process. In many organisms, type III 
CRISPR-Cas operons lack the Cas1 - Cas2 gene pair. 
However, in most cases an additional CRISPR locus is 
present and this additional locus comes from Cas1 or 
Cas2. It is thought that these Cas1 or Cas2 genes 
existing in the relevant genome were added in trans. 
In type III CRISPR-Cas systems of Staphylococcus 
epidermidis, Mycobacterium tuberculosis, 
Alorhodospira halophila, it is suggested that there is a 
single CRISPR-Cas locus. It is suggested that this locus 
(polymerase-RAMP module) combines with Cas1 and 
Cas2 and takes part in the formation of new cavities 
with full function.  The production of small mature 
crRNAs in the type 3 CRISPR-Cas system is based on 
cutting the repeated sequences of pre-crRNAs into 
crRNAs with the Cas6 nuclease family. The resulting 
crRNA forms a complex with Cmr/Cas10 or Csm/Cas10 
proteins and the Cas protein in the complex cuts the 
invading genome.  
Unclassified CRISPR-Cas systems: Although most of 
the CRISPR-Cas systems found are classified up to 
subclasses, there are also systems that do not fit the 
existing classification. For example, the CRISPR-Cas 
system of Acidithiobacillus ferrooxidans needs a new 

class. And the name Type U was proposed by 
Makarova et al. This CRISPIR system was later referred 
to as the putative type IV CRISPR/Cas system in the 
2015 paper by Makorova et al. In many bacteria and in 
the identified cpf1, the archival genome adjacent to 
Cas1, Cas2 and the CRISPR locus (e.g. cf. noncida Fx1 at 
the FNFX1 1431-FNFX1 1428 locus of Francisella) was 
named as the putative type V CRISPR/Cas system by 
Makrova et al. In the same paper, it was proposed to 
name CRISPR/Cas systems as Class 1 and Class 2. Again 
in 2015, in the classification of Class-2 CRISPR/Cas 
system by Shmakov et al. (2015) type II, type V were 
included in this class and the C2c2 gene locus 
synthesised by Listeria seeligeri serovar 1/2b str and 
expressed by E. coli was named as type 6 CRISPR/cas 
system and included in Class 2 CRISPR/Cas system. 
Class 1 CRISPR/Cas system type I, type III and type IV 
CRISPR/Cas system were also identified (Mohanraju et 
al., 2016). 

CRISPR scans 

In the development of antiviral agents, knowing the 
interactions, biology and reactions of the virus and 
host is important for the design of the studies to be 
carried out. At this point, CRISPR screening provides a 
great advantage for investigating the host and viral 
agent for these purposes. Genetic screening is one of 
the gold standards for finding host factors that restrict 
or promote viral infection. There are two types of 
advanced genetic screening. These are loss-of-function 
screening and gain-of-function screening. Loss-of-
function screening is the most commonly used of 
these two screens (Puschnik et al., 2017; Chulanov et 
al.,2021). CRISPR screens are divided into 3 categories 
according to their mechanisms of action: CRISPRi, 
CRISPRa and CRISPR knockout (CRISPR-ko) screens 
(Chulanov et al. 2021 ). CRISPRi and CRISPR-ko screens 
are loss of function approaches. CRISPR-ko is classically 
based on the CRISPR-Cas9 system. This classical 
system,  results in DBSs and indel mutations, or codons 
are converted into stop codons by cytidine-based 
regulators, enabling the production of truncated non-
functional proteins (CRISPR-STOP or iSTOP approaches 
(Billon et al., 2017; Kuscu et al., 2017;as cited in 
Chulanov et al., 2021) 

  CRISPR screening is performed not only for the 
host but also for viral protein synthesis in viral 
replication. For example, Hoffmann et al (2021). 
utilised CRISPR analysis to examine the SARS-CoV-2 
interactome in cells infected against COVID-19. For 
this, they specified 332 highly comprehensive, 
identified SARS-CoV-2 interactomes in the CRISPR-
Cas9 library and designed targets. They stated that 
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thanks to the structure of the library, they screened on 
four related viruses. As a result of this study, they 
screened in HCoVNL63, HCoV-229E and HCoV-OC43 
infection models to search for pan-coronavirus factors 
necessary for replication, and sterol regulatory 
element binding protein division activating protein 
(SCAP) was identified as the host factor important for 
the replication of all four coronaviruses. In healthy 
cells, SCAP regulates lipid and cholesterol haemostasis 
through secretion of binding proteins by sieving sterol 
regulation in the endoplasmic reticulum. It has been 
reported that SCAP may promote coronavirus 
infection by increasing SREBPs-dependent transport or 
cholesterol content in the cell membrane and 
increasing viral interaction.            

Use of CRISPR-CAS Systems in antiviral field 

The gene editing application of the CRISPR-Cas system 
was used in the development of antiviral therapies. It 
then revolutionized diagnostics as a gene detection 
system. At this point, CRISPR diagnostics enables 
accurate and rapid identification of any pathogen in 
clinical settings. CRISPR-Cas system is being studied for 
the development of new treatments against many 
viruses.  

HIV and the CRISPR-Cas system 

 To date, the CRISPR-Cas system has been studied 
mostly for the treatment of HIV infections and today 
serves as an advanced treatment option. (Huang et al., 
2017, 2022; Xu et al., 2019; Herrera-Carrillo et al., 
2020 as cited in Kılıç Tosun and Kesmen, 2022) 
  In a study by  Park et al. (2017)  on HIV-1 (Human 
immunodeficiency virus-1), genome-wide CRISPR 
screening was performed to identify host factors and 
five factors, including HIV co-receptors CD4 and CCR5, 
were identified. Candidate pathways were validated 
by Cas9-mediated knockdown and antibody blockade 
in primary human CD4+ T cells. 
  Ophinni et al. (2018) reported that they inhibited 
HIV-1 replication by targeting Tat and Rev genes in 
HeLa cells with CRISPR/Cas9 vector. 
  In their 2016 study on HIV-1, Ueda et al. (2016) 
reported that the vector targeting the gag, pol and 
long terminal replication of HIV-1 with CRISPIR/Cas 9 
was effective in the early stages of HIV-1 infection in 
the human T-cell line, but the vector was insufficient in 
the inhibition of wild-type (WT) HIV-1. They evaluated 
this inadequacy as a point to be considered when 
developing CRISPR-Cas system and treatment against 
HIV-1.  
  Xu et al. (2019) transplanted haematopoietic 
tissue and progenitor cells (HSPCs) with CCR5 protein 
with CRISPR/Cas9 system to an individual with acute 

lymphocytic leukaemia and HIV and treated 
lymphocytic leukaemia and HIV in the patient. In the 
study conducted by Jin et al. on HIV-1 in 2018, it was 
stated that they found two important genes (TSC1 and 
DEPDC5) that play a role in HIV-1 latency in their 
CRISPR screening study on HIV-1 latency. They stated 
that inactivation of TSC-1 or DEPDC5 genes increases 
reactivation in both T-cell line and monocyte cell line, 
and in general, both TSC1 and DEPDC5 agonists can be 
used in the development of new therapeutic 
approaches to activate HIV-1 latency.  
  In another study on HIV-1 latency, Z. Li et al. 
(2020) used genome-wide CRISPRi screening to show 
that inhibition of FTSJ3, TMEM178A and NICN1 is 
effective. They stated that these genes stimulate RNA 
polymerase II-mediated transcription of HIV and 
increase its latency. In other immunoprecipitation 
experiments performed in the study, it was reported 
that depletion of TMEM178A and NICN1 increased 
poimerase II signalling in the HIV-1 envelope region, 
but not in the long term rpeat (LTR) region. Mandan et 
al. developed CRISPR/Cas9 vectors targeting two 
clinically important genes (B2M and CCR5) against HIV-
1 in primary human CD4+ T cells and CD34+    
hematopoietic system and progenitor cells (HSPCs) to 
develop CRISPR-Cas9 system against HIV-1, and it was 
observed that the vector targeting CCR5 was 30% 
effective in HSPC cells (between 22-44%); It was 
reported that the success of the vector targeting B2M 
varied between 7-48%. When HSPC cells with 
inactivated CCR5 protein were transplanted into mice, 
they reported that the transplanted HSPC clones were 
resistant to HIV1.  
  In their study on HIV-1, McLaurin et al. (2024) 
showed that the CRISPR/Cas9 system they developed 
against HIV-1 mRNAs reduced the neurocognitive 
effect of HIV-1 in invitro and in vivo conditions. 
  In their study on HIV-1 by Liao et al. (2015) 
targeted the repeat regions of the viral genome in HIV-
infected CD41T cell culture with CRISPR-Cas9 and as a 
result, viral replication and latency decreased. At the 
same time, HIV reservoir was obtained in pluripotent 
stem cells and CRISPR/Cas9 vector targeting the repeat 
regions of the HIV genome was transferred and it was 
reported that the new reservoir cells formed as a 
result were immune to HIV.  

Coronaviruses and the CRISPR-Cas systems 

 The study conducted by  J. Wei et al. (2021) is  to find 
therapeutic pathways for SARS-CoV-2, SARS-CoV-2, 
Middle East respiratory syndrome CoV (MERS-CoV), 
They performed genome-wide CRISPR screens in Vero-
E6 cells containing bat CoV HKU5 and vesicular 
stomatitis virus (VSV)-containing Vero-E6 cells 
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expressing SARS-CoV-1 enhancement, and identified 
known SARS-CoV-1 receptors, including the ACE2 
receptor and the protease Katepsin L.2 host factors, in 
addition to discovering pro-viral genes and pathways 
specific to the SARS lineage and pan-coronavirus, 
including HMGB1 and the SWI/SNF chromatin 
remodeling complex, and that HGM1 regulates ACE2 
expression, and found that it is critical for SARS-CoV-1 
and SARS-CoV-2 entry. It was reported by Daniloski et 
al. that depletion of RAB7A decreased the cell surface 
expression of ACE2.  
  Abbott et al. (2020) stated that they developed 
PAC-MAN (prophylactic antiviral CRISPR in human 
cells) strategy and investigated its antiviral activity on 
SARS-CoV-2 and live influenza A virus (H1N1) and that 
this strategy developed with Cas13d protein reduced 
the load of H1N1 virus in respiratory epithelial cells 
and that six of the crRNAs they developed were 
effective against SARS-CoV-2, and that this system is 
promising for the inhibition of pan-coronaviruses.  
  Cas13 is a Cas protein widely used in genome 
editing. It is used in the type VI CRISPR/Cas system. 
Since it targets RNA, it is especially used in viruses with 
RNA (Xie et al., 2021; Zhang et al., 2021 as cited in Kılıç 
Tosun and kesmen, 2022). 

Arboviruses and the CRISPR-Cas systems 

 Ganaie et al.( 2021) used a CRISPR/Cas9 library for the 
mouse microgial cell line BV-2 cell line for Rift Valley 
Fever Virus (RVFV) and identified lipoprotein receptor-
related protein 1 (Lpr1) protein, heat shock protein 
(Grp94) and receptor associated protein (RAP) as 
possible antiviral targets; They stated that the RVFV 
genome binds specifically to the Lpr1 protein and 
when they transduced the line with lentivirus with a 
single-guided gRNA targeting the Lpr1 gene, they 
found that the remaining cells were resistant to RVFV. 
Thus, it was stated that Lpr1 protein is an important 
host factor against RVFV.   
  In the study on human orovirusvirus (HCMV), Wu 
et al., (2018). Showed that PDGFRα as a host-
dependent factor is important for trimer-mediated 
entry of HCMV into the cell and trimer-mediated 
passage of HCMV from cell to cell and that pentamer-
coated viruses have low efficiency in PDGFRRα-
deficient cells by CRISPR tracking study. In another 
study on HCMV, they showed that OR1411 is an 
important co-receptor for the HCV pentameric 
complex, which is related to the sensitivity orovirlial 
cells to pentamer HCMV in OR1411 protein-mediated 
infection  (Chulanov et al., 2021). 
  In their study on Zika virus (ZV), dengue virus 
(DENV) and West Nile virus (WNV), Richardson et al. 
found that the functional gene pair between IFI 6 

(encodes IFN-α inducing protein) is important for the 
inhibition of replication of Flaviviruses by CRISPR 
screening and showed that IFI 6 inhibits the replication 
of viruses invitro with the CRISPR-Cas system 
(Richardson et al., 2018). 
  van Diemen et al. ( 2016) has been shown that 
when Epstein-Barr virus (EBV) remains latent in cells, 
the latent EBV genome can be edited with the CRISPR-
Cas system. 
  Lin et al. (2017) reported that in their CRISPR 
screen for host factors for Dengue virus (DENV), they 
identified the oligosaccharyltransferase (OST) complex 
as an essential host factor for DENV infection. 
However, the STT3B-associated OST subunit MAGT1 is 
also required for DENV propagation. MAGT1 
expression requires STT3B and a catalytically inactive 
STT3B also enables MAGT1 expression, supporting the 
hypothesis that STT3B serves to stabilise MAGT1 in the 
context of DENV infection. Since cells expressing an 
AXXA MAGT1 mutant were unable to support DENV 
infection, and found that the oxidoreductase CXXC 
active site motif of MAGT1 is required for DENV 
propagation; cells expressing single cysteine CXXA or 
AXXC mutants of MAGT1 were able to support DENV 
propagation. Using the engineered peroxidase APEX2, 
they demonstrated the proximity between MAGT1 
and NS1 or NS4B during DENV infection. They stated 
that these results revealed that the oxidoreductase 
activity of STT3B-containing OST is required for DENV 
infection and that this could guide the development of 
antiviral agents targeting DENV. 
  Labeau et al. ( 2020) similarly used CRISPR 
scanning to identify the host factor for DENV and 
identified two endoplasmic reticulum-resistant 
dolichol-phosphate mannose synthase (DPMS) 
complex subunits, DPM-1 and 3. They also found that 
DPMS complexes are important in regulating viral RNA 
replication and supporting the stability of folding of 
viral structural proteins.  

Enteric viruses and CRISPR-Cas systems 

Orchard et al., (2019) stated that they found 49 
genomes that would prevent murine norovirus 
proliferation in human cells in their CRISPR-Cas scan. 
Hosmillo et al. (2019) stated that they identified 
G3BP1 as an important host factor for human 
noravirus and murine noravirus as a result of their 
CRISPR screening study. They identified G3BP1 protein 
as an important host factor for VPg-dependent 
translation of noravirus. 
  Ding et al. (2018) reported that STAG2 is an 
important part of the cohesin complex, an important 
nuclear protein complex that coordinates the sister 
chromatid during cell division and is an important 
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element of the replication of human rotavirus (HRV) in 
the cell. 

Other viruses and the CRISPR-Cas systems 

In a study on human papillomavirus (HPV) conducted 
by Kennedy et al. in 2014, the effects of vectors 
prepared with Streptococus pyogenes Cas9 protein 
targeting E6 and E7 genes of HPV-16 and HPV-18 were 
investigated and HeLa and SiHa cell cultures were used 
for this purpose. As a result, it was reported that the 
designed vector did not affect the E6 gene of HPV-18, 
HPV-16 affected the E6 gene and both viruses affected 
the E7 gene at a significant level (Kennedy et al., 
2014). 
  Zhen et al. (2014) conducted invitro (SiHa cell line 
was used) and in vivo (nude mice were used) studies 
on HPV and found that CRISPR-Cas9, which they 
developed to target the E6 and E7 trancrept of HPV-
16, significantly reduced the proliferation of HPV-16 
both invitro and in vivo. 
  In the article written by Y. Wei et al. ( 2022) 
various studies for the treatment of HPV with CRISPR/
Cas9 technology are seen. 
  In a study conducted by Chou et al. (2016) on John 
Cunningham Polyomavirus (JCPyV), it was reported 
that CRISPR/Cas9 targeted the non-coding control 
region and the late open reading frame in the genome 
of JCPyV and observed that the administration of 
JCPyV-specific single-guide RNA Cas9 protein before or 
after infection significantly reduced virus replication 
and protein formation. In 2015, in a study on John 
Cunningham Poliomavirus, the N-terminal region of 
the T-antigen gene was targeted for CRISPR-Cas9 and 
it was reported that plasmid-mediated mutation in 
this region inhibited viral replication invitro (Wollebo 
et al., 2015). 
  In the study conducted by Roehm et al.,( 2016) on 
Herpes Simplex Virus-1 (HSV-1) in 2016, it was 
reported that the virus developed a guide-mediated 
CRISPR-Cas9 system targeting the genome associated 
with the ICP0 protein of the virus and provided InDel 
mutation to the exon 2 region of the ICP0 genome and 
reduced the infection in an invitro environment. When 
this system for the ICP0 gene was combined with the 
version for ICP4 or ICP27, it was observed that the 
infection was completely eliminated. 
  In the study conducted by Das et al. (2020) , it was 
found in CRISPR screening that gangliosides are an 
important endosomal receptor for semi-enveloped or 
naked (non-enveloped) Hepatitis A Virus (HAV). This 
has revealed a point that can be used for antiviral 
strategies against HCV. 

Animal Viruses and CRISPR-Cas systems 

Marek and CRISPR-Cas Systems: Zhang et al. (2019)  

showed that the viral gene phosphoprotein 38 (pp38) 
is important in the latent/litic phase transitions of 
Marek's disease virus  (MDV). It was emphasised that 
proliferation increased when pp38 was transfected 
with CRISPR/Cas9. This finding suggests that pp38 is a 
potential target for antiviral drugs to be developed 
against Marek. 
  In the study conducted by Luo et al. (2020) on 
MDV-1 , it was stated that virus-encoded micro-RNAs 
(miRNAs) play an important role in the latency, 
replication, etc. phases of herpesviruses, and they 
stated that if the Meq-cluster miRNAs of MDV-1 were 
interfered with CRISPR-Cas9, the replication of the 
virus decreased. They stated that deletion of miRNAs 
in the middle-cluster increased viral replication. 
  In the study conducted by Senevirathne et al. 
(2021), it was reported that when the pp38 gene of 
MDV was targeted with CRISPR-Cas9 using Salmonella 
spp. as a plasmid, the effectiveness of the plasmid in 
the spleen was seen between 1.7-13%, 1.8-8% in the 
spleen, and the highest effect was seen in chickens 
treated with plasmid treatment before MDV infection. 
This suggests that CRISPR-Cas9 application may be an 
effective treatment option against MDV when given 
according to the course of the disease.  
  In the study conducted by Teng et al. (2023) , 
CIRISPR-Cas9 study was performed with hybridoma 
technology on the Meq gene, which is effective in the 
oncogenic feature of MDV, and as a result of the 
study, 5 Meq-deleted hybridoma MDV-1 were 
obtained.  
  In a study conducted by Li et al. (2020) , they used 
MDV as a vector to create a vaccine against 
Reticuloendotheliosis virus (REV) and showed that this 
recombinant strain developed using CRISR-Cas9 
significantly reduced the REV load. 
  Similarly, Liu et al. (2020) programmed MDV with 
CRISPR-Cas9 as a target for avian leukosis virus 
subgroup J (ALV-J) in 2020 and showed that the MDV 
strain obtained was effective in the resistance of the 
host cell against ALV-J and emphasised that MDV 
could be an important vector in CRISPR-Cas 
technology.  

Bovine herpes virus (BHV) and CRISPR-Cas systems 

In the study conducted by Dai et al. (2022), they stated 
that when they interrupted the UPL-41 protein of the 
BHV  with CRISPR-Cas9 technology, they found that 
the proliferation of the virus in the host cell decreased.  
It has also been tried to develop a vaccine for BHV 
using CRISPR-Cas technology. In the study conducted 
by Ma et al. (2023), BHV-1's glycoprotein I, 
glycoprotein E, TK gene and UL-23 genes were 
targeted with CRISPR-Cas to create a vaccine strain 

Yolhan Şeflek and Hasöksüz, 2024 / Journal of Istanbul Veterinary Sciences. Volume 8, Issue 2, pp: 195-206 



 202 

 

and Pseudorabies virus (PRV) was also included in the 
study and it was stated that CRISPR-Cas9 technology 
could be effective in the development of multivalent 
vaccines.  
  In their study conducted by Zhao et al. (2022). 
showed that BHV can be used as a vector for 
developing a vaccine for rabies virus. For this, they 
added rabies virus glycoprotein-g (RABVG) to BHV-1 
virus by interfering with CRISPR-Cas technology. They 
stated that they observed that the recombinant BHV-1 
had a protective effect against severe fatal infection in 
mice after 20 passages. 
  Yu et al. (2024) also studied gene editing on BHV 
and pseudo rabies virus (PRV) with CRISPR-Cas9 
system in their study in 2024. In the study, thymidine 
kinase (TK) gene of PRV or glycoprotein I (gI) and 
glycoprotein E (gE) of BHV were targeted. With this 
approach, recombinant TK-/eGFP+ PRV and gIgE-/
eGFP+ BHV-1 mutants were generated and then 
characterised and their invitro and invivo biological 
activities were examined. As a result, it was reported 
that alpha herpes virus, including PRV and BHV-1, can 
be rapidly edited using the CRISPR/Cas9 approach and 
may contribute to the development of animal herpes 
virus vaccines. 

Canin distemper virus (CDV) and CRISPR-Cas systems 

In the study conducted by Cai et al. (2019) it was 
suggested that cell lines with mavs (mitochondrial 
antiviral signalling) activity produced with CRISPR-Cas 
technology could be used in the development of CDV 
vaccine. 
  Gong et al. (2020) reported that they developed a 
highly efficient recombinant canary pox virus 
containing CDV virus-like particles (VLPs) called 
"ALVAC CDV-M-F-H/C5-" with CRISPR/Cas9 
technology, which enabled simultaneous expression of 
matrix (M), H and F genes.  
  Gradauskaite et al. (2023) stated in their study in 
2022 that LPR6 is an important receptor for CDV and 
will be important in the development of attuned 
vaccines. They stated that when they silenced the 
LPR6 receptor in cells with CRISPR-Cas9, they 
eliminated cell entry in multiple cell lines and lost 
infectivity in LRP6KO cells pseudotyped with CDV-OP 
envelope glycoproteins after transfer to recombinant 
viral particles and  vesicular stomatitis virus (VSV) and 
that the study identified LRP6 as the long-sought cell 
entry receptor of CDV OP in multiple cell lines.  

Equine arteritis virus (EAV) and CRISPR-Cas systems 

de Wilde et al. (2018)  investigated the proliferation of 
EAV, human coronavirus 229E (HCoV-229E), and 
betacoronavirus Middle East respiratory syndrome 
coronavirus (MERS-CoV) by deleting the Cyclophilin A 

(CypA) receptor in Huh7 cells with CRISPR-Cas9 . As a 
result of the research, they stated that the 
proliferation of EAV and MERS-CoV in CypA deleted 
cell lines decreased around 3log. 
  Equine Herpesvirus (EHV) and CRISPR-Cas Systems 
In the study conducted by Hassanien et al. (2024), they 
developed single-guide RNAs targeting ORF30, ORF31, 
ORF74 and ORF7 regions of EHV with CRISPR-Cas9 and 
stated that sgRNAs targeting ORF30 and ORF7 showed 
synergistic effect in reducing viral replication of EHV.  

Feline leukoma virus (FeLV) and CRISPR-Cas systems 

Helfer-Hungerbuehler et al. (2021) investigated the 
infection-reversing effect of the cat's immune system 
using CRISPR/Cas9-assisted gene therapy and 
evaluated different adeno-associated vectors (AAVs) 
for their ability to provide gene regulation. The CRISPR
-Cas system was transferred into cat cells and then the 
efficiency of the CRISPR/SaCas9 system to target 
different regions of the FeLV provirus was 
investigated, for which nine natural AAV serotypes, 
two AAV hybrid strains and Anc80L65, an AAV 
ancestor predicted by Silico, were tested for their 
potential to infect different viruses. They reported that 
the CRISPR/SaCas9 system was used to target selected 
FeLV provirus regions, followed by T7-validated 
endonuclease 1 (T7E1) and Truncation of Indels (TIDE) 
analysis, showing that the gag and pol regions had the 
highest percentage (up to 80%) of non-homologous 
end joining (NHEJ) in the conserved region. 
Subsequent transduction experiments using AAV-DJ 
confirmed indel formation and showed a significant 
reduction in FeLV p27 antigen for some targets. 
Targeting of FeLV provirus was effective when using 
the CRISPR/SaCas9 approach invitro, while the means 
to overcome infection in vivo should be further 
investigated. 

Feline calicivirus (FCV) - feline herpesvirus (FHV) and 
CRISPR-Cas9 system 

Studies on FCV and FHV are more oriented towards 
viral diagnosis and viral screening. 
  In the study conducted by Huang et al. (2022), 
they stated that they developed a CRISPR-Cas13a and 
RPA reaction-based analysis for FCV detection. The 
recombinant plasmid they designed targeted the ORF1 
gene of FCV. They stated that the positive detection 
rate of the FCV-Cas13a test they developed was higher 
than RT-PCR and showed that CRISPR-Cas systems can 
also be used in viral diagnosis.  
  In a study conducted by Fang et al. (2023) , they 
reported that they developed a nucleic acid detection 
system called 4 thermostatic steps (4TS) for the 
diagnosis of respiratory disease agents, including FCV 
and FHV, using the CRISPR-Cas12 system.  
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Poxvirus and CRISPR-Cas systems 

In their publication by Siegrist et al. (2020)  is showed 
that vaccine strains developed by using vaccinia irus 
(VACV) as a vector and targeting E3L, I2L, A17L 
genomes against orthopoxviruses with CRISPIR-Cas9 
reduced CPEs. 
  Ohlson et al. (2023) reported that AAA ATPase and 
SPATA5 are important host factors for these virus 
groups as a result of CRISPR-Cas screening of 
poxviruses and flaviviruses.  
  Singh et al. (2023) developed a Cas12a nuclease-
based assay associated with clustered, regularly 
spaced short palindromic repeats to detect monkey 
poxvirus (Mpox), They stated that they identified 
Mpox-specific conserved sequences that differ from all 
viruses present in the genus Orthopoxvirus by a single 
nucleotide polymorphism (SNP) and used this SNP in 
our assay to specifically distinguish mpox virus from 
other related orthopox viruses with a detection limit of 
1 copy/μl in 30 minutes. They stated that this region 
may provide practicality in cases where the detection 
of Mpox virus needs to be sensitive and specific. This 
suggests that SNP may be a key point for the antiviral 
agent that can be developed against Mpox virus in the 
future.  
  In the study conducted by F. Zhao et al. (2023) , 
they stated that they developed a recombinase 
polymerase amplification (RPA)-coupled CRISPR-
Cas12a study for the detection of Mpox virus and used 
6DR and E9L, which are important for orthopoxviruses, 
and N3R and N4R gene regions specific for Mpox in the 
experiment. This suggests that these regions may be 
key in the development of tests for antiviral agents 
that can be developed against Mpox virus and other 
orthopoxviruses in the future. 

Conclusion 

The ability to develop CRISPR/Cas vectors for various 
stages of viral replication, including the latent stage, or 
to develop CRISPR/Cas vectors against various stages 
of viral replication, both in terms of its usefulness in 
revealing the virus-host relationship and in terms of 
guiding the development of antivirals for various 
stages of viral replication, including the latent stage, 
paves the way for the development of antivirals and 
paves the way for the development of antivirals, which 
are more difficult to develop than other antimicrobial 
agents due to technical conditions.  
  CRISPR/Cas studies have started to be used in the 
production of viruses to be used in vaccine 
development as well as antiviral development studies. 
With the transition from the laboratory-scale 
production stage to the high-scale production stage, 

an important stage will be passed in the fight against 
human viral diseases and animal viral diseases.  
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ABSTRACT 

Methicillin Resistant Staphylococcus aureus (MRSA) is an important opportunistic pathogens of 
dogs, other domestic animals and humans. The proximity between humans, livestock and 
antimicrobial use in animals facilitates the emergence and spread of MRSA. In this study, 400 
swab samples taken from the perineum and nasal mucosa of dogs. Swab samples were inoculated 
on 5% blood agar (Sigma® Switzerland) for 24 hours of aerobic incubation at 37 °C, growth with 
yellowish-white colonies with smooth, slightly raised surfaces were further gram stain and 
biochemical test of Coagulase and catalase tests was performed. Positive isolates were then 
inoculated mannitol salt agar (MSA, Oxoid) and incubated for 24 hours at 37 °C and further 
confirmed using Oxacillin Resistance Screening Basal (ORSAB) medium (Oxoid, Basingstoke, 
United Kingdom). Antibiotics susceptibility testing was determined using the Kirby Bauer’s disc 
diffusion method according to Clinical and Laboratory Standards Institute (CLSI) guideline and 
positive S. aureus were inoculated on Mueller-Hilton Agar (Oxoid) plates and Vanier callipers were 
used to measure the zones of inhibition in millimetres (mm). Out of the 200 samples each from 
the nasal mucosa and perineum, 55%(72) and 39.5% (49) were positive for MRSA respectively. 
Out of the 206 male and 194 female dog sampled, 57.0% (69) and 43.0%(52) were positive for 
MRSA respectively. Nigerian indigenous breed (Mongrel) has the highest proportion of MRSA 
isolates with 48.8% (59) while Golden retriever has the least proportion of MRSA isolates with 
0.8% (1). Most of the MRSA isolates were resistant to oxacillin, cefoxitin, tetracycline, 
erythromycin and cephazolin but susceptibile to gentamycin, ciprofloxacin and chloramphenicol. 
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Staphylococcus aureus (S. aureus) belongs to the 
members of the microbiota of human body, usually 
isolated from the upper respiratory tract and the skin. 
Although they can be opportunistic organism, resulting 
in skin and respiratory infections (Oh et al., 2020). 
Methicillin-resistant S. aureus (MRSA) has raised public 
health concerned all over the world (Deleo and 
Chambers, 2009). About 20% to 30% of humans are 
carriers of S. aureus, which are the normal microbiota  
of the skin and nasal mucosa (Tong et al., 2015). They 
are frequently distributed in nosocomial infections and 

wound infections after surgery. 
  The close interactions between humans, livestock 
and antimicrobial use in animals favors the emergence 
and spread of MRSA (Bouchami et al., 2020; Lawal et 
al., 2021). Since the year 2000, there have been the 
emergence of multi drug resistant as an opportunistic 
organism in companion dogs, dog’s owners, veterinary 
hospitals and veterinary clinicians (Sweeney et al., 
2018). Its common in dog population of about 20% 
(Gomez-Sanz et al.,2013; Afshar et al., 2023). MRSA 
infection has given rise to serious public health 
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concerned because infection rate increases every year 
(Decline et al., 2020). The irrational use of antibiotics 
has given rise to the emergence of resistance to 
antibiotics due to S. aureus refer to as methicillin-
resistance S. aureus (MRSA) (Decline et al., 
2020).Transmission between animal to human usually 
occur because pet animals are regarded as family 
members, resulting in to close contacts between 
humans and pets which cause bacterial transmission 
dynamics (Decline et al., 2020). This is a serious public 
health problem because human MRSA can be 
transmitted to pets, and there after pets can also serve 
as source of infections to humans, as such pet animals 
can be regarded as reservoir for spreading infections 
to humans when they come in contact (Reddy et al., 
2016; Findik et al., 2018; Decline et al., 2020). Human 
infections with MRSA methicillin resistant 
staphylococcus aureus have been documented in 
several parts of Nigeria (Aliyu et al., 2022). Pets 
especially dogs are kept at home for security reasons 
due to increase urbanization and raise in antisocial 
behaviors and crimes. These days relationships bond 
between humans and pet animals is on the increase 
and this could facilitate the spread of infectious or 
zoonotic organisms to humans (Audu et al., 2022). Due 
to continuous changes in the prevalence and 
epidemiology of MRSA, and the discovery of new 
strains of MRSA in Nigeria. The present study was 
designed to assess the prevalence of MRSA, antibiotic 
susceptibility profile and potential risk factors 
associated with dogs in Gombe State, Nigeria. 

Materials and Methods 
Study area: Gombe state is located in the North east 
geopolitical zone of Nigeria, the state covers an area of 
20, 265km2 and located between latitudes 9°301N and 
12°301E and longitude 8°451 and 11°451E.The state 
has a total of eleven local Government areas (LGAs) 
and 114 wards. The LGA are Akko, Balanga, Billiri, 
Dukku, Funakaye, Gombe, Kaltungo, Kwami, Nafada,, 
Shongom and Yamaltu/Deba (Wikipedia, 2006). 

Figure 1. Map of Gombe State showing the study area 

Sampling procedure and study population: A cross-
sectional study was conducted. Six LGAs (Kwami, 
Gombe, Yamaltu Deba, Akko, Billiri and Kaltungo) out 
of the eleven LGAs were selected randomly (two from 
each senatorial zone). Facilities surveyed were the 
State and Private Veterinary clinics, households and 
dog markets. The quantity of samples gathered from 
every one of the six LGAs was determined by 
accessibility and availability. A systematic random 
sampling technique was used to choose individual 
canines, with one dog out of every two that were 
sighted being chosen (Pfeiffer, 2002). Using the 50% 
prevalence at 95% Confidence level and the Thrusfield 
(2005) formula, the sample size was calculated. For 
accuracy, the 384 sample size that was estimated was 
raised to 400. 
Sample collection and processing: Dogs were sampled 
with the owners' permission. Every dog had one nostril 
opened, and a cotton-tipped sterile swab (Everson 
Industries Limited, Nigeria) was used to obtain a 
sample from the nasal mucosa, which was then quickly 
placed into an aseptic tube. The perianal area is rolled 
with a fresh, sterile cotton-tipped swab, which is then 
promptly placed back into its tube. The dates of 
collection and an identifying number were written on 
the labels of the tubes in accordance with laboratory 
protocol (Cheesbrough, 2010). The samples were 
transported to the Bacterial zoonosis lab of the 
Department of Veterinary Public Health and 
Preventive Medicine, Faculty of Veterinary Medicine, 
Ahmadu Bello University (ABU) Zaria on an ice pack for 
immediate processing. Using recognized 
microbiological techniques, such as colonial 
morphology, gram stained features, catalase and 
coagulase tests, the organisms were isolated 
aseptically (Cheesbrough, 2010). Oxacillin Resistance 
Screening Agar Base (ORSAB) was used to detect 
MRSA. The disk diffusion method was used to carry 
out the anti-microbial sensitivity test.  
Isolation and identification: The manufacturer's 
instructions were followed to make an enriched solid 
medium containing 5% blood agar (Sigma® 
Switzerland) and inoculate the swabs into it 
(Cheesbrough, 2010). To obtain distinct colonies, the 
inoculums were streaked using a sterile wire loop. 
After 24 hours of aerobic incubation at 37°C, the 
infected plates were checked for yellowish-white 
colonies with smooth, slightly raised surfaces. While 
some positive colonies were non-hemolytic, others 
had entire zones of hemolysis. 
Colony morphology: The samples that were taken 
underwent gram staining in order to determine the 
staphylococci based on their gram reaction. Coagulase 
and catalase tests were performed on samples that 
were organized into clusters resembling grapes. 
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Mannitol salt agar (MSA, Oxoid) is a selective medium 
for S. aureus. The plates were streaked with the 
positive isolates and then incubated for 24 hours at 
37°C in an aerobic environment using mannitol salt 
agar (MSA, Oxoid). It was assumed that S. aureus was 
the source of the yellowish colonies that appeared on 
MSA. 

Oxacillin resistance screening agar base (ORSAB):  
Methicillin resistance was presumably determined 
using ORSAB agar (OXOID), a commercial medium. 
ORSAB was made in compliance with the 
manufacturer's guidelines. MRSA can be screened 
using ORSAB, a medium that is nutrient-rich, selective, 
and contains growth-promoting agents for microbes. 
Mannitol and aniline blue are added to the medium 
together with a high concentration of salt and lithium 
chloride to inhibit non-staphylococcal growth and 
detect mannitol fermentation. The antibiotics included 
in the ORSAB selective supplement are polymyxin B to 
limit the growth of other bacteria that can tolerate 
such a high concentration of salt e.g. Proteus spp. and 
oxacillin at 2 mg/L to inhibit methicillin-sensitive S. 
aureus. The characteristic blue color of MRSA colonies 
against a colorless background made it easier to 
identify the bacteria. 

Antibiotic susceptibility testing: Using the Bauer-Kirby 
approach, the antibiotic susceptibility of MRSA isolates 
was ascertained (Bauer et al., 1966). Utilizing the 
commercially produced disk (Oxoid, UK) that has an 
established antibiotic concentration. Three to four 
millilitres of sterile normal saline were used to 
emulsify freshly sub-cultured MRSA and well-isolated 
colonies from ORSAB plates. The suspension's turbidity 
was corrected to 0.5 McFarland, which is the standard 
equivalent (CLSI, 2019).  A sterile cotton swab stick 
was dipped into the suspension of Mueller-Hinton agar 
medium. By applying pressure and spinning the swab 
against the tube's side above the suspension, extra 
fluid was eliminated. In order to guarantee even 
dispersion, the plate was rotated by about 60° after 
the swab was evenly streaked over the medium's 
surface in three directions on the dried Mueller-Hinton 
agar surface (Benkova et al., 2020). After being 
distributed into each inoculation plate, five 
antimicrobial discs were incubated for twenty-four 
hours at 35°C at a time. Vanier callipers were used to 
measure the zones of inhibition in millimetres (mm). 
The Clinical and Laboratory Standard Institutes (CLSI) 
criteria were utilized to interpret the sizes of the zones 
of inhibition. The following 10 antibiotics were tested; 
ciprofloxacin (CIP) 5 ug; erythromycin (ERY) 15 ug; 
gentamycin (GEN) 5 ug; tetracycline (TET) 30 ug; 

Clindamycin (DA) 2 ug; chloramphenicol (CHL) 30 ug; 
sulfamethoxazole/trimethoprim (STX) 25 ug; cefoxitin 
(CFX) 30 ug; cefazolin (CZO) 30 ug; oxacillin (OXA) 1 ug. 
Growth inside the zone of inhibition was thought to be 
suggestive of methicillin resistance for the 
interpretation of susceptibility toward the oxacillin 
disc. A diameter of inhibition zones of ≤10, 11–12, and 
≥13 by 1 ug of oxacillin is classified as susceptible (S), 
intermediate (I), or resistant (R) to oxacillin 
correspondingly, based on the classification criteria 
provided by (CLSI, 2019). Regarding cefoxitin discs, 
staphylococci classified as either sensitive or resistant 
to oxacillin are indicated by inhibitory zone diameters 
of ≥24 and ≥25 mm, respectively. The cefoxitin disc 
diffusion test does not classify staphylococci into any 
intermediate category (CLSI, 2019). 

Statistical analysis: Data generated were presented as 
frequency and percentages using descriptive statistics. 
Graph pad prism version 5 was used to analyzed the 
data generated. Chi-square/Fisher’s exact test was 
employed to determine the association between 
MRSA colonization and site of isolation as well as sex 
of the dogs, values of p<0.05 were considered 
significant. The prevalence was calculated for all data 
as the number of MRSA colonized individuals divided 
by the number of sampled dogs in the category and 
was expressed in percentage by multiplying by 100. 

Results 

A total of 400 swab samples were collected from 
different breeds of dogs. Out of the 200 samples each 
from the nasal mucosa and perineum, 55%(72) and 
39.5%(49) were positive for MRSA respectively (Table 
1). There was no statistically significant association 
between MRSA colonization and site of isolation 
(P>0.05). Out of the 206 male and 194 female dogs 
sampled, 57.0% (69) and 43, 0%(52) were positive for 
MRSA respectively (Table 2). There was no statistically 
significant association between MRSA colonization and 
Sex of the dogs (P>0.05). Nigerian indigenous breed 
(Mongrel) has the highest proportion of MRSA positive 
isolates with 48.8%(59) while Golden retriever has the 
least proportion of MRSA positive isolates with 0.8%(1) 
(Table 3). Most of the MRSA positive isolates were 
resistant to oxacillin, oefoxitin, tetracycline, 
erythromycin and cephazolin. However, susceptibility 
to gentamycin, ciprofloxacin and chloramphenicol was 
remarkable (Table 4). Multidrug resistant pattern of 
the isolates was also evaluated and shows varying 
levels of resistance to multiple class of antimicrobials 
(Table 5) 
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Table 1. Prevalence of MRSA isolated from dogs according to site of isolation in Gombe State 

Sites Number of samples S. aureus (%) MRSA (%) 

Nasal mucosa 200 129 (64) 72 (55.8) 
Perineum 200 124 (62) 49 (39.5) 

Total 400 253 (63.3) 121 (47.8) 

P-value = 0.0667, 95% confidence interval (C. I.) = 0.4505-1.028, odds ratio (OR) = 0.6806 

Table 2. Prevalence of MRSA isolated from dogs according to sex in Gombe State 

Sex Number of Samples S. aureus (%) MRSA (%) 

Male 206 137 (45.8) 69 (57.0) 
Female 194 116 (54.2 52 (43.0) 
Total 400 253 (63.2) 121 (47.8) 

P-value= 0.3002, 95% confidence interval (C. I.) = 0.5311-1.206, odds ratio (OR) = 0.8002 

Table 3. Breed distribution of S. aureus and MRSA in dogs in Gombe State 

Dog breeds S. aureus isolates (%) MRSA positives (%) 

Mongrel 101 (39.9) 59 (48.8) 

Alsatian 31 (12.3) 16 (13.2) 

Rottweiler 18 (7.1) 5 (4.1) 

Boerboel 13 (5.1) 2 (1.7) 

Golden retriever 6 (2.4) 1 (0.8) 

Caucasian 28 (11.1) 13 (10.7) 

Lhasa apso 11 (4.3) 3 (2.5) 

Alsatian/Mongrel cross 25 (9.9) 14 (11.6) 

Caucasian/Mongrel cross 20 (7.9) 8 (6.6) 

Total 256 121 

Table 4. Antibiotic susceptibility pattern of MRSA isolated from dogs in Gombe State 
Antibiotic Resistant 

no. of isolates (%) 
Intermediate resistant 

no. of isolates (%) 
Susceptible resistant 

no. of isolates (%) 
Chloramphenicol 19 (15.7) 27 (22.3) 75 (62.0) 

Cephazolin 84 (69.4) 21 (17.4) 16 (13.2) 

Oxacillin 121 (100) 0 (0) 0 (0) 

Ciprofloxacin 1 (0.8) 13 (10.7) 107 (88.4) 
Sulphamethaxazole/
Trimethoprim 

6 (5.0) 21 (17.4) 94 (77.7) 

Erythromycin 86 (71.1) 25 (20.7) 10 (8.3) 

Gentamycin 0 (0) 1 (0.8) 120 (99.2) 

Tetracycline 104 (86.0) 11 (9.1) 6 (5.0) 

Cefoxitin 121 (100) 0 (0) 0 (0) 

Clindamycin 34 (28.1) 39 (32.2) 48 (39.6) 

Table 5. Multidrug resistant patterns observed in MRSA positive isolates from dogs in Gombe State 

Number of antibiotics class Resistance patterns Number of bacterial isolates 

3 CFX + CHL + CIP 1 

3 OXA + CFX + DA 6 

3 OXA + CFX + CZO 3 

3 ERY + OXA + STX 5 

3 OXA + TET + CFX 13 

4 DA + OXA + CFX + TET 10 

5 CZO + OXA + ERY + TET + CFX 30 

5 CZO + OXA + ERY + TET + CFX 28 

6 CZO + OXA + STX + ERY + TET + CFX 5 

7 CZO + OXA + ERY + TET + CFX + DA + CHL 18 

CIP= Ciprofloxacin; ERY= Erythromycin; GEN= Gentamycin; TET= Tetracycline; DA= Clindamycin; CHL= Chloramphenicol; 
STX= Sulfamethoxazole/trimethoprim; CFX= Cefoxitin; CZO= Cefazolin; OXA= Oxacillin 
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Discussions 
Methicillin resistance has increasingly been reported in 
staphylococcal isolates from canines in several 
countries (Jang, et al., 2014; Ishihara et al., 2014; 
Decline et al., 2020; Afshar et al., 2023) including 
Nigeria (Yakubu et al., 2022). In this study, the overall 
prevalence of MRSA in dogs was 47.8%. This was 
greater than 36.9 % and 15 % (15/100) of MRSA that 
were reported in Maiduguri and Sokoto, Nigeria, 
respectively, by Mustapha et al. (2016) and Yakubu et 
al. (2022). It also surpassed the reports by Abbott et al. 
(2010), Kottler et al. (2010), Chah et al. (2014), and 
Penna et al. (2021), who recorded 1.1%, 3.3%, 12.8 %, 
and 3.4% of MRSA in dogs in Ireland, the United States, 
Nigeria, and Brazil, respectively.’ This might  probably 
be attributed to variation in the breeds of dogs used in 
this finding, indiscriminate antibiotic therapy, harsher 
environmental challenges and malnutrition, 'which 
weakens the immune system and induces stress in 
dogs' (Yakubu et al., 2022). Contrarily, higher MRSA 
carriage of 67.5 % and 51.1 %have been reported by 
Vincze et al. 2014 and Iverson et al. 2015, respectively. 
  The prevalence of MRSA in the nasal cavity with 
the rate of 55% was found to be higher than that of the 
perineum with the rate of 39.5%. This result in the 
current was in line with the Mustapha et al (2016)who 
reported the MRSA the rates of 50% and 30% 
determined in the nasal cavity and perineum, 
respectively. The prevalence of S. aureus and MRSA in 
the nasal cavity of dogs was determined to be 
extremely high. These findings showed that dogs are 
more likely to get contaminated through their nostrils 
and nasal sampling is a better way to detect MRSA Rich 
and Roberts, (2004). A single case of MRSA discovery 
from nasal swab samples of 255 dogs, rather than from 
the throat and skin of the same animals was confirmed 
by Rich and Roberts, (2004). The prevalence of MRSA 
in male dogs was 57% as against the 43% in the female. 
Breed distributions shows that Nigerian indigenous 
breed (Mongrel) has the highest proportion of MRSA 
positive isolates with 48.8% (59) whereas Golden 
retriever (exotic breed) has the least proportion of 
MRSA positive isolates with 0.8%(1).  According to 
Kutdang et al. (2010) findings, native dogs raised in 
developing nations was more exposed to the outside 
environment and therefore, have a higher risk of 
contracting diseases than the exotic breeds of dogs. 
  The results of susceptibility patterns of MRSA to 
antibiotics showed a decreasing trend of resistance in 
the order; Oxacillin (100%), Cefoxitin (100%), 
Tetracycline (86%), Erythromycin (71.1%), Cephazolin 
(69.4%), Clindamycin (28.1), Chloramphenicol (15.7%), 
Sulphamethaxazole/Trimethoprim (5%), Ciprofloxacin 
(0.8%) and Gentamycin (0%). This may be as a result of 
the fact that, they are commonly used by veterinarians 

and dog owners. This study showed that commonly 
used antibiotics in the study area such as Tetracycline 
is no longer reliable in treating staphylococcal 
infections in this region as clearly seen in the 86% 
resistance of the isolates to this antibiotic. This result 
agrees with the results of Mustapha et al., (2016) in 
Maiduguri, Nigeria which shows high resistance to 
Tetracycline (73.4%). Further, the high resistance to 
the antibiotics can be explained in terms of their 
widespread and reckless use, as well as their 
affordability (Zedan et al., 2023).   High percentage 
susceptibility of  MRSA isolates Gentamycin (99.2 %), 
Ciprofloxacin (88.4%), Sulphamethaxazole/
Trimethoprim (77.7 %) and Chloramphenicol (62 %) 
was found to be in line with Yaser et al (2015)'s results. 
Gentamycin was the most sensitive among all the 
antibiotics used in this study. The increased sensitivity 
to gentamycin may be due to the fact that dog owners 
and veterinary professionals in the study area do not 
frequently use gentamycin for treatment. An acquired 
non-susceptibility to at least one agent in three or 
more antimicrobial categories is known as multidrug 
resistance, or MDR (Magiorakos et al., 2012). High rate 
of MDR was observed among the MRSA isolates as 
most of them were resistant to more than two classes 
of antimicrobial agents. Although the focus of the 
study has been on methicillin resistance, S. aureus may 
be resistant to any antimicrobial treatment. It might 
jeopardize the efficacious management of S. aureus 
infections in both humans and animals 
(Crespo‑Piazuelo and Lawlor, 2021). Therefore, S. 
aureus that is resistant to antibiotics can live in animal 
reservoirs and spread to humans and other animals 
through contact. For improved management of 
Staphylococcal infection in humans and animals, it's 
critical to monitor for the emergence of resistant 
infections in animal reservoirs (Zedan et al., 2023).  

Conclusion 
This study established the prevalence of MRSA in dogs 
in Gombe State as 47.8 %. Gentamycin was the most 
sensitive among all the antimicrobials tested and 
therefore the drug of choice in the study area. Most of 
the isolates shows resistance to multiple class of 
antimicrobials, hence the need for proper policies and 
program on antimicrobial use by the regulatory 
authority. 
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ABSTRACT 

Mammary gland tumors, a significant concern for both humans and dogs, often carry a malignant 
prognosis. The diagnosis of these tumors is primarily based on their histopathological appearance 
in both species. This study delves into the pathological features of Phyllodes tumors in female 
dogs, a type not typically included in the histopathological classification of canine mammary 
tumors but well-documented in women. By comparing the recently described Phyllodes tumor 
cases in dogs with those in women, we aim to shed light on the shared vulnerability of women 
and female dogs to these tumors. The increasing number of studies exploring the common 
features between breast cancer in women and mammary tumors in female dogs makes the 
comparative evaluation of this rare tumor type in both species not only interesting but also 
crucial. 
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Mammary glands play a vital role in providing essential 
nutrition and passive immunity to newborns. 
Structurally, they are ductal, lobular, and alveolar 
organs embedded in fibrovascular connective and fatty 
tissue (Sorenmo et al., 2011). Similar to the human 
mammary gland, in dogs, the ductal system begins 
with the papillary ducts of the nipple and culminates 
with the development of secretory alveoli. This 
process is vital for the health and well-being of the 
animal (Silver, 1966). What is more, studies conducted 
in recent years have revealed that there are shared 
clinicopathological, morphological, and biochemical 
features between human and canine mammary gland 
cancers (Kumaraguruparan et al., 2006; Liu et al., 
2014; Reis et al., 2020; Seung et al., 2020). This shared 
knowledge and collaboration between human and 
veterinary medicine fields are crucial in advancing our 
understanding and treatment of mammary tumors in 

both species. In recent years, breast cancer has been 
the most frequently diagnosed type of cancer, with an 
estimated number of 2.3 million new cases worldwide, 
according to GLOBOCAN 2020 data, and ranks 5th 
(fifth) in the list of cancer-related deaths (Sung et al., 
2021). Among domestic animals, dogs have the highest 
incidence of mammary tumors, with a rate of 25-42%. 
As in humans, mammary tumors are among the most 
common tumors in dogs (Klopfleisch et al., 2011). 
Mammary tumors are common in females but rare in 
male dogs (Goldschmidt et al., 2016). The frequency of 
mammary gland tumors in dogs varies by geographical 
region and is directly linked to the age at which 
ovariectomy is performed. Extensive studies have 
consistently shown that early ovariectomy significantly 
reduces the risk of later mammary gland neoplasia. 
Reports indicate a staggering 99.5% reduction in the 
risk of developing mammary tumors when 
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ovariectomy is performed before the first estrus cycle. 
Furthermore, the risk is reduced by 92% and 74% 
when ovariectomy is performed before the second 
and third cycles, respectively. Even after the fourth 
cycle, ovariectomy still provides some level of 
protection against developing mammary neoplasms 
(Beaudu-Lange et al., 2021; Schneider et al., 1969). 
The average age for the occurrence of mammary 
tumors in dogs is typically between 10 and 11 years. 
Benign neoplasms tend to appear in dogs between 7 
and 9 years of age, while malignant neoplasms are 
more common in older dogs, typically between 9 and 
11 years of age. The development of tumors varies 
based on the specific breed and size of the dog. 
Mammary gland neoplasms tend to occur at a younger 
age in large breeds compared to small breeds 
(Goldschmidt et al., 2016; Murphy, 2008). The use of 
exogenous hormones, both progestins and estrogen, 
may cause mammary gland neoplasms to appear at an 
earlier age. Please remember the following important 
information: Low doses of progestin can encourage 
the growth of non-cancerous neoplasms, while 
combinations of progestin and estrogen may influence 
the development of cancerous neoplasms. When 
many cats and dogs are brought to the clinic due to 
masses, these masses are typically found in more than 
one gland. Tumors are usually detected in the caudal 
mammary glands. Smaller neoplasms (less than 1 cm 
in diameter) are more likely to be non-cancerous 
(benign), while larger neoplasms (greater than 3-5 cm 
in diameter) are more often cancerous (malign). It is 
essential to have all mammary nodules evaluated 
histologically to distinguish malignancy, regardless of 
their size (Murphy, 2008). 
  The features listed so far, such as its higher 
incidence compared to other cancers, its prevalence in 
middle and upper middle age, the risk of tumor 
development in the mammary gland after exogenous 
hormone use, and the relationship between mass size 
and malignancy, have many commonalities in both 
species.Phyllodes tumors of the breast are a 
captivating and rare category of fibroepithelial 
neoplasms. They bear a striking resemblance to 
intracanalicular fibroadenomas at the benign end of 
the spectrum, but they display enhanced stromal 
cellularity and a distinctive leaf-like architecture. 
Within this fascinating tumor, the stromal part is 
considered neoplastic and plays a pivotal role in 
determining whether the tumor is benign, borderline, 
or malignant based on the intricate pathophysiology of 
epithelial-stromal interactions (Tan et al., 2020). This 
rare tumor accounts for less than 1% of all breast 
tumors in women and 2-3% of all fibroepithelial 

tumors (Cook et al., 2024).  
  Although mammary tumors in women and dogs 
have many histologic and clinical features in common, 
the fact that this unusual tumor, which is also rare in 
women, has never been included in the classification 
of canine mammary tumors caught the authors' 
attention. This article aims to delve into the intriguing 
topic of phyllodes tumors of the breast and explore 
existing literature for evidence of its presence in 
female dogs. 

Classification of mammary gland tumors 

In women, breast cancer presents as a complex 
disease with numerous subtypes, each displaying 
distinct biological properties that significantly impact 
treatment responses and clinical results. The 
heterogeneity of breast cancer affects diagnosis, 
treatment, and, therefore, prognosis (Eliyatkın et al., 
2015). Identifying whether a mammary gland tumor is 
benign or malignant in dogs can be complex and risky. 
Although rapid growth, tumor size, and skin ulceration 
may indicate malignancy, distinguishing between 
benign and malignant tumors using cytological 
diagnostic methods is challenging. Studies have shown 
a diagnostic accuracy rate as low as approximately 
20% due to factors such as cellular differentiation and 
mixed tumor structure. (Goldschmidt et al., 2016). 
Histopathology stands as the gold standard for 
establishing an accurate diagnosis, including tumor 
type, malignancy, grade, and prognosis. Through 
histopathological evaluation, we gain insight into the 
tissue architecture of the tumor and its intricate 
connections with the surrounding tissue. Benign 
tumors are identifiable by their well-defined 
boundaries, soft margins, and dense fibrous 
connective tissue. In contrast, malignant tumors 
exhibit irregular margins, immature fibrous connective 
tissue, and multifocal necrosis fueled by rapid 
neoplastic cell proliferation. These characteristics 
underscore the critical importance of histopathology 
in guiding treatment decisions and predicting patient 
outcomes (Goldschmidt et al., 2016; Murphy, 2008). 
Histopathological classification of mammary gland 
tumors 
  The traditional classification of breast cancer is 
performed using a microscopic method, known as 
histological or morphological classification. This 
method is based on the cancer cells' size, shape, and 
arrangement. It also takes into account the region in 
which breast cancer develops in women. Two critical 
questions are addressed in this classification: First, is 
the tumor confined to the area where it originated 
within the breast epithelial component, or if it has 
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spread to surrounding tissues? Second, it determines 
whether the tumor originated in the milk duct or the 
mammary gland (do Nascimento & Otoni, 2020). If the 
cancer develops in the milk ducts, it is classified as 
ductal; if it develops in the mammary gland alveoli, it is 
termed lobular. It is worth noting that, although rare, 
breast cancer can develop in the connective tissue 
outside the mammary glands and ducts (do 
Nascimento & Otoni, 2020). 
  The spread of breast cancer also influences its 
type. In this regard, breast cancer is classified into two 
types: in situ and invasive. In situ, breast cancer is 
limited to the area where it originated and did not 
spread to the rest of the mammary gland tissue. 
Invasive breast cancer, on the other hand, refers to 
the type that spreads into the surrounding breast 
tissue. Among the types of breast cancer, the most 
predominant type, accounting for 70% of cases, is 
invasive ductal carcinoma NOS (no specific type). 
Invasive lobular carcinoma, a specific histological 
subtype, ranks second, accounting for approximately 
10% of cases. Subtypes such as tubular, mucinous, 
cribriform, and papillary carcinoma are generally 
associated with favorable prognoses. Medullary and 
mucinous carcinoma incidence is approximately 5%, 
while tubular carcinoma varies between 1-5%. Other 
microscopic types are rare (DeSantis et al., 2019; do 
Nascimento & Otoni, 2020). 
  Canine mammary tumors have been classified 
histologically for many years, starting with studies 
conducted by the World Health Organization (Misdorp 
et al., 1999). This initial classification focused on 
histological and descriptive morphological features of 
breast tumors and histological and prognostic features 
related to increased malignancy. Goldschmidt et al. 
(2011) developed a more detailed alternative 
classification that emphasizes the morphology of 
neoplastic cells and the involvement of myoepithelial 
cells in the neoplastic process. In the 2018 consensus 
on "Classification and grading of canine mammary 
tumors" organized by the Oncology-Pathology working 
group of the Veterinary Cancer Society (VCS) and the 
American Academy of Veterinary Pathology (ACVP), it 
was suggested to use Goldschmidt et al. (2011) 
classification. According to this classification, 
mammary tumors in dogs are classified under eight 
main headings, including Hyperplasia/Dysplasia, 
Benign tumors, Malignant epithelial tumors, Malignant 
epithelial tumors-special types, Malignant 
mesenchymal tumors-sarcoma, Malignant mixed 
mesenchymal tumors-Carcinosarcoma, Nipple tumors, 
and Hyperplasia/dysplasia of the nipple (Goldschmidt 
et al., 2011). 

  Beyond classifying by histomorphological features, 
the histological grading system is a crucial prognostic 
indicator for canine mammary tumors. This system 
uses a numerical method to evaluate three 
morphological features: tubule formation, nuclear 
pleomorphism, and mitotic number. It allows for 
evaluating the heterogeneity of mammary tumors in 
dogs, as well as how to assess complex and mixed 
tumors, and the variability in the size of nuclei and 
nucleoli. This simplifies histological interpretation and 
enables the prediction of the biological behavior of 
mammary gland carcinomas based on determining the 
tumor grade along with its histological subtype 
(Goldschmidt et al., 2016). 

Phyllodes tumors in women 

The Phyllodes tumor is a rare fibroepithelial neoplasm, 
accounting for less than 1% of all primary breast 
tumors (Tan et al., 2020). It was initially described by 
Chelios in 1828 as a hydatid cyst-like structure in the 
breast and later named Cystosarcoma Phyllodes by 
Johannes Müller in 1838 (Nabi et al., 2013). 
Histologically, it is a biphasic tumor consisting of 
benign epithelial elements and a cellular stroma 
formed by spindle cells (Tavassoli, 1999). 
  Although similar to fibroadenomas, Phyllodes 
tumors require careful examination due to their 
stromal cellularity, local recurrence, and malignant 
potential. These tumors occur in women aged 4-5 
decades, but can also be seen in adolescents, though 
less frequently (WHO, 1983). Studies have shown 
different origins of stromal cells in Phyllodes tumors, 
with fibroblasts and myofibroblasts being the most 
common (Aranda et al., 1994). 
  Phyllodes tumors present as a palpable mass in 
the breast, and other symptoms include dilated skin 
veins, skin discoloration, nipple retraction, fixation to 
the skin or muscle, skin ulcers, skin necrosis, or 
palpable lymph nodes (Chen et al., 2005). 
  Prognosis is influenced by tumor size, 
development pattern, stromal atypia, and mitotic 
activity, although there is no clear correlation between 
histological parameters and clinical course. The local 
recurrence rate in benign and malignant cases is 
reported to be 15-25%, and metastasis in high-grade 
tumors has been reported at 20% (Norris & Taylor, 
1967). Progesterone and estrogen-binding proteins 
have been detected in Phyllodes tumors (Lewko et al., 
1990). 
  Phyllodes tumors may grow rapidly during 
adolescence but typically have a low malignancy 
potential. The effects of hormonal stimulation during 
adolescence and exposure during the intrauterine and 
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prepubertal periods on breast morphology and 
malignancy are controversial. A genetic predisposition 
may be present if there is a history of ovarian cancer in 
the patient's mother or grandmother (Tan & Köprülü, 
2013). Long-term follow-up is important, as local 
recurrence and distant metastasis may occur, and in 
some cases, the disease may result in death (Barth, 
1999). 
  The connection between clinical behavior and 
histological type in phyllodes tumors is debatable 
(Contarini et al., 1982). Even though numerous 
biological markers have been scrutinized in phyllodes 
tumors, along with their correlation to tumor grade, 
their application in defining grade and predicting 
clinical behavior in individual cases remains 
constrained (Tan et al., 2016). While metastases are 
more common in those with malignant histological 
structures, they have also been observed in benign 
and borderline types (Norris & Taylor, 1967). No 
distinct clinical features can differentiate phyllodes 
tumors from other breast tumors. Phyllodes tumors 
are unequivocally considered de-novo lesions 
originating from the periductal and specialized lobular 
stroma. The initiation of tumorigenesis is contingent 
upon epithelial–stromal interactions. However, the 
histological similarity between fibroadenoma and 
phyllodes tumors undeniably raises the question of 
pathogenetic closeness (Tan et al., 2016). However, 
histological examination sets it apart from 
fibroadenoma by the presence of a broad leaf-like 
stroma rich in stromal cells (Sarsu et al., 2015). On the 
other end of the spectrum, the malignant phyllodes 
tumor could easily be mistaken for primary breast 
sarcoma or spindle cell metaplastic carcinoma. These 
compelling similarities highlight the importance of 
accurate diagnosis and further research (Tan et al., 
2016). In certain aggressive phyllodes tumors, the 
stromal overgrowth is particularly conspicuous, 
making it challenging to distinguish the epithelial 
component. The stroma of these tumors may exhibit 
diverse sarcomatous differentiation, including 
prevalent liposarcoma and less common myosarcoma, 
angiosarcoma, chondrosarcoma, and osteosarcoma. A 
spindle cell metaplastic breast carcinoma presents 
with varying proportions of a malignant epithelial 
component such as squamous, glandular, or 
adenosquamous cells. These unique carcinomas can 
also lack typical epithelial elements or exhibit diverse 
mesenchymal differentiation. The presence of ductal 
carcinoma in situ alongside a malignant mammary 
spindle cell tumor strongly signals a diagnosis of 
metaplastic carcinoma. Additionally, primary breast 
sarcomas are exceedingly rare, and sarcomas 

metastatic to the breast are exceptionally uncommon. 
They do not exhibit unique histological features that 
differentiate them from phyllodes tumors or 
metaplastic breast carcinomas. It's important to 
consider a patient's history of previous or metastatic 
sarcoma, and thorough imaging and clinical correlation 
can be extremely beneficial. Besides, demonstrating 
diffuse cytokeratin or p63 immunoreactivity in the 
malignant spindle cells supports a confident diagnosis 
of metaplastic carcinoma. Harnessing the power of 
immunohistochemical characterization of tumors is a 
crucial tool for accurately distinguishing phyllode 
tumors from other malignant breast tumors. 
  Mammography and ultrasound, which are 
employed in diagnosing breast masses, are not very 
reliable for grading phyllodes tumors and 
differentiating them from fibroadenomas. Although 
fine needle aspiration biopsy is not the preferred 
preoperative histopathological diagnostic method for 
phyllodes tumors due to its high false negativity rate, 
core biopsy results are more reliable for diagnosis. The 
most effective treatment is wide surgical excision. 
Lymph node involvement is rare, so lymph node 
dissection is not recommended. Even though age, 
surgical approach, tumor diameter, and mitotic activity 
are important for developing local recurrence, tumor 
cell positivity at the surgical margin is the most crucial 
factor. To prevent local recurrence, wide excision with 
negative surgical margins (at least 1-2 cm) is 
recommended, irrespective of the histopathological 
type in the surgical approach (Foxcroft et al., 2007). 
  The effectiveness of chemotherapy and 
radiotherapy is uncertain. Radiotherapy may enhance 
local control but may not improve overall survival in 
borderline and malignant phyllodes tumors. The 5-
year overall survival rates for patients with phyllodes 
tumors were 91% and 82% for benign and malignant 
cases, respectively, in the MD Anderson series; in the 
analysis of SEER data, it was 91% for malignant cases. 
The primary factors affecting overall survival and 
systemic metastasis are findings of stromal 
overgrowth, positive surgical margins, and cytonuclear 
atypia. Malignant phyllodes tumors mainly spread to 
the lungs through hematogenous spread and may 
rarely spread by the lymphatic route (Macdonald et 
al., 2006). 

Histopathology of phyllodes tumor 

Phyllodes tumors can be macroscopically benign, 
round, encapsulated, and with limited masses. 
Malignant and borderline Phyllodes tumors have a 
cross-sectional surface that is curved, circumscribed, 
and protruding to the outer surface in an infiltrative, 
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leaf-like pattern. Skin ulcers, bleeding, and cystic 
changes may occur in large lesions (Yoneyama et al., 
2020). Phyllodes tumors generally exhibit benign 
cytomorphology. They have a lower epithelial/stromal 
ratio than fibroadenomas and fibromyxoid stromal 
clusters. Higher-grade phyllodes tumors may show 
higher nuclear atypia and cellularity. Multinucleated 
tumor cells and significant stromal anaplasia have 
been reported in malignant phyllodes tumors (El Hag 
et al., 2010).  
  Phyllodes tumors are categorized as benign, 
borderline, or malignant based on specific criteria. 
Benign tumors have 0-4 mitosis/10x magnification, 
minimal or moderate stromal cellularity, minimal or 
moderate stromal overgrowth, and intact surgical 
margins. Borderline tumors exhibit 5-9 mitoses/10x 
magnification, moderate stromal cellularity, atypia, 
overdevelopment, and intact or invaded surgical 
margins. Malignant tumors feature over 10 
mitoses/10x magnification, moderate or advanced 
stromal cellularity, atypia, overgrowth, and invaded 
surgical margins. 
  The following markers are used in 
immunohistochemistry to diagnose Phyllodes tumors. 
Epithelial cells: Cytokeratin, Estrogen receptor (ER), 
Progesterone receptor (PR), Gross cystic disease fluid 
protein 15 (GCDFP-15). Stromal cells: Vimentin, CD34, 
Bcl-2, Estrogen receptor beta, c-KIT, p53, Ki-67 (High c-
KIT, p53, and Ki-67 expressions mean high-grade 
phyllodes tumor.) Negatively labeled in 
immunohistochemistry: Stromal cells: Cytokeratin, 
p40, p63 (except malignant phyllodes tumor) (Cimino-
Mathews et al., 2014; Chia et al., 2012). Since 
malignant proliferation is generally in the stromal 
component (Cook et al., 2024), the 
immunohistochemical reaction of markers such as Bcl-
2, c-KIT, p53, and Ki-67 are preferred to evaluate in the 
stromal cells. Detection of diffuse cytokeratin or p63 
immunoreactivity in the malignant spindle cells 
strongly supports a diagnosis of metaplastic carcinoma 
(Tan et al., 2016). However, pathologists should be 
cautious when interpreting focal keratin or p63 
expression, as these features have been observed in 
stromal cells of phyllodes tumors. The use of p40 in a 
similar diagnostic context is currently under 
investigation, showing higher specificity but lower 
sensitivity than p63. Nevertheless, it is important to 
note that p63 and p40 may occasionally exhibit 
staining in stromal cells of phyllodes tumors. CD34 
reactivity, well established in the stromal cells of 
phyllodes tumors, has been found to have an inverse 
relationship with adverse histological features. This 
holds significance if CD34 is to be employed for 

diagnostic purposes in distinguishing high-grade 
spindle cell lesions of the breast, given the lower 
likelihood of CD34 expression in malignant phyllodes 
tumors. Further markers, such as Bcl-2 (frequently 
expressed in phyllodes tumors), CD117 (demonstrating 
increased expression in higher-grade phyllodes 
tumors), and sarcoma-specific molecular cytogenetic 
alterations, can serve as valuable diagnostic adjuncts 
(Cimino-Mathews et al., 2014; Chia et al., 2012; 
Noronha et al., 2011). 

Phyllodes tumor cases identified in dogs 

Mixed tumors containing epithelial and mesenchymal 
components are included in the histological 
classification of canine mammary tumors and are 
frequently encountered. However, neoplasms in which 
epithelial and mesenchymal (fibroepithelial) 
components are organized similarly to phyllodes 
tumors have rarely been described in dogs. According 
to our research, Shahzamani et al. (2013) were the 
first to describe a benign phyllodes tumor in a female 
dog. This study reported that this case was the first 
description of a phyllodes tumor in the canine species. 
In another study published by De Araújo et al. (2014), 
the anatomopathological features and immune 
phenotype of five phyllodes tumors diagnosed in 
female dogs were reported for the first time. All 
phyllodes tumors diagnosed in this study were 
detected as solitary. In canine mammary tumors, the 
expression of hormone receptors is associated with a 
good prognosis. According to the literature, both 
benign and malignant phyllodes tumors have a well-
differentiated epithelial component with estrogen and 
progesterone receptors. In the study, 
immunohistochemistry results were consistent for ER 
and PR. The stroma of high-grade malignant phyllodes 
tumors in women may have different biological 
behavior than in dogs. Studies involving the expression 
of the c-KIT proto-oncogene and the development of 
phyllodes tumors in dogs may elucidate this 
conundrum. However, while c-KIT, which marks the 
stromal component of tumors, was positive in 
phyllodes cases in women, De Araújo et al. (2014) did 
not label any of the cases presented, and this result is 
consistent with Tse et al. (2004), who found an 
increase in c-KIT expression. Some morphological 
features of phyllodes tumors in dogs are defined as 
follows (De Araújo et al., 2014). High-grade malignant 
phyllodes tumors are characterized by marked stromal 
cellularity, high mitotic index, and marked stromal 
cellular pleomorphism. Pseudoangiomatous stromal 
hyperplasia may also be seen in high-grade malignant 
phyllodes tumors. Occasionally, the stroma contains 
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angiosarcoma, liposarcoma, chondrosarcoma, 
myosarcoma, or osteosarcoma. Mixed canine 
mammary tumors, characterized by a stromal 
component with myoepithelial and mesenchymal cell 
proliferation giving rise to a myxoid, chondroid, or 
bone matrix with epithelial cell proliferation, are 
among the most common tumor types (De Araújo et 
al., 2014). 

Conclusion 

The striking parallels in the epidemiological and 
clinicopathological features of spontaneous tumors in 
companion animals and their human counterparts, 
along with the shared exposure to similar risk factors, 
have elevated companion animals as crucial models in 
human cancer research. Cats and dogs, as companion 
animals, experience expedited cancer development 
due to their shorter lifespans. This unique attribute 
presents valuable opportunities for comparative 
oncology studies (Cannon, 2015). 
  Veterinary pathologists must be cautious in 
recognizing this tumor because phyllodes tumors have 
epithelial, mesenchymal, and even associated 
myoepithelial components like mixed tumors. 
Definitive diagnosis of phyllodes tumors can be 
achieved by identifying excessive intratumoral stroma 
and accompanying leaf-like structures in the epithelial 
component, rarely seen in mixed tumors. According to 
the data presented in this article, the observed 
morphological and immunophenotypic features 
indicate similarities between phyllodes tumors 
diagnosed in female dogs and women. The presence of 
this neoplasm in dogs may serve as a model for 
women, and revealing such similarities for future 
studies on common features in pathogenesis is of 
great importance for the discipline of pathology. 
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