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Abstract

Organoid technology has emerged as a powerful tool in the field of disease modeling, offering a unique opportunity to
recapitulate complex tissue and organ functions ir vitro. Organoids, three-dimensional cell cultures that mimic the
architecture and function of specific organs or tissues, have revolutionized our ability to study and understand various
diseases in a more physiologically relevant context. This review explores the application and advancement of organoid
technology in animal disease modeling. It delves into the significant contributions of organoids in modeling a wide range
of animal diseases, including gastrointestinal disorders, respiratory disorders, neurological disorders, liver disorders,
kidney disorders, reproductive disorders, and infectious diseases. By summarizing recent studies and breakthroughs, we
highlight how organoid technology has enabled researchers to gain new insights into animal disease mechanisms, screen
for potential therapeutics, and personalize treatment approaches. Furthermore, this review also explores recent
advancements in the field, such as the incorporation of organoids to utilize gene-editing techniques like CRISPR-Cas9 to
enhance disease modeling precision. Overall, the application and advancement of organoid technology in animal disease
modeling hold immense promise for improving our understanding of disease pathogenesis and the development of novel
therapies. While challenges remain, ongoing innovations in organoid culture techniques and integration with other
technologies offer exciting prospects for the future of disease research and personalized medicine. This review underscores
the transformative potential of organoids in advancing our knowledge of animal diseases and ultimately improving
human and animal health.
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Highlights

e Provide an overview about origin of organoids, and their significance in animal disease modeling.

e Exploring potentials of organoids in drug screening and enabling personalized medicine approaches.
e Highlights involvement of genome editing techniques to modify organoids for disease modeling.

e Summarize the impact of organoid technology on advancing our understanding of animal diseases.

INTRODUCTION

In recent years, the development of organoids has
revolutionized our understanding of organ biology and
disease mechanisms in humans. Organoids are 3D
structures comprised of cells from a particular tissue of
origin. It can mimic the source tissue’s exact architecture,
cellular morphology, and function (Hayashi et al., 2022;
Jamaluddin ez al., 2022; Tominaga et al., 2022) (Fig. 1).
Through organoids, primary cells can be maintained for
a long-time, compared to traditional 2D culture, where
primary cells have a limited lifespan. However, the
application of organoids in veterinary medicine has
garnered little attention. Organoids hold immense
promise as a powerful tool for studying animal

physiology, modeling animal diseases, and advancing
personalized veterinary medicine. This article aims to
provide an overview of the potential of organoids in
veterinary medicine and highlights key areas of research
and applications (Fig. 1).

Generation of organoids

Organoids are generated from adult stem cells (tissue-
derived stem cells), embryonic stem cells, or induced
pluripotent stem cells (Kar ez al., 2021). Adult stem cells
are derived from matured tissue, and embryonic stem
cells are obtained from the embryo’s inner cell mass.
Organoids are developed from these stem cells as a 3D
structure mimicking the source tissue in an appropriate
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Fig. 1. Potential and current applications of organoid technology in veterinary medicine. Organoids derived
from different organs of various animal species can be used for organoid biobanking, genetic engineering,
disease modeling, and drug screening for personalized medicine.

environment using conditioned medium, essential and
key growth factors, and extracellular matrix.

Animal species suitable for organoid models

Organoid models have become a valuable biomedical
research tool for studying organ development, disease
modeling, and drug screening. While most organoids are
generated from human tissues, recent advancements have
expanded the application of organoids to various animal
species. This review highlights the animal species suitable
for organoid models, discusses their advantages, and
presents the potential applications in veterinary and
comparative medicine.

Mouse (Mus musculus): The mouse is the most
extensively used animal species as an organoid model
due to its well-characterized genetics and the availability
of genetic engineering tools. Mouse organoids have been
employed to understand organ development and disease
pathogenesis for various organs, such as the intestine,
colon, stomach, liver, pancreas, brain, kidney, male and
female reproductive organs (Clevers et al., 2016; Ghosh
et al.,2020)

Sheep (Ovine): Organoids offer unique advantages to
study the growth mechanisms of organs, particularly of
livestock. In this regard, Liu et al. (2020) have developed
pancreatic duct organoid of sheep and established that
moderate concentration of copper is essential for
development of pancreas whereas deficient or excessive
copper concentration may damage pancreatic tissue and
hampers the development phase.

Zebrafish (Danio rerio): Zebrafish organoids offer
unique advantages, such as rapid development, optical
transparency, and high regenerative capacity. These
features make zebrafish organoids suitable for studying
organ development and tissue regeneration (Rossi et al.,
2018).

Pig (Porcine): Porcine organs share anatomical and
physiological similarities with humans, making them
highly relevant for translational research. Thus, porcine
organoids have been employed to study gastrointestinal
diseases, liver disorders, and respiratory infections
(Penningand van den Boom, 2023). Porcine intestinal
organoid models were utilized to investigate heat stress,
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the impact of mycotoxin, Swine enteric virus infection,
Porcine epidemic diarrhea virus infection, Lawsonia
intracellularis infection, S. Typhimurium and T. gondii
infection, as well as for mucus production (Beaumont
et al.,2021). Porcine enteroids are also used to evaluate
nutrient uptake and feed efficiency (Kar et al., 2021).
Since it is a model animal for human physiology and
anatomy, its organoids have wide applications in
biomedical research like drug screening and many
human diseases infections (Kar et al., 2021).

Dog (Canine): Canine organoids have gained attention
in veterinary medicine for modeling diseases that
commonly affect dogs, such as cancer and kidney
disorders. Canine organoids offer insights into disease
mechanisms and potential therapies for veterinary
patients (Elbadawy et al., 2020). Several researchers have
developed different organoid models of canine for
disease modeling, which include enteroids, liver,
cardiac, renal, neuronal, skin, oviduct, and corneal
organoids (Lawson et al., 2023; Penning and van den
Boom, 2023). Besides these, many cancer organoids were
generated from canines, particularly prostate cancer,
bladder cancer, mammary cancer, and thyroid cancer
organoids (Penningand van den Boom, 2023).

Horse (Equine): Equines are primarily used as sports
and companion animals and are still used as working
animals in many places. They commonly have
musculoskeletal disorders and gastrointestinal
disturbances. Thus, a few intestinal organoid models
were established to study the gastrointestinal biology
of equines, determine the interactions with nutrients,
and elucidate host-pathogen interactions (Kar et al.,
2021). Other organoids that were established for equine
were endometrial (Thompson et al., 2020), mammary
(Bartlett er al., 2022), and oviductal organoids
(Thompson et al., 2022; Lawson et al., 2023). Thompson
et al. (2022) recently used an equine endometrial
organoid model to develop a treatment regimen to
prevent endometritis.

Cow (Bovine): Several bovine-origin organoids have
been established for various purposes. Bovine organoids,
particularly enteroids, were developed to study the
interactions of several pathogens, such as S.
Typhimurium, T. gondii, E. coli, and the Rotavirus
(Beaumont et al., 2021). Faber et al. (2022) developed
bovine gastric organoids to elucidate the invasion
mechanism of gastrointestinal nematode in the bovine
intestine. Lawson et al. (2023) recently developed
oviductal organoids of bovine, which could be utilized
for assisted reproductive technologies (ART).

Cat (Feline): Several feline organoid models have been
generated to understand disease processes like canine.
Feline organoids reported include intestinal, liver,
cardiac, endometrial, and oviductal organoids (Lawson
et al., 2023; Penning and van den Boom, 2023). Liver
organoids of feline were used to identify two promising
drug molecules, viz., S-aminoimidazole-4-carboxamide
1-B-D-ribofuranoside (AICAR) and T863 (a
diacylglycerol O-acyltransferase 1 [DGAT1] inhibitor)
for treatment of hepatic lipidosis (Haaker et al., 2020).

Non-human primates (NHPs): Non-human primates,
including rhesus macaques (Macaca mulatta) and
marmosets (Callithrix jacchus), are valuable models for
understanding human biology due to their genetic and
physiological similarities to humans. NHP organoids
provide insights into primate-specific aspects of organ
development and disease (Mariani et al., 2012).

Chicken: Chicken (Gallus gallus) organoids have been
used to study avian-specific diseases, such as avian
influenza, and to explore the development of organs
with evolutionary significance, such as the avian limb
bud (Dye et al., 2015). Chicken intestinal organoid is a
promising model to study gut biology and immunity,
and the intestinal organoid of chicken can be developed
by hanging drop technique, which is simpler than the
alternative protocols (Panek et al., 2018). In another
study, Acharya et al. (2020) reported the development
of avian crypt-villus enteroids, which could be used to
understand gut metabolism, physiology, and pathology.

Snake: Snake venom gland organoids were generated
from embryonic cells or adult venom gland tissues,
which could be used for in-vitro production of snake
venom (Post et al., 2020; Puschhof et al., 2021).

Disease modeling with organoids

Organoid technology has transformed disease
modeling in biomedical research, allowing researchers
to study organ-specific diseases in a controlled and
relevant environment. In the context of veterinary
medicine, organoids have the potential to significantly
enhance our understanding of animal diseases and
contribute to improved diagnostics and treatments. This
article provides an overview of the application of
organoids in modeling diseases in veterinary medicine.
This review discusses recent advancements in using
organoids to model animal diseases such as
gastrointestinal disorders, respiratory diseases,
neurological conditions, liver diseases, kidney disorders,
reproductive disorders, and viral pathogenesis. It
highlights their potential implications for understanding
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disease mechanisms, drug responses, and personalized
veterinary medicine.

Organoids to model gastrointestinal (GI) disorders:
Organoids have emerged as a powerful tool in veterinary
medicine for studying gastrointestinal (GI) disorders. GI
organoids are three-dimensional in vitro models that
mimic the structure and function of the gastrointestinal
tract, providing a relevant and controlled environment
to investigate various GI diseases. Gastrointestinal
organoids have been utilized to model diseases such as
inflammatory bowel disease (IBD), enteric infections,
and gastritis across multiple animal species (Dye et al.,
2015; Tekes et al., 2020). These models help elucidate
disease pathogenesis mechanisms and interactions
between pathogens and the intestinal epithelium. GI
organoids are typically derived from primary GI cells or
induced pluripotent stem cells (iPSCs) from animal
species like dogs, cats, pigs, and rodents (Dye et al.,
2015; Tekes et al., 2020). These cells are cultured under
specific conditions that mimic the GI microenvironment,
leading to the self-organization and differentiation into
complex GI-like structures, including intestinal and
gastric organoids. Inflammatory bowel disease (IBD),
such as canine inflammatory bowel disease (CIBD) and
feline chronic enteropathy, is a common GI disorder in
animals. GI organoids have been used to model IBD,
allowing researchers to study the inflammatory
processes, immune responses, and interactions with the
gut microbiota (Sang et al., 2021). Gastroenteritis, often
caused by viral or bacterial infections, affects animals
of various species. GI organoids have been employed to
study the pathogenesis of gastroenteritis and evaluate
potential anti-viral or anti-bacterial therapies (Gebert
et al., 2023). Gastritis and gastric ulcers are common GI
disorders in small and large animals. Gastric organoids
have also been used to model these conditions,
providing insights into the mechanisms of gastric
inflammation and ulcer formation (Idowu et al., 2022).
Malabsorption syndromes, such as exocrine pancreatic
insufficiency (EPI) in dogs and cats, impair nutrient
absorption in the GI tract. GI organoids have been utilized
to study the impact of EPI on the gut epithelium and to
explore potential treatments (Molndr et al., 2020).

GI organoids have significant implications for drug
screening and personalized veterinary medicine. Using
organoids derived from individual animals can predict
customized drug responses, helping veterinarians tailor
treatment plans for improved efficacy and reduced side
effects (Gebert et al., 2023). Recent advancements in GI
organoid technology have improved their functionality
and physiological relevance. Incorporating various cell
types, such as immune cells and microbial communities,

into GI organoids has enhanced their ability to mimic
the complex interactions within the GI tract (Takebe
et al., 2019). Moreover, gene editing techniques, such
as CRISPR-Cas9, allow researchers to introduce genetic
mutations associated with specific GI disorders,
facilitating the study of disease mechanisms and
potential therapeutic targets.

GI organoids are promising for advancing our
understanding of GI disorders in veterinary medicine.
By providing a more accurate and controllable model,
organoids contribute to the development of targeted
therapies and personalized medicine for animals with
GI diseases. Continued advancements in GI organoid
technology and collaboration between veterinary and
human medicine will drive research forward and lead to
improved diagnostics and treatments for GI disorders in
animals.

Organoids to model respiratory diseases: Respiratory
organoids, particularly lung organoids, have been
employed to model respiratory diseases, including
pneumonia, bronchitis, and viral infections, in small and
large animals (Archer et al., 2021; Quah et al., 2023).
These models enable researchers to study lung injury
and repair processes and the impact of environmental
factors on respiratory health. Respiratory organoids
provide a relevant and controlled environment to
investigate various respiratory disorders, offering
insights into disease mechanisms, drug responses, and
potential therapeutic interventions. Respiratory
organoids are typically derived from primary respiratory
cells or induced pluripotent stem cells (iPSCs) obtained
from different animal species (Dye et al., 2015; Sang
et al., 2021). These cells are cultured under specific
conditions that mimic the respiratory microenvironment,
leading to self-organization and differentiation into
lung-like structures. Pneumonia is a common respiratory
disease in animals, often caused by bacterial or viral
infections. Respiratory organoids have been used to
model pneumonia, enabling researchers to study
infection progression, immune responses, and potential
treatments (Archer et al., 2021; Quah et al., 2023).
Bronchitis, characterized by inflammation of the
bronchial tubes, affects animals of various species.
Respiratory organoids have been employed to study
bronchitis and the underlying molecular and cellular
changes (Archer et al., 2021). Viral respiratory infections,
such as canine influenza (CIV) and feline calicivirus
(FCV), pose significant health threats to animals.
Respiratory organoids have provided a valuable platform
to study the pathogenesis of these viral infections and
evaluate potential anti-viral therapies (Stroulios et al.,
2022). Respiratory organoids have been utilized to study
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lung injury and repair processes. These models allow
researchers to investigate tissue regeneration and healing
mechanisms following lung injury (Dye et al., 2015;
Kong et al., 2021). This organoid has significant
implications for drug screening and personalized
veterinary medicine.

Recent advancements in respiratory organoid
technology have improved their functionality and
physiological relevance. Incorporating various cell
types, such as immune cells and lung-specific cell
populations, into respiratory organoids has enhanced
their ability to mimic the complex cellular interactions
within the respiratory system (Takebe et al., 2019).
Moreover, gene editing techniques, such as CRISPR-
Cas9, allow researchers to introduce genetic mutations
associated with specific respiratory disorders, facilitating
the study of disease mechanisms and potential
therapeutic targets. Respiratory organoids are promising
for advancing our understanding of respiratory diseases
in veterinary medicine (Archer et al., 2021; Quah et al.,
2023). By providing a more accurate and controllable
model, organoids contribute to the development of
targeted therapies and personalized medicine for animals
with respiratory disorders. Continued advancements in
respiratory organoid technology and collaboration
between veterinary and human medicine will drive
research forward and lead to improved diagnostics and
treatments for respiratory diseases in animals.

Organoids to model neurological conditions: In
veterinary medicine, the study and treatment of
neurological conditions in animals have long posed
significant challenges (Garosi et al., 2006; Pain et al.,
2021). These disorders can range from epilepsy and
neurodegenerative diseases to traumatic brain injuries,
affecting our beloved pets’ quality of life and overall
health. Traditional research methods often need to
accurately model these conditions, hindering diagnosis
and therapy development progress. However, a
promising breakthrough has emerged in recent years —
the use of organoids (Shou et al., 2020). These miniature,
lab-grown structures have paved the way for novel
insights and therapeutic approaches in veterinary
neurology. Here, we will explore the innovative
applications of organoids in modeling neurological
conditions in veterinary medicine.

One of the most common neurological disorders in
animals is epilepsy. Studying this condition in
traditional animal models can be challenging due to
differences in brain structure and function between
species (Paternain ez al., 2012). Organoids, however, offer
a unique advantage by allowing researchers to grow
miniature brains that closely mimic those of the animal

in question. Researchers can then induce epileptic-like
activity within these organoids, providing insights into
the mechanisms underlying seizures and potential
treatment strategies (Waldbaum ez al., 2010; Bliimcke
et al., 2017). Organoids have been instrumental in
modeling neurodegenerative diseases like canine
degenerative myelopathy and feline infectious
peritonitis (Coates et al., 2010; Laksono et al., 2021).
These conditions often involve the progressive
degeneration of specific cell types in the nervous system.
By growing organoids from affected animals, researchers
can study the disease’s pathology, test potential drugs,
and develop personalized treatment approaches (Pain
et al., 2021). Traumatic brain injuries (TBIs) are a
significant concern in veterinary medicine, especially
for animals involved in accidents or sports. Organoids
allow researchers to recreate the complex neural networks
present in the brain and study how they respond to injury.
This can revolutionize our understanding of animal TBIs,
improving diagnostics and rehabilitation techniques
(Noraberg et al., 2005; Harvey et al., 2015). Organoids
have also been used to model neurological
complications from infectious diseases like rabies and
West Nile virus (Depla et al., 2022). By infecting brain
organoids with pathogens, researchers can observe how
these diseases affect neural tissue and develop strategies
for early diagnosis and treatment (Jain et al., 2018).

Organoids have emerged as a powerful tool in
veterinary medicine, particularly in studying and
treating neurological conditions (Garosi et al., 2000).
These miniature organ models offer unprecedented
insights into the complex workings of animal brains and
pave the way for more targeted and effective therapies.
As researchers continue to refine and expand the use of
organoids in veterinary neurology, the future holds great
promise for improving the lives of animals affected by
neurological disorders. The collaboration between
veterinarians, scientists, and the wider medical
community will be crucial in harnessing the full
potential of this innovative technology.

Organoids to model liver diseases: Liver diseases are a
significant concern in veterinary medicine,
encompassing many conditions such as hepatotoxicity,
infections, and congenital hepatic disorders. Accurate
modeling of these diseases is crucial for understanding
their pathogenesis and developing effective treatments.
Traditional animal models may not always provide
relevant insights into veterinary patients, highlighting
the need for innovative approaches. Organoids, three-
dimensional miniature organ-like structures derived from
stem cells or induced pluripotent stem cells (iPSCs), offer
a promising avenue for modeling liver diseases in a
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species-specific manner (Sampaziotis et al., 2017). Here,
we explore the innovative applications of organoids in
modeling liver diseases in veterinary medicine,
emphasizing their potential to enhance diagnosis and
treatment. Hepatitis, characterized by liver inflammation,
affects various animal species. Porcine liver organoids
have been utilized to investigate the pathogenesis of swine
hepatitis E virus infection, providing insights into its
impact on the liver (Sampaziotis et al., 2017). Veterinary
drugs and toxins can induce hepatotoxicity, leading to
liver damage. Organoids can serve as a valuable platform
for assessing the potentially harmful effects of these
substances on the liver. Conditions such as congenital
biliary atresia and cholangitis can be challenging to model
in animals. Bovine and canine liver organoids have been
generated to mimic biliary diseases, offering insights into
their pathophysiology (Nantasanti et al., 2015; Nagao
et al., 2023;). Organoids can be instrumental in studying
metabolic disorders like hepatic lipidosis in cats or copper
storage diseases in dogs. Organoids derived from affected
animals facilitate the investigation of molecular
mechanisms underlying these conditions (Nantasanti
etal., 2015).

While organoids hold tremendous promise for
modeling liver diseases in veterinary medicine, several
challenges persist. Optimization of organoid culture
techniques for different animal species, ensuring long-
term viability, and replicating complex liver functions
are ongoing areas of research (Shinozawa et al., 2021).
Addressing ethical considerations, standardizing
protocols, and scaling up organoid production for
broader veterinary applications are also essential steps
for the future (Huch et al., 2015). As researchers continue
to refine and expand the use of organoids, the potential
to enhance diagnostics, treatment, and personalized
medicine for liver diseases in veterinary patients is
promising. Collaboration between veterinarians,
scientists, and the wider medical community will be
essential in harnessing the full potential of this cutting-
edge technology.

Organoids to model Kkidney disorders: Kidney
organoids offer a relevant and controlled environment
to model various renal diseases, providing insights into
disease mechanisms, drug responses, and potential
therapeutic interventions. Kidney organoids are
typically derived from primary kidney cells or induced
pluripotent stem cells (iPSCs) from animal species like
dogs, cats, pigs, and rodents (Kar et al., 2021; Kawasaki
et al., 2022;). These cells are cultured under specific
conditions that mimic the kidney’s microenvironment,
leading to self-organization and differentiation into
complex kidney-like structures. Chronic kidney disease

(CKD) is a prevalent condition in animals, characterized
by the gradual loss of kidney function. Kidney organoids
have been used to model CKD, enabling researchers to
study disease progression, fibrosis, and the impact of
potential therapeutic interventions (Khoshdel-Rad et al.,
2022). A nephrotic syndrome is a group of symptoms
caused by increased permeability of the glomerular
filtration barrier. Kidney organoids have been employed
to study nephrotic syndrome and the underlying
molecular and cellular changes (Khoshdel-Rad et al.,
2022). Polycystic kidney disease (PKD) is a hereditary
disorder characterized by the formation of fluid-filled
cysts in the kidneys. Kidney organoids have provided a
valuable platform to study PKD’s development and
progression and evaluate potential therapeutic
approaches (Cruz et al., 2017). Kidney organoids model
renal toxicity caused by drugs, environmental toxins,
and other substances. These models allow for the
assessment of nephrotoxic effects and provide insights
into mechanisms of kidney injury (Przepiorski et al.,
2022; Dilz et al., 2023). Kidney organoids have a
significant impact on drug screening and personalized
veterinary medicine. These models can predict
individualized drug responses based on an animal’s
specific genetic background, helping veterinarians tailor
treatment plans for improved efficacy and reduced side
effects (Luni et al., 2016).

Recent advancements in kidney organoid
technology have enhanced their functionality and
physiological relevance. Incorporating multiple cell
types, such as endothelial cells and immune cells, into
kidney organoids has improved their ability to mimic
the kidney’s complex cellular interactions (Low et al.,
2019). Moreover, gene editing techniques, such as
CRISPR-Cas9, have enabled researchers to introduce
genetic mutations associated with specific kidney
disorders, facilitating the study of disease mechanisms
and potential therapeutic targets. Kidney organoids are
promising for advancing our understanding of kidney
disorders in veterinary medicine. Further advancements
in kidney organoid technology and collaboration
between veterinary and human medicine will drive
research forward and lead to improved diagnostics and
treatments for animal kidney diseases.

Organoids to model reproductive disorders:
Organoids derived from reproductive tissues, such as
the ovary, oviduct, uterus, vagina, prostate, and testis,
have been utilized to model reproductive disorders in
animals (Karthaus et al., 2014; Ghosh et al., 2020;
Lawson et al., 2023). These models aid in studying
hormone regulation, gametogenesis, and infertility,
providing valuable information for reproductive health
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research. Reproductive organoids offer a relevant and
controlled environment to investigate the mechanisms
underlying reproductive diseases, including infertility
and hormone dysregulation. Reproductive organoids
can be derived from primary reproductive cells or
induced pluripotent stem cells (iPSCs) from animal
species like dogs, cats, pigs, cattle, and rodents (Dye
et al., 2015; Bourdon et al., 2021). These cells are
cultured under specific conditions that mimic the
reproductive microenvironment, leading to self-
organization and differentiation into tissue-specific
structures such as ovarian and testicular organoids.
Infertility is a common animal reproductive disorder
resulting from various causes, including hormonal
imbalances, genetic mutations, and reproductive tract
abnormalities. Reproductive organoids have been used
to model infertility, allowing researchers to study the
impact of these factors on gametogenesis and
reproductive function (Lawson et al., 2023; Smela et
al., 2023). Ovarian disorders, such as Polycystic ovary
syndrome (PCOS), can cause irregular ovulation and
hormonal imbalances in animals. Ovarian organoids
have been employed to study PCOS and other ovarian
pathologies, providing insights into follicular
development and hormone regulation (Smela et al.,
2023). Testicular disorders, including testicular
degeneration and testicular tumors, are significant
reproductive health concerns in male animals. Testicular
organoids have been utilized to model these disorders,
offering a platform to study spermatogenesis,
testosterone production, and the impact of toxicants on
testicular function (Bourdon ez al., 2021). Reproductive
organoids have significant implications for drug
screening and personalized veterinary medicine. These
models can be used to evaluate the effects of drugs and
potential therapeutic interventions on reproductive
tissues, helping veterinarians tailor treatment plans for
individual animals (Bourdon ez al., 2021).

Recent advancements in reproductive organoid
technology have improved their functionality and
physiological relevance. Incorporating multiple cell
types, such as granulosa, theca, and immune cells, into
reproductive organoids has enhanced their ability to
mimic the complex interactions within the reproductive
tissues. Moreover, gene editing techniques, such as
CRISPR-Cas9, allow researchers to introduce genetic
mutations associated with specific reproductive
disorders, facilitating the study of disease mechanisms
and potential therapeutic targets. Reproductive
organoids hold great promise for advancing our
understanding of reproductive disorders in veterinary
medicine. By providing a more accurate and controllable
model, organoids contribute to the development of

targeted therapies and personalized medicine for animals
with reproductive diseases.

Organoids to model viral pathogenesis: Viral infections
can significantly impact animal health and welfare, and
organoids provide a relevant and controlled environment
to investigate viral interactions with host tissues.
Organoids have been instrumental in studying viral
pathogenesis in veterinary medicine (Sang et al., 2021).
Researchers have used organoids to investigate various
viruses’ entry, replication, and host responses, including
Canine distemper virus (CDV), Feline coronavirus
(FCoV), and Avian influenza virus. Organoids can be
derived from primary cells or Induced pluripotent stem
cells (iPSCs) from various animal species, including dogs,
cats, pigs, cattle, and birds (Dye et al., 2015; Sang et al.,
2021). These cells are cultured under specific conditions
that promote self-organization and differentiation, leading
to the development of organoid structures that mimic the
host tissue of interest. Respiratory viruses, such as Canine
influenza virus (CIV), Feline calicivirus (FCV), Porcine
reproductive and respiratory syndrome virus (PRRSV),
and Avian influenza viruses, pose significant health
threats to animals. Respiratory organoids have been used
to model these viral infections, providing insights into
viral entry, replication, and the host immune response
within the respiratory tract (Archer et al., 2021; Quah
et al., 2023). In pigs, gastrointestinal viruses, like Feline
coronavirus (FCoV) and Transmissible gastroenteritis
virus (TGEV), can cause severe enteric diseases.
Gastrointestinal organoids have been employed to study
viral pathogenesis in the intestine, enabling researchers
to investigate viral replication, epithelial barrier function,
and immune responses (Gebert et al., 2023). Certain
viruses, such as Canine distemper virus (CDV) and Avian
borna viruses, can cause animal neurological disorders.
Brain organoids have been used to model these viral
infections, providing a platform to study viral
neurotropism, neuronal damage, and the potential
development of anti-viral therapies. Organoids have
provided valuable insights into the interactions between
viral pathogens and host tissues. They enable researchers
to investigate tissue tropism, viral replication kinetics,
and the host’s immune response to viral infections (Sang
et al., 2021). Organoids derived from different animal
species allow for comparative viral pathogenesis and host
susceptibility studies. Organoids have significant
implications for anti-viral drug testing and the
development of therapeutic strategies. Using organoids
as a screening platform, researchers can evaluate the
efficacy of anti-viral drugs and potential treatment
modalities, thus accelerating the development of anti-
viral therapies for animal patients (Stadler et al., 2015).
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Recent advancements in organoid technology have
improved their physiological relevance and complexity.
Co-culture systems with immune cells, such as
macrophages and lymphocytes, have been incorporated
into organoids to mimic the in vivo environment and study
host-virus interactions (Brodersen et al., 2010).
Additionally, gene editing techniques, such as CRISPR-
Cas9, have allowed researchers to introduce specific
genetic modifications to study viral pathogenesis and
host susceptibility. Organoids have revolutionized our
approach to studying viral pathogenesis in veterinary
medicine. By providing a more accurate and controllable
model, organoids contribute to a better understanding of
viral infections and host responses. Continued
advancements in organoid technology and its integration
with other advanced techniques will undoubtedly drive
research forward and lead to improved diagnostics and
anti-viral strategies for animal viral diseases.

Advantages of animal organoid models

Disease modeling: Organoids derived from animal
tissues provide a platform to study diseases specific to
that species, enabling researchers to investigate disease
mechanisms and develop species-specific therapies.

Comparative medicine: Animal organoids offer the
opportunity to compare and contrast disease mechanisms
and responses to treatments across different species,
aiding in the understanding of common and unique
aspects of diseases.

Drug screening and development: Veterinary organoids
are valuable platforms for drug screening and
development. Organoid-based drug screening allows
researchers to assess the efficacy and safety of potential
therapeutics for specific animal diseases, facilitating the
development of targeted veterinary medications.

Regenerative medicine: Organoids hold promise in
regenerative medicine for animals. These models are
utilized to study tissue regeneration and repair processes,
offering insights into potential therapeutic approaches
for tissue-specific diseases.
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