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Abstract
The aim of this review is to characterize the possibilities of using organoid (3D-cell) cultures to assess the ability 
of viruses for cross-species transmission. 
Sources from Web of Science, PubMed, Scopus, Elsevier, Google Scholar, and eLIBRARY.RU databases as of 
February 2025 were used. 
In addition to classical methods of epidemiologic diagnostics and surveillance of viral infections, molecular genetic 
technologies (polymerase chain reaction and sequencing) are widely used in the epidemiologic surveillance 
system. As the best world experience shows, the use of organoid (3D-cell) cultures is promising in addressing 
these issues. This review analyzes data on the use of organoid (3D-cell) cultures of human and animal origin to 
study immunopathogenesis, as well as to assess the ability of a number of viruses (SARS-CoV-2, influenza, Zika, 
measles, etc.) for cross-species transmission, which determines their pandemic potential
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Аннотация 
Цель обзора — охарактеризовать возможности применения органоидных (3D-клеточных) культур для 
оценки способности вирусов к межвидовым переходам. 
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Использованы источники из баз данных Web of Science, PubMed, Scopus, Elsevier, Google Scholar 
и eLIBRARY.RU по состоянию на февраль 2025 г. 
В работе системы эпидемиологического надзора, помимо классических методов эпидемиологической 
диагностики и надзора за вирусными инфекциями, широко применяются молекулярно-генетические тех-
нологии (полимеразная цепная реакция и секвенирование). Как показывает передовой мировой опыт,  
в решении этих вопросов перспективным является использование органоидных (3D-клеточных) культур.  
В настоящем обзоре проанализированы данные по применению органоидных (3D-клеточных) культур че-
ловеческого и животного происхождения для изучения иммунопатогенеза, а также оценки способности 
ряда вирусов (SARS-CoV-2, гриппа, Зика, кори и др.) к межвидовым переходам, что обусловливает их 
пандемический потенциал.
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демиология
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Introduction

In order to successfully carry out the tasks that 
ensure sanitary and epidemiological well-being of the 
population, the activities of the Russian network of 
specialized institutions in the field of epidemiological 
surveillance must be improved upon, which involves a 
system of comprehensive surveillance of the epidemic 
process of a particular disease in dynamics in a certain 
territory in order to improve the effectiveness of pre-
ventive and anti-epidemic measures [1]. 

The COVID-19 pandemic, etiologically associ-
ated with SARS-CoV-2 (severe acute respiratory syn-
drome coronavirus type 2) (Nidovirales: Coronaviri-
dae, Betacoronavirus, Sarbecovirus subgenus), on the 
one hand, demonstrated the predictive capabilities of 
epidemiologic methods (local specialists had warned 
about the pandemic potential of coronaviruses sever-
al years before the pandemic [2-4]), and on the other 
hand, contributed to the formation of new approaches, 
the main one being genomic epidemiologic surveillance 
[5]. Genomic epidemiologic surveillance is currently 
one of the main elements of the large federal project 
“Sanitary Shield – Safety for Health (Prevention, De-
tection, Response)”, which Rospotrebnadzor is imple-
menting in the territory of the Russian Federation [6]. 
This project includes the construction of a network of 
diagnostic PCR laboratories and Sequencing Centers 
equipped with modern highly efficient NGS sequencers 
[5, 7]. The obtained data are aggregated by the Russian 
genetic data platform VGARus [5]. However, along 
with molecular genetic methods of research, classical 
methods of epidemiologic surveillance in the field of 
virology, in particular cell culture approaches, also con-

tinue to be actively developed [8, 9]. At the same time, 
3D-cell cultures have been utilized in response to cur-
rent necessities and opportunities.

The ability of viruses for cross-species transmis-
sion is responsible for the pandemic potential of viruses 
[10-12]. Most pandemics are associated with viruses, 
which may include unidentified and potentially danger-
ous viruses capable of rapid evolution and transmission 
from one host organism to another. The emergence of 
new potentially dangerous viruses may be caused by 
climate change and the melting of polar glaciers, urban-
ization and wildlife trade. Due to the possibility of new 
epidemic outbreaks of viral diseases caused by new or 
mutating viruses that pose significant threats to public 
health, it is necessary to plan adequate preventive and 
anti-epidemic measures. These include the develop-
ment of new experimental models for studying viruses. 
Predicting the ability of viruses for cross-species trans-
mission also requires new experimental models.

The aim of this review is to characterize the cur-
rent possibilities of using organoid (3D-cell) cultures 
to assess the ability of viruses for cross-species trans-
mission. 

The analysis included scientific literature present-
ed in the main databases (Web of Science, PubMed, 
Scopus, Elsevier, Google Scholar and eLIBRARY.RU) 
as of February 2025. 

Application of organoid (3D-cell) cultures  
in virology 

The method of organoid (3D-cell) cultures has 
found wide application in virology for culturing and 
studying the reproduction of human and animal virus-
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es, studying the mechanisms of immunopathogenesis, 
developing and testing antiviral drugs and vaccines  
[13–15]. A relatively new aspect of the use of organ 
cultures is the solution of several issues related to 
epide mio logic surveillance and monitoring for viral 
infections. In particular, organoid (3D-cell) cultures 
are used to assess the ability of viruses for cross-spe-
cies transmission, which accounts for their pandemic 
potential. 

Organoids and their variant, spheroids, are related 
to 3D-cell cultures. There is no single definition of or-
ganoids, but their integral characteristics are multicel-
lularity, ability to self-organize and perform any phys-
iological functions of an organ. Spheroids are 3D-cell 
cultures that form sphere-like formations during proli-
feration, which allows cells to grow and differentiate in 
several directions.

Organoids are obtained from pluripotent stem 
cells, including induced pluripotent stem cells and em-
bryonic stem cells, as well as from differentiated cells 
or tumor tissue cells [16±18]. Protocols for obtaining 
organoids according to the method are divided into two 
large groups: 

• various modifications of Lancaster's (2014) 
method [19], differing in terms of cultivation 
time and the use of differentiation inducers 
followed by aging in microtubes or plates [20];

• use of bioreactors or mini-bioreactors [21]. 
One of the approaches to creating 3D-cell models 

is a cell line grown on a three-dimensional gel frame-
work, as well as a spheroid culture or an organotypic 
(organ) culture obtained directly by fragmenting an 
organ and its subsequent cultivation [18]. 3D-cell cul-
tures occupy a more advantageous position compared 
to 2D-cell cultures and in vivo models, as they allow 
to reproduce the structure of real organs, control sig-
naling pathways and edit cell genomes in an environ-
ment resembling an organism, but are deprived of a 
number of disadvantages of living systems. The dif-
ferent cell morphology in 2D-cell culture from native 
cells negatively affects cellular processes including 
proliferation, differentiation, apoptosis, gene expres-
sion. Furthermore, these cultures are tumorigenic, ge-
netically unstable, and do not reproduce the complex 
intercellular interactions required to model viral infec-
tions [8, 9, 22].

The advantage of 3D-cell systems, and organoids 
in particular, over cell lines is the reproducibility of cell 
layers and tissue structure present in organs. Organoids 
can be cultured for longer periods, frozen and used to 
study physiological phenomena more realistically than 
is possible with cell lines. Although organoid cultures 
are expensive and difficult to replicate the scale of mas-
sive cell line culture systems, technologies to construct 
them are rapidly advancing [13–15, 23].

The structure of organoids enhances viral tropism 
to tissues and increases the likelihood of viral infection 

[14, 23]. Human organoids have become an important 
tool in the field of viral infections research, and have 
played a major role in their modeling and investigation 
of the molecular mechanisms underlying their patho-
genesis. Only organoid systems allow us to study the 
actual virus-host interaction, pathogenesis of infection, 
treatment and prevention issues. Organoids also repre-
sent an indispensable model for cross-species testing of 
new viruses [14, 23, 24], as discussed below. However, 
in terms of virology, the use of organoids in Russia is 
still in its early stages.

As noted by several authors, there is an urgent ne-
cessity to use more advanced biological systems for the 
study of viral infections, including the assessment of 
the cross-species potential of anthropozoonotic viruses 
[12, 25].

Application of human organoid cultures to study the 
ability of viruses to overcome the cross-species barrier

Virus-host interactions are the main driving force 
behind virus evolution. The ecology of a virus can only 
be understood through the ecology of its actual and po-
tential hosts [26]. Natural focal pathogens of infectious 
diseases are co-evolved with natural biocenoses and 
can circulate without human involvement [27]. If a per-
son finds himself in the territory of a natural focus, they 
may become an accidental host of the pathogen, and in 
some cases an anthroponotic chain of its transmission 
may be formed [28].

A key element of the ecological plasticity of natu-
ral focal viruses is their ability to overcome cross-spe-
cies barriers. This ability is most pronounced in arbovi-
ruses, which are transmitted to vertebrates by arthropod 
vectors [26, 28]. The ecological group of arboviruses 
includes, in particular, Zika virus (Amarillovirales: 
Flaviviridae, Flavivirus), which causes sporadic mor-
bidity in Africa and Asia, and in 2015 entered South 
America [29]. Brain organoids have been used to study 
the immunopathogenesis of Zika fever and routes of 
transmission of this virus, as it is associated with an 
increased risk of neurological complications in adults 
and children, and also causes brain malformations in 
fetuses of infected pregnant women [30]. Organoid cul-
tures are actively used to study infection pathways and 
mechanisms of cross-species transmission for other ar-
boviruses: Chikungunya (Martellivirales: Togaviridae, 
Alphavirus), Japanese encephalitis (Amarillovirales: 
Flaviviridae, Flavivirus), Powassan (Amarillovirales: 
Flaviviridae, Flavivirus); Dengue (Amarillovirales: 
Flaviviridae, Flavivirus) [14, 31]. 

An example of the use of organoids as a suitable 
model for cross-species virological studies is the dis-
covery and characterization of CD46 cellular receptors 
for measles virus (Mononegavirales: Paramyxoviridae, 
Morbillivirus). Using a model of human respiratory 
system organoids, it was found that vaccine and labora-
tory adapted strains of this virus use CD46 (an adhesion 
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molecule expressed by human nuclear cells that acts as 
a costimulatory factor for T-lymphocytes) as a receptor, 
whereas vaccine and clinical wild-type strains are inca-
pable of using CD46 [32]. Then, another receptor for 
adhesion of wild-type measles virus strains, nectin-4 
(nectin-4) or PVRL4 (poliovirus receptor-related 4), in-
tensively expressed on the basolateral side of epithelial 
cells, was identified [33]. This discovery led to a new 
paradigm on how measles virus enters the respiratory 
tract and leaves the host, with implications for the de-
velopment of preventive measures.

As for contact-transmitted viruses, the threshold 
for entry into the human population is lower for great 
ape viruses (Primates: Hominidae). Human immunode-
ficiency virus types 1 and 2 once evolved from monkey 
immunodeficiency virus (Ortervirales: Retroviridae, 
Lentivirus) [28], and the tissue tropism of these virus-
es is being actively studied on organoid cultures [34]. 
Monkeypox virus (Chitovirales: Poxviridae, Orthopox­
virus), which is of great concern to epidemiologists, is 
capable of easy transmission from primates to humans 
and causing epidemic outbreaks [28]. Y. Watanabe et 
al. (2023) used models of colon organoids and human 
keratinocytes derived from pluripotent cells to study 
the replication dynamics of this virus in the respective 
tissues; it was shown that the virus accumulated most 
intensively in keratinocytes, whose dysfunction was 
associated with significant mitochondrial damage [35]. 
The more unique the primary host of the virus is (not 
only genetically but also physiologically), the more dif-
ficult it is for the virus to overcome the cross-species 
barrier. Especially interesting in this respect are bats 
(Chiroptera), whose physiology and parasite (includ-
ing virome) are very specific [36]. Bats are considered 
a natural reservoir for a variety of viruses, including 
SARS-CoV-2, Ebola virus and possibly others. In most 
cases, bat-borne viruses require an intermediate host 
for effective entry into the human population. The most 
famous exception to this rule is the rabies-causing ly-
ssaviruses (Mononegavirales: Rhabdoviridae, Lyssavi­
rus), which easily overcome cross-species barriers due 
to the versatility of the nicotinic acetylcholine receptor 
of nerve endings used for entry of these viruses into 
the target cell [28]. For this reason, organoids of the 
nervous system are convenient and widely used 3D-cell 
models to study infection pathways and mechanisms of 
lyssavirus cross-species transmissions [37]. For Ebo-
laviruses (Mononegavirales: Filoviridae, Ebolavirus) 
and Marburgviruses (Mononegavirales: Filoviridae, 
Marburgvirus) associated with hemorrhagic fevers, 
primates act as facultative (in some cases, direct trans-
mission of the pathogen to humans from mammals is 
also possible) intermediate hosts, which have long been 
considered a natural reservoir of filoviruses [38]. In this 
case, organoids of blood vessels were effective in es-
tablishing the specific features of the pathogenesis of 
infection [39].

For SARS-CoV1, which caused a major epidem-
ic in China in 2002-2003 [3], the intermediate host 
was Himalayan civets (Paguma larvata) [40]; for 
MERS-CoV (Middle East respiratory syndrome coro-
navirus), which caused a series of epidemic outbreaks 
in the Arabian Peninsula and many imported cases 
worldwide [3], the intermediate host was one-humped 
dromedary camels (Camelus dromedarius) [40]; 
for pandemic SARS-CoV-2, pangolins (Pholidota), 
which are widely found in Southeast Asian markets 
because their derivatives are used in Oriental medi-
cine and their meat is considered a delicacy [40, 41]. 
The significant epidemic potential of bat-borne coro-
naviruses [40] necessitates the development of organ-
oid models to study the cross-species transmission of 
these viruses. 

Given that influenza, Ebola, Zika and pandemic 
coronavirus (SARS-CoV-2) viruses have demonstrated 
significant public health threats, organoid cultures have 
found applications in better understanding the mecha-
nisms of pathogenesis and routes of infection in these 
infections. 

In parallel with the widespread implementation 
of genomic surveillance, the COVID-19 pandemic 
has stimulated the implementation of 3D-cell models 
to study the pathogen of this disease, in particular, or-
ganoid cultures of human lungs, bronchi and tonsils, 
liver and intestines, kidneys and blood vessels [42]. 
COVID-19 has been shown to be a vascular disease 
and cause direct damage to the endothelium [43]. The 
neuroinvasive potential of SARS-CoV-2 has been in-
vestigated on brain organoids [44]. The use of human 
intestinal enteroids in which sustained replication of 
SARS-CoV-2 was maintained, along with the detection 
of viral RNA in fecal samples and the development of 
gastrointestinal symptoms in some COVID-19 patients, 
confirmed that the gastrointestinal tract may serve as 
one of the routes of SARS-CoV-2 transmission in ad-
dition to airborne transmission [45]. The use of an or-
ganoid model of the human upper respiratory tract and 
lungs to culture SARS-CoV-2 has shown that this rel-
evant and reliable model for coronavirus research has 
additional value for testing other respiratory viruses, 
studying immunopathogenesis, and developing thera-
peutic and preventive measures [42].

One of the most studied examples of a virus over-
coming cross-species barriers is the influenza A virus 
(Articulavirales: Orthomyxoviridae, Alphainfluenzavi­
rus), whose natural reservoir is birds of the aquatic-eco-
logical complex, primarily geese (Anseriformes) and 
plovers (Charadriiformes) [26-28]. All variants of this 
virus circulating among mammals, including epidem-
ic [46] and pandemic [47] variants, have precursors in 
wild bird populations. 

1 Due to the emergence of SARS-CoV-2, it is now acceptable to 
refer to SARS-CoV as SARS-CoV-1
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Brain organoids have been used to study the path-
ways of infection during infection caused by influenza 
A virus subtypes H1N1, H3N2, H7N1, and H5N1 [14, 
48]. Organoids of the human respiratory tract with cili-
ated epithelium have also been used to study the multi-
plication ability of influenza viruses and other respira-
tory infections [48, 49]. For example, bronchial organ-
oids have been used to culture influenza viruses of types 
A (Alphainfluenzavirus), B (Betainfluenzavirus), and C 
(Gammainfluenzavirus) [50]; lung organoids have been 
used to culture parainfluenza viruses (Mononegavi-
rales: Paramyxoviridae) of types 1, 3 (Respirovirus), 
2, 4 (Rubulavirus) [48]. Human respiratory tract or-
ganoids containing the main types of epithelial cells 
of the respiratory tract have shown different degrees of 
infectivity of human and avian strains in influenza A 
modeling. This relates to virus multiplication, tropism 
to tissues and cytokine production on these strains [51]. 

Using organoid models of the respiratory tract, 
the receptor-binding site of hemagglutinin of strains 
adapted to birds was studied. It was found that this site 
has a high affinity for α2'-3'-sialosides, while epidemic 
strains have affinity for α2'-6'-sialosides; pigs (Suidae) 
contain cells with both of these types of sialosides, so 
natural adaptation of avian variants of the virus to hu-
man receptor specificity may occur in their organism 
[26, 28, 52]. The situation is complicated by the fact 
that the cells of the columnar epithelium in the up-
per parts of the human respiratory tract carry mainly 
α2'-6'-sialosides on their surface, and in the lower parts, 
they carry α2'-3'-sialosides. Therefore, during infection 
of each individual human organism, a gradual positive 
selection of viral variants with α2'-3'-specificity of the 
hemagglutinin receptor-binding site is possible as the 
infection passes from the upper respiratory tract to the 
bronchioles, which contributes to the development of 
severe (up to lethal) primary viral pneumonias [53]. In 
this regard, the development of organoid (3D-cell mod-
els) to study the drift of receptor specificity of influenza 
A virus depending on the conditions of its interaction 
with cells is important not only in the context of virus 
adaptation to the human body and to study the issues 
of overcoming the cross-species barrier by viruses, but 
also to predict the clinical consequences of the devel-
opment of infection. 

Animal organoid cultures in the study of viruses 
overcoming the cross-species barrier

According to various estimates, of the 1,500 
known infectious diseases in the world, 60% are of an-
imal origin, with about 75% of new infectious diseases 
being zoonotic in nature, and 25% of zoonoses occur-
ring in domestic animals. Viruses are etiologic agents 
of zoonoses in about 30% of cases. Zoonotic viral in-
fections in animals are direct evidence of the ability of 
viruses to overcome cross-species barriers and infect 
humans [41, 54, 55].

The use of animal organoids for modeling zoonotic 
infections opens prospects for the study of host-patho-
gen interactions in zoonotic viral infections [41, 56, 
57]. In this aspect, in addition to molecular genetic 
methods, cross-species organoid cultures based on hu-
man and animal cells are of considerable interest for 
scientifically justified prediction of the emergence of 
new viral variants dangerous for humans with epidemic 
potential [58]. According to several researchers, the use 
of such organoids helps to provide a biosystem to con-
firm the zoonotic potential of newly emerging viruses, 
to effectively study the infection cycle of these viruses 
in different species of domestic and wild animals and 
the ability of viruses to cross-species transitions, in-
cluding adaptation to the human body. Furthermore, the 
use of cross-species organoids allows the cultivation of 
new viruses that cannot be grown in cell lines [57, 58].

Y. Sang et al. analyzed the status and potential of 
cross-species organoid cultures and noted the necessity 
for their development to study cross-species suscepti-
bility and investigate newly emerging zoonotic viruses 
in both domestic and wild animals. The authors also 
noted the necessity to adapt the technology of human 
organoid production for the development of animal or-
ganoids, and in the 1st place, based on respiratory or-
gans [58].

Despite intensive research due to the spread of 
the COVID-19 pathogen and other zoonotic respiratory 
viruses, there have been no reports of animal respira-
tory or pulmonary organoids until this year, since the 
respiratory tract is one of the main routes for viral in-
fection. It was not until 2025 that the development of 
lung organoids from bats of the Rousettus leschenaultia 
species was reported. These organoids successfully 
mimic the structure and morphology of the pulmonary 
epithelium and express human-like coronavirus entry 
receptors — ACE2 receptors (angiotensin-converting 
enzyme 2) and TMPRSS2 (transmembrane protease 
serine group 2). This model is very much in demand 
and represents a great opportunity to study infections 
originating from bats [59].

According to several researchers, integrating 
organoid cultures into epidemiological forecasting 
contributes to addressing questions regarding virus 
cross-species transmission, especially after substantial 
optimization of human organoid systems [24, 60, 61]. 
As an example of an optimized system, D. Holthaus et 
al. imply a harmonized cross-species organoid culture 
system for animal infectious disease modeling [62]. To 
this end, intestinal organoids derived from stem cells of 
four species (human, mouse, pig and chicken), which 
are important hosts of Apicomplexa toxoplasma and 
other protozoa as agents of zoonotic infections, were 
developed using the Transwell platform [62]. In this as-
pect, the study devoted to the cross-species analysis of 
the transcriptome of cells of the ileum epithelium of the 
mouse, bat, pig, macaque and human is also of interest, 
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providing information on the cellular composition of 
these organs and their functional purpose in 4 mamma-
lian and human species. The results also showed that 
bats and humans have similar gene expression patterns, 
which is important for studying drug metabolism. In all 
likelihood, these data are also important for the design 
of cross-species organoids [63].

The lack of animal models is due to individual an-
imal diversity and other problems (especially in cap-
turing and surveying wildlife). In this aspect, organoid 
systems represent an excellent substitute for studying 
cross-species and species-specific infectivity of viruses. 
The maintenance and differentiation of organoids from 
different domestic and wild animal species requires 
species-specific optimization of culturing conditions. 
For example, the generation of mouse intestinal organ-
oids requires conditioned media containing appropri-
ate stem cell growth and differentiation factors, which 
do not yet exist for most animal species [64–66]. The 
problem of the difficulty of experimentally confirming 
susceptibility to coronavirus in most animal species, es-
pecially wild animals, has been highlighted by other re-
searchers. They also believe that substantial optimiza-
tion of human organoids will help in solving the issues 
of epidemiological prediction [24, 44, 60]. 

After obtaining a certain organoid culture of ani-
mals, it is necessary to characterize it authentically, e.g. 
for cell heterogeneity and lineage differentiation (gene 
expression), etc., in order to achieve this. Various cell 
markers are required for this purpose. Such markers ex-
ist for humans and mice, but are very limited in most 
animal species [61, 67].

Despite this, research related to animal organoids 
has intensified in the last 10 years [59, 66, 68–70]. 

Animal farms where several different animal spe-
cies are kept, especially when wild animals may be in 
the environment, are a possible site for the emergence 
of new virus strains and their transmission to humans. 
Farm animal organoids play an important role in the 
study of zoonotic and reproductive diseases, not only 
for the improvement of agricultural production but al-
so for public health. Intestinal organoids derived from 
crypts or pluripotent stem cells can serve as models for 
investigating the mechanisms of intercellular or patho-
gen-host interactions in zoonotic infections of the gas-
trointestinal tract, in which animals can serve as asymp-
tomatic carriers of the disease [69, 70]. 

Intestinal organoids of the main species of farm 
animals: domestic pig (Sus scrofa) [71, 72], cattle (Bos 
taurus) [68, 73], sheep (Ovis aries) [74] and other ani-
mals have been used for successful modeling of various 
viral infections in animals and studying pathogen-host 
interaction in the intestine.

Organoids of the large and small intestine of mar-
mosets (model nonhuman primates susceptible to gas-
trointestinal diseases) capable of passivation and long-
term cultivation were obtained [75].

Organoid models reproducing various organs of 
domestic carnivores: cats (Felis catus) [76, 77], dogs 
(Canis lupus) [76-78] have also been obtained, since 
it cannot be excluded that domestic animals can be in-
termediate hosts in the transmission of viral infections 
[28, 68]. Various animal species, including domestic 
animals (cats, dogs, hamsters) and wild animals (lions, 
tigers), have been found to be infected with SARS-CoV-2 
[79–81]. A large number of works are devoted to the use 
of animal organoids to study the pathogenesis of corona-
virus infection. For example, infection of enteroids ob-
tained from different segments of pig intestines with two 
types of coronavirus (Porcine epidemic diarrhea virus 
and Transmissible gastroenteritis suum virus) revealed 
the tropism of coronavirus to certain cells [71, 72]. In-
testinal organoids (enteroids) of Chinese horseshoe bat 
(Rhinolophus sinicus) that reproduce intestinal epitheli-
um and are susceptible to SARS-CoV-2 infection were 
obtained, in contrast to unsuccessful attempts using cell 
cultures [45]. Based on the results of in silico model-
ing of the molecular structure of the ACE2 receptor, the 
Malayan pangolin (Manis javanica) was the main can-
didate for the role of an intermediate host [82]. As not-
ed above, organoids of bat lungs whose cells expressed 
ACE2 and TMPRSS2 entry receptors for coronavirus 
have been registered [59].

Although most studies with farm animal organoids 
are aimed at modeling infections, most authors agree 
that this cell technology holds great promise for appli-
cations in veterinary medicine, agriculture, biomedical 
sciences, and for assessing and predicting the ability of 
viruses to overcome the cross-species barrier. 

Conclusion
In the practice of epidemiological surveillance of 

viral infections, in addition to modern molecular genet-
ic technologies (PCR and sequencing), which are the 
main tools of epidemiological studies, the use of organ-
oid (3D-cell) cultures is very relevant and promising. 

The review analyzes numerous examples of the 
use of organoid (3D-cell) cultures of human and animal 
origin in modeling and studying the pathogenesis of 
infections caused by influenza, Zika, measles and oth-
er viruses. Special attention is given to the analysis of 
studies using such cultures in deciphering the pandemic 
of a new coronavirus infection, which made it possi-
ble to reveal the source and causes of its rapid spread 
around the world. The development of cross-species or-
ganoid cultures based on human and animal cells (wild 
and domestic) is of considerable interest in the study 
of the ability of viruses to overcome the cross-spe-
cies barrier and adapt to the human body. Such infor-
mation is necessary to build strategies to prevent and 
control cross-species transmission and to develop sci-
ence-based interventions to prevent outbreaks. Despite 
intensive research, there are a number of limitations and 
challenges to cross-species organoid cultures. These in-
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clude several design features, issues of increasing their 
reproducibility, species-specific optimization and stan-
dardization of culturing protocols. The question of the 
possibility to construct organoids by fusion of human 
and animal cells remains open. 

Thus, organoid (3D-cell cultures) of human and 
animal origin represent an effective model for studying 
the pathogenesis of viral infections, virus-host inter-
actions, and for solving issues related to cross-species 

transmission of viruses, hence, for realizing the goals 
and objectives of epidemiological surveillance of viral 
infections.

Being widely implemented in virology and micro-
biology laboratories, these models will contribute to the 
development of science-based prediction of pathogen 
introduction from wild and farm animals into the hu-
man population, preventive measures, effective chemo-
prevention and treatment strategies for patients.



376 377ЖУРНАЛ МИКРОБИОЛОГИИ, ЭПИДЕМИОЛОГИИ И ИММУНОБИОЛОГИИ. 2025; 102(3) 
DOI: https://doi.org/10.36233/0372-9311-628

ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ

С П И С О К  И С Т О Ч Н И К О В | R E F E R E N C E S

1. Попова А.Ю., Зайцева Н.В., Май И.В. Опыт методической 
поддержки и практической реализации риск-ориентиро-
ванной модели санитарно-эпидемиологического надзо-
ра: 2014–2017 гг. Гигиена и санитария. 2018;97(1):5–9. 
Popova A.Yu., Zaytseva N.V., May I.V. Experience of 
methodological support and practical implementation of the 
risk-oriented model of sanitary-epidemiological surveillance 
in 2014–2017. Gigiena i Sanitaria (Hygiene and Sanitation, 
Russian journal). 2018;97(1):5–9. 
DOI: https://doi.org/10.18821/0016-9900-2018-97-1-5-9 
EDN: https://elibrary.ru/ywrndr

2. Щелканов М.Ю., Ананьев В.Ю., Кузнецов В.В., Шума-
тов В.Б. Ближневосточный респираторный синдром: ког-
да вспыхнет тлеющий очаг? Тихоокеанский медицинский 
журнал. 2015;(2):94–8. Shchelkanov M.Yu., Ananiev V.Yu., 
Kuznetsov V.V., Shumatov V.B. Middle Eastr espiratory 
syndrome: when will smouldering focus outbreak? Pacific 
Medical Journal. 2015;(2):94–8. EDN: https://elibrary.ru/ulfnff

3. Щелканов М.Ю., Колобухина Л.В., Львов Д.К. Коронавиру-
сы человека (Nidovirales, Coronaviridae): возросший уровень 
эпидемической опасности. Лечащий врач. 2013;(10):49–54. 
Shchelkanov M.Yu., Kolobukhina L.V., Lvov D.K. Human 
coronaviruses (Nidovirales, Coronaviridae): increased level of 
epidemic threat. Lechaschi Vrach. 2013;(10):49–54. 
EDN: https://elibrary.ru/takhvr

4. Щелканов М.Ю., Ананьев В.Ю., Кузнецов В.В., Шума-
тов В.Б. Эпидемическая вспышка Ближневосточного респи-
раторного синдрома в Республике Корея (май-июль 2015 г.): 
причины, динамика, выводы. Тихоокеанский медицинский 
журнал. 2015;(3):89–93. Shchelkanov M.Yu., Ananiev V.Yu., 
Kuznetsov V.V., Shumatov V.B. Epidemic outbreak of MERS 
in the Republic of Korea (May-July, 20015): reasons, dynamics, 
conclusions. Pacific Medical Journal. 2015;(3):89–93. 
EDN: https://elibrary.ru/ulhaer

5. Попова А.Ю., Щелканов М.Ю., Крылова Н.В. и др. Геноти-
пический портрет SARS-CoV-2 на территории Приморско-
го края в период пандемии COVID-19. Журнал микробиоло­
гии, эпидемиологии и иммунобиологии. 2024;101(1):19–35.  
Popova A.Yu., Shchelkanov M.Yu., Krylova N.V., et al. 
Genotypic portrait of SARS-CoV-2 in Primorsky Krai during the 
COVID-19 pandemic. Journal of Microbiology, Epidemiology 
and Immunobiology. 2024;101(1):19–35. 
DOI: https://doi.org/10.36233/0372-9311-497 
EDN: https://elibrary.ru/pujffa

6. Рудаков Н.В., Пеньевская Н.А. Федеральный проект «Са-
нитарный щит страны — безопасность для здоровья 
(предупреждение, выявление, реагирование)». Националь­
ные приоритеты России. 2024;(2):47–59. Rudakov N.V., 
Penyevskaya N.A. Federal project "The country’s sanitary 
shield – health safety (prevention, detection, response)" is the 
most important stage in the implementation of the national 
security strategy of the Russian Federation. National Priorities 
of Russia. 2024;(2):47–59. EDN: https://elibrary.ru/beaecf

7. Акимкин В.Г., Семененко Т.А., Хафизов К.Ф. и др. Страте-
гия геномного эпидемиологического надзора. Проблемы и 
перспективы. Журнал микробиологии, эпидемиологии и им­
мунобиологии. 2024;101(2):163–72. Akimkin V.G., Semenen-
ko T.A., Khafizov K.F. Genomic surveillance strategy. Problems 
and perspectives. Journal of Microbiology, Epidemiology and 
Immunobiology. 2024;101(2):163–72. 
DOI: https://doi.org/10.36233/0372-9311-507 
EDN: https://elibrary.ru/mymnik

8. Кузнецова Т.А., Беседнова Н.Н., Алиев М.Р., Щелка-
нов М.Ю. Клеточные культуры в вирусологии: от прошлого 
к будущему. Журнал микробиологии, эпидемиологии и им­
мунобиологии. 2024;101(1):143–53. Kuznetsova T.A., Besed-

nova N.N., Aliev M.R., Shchelkanov M.Yu. The cell cul tures in 
virology: from the past to the future. Journal of Microbiology, 
Epidemiology and Immunobiology. 2024;101(1):143–53. 
DOI: https://doi.org/10.36233/0372-9311-421 
EDN: https://elibrary.ru/xsaecy

9. Dolskiy A.A., Grishchenko I.V., Yudkin D.V. Cell cultures for 
virology: usability, advantages, and prospects. Int. J. Mol. Sci. 
2020;21(21):7978. DOI: https://doi.org/10.3390/ijms21217978

10. Jonas O., Seifman R. Do we need a global virome project? 
Lancet Glob. Health. 2019;7(10):e1314–6. 
DOI: https://doi.org/10.1016/S2214-109X(19)30335-3 

11. Carlson C.J., Albery G.F., Merow C., et al. Climate change 
increases cross-species viral transmission risk. Nature. 
2022;607(7919):555–62. 
DOI: https://doi.org/10.1038/s41586-022-04788-w 

12. Choudhury P.R., Saha T., Goel S., et al. Cross-species virus 
transmission and its pandemic potential. Bull. Natl Res. Cent 
2022;46(1):18. 
DOI: https://doi.org/10.1186/s42269-022-00701-7 

13. Кузнецова Т.А., Алиев М.Р., Михалко А.А., Щелканов М.Ю. 
3D клеточные культуры: перспективы использования в ви-
русологии. Инфекция и иммунитет. 2025;14(6):1045–62. 
Kuznetsova T.A., Aliev M.R., Mikhalko A.A., Shchelkanov M.Yu.  
3D cell cultures: prospects for use in virology. Russian Journal 
of Infection and Immunity. 2025; 14(6):1045–62. 
DOI: https://doi.org/10.15789/2220-7619-DCC-17656 
EDN: https://elibrary.ru/ucpvib

14. Pajkrt D., Krenn V., Rocha-Pereira J. Editorial: Human organoid 
technology for virus research. Front. Cell. Infect. Microbiol. 
2023;13:1155252. 
DOI: https://doi.org/10.3389/fcimb.2023.1155252

15. Yan J., Monlong J., Cougoule C., et al. Mapping the scientific 
output of organoids for animal and human modeling infectious 
diseases: a bibliometric assessment. Vet. Res. 2024;55(1):81. 
DOI: https://doi.org/10.1186/s13567-024-01333-7

16. Chen K.G., Mallon B.S., Park K., et al. Pluripotent stem cell 
platforms for drug discovery. Trends Mol. Med. 2018;24(9):805–
20. DOI: https://doi.org/10.1016/j.molmed.2018.06.009

17. Liu S., Xie B., Song X., et al. Self-formation of RPE spheroids 
facilitates enrichment and expansion of hiPSC-derived RPE 
generated on retinal organoid induction platform. Invest. 
Ophthalmol. Vis. Sci. 2018;59(13): 5659–69. 
DOI: https://doi.org/10.1167/iovs.1723613 

18. Suarez-Martinez E., Suazo-Sanchez I., Celis-Romero M., 
Carnero A. 3D and organoid culture in research: physiology, 
hereditary genetic diseases and cancer. Cell Biosci. 
2022;12(1):39. 
DOI: https://doi.org/10.1186/s13578-022-00775-w 

19. Lancaster M.A., Knoblich J.A. Generation of cerebral 
organoids from human pluripotent stem cells. Nat. Protoc. 
2014;9(10):2329–40. 
DOI: https://doi.org/10.1038/nprot.2014.158

20. Yakoub A.M., Sadek M. Development and characterization 
of human cerebral organoids: an optimized protocol. Cell 
Transplant. 2018;27(3):393–406. 
DOI: https://doi.org/10.1177/0963689717752946 

21. Qian X., Jacob F., Song M.M., et al. Generation of human 
brain region-specific organoids using a miniaturized spinning 
bioreactor. Nat. Protoc. 2018;13(3):565–80. 
DOI: https://doi.org/10.1038/nprot.2017.152 

22. Hematian A., Sadeghifard N., Mohebi R., et al. Traditional and 
modern cell culture in virus diagnosis. Osong Public Health 
Res. Perspect. 2016;7(2):77–82. 
DOI: https://doi.org/10.1016/j.phrp.2015.11.011 

23. De Oliveira L.F., Filho D.M., Marques B.L., et al. Organoids as 
a novel tool in modelling infectious diseases. Semin. Cell Dev. 
Biol. 2023;144:87–96. 
DOI: https://doi.org/10.1016/j.semcdb.2022.09.003



378 379JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2025; 102(3) 
DOI: https://doi.org/10.36233/0372-9311-628

ORIGINAL RESEARCHES

24. Sridhar A., Simmini S., Ribeiro C.M.S., et al. A perspective on 
organoids for virology research. Viruses. 2020;12(11):1341. 
DOI: https://doi.org/10.3390/v12111341 

25. Barrila J., Crabbé A., Yang J., et al. Modeling host-pathogen 
interactions in the context of the microenvironment: three-
dimensional cell culture comes of age. Infect. Immun. 
2018;86(11):e00282-18. 
DOI: https://doi.org/10.1128/IAI.00282-18

26. Lvov D.K., Shchelkanov M.Yu., Alkhovsky S.V., Deryabin P.G. 
Zoonotic Viruses of Northern Eurasia. Taxonomy and Ecology. 
Academic Press;2015. 
DOI: https://doi.org/10.1016/C2014-0-01020-9

27. Щелканов М.Ю., Леонова Г.Н., Галкина И.В., Андрю-
ков Б.Г. У истоков концепции природной очаговости. Здо­
ровье населения и среда обитания – ЗНиСО. 2021;(5):16–25.  
Shchelkanov M.Yu., Leonova G.N., Galkina I.V., Andryu-
kov B.G. At the origins of the natural focality concept. Public 
Health and Life Environment – PH&LE. 2021;(5):16–25. 
DOI: https://doi.org/10.35627/2219-5238/2021-338-5-16-25 
EDN: https://elibrary.ru/kfstlj

28. Львов Д.К., ред. Руководство по вирусологии. Вирусы 
и вирусные инфекции человека и животных. М.;2013. 
Lvov D.K., ed. Viruses and Viral Infections of Humans and 
Animals. Handbook of Virology. Moscow;2013. 
DOI: https://elibrary.ru/tlzmhf

29. Musso D., Ko A.I., Baud D. Zika virus infection — after the 
pandemic. N. Engl. J. Med. 2019;381(15):1444–57. 
DOI: https://doi.org/10.1056/NEJMra1808246

30. Cugola F.R., Fernandes I.R., Russo F.B., et al. The Brazilian 
Zika virus strain causes birth defects in experimental models. 
Nature. 2016;534(7606):267–71. 
DOI: https://doi.org/10.1038/nature18296

31. Schultz E.M., Jones T.J., Xu S., et al. Cerebral organoids 
derived from a Parkinson's patient exhibit unique pathogenesis 
from Chikungunya virus infection when compared to a non-
Parkinson's patient. Pathogens. 2021;10(7):913. 
DOI: https://doi.org/10.3390/pathogens10070913

32. Tatsuo H., Ono N., Tanaka K., Yanagi Y. SLAM (CDw150) is 
a cellular receptor for measles virus. Nature. 2000;406(6798): 
893–7. DOI: https://doi.org/10.1038/35022579 

33. Noyce R.S., Richardson C.D. Nectin 4 is the epithelial cell 
receptor for measles virus. Trends Microbiol. 2012;20(9):429–
39. DOI: https://doi.org/10.1016/j.tim.2012.05.006

34. Donadoni M., Cakir S., Bellizzi A., et al. Modeling HIV-1 
infection and NeuroHIV in hiPSCs-derived cerebral organoid 
cultures. J. Neurovirol. 2024;30(4):362–79. 
DOI: https://doi.org/10.1007/s13365-024-01204-z

35. Watanabe Y., Kimura I., Hashimoto R., et al. Virological 
characterization of the 2022 outbreak-causing monkeypox virus 
using human keratinocytes and colon organoids. J. Med. Virol. 
2023;95(6):e28827. DOI: https://doi.org/10.1002/jmv.28827

36. Щелканов М.Ю., Табакаева Т.В., Любченко Е.Н. и др. Руко­
крылые: общая характеристика отряда. Владивосток;2021. 
Shchelkanov M.Yu., Tabakaeva T.V., Lyubchenko  E.N., et al. 
Chiropterans: General Characteristics of the Order. Vladi-
vostok;2021. DOI: https://doi.org/10.24866/7444-5119-6 

37. Antonucci J., Gehrke L. Cerebral organoid models for 
neurotropic viruses. ACS Infect. Dis. 2019;5(12):1976–9. 
DOI: https://doi.org/10.1021/acsinfecdis.9b00339

38. Щелканов М.Ю., Магассуба Н.Ф., Дедков В.Г. и др. При-
родный резервуар филовирусов и типы связанных с ними 
эпидемических вспышек на территории Африки. Вестник 
Российской академии медицинских наук. 2017;72(2):112–9. 
Shchelkanov M.Yu., Magassouba N.F., Dedkov V.G., et al. 
Natural reservoir of filoviruses and types of associated epidemic 
outbreaks in Africa. Annals of the Russian Academy of Medical 
Sciences. 2017;72(2):112–9. 
DOI: https://doi.org/10.15690/vramn803 
EDN: https://elibrary.ru/yntsev

39. Werschler N., Penninger J. Generation of human blood vessel 
organoids from pluripotent stem cells. J. Vis. Exp. 2023;(191). 
DOI: https://doi.org/10.3791/64715

40. Щелканов М.Ю., Попова А.Ю., Дедков В.Г. и др. Исто-
рия изучения и современная классификация коронави-
русов (Nidovirales: Coronaviridae). Инфекция и иммуни­
тет. 2020;10(2):221–46. Shchelkanov M.Yu., Popova A.Yu.,  
Dedkov V.G., et al. History of investigation and current 
classification of coronaviruses (Nidovirales: Coronaviridae). 
Russian Journal of Infection and Immunity. 2020;10(2):221–46. 
DOI: https://doi.org/10.15789/2220-7619-HOI-1412 
EDN: https://elibrary.ru/kziwrq

41. Huang X.Y., Chen Q., Sun M.X., et al. A pangolin-origin SARS-
CoV-2-related coronavirus: infectivity, pathogenicity, and cross-
protection by preexisting immunity. Cell Discov. 2023;9(1):59. 
DOI: https://doi.org/10.1038/s41421-023-00557-9

42. Han Y., Yang L., Lacko L.A., Chen S. Human organoid models 
to study SARS-CoV-2 infection. Nat. Methods. 2022;19(4):418–
28. DOI: https://doi.org/10.1038/s41592-022-01453-y 

43. Siddiqi H.K., Libby P., Ridker P.M. COVID-19 — a vascular 
disease. Trends Cardiovasc. Med. 2021;31(1):1–5. 
DOI: https://doi.org/10.1016/j.tcm.2020.10.005

44. Ramani A., Muller L., Ostermann P.N., et al. SARS-CoV-2 
targets neurons of 3D human brain organoids. EMBO J. 
2020;39(20):e106230. 
DOI: https://doi.org/10.15252/embj.2020106230

45. Zhou J., Li C., Liu X., et al. Infection of bat and human intestinal 
organoids by SARS-CoV-2. Nat. Med. 2020;26(7):1077–83. 
DOI: https://doi.org/10.1038/s41591-020-0912-6 

46. Щелканов М.Ю., Кириллов И.М., Шестопалов А.М. и др. 
Эволюция вируса гриппа А/H5N1 (1996–2016). Вопросы 
вирусологии. 2016;61(6):245–56. Shchelkanov M.Yu., Kiril-
lov I.M., Shestopalov A.M., et al. Evolution of influenza A/H5N1 
virus (1996–2016). Problems of Virology. 2016;61(6):245–56. 
DOI: https://doi.org/10.18821/0507-4088-2016-61-6-245-256 
EDN: https://elibrary.ru/xehnfh

47. Львов Д.К., Бурцева Е.И., Щелканов М.Ю. и др. Распро-
странение нового пандемического вируса гриппа A(H1N1)v 
в России. Вопросы вирусологии. 2010;55(3):4–9. Lvov D.K.,  
Burtseva E.I., Shchelkanov M.Yu., et al. Spread of new 
pandemic influenza A(H1N1)v virus in Russia. Problems of 
Virology. 2010;55(3):4–9. EDN: https://elibrary.ru/muekip 

48. Chen Y.W., Huang S.X., de Carvalho A.L.R.T., et al. A three-
dimensional model of human lung development and disease 
from pluripotent stem cells. Nat. Cell Biol. 2017;19(5):542–9. 
DOI: https://doi.org/10.1038/ncb3510

49. Tang H., Abouleila Y., Si L., et al. Human organs-on-chips for 
virology. Trends Microbiol. 2020;28(11):934–46. 
DOI: https://doi.org/10.1016/j.tim.2020.06.005 

50. Hui K.P.Y., Ching R.H.H., Chan S.K.H., et al. Tropism, 
replication competence, and innate immune responses of 
influenza virus: an analysis of human airway organoids and ex 
vivo bronchus cultures. Lancet Respir. Med. 2018;6(11):846–54.  
DOI: https://doi.org/10.1016/S2213-2600(18)30236-4

51. Long J.S., Mistry B., Haslam S.M., Barclay W.S. Host and viral 
determinants of influenza A virus species specificity. Nat. Rev. 
Microbiol. 2019;17(2):67–81. 
DOI: https://doi.org/10.1038/s41579-018-0115-z 

52. Bhowmick R., Derakhshan T., Liang Y., et al. A three-
dimensional human tissue-engineered lung model to study 
influenza A infection. Tissue Eng. Part A. 2018;24(19-
20):1468–80. 
DOI: https://doi.org/10.1089/ten.tea.2017.0449 

53. Львов Д.К., Щелканов М.Ю., Бовин Н.В. и др. Корреляция 
между рецепторной специфичностью штаммов пандеми-
ческого вируса гриппа А (H1N1) pdm09, изолированных 
в 2009–2011 гг., структурой рецептор-связывающего сай-
та и вероятностью развития летальной первичной вирус-
ной пневмонии. Вопросы вирусологии. 2012;57(1):14–20. 



378 379ЖУРНАЛ МИКРОБИОЛОГИИ, ЭПИДЕМИОЛОГИИ И ИММУНОБИОЛОГИИ. 2025; 102(3) 
DOI: https://doi.org/10.36233/0372-9311-628

ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ

Lvov D.K., Shchelkanov M.Yu., Bovin N.V., et al. Correlation 
between the receptor specificity of pandemic influenza a (H1N1)
pdm09 virus strains isolated in 2009–2011 and the structure of 
the receptor-binding site and the probability of fatal primary 
viral pneumonia. Problems of Virology. 2012;57(1):14–20. 
EDN: https://elibrary.ru/oximwz

54. Shaheen M.N.F. The concept of one health applied to the problem 
of zoonotic diseases. Rev. Med. Virol. 2022;32(4):e2326. 
DOI: https://doi.org/10.1002/rmv.2326

55. Tomori O., Oluwayelu D.O. Domestic animals as potential 
reservoirs of zoonotic viral diseases. Annu. Rev. Anim. Biosci. 
2023;11:33–55. 
DOI: https://doi.org/10.1146/annurev-animal-062922-060125

56. Bourdon G., Cadoret V., Charpigny G., et al. Progress and 
challen ges in developing organoids in farm animal species for 
the study of reproduction and their applications to reproductive 
biotechnologies. Vet. Res. 2021;52(1):42. 
DOI: https://doi.org/10.1186/s13567-020-00891-w

57. Jaewon C., Eun-Hye H., Hyun-Jeong K. Disease modeling in 
organoid cultures: a new tool for studying viruses. Organoid. 
2022;2:e15. DOI: https://doi.org/10.51335/organoid.2022.2.e15

58. Sang Y., Miller L.C., Nelli R.K., Giménez-Lirola L.G. Harness 
organoid models for virological studies in animals: а cross-spe-
cies perspective. Front. Microbiol. 2021;12:725074. 
DOI: https://doi.org/10.3389/fmicb.2021.725074

59. Elbadawy M., Saito N., Kato Y., et al. Establishment of a bat 
lung organoid culture model for studying bat-derived infectious 
diseases. Sci. Rep. 2025;15(1):4035. 
DOI: https://doi.org/10.1038/s41598-025-88621-0

60. Schutgens F., Clevers H. Human organoids: tools for under-
standing biology and treating diseases. Annu. Rev. Pathol. 
2020;15:211–34. DOI: https://doi.org/10.1146/annurev-
pathmechdis-012419-032611

61. Wilson S.S., Mayo M., Melim T., et al. Optimized culture condi-
tions for improved growth and functional differentiation of mouse 
and human colon organoids. Front. Immunol. 2021;11:547102. 
DOI: https://doi.org/10.3389/fimmu.2020.547102

62. Holthaus D., Delgado-Betancourt E., Aebischer T., et al. 
Harmonization of protocols for multi-species organoid plat-
forms to study the intestinal biology of toxoplasma gondii 
and other protozoan infections. Front. Cell. Infect. Microbiol. 
2021;10:610368. 
DOI: https://doi.org/10.3389/fcimb.2020.610368 

63. Li H., Wang X., Wang Y., et al. Cross-species single-cell tran-
scriptomic analysis reveals divergence of cell composition 
and functions in mammalian ileum epithelium. Cell Regen. 
2022;11(1):19. 
DOI: https://doi.org/10.1186/s13619-022-00118-7

64. Corrò C., Novellasdemunt L., Li V.S.W. A brief history of or-
ganoids. Am. J. Physiol. Cell Physiol. 2020;319(1):C151–65. 
DOI: https://doi.org/10.1152/ajpcell.00120.2020

65. Hofer M., Lutolf M.P. Engineering organoids. Nat. Rev. Mater. 
2021;6(5):402–20. 
DOI: https://doi.org/10.1038/s41578-021-00279-y

66. Gabriel V., Zdyrski C., Sahoo D.K., et al. Adult animal stem 
cell-derived organoids in biomedical research and the one 
health paradigm. Int. J. Mol. Sci. 2024;25(2):701. 
DOI: https://doi.org/10.3390/ijms25020701 

67. Dawson H.D., Sang Y., Lunney J. K. Porcine cytokines, 
chemokines and growth factors: 2019 update. Res. Vet. Sci. 
2020;131:266–300. 
DOI: https://doi.org/10.1016/j.rvsc.2020.04.022

68. Kar S.K., Wells J.M., Ellen E.D., et al. Organoids: a promising 
new in vitro platform in livestock and veterinary research. Vet. 
Res. 2021;52(1):43. 
DOI: https://doi.org/10.1186/s13567-021-00904-2

69. Seeger B. Farm animal-derived models of the intestinal epithe-
lium: recent advances and future applications of intestinal orga-
noids. Altern. Lab. Anim. 2020;48(5-6):215–33. 
DOI: https://doi.org/10.1177/0261192920974026 

70. Pain B. Organoids in domestic animals: with which stem cells? 
Vet. Res. 2021;52(1):38. 
DOI: https://doi.org/10.1186/s13567-021-00911-3 

71. Luo H., Zheng J., Chen Y., et al. Utility evaluation of porcine 
enteroids as PDCoV infection model in vitro. Front. Microbiol. 
2020;11:821. DOI: https://doi.org/10.3389/fmicb.2020.00821

72. Li Y., Yang N., Chen J., et al. Next-generation porcine intestinal 
organoids: an apical-out organoid model for swine enteric virus 
infection and immune response investigations. J. Virol. 2020; 
94(21):e01006–20. DOI: https://doi.org/10.1128/JVI.01006-20

73. Topfer E., Pasotti A., Telopoulou A., et al. Bovine colon organ-
oids: from 3D bioprinting to cryopreserved multi-well screen-
ing platforms. Toxicol. In Vitro. 2019;61:104606. 
DOI: https://doi.org/10.1016/j.tiv.2019.104606 

74. Liu M., Yu W., Jin J., et al. Copper promotes sheep pancrea-
tic duct organoid growth by activation of an antioxidant protein 
1-dependent MEK-ERK pathway. Am. J. Physiol. Cell Physiol. 
2020;318(4):C806–16. 
DOI: https://doi.org/10.1152/ajpcell.00509.2019

75. Ishimura A., Iwatsuki K., Imai H. Establishment of intestinal 
organoids from common marmosets. Organoids. 2025;4(1):3. 
DOI: https://doi.org/10.3390/organoids4010003 

76. Penning L., van den Boom R. Companion animal organoid 
technology to advance veterinary regenerative medicine. Front. 
Vet. Sci. 2023;10:1032835. 
DOI: https://doi.org/10.3389/fvets.2023.1032835 

77. Sahoo D. Canine intestinal organoids as a novel in vitro model 
of intestinal drug permeability: a proof-of-concept study. Cells. 
2023;12(9):1269. DOI: https://doi.org/10.3390/cells12091269 

78. Haaker M.W., Kruitwagen H.S., Vaandrager A.B., et al. 
Identification of potential drugs for treatment of hepatic 
lipidosis in cats using an in vitro feline liver organoid system.  
J. Vet. Intern. Med. 2020;34(1):132–8. 
DOI: https://doi.org/10.1111/jvim.15670 

79. Conceicao C., Thakur N., Human S., et al. The SARS-CoV-2 
Spike protein has a broad tropism for mammalian ACE2 
proteins. PLoS Biol. 2020;18(12):e3001016. 
DOI: https://doi.org/10.1371/journal.pbio.3001016 

80. Sang E.R., Tian Y., Gong Y., et al. Integrate structural analysis, 
isoform diversity, and interferon-inductive propensity of ACE2 
to predict SARS-CoV2 susceptibility in vertebrates. Heliyon. 
2020;6(9):e04818. 
DOI: https://doi.org/10.1016/j.heliyon.2020.e04818 

81. Zhang B.Z., Chu H., Han S., et al. SARS-CoV-2 infects 
human neural progenitor cells and brain organoids. Cell Res. 
2020;30(10):928–31. 
DOI: https://doi.org/10.1038/s41422-020-0390-x



380 МСJOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2025; 102(3) 
DOI: https://doi.org/10.36233/0372-9311-628

ORIGINAL RESEARCHES

Информация об авторах
Кузнецова Татьяна Алексеевна  — д-р мед. наук, г. н. с. лаб. им-
мунобиологических препаратов НИИ эпидемиологии и микробио-
логии им. Г.П. Сомова, Владивосток, Россия, takuznets@mail.ru,  
https://orcid.org/0000-0002-4315-6959
Галкина Ирина Вячеславовна — канд. мед. наук, в. н. с. Меж-
дународного научно-образовательного центра биобезопасности 
при кафедре эпидемиологии, микробиологии и паразитологии 
Школы медицины и наук о жизни Дальневосточного федераль-
ного университета, Владивосток, Россия, galkina333@mail.ru, 
https://orcid.org/0000-0001-7000-5833
Крыжановский Сергей Петрович — д-р мед. наук, зам. пред-
седателя Президиума Дальневосточного отделения Россий-
ской академии наук по научной работе, Владивосток, Россия, 
kryzhanovskiy@hq.febras.ru, https://orcid.org/0000-0002-1981-1079
Щелканов Михаил Юрьевич — д-р биол. наук, директор НИИ эпи-
демиологии и микробиологии им. Г.П. Сомова, Владивосток, Рос-
сия; зав. каф. эпидемиологии, микробиологии и паразитологии 
Школы медицины и наук о жизни Дальневосточного федерально-
го университета, Владивосток, Россия, adorob@mail.ru, 
https://orcid.org/0000-0001-8610-7623
Участие авторов: Кузнецова Т.А., Щелканов М.Ю. — разра-
ботка концепции и дизайна исследования; Кузнецова Т.А., Галки-
на И.В., Крыжановский С.П. — сбор и обработка материала; Куз-
нецова Т.А. — написание текста; Щелканов М.Ю. — редактиро-
вание. Все авторы подтверждают соответствие своего авторства 
критериям Международного комитета редакторов медицинских 
журналов, прочли и одобрили финальную версию до публика-
ции.

Статья поступила в редакцию 11.03.2025;  
принята к публикации 20.05.2025; 

опубликована 28.06.2025

Information about the authors
Tatyana A. Kuznetsova  — Dr. Sci. (Med.), main researcher, 
Laboratory of immunobiological preparates, G.P. Somov Institute of 
Epidemiology and Microbiology, Vladivostok, Russia, 
takuznets@mail.ru, https://orcid.org/0000-0002-4315-6959
Irina V. Galkina — Cand. Sci. (Med.), leading researcher, International 
scientific and educational center for biosafety, Department of 
epidemiology, microbiology and parasitology, School of Medicine and 
Life Sciences, Far Eastern Federal University, Vladivostok, Russia, 
galkina333@mail.ru, https://orcid.org/0000-0001-7000-5833
Sergey P. Kryzhanovsky — Dr. Sci. (Med.), Deputy Chairman for 
scientific work, Presidium of the Far Eastern Branch of the Russian 
Academy of Sciences, Vladivostok, Russia, 
kryzhanovskiy@hq.febras.ru, https://orcid.org/0000-0002-1981-1079
Mikhail Yu. Shchelkanov — Dr. Sci. (Biol.), Director, G.P. Somov 
Institute of Epidemiology and Microbiology, Vladivostok, Russia; 
Head, Department of epidemiology, microbiology and parasitology, 
School of medicine and life sciences, Far Eastern Federal University, 
Vladivostok, Russia, adorob@mail.ru, 
https://orcid.org/0000-0001-8610-7623
Authors’ contribution. Kuznetsova T.A., Shchelkanov M.Yu. — 
concept and design of the study development; Kuznetsova T.A., 
Galkina I.V., Kryzshanovsky S.P. — collection and processing of 
material; Kuznetsova T.A. — text writing; Shchelkanov M.Yu. — 
text editing. Аll authors confirm that they meet the International 
Committee of Medical Journal Editors criteria for authorship, made a 
final approval of the version to be published.

The article was submitted 11.03.2025;  
accepted for publication 20.05.2025; 

published 28.06.2025


