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Abstract. Over the past 20 years, coronaviruses have caused three epidemics: SARS-CoV, MERS-CoV, and SARS-CoV2,
with the first two having a very high lethality of about 10 and 26 %, respectively. The last outbreak of coronavirus
infection caused by SARS-CoV2 in 2019 in China has swept the entire planet and is still spreading. The source of
these viruses in humans are animals: bats, Himalayan civets, and camels. The genomes of MERS-CoV, SARS-CoV
and SARS-CoV2 are highly similar. It has been established that coronavirus infection (SARS-CoV and SARS-CoV2)
occurs through the viral protein S interaction with the lung epithelium - angiotensin-converting enzyme recep-
tor 2 (ACE2) - due to which the virus enters the cells. The most attractive model for studying the development
of these diseases is a laboratory mouse, which, however, is resistant to coronavirus infection. The resistance is ex-
plained by the difference in the amino acid composition of mouse Ace2 and human ACE2 proteins. Therefore, to
create mice susceptible to SARS-CoV and SARS-CoV2 coronaviruses, the human ACE2 gene is transferred into their
genome. The exogenous DNA of the constructs is inserted into the recipient genome randomly and with a varying
number of copies. Based on this technology, lines of transgenic mice susceptible to intranasal coronavirus infection
have been created. In addition, the use of the technology of targeted genome modification using CRISPR/Cas9
made it possible to create lines of transgenic animals with the insertion of the human ACE2 gene under the control
of the endogenous murine Ace2 gene promoter. This “humanization” of the Ace2 gene makes it possible to obtain
animals susceptible to infection with coronaviruses. Thus, transgenic animals that simulate coronavirus infections
and are potential platforms for testing vaccines have now been created.
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AHHoTaymsA. 3a nocnegHue 20 net KOpoHaBUpYChl Bbi3Banu Tpu anvaemmun, SARS-CoV, MERS-CoV 1 SARS-CoV2,
npuyem eTanbHOCTb NepPBbIX BYX Oblla OUYeHb BbICOKOW: 0Kono 10 1 26 % cooTBeTCTBEHHO. [locneHAA BCMbILIKa
KOpOoHaBupycHom nHdekuun, BbisBaHHaa SARS-CoV2 B 2019 r. B Kutae, oxsaTuna BClo NMNaHETY, 1 OHa BCe elle Npo-
LOMKAET PacnpoCTPaHATLCA. ICTOUHUKOM STVX BUPYCOB Y YUeNIOBEKA ObININ XKMBOTHbIE: IETYYME MbILLK, TManaicKkme
umBeTbl 1 Bepbtogbl. feHombl MERS-CoV, SARS-CoV 1 SARS-CoV2 nmetoT BbICOKOE CXOACTBO MeXay CO6oi. YcTaHOB-
NEHO, YTO 3apakeHre KopoHaBupycHoln nHdekumen (SARS-CoV n SARS-CoV2) nponcxonmt nocpencTBOM KOHTaKTa
BMPYCHOro 6efika S ¢ peLenTopom IEroYHOro SMUTENNA — aHIMOTEH3UH-KOHBepTMpYownM depmerTom 2 (ACE2),
6narofiaps Yemy BMpYC nonagaet B KneTku. Hanbonee npusneKkaTenibHON MOAENbIO ANs NCCNEAOBAaHNA OCOGEHHO-
CTeli pa3BUTUSA 3TUX 3a60NEBAHNIA ABNAETCA TAabOPAaTOPHAn MbliLlb, KOTOPas, OfHAKO, PE3UCTEHTHA K KOPOHaBUPYC-
HOW MHbEKLMN. Pe3UCTEHTHOCTb 06BACHARTCA Pa3NINyemM aMMHOKUCIOTHOMO cocTaBa 6enikoB Ace2 mbiwn n ACE2
yenoseka. [loaToMy npv NonyyeHnmn MbliLLei, BOCNIPUNMUMBbLIX K KopoHaBupycam SARS-CoV n SARS-CoV2, B ux reHom
nepeHocAT reH ACE2 yenoBeka. Jk3oreHHaa [JHK KoHCTpyKUuin BCTpanBaeTcA B PeLUMNNEHTHbIN FeHOM Cly4YaliHbiM
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TpaHCI'eHHbIe MbILN, BOCMPUMUMBbIE K KOPOHaBUpYyCam:
MmoJennpoBaHne BUPYCHOro natoreHesa n TeCtTupoBaHuA BakUWH

06pa3om 1 € BapbUpyOLWMM YACIOM KOnniA. Ha 0CHOBe 3TOM TeXHONOrnm 6biiv NoayyYeHbl TMHUN TPAHCTEHHbIX Mbl-
LeR, BOCMPUMMYMBBIX K MHTPaHa3albHOW KOPOHABMPYCHOW NHpeKunK. NprMeHeHne TeXxHoNorum agpecHom Mo-
andrkauum reHomos ¢ nomotlbto CRISPR/Cas9 no3Bonunno nonayunTb NVMHUM TPAHCrEHHBIX XMBOTHbIX C UHCEpLUE
reHa ACE2 yenoBeka Mnof KOHTPOJIb NMPOMOTOPA SHAONEHHOro reHa Ace2 mblwn. Takaa «rymaHusauma» reHa Ace2
[aeT BO3MOXXHOCTb MOJNYYMNTb XKUBOTHbIX, Hanbonee 61M3K0 MMUTUPYIOLLMX KOPOHABUPYCHYIO MHOEKLMIO YenioBeKa.
Takum 06pa3om, K HacToALLeMY BpeMeH co3aHa cepua IMHNIN TPAHCTEeHHBIX MbILLEN — XXUBOTHbIX, MOAENVPYIOLLNX
KOPOHaBUPYCHble MHPEKLMN YennoBeKa 1 NOTeHLMaNbHO CMOCOOHbIX CNYXWTb naatpopmamu AnA TeCTUPOBaHUA

BaKLVH.

KntoueBble cnosa: kopoHasupycbl CoVs; SARS-CoV; MERS-CoV; COVID-19; TpaHcreHes; «rymaHu3auma» reHoma Mbi-

wen; TexHonorua CRISPR/Cas9.

Introduction

The viral infection that caused severe acute respiratory syn-
drome (SARS) was first recorded in December 2019 in Wuhan,
China, and rapidly spread around the world on a pandemic
scale (Li et al., 2020; Zhou P. et al., 2020; Zhu et al., 2020).
Soon, at the end of January 2020, it was published that the
causative agent of the disease is a new type of coronavirus
isolated from the bronchoalveolar secretions of six patients
and called 2019-nCov (Zhu et al., 2020). Later, on the recom-
mendation of the WHO (World Health Organization), the
disecase caused by the new SARS-CoV-2 virus was called
COVID-19. Almost simultaneously (in early February 2020),
additional data on the novel coronavirus infection from seven
patients, six of whom were seafood vendors in the Wuhan
market, were published (Zhou F. et al., 2020). According to
P. Zhou et al. (2020), the SARS-CoV-2 virus genome shares
85 % similarity with the bat coronavirus and 79.6 % similarity
with the previously described human SARS-CoV.

Model animals are an important tool in the research of
many human pathologies. However, the creation of adequate
animal models of infectious diseases has specifics associated
with the high rate of co-evolution of the host-parasite system,
during which both participants gain many specific adapta-
tions. An example of this is the tropism of infectious human
viruses based on the specific interaction of viral proteins with
cellular receptor proteins, which gives rise to infection. The
absence of the specific binding of viral proteins and target
cell proteins causes resistance to a specific viral infection in
different species.

On the other hand, differences in the response of the im-
mune system to a particular viral agent in humans and ani-
mals can also become an insurmountable obstacle to the use
of animals as model objects. Despite these difficulties, many
mouse models of human viral diseases (poliomyelitis, measles,
hepatitis B and C) have been created, which makes it possible
to study the fundamental aspects of the development of a
particular disease, such as infection processes, the course of a
viral disease, and the interaction of the virus and the immune
system. Such models have proven to be highly demanded
for preclinical trials of new vaccines and antivirals (Takaki
etal., 2017).

This review is devoted to the creation of laboratory mice
susceptible to the SARS-CoV-2 and SARS-CoV coronaviruses
in order to create an experimental platform for studying both
the coronavirus pathogenesis itself and testing pharmacologi-
cal antiviral drugs and vaccines.
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Human and animals coronavirus infections

The group of coronaviruses (CoVs) is represented by large
enveloped viruses, the genome of which consists of single-
stranded RNA (Lai et al., 2007). Coronaviruses are members
of the subfamily Coronavirinae, family Coronaviridae, order
Nidovirales. CoVs are composed of four genera: alpha-, beta-,
gamma-, and deltacoronaviruses (Woo et al., 2009a, b), all of
which cause zoonotic infections in animals. In the past two
decades, of the entire cohort of coronaviruses, two have be-
come pathogenic to humans, causing SARS and Middle East
respiratory syndrome (MERS). In the first case, the outbreak
originated in Guangzhou province in China in December
2002 and then spread to five continents (Peiris et al., 2003).
According to the WHO, the SARS-CoV epidemic affected
8437 people, 813 of whom died. MERS-CoV coronavirus
infection outbreak originated in the Arabian Peninsula in 2012
(Zaki et al., 2012) and spread to the Middle East, England and
South Korea. According to the WHO, the epidemic affected
1728 people, with 624 cases of MERS-CoV infection resulting
in death. It has been established that animals are the source
of human infection with SARS-CoV and MERS-CoV (more
details below).

The process of infection with coronaviruses
in humans and animals
To enter human target cells, SARS-CoV and MERS-CoV use
their “crown”, which is represented by many spike-shaped (S)
proteins. It has been established that the SARS-CoV S protein
interacts with angiotensin-converting enzyme 2 (ACE2; en-
coded by the ACE?2 gene) as an entry receptor (Li et al., 2003;
Ge et al., 2013). During viral infection, the trimeric S protein
is cleaved into S1 and S2 subunits, after which they are re-
cognized by human cell receptors (Belouzard et al., 2009).
Further, the S1 subunit containing the receptor-binding domain
binds directly to the peptidase domain of the ACE2 protein,
while S2 is responsible for membrane fusion (Li et al., 2005).
Based on this knowledge, several independent groups
of researchers have proposed that the new SARS-CoV-2
coronavirus uses the same mode of entry into human cells
as previously described SARS-like viruses. To confirm this
hypothesis, comparisons were made between the protein se-
quences of SARS-like viruses and the new coronavirus SARS-
CoV-2, and a high level of similarity was revealed. Further,
to establish binding sites, a crystallographic analysis of the
complex between the S1 subunit of the coronavirus and the
human ACE?2 protein was performed. As a result, it was found
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that the ACE2 protein has five key amino acid sequences that
are involved in the binding of the S1 subunit of the virus (Lan
et al., 2020; Wan et al., 2020; Wang et al., 2020).

The ACE? gene in humans is expressed in the lungs, arte-
ries, heart, brain, and small intestine and is an important com-
ponent of the renin-angiotensin-aldosterone system (Bader,
2013). Expression of ACE?2 in the lungs is mainly limited to
alveolar epithelial cells of the second type. During coronavirus
infection, ACE2 interacts with the receptor-binding domain
of the virus spike protein, which leads to endocytosis of viral
particles and their internalization (Kuba et al., 2010). These
events result in severe acute respiratory syndrome, lung tis-
sue damage, and extensive inflammation (Imai et al., 2005).

It is important to note that the first stages of coronavirus
infections caused by SARS-CoV, MERS-CoV and SARS-
CoV?2 have significant similarities.

Technologies for the creation of transgenic mice
for modeling coronavirus infections

As noted above, the source of human coronavirus diseases was
animals. In 2003, Chinese researchers found that bats were
carriers of the SARS-CoV coronavirus in humans through an
intermediary — Himalayan civets, whose meat is considered
a delicacy in Chinese cuisine (Guan et al., 2003; Peiris et al.,
2003). The basis for this conclusion was 99.8 % similarity
of the SARS-CoV genome with the virus isolated from bats
and Himalayan civets. Bats are also natural carriers of the
MERS-CoV coronavirus, and the camel is an intermediate
carrier of the virus to humans (van Boheemen et al., 2012;
Reusken et al., 2013).

It is worth noting that there are several animal species sus-
ceptible to SARS-CoV infection: ferrets, Syrian hamsters, cats,
and several primates: macaques, African green monkeys, and
marmosets (Glass et al., 2003; Martina et al., 2003; Roberts et
al., 2005; Subbarao, Roberts, 2006). It is assumed that other
animals may be susceptible to the novel coronavirus SARS-
CoV-2 (Wan et al., 2020). However, these infected animals
show minimal signs of impairment and generally lack the clini-
cal symptoms associated with human coronavirus infection.

In connection with the above, the strategy for creating
model animals is based on the technology of introducing the
human ACE?2 gene, the main receptor for coronaviruses, into
their genome. Indeed, in one of the first works on the creation
of transgenic mice susceptible to coronavirus infection, a
pK18-hACE?2 recombinant DNA construct was developed,
including the 5'-promoter and the st intron (with a mutation
in the 3'-splice of the acceptor) of the human CK/§ gene
(encodes cytokeratin-18), as well as the translational enhancer
alfa of the alfalfa mosaic virus (total size 2.5 kb), human ACE?2
c¢DNA and a 3' sequence including exon 6, intron 6, exon 7 and
polyA signal element of the human CK/8 gene (McCray et al.,
2007). According to the authors’ intention, all elements were
present in the construct to ensure a high level of its expression
in epithelial cells. A purified DNA fragment of 6.8 kb excised
from pK18-24CE2 was injected into the pronuclei of hybrid
(C57BL/6Jx SJL/) zygotes to obtain transgenic animals.

In the experiment described above (McCray et al., 2007),
three lines of transgenic mice were obtained from different
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founders. It should be noted that the chosen technology pro-
vides random insertion of the transgene into the recipient
genome, with a different number of copies. According to the
authors, the number of transgene copies in the lines varied
from 4 to 10. The transgene expression was observed in vari-
ous tissues of the obtained mice: lungs, small intestine, liver
and kidney, and at a low level was noted in the brain.

After intranasal SARS-CoV infection of transgenic CK 18-
hACE2, animals of all three lines died after the 7th day after
virus inoculation. Moreover, mice carrying more transgene
copies died already on the 4th day after infection. It is im-
portant to note that weight loss was observed in all transgenic
mouse strains. The high titer of the virus was determined in
the lungs compared with the control and reached the highest
level on the 2nd day after infection. These data suggest in-
creased viral replication as a key factor in the development
of severe disease in transgenic animals. Interestingly, despite
the expression of human ACE?2 in the small intestine, liver,
and kidney, the presence of the virus was not found in them.
Among three tested lines of transgenic mice, only in one virus
was detected in the brain at a low level, although the level of
transgene expression was at the background level.

Histological analysis of the lungs on the 2nd day of infec-
tion showed signs of vascularization and peribronchiolar
inflammation, and then there was an expansion of the zone
of the inflammatory process, cell infiltration and desquama-
tion of the cell epithelium in two lines of transgenic mice.
In general, the pattern of intranasal infection of transgenic
CK18-hACE? lines showed similarities with the development
of acute respiratory syndrome in humans caused by SARS-
CoV infection, in other words, these animals can be used as
model objects for studying the pathogenesis of coronavirus
infection (McCray et al., 2007; Netland et al., 2008). More
recently, CK18-24CE?2 infection of mice with SARS-CoV-2
has shown similarities with clinical manifestations of human
COVID-19 (Yinda et al., 2020).

Almost simultaneously, another group of researchers
created transgenic mice expressing human ACE2 under the
control of the constitutive CAG promoter (Tseng et al., 2007).
The cDNA sequence of the human ACE2 gene was inserted
into the expression vector pPCAGGS/MCS, which contained
in the 5'-sequence of the enhancer of the early promoter of the
cytomegalovirus fused with the promoter of the chicken actin
gene, and in the 3’-region splicing sites of the rabbit globin
gene. The total size of the pPCAGGS-ACE2 expression vector
was 7750 bp. A DNA fragment of this cassette was injected
into the pronuclei of C57BL/6Jx C3H/HeJ hybrid zygotes.
Among the FO offspring born from experimental zygotes, five
transgenic animals were identified, of which two founders,
AC70 and AC63, gave rise to two lines. RT-PCR analysis
showed the presence of human ACE2 transgene transcripts
in the stomach, heart, muscles, brain, kidneys, lungs, and
small intestine.

Infection of transgenic mice with SARS-CoV showed the
following symptoms: permanent weight loss, shortness of
breath, and uncontrolled motor activity. The death of animals
was observed after the 3rd day of infection and ended in total
lethality by the 8th day. The reproduction of the virus occurred
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mainly in the lung tissue, while in other samples: swabs from
the oral cavity, blood, heart, spleen, kidney, urine or feces, the
virus was not detected. Summing up, the authors (Tseng et
al., 2007) concluded that the resulting transgenic mouse lines
are susceptible to SARS-CoV infection and exhibit external
signs similar to those of humans, including the lethal outcome
of infected animals. According to the authors, such mice
may be useful for studying the pathogenesis of SARS-CoV
infection.

In 2007, a third article on the creation of transgenic mice
susceptible to SARS-CoV infection appeared (Yang et al.,
2007). This group of researchers used a construct that included
the mouse Ace2 gene promoter fused to the human ACE?2 gene.
The DNA of this construct was injected into the zygotes of
ICR mice and the birth of transgenic animals was observed.
Human ACE?2 expression was detected in the lungs, heart,
kidneys, and small intestine. On the 3rd and 7th days after in-
fection with SARS-CoV, virus replication was observed in the
lungs as well as signs of lung damage: interstitial hyperemia
and hemorrhages, monocytic and lymphocytic infiltration, a
proliferation of the alveolar epithelium and its desquamation.
Interestingly, much later (Bao et al., 2020), after intranasal
SARS-CoV-2 infection of these transgenic mice, a moderate
weight loss was observed in the first five days, but no deaths
were recorded in any case. The target and site of replication
of COVID-19 was lung tissue, which resulted in the develop-
ment of signs of pneumonia. Thus, the transgenic mouse line
created in 2007 (Yang et al., 2007) has become a convenient
platform for studying the pathogenesis of the two coronavi-
ruses SARS-CoV and SARS-CoV-2.

Using the classical technology of transgenesis — microin-
jection of DNA expression vectors into the pronuclei of zy-
gotes, which are randomly inserted into the recipient genome
(Smirnov et al., 2020) and, which results in the expression of
the transgene varying in different founders. One such study
worthy of attention is the generation of transgenic C3B6
mice carrying human 4CE2 under the control of an HFH4
promoter specific for ciliated lung epithelial cells (Ostrowski
etal.,2003; Menachery et al., 2016). Human ACE2 expression
was found in the lungs, brain, liver, and kidneys of transgenic
HFH4-hACE2 mice. Intranasal infection with SARS-CoV or
one of its WIV1-CoV strains caused weight loss in the first
days of infection and death of animals after the 6th day from
the moment of infection (Menachery et al., 2016). It is impor-
tant that vaccines were tested on these mice and their positive
effect was observed against both types of coronavirus. Later,
these transgenic mice were successfully used to test antiviral
therapy against COVID-19 (Jiang et al., 2020).

It makes sense to dwell on the study of the Russian group
of A.V. Deikin, which for the first time provides protective
measures to the researchers themselves against being infected
with coronaviruses from transgenic mice (Bruter et al., 2021).
The authors created a cassette consisting of two main ele-
ments: the pKB1 vector and the 24 CE?2 open reading frame.
pKB1 ampicillin-resistant vector was designed for cloning of
genes, the expression of which depends on Cre-recombination
(Cre-recombinase is present in the prokaryotic genome, but
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absent in eukaryotes), and contains insulators and termina-
tors (“protecting” the transgene from the influence of nearby
sequences), CAG promoter and STOP cassette. In addition,
the vector contains the IRES element of the encephalomyo-
carditis virus, the GFP reporter gene, and the polyA signal
of the SV40 virus. It is important that the expression of the
human ACE?2 transgene is activated only after removal of the
STOP cassette by Cre-recombinase.

The recombinant DNA cassette was microinjected into
F, hybrid mouse zygotes (CBAxC57BL/6). The resulting
transgenic animals did not express either human ACE?2 or the
reporter gene. To activate the transgene, transgenic mice were
crossed with B6 mice Cg-Ndor1 Tg(UBC-cre/ERT2)1Ejb/1 ]
(abbreviated as Ubi-Cre) carrying the Cre recombinase gene
under the control of the UBC promoter. In heterozygous
ACE2-GFP and Cre-transgene mice, the transgene was ac-
tivated with tamoxifen, which activates Cre-UBC, which, in
turn, cuts out the STOP cassette and activates the expression
of ACE?2 and the reporter gene (Bruter et al., 2021). Thus,
heterozygous mice become susceptible to coronavirus infec-
tion (Dolskiy et al., 2022).

Indeed, direct experiments demonstrated that the virus
intranasally inoculated to transgenic mice SARS-CoV2 in-
duced thickening of alveolar duct septa mediated by diffuse
hyperplasia of alveolar type II epithelium. Also, the lung tissue
underwent lymphocyte infiltration. It should be emphasized
that erythrocyte aggregates were present in the lung tissue in
abundance, which was indicative of clotting. In contrast to
lung tissue samples, no aberrations were found in the histologi-
cal examination of the brain except for abundant erythrocyte
aggregates as a sign of clotting (Dolskiy et al., 2022). All
experimental transgenic mice died on day 5 to 10 after the
intranasal inoculation.

The COVID-19 pandemic has stimulated the search for new
technologies for creating model animals — laboratory mice.
The development of targeted modification of human and ani-
mal genomes using CRISPR/Cas9 technology has opened up
the prospect of obtaining “humanized” animals, in the genome
of which target endogenous genes can be replaced by homolo-
gous human genes. An example is the insertion of the human
ACE?2 cDNA into the coding sequence of the endogenous
Ace2 gene in C57BL/6 mice using CRISPR/Cas9 technology
(Sun et al., 2020). The cDNA of the human ACE?2 gene was
inserted into exon 2 of the mouse Ace2 gene in mouse zygotes.
Such an insert inactivated the endogenous Ace2 gene, and to
visualize human ACE2 expression, the fluorescent protein
reporter gene tdTomato (red glow) was inserted at its 3'-end,
together with the IRES site and the polyA sequence. Among
mice born from experimental zygotes, transgenic animals with
a target insertion of the human ACE2 gene were identified.

Such mice were susceptible to intranasal SARS-CoV-2 in-
fection at a young and adult age; the virus affected the lungs,
trachea and brain. With intranasal infection, interstitial pneu-
monia developed, similar in manifestations to that of a person
infected with SARS-CoV2, but without a lethal effect. It is
clear that such genetically modified mice are seen as an at-
tractive model of human coronavirus infection and could po-
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Transgenic mice with cDNA of the human ACE2 gene susceptible to SARS-CoV and SARS-CoV-2 coronavirus infection

Used technology References

Random insertion
of a transgene

Random insertion
of a transgene

Random insertion
of a transgene

Random insertion
of a transgene

Ostrowski et al., 2003
Menachery et al., 2016

Random insertion
of a transgene

Targeted transgene
insertion with CRISPR/Cas 9

Year Line name Promoter

of creation

2007 CK18-hACE2 Human CK18 gene

2007 AC70Tg* CAG -"“"merged” chicken

AC63 Tg* actin gene promoter +

enhancer megalovirus

2007 hACE2 Mouse Ace2 gene promoter

2003, HFH4-hACE2 Specific HFH 4/FOXJ1

2016 promoter active in ciliated
epithelial cells

2021 hACE2(LoxP-Stop) CAG promoter

2020 hACE2 Mouse Ace2 gene promoter

2021 C57BL/6N-Ace2em2(hACE2WPRE, pgk-puro)/CCLA - Moyse Ace2 gene promoter

BALB/C-ACGZenﬂ (hACE2-WPRE, pgk-puro)/CCLA

tentially serve as a platform for vaccine trials and pharmaco-
logical drug testing.

An essentially similar approach to “humanization” of the
mouse Ace2 gene by insertion of the human ACE2 cDNA, has
been implemented in C57BL/6 and BALB/c mouse embryo-
nic stem cell (ESC) lines using CRISPR/Cas9 technology
(Liu et al., 2021). It is appropriate to recall that the used ESC
lines are capable, after injection into the cavity of tetraploid
blastocysts, to replace endogenous cells of the internal mass,
as a result of which transgenic descendants developed from
donor ESCs are born. Transgenic mice thus generated, named
C57BL/6NAce2em2(hACE2-WPRE, pgk-puro)/CCLA and
BALB/c-Ace2em1(hACE2-WPRE, pgk-puro)/CCLA, were
susceptible to intranasal SARS-CoV2 infection, although
they differed from those obtained by S.-H. Sun et al. (2020)
by a number of traits from transgenic mice. Thus, to date, a
number of lines of “humanized” mice that carry the human
ACE?2 transgene and are susceptible to coronavirus infection
and potentially capable of modeling human coronavirus pa-
thology have been created.

Conclusion

To sum up, it should be noted that despite the variety of created
transgenic mouse lines susceptible to coronavirus infection
(see the Table), the most popular among researchers are CK18-
hACE?2 mice created by the group P.B. McCray et al. (2007).
According to PubMed, from 2020 to 2022, 101 articles that
used this line as a model animal for the study of pathogene-
sis and coronavirus infection were published. Nevertheless,
the development of new models continues, since the source
of supply of mice of the CK18-hACE2 line is the Jackson
Laboratory (USA), which supplies them only for experiments,
without the right to breed them in national animal facilities
in other countries.
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