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A B S T R A C T   

The emergence of SARS-CoV-2 in 2019 and its rapid spread throughout the world has caused the largest 
pandemic of our modern era. The zoonotic origin of this pathogen highlights the importance of the One Health 
concept and the need for a coordinated response to this kind of threats. Since its emergence, the virus has caused 
>7 million deaths worldwide. However, the animal source for human outbreaks remains unknown. The ability of 
the virus to jump between hosts is facilitated by the presence of the virus receptor, the highly conserved 
angiotensin-converting enzyme 2 (ACE2), found in various mammals. Positivity for SARS-CoV-2 has been re-
ported in various species, including domestic animals and livestock, but their potential role in bridging viral 
transmission to humans is still unknown. Additionally, the virus has evolved over the pandemic, resulting in 
variants with different impacts on human health. Therefore, suitable animal models are crucial to evaluate the 
susceptibility of different mammalian species to this pathogen and the adaptability of different variants. In this 
work, we established a transgenic mouse model that expresses the feline ACE2 protein receptor (cACE2) under 
the human cytokeratin 18 (K18) gene promoter’s control, enabling high expression in epithelial cells, which the 
virus targets. Using this model, we assessed the susceptibility, pathogenicity, and transmission of SARS-CoV-2 
variants. Our results show that the sole expression of the cACE2 receptor in these mice makes them suscepti-
ble to SARS-CoV-2 variants from the initial pandemic wave but does not enhance susceptibility to omicron 
variants. Furthermore, we demonstrated efficient contact transmission of SARS-CoV-2 between transgenic mice 
that express either the feline or the human ACE2 receptor.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 SARS-CoV-2 be-
longs to the complex group of coronaviruses encompassing four genera 
of single-stranded, positive-sense RNA viruses [1,2] responsible for 
important human and animal diseases. SARS-CoV-2 is a zoonotic path-
ogen that was presumably transmitted to humans from an unknown 
mammalian host, although bats have been signaled as the most probable 
ancestral hosts. The infectivity of the virus in animal cells depends on 
the existence of the angiotensin-converting enzyme 2 (ACE2), which the 

virus uses as an entry receptor into the host cell. The spike protein (S) of 
the virus binds to the cell through its receptor-binding domain (RBD) 
and is cleaved via furin at a polybasic cleavage site, facilitating virus 
entry and host range [3]. ACE2 is widely distributed among mammals, 
potentially enabling SARS-CoV-2 to infect several host species. For 
example, bat coronaviruses related to SARS-CoV-2 can attach to human 
cells expressing the human ACE2 receptor (hACE2) via the RBD, but they 
lack the furin cleavage region that is involved in mechanisms of path-
ogenicity in humans [4]. Wild-type mice are not susceptible to early 
SARS-CoV-2 isolates, however, the expression of hACE2 in transgenic 
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mice confers susceptibility to these isolates, confirming the key role of 
this receptor in viral infectivity and providing a valuable model to study 
this disease [5,6]. 

From a One Health perspective, surveillance of SARS-CoV-2 in-
fections in cats was addressed promptly because of their close interac-
tion with humans. Initial studies aimed at detecting viral RNA in 
domestic cats yielded contradictory results [7–9]. However, a high 
prevalence of anti-SARS-CoV-2 antibodies, especially in cats from 
households with COVID-19, was reported [10,11]. Subsequently, in 
these animals, both natural and experimental infections, along with 
transmission to unexposed animals in close contact, were documented 
[12–15]. Nevertheless, infected cats typically do not display clinical 
signs such as increased body temperature, weight loss, or respiratory 
distress; instead, they develop a self-limited disease primarily localized 
to the upper respiratory tract [15]. 

Although the connection between the cat ACE2 and SARS-CoV-2 has 
been experimentally confirmed [16], its relevance to in vivo infection 
still needs to be demonstrated. In this study, we have generated trans-
genic mouse lines expressing either the human or cat ACE2 receptor 
under the human cytokeratin 18 (K18) gene promoter’s control (hACE2 
and cACE2, respectively), to assess their susceptibility, pathogenicity, 
and transmission capacity, thereby evaluating their potential as an 
experimental animal model. 

2. Materials and methods 

2.1. Ethics statements 

All experimental procedures involving animals were carried out in 
accordance with the Ethical Committee of Animal Experimentation of 
INIA-CSIC and by the Division of Animal Protection of the Comunidad 
de Madrid (PROEX 115.5–21). Animal manipulations were carried out 
in accordance with the guidelines of Directive 86/609/EEC on the 
Protection of Animals Used for Experimental and Other Scientific 
Purposes. 

2.2. Generation and characterization of cat ACE2 transgenic mice 

Transgenic mice expressing cat ACE2 (cACE2) under the control of 
the human cytokeratin 18 gene promoter (K18-cACE2) were created by 
substituting human ACE2 with cACE2 using the pK18-hACE2 plasmid 
(Fig. 1A) [17]. The K18 segment encompassed the initial 2.5-kb genomic 
stretch, promoter, and the primary human K18 gene intron. Meanwhile, 
the K18 3′ section included exon 6, intron 6, exon 7, and the last 300 bp 
of the human K18 gene’s 3́ UTR, which contains the K18 poly(A) signal. 
To enhance translation near the cACE2 start codon and achieve a high 
degree of epithelial cell-specific expression, we incorporated a trans-
lational enhancer (TE) from alfalfa mosaic virus. This addition was 
previously proven necessary for robust epithelial cell-specific expres-
sion. [18]. C57BL/6 mice were used for transgene production, with 
controlled housing conditions. The transgene construct was excised from 
the vector by digesting with HpaI and XbaI, yielding a 6.8 kb DNA 
fragment. This fragment was purified and microinjected into pronuclear 
stage embryos. PCR analysis using specific primers 
(ATCCCTGGCTTTCTATTCATGG/ GCCTGCAATTGACGTTTGACGGT) 
confirmed the presence of the transgene in the offspring, with founders 
verified by Sanger sequencing. Four transgenic lines were generated, 
and mRNA expression of cACE2 in the trachea, lung, and colon was 
determined by qRT-PCR following already described procedures [18] 
and primers (GGCTCCTTCTCAGCTTTGCTGC/ GCCTGCAATT-
GACGTTTGACGGT), for selection of the lines with the best expression. 
Heterozygotes were utilized in all experiments, with wild-type B6 (WT) 
mice as negative controls. 

2.3. Viruses 

SARS-CoV-2 isolate hCoV-19/ Spain/SP-VHIR.02, D614G(S) from 
lineage B.1.610, and lineage BA.1.17 omicron (hCoV-19/Spain/MD- 
H12O_1620/2021; Gisaid: EPI_ISL_7781198) were propagated in Vero 
E6 cells (African green monkey kidney epithelial cells, ATCC, CRL-1586) 
or Vero E6-TMPRSS2 cells, respectively. SARS-CoV-2 D614G was 
titrated in Vero E6 cells as previously described [19]. Virus titer of 
omicron was determined using end-point dilutions in 96-well plates of 
Vero E6 cells according to Spearman and Karber’s method and expressed 
as TCID50.ml–1. 

2.4. Mice susceptibility assays 

Groups (n = 12) of wild-type (WT) C57BL/6, transgenic hACE2 [18], 
and newly generated cACE2 mice were anesthetized with 5–2% of iso-
flurane (+0.5–1 l/min) and intranasally (i.n.) inoculated with 50 μl of 
SARS-CoV-2 D614G(S) (5 × 104 plaque forming units (PFU)/mouse) or 
the omicron variant (104 TCID50/mouse). Mice were given food and 
water ad libitum and monitored daily for clinical signs and body weight. 
At 4 days post-infection (d.p.i.), groups of animals (n = 6) were anes-
thetized and sacrificed. Those mice showing advanced clinical param-
eters of infection compatible with previously established humanized 
endpoints were anesthetized and sacrificed by cervical dislocation, as 
were all the animals at the end of the experiment (15 d.p.i.). 

2.5. Mice transmissibility assays 

Groups (n = 6) of transgenic hACE2 or cACE2 mice were anes-
thetized, inoculated with SARS-CoV-2 D614G(S), as above, and housed 
with either uninfected transgenic hACE2 or cACE2 mice (n = 6/group). 
Blood was recovered at 17 d.p.i. of all surviving animals for serum 
analysis. 

Fig. 1. Generation and characterization of cACE2 mice. (A) Schematic view 
of the expression cassette of plasmid pK18-cACE2 as described [35]. (B) Rela-
tive quantification of cACE2 mRNA expression in WT and cACE2 transgenic 
mice from Lines 2, 6, 8, and 9. Transgene expression was calculated relative to 
GAPDH by q-RT-PCR in six-week-old female mice (n = 4 for line). Biological 
triplicate data for q-RT-PCR are presented as mean ± SEM. Asterisks in the 
figures denote statistically significant differences **P < 0.05. 
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2.6. Viral genomes and cytokine detection 

Total RNA was extracted from the right lung of the mice to determine 
the presence and levels of genomic SARS-CoV-2 RNA and to perform 
relative quantification of the pro-inflammatory IL-6 and TNF-α cyto-
kines by q-RT-PCR [18]. 

2.7. Serology 

Whole blood was recovered in Microvette® Z: clot activator tubes, let 
clot for 15 min, and centrifuged at 10000g for 5 min. Sera were heat- 
inactivated (30 min at 56 ◦C) to detect murine IgGs against the nucle-
oprotein (N) of SARS-CoV-2 using the Recombivirus™ Mouse Anti- 
SARS-CoV-2 Virus (COVID-19) Nucleoprotein IgG ELISA kit (ALPHA 
DIAGNOSTIC). 

Fig. 2. Susceptibility of cACE2 transgenic mice to SARS-CoV-2 D614G infection. Groups (n = 12) of WT, hACE2, or cACE2 mice were intranasally inoculated 
with 5 × 104 plaque forming units (PFU)/mouse of SARS-CoV-2 D614G. (A) Percentage of initial body weight of animals relative to their body weight on day 0. (B) 
Percentage of daily mice survival in each experimental group up to 14 d.p.i. (C) Viral genomes expressed as PFU equivalents/g of tissue on mice lungs at days 4 and 
14 d.p.i. measured by q-RT-PCR. The dotted line represents the limit of the assay detection. (D and E) Levels of mRNA of IL-6 (D) and TNF-α (E) pro-inflammatory 
cytokines in the lungs of infected and uninfected mice (4 d.p.i.), measured by q-RT-PCR and expressed as a relative quantification using GAPDH as a housekeeping 
gene and the 2-ΔΔCt method. When applicable, results are expressed as mean ± SEM. Asterisks in the figures denote statistically significant differences *P˂0.05, 
**P˂0.01, ***P˂0.001, and **** P˂0.0001. 
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2.8. Histopathological study 

The left lung lobe of each mouse was fixed by immersion in buffered 
formalin solution for 48 h. After fixation, samples were processed for 
histopathological evaluations. The evaluation of possible histopatho-
logical lesions and their severity was based on already described pa-
rameters of lung inflammation in murine models infected with SARS- 
CoV-2. [20–22]. 

2.9. Statistics 

GraphPad PRISM 7 (GraphPad Software, La Jolla, CA, USA) was 
utilized to analyze and represent the data. Kaplan–Meier survival anal-
ysis was performed for survival curves. Unpaired two-tailed t-test or 
Mann-Whitney test were done for comparison of parametric or non- 
parametric two-data sets, respectively. One-way or Two-way ANOVA 
was used for multiple comparisons of parametric data sets, with pair- 
wise comparison by post-hoc Bonferroni test. Kruskal-Wallis test and 
Dunn’s test were used for multiple comparisons of non-parametric data 
sets. When applicable, results are expressed as mean ± SEM. Asterisks in 
the figures denote statistically significant differences *P˂0.05, 
**P<0.01, ***P<0.001, and **** P<0.0001. 

3. Results 

3.1. Generation of transgenic mice and expression of cat ACE2 in the lines 

We produced 4 transgenic mouse lines that express the cat ACE2 
protein receptor (cACE2) under the control of the human cytokeratin 18 
(K18) gene promoter. Both male and female transgenic mice developed 
normally and were fertile. The mRNA expression of cat ACE2 in the 
trachea, lungs, and colon was analyzed. As depicted in Fig. 1B, line 8 

showed the highest expression of cACE2 in all analyzed tissues and, was 
therefore chosen for subsequent experiments, always carrying the 
transgene in heterozygosity. 

3.2. Susceptibility of cat ACE2 transgenic mice to SARS-CoV-2 D614G 
infection 

To explore the relevance of the cat ACE2 receptor for SARS-CoV-2 
infection, we tested the susceptibility of cACE2 mice to an isolate from 
the first infectious wave carrying the D614G mutation, which shares a 
99.98% identity with the Wuhan isolate (hCoV-19/Wuhan/WIV04/ 
2019|EPI ISL 402124|2019-12-30) and compared the results with those 
of hACE2 and WT mice. Upon infection, only hACE2 mice lost weight 
significantly from day 3 post-infection (p.i.), unlike cACE2 or wild-type 
(WT) mice that did not (Fig. 2A). Even more, only humanized mice 
succumbed to the infection, as not a single animal survived by day 6 p.i. 
(Fig. 2B). However, at 4 days post-infection (d.p.i.), SARS-CoV-2 D614G 
genomes were detected in the lungs of transgenic mice from both 
groups, but not in those from the WT. All hACE2 (100%) and 4/6 
(66.66%) of the cACE2 were positive, although the titers were signifi-
cantly lower in the latter (Fig. 2C). No viral genomes were detected in 
any surviving animal at 14 d.p.i. (Fig. 2C). Furthermore, at 4 d.p.i., both 
infected transgenic mice, expressing either the human or the cat ACE2 
receptor, presented significantly higher values of IL-6 and TNF-α mRNAs 
(Figs. 2D and E), hallmarks of SARS-CoV-2 pathogenicity in the lungs, 
compared to infected WT mice. Consistently, histopathological evalua-
tion of lung samples collected on day 4 p.i. revealed significantly higher 
lung inflammation scores in infected hACE2 and cACE2 mice compared 
to infected WT mice (Figs. 3A and B). These findings demonstrate that 
the presence of the cACE2 receptor renders susceptibility to SARS-CoV-2 
D614G in the mouse model. 

Fig. 3. Histopathological analysis of cACE2 transgenic mice infected with SARS-CoV-2 D614G. Groups (n = 6) of WT, hACE2, or cACE2 mice were intranasally 
inoculated with 5 × 104 plaque forming units (PFU)/mouse of SARS-CoV-2 D614G. (A) Representative histopathological images of infected mice lungs at 4 d.p.i. 
(H&E stain; magnification 10×). Note how lung inflammatory lesions were more severe and extensive in infected hACE2 and cACE2 mice than in infected WT mice. 
Among lesions highlighted the presence of diffuse septal thickening, perivascular and peribronchiolar mononuclear infiltrates consisting mainly of lymphocytes (red 
arrowheads) as well as the presence of alveolar mononuclear infiltrates consisting mainly of lymphocytes and macrophages (black arrows). (B) Histopathological 
scores of lesions observed in the lungs of infected mice at 4 d.p.i. When applicable, results are expressed as mean ± SEM. Asterisks in the figures denote statistically 
significant differences **P˂0.01 and **** P˂0.0001. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 
this article.) 
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3.3. Susceptibility of cat ACE2 transgenic mice to SARS-CoV-2 omicron 
infection 

During the pandemic, SARS-CoV-2 has accumulated mutations in the 
S protein, leading to the emergence of variants of concern (VOCs). In this 
study, we utilized the omicron variant GISAID EPI_ISL_7781198, which 
exhibited 15 amino acid changes in the RBD (G339D, S371L, S373P, 
S375F, K417N, N440K, G446S, S477N, T478K, E484A, Q493K, G496S, 
Q498R, N501Y, Y505H) compared to the original SARS-CoV-2 [19]. WT 
mice infected with this omicron variant showed a significant loss of body 
weight in comparison to both the transgenic humanized mouse model 
(at days 3 and 4 p.i.), and the mice expressing the cat ACE2 receptor (at 
day 4 p.i.). On the other hand, humanized transgenic mice showed a 
significant loss of weight at 7 days p.i. in comparison to the other two 
experimental groups (Fig. 4A). Survival analysis showed that only 
hACE2 transgenic mice succumbed to the infection (25% of survival) 
from day 3 to 7 p.i. (Fig. 4B). 

All three groups of mice, including WT and both transgenic mice 
expressing either the human or the cat ACE2 receptor, were infected by 
the SARS-CoV-2 omicron variant, as viral genomes were detected in the 
lungs of mice from all groups at 4 days p.i., albeit with lower titers in 
mice expressing the cat ACE2 receptor (Fig. 4C). At 15 d.p.i. all mice 
tested were negative with the exception of one cACE2 mouse in which 
low, but detectable viral genomes were recorded (Fig. 4C). Pro- 
inflammatory IL-6 cytokine expression was detected in animals from 

the three groups, with significantly higher levels in the humanized mice 
at 4 d.p.i. At 15 d.p.i. transgenic mice expressing either the human or the 
cat ACE2 receptor presented significantly higher levels of IL-6 expres-
sion than WT mice (Fig. 4D). Histopathological analysis of lung samples 
collected on day 4 p.i. showed significantly higher inflammation scores 
in WT mice compared to cACE2 mice. In addition, although not statis-
tically significant, lung lesions tended to be more severe in hACE2 than 
in cACE2 mice (Figs. 5A and B). These results showed that the omicron 
variant can infect mouse models irrespective of the presence of the WT, 
the human, or the cat ACE2 receptor and that the presence of the cACE2 
receptor does not increase susceptibility to SARS-CoV-2 omicron in the 
mouse model. 

3.4. Contact transmission of SARS-CoV-2 D614G from infected human 
and cat ACE2 transgenic mice to uninfected human and cat transgenic 
mice 

Considering that cat ACE2 only increased susceptibility to the SARS- 
CoV-2 D614G isolate, this strain was chosen for transmissibility studies 
involving contact transmission capacity between the transgenic mouse 
models. We infected groups (n = 6) of hACE2, or cACE2, mice which 
were then housed for 17 d.p.i. with groups (n = 6) of uninfected hACE2 
or cACE2 mice (Fig. 6). With this setup, we were able to study the 
transmission of the virus via contact in human-to-human, human-to-cat, 
cat-to-cat, and cat-to-human settings. Only experimentally infected 

Fig. 4. Susceptibility of cACE2 transgenic mice to SARS-CoV-2 omicron infection. Groups of WT, hACE2, or cACE2, (n = 12/group) were intranasally inoculated 
with a dose of 104 TCID50/mouse of SARS-CoV-2 omicron variant. (A) Percentage of daily body weight of animals relative to their body weight on day 0. (B) 
Percentage of daily mice survival in each experimental group up to 15 days post-infection. (C) Viral genomes expressed as PFU equivalents/g of tissue on mice lungs 
at days 4 and 15 d.p.i. measured by q-RT-PCR. The dotted line represents the limit of the assay detection. (D) Levels of IL-6 mRNA in the lungs of infected mice at 4 
and 15 d.p.i. measured by q-RT-PCR and expressed as a relative quantification using GAPDH as a housekeeping gene and the 2-ΔΔCt method. When applicable, results 
are expressed as mean ± SEM. Asterisks in the figures denote statistically significant differences *P˂0.05, **P˂0.01, and ***P˂0.001. In (A) blue, black, and red 
asterisks represent differences between WT vs hACE2, WT vs cACE2, and hACE2 vs cACE2, respectively. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the web version of this article.) 
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hACE2 lost weight significantly (Fig. 6B, C, D, and E). In the “human-to- 
human” transmission setting, experimentally infected hACE2 suc-
cumbed to the infection (survival rate, 16.67%) between days 5 and 6 p. 
i., as did one contact hACE2 mice at day 8 (survival rate, 83.33%). In the 
“human-to-cat” setting all experimentally infected humanized trans-
genic mice died between days 4 and 7 p.i., whereas none of the contact 
cACE2 mice succumbed to the infection (Figs. 6F, and G). In the “cat-to- 
cat” and the “cat-to-human” settings, none of the experimentally infec-
ted or contact mice died (Figs. 6H, and I). Transmission of the SARS- 
CoV-2 D614G was confirmed in all groups by the detection of specific 
IgG antibodies directed against the nucleoprotein of SARS-CoV-2, 
although with different extents (Fig. 6J). Transmission efficiency was 
remarkably high in the hACE2 model, with 100% transmission to both 
hACE2 and cACE2 contact mice. In contrast, transmission from infected 
transgenic cACE2 animals was less efficient, with transmission rates of 
66.66% and 33.33% to cACE2 and hACE2 contact mice, respectively 
(Fig. 4J). These findings demonstrated a high contact transmission ca-
pacity of SARS-CoV-2 D614G between mouse models expressing either 
the human or the cat ACE2 receptor. 

4. Discussion 

ACE2 serves as the viral receptor in human cells, but homologous 
receptors are widespread among other mammals, thereby raising the 
possibility that these animals could act as new intermediate hosts where 
the virus can mutate and generate new outbreaks in humans [23–25]. 
Indeed, natural and experimental infections of SARS-CoV-2 have been 
reported in at least 18 different domestic and wild animal species [26], 
with several capable of inter and intra-species virus transmission 
[27,28]. Natural and experimental infections of cats with SARS-CoV-2 
and subsequent transmission to naïve animals in close contact have 
been reported [12–15]. However, cats generally do not display clinical 

signs and develop a self-limited disease primarily localized to the upper 
respiratory tract [14,29–31]. Here, we have used a newly generated line 
of transgenic mice. Animals were infected with either an isolate (D614G) 
from the original lineage B.1.610 responsible for the global pandemic, or 
an omicron isolate (lineage BA.1.17), an attenuated VOC with a high 
human-to-human transmission potential. Our data demonstrate that the 
expression of the cat ACE2 receptor alone confers susceptibility to SARS- 
CoV-2 D614G in the mouse model, albeit to a lesser extent than the 
human ACE2 receptor. Mice expressing the cat receptor did not exhibit 
observable clinical signs or succumb to the infection, unlike the hu-
manized model. However, viral RNA was detectable in the lungs of mice 
expressing the cat ACE2 receptor, albeit at significantly lower levels 
compared to humanized mice. Furthermore, at four days post-infection, 
infected mice expressing the cat receptor showed significantly elevated 
levels of pro-inflammatory interleukins, such as IL-6 and TNF-alpha, in 
the lungs. These elevations are indicative of the inflammation and tissue 
damage commonly observed in SARS-CoV-2-infected lungs. Histopath-
ological evaluations also revealed inflammatory lesions in the lungs of 
infected animals four days post-infection, similar to that observed in 
humanized mice. These findings align with previous experimental in-
fections of cats, where susceptibility to the infection has been observed, 
although clinical signs are rare [29,30]. As previously described [32], 
WT mice that express the murine ACE2 receptor, used as control, did not 
support SARS-CoV-2 infection belonging to the lineage B.1.610. No 
clinical signs or viral RNA were detected in WT mice. 

All groups of mice (WT, hACE2, and cACE2) were susceptible to 
infection with the omicron variant, although only hACE2 mice suc-
cumbed to the infection (75% of mortality between 3 and 7 d.p.i.). Viral 
genomes were detected at 4 d.p.i. in all WT and hACE2 mice and, 
although with significantly lower titers, in 5 of 6 cACE2 mice. Pro- 
inflammatory cytokine IL-6 levels were detected in mice of all groups 
at 4 and 15 d.p.i., with significantly higher levels in the humanized 

Fig. 5. Histopathological analysis of cACE2 transgenic mice infected with SARS-CoV-2 omicron. Groups of WT, hACE2, or cACE2, (n = 6/group) were 
intranasally inoculated with a dose of 104 TCID50/mouse of the SARS-CoV-2 omicron variant. (A) Representative histopathological images of infected mice lungs at 4 
d.p.i. (H&E stain; magnification 10×). Inflammatory lesions were more severe in WT and hACE2 mice compared to cACE2 mice. Images show the presence of diffuse 
septal thickening, perivascular and peribronchiolar mononuclear infiltrates mainly constituted by lymphocytes (red arrowheads) as well as the presence of alveolar 
mononuclear infiltrates mainly constituted by lymphocytes and macrophages (black arrows). (B) Histopathological scores of lesions observed in the lungs of infected 
mice at 4 d.p.i. When applicable, results are expressed as mean ± SEM. Asterisks in the figures denote statistically significant differences *P˂0.05. (For interpretation 
of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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Fig. 6. Contact transmission of SARS-CoV-2 D614G from infected human and cat ACE2 transgenic mice to uninfected human and cat transgenic mice. (A) 
Experimental design. Groups (n = 6) of hACE2 or cACE2 were intranasally inoculated with a dose of 5 × 104 plaque forming units (PFU)/mouse of SARS-CoV-2 
D614G, and housed for 17 d.p.i. with uninfected hACE2 or cACE2 mice (n = 6/group) to study the transmission of the virus between the different mice- 
expressing human or cat ACE2 receptor. The figure was created using BioRender.com. (B, C, D, and E) Percentage of daily body weight of animals relative to 
their body weight on day 0 before infection in groups in which the experimentally infected mice express the human (B and C) or the cat (D and E) ACE2 receptor. (F, 
G, H, and I) Percentage of daily mice survival in groups in which the experimentally infected mice express the human (F and G) or the cat (H and I) ACE2 receptor up 
to 17 d.p.i. (J) Levels of mouse IgG antibodies against the nucleoprotein of SARS-CoV-2 measured by ELISA. Results are expressed as the average absorbance (OD450) 
value. The dotted line represents the limit of the assay detection. When applicable, results are expressed as mean ± SEM. Asterisks in the figures denote statistically 
significant differences *P˂0.05, **P˂0.01, ***P˂0.001, and **** P˂0.0001. 

N. Jiménez de Oya et al.                                                                                                                                                                                                                      

http://BioRender.com


One Health 18 (2024) 100744

8

model at day 4 p.i. and in both transgenic models at day 15 p.i., 
compared to WT mice. Additionally, histopathological lesions were 
observed in mice from all three experimental groups at 4 d.p.i., although 
statistically significant differences were only recorded between WT and 
cACE2 mice. Since all three lines of mice used in this study express the 
murine ACE2 receptor, our data demonstrate that the co-expression of 
the mouse receptor with the human ACE2 receptor confers susceptibility 
and pathogenicity to omicron infection. By contrast, co-expression of the 
cat receptor with the murine receptor does not increase susceptibility to 
the omicron variant. The susceptibility of both transgenic models was 
higher to the SARS-CoV-2 D614G variant compared to the omicron 
variant, confirming previous observations in natural human infections 
and experimental infections in cats and humanized mice [33,34]. 
Consequently, due to its higher virulence, the SARS-CoV-2 D614G 
variant was selected for transmissibility studies. Our findings demon-
strate that this strain can be transmitted through direct contact from 
experimentally infected to uninfected mice, regardless of the expressed 
receptor by the infected or the contact animals. However, transmission 
efficiency was greater when the infected animal expresses the human 
receptor resulting in a 100% transmission rate to both hACE2 and cACE2 
mice, compared to a 66.66% transmission rate from infected cACE2 to 
cACE2 mice and a 33.33% transmission rate to hACE2 mice. 

5. Conclusions 

We have successfully developed, characterized, and validated a 
novel line of transgenic mice expressing the cat ACE2 receptor under the 
control of the human cytokeratin 18 promoter. Our results demonstrate 
that the expression of cat ACE2 is sufficient to confer susceptibility to 
SARS-CoV-2 infection in mice to a variant from the first wave of the 
pandemic, whereas it did not increase susceptibility to an omicron 
isolate. Therefore, this novel mouse model constitutes a suitable surro-
gate cat model in laboratory investigations to study the susceptibility, 
pathogenicity, and transmissibility of potential novel variants of SARS- 
CoV-2 and other coronaviruses. 
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