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Abstract

A novel coronavirus, severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2),

has been identified as the causative agent of the current coronavirus disease 2019

pandemic. Development of animal models that parallel the clinical and pathologic

features of disease are highly essential to understanding the pathogenesis of SARS‐

CoV‐2 infection and the development of therapeutics and prophylactics. Several mouse

models that express the human angiotensin converting enzyme 2 (hACE2) have been

created, including transgenic and knock‐in strains, and viral vector‐mediated delivery of

hACE2. However, the comparative pathology of these mouse models infected with

SARS‐CoV‐2 are unknown. Here, we perform systematic comparisons of the mouse

models including K18‐hACE2 mice, KI‐hACE2 mice, Ad5‐hACE2 mice and CAG‐hACE2

mice, which revealed differences in the distribution of lesions and the characteristics of

pneumonia induced. Based on these observations, the hACE2 mouse models meet

different needs of SARS‐CoV‐2 researches. The similarities or differences among the

model‐specific pathologies may help in better understanding the pathogenic process of

SARS‐CoV‐2 infection and aiding in the development of effective medications and

prophylactic treatments for SARS‐CoV‐2.
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1 | INTRODUCTION

The coronavirus disease 2019 (COVID‐19) pandemic, caused by

severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2),

has rapidly spread throughout the world. Although Molnupiravir

and Paxlovid were granted emergency use authorization by the US

Food and Drug Administration for the treatment of COVID‐19,

the clinical therapeutic effect remains to be further observed.1,2

At present, it is still a high priority for research community to

improve our understanding of the SARS‐CoV‐2 infection and
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pathogenesis, and to develop new therapies and preventative

treatments against COVID‐19. One major approach in achieving

these goals has been large‐scale screening in preclinical small

animal models, particularly mice. As with SARS‐CoV, SARS‐CoV‐2

enter host cells via the interaction of the viral Spike (S) protein

with human angiotensin converting enzyme 2 (hACE2).3

Unfortunately, mouse ortholog of ACE2 is incompatible with

SARS‐CoV‐2 S protein, and therefore, typical wild‐type mouse

strains are not susceptible to SARS‐CoV‐2. Overcoming this

limitation requires either mouse adaptation of the virus, or

heterologous expression of hACE2 in mice.

Several mouse models that express the hACE2 gene were

created including transgenic and knock‐in strains, as well as viral

vector‐mediated delivery of hACE2. Transgenic models include

hACE2 expression under the control of the human cytokeratin

(K18) epithelial cell promoter (K18‐hACE2), or the synthetic CAG

composite promoter (CAG‐hACE2) driving high levels of expres-

sion in eukaryotic cells.4,5 The knock‐in model was generated by

knocking‐in hACE2 (KI‐hACE2) into endogenous mouse Ace2

loci.6 The vector‐mediated delivery of hACE2 has been success-

fully established, which adopts a recombinant human adenovirus

type 5‐expressing hACE2 (Ad5‐hACE2) under the CMV pro-

moter.7 Although the hACE2 mice as described above fully

support SARS‐CoV‐2 replication, the pathogenesis does not

accurately model the disease course seen in humans.8 Therefore,

choosing a suitable mouse model which can replicate the human

disease, or some aspects thereof, as closely as possible, is more

befitting to us to understand the pathogenesis of SARS‐CoV‐2

infection.

Histopathology has initially been and is still being used today

to diagnose infections in humans or animals.9 It has been a

powerful, reliable, and reproducible tool to better understand

disease pathogenesis and evaluate novel treatments of the current

virus outbreaks.10 In addition to qualitative diagnoses, semi-

quantitative assessment of lesions for histopathology are a

common approach to assess all preclinical models used for the

development of novel treatment strategies and acceptance by

regulatory agencies.11,12 Previous studies have revealed that the

most pathological changes caused by SARS‐CoV‐2 were interstitial

pneumonia in different hACE2 mice.4,6,13,14 However, pathological

description for SARS‐CoV‐2 murine pneumonia existing to date

are very superficial, addressing only a few, rather unspecific

parameters. More importantly, they hardly allow for a differentiat-

ing perspective between distinct types of hACE2 mice. Hence,

there is an urgent need for more precise and model‐specific

parameters to allow for an accurate description and semi-

quantitative evaluation of lung alterations in hACE2 mice. Here,

we systematically describe and compare the histopathological

changes at acute stage of the four types of SARS‐CoV‐2 infection

hACE2 mouse models which include K18‐hACE2 mice, KI‐hACE2

mice, Ad5‐hACE2 mice and CAG‐hACE2 mice.

2 | MATERIALS AND METHODS

2.1 | Viral strains

The KI‐hACE2 mice were infected with SARS‐CoV‐2 (B.1, hCoV‐19/

CHN/SYSU‐IHV/2020 strain, Accession ID on GISAID: EPI_ISL_

444969) which was isolated from a sputum sample of a woman

admitted to the Eighth People's Hospital of Guangzhou. Other hACE2

mice models were infected with SARS‐CoV‐2 (B.1.617.2, GDPCC

2.00096) which was isolated from a patient infected with SARS‐CoV‐

2 Delta variant admitted in the Guangzhou Eighth People's Hospital

by Center for Disease Control and Prevention of Guangdong

Province.

2.2 | Mice

B6.Cg‐Tg(K18‐human ACE2)2Prlmn/J (Jax strain 000664, K18‐

hACE2) mice were purchased from the Jackson Laboratory. The

hACE2 knock‐in mice (KI‐hACE2) were provided by the National

Institutes for Food and Drug Control, Beijing, China. C57BL/6‐Tgtn

(CAG‐hACE2‐IRES‐Luciferase‐WPRE‐polyA) Smoc (CAG‐hACE2)

were purchased from Shanghai Model Organisms Institute, China.

Ad5‐hACE2 mice were established as previously described.14 Mice

were provided with sterile water and chow ad libitum and

acclimatized for at least 1 week before experimental manipulation.

2.3 | Viral infections

The Biosafety Committee of Sun Yat‐sen University approved work

with infectious SARS‐CoV‐2 virus strains under BSL3 conditions. All

sample inactivation was performed according to Biosafety Commit-

tee of Sun Yat‐sen University approved standard operating proce-

dures for removal of specimens from high containment. All in vivo

studies were performed in accordance with the animal experiment

protocol approved by the Institutional Animal Care and Use

Committee of Sun Yat‐sen University. All mice were maintained in

a specific pathogen‐free animal facility at Sun Yat‐sen University.

Female transgenic K18‐hACE2 mice were inoculated intranasally

(i.n.) with 50 μl sterile Dulbecco's modified Eagle medium (DMEM)

containing 104 PFU SARS‐CoV‐2 (B.1.617.2). At 3 days postinfection

(dpi), mice were euthanized, and lung tissues were collected for

hematoxylin and eosin (H&E) staining. Female KI‐hACE2 mice were

i.n. with 50 μl sterile DMEM containing 2 × 105 PFU SARS‐CoV‐2

(B.1). At 4 dpi, mice were euthanized, and lung tissues were collected

for H&E staining. Female CAG‐hACE2 mice were i.n. with 50 μl

sterile DMEM containing 5 × 103 PFU SARS‐CoV‐2 (B.1.617.2). At

3 dpi, mice were euthanized, and lung tissues were collected for H&E

staining. For in vivo delivery of Ad5 vectors to the lung, female

C57BL/6 mice were housed in a BSL‐2 facility for intranasal
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instillation of 2.5 × 108 FFU of Ad5‐ACE2 vectors. Five days

posttransduction transferred to a BSL‐3 facility for challenge with

105 PFU SARS‐CoV‐2 (B.1.617.2). At 2 dpi, mice were euthanized,

and lung tissues were collected for H&E staining.

2.4 | Histopathology

The lung tissues were processed through routine histologic methods.

In brief, the lung tissues were fixed in 10% neutral buffered formalin

for 24 h at room temperature, embedded in paraffin, and cut into

4‐μm thick sections. The sections were then subjected to H&E

staining to show lesions. All photomicrographs were automatically

digitized using the Aperio CS2 slide scanner (Leica Biosystems

Imaging Inc.) and image files were generated using the NDP.view2

Viewing software.

The evenly distributed whole‐organ horizontal sections through-

out the entire lungs were microscopically evaluated to assess the

distribution and character of pathologic alterations: −, absent, within

normal limits; +, minor, approximately 25%–50% or less of corre-

sponding pathological changes are observed; ++, major, over 50% of

corresponding pathological changes are noted. All examinations were

performed by trained veterinary experimental pathologists.

3 | RESULTS

3.1 | Establishment mouse models of
SARS‐CoV‐2 infection

All hACE2 mouse models used in this study were inoculated i.n. with

different doses of SARS‐CoV‐2 and monitored for body weight loss

and survival. Briefly, K18‐hACE2 transgenic mice were infected with

104 PFU of SARS‐CoV‐2 B.1.617.2 strain (Delta variant), which

showed progressive weight loss and all died within 7 days. The

KI‐hACE2 mice were infected with 2 × 105 PFU of SARS‐CoV‐2

(B.1 strain), but significant weight loss was not observed. In contrast,

Ad5‐hACE2 transduced C57BL/6 mice infected with 105 PFU

SARS‐CoV‐2 (B.1.617.2 strain) showed weight loss from day 3 on,

and body weight gradually returned after day 6, but these mice did not

die by SARS‐CoV‐2 infection. With 5 × 103 PFU SARS‐CoV‐2

(B.1.617.2 strain) challenge, CAG‐hACE2 mice uniformly started losing

weight at 3 days postinoculation, and all died within 5 days (Table 1).

3.2 | Pathological features of K18‐hACE2 mice
with SARS‐CoV‐2 infection

K18‐hACE2 mice, also known as B6.Cg‐Tg (K18‐ACE2) 2Prlmn/J,

were first generated by McCray and colleagues in 2007.15 hACE2

expression in K18‐hACE2 mice is driven by human cytokeratin gene

promoter that is active in the airway epithelial cells.15 Recent

research indicates that intranasal inoculation with SARS‐CoV‐2

caused the development of pneumonia, which is consistent with

our results.4 Here, we evaluated the lung histopathological changes

at 3 dpi (Figure 1A). All SARS‐CoV‐2‐infected mice exhibited

multifocal, interstitial pneumonia (Figure 1B) with marked type

II pneumocyte hyperplasia, peribranchial, alveolar and perivascular

inflammation comprised of mainly lymphocytes, macrophages, and

neutrophils. Increased vascular permeability was associated with

moderate alveolar and perivascular edema (Figure 1C–E). Most

vascular walls had marked fibrinoid degeneration (Figure 1F) and

consecutive vascular thrombosis (Figure 1G) as well as vasculitis.

Moreover, pronounced hemorrhage within alveolar spaces, and

interstitial, and prominent perivascular lymphocytic cuffing was a

characteristic change (Figure 1H). A moderate necrosis of bronchial

epithelial cell was observed whereas no alveolar wall necrosis was

present. The histopathology of lung tissue showed that the alveolar

structure of the K18‐hACE2 control group was intact (Figure 1I)

3.3 | Pathological features of KI‐hACE2 mice
with SARS‐CoV‐2 infection

The KI‐hACE2 mice, which was generated by CRISPR/Cas9 knock‐in

technology by replacing the endogenous mouse ACE2 (mACE2) with

the human ACE2.6 H&E staining showed that mouse lungs displayed

a diffusely distributed interstitial pneumonia at 4 dpi with SARS‐CoV‐

TABLE 1 The comparison of outcomes of the hACE2 mouse models to SARS‐CoV‐2 infection

K18‐hACE2 KI‐hACE2 Ad5‐hACE2 CAG‐hACE2

Promoter Human K18 promoter Mouse ACE2 promoter CMV promoter CAG promoter

Viral strains B.1.617.2 B.1 B.1.617.2 B.1.617.2

Infections dose 1 × 104 PFU 2 × 105 PFU 1 × 105 PFU 5 × 103 PFU

Route of infection Transnasal Transnasal Transnasal Transnasal

Mortality (%) 100 0 0 100

Weight loss Yes No Yes Yes

Survival days (p.i.) 5–7 n.a. n.a. 2–5

Abbreviations: hACE2, human angiotensin converting enzyme 2; SARS‐CoV‐2, severe acute respiratory syndrome coronavirus 2.
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2 (Figure 2A‐C). The character of pneumonia included moderate

infiltration of lymphocytes, macrophages, and neutrophils into

peribranchial, alveolar and perivascular space whereas no lympho-

cytic perivascular cuffing was present . Compared to the K18‐hACE2

transgenic model mentioned above, bronchial epithelial cells and

alveolar wall were moderately necrotic (Figure 2D). Furthermore,

vascular walls had mild to moderate fibrinoid degeneration and areas

of hemorrhage within alveoli and interstitial (Figure 2E). Neither

F IGURE 1 K18‐hACE2 mice infection with SARS‐CoV‐2. Schematic of the experiment of viral infection in K18‐hACE2 mice (A). At 3 dpi,
the viral titer in the lungs of the infected K18‐hACE2 mice (n = 6) was 5.15 × 105 copies/μl on the average and lung histology of mice exhibit
multifocal interstitial pneumonia (B) with moderate alveolar (C, asterisk) and perivascular edema (D, arrowhead), marked type II pneumocyte
hyperplasia (E, arrowhead) and fibrinoid degeneration of blood vessels (F), vascular thrombosis (G, arrowhead) and hemorrhage (H). (I) as a lung
histology of control mice. (B–I) Representative images are shown. Bar (B), 500 μm; (C–I), 100 μm. hACE2, human angiotensin converting enzyme
2; SARS‐CoV‐2, severe acute respiratory syndrome coronavirus 2

F IGURE 2 KI‐hACE2 mice infection with SARS‐CoV‐2. Schematic of the experiment of viral infection in KI‐hACE2 mice (A). At 4 dpi,
the viral titer in the lungs of the infected KI‐hACE2 mice (n = 6) was 3.92 × 104 copies/μl on the average and lung histology of mice exhibit in
diffuse (B), mixed‐cellular interstitial pneumonia (C) with bronchial epithelial cells and alveolar wall were moderately necrotic (D, arrowhead),
mild to moderate fibrinoid degeneration of blood vessels (E, asterisk) and hemorrhage. (F) as a lung histology of control mice. (B–F)
Representative images are shown. Bar (B), 500 μm; (C–F), 100 μm. dpi, days postinfection; hACE2, human angiotensin converting enzyme 2;
SARS‐CoV‐2, severe acute respiratory syndrome coronavirus 2
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alveolar edema nor perivascular edema were present. The histo-

pathology of lung tissue showed that the alveolar structure of the

KI‐hACE2 control group was intact (Figure 2F).

3.4 | Pathological features of Ad5‐hACE2 mice
with SARS‐CoV‐2 infection

We used adenovirus constructs to transduce C57BL/6 mice by

intranasal inoculation of 2.5 × 108 FFU of Ad5‐ACE2. Five days

posttransduction, mice were infected with SARS‐CoV‐2. At 2 dpi,

examination of lung tissues from mice demonstrated in multifocally

extensive interstitial pneumonia but predominantly located near the

lung hilus (Figure 3A). Similar to K18‐hACE2 transgenic model, the

peribranchial, alveolar and perivascular areas were predominantly

infiltrated by lymphocytes, macrophages, and neutrophils. Unlike

K18‐hACE2 model, perivascular edema and vascular thrombosis was

hardly observed, but protein‐rich alveolar edema (Figure 3D) was

present albeit to a lesser extent. Here, prominent perivascular

lymphocytic cuffing, vasculitis as well as alveolar wall necrosis were

observed (Figure 3E). Bronchial epithelial cells were moderately

necrotic (Figure 3F), and type II alveolar epithelial cells were

moderately hyperplasia. Furthermore, a small portion of venous

blood vessels had fibrinoid degeneration (Figure 3G) and, albeit to a

much lesser extent, areas of hemorrhage within alveoli and

interstitium were present. Figure 3H as a lung histology of Ad5‐

hACE2 control mice.

3.5 | Pathological features of CAG‐hACE2 mice
with SARS‐CoV‐2 infection

In parallel, we used an advanced newly developed hACE2‐transgenic

C57BL/6 mouse model CAG‐hACE2‐IRES‐Luc‐Tg, which express

hACE2 under the CAG promoter at high levels of gene expression.16

To further evaluate the lung histopathological changes, mice were

euthanized at 3 dpi, and lung tissues were collected to H&E staining

(Figure 4A). Histologically, mice lungs displayed a diffusely distributed

interstitial pneumonia (Figure 4B) and compare with the peribranchial

and intra‐alveolar areas, the perivascular areas had obvious inflam-

mation which were predominantly infiltrated by lymphocytes and

fewer neutrophils and macrophages (Figure 4C) whereas only mild

lymphocytic perivascular cuffing (Figure 4D). A moderate necrosis of

bronchial epithelial cell (Figure 4E), whereas no alveolar wall necrosis

was present. Similar to KI‐hACE2 model mentioned above, neither

alveolar edema nor perivascular edema were present as well as type II

F IGURE 3 Ad5‐hACE2 mice infection with SARS‐CoV‐2. Schematic of the experiment of viral infection in Ad5‐hACE2 mice (A). At 2 dpi, and
the viral titer in the lungs of the infected Ad5‐hACE2 mice (n = 5) was 1.17 × 106 PFU/g on the average and lung histology of mice resulted in
extensive, predominantly located near the lung hilus (B), mixed‐cellular interstitial pneumonia (C) with protein‐rich alveolar edema (D, asterisk),
prominent lymphocytic perivascular cuffing (E, arrowhead), alveolar walls and moderately bronchial epithelial cells necrotic (F, arrowhead) and
moderate fibrinoid degeneration of blood vessels (G, asterisk). (H) as a lung histology of control mice. (B–H) Representative images are shown.
Bar (B), 500 μm; (C–H), 100 μm. dpi, days postinfection; hACE2, human angiotensin converting enzyme 2; SARS‐CoV‐2, severe acute respiratory
syndrome coronavirus 2
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alveolar epithelial cells were moderately hyperplasia. Furthermore,

vasculitis and areas of hemorrhage within alveoli and interstitial were

occasionally present. Figure 4F as a lung histology of CAG‐hACE2

control mice.

4 | DISCUSSION

In the present study, we provide a detailed descriptive overview of

histopathological features at acute stage of SARS‐CoV‐2 infection in

four hACE2 mouse models. The models employed in this study were

well established, which had been repeatedly confirmed in our

previous works and also successfully used in previous studies from

other laboratories.4,6,13,14,17,18 Our model‐specific description param-

eters (Table 2) are helpful to distinguish histopathological features of

different hACE2 mouse models accurately. The potential of these

parameters for future evaluation of hACE2 mouse models is

extensive.

Comparing the different staining in the four hACE2 mouse

models, varying degrees of inflammation, especially interstitial

pneumonia, and varying degrees of lesions, including inflammatory

cell infiltration, pulmonary edema, hemorrhaging, necrosis of the

bronchial epithelial cells, and hyperplasia of type II alveolar epithelial

cells were observed. In the lungs of K18‐hACE2 mice, exudative

pathological changes were found, exhibiting pulmonary edema,

inflammatory cell infiltration, hemorrhaging, fibrinous exudates and

perivascular lymphocytic cuffing, suggesting acute pneumonia. This is

in consistence with the previous study that have also reported that

K18‐hACE2 mice exhibited potentially lethal disease.19 Additionally,

we found that the prominent inflammatory cells in the CAG‐hACE2

mice was different. In our study, the diffuse infiltration of numerous

lymphocytes and fewer neutrophils and macrophages were observed

in the perivascular, peribranchial and intraalveolar space of

CAG‐hACE2 mice. However, three other models exhibit peribran-

chial, alveolar and perivascular inflammation comprised of mainly

lymphocytes, macrophages, and neutrophils. In contrast, in the lungs

of CAG‐hACE2 mice, diffuse and focal lymphocyte infiltration

occurred in the perivascular and mildly in the peribranchial and

intraalveolar space. These differences in inflammatory cell infiltration

suggest that inflammatory cells may function in the development of

SARS‐CoV‐2 infection. Similar to other study, the KI‐hACE2 mice

challenged with SARS‐CoV‐2 developed mild interstitial pneumonia

characterized by moderate infiltration of inflammatory cells, alveolar

septal thickening, and limited pathology was observed.6,20

When the distributions of lesions were compared among the four

models tested, two distinct patterns could be distinguished. Unlike

the other models' lungs that displayed a diffusely distribution, the

lesions of Ad5‐hACE2 mice were focused around central airways and

blood vessels close to the lung hilus with the periphery less or not

affected, which can likely be explained by the method used for

delivery of Ad5 viral vector. When acute mouse pneumonia is

sampled for molecular studies such as mRNA or protein quantitation,

the uneven and often quite asymmetrical distributions have a

tremendous impact in practical terms. As we know, K18 transgenic

mice expressing human ACE2 is driven by a cytokeratin promoter in

the airway epithelial cells, KI‐hACE2 mice that express hACE2 under

an endogenous promoter in place of murine ACE2, CAG‐hACE2 mice

expressing hACE2 under the control of the synthetic CAG composite

promoter driving high levels of expression in eukaryotic cells and

Ad5‐hACE2 mice restricted hACE2 expression in the respiratory

tract.7 Thus, the cellular expression of hACE2 varies in different

mouse models and such difference may lead to differing levels of viral

F IGURE 4 CAG‐hACE2 mice infection with SARS‐CoV‐2. Schematic of the experiment of viral infection in CAG‐hACE2 mice (A). At 3 dpi
and the viral titer in the lungs of the infected CAG‐hACE2 mice (n = 4) was 2.09 × 103 copies/μl on the average and lung histology of mice
developed a diffusely distributed interstitial pneumonia (B), predominantly infiltrated by lymphocytes and fewer neutrophils and macrophages
(C), mild lymphocytic perivascular cuffing (D, arrowhead) and moderate necrosis of bronchial epithelial cell (E, arrowhead). (F) as a lung histology
of control mice. (B–F) Representative images are shown. Bar (B), 500 μm; (C–F), 100 μm. dpi, days postinfection; hACE2, human angiotensin
converting enzyme 2; SARS‐CoV‐2, severe acute respiratory syndrome coronavirus 2
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replication in different cell types, different histopathological features

in lung tissues and differences in disease pathogenesis.

Fatal human cases of SARS‐CoV‐2 infection are histologically

characterized by diffuse alveolar damage with intra‐alveolar hyaline

membranes, edema, denuding of bronchiolar epithelia, fibrin deposits,

vascular thrombosis, type II pneumocyte hyperplasia and lymphocyte

infiltration.21–23 These findings provide evidence for the pathological

features of SARS‐CoV‐2, which is in common with other similar

respiratory illnesses, such as MERS‐CoV.24 Despite the analyses of the

pathological responses observed within the lungs of the SARS‐CoV‐2‐

infected hACE2 mice resemble those observed in human COVID‐19

patients with regard to the lesions and cell tropism, no mouse model

fully recapitulates all aspects of COVID‐19, and the continued

development of models is necessary to address the diverse spectrum

of pathophysiology encompassed by SARS‐CoV‐2 infection.

In summary, different mouse models, including the transgenic

hACE2 mice and non‐genetically engineered mouse model allowing

researchers to mimic the different outcomes and features of SARS‐

CoV‐2 infection in humans, from asymptomatic to severe multiorgan

disease. Our histological results showed that the lung lesions in Ad5‐

hACE2 mice were relatively not distributed homogeneously, which

only partially simulated the pathology of COVID‐19 and could be

useful in screening antivirals or testing vaccines. In the acute stage of

the disease, the pathological damage of KI‐hACE2 mouse lungs was

relatively mild. Considering that the no clinical symptoms or mortality

was observed in this model, the hACE2 knock‐in model may be more

useful in elucidating disease mechanisms. In contrast, although the

acute phase of COVID‐19 can be well simulated by the CAG‐hACE2

mouse model, the lung injury is not typical from the histopathology of

the CAG‐hACE2 mice, suggesting that this model may be useful in

testing vaccines and antivirals. However, the K18‐hACE2 model

developed edema‐associated acute lung injury (ALI) and best

recapitulates the histopathological changes of COVID‐19, including

the acute and severe pathological process, indicating that this model

could be suitable for testing of SARS‐CoV‐2 countermeasures such as

immune‐modulatory interventions and antiviral. Thus, the hACE2

mouse models can meet different needs of SARS‐CoV‐2 researches

and suitable mouse model can be selected depending on the purpose

of the study. Although it is one‐sided to evaluate the suitability of

different models only from histopathology, this method is to some

extent a key means of evaluating preclinical models.

In conclusion, we established animal models of SARS‐CoV‐2

infection using K18‐hACE2 mice, KI‐hACE2 mice, Ad5‐hACE2 mice

and CAG‐hACE2 mice. We have uncovered a model‐specific lung

lesion with characteristic histopathology, which provides a frame-

work that may help in better understanding the pathogenic process

of SARS‐CoV‐2 infection and aiding in the development of effective

medications and prophylactic treatments for SARS‐CoV‐2.
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