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EDITORIALS

Rapidly Deployable Mouse Models of SARS-CoV-2 Infection Add

Flexibility to the COVID-19 Toolbox

The global severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) pandemic continues to progress quickly, with over
36 million people infected and over 1 million deaths associated
with SARS-CoV-2 by early October 2020. Large-scale clinical
trials have observed improved outcomes in some individuals

with severe coronavirus disease (COVID-19) after treatment

with dexamethasone and hydrocortisone (1, 2). However, no
treatment has been identified that significantly reduces infection or
hospitalization rates. The repurposing of many antiinflammatory
or antiviral drugs has also, as yet, failed to show significant impact
on disease. Therefore, there is an urgent need to improve our
understanding of SARS-CoV-2 infection and pathogenesis and
develop new therapeutic and preventative treatment strategies.

One approach to identify novel disease mechanisms and
therapeutic targets has been large-scale screening in preclinical small
animal models, particularly mice. SARS-CoV-2 cell entry is mediated
by binding of the viral S (Spike) protein to hACE2 (human angiotensin-
converting enzyme 2) that is broadly expressed in the respiratory, but
also the nasal and gastrointestinal, epithelium (3). Unfortunately,
mouse ACE2 shows limited binding to the SARS-CoV-2 S protein,
meaning commercially available wild-type (WT) inbred mouse strains
are not useful in the study of SARS-CoV-2 infection. In this issue of
the Journal, Han and colleagues (pp. 79-88) describe a rapid mouse
model of SARS-CoV-2 infection utilizing a recombinant human Ad5-
hACE2 (adenovirus type 5-expressing hACE2) that results in hACE2
expression and supports SARS-CoV-2 replication in the lower
respiratory tract of WT mice (4).

In Ad5-hACE2 mice, SARS-CoV-2 replication is restricted
to the respiratory tract, especially type 2 pneumocytes, and the
infection is associated with mild to moderate interstitial and
perivascular inflammation localized to areas of the lungs expressing
hACE2 (4). The observation that the severity of SARS-CoV-2
infection may be tightly linked to the cellular and anatomical
tropism provided by hACE2 distribution is supported by other
SARS-CoV-2 mouse models. For instance, hACE2 expression
under the K18 (human Keratin 18) promoter leads to expression
of the protein not only in the respiratory tract but also in the small
intestine, kidneys, liver, and other organs and results in lethal
disease associated with severe pneumonia and viral dissemination
(5). However, hACE2 expression under the HFH4 (FOX]I)
promoter leads to expression in the ciliated epithelium as well as
the nervous system, resulting in neuroinvasion of SARS-CoV-2
(6, 7). In contrast, knocking hACE2 into the murine Ace2 promoter
results in SARS-CoV-2 replication largely restricted to the
conducting airways, producing mild inflammation, as does the
mouse-adapted SARS-CoV-2 with enhanced S binding to mouse

ACE2, highlighting the differential expression pattern of ACE2 in
mice compared with humans (6, 8, 9). Importantly there is
evidence that the distribution of hACE2 can be highly influential
in determining the outcome SARS-CoV-2 infection in humans
and tonally regulated by underlying conditions such as chronic
obstructive pulmonary disease or environmental exposures
including rhinoviral infection or smoking (10-12).

These multiple approaches to generate mouse models of COVID-
19 have resulted in a diverse range of models allowing researchers to
mimic the different outcomes and features of SARS-CoV-2 infection in
humans, from asymptomatic to severe multiorgan disease. Of these
models, however, the use of adenoviral vector delivery systems has
several advantages, most prominently being the ability to rapidly
establish infection in a range of animal strains, including WT inbred
mouse strains, genetically modified animals used for mechanistic
studies, and models that mimic comorbidities such as obesity and
diabetes. Caveats to this approach do exist, especially the possible
antiviral immune responses elicited by the adenoviral vectors, which
could alter the responses to, and replication of, SARS-CoV-2. There is
also a risk of nonphysiological expression patterns of hACE2. However,
two other groups have used similar Ad5-hACE2 approaches to
generate a SARS-CoV-2 mouse model with similar outcomes (13, 14),
indicating that the system is robustly reproducible. In addition,
another study has used different adenoviral vectors, such as
adenovirus-associated virus 9 (AAV9) hACE2 (15), highlighting the
potential of this approach to modulate and modify the expression
pattern of hACE2 in the mouse.

One biological process Han and colleagues highlight from
their work as a possible determining factor of disease severity is
the effects of IFNs. They find a type I IEN transcriptional signature
in the SARS-CoV-2-infected Ad5-hACE2 mice (4) similar
to observations in studies using Ad5-hACE2 mice (9) and
AAV-hACE2 mice (15) and in patients with COVID-19 (16).
Intriguingly, there are suggestions that type I IFNs are not
sufficiently induced in the early days of infection, resulting in
higher viral load, but that these cytokines are highly expressed
later during the infection, potentially driving the inflammatory
response (16). Furthermore, a recent study shows a strong genetic
correlation of the type I IEN system with severe COVID-19 (17).
This will be important to study in mouse models, as early studies
suggest that type I IFNs can influence viral load (13) and can be
drivers of inflammation during SARS-CoV-2 infection (15).

In summary, different mouse models, including the one
described by Han and colleagues, are needed to aid in generating
the mechanistic insight we currently lack. We do not know how
an effective anti-SARS-CoV-2 response develops or anything
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Figure 1. Mouse models of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection provide a broad range of disease phenotypes and
pathologies for the study of coronavirus disease (COVID-19). The use of mouse-adapted, adenovirus-induced, and genetically overexpressed strategies, including
Ad5-hACE2 (adenovirus type 5—expressing human angiotensin-converting enzyme 2) overexpression described by Han and colleagues, for promoting SARS-
CoV-2 binding to ACE2 within the respiratory tract, facilitates viral replication and provides a range of viral tropisms and disease severities with which to study
pathogenesis. The figure was created using Biorender. AAV9 = adenovirus-associated virus 9; HFH4 = HNF-3/forkhead homolog 4; K18 =human keratin 18.

about the early drivers of disease. The aim of these models is

to replicate the human disease, or aspects thereof, as closely as
possible, and although none currently utilized perfectly recapitulate
either the biology or pathology of clinical infection, dependent
on the question asked, the use of several animal models should
prove beneficial (as summarized in Figure 1). For example, the
rapidly deployable Ad- or AAV-hACE2 models may be useful

in screening antivirals (4, 13, 14), whereas the K18-hACE2 mouse
could be more useful in vaccine development. However, elucidating
disease mechanisms is likely to require a more specific human
ACE2 knock-in model or a mouse-adapted strain of SARS-CoV-2.
The models in which more prolonged disease is observed may also
prove advantageous in following and perhaps manipulating long-
term inflammatory responses and lung tissue repair mechanisms,
thereby providing insight during the puzzling “long COVID” in
individuals recovering from SARS-CoV-2 infection. l
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