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Abstract

The continuing COVID-19 pandemic, caused by SARS-CoV-2, has spurred 
heightened urgency for new therapeutics. In turn this has underscored the 
need for better animal models to use for both research and development.  
A recent commentary in Biochemical Pharmacology by Jarnagin et al. has 
proposed a three gene humanized mouse model to serve this need.
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Description
SARS-CoV-2 causes a mild infection in most patients. However, in those 
patients with underlying medical conditions the disease can be devastating 
leading to hospitalization and in some cases, death [1,2].  Various animal 
species have been investigated as models for infection and disease, but none 
fully recapitulate the range of symptoms and disease seen in man [3].  The 
mouse is by far, the most popular animal model for research in immunology, 
small molecule and antibody-based drugs as well as vaccine development [4,5].  
Unfortunately, the human receptor for SARS-CoV-2, ACE2 is not equivalent to 
mouse ACE2.  This led Jarnagin et al., [6] to propose the development of a new 
mouse model that would be an improvement over what is currently available.

The new mouse model outlines the construction of two different strains of mice 
containing human ACE2 and TMPRSS2 (the protease that is involved in viral 
entry) or ACE2, TMPRSS2, and FCGRT (the receptor that binds antibodies and 
controls antibody half-life in circulation) on two mouse genetic backgrounds 
(C57Bl/6J; Th1-biased immune response and BALB/c; Th2-biased immune 
response).  These genetic constructs interrupt the equivalent mouse genes 
so that only the human gene is expressed under the control of the relevant 
mouse promoters. This ensures that only the human gene is expressed (an 
improvement over current mouse models) and that it is expressed in tissues 
in the proper manner. The two different mouse genetic backgrounds will 
allow investigators to model a wide spectrum of diseases ranging from mild 
to severe COVID-19. The FCGRT humanized mice will allow researchers to 

develop and test antibody-based therapies, as antibodies as a therapeutic 
class have many unique advantages.

Based on our working hypothesis, humanized mice in the BALB/c background 

should model more severe covid-19 disease. In contrast, the humanized 

C57BL/6 mice are likely to serve as models of asymptomatic or mild covid-19. 

Mouse models that reproduce a spectrum of SARS-CoV-2-induced illnesses 
will be critical tools for deciphering mechanisms of SARS-CoV-2 pathogenesis 
and immunity and for developing and testing vaccines and other therapies for 
covid-19. One might expect, for example, to observe no difference in SARS-
CoV-2 infection and pathogenesis in double hACE2/hTMPRSS2 vs. triple 
hACE2/hTMPRSS2/hFCγRT mice. However, for investigation of antibody-
based therapies, one would predict that a triple hACE2/hTMPRSS2/hFCγRT 
mouse model will be better suited for study due to its more human-like 

antibody clearance. Results obtained from studies with single hACE2 vs. single hTMPRSS2 vs. double hACE2/hTMPRSS2 mice may better inform 
the precise role of ACE2 and TMPRSS2 in SARS-CoV-2 in vivo infection. The 
nine different proposed humanized mouse strains, along with control wild 

type BALB/c and C57BL/6 mice, would be the best models for analyzing the 
mechanism of pathology and for therapeutic discovery. Finally, having the 

various strains available to the entire research community also allows for the 

study of ex vivo cells from the double and triple humanized mouse strains 
compared to cells derived from normal volunteers and patients. Such studies 
could be used to compare the cellular processing of SARS-CoV-2 and help 
discover new antiviral medicines. Moreover, sufficient production of such 
mouse strains would also allow the testing of the role of co-morbidities such 

as age, obesity and type II diabetes.

Conclusion
As SARS-CoV-2 is mutating rapidly and causing additional waves of the 
pandemic, and the world is facing a massive public health burden posed by a 
constellation of “long” COVID syndromes, there is an urgent need to improve on 
currently available mouse models to study SARS-CoV-2 infections and develop 
new therapeutics.  The authors have outlined how such improvements might 
be done.  As of this writing, the construction of such mice is well advanced 
towards its goal. 
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