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Scientists Develop First Lethal Hamster Model for COVID-19  

Army scientists, in collaboration with Utah State University, have developed a lethal 
hamster model for SARS-CoV-2, the virus that causes COVID-19. This model system will aid in 
understanding the severe disease course of COVID-19—including the virus’s interaction with 
the central nervous system—and will support the advancement of vaccines and therapeutics 
targeting the virus. 

Joseph W. Golden, Ph.D. and colleagues at the U.S. Army Medical Research Institute of 
Infectious Diseases collaborated with Zhongde Wang, Ph.D. and the USU team to develop the 
hamster model. Their findings appear in today’s online edition of mBio, a journal published by 
the American Society for Microbiology.  

SARS-CoV-2, the novel coronavirus first identified in Wuhan, China in late 2019, has 
caused a global pandemic resulting in significant morbidity and mortality in humans throughout 
the world. COVID-19 disease presentation in humans ranges from asymptomatic virus carrier to 
fatal systemic disease, and historic efforts are underway to develop medical countermeasures. 
Animal models that mimic the course of human disease are essential for advancing these 
countermeasures. 

Furthermore, understanding how the virus can produce severe, and potentially deadly, 
disease in a small percentage of the population is an essential aspect of these studies. While 
SARS-CoV-2 most typically causes a respiratory infection, more evidence suggests that there 
may also be a neurological aspect of COVD-19 that is poorly understood, according to Golden, 
the paper’s first author.  

To explore this avenue, USU’s team developed a transgenic hamster genetically 
engineered to express the human angiotensin converting enzyme 2 (ACE2) gene—a key protein 
used by SARS-COV-2 to enter cells—under the control of a keratin 18 promoter. This promoter 
increases the level of ACE2 expression to produce a more acute form of the disease, allowing 
scientists to study infection of the central nervous system, including the brain and spinal cord. 



Hamsters, like humans, are naturally susceptible to infection by SARS-CoV-2, in part 
because they have similar ACE2 proteins at important virus binding sites, the researchers said. 
Ordinarily, infected hamsters develop respiratory disease; the virus is controlled by the host and 
cleared; and the animals survive. In this way, the normal hamster system is similar to human 
disease, which is typically moderate in nature. However, the K18-hACE2 transgenic animals 
developed acute disease, including weight loss, lung injury, and brain infection, and ultimately 
succumbed to the disease.  

“Working with Utah State University and leveraging their transgenic animal technology, 
together with USAMRIID’s emerging infectious disease research expertise, has allowed us to 
more comprehensively understand the pathophysiology of SARS-CoV-2,” Golden said. 

Additionally, the authors found that uninfected control animals in proximity to infected 
animals also had the virus, indicating that this model system is highly sensitive to SARS-CoV-2 
infection and may be ideal for studying viral spread between hosts. 

“This hypersensitive hamster model might be particularly useful for variants of concern 
that cause mild disease in wild type hamsters,” said Jay W. Hooper, Ph.D., the paper’s senior 
author. 
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Caption 1:   

Hamsters expressing the human version of the angiotensin-converting enzyme 2 (ACE2) protein, the 
cellular entry receptor of SARS-CoV-2, are highly susceptible to infection and develop a lethal disease. In 
addition to respiratory infection, the virus also enters the central nervous system and causes damage.  
Image shows the microglial cells (green) engulfing infected neurons (red) in a process called neurophagia 
in the brains of hamsters. This transgenic hamster model may be useful for studying the neurological 
aspects of COVID-19, in addition to identifying other factors that contribute to severe disease. 
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Caption 2:  

Hamsters expressing the human version of the angiotensin-converting enzyme 2 (ACE2) protein, the 
cellular entry receptor of SARS-CoV-2, are highly susceptible to infection and develop a lethal disease. In 
addition to respiratory infection, the virus also enters the central nervous system and causes damage. 
Image on left shows how SARS-CoV-2 infection led to severe damage within the nasal turbinates, 
including a complete obstruction of the nasal cavity. Normal nasal turbinate is shown on the right with 
open passages. This transgenic hamster model may be useful for studying factors that contribute to 
severe disease outcomes in SARS-CoV-2 infected humans. 
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