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Transmission electron micrograph of SARS-CoV-2 virus
particles (colored yellow) within the endosomes of a
heavily infected nasal olfactory epithelial cell. Credit:
NIAID

Researchers in Germany have discovered that age-
dependent impairments in antiviral interferon
proteins underlie the increased susceptibility of
older patients to severe COVID-19. The study,
published today in the Journal of Experimental
Medicine, shows that aged mice infected with
SARS-CoV-2 are protected from severe disease by
treatment with one of these interferons, IFN-?.

The immune system's response to SARS-CoV-2 is
coordinated by a group of antiviral signaling
proteins called interferons, which help to stop the
virus replicating and activate various immune cells
that can clear the virus from the body.

There are three different types of interferon
protein, known as types |, I, and Ill, and
researchers have estimated that up to 20% of
SARS-CoV-2-related deaths may be attributed to
defects in type | interferon signaling (due to the
presence of genetic mutations or autoantibodies
that block type | interferons from functioning
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properly).

However, whether age-dependent changes in the
activity of interferons explain why older patients are
more susceptible to developing severe COVID-19
has remained unclear.

To investigate this question, a team of researchers
led by Dr. Daniel Schnepf and Professor Martin
Schwemmle at the Institute of Virology, Medical
Center University of Freiburg, developed a novel
strain of SARS-CoV-2 that, unlike clinical strains of
the virus, can infect regular laboratory mice and
cause severe disease. The strain, which carries
several key mutations also found in omicron
strains, was particularly virulent in aged mice,
showing enhanced replication and causing
increased death in older animals compared with
younger ones.

"We found that adult animals mounted a rapid and
well-orchestrated innate and adaptive immune
response to viral infection, whereas aged animals
showed a reduced, delayed, and more pro-
inflammatory response," explains Schnepf.

Schnepf and colleagues determined that type |
interferon signaling was impaired in aged mice.
Notably, however, the researchers also discovered
that levels of the type Il interferon IFN-? were
reduced in older animals infected with SARS-
CoV-2. Treating these aged mice with IFN-?
protected them from severe illness and death in
response to SARS-CoV-2 infection. In contrast,
blocking type Il interferon signaling in younger mice
made them more susceptible to severe disease.

"Collectively, our data suggest that impaired type |
IFN signaling in combination with impaired IFN-
?—mediated immune responses can account for the
observed high SARS-CoV-2 disease susceptibility
of aged mice, and possibly older humans, too,"
Schnepf says.
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Finally, the researchers examined mice that are
extremely susceptible to severe COVID-19, namely
aged mice that are also genetically deficient in type
| interferon signaling. Schnepf and colleagues
found that, because type lll interferons can partially
substitute for the absence of type | interferon
signaling, combined treatment with IFN-? and the
type lll interferon IFN-? was able to protect these
high risk animals from severe iliness and death.

"By generating and employing a mouse model for
severe COVID-19, we have identified the age-
dependent impairment of type | and type Il
interferon responses as a critical pathomechanism
that drives the virulence of SARS-CoV-2 in aged
hosts," says Professor Schwemmle. "We were able
to successfully translate this novel insight into an
immunomodulatory treatment strategy that
prevented SARS-CoV-2—induced lethality in a
highly susceptible disease model that mimics
impaired type | interferon immunity and advanced
age."

More information: Julius Beer et al, Impaired
immune response drives age-dependent severity of
COVID-19, Journal of Experimental Medicine
(2022). DOI: 10.1084/jem.20220621
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