
 

Research shows how mutations in SARS-
CoV-2 allow the virus to dodge immune
defenses
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Colorized scanning electron micrograph of an apoptotic cell (green) heavily
infected with SARS-COV-2 virus particles (yellow), isolated from a patient
sample. Image captured at the NIAID Integrated Research Facility (IRF) in Fort
Detrick, Maryland. Credit: NIH/NIAID

The vast majority of people infected with SARS-CoV-2 clear the virus,
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but those with compromised immunity—such as individuals receiving
immune-suppressive drugs for autoimmune diseases—can become
chronically infected. As a result, their weakened immune defenses
continue to attack the virus without being able to eradicate it fully.

This physiological tug-of-war between human host and pathogen offers a
valuable opportunity to understand how SARS-CoV-2 can survive under
immune pressure and adapt to it.

Now, a new study led by Harvard Medical School scientists offers a look
into this interplay, shedding light on the ways in which compromised
immunity may render SARS-CoV-2 fitter and capable of evading the
immune system.

The research, published March 16 in Cell, shows that a mutated SARS-
CoV-2 from a chronically infected immunocompromised patient is
capable of evading both naturally occurring antibodies from COVID-19
survivors as well as lab-made antibodies now in clinical use for treatment
of COVID-19.

The patient case was originally described Dec. 3, 2020, as a New
England Journal of Medicine report by scientists at Brigham and
Women's Hospital a few weeks before the U.K. and South African
variants were first reported to the World Health Organization.
Interestingly, the patient-derived virus contained a cluster of changes on
its spike protein—the current target for vaccines and antibody-based
treatments—and some of these changes were later detected in viral
samples in the U.K. and South Africa, where they appear to have arisen
independently, the researchers said.

The newly published study, which builds on the initial case report, shows
something more alarming still. Some of the changes found in the patient-
derived virus have not been identified yet in dominant viral variants
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circulating in the population at large. However, these changes have been
already detected in databases of publicly available viral sequences. These
mutations remain isolated, the authors of the report said, but they could
be harbingers of viral mutants that may spread across the population.

The researchers emphasize that variants initially detected in the U.K. and
South Africa remain vulnerable to currently approved mRNA vaccines,
which target the entire spike protein rather than just portions of it.
Nonetheless, the study results could also offer a preview into a future, in
which current vaccines and treatments may gradually lose their
effectiveness against next-wave mutations that render the virus
impervious to immune pressures.

"Our experiments demonstrated that structural changes to the viral spike
protein offer workarounds that allow the virus to escape antibody
neutralization," said study senior author Jonathan Abraham, assistant
professor of microbiology in the Blavatnik Institute at Harvard Medical
School and an infectious disease specialist at Brigham and Women's
Hospital. "The concern here is that an accumulation of changes to the
spike protein over time could impact the long-term effectiveness of
monoclonal antibody therapies and vaccines that target the spike
protein."

Although the scenario remains hypothetical for now, Abraham said, it
underscores the importance of two things. First, reducing the growth and
spread of mutations by curbing the virus's spread both through infection-
prevention measures and through widespread vaccination. Second, the
need to design next-generation vaccines and therapies that target less
mutable parts of the virus.

"How the spike responded to persistent immune pressure in one person
over a five-month period can teach us how the virus will mutate if it
continues to spread across the globe," added Abraham, who co-leads the
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COVID-19 therapeutics working group of the Massachusetts Consortium
on Pathogen Readiness (MassCPR). "To help stop the virus from
circulating, it's critical to make sure that vaccines are rolled out in an
equitable way so that everyone in every country has a chance to get
immunized."

A game of survival

Mutations are a normal part of a virus's life cycle. They occur when a
virus makes copies of itself. Many of these mutations are
inconsequential, others are harmful to the virus itself and yet others may
become advantageous to the microbe, allowing it to propagate more
easily from host to host. This latter change allows a variant to become
more transmissible. If a change on a variant confers some type of
evolutionary advantage to the virus, this variant can gradually
outcompete others and become dominant.

In the early months of the pandemic, the assumption—and hope—was
that SARS-CoV-2 would not change too fast because, unlike most RNA
viruses, it has a "proofreading" protein whose job is to prevent too many
changes to the viral genome. But last fall, Abraham and colleagues
became intrigued by—and then alarmed about—a patient receiving
immune-suppressive treatment for an autoimmune disorder who had
been infected with SARS-CoV-2. The patient had developed a chronic
infection. A genomic analysis of the patient's virus showed a cluster of
eight mutations on the viral spike protein, which the virus uses to enter
human cells and that is the target of current antibody treatments and
vaccines. Specifically, the mutations had clustered on a segment of the
spike known as the receptor-binding domain (RBD), the part that
antibodies latch onto to prevent SARS-CoV-2 from entering human
cells.

Abraham and colleagues knew the changes were a sign that the virus had
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developed workarounds to the patient's immune defenses. But would
these mutations allow the virus to dodge the immune assault of
antibodies that were not the patient's own?

To answer the question, Abraham and colleagues created lab-made,
noninfectious replicas of the patient virus that mimicked the various
structural changes that had accumulated in the span of five months.

In a series of experiments, the researchers exposed the dummy virus to
both antibody-rich plasma from COVID-19 survivors and to
pharmaceutically made antibodies now in clinical use. The virus dodged
both naturally occurring and pharmaceutical-grade antibodies.

Experiments with a monoclonal antibody drug that contains two
antibodies showed the virus was entirely resistant to one of the
antibodies in the cocktail and somewhat, although not fully, impervious
to the other. The second antibody was four-times less potent in
neutralizing the mutated virus.

Not all eight mutations rendered the virus equally resistant to antibodies.
Two particular mutations conferred the greatest resistance to both
natural and lab-grown antibodies.

In a final experiment, the researchers created a super antibody by
cobbling together proteins from naturally occurring antibodies that had
evolved over time to become more attuned to and better at recognizing
SARS-CoV-2 and capable of latching onto it more tightly. The process,
known as antibody affinity maturation, is the principle behind vaccine
booster shots used to fortify existing antibodies. One specific variant
containing mutations that had occurred late in the course of the patient's
infection was capable of withstanding even this super-potent antibody.
But the super-potent antibody did manage to neutralize viral mutations
detected at a different time in the course of the infection.
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"This observation underscores two points: That the virus is smart enough
to eventually evolve around even our most potent antibody therapies, but
that we can also get ahead by 'cooking' new potent antibodies now,
before new variants emerge," Abraham said

Getting ahead of the virus

Taken together the findings underscore the need to further understand
human antibody responses to SARS-CoV-2 and to untangle the complex
interplay between virus and human host, the researchers said. Doing so
would allow scientist to anticipate changes in the virus and design
countermeasures around these mutations before they become
widespread.

In the short term, this speaks to the greater need to design antibody-
based therapies and vaccines that directly target more stable, less
mutable parts of the spike protein beyond its mutation-prone RBD
region.

Long-term, this means that scientists should pivot toward developing
therapies that go beyond antibody immunity and include also so-called
cellular immunity, which is driven by T cells—a separate branch of the
immune system that is independent of antibody-based immunity.

The most immediate implication, however, Abraham said, is to stay on
top of emerging mutations through aggressive genomic surveillance. This
means that instead of merely detecting whether SARS-CoV-2 is present
in a patient sample, the tests should also analyze the viral genome and
look for mutations. The technology to do so exists and is used in several
countries as a way to monitor viral behavior and track changes to the
virus across the population.

"In the United States, especially, the strategy has been to test and say
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whether a person is infected or not infected," Abraham said. "But there's
a lot more information in that sample that can be obtained to help us
track whether the virus is mutating. I am encouraged by the concerted
efforts across the world to monitor sequences more aggressively—doing
so is critical."

"It is important for us to stay ahead of this virus as it continues to
evolve," said study first author Sarah Clark, member of the Abraham lab
and a fourth-year student in the Ph.D. Program in Virology at Harvard
University. "My hope that our study provides insights that allow us to
continue to do that."

  More information: Sarah A. Clark et al. SARS-CoV-2 evolution in an
immunocompromised host reveals shared neutralization escape
mechanisms. Cell.
March 16, 2021 DOI:doi.org/10.1016/j.cell.2021.03.027
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