
 

Scientists get to the bottom of COVID's worst
pediatric complication
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Early in the COVID-19 pandemic, some children fought off COVID
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with few, if any, symptoms, only to go into organ failure a few weeks
later.

Most recovered after aggressive treatment, but their sudden illness,
dubbed multisystem inflammatory syndrome in children (MIS-C),
remained a mystery.

Now, a team of scientists from UC San Francisco, Chan Zuckerberg
Biohub San Francisco, St. Jude Children's Research Hospital, and Boston
Children's Hospital has discovered what led to many of these cases, with
a study that has implications for other autoimmune diseases.

The researchers found that the children's immune systems had latched
onto a part of the coronavirus that closely resembles a protein found in
the heart, lungs, kidneys, brain, skin, eyes and GI tract, and launched a
catastrophic attack on their own tissues.

The study, published on August 7 in Nature, offers one of the clearest
connections yet linking viral infection and subsequent autoimmune
disease.

"Thanks to our world-class team we've found an answer for how children
get this mysterious disease," said Aaron Bodansky, MD, a critical care
fellow in UCSF's Department of Pediatrics and lead author of the paper.
"We hope this kind of approach can help break new ground in
understanding similar diseases of immune dysregulation that have
stumped us for decades, like multiple sclerosis or type 1 diabetes."

COVID's unexpected consequence in kids

As the novel coronavirus spread among millions of people, MIS-C cases
mounted, affecting about one in 2,000 children under 18 with COVID.

2/6

https://medicalxpress.com/tags/autoimmune+diseases/
https://www.nature.com/articles/s41586-024-07722-4


 

Adrienne Randolph, MD, MSc, a critical care pediatrician at Boston
Children's Hospital and co-senior author of the paper, tracked these
cases and collected patient samples through a national network of
pediatric ICUs she had founded called Overcoming COVID-19.

"Every time COVID peaked in an area, about 30 days later, there'd be a
peak of these kids presenting with what looked like septic shock in our
network of ICUs, except they were negative for all kinds of infection,"
Randolph said. "If we hadn't intervened and supported them, they could
have died."

Treating children with MIS-C at UCSF, Bodansky noticed that it
resembled Kawasaki disease and other rare pediatric inflammatory
diseases that he had long sought to better understand.

Co-senior author Mark Anderson, MD, Ph.D., who directs the Diabetes
Center at UCSF, suggested Bodansky try a tool that he and Joe DeRisi,
Ph.D., president of Chan Zuckerberg Biohub San Francisco, were using,
called Phage Immunoprecipitation Sequencing (PhIP-Seq), to see if it
could uncover the cause of MIS-C.

PhIP-Seq screens blood for autoantibodies, or antibodies that mistakenly
attack the human body rather than an outside threat, such as a virus.
DeRisi, corresponding author and professor of biophysics and
biochemistry at UCSF, had already used PhIP-Seq to understand severe
neurological symptoms, as well as the link between viral infections and
multiple sclerosis.

"We thought, could there be some sort of trigger with the immune
system that leads to MIS-C?" Anderson recalled. "Thanks to
Overcoming COVID-19, which our pediatric ICU was part of, we
realized there might be enough samples to do PhIP-Seq on kids that had
MIS-C and compare their antibodies with kids that had gotten COVID
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but did not get MIS-C."

A fingerprint of SARS-CoV-2 at the scene of disease

With the approval of the Centers for Disease Control and Prevention
(CDC), Randolph sent samples from 199 children with MIS-C to UCSF,
along with 45 samples from children who had not developed MIS-C
after COVID.

PhIP-Seq revealed that one third of the MIS-C cases had autoantibodies
for an obscure human protein, called SNX8, which is present in certain 
immune cells that reside throughout the body. For some reason, the
immune system was making antibodies targeting itself.

The scientists spent months hunting for a link between these
autoantibodies and SARS-CoV-2. Then, late one night while looking at
SNX8 on his computer screen with Bodansky, DeRisi had a flash of
insight. What if the human protein resembled a portion of SARS-
CoV-2's N protein?

"We ran an analysis here on my computer—I did it myself—and it
matched," DeRisi recalled. "It was the same thing. It blew our minds."

Next, the team screened the MIS-C kids' antibodies against proteins
from the virus. The antibodies were targeting the very part of the N
protein that matched SNX8. But antibodies from the healthy kids
targeted other parts of the N protein that did not resemble a human
protein.

The T-cell caper

The match between the autoantibodies, SNX8 and the N protein was a
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clear sign of an autoimmune overreaction.

But there was a hitch: antibodies can only go after threats that are
floating in the blood. SNX8 is hidden inside of cells and would be
invisible to them.

Anderson and Bodansky suspected that killer T cells, which screen the
contents of human cells and destroy infected ones, were involved in this
case of mistaken molecular identity.

Joe Sabatino, MD, Ph.D., UCSF professor of neurology and co-author of
the paper, found that some T cells from the MIS-C patients seemed to
target SNX8.

To prove that these T cells were truly attacking both targets, Paul
Thomas Ph.D., professor of host-microbe interactions at St. Jude and his
team carefully screened T cells from some of the MIS-C patients for
matches with human SNX8 and the viral N protein.

Usually, doing an experiment like this is like trying to find a needle in a
haystack. The body has so many different kinds of T cells that they need
to be grown, or expanded, in the lab to find the rare culprit.

The MIS-C samples were different.

"Just taking these T-cells from patients directly, without any expansion,
we found clusters of T cells that were specific for these two different
target proteins," said Thomas, who is a co-senior author of the paper. "It
gives us an overwhelming amount of confidence that this response,
associated with the autoantibody profile, is naturally elicited in a subset
of these patients."

Broad lessons for autoimmune disease
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Most children who had MIS-C have fully recovered, and major ICUs
now only see a few new cases each year, mostly in unvaccinated
children.

By tracing the disease from virus to autoantibody to T cell, the findings
point to a new way of investigating—and hopefully one day
treating—autoimmune disease more generally.

"This paper is special because it actually finds the smoking gun—what
made these kids so sick," DeRisi said. "It opens the door to
understanding why so many of these post-infectious, horribly
inflammatory autoimmune events occur."

  More information: Joseph DeRisi, Molecular mimicry in multisystem
inflammatory syndrome in children (MIS-C), Nature (2024). DOI:
10.1038/s41586-024-07722-4. 
www.nature.com/articles/s41586-024-07722-4
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