We Thought It Was Just a Respiratory

Virus

We were wrong.

By Ariel Bleicher and Katherine Conrad =~ UCSF Magazine =~ Summer 2020

Illustration: Anna & Elena Balbusso

In late January, when hospitals in the United States confirmed the presence
of the novel coronavirus, health workers knew to watch for precisely three
symptoms: fever, cough, and shortness of breath. But as the number of
infections climbed, the symptom list began to grow. Some patients lost their
sense of smell and taste. Some had nausea or diarrhea. Some had
arrhythmias or even heart attacks. Some had damaged kidneys or livers.
Some had headaches, blood clots, rashes, swelling, or strokes. Many had
no symptoms at all.

By June, clinicians were swapping journal papers, news stories, and tweets describing more
than three dozen ways that COVID-19, the disease the coronavirus causes, appears to
manifest itself. Now researchers at UC San Francisco and around the world have begun
taking a closer look at this dizzying array of symptoms to get at the disease’s root causes.
They are learning from people inside the hospital and out; people on the brink of death and
only mildly sick; people newly exposed and recovered; people young and old, Black, brown,
and white. And they are beginning to piece together the story of a virus unlike any known

before.

How infection sets in

Viruses lead a curious purgatorial existence of being neither fully alive nor dead. Enveloped
in a protein cloak, a virus consists almost entirely of genetic material — DNA or RNA, the
blueprints for all of life. But it can’t reproduce on its own. To survive, it must break into a cell

and co-opt the cell’s gene-copying machinery.

The novel coronavirus, an RNA virus named SARS-CoV-2, has become notorious for its skill
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from its surface — a feature that distinguishes all coronaviruses. The spikes of SARS-CoV-2
are the creme de la creme: By the luck of the evolutionary draw, they are able to easily grab
hold of protein gates on human cells known as ACE2 receptors and, like jackknives, pry

these gates open.

Spikes on the virus’s surface act like jackknives to break and enter human cells.

“You can think of an ACE2 receptor like a docking site,” says Faranak Fattahi, PhD, a UCSF

Sandler Fellow. When the coronavirus pandemic hit San Francisco, Fattahi repurposed her

laboratory to study this key receptor, which normally plays a role in regulating blood
pressure. “When the virus lands on it,” she says, “it initiates a molecular process that brings

the virus inside the cell.”

If you’re exposed to SARS-CoV-2 — say, from a cough or sneeze — the virus will likely first
encounter ACE2 receptors on cells in your nose or throat. But these receptors also populate
your heart, gut, and other organs. Fattahi’s team has found evidence suggesting that male sex
hormones such as testosterone may increase the number of ACE2 receptors that cells

produce, which could help explain why SARS-CoV-2 seems to wreak greater havoc on men

than on women and why kids rarely get sick. “The fewer ACE2 receptors, the less risk of

infection — that’s the idea,” she says, adding that this hypothesis for the disease’s gender gap

is only one of several.

Once inside a few initial host cells, the virus sets them to work churning out copies of itself.
Within hours, thousands of new virus particles begin bursting forth, ready to infect more
cells. Although SARS-CoV-2 is less deadly than the original SARS virus, which emerged in
2002, it replicates more rapidly. Also unlike SARS, which primarily infects the lungs, SARS-
CoV-2 replicates throughout the airway, including in the nose and throat, making it highly

contagious — like the common cold.
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SARS-CoV-2 replicates throughout the airway, making it highly contagious, like the common cold.

However, infection with SARS-CoV-2 usually doesn’t feel like a cold. Fewer than 20% of
infected people who eventually show up at a hospital report having had a sore throat or
runny nose. During the first few days of being infected, you’re more likely to have a fever, dry

cough or, peculiarly, lose your sense of smell or taste.

Most likely, though, you won’t feel sick at all. When UCSF researchers tested people for
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symptoms. “That’s much higher than expected,” says Monica Gandhi, MD, MPH, a UCSF

professor of medicine with expertise in HIV. Surveys of outbreaks in nursing homes and
prisons show similar or even higher numbers. “If we did a mass testing campaign on 300
million Americans right now, I think the rate of asymptomatic infection would be somewhere
between 50% and 80% of cases,” Gandhi says. Millions of people may be spreading the virus

without knowing it, she points out, making asymptomatic transmission the Achilles’ heel of

efforts to control the pandemic — and highlighting the importance of universal masking.

“The majority of people who have COVID-19 are out in the community, and they are either

asymptomatic or only mildly ill,” says Sulggi Lee, MD, PhD, a UCSF assistant professor of

medicine. When the coronavirus pandemic hit San Francisco in early March, Lee conceived a

study to investigate why. She scrambled to assemble a team and procure funding and

equipment. She borrowed a colleague’s mobile clinic — a van outfitted with an exam table
and a phlebotomy chair — so that her team could drive around the city, collecting samples
from infected people. Lee hopes data from the study, called CHIRP (COVID-19 Host Immune
Response Pathogenesis), will show how people’s immune systems respond as SARS-CoV-2

starts to gain a foothold in their bodies.

“A lot is riding on that initial response,” she says. If Lee and her collaborators can figure out
the biological processes that allow some infected people to stay relatively well, they can

perhaps use that knowledge to prevent others from falling severely ill.

Battling in the lungs

True to its name, SARS-CoV-2 (which stands for severe acute respiratory syndrome
coronavirus 2) is first and foremost a bad respiratory virus. If your immune system doesn’t
defeat it at its landing site in your nose or throat, it will advance down your windpipe,
infiltrating the cells lining your lungs’ branching air tubes. At the tubes’ ends, tiny air sacs
called alveoli pass oxygen to your blood. As the virus multiplies, the alveoli may fill with
fluid, shutting down this critical gas exchange. Your blood-oxygen level may drop and,

typically about six days into an infection, you may start feeling short of breath.

What causes this mayhem? “Some of it is definitely caused by the virus itself,” says Michael

Matthay, MD, a UCSF professor of medicine who has studied acute respiratory diseases for

more than 30 years. Inevitably, a fast-replicating virus will kill or injure many of the lung

cells it infects; the more cells it infects, the more ruin it will leave in its wake.
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The virus’s fatality rate seems to be roughly 10 times that of the flu.

But SARS-CoV-2 doesn’t appear to be a savage destroyer of cells. Although it’s too early to
know for sure, the virus’s fatality rate seems to be roughly 10 times that of the flu. “You

would think that’s because it’s just a killing machine,” says Max Krummel, PhD, UCSF’s

Smith Professor of Experimental Pathology and chair of the Bakar ImmunoX initiative. So

far, however, the science suggests otherwise.

“One of the weirder things about this new coronavirus is it doesn’t seem to be incredibly
cytopathic, by which we mean cell-killing,” Krummel says. “Flu is really cytopathic; if you
add it to human cells in a petri dish, the cells burst within 18 hours.” But when UCSF
researchers subjected human cells to SARS-CoV-2, many of the infected cells never perished.
“It’s pretty compelling data that maybe we’re not dealing with a hugely aggressive virus,”

Krummel says.

The bigger provocation, he suspects, may be your own immune system. Like any pathogen,
SARS-CoV-2 will trigger an immune attack within minutes of entering your body. This
counterstrike is extraordinarily complex, involving many tactics, cells, and molecules. In a
UCSF study called COMET (COVID-19 Multi-Phenotyping for Effective Therapies),
Krummel and other scientists have been observing this immune warfare in more than 30
people admitted to UCSF hospitals with COVID-19 and other respiratory infections. “What

we’re doing is looking at patients’ blood, their genes, and the secretions from their noses and

lungs, and we’re asking, ‘What’s your army? What’s your response strategy?’”

“1t’s pretty compelling data that maybe we’re not
dealing with a hugely aggressive virus.”

MAX KRUMMEL, PHD
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As a medical examiner for California’s Santa Clara County, Parson had done a routine
autopsy on a 57-year-old woman named Patricia Dowd, who had died suddenly at home on
February 6. In Dowd’s tissues, Parson found the cause of her death: SARS-CoV-2. But the
virus hadn’t wrecked Dowd’s lungs. In fact, she had only mild pneumonia. Instead, SARS-
CoV-2 had ruptured her heart.

Meanwhile, epidemiologists began learning that preexisting heart disease and related
conditions put people at greater risk of suffering and dying from COVID-19. “We’re finding
that many patients who have more severe forms of the illness are obese, they are diabetic,

they are hypertensive,” says cardiologist Nisha Parikh, MD, a UCSF associate professor who

specializes in population health research. Such risk factors, she says, are unusual. “They’re

not ones that really stood out in prior epidemics.”

Clinicians, too, were seeing surprising numbers of COVID-19 patients develop heart
problems — muscle weakness, inflammation, arrhythmias, even heart attacks. “We’re not
used to respiratory viruses having such dire consequences on the heart in such apparently

high numbers,” says cardiologist Gregory Marcus, MD, MAS °08, UCSF’s Endowed Professor

of Atrial Fibrillation Research. Many patients whose hearts acted up also had failing lungs.

But others had no other symptoms or, like Dowd, only mild ones.

Since March, Marcus has co-led one of the largest community surveys to better understand
the spread of SARS-CoV-2 and its myriad effects. The study, dubbed COVID-19 Citizen
Science, has so far enrolled more than 27,000 people; anyone with a smartphone can
participate. Marcus plans to also start collecting data from wearable devices, including
Fitbits and Zio patches, which wirelessly monitor heart rhythms. “There may be large
numbers of people who are suffering from cardiovascular effects of COVID-19 in the absence

of other symptoms,” Marcus says. “I'm worried we’re missing those cases.”

It stands to reason that SARS-CoV-2 affects the heart. After all, heart cells are flush with
ACE2 receptors, the virus’s vital port of entry. And, indeed, laboratory experiments suggest

that the virus can enter and replicate in cultured human heart cells, says Bruce Conklin, MD,

a professor of medicine and an expert in heart-disease genetics at UCSF and the Gladstone

Institutes.

But Conklin doesn’t think SARS-CoV-2 necessarily Kkills heart cells outright. Rather, in the
process of copying itself, the virus steals pieces of the genetic instructions that tell the heart

cells how to do their job. “It’s hauling away and hijacking stuff that’s necessary for the heart
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