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The Virus That Causes Mono Does a Lot
More Than That

Epstein-Barr virus infects almost everyone alive. It’s also linked to cancers and

multiple sclerosis. What do we do about it?
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Statistically speaking, the virus known as Epstein-Barr is inside you right now. It is
inside 95 percent of us. It spreads through saliva, so perhaps you first caught the virus
as a baby from your mother, who caught it as a baby from her mother. Or you picked
it up at day care. Or perhaps from a friend with whom you shared a Coke. Or the
pretty girl you kissed at the party that cold New Year’s Eve.

If you caught the virus in this last scenario—as a teen or young adult—then Epstein-
Barr may have triggered mono, or the “kissing disease,” in which a massive immune
response against the pathogen causes weeks of sore throat, fever, and debilitating
fatigue. For reasons poorly understood but not unique among viruses, Epstein-Barr
virus, or EBV, hits harder the later you get it in life. If you first caught the virus as a
baby or young child, as most people do, the initial infection was likely mild, if not
asymptomatic. Unremarkable. And so this virus has managed to fly under the radar,
despite infecting almost the entire globe. EBV is sometimes jokingly said to stand for
“everybody’s virus.” Once inside the body, the virus hides inside your cells for the rest

of your life, but it seems mostly benign.

Except, except. In the decades since its discovery by the virologists Anthony Epstein
and Yvonne Barr in 1964, the virus has been linked not only to mono but also quite
definitively to cancers in the head and neck, blood, and stomach. It’s also been linked,
more controversially, to several autoimmune disorders. Recently, the link to one
autoimmune disorder got a lot stronger: Two separate studies published this year
make the case—convincingly, experts say—that Epstein-Barr virus is a cause of
multiple sclerosis, in which the body mistakenly attacks the nervous system. “When
you mentioned the virus and MS 20 years ago, people were like, Get lost ... It was a
very negative attitude,” says Alberto Ascherio, an epidemiologist at Harvard and a lead

author of one of those studies, which used 20 years of blood samples to show that

getting infected with EBV massively increases the risk of developing multiple sclerosis.
The connection between virus and disease is hard to dismiss now. But how is it that
EBV causes such a huge range of outcomes, from a barely noticeable infection to

chronic, life-altering illness?


https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-09049-x
https://www.science.org/doi/10.1126/science.abj8222

In the face of a novel coronavirus, my colleague Ed Yong noted that a bigger
pandemic is a weirder pandemic: The sheer number of cases means that even one-in-
a-million events become not uncommon. EBV is far from novel; it belongs to a family

of viruses that were infecting our ancestors before they were really human. But it does

infect nearly all of humanity and in rare occasions causes highly unusual outcomes. Its
ubiquity manifests its weirdness. Decades after its discovery and probably millennia
after those first ancient infections, we are still trying to understand how weird this old
and familiar virus can be. We do little to curb the spread of Epstein-Barr right now.
As the full scope of its consequences becomes clearer, will we eventually decide it’s

worth stopping after all?

From its very discovery, Epstein-Barr confounded our ideas of what a virus can or
cannot do. The first person to suspect EBV’s existence was Denis Burkitt, a British
surgeon in Uganda, who had the unorthodox idea that the unusual jaw tumors he
kept seeing in young children were caused by a then-undiscovered pathogen. The
tumors grew fast—doubling in size in 24 to 48 hours—and were full of white blood
cells or lymphocytes turned cancerous. This disease became known as Burkitt’s
lymphoma. Burkitt suspected a pathogen because the jaw tumors seemed to spread
from area to neighboring area and followed seasonal patterns. In other words, this

lymphoma looked like an epidemic.
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In 1963, a biopsy of cells from a girl with Burkitt’s lymphoma made its way to the lab
of Anthony Epstein, in London. One of his students, Yvonne Barr, helped prepare the
samples. Under the electron microscope, they saw the distinctive shape of a
herpesvirus, a family that also includes the viruses behind genital herpes, cold sores,
and chicken pox. And the tumor cells specifically were full of this virus. Case closed?
Not yet. At the time, the idea that a virus could cause cancer was “rather remote,” says
Alan Rickinson, a cancer researcher who worked in Epstein’s lab in the 1970s. “There
was a great deal of skepticism.” What’s more, the virus’s ubiquity made things
confusing. Critics pointed out that sure, children with Burkitt’s ymphoma had

antibodies to EBV, but so did healthy children in Africa. So did American children for

that matter, as well as isolated Icelandic farmers and people belonging to a remote

tribe in the Brazilian rainforest. The virus was everywhere scientists looked, yet
Burkitt’s lymphoma was largely confined to equatorial Africa. What if EBV was just

an innocent bystander? Why wasn'’t the virus causing disease anywhere else?

It was. Scientists just didnt know where to look until a stroke of luck clued them in.
In 1967, a technician in a Philadelphia lab studying EBV and cancer fell ill with
symptoms of mono. Because she was one of the few people who had tested negative
for EBV antibodies, she had regularly donated blood for lab experiments that needed
a known negative sample. When she came back after the illness, she started testing
positive, highly positive. The timing suggested what we now know: EBV is the most

common cause of mono.

Scientists eventually found more links between the virus and other cancers:
nasopharyngeal cancer, stomach cancer, Hodgkin’s lymphoma, and other forms of

lymphoma. In all, it plays a role in 1.5 percent of cancers globally. Those first two are
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cancers in the cells lining the throat and stomach, which EBV can infect. The others
are in white blood cells or lymphocytes, which the virus actually specializes in
infecting. In particular, EBV infects a type of lymphocyte called a B cell, each of
which is born to recognize a different hypothetical enemy. If a certain B cell never
finds its matching enemy; it dies as part of the body’s ruthless culling of useless
immune cells. If it does find a match, however, the B cell divides and transforms into

memory B cells, which will remain to guard against infection for the rest of a person’s

life.

EBV’s genius is that it co-opts this normal process. It manipulates infected B cells into
thinking they have been activated, so that they turn into long-lasting memory B cells
where the virus can hide for decades. (All herpesviruses in the family have this
unusual ability to become latent, though they hide out in different types of cells. The
chicken-pox virus, for example, uses nerve cells, sometimes coming out to cause
shingles.) Occasionally, EBV emerges from its hiding place, replicating just enough to
get by. If it replicates too little, it won’t find another host before getting shut down by
the immune system. If it replicates too much, it risks harming its current host. The
virus and immune system are in constant balance, each holding the other in check.
There’s an “elegance with which this virus has established a long-term relationship
with the host,” says Sumita Bhaduri-Mclntosh, a pediatric infectious-disease doctor at

the University of Florida.

When this balance is interrupted, one possible result is cancer. As part of its
manipulation of infected cells, EBV seems to suppress their normal dying process.
And if the cell that refuses to die has other aberrant properties, then you can get
cancers like Burkitt’s lymphoma. “In most cases, when the virus appears in this cancer,
and subsequently in other cancers, it is one part of a chain,” Rickinson says. “It’s
obviously not the sole driver of growth.” This explains why EBV doesn’t cause cancer
in everyone it infects, only in those unlucky enough to have also acquired the wrong
set of other mutations. In the case of Burkitt’s lymphoma, the cancerous cells also
have a strange rearrangement of chromosomes, which scientists learned is linked to

malaria infection. This accounted for the unique geographic pattern that Burkitt had


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4754002/#:~:text=Varicella%20zoster%20virus%20(VZV)%20is%20an%20exclusively%20human%20alphaherpesvirus.,ganglia%20along%20the%20entire%20neuraxis.

observed. EBV is everywhere, but Burkitt’s lymphoma was common only in places

where malaria is also endemic.

Epstein-Barr became known as the first human virus linked to not just an immediate
disease but also cancers that can appear years after initial infection. It challenged the
traditional paradigm of viruses causing short-term illnesses that resolve and confer
immunity. After all, the virus stays inside our bodies and continues to interact with

our immune systems for the remainder of our lives.

Over the years, more hints of EBV’s unusual abilities started appearing. The virus or
the antibodies to it seemed to be disproportionately found in people suffering from

autoimmune disorders such as rheumatoid arthritis, lupus, and multiple sclerosis as

well as those suffering from chronic fatigue. These chronic conditions, whose
biological mechanisms are even more elusive than cancer’s, are particularly hard to
study. While the correlations between EBV and these disorders were suggestive, they
were in no way definitive. People who have these conditions might almost all have
EBYV, but then almost all healthy people have EBV too. “That’s not a very good place
to start doing epidemiology, when you have 95 percent in the control group,” says

Paul Farrell, an EBV researcher at Imperial College London.

The recent study from Harvard’s Ascherio got around this by looking at a massive
archive of serum samples taken from people over 20 years. The collection came from
the Department of Defense, which stores serum from routine tests for HIV. Among
the 10 million adults with samples in the repository, researchers were able to find
enough people who were initially negative for EBV but then contracted it during the
20-year period. And those who did get the virus were 32 times as likely to develop

multiple sclerosis as those who did not. A second study from Stanford adds a possible

causation to this correlation: Some multiple-sclerosis patients have antibodies that
bind both an EBV protein and a protein in the brain, which is erroneously targeted
by the immune system in multiple sclerosis. This kind of cross-reaction has long been
suspected in MS but only now identified. “It’s just like a great volcano of

information,” says Rickinson about the recent studies. As with EBV-associated
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cancers, though, only a tiny sliver of people infected with the virus end up developing
multiple sclerosis, so some other trigger or triggers must also be in play. We're only at

the beginning of understanding this process.

COVID too has revived interest in Epstein-Barr’s long-term consequences. A recent

long-COVID study found EBV infection to be one of four major risk factors,

suggesting that some long-COVID symptoms might be caused by reactivation of

EBV when the body is weakened from fighting the coronavirus.

This association is perhaps not surprising. The debilitating fatigue associated with long
COVID and other post-viral syndromes does look, in some ways, like the fatigue
caused by mono. And in the 1980s, doctors noticing the similarity had begun

diagnosing chronic Epstein-Barr virus syndrome in patients whose mono-like

symptoms of fatigue and sore throat did not go away for months. Eventually, however,
experts took Epstein-Barr out of the name and gave it the more general term of
chronic fatigue syndrome, because EBV does not seem to be the sole cause of such
symptoms. Chronic fatigue may have several different explanations, but the virus may
still play a role in some cases even after mild infections, says Hank Balfour, a
pathologist at the University of Minnesota. He has also described cases of “chronic
mono,” in which a severe initial EBV infection triggers mono symptoms that either
linger or recur for months or even years. Mono’s acute phase typically lasts for weeks,
which is already unusually long for a virus but is well documented. There isn't much
research on chronic mono though, and the diagnosis is not widely accepted among
doctors. “It needs, I think, more attention,” Balfour says. Long COVID remains a
baffling consequence of the novel coronavirus, but even the long-term consequences

of very common viruses like EBV are poorly understood.

As the long-term picture of EBV comes into focus, how do we think about the danger
of a virus that is ubiquitous, that rarely causes serious disease but has devastating
consequences when it does? We currently have no way of preventing EBV infection,
short of avoiding all human interactions that might share saliva: a mother kissing her
baby, a toddler doing almost anything. Vaccines have been in the works for decades;

Epstein himself worked on one. The link to multiple sclerosis, many long-time
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researchers now hope, will revive interest in an EBV vaccine. More than a decade ago,
a pharmaceutical company abandoned a vaccine candidate that successfully prevented
mono but not EBV infection altogether. The result was “discouraging from a
pharmacoeconomic point of view,” Balfour says, because there wasn’t a clear demand
for a vaccine that prevented only mono. Preventing multiple sclerosis, however, might

add an extra incentive.

Two new vaccine candidates, from the National Institutes of Health and Moderna,

have entered or are about to enter clinical trials. A key question is whether they can
do better than the old vaccine. “We would of course like to prevent infection. That’s
the ultimate goal, but we think even if we don’t prevent infection, we can still reduce
EBV-associated disease,” says Jeffrey Cohen, a virologist at the NIH who works on
one of the vaccines. That’s because symptomatic EBV infections—such as mono—are
associated with a higher likelihood of developing EBV-associated diseases, adds
Balfour, who has also worked on a vaccine. However, studying how the vaccine might
stop diseases that develop years later, such as cancers or multiple sclerosis, will be very
hard in a typical vaccine trial. The incidences are so low, and the diseases take so long
to appear, that a vaccine trial in hundreds or thousands of people over a few years is
unlikely to offer much definitive evidence. Most likely, Cohen says, if the vaccines
work against mono, they can be approved to prevent the disease in people who have
not yet been infected by EBV. Once it’s on the market and hundreds of thousands of
people get it and are followed over years, then the effect on cancer or multiple

sclerosis may finally become clear.

All of these recent advances make it a “fascinating time” for EBV research, says
Rickinson, the biologist who once worked with the eponymous Epstein.
“Unfortunately,” he says, “I'm unable to pursue it myself.” He recently retired from
the University of Birmingham after devoting nearly 50 years to studying this
enigmatic virus. It’s up to the next generation now—to figure out EBV’s remaining

secrets and perhaps a better way of coexisting with it.


https://academic.oup.com/jid/article/196/12/1749/892441
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