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As scientists who study how viruses evolve, we are often asked about the
future of the coronavirus. Will it go away? Get worse? Fade into the
background of our lives? Become seasonal like the flu?

Here’s what we know: The virus’s Omicron variant was significantly more
infectious and more resistant to vaccines than the original strain that first
emerged in Wuhan, China. There’s no reason, at least biologically, that the
virus won’t continue to evolve. The coronavirus variants that have
emerged thus far sample only a fraction of the genetic space that is most
likely available for evolutionary exploration.
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Targeted amino acids

Original SARS-CoV-2
No mutations

Many coronavirus vaccines train the immune

system to recognize a particular section of the

original virus: the 201 amino acids that allow the

virus to latch onto human cells.



Only two of those amino acids were mutated in

the Delta variant. The mutations weren’t enough

to make vaccines ineffective.



Fifteen of the 201 amino acids that vaccines

target were mutated in Omicron.

The mutations helped Omicron evade the

immune system and infect people who had been

vaccinated or previously infected.



But the virus can mutate much further than the

handful of changes seen in Omicron. Each amino

acid can mutate 19 different ways.



Scientists have already documented more than

400 other mutations in the amino acids that

vaccines target.



By our count, there are nearly 2,000 other ways

that the 201 targeted amino acids could mutate

and still be able to attach to human cells.



Source: Bloom Lab (Fred Hutchinson Cancer Research Center) research and analysis of GISAID viral genetic sequence data. •
Note: Figures for Omicron mutations show only the mutations present in the BA.1 lineage.

A virus like SARS-CoV-2 faces one overriding pressure: to become better
at spreading. Viruses that cause more infections will be more successful.
The virus can do this by becoming more contagious and by skirting around
the immune system. This coronavirus has undergone several adaptations
that make it better at spreading in humans.

But although many scientists, including us, expected SARS-CoV-2 would
be under evolutionary pressure to transmit better, it’s been remarkable
just how well the virus has responded to that pressure. Recent variants
like Omicron and Delta are several times more transmissible than the
strain that first spread around the globe in early 2020. That’s a huge
increase, and makes SARS-CoV-2 more contagious than many other
human respiratory viruses. These big jumps in contagiousness have
played a major role in driving the pandemic so far.

How the coronavirus has mutated
Comparing coronavirus variants to early 2020 strains.

Omicron
4× as contagious

Delta
2×

https://github.com/jbloomlab/CoV_evolutionary_space
https://www.medrxiv.org/content/10.1101/2021.12.09.21267544v1
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciac137/6529536
https://www.medrxiv.org/content/10.1101/2022.02.15.22271001v1
https://www.medrxiv.org/content/10.1101/2022.01.04.22268721v1
https://www.medrxiv.org/content/10.1101/2021.12.31.21268583v1.full.pdf


Sources: Contagiousness is based on estimates of growth advantage by Marlin Figgins and Trevor Bedford. Antibody escape is
based on antibody sera collected from patients treated with the Moderna vaccine. • 
Note: Figures are approximate. Figures for

Omicron reflect the variant’s BA.1 lineage and are extrapolated based on findings of a 105 percent growth advantage by Omicron
compared to Delta.

How much more transmissible SARS-CoV-2 can become is an open
question, but there are limits. Even evolution is constrained: a cheetah
can’t evolve to be infinitely fast, and SARS-CoV-2 won’t become infinitely
transmissible.

Other viruses have reached plateaus in their ability to spread. Some
respiratory viruses such as measles are more contagious than today’s
SARS-CoV-2. Others, such as influenza, are generally not as contagious as
SARS-CoV-2. We don’t know when this coronavirus will hit its
transmissibility plateau, but it will happen eventually.

Viruses such as this one can also spread better by “escaping” immunity to
prior variants. Early in the pandemic, few people had immunity to SARS-
CoV-2. But now much of the world has antibodies from vaccination or prior
infection. Because these antibodies can block infection, variants with
mutations that skirt around them have an increasing advantage.

The importance of immune escape has become apparent with Omicron.
Prior variants like Delta were only modestly able to sidestep antibodies,
but Omicron has many mutations that reduce the ability of antibodies to
recognize it. This, coupled with how contagious Omicron is, has enabled it
to cause a huge wave of infections.

The fact that the virus developed the ability to infect people who had been
vaccinated or previously infected shouldn’t have been a surprise, but how
it happened with Omicron certainly was. Evolution often proceeds
stepwise, with new successful variants descended from recent successful
ones. That’s why six months ago many scientists, including us, thought the
next variant would descend from Delta, which was dominant at the time.
But evolution defied our expectations, and we got Omicron, which has a
huge number of mutations and isn’t descended from Delta. It’s not known
exactly how the virus made the big evolutionary jump that led to Omicron,
although many scientists (including us) suspect the variant may have
emerged from someone who couldn’t fight off the virus well, allowing it
time to mutate.
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It’s impossible to say whether future variants will have more big Omicron-
like jumps or more typical stepwise changes, but we are confident SARS-
CoV-2 will continue to evolve to escape immunity.

While transmissibility of viruses does plateau at a certain point, other
human viruses that escape immunity keep doing so. The influenza vaccine
has been updated annually for decades to chase viral evolution, and some
influenza viruses show no sign of slowing down. Immune escape is an
endless evolutionary arms race, because the immune system can always
make new antibodies and the virus has a vast set of mutations to explore
in response. For instance, Omicron has just a tiny fraction of the many
mutations that have been observed in SARS-CoV-2 or related bat viruses,
which are in turn just a small fraction of what lab experiments suggest the
virus could potentially explore.

Taking all this together, we expect SARS-CoV-2 will continue to cause new
epidemics, but they will increasingly be driven by the ability to skirt
around the immune system. In this sense, the future may look something
like the seasonal flu, where new variants cause waves of cases each year.
If this happens, which we expect it will, vaccines may need to be updated
regularly similar to the flu vaccines unless we develop broader variant-
proof vaccines.

And of course, how much all this matters for public health depends on how
sick the virus makes us. That is the hardest prediction to make, because
evolution selects for viruses that spread well, and whether that makes
disease severity go up or down is mostly a matter of luck. But we do know
that immunity reduces disease severity even when it doesn’t fully block
infections and spread, and immunity gained from vaccination and prior
infections has helped blunt the impact of the Omicron wave in many
countries. Updated or improved vaccines and other measures that slow
transmission remain our best strategies for handling an uncertain
evolutionary future.
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