
 

How 'good' does a COVID-19 coronavirus
vaccine need to be to stop the pandemic? A
new study has answers
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Data is based on a reproductive rate, or R0, of 2.5. Credit: The Conversation

The U.S. is pinning its hopes on a COVID-19 coronavirus vaccine, but
will a vaccine alone be enough to stop the pandemic and allow life to
return to normal?
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The answer depends on a how "good" the vaccine ends up being.

In a study published July 15 in the American Journal of Preventive
Medicine, my colleagues and I used a computer simulation of every
person in the country to show how effective a vaccine would have to be
and how many people would have to get vaccinated to end the pandemic.
We found that a coronavirus vaccine's effectiveness may have to be
higher than 70% or even 80% before Americans can safely stop relying 
social distancing. By comparison, the measles vaccine has an efficacy of
95%-98%, and the flu vaccine is 20%-60%.

That doesn't mean a vaccine that offers less protection would be useless,
but it would mean social distancing in some form may still be necessary.

What is vaccine 'effectiveness' anyway?

Some political leaders have suggested that society will return to normal
soon, especially if a vaccine becomes available by the end of the year or
early in 2021. Some vaccines are currently in early-stage trials, but that
timeline would still be very optimistic.

However, it is important to remember that a vaccine is like many other
products: What matters is not just that the product is available but also
how effective it is. Take clothing for example. If you are going to a
formal dinner, underwear alone may partially cover you but probably not
well enough for the occasion. This doesn't mean underwear is useless.

Similarly, different vaccines may offer different levels of protection.
Scientists talk about this as the vaccine's efficacy or effectiveness. If 100
people who haven't been exposed to the virus are given a vaccine that has
an efficacy of 80%, that means that on average 80 of them would not get
infected.
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https://www.ajpmonline.org/article/S0749-3797(20)30284-1/fulltext
https://medicalxpress.com/tags/social+distancing/
https://medicalxpress.com/tags/measles+vaccine/
https://medicalxpress.com/tags/flu+vaccine/
https://www.sciencenews.org/article/coronavirus-COVID-19-vaccine-clinical-trials-speed-safety
https://www.sciencenews.org/article/coronavirus-COVID-19-vaccine-clinical-trials-speed-safety
https://www.statnews.com/2020/07/14/moderna-COVID19-vaccine-first-data-show-spurs-immune-response/
https://www.cdc.gov/csels/dsepd/ss1978/lesson3/section6.html


 

The difference between efficacy and effectiveness is that the former
applies when vaccination is given under controlled circumstances, like a
clinical trial, and the latter is under "real-world" conditions. Typically, a
vaccine's effectiveness tends to be lower than its efficacy.

Computer simulations show what could happen

Since COVID-19 coronavirus vaccines are still under development, now
is the time to set vaccine efficacy levels to aim for, as well as to manage
expectations. Running computer simulations is really the only way to
ethically do this.

For the study, our PHICOR team at the City University of New York
Graduate School of Public Health and Health Policy, working with
scientists from the National School of Tropical Medicine at the Baylor
College of Medicine, developed a computer simulation model of the
entire United States and its population interacting with each other. Using
that model, we were able to introduce the COVID-19 virus into this
virtual population in different ways and have it spread from person to
person in various pandemic scenarios. Each simulated person who gets
infected has probabilities of being hospitalized, placed on a ventilator or
dying based on the severity of the problems just as in the real world.

Experiments using this simulated population can represent the different
vaccines and what is likely to happen if different proportions of the
population are vaccinated at different times during the pandemic. The
results show how vaccines with different levels of efficacy would affect
the pandemic and can be used to estimate the impact on things such as
number of people who get infected, health outcomes and costs. In this
case, we assumed that only one vaccination would be required.
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https://sph.cuny.edu/
https://www.bcm.edu/education/national-school-of-tropical-medicine
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What will it take to stop the pandemic?

Typically, in an epidemic or pandemic, as more people are exposed to
the virus, the number of new infections per day steadily increases until it
reaches a peak and begins to drop. Of course, how long this takes
depends upon how the virus and the response to it may evolve over time.

To stop the pandemic, the number of new infections per day needs to
drop to zero, or at least to a very low number, as quickly as possible.

If the COVID-19 pandemic was just beginning and the population
infected was close to 0%, the simulations show that vaccine efficacy
would have to be at least 60% to stop the coronavirus if the entire
population was vaccinated. Given the number of susceptible people who
couldn't be vaccinated because of age or health problems and the number
who would refuse to be vaccinated, that's probably impossible.

If only 75% of the population gets vaccinated, the vaccine efficacy
would have to be around 70%. If only 60% of people get vaccinated, the
threshold goes even higher, to around 80%. It's all about making sure the
virus can't find more people to infect.

Those numbers assume that a person infected with the virus infects 2.5
other people on average. If the virus is more contagious, the vaccine has
to be more efficient.

Now, the further along the pandemic is, the less the height of the peak
can be reduced. It's like climbing a mountain—you are already at a
certain height. Plus, it is harder to shut a pandemic down when there are
more infectious people running around.
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https://www.cdc.gov/coronavirus/2019-ncov/hcp/planning-scenarios.html#box
https://www.cdc.gov/coronavirus/2019-ncov/hcp/planning-scenarios.html#box


 

So, when 5% of the population has already been infected with the virus,
the best that you can do is reduce the peak by around 85%. The
difference between 0% and 5% can add up to millions of infections. So
far, about 1% of the U.S. population has been confirmed to have been
infected, but officials estimate the actual percentage is much higher.

How many people get vaccinated is crucial

Based on these findings, a vaccine with an efficacy as low as 60% could
still stop the pandemic and allow society to return to normal. However,
most if not all of the population would have to be vaccinated.

This seems unlikely, given polls showing that only about three-quarters 
of Americans say they would get a coronavirus vaccine if assured that it
was safe.

With fewer people protected, a vaccine would have to have an efficacy
of at least 80% to be able to stop the pandemic by itself, meaning social
distancing could be completely relaxed. This can provide a target to aim
for when developing COVID-19 coronavirus vaccines.

Again, all of this doesn't mean that a vaccine with a lower efficacy
would not be useful. It would mean that social distancing and mask-
wearing likely would have to continue until the pandemic runs its course
or a vaccine that is actually "good enough" arrives.
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https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/cases-in-us.html
https://www.reuters.com/article/us-health-coronavirus-vaccine-poll-exclu/exclusive-a-quarter-of-americans-are-hesitant-about-a-coronavirus-vaccine-reuters-ipsos-poll-idUSKBN22X19G
https://www.washingtonpost.com/health/7-in-10-americans-would-be-likely-to-get-a-coronavirus-vaccine-a-post-abc-poll-finds/2020/06/01/4d1f8f68-a429-11ea-bb20-ebf0921f3bbd_story.html
https://medicalxpress.com/tags/vaccine/
https://medicalxpress.com/news/2020-07-good-covid-coronavirus-vaccine-pandemic.html


 

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

7/7

http://www.tcpdf.org

