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The Next Epidemic — Lessons from Ebola
Bill Gates

more effectively than Ebola. There
is a significant chance that an
epidemic of a substantially more
infectious disease will occur
sometime in the next 20 years; af-
ter all, we saw major epidemics
during the 20th century, includ-
ing the Spanish influenza epidem-
ic of 1918-1919 and the ongoing
pandemic of human immunodefi-
ciency virus. In fact, of all the
things that could kill more than
10 million people around the
world, the most likely is an epi-
demic stemming from either nat-
ural causes or bioterrorism.
Ebola is far from the most in-
fectious known disease. Other
disease agents (measles and in-
fluenza, for example) are far more
infectious because they can be

spread through the air, rather
than requiring direct contact.
People may not even be aware
that they are infected or infec-
tious. Since a person carrying one
of these pathogens can infect
many strangers in a marketplace
or on an airplane, the number of
cases can escalate very quickly.
As the Ebola epidemic fades
from the world’s attention, we
risk missing the opportunity to
learn from it. Even if the system
we have today had worked per-
fectly for Ebola, it would fail to
contain a more infectious disease.
It’s instructive to compare our
preparations for epidemics with
our preparations for another sort
of global threat — war. The
North Atlantic Treaty Organiza-
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tion (NATO) has a mobile unit
that is ready to deploy quickly. Al-
though the system is not perfect,
NATO countries participate in joint
exercises in which they work out
logistics such as how fuel and
food will be provided, what lan-
guage they will speak, and what
radio frequencies will be used.
Few, if any, such measures are in
place for response to an epidemic.
The world does not fund any orga-
nization to manage the broad set
of coordinated activities required
in an epidemic. The last serious
simulation of an epidemic in the
United States, the Dark Winter
exercise, took place in 2001. And
few countries have met their com-
mitments under the International
Health Regulations, which were
adopted by the United Nations
after the 2002-2003 outbreak of
the severe acute respiratory syn-
drome (SARS) and were intended
to improve the world’s ability to
prevent and contain outbreaks.!
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Recommendations for Preparing
for Future Epidemics

The world needs to build a warning and response
system for outbreaks. This system should

« be coordinated by a global institution that is
given enough authority and funding to be ef-
fective,

enable fast decision making at a global level,

expand investment in research and develop-
ment and clarify regulatory pathways for de-
veloping new tools and approaches,

improve early warning and detection systems,
including scalable everyday systems that can
be expanded during an epidemic,

involve a reserve corps of trained personnel
and volunteers,

strengthen health systems in low- and
middle-income countries, and

incorporate preparedness exercises to identify
the ways in which the response system needs
to improve.

Because there was so little
preparation, the world lost time
in the current epidemic trying to
answer basic questions about
combating Ebola. In the next epi-
demic, such delays could result
in a global disaster.

The problem is not the fault
of any single institution — it re-
flects a global failure. The world
needs a global warning and re-
sponse system for outbreaks.
(Though the World Health Orga-
nization [WHO] has a Global
Outbreak Alert and Response
Network, it is severely under-
staffed and underfunded.) Such a
system could enable us to man-
age not only a naturally occur-
ring epidemic, but also one ig-
nited by a bioterror attack.?
Although I have not seen a rigor-
ous estimate of the cost of build-
ing such a system, World Bank
projections give a sense of the
cost of inaction: a worldwide in-
fluenza epidemic, for example,
would reduce global wealth by an
estimated $3 trillion.3

I hope the following sketch of
what such a warning and re-
sponse system might look like
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will spark action to prepare for an
epidemic that could have global
consequences (see box).

HEALTH SYSTEMS AND SURVEILLANCE
First, there is a critical need to
reinforce basic public health sys-
tems, including primary health
care facilities, laboratories, sur-
veillance systems, and critical
care facilities, among other com-
ponents. As many commentators
have noted, Ebola has spread
much faster and more widely in
countries whose health systems
— and especially whose primary
care systems — were severely
weakened by years of armed con-
flict and neglect.

Strengthening health care sys-
tems not only improves our abil-
ity to deal with epidemics, but it
also promotes health more
broadly. Without a functioning
health system, it is very hard for
a country to end the cycle of dis-
ease and poverty. Health is so
fundamental to development that
even if there were no chance of
another epidemic, building and
improving health systems would
be a worthwhile — and lifesav-
ing — investment. The fact that
they also bolster our ability to
confront epidemics is all the
more reason to invest in them.

In addition, there is no sys-
tematic disease-surveillance pro-
cess in place today in most poor
countries, which is where a natu-
rally occurring epidemic seems
most likely to break out. Even
once the Ebola crisis was recog-
nized last year, there weren’t re-
sources to effectively map where
cases were occurring and in what
quantity.

We need to invest in better
disease-surveillance and labora-
tory-testing capacity, for normal
situations and for epidemics. Rou-
tine surveillance systems should
be designed in such a way that

N ENGL ) MED NEJM.ORG

The New England Journal of Medicine

they can detect early signs of an
outbreak beyond their sentinel
sites and be quickly scaled up
during epidemics. They should be
linked with national public health
laboratories to enable robust mon-
itoring and response. And the data
derived from such testing need to
be made public immediately. Many
laboratories in developing coun-
tries have been financed by the
polio-eradication campaign, so we
will have to determine what capac-
ities will be needed once that cam-
paign is over.

HUMAN AND OTHER RESOURCES
Once it became clear that a seri-
ous emergency was under way in
West Africa, many local clini-
cians should have been recruited,
and trained personnel should
have flowed rapidly into the af-
fected countries. That didn’t hap-
pen. Some countries stepped for-
ward with volunteers within 2 to
3 months, but they were needed
within days. It was fortunate that
Médecins sans Frontieres could
mobilize volunteers more quickly
than any government.

We need trained personnel
ready to confront and contain an
epidemic quickly: incident manag-
ers; experts in epidemiology,
disease surveillance, and other
relevant fields who can provide
surge capacity; respected com-
munity leaders who can lead lo-
cal engagement efforts; and
community workers who speak
local languages. Ideally, we
would have updated lists of such
personnel indicating their avail-
ability and capabilities. There
would also be standby training
centers and an explicit under-
standing regarding compensa-
tion and insurance for volun-
teers. Each country could commit
to managing a pool of volunteers
and to sending a certain number
of people with various skills and
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equipment within a week after an
emergency began, with plans for
evacuating any who were exposed
to the epidemic pathogen.

Transportation and equipment
are also key. When an epidemic
strikes, roads and airports in af-
fected areas are overwhelmed by
people trying to get out. Volun-
teers will be more likely to sign
up if they know they will be able
to leave if they get sick or when
their duty is done. Few organiza-
tions are capable of moving
thousands of people — some of
them infected — to various loca-
tions around the world at a
week’s notice. The Ebola epidem-
ic might have been much worse
if the U.S. and U.K. governments
had not used military resources
to fly people in and out of the af-
fected countries. All countries
could identify trained military re-
sources that would be available for
epidemics; in a severe epidemic,
the military forces of many or all
middle- and high-income coun-
tries might have to work together.

During severe epidemics, re-
sponders also need tents, porta-
ble power sources, medical sup-
plies, and other materials. A list
of the supplies that would be
needed to stop an epidemic af-
fecting 10 million people — 100
times the population affected by
the Ebola epidemic — could be
developed, and experts could de-
termine which items would need
to be stockpiled or be subject to
commandeering.

It is also critically important
to have good data about what’s
going on. Unfortunately, during
the Ebola epidemic, the case da-
tabase has not always been accu-
rate or up to date — partly be-
cause of the chaotic situation,
but also because good technolo-
gy and training have not been
available and there are no clear
rules regarding making data ac-

THE NEXT EPIDEMIC — LESSONS FROM EBOLA

cessible. For future epidemics, it
should be possible to have a sys-
tem in which information on sus-
pected cases, locations, survivors,
and other key elements was en-
tered into a digital database that
was instantly accessible to the rel-
evant organizations and agencies.
The groups working on the Ebola
data — including the WHO, the
U.S. Centers for Disease Control
and Prevention, and others —
could recommend specifications,
and some combination of founda-
tions and technology companies
could build such a system within
the year.

Experts will also need com-
puter models to predict what
might happen and which inter-
ventions should be prioritized.
With access to satellite photogra-
phy and cell-phone data, they
could understand the movement
of populations and individuals in
the affected region. But Internet
and cell-phone capacity need to
be improved. We should be able
to use cell-phone systems to con-
tact the public and to poll people
about what they are seeing and
experiencing. Key centers should
have high-bandwidth Internet ca-
pacity through satellite, and Wi-
Fi capacity should be added in
key areas so that digital tools
can help with reporting data and
coordinating personnel.

MEDICAL AND PUBLIC HEALTH TOOLS
It should be possible to make di-
agnostic tests, drugs, and vaccine
platforms that could be adapted
for use against various pathogens.
Today, with the possible exception
of influenza vaccines, we do not
have nearly enough capacity for
developing adaptable platforms,
partly because there are opportu-
nity costs for private-sector orga-
nizations in shifting resources
away from more commercially
viable projects to work on tools
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for epidemics that may not hap-
pen. We may need an interna-
tional funding system that fac-
tors in these opportunity costs.

Other than watching for symp-
toms, the diagnostic approach
used during the Ebola epidemic
has involved sending blood sam-
ples for quantitative polymerase-
chain-reaction (qPCR) analysis.
But qPCR machines are expen-
sive and not widely available, so
on average it has taken 1 to 3
days to get test results. For the
next epidemic, an adequate num-
ber of qPCR machines should be
made available while novel diag-
nostic methods are rapidly devel-
oped. We also need a clear process
for developing and manufactur-
ing accurate diagnostic tests rap-
idly. A focused effort to acceler-
ate this process and establish a
rapid approval and procurement
process would be worthwhile.

On the therapeutics front,
there are drugs that work against
viruses similar to Ebola, and some
of them have been shown in test
assays to have an effect against
Ebola. Unfortunately, they were
not tested in patients with Ebola
until after the epidemic had
peaked — in part because there
was no clear process for approv-
ing a novel trial format or for
providing indemnity against le-
gal liability. We will need to de-
velop a clear set of guidelines
(and testing and regulatory path-
ways) for determining whether
existing drugs could be repur-
posed to help stop a particular
epidemic.

We also need to invest in more
research on antiviral drugs, anti-
body treatments, and RNA-based
constructs. We should have either
stockpiles or manufacturing ca-
pacity for therapies that might be
effective in an epidemic.

Plasmapheresis should have
been used in the Ebola epidemic,

3
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but its application wasn’t ap-
proved and scaled up until it was
too late for this intervention to
have a large impact. Plasmaphe-
resis is quite effective for a num-
ber of diseases (including small-
pox and viral hemorrhagic fevers
such as Lassa fever) and has a
reasonable chance of working for
Ebola as well. The Gates Founda-
tion started working to establish
plasmapheresis units in early Sep-
tember 2014 and quickly found
partners ready to take them into
the affected countries. Unfortu-
nately, the effort was hampered
by the lack of a clear process for
approving new approaches. We
should develop rules now to ex-
pedite drug approvals in future
epidemics and establish clear
guidelines for approving studies
and treatments, including experi-
mental ones. A global epidemic-
drug—approval process could avert
long delays by indemnifying
companies working on new ap-
proaches.

Three different Ebola vaccine
constructs were being developed
in the summer of 2014. Although
all were in early stages, this work
made us more prepared for Ebola
than we would be for an entirely
new pathogen, for which vaccine
development could take 2 or more
years. Moreover, it is not clear how
quickly vaccine developers could or
would move or who should fi-
nance the final research and man-
ufacturing of a new vaccine.

Among known pathogens, in-
fluenza is the one most likely to
cause a large epidemic; even sea-
sonal influenza variants probably
cause several hundred thousand
excess deaths each year. So it’s
disappointing that we don’t have
a vaccine for all influenza strains.
There is work being done toward
this goal, but it has garnered no-
where near the resources that it
deserves.
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Ideally, vaccine research would
be funded in such a way that dur-
ing an outbreak, a vaccine could
be designed, tested for safety,
and ready for manufacture at
scale within a few months. There
is no guarantee of success, but I
believe that given enough time and
resources, such efforts could pro-
duce an invaluable contribution for
epidemics and overall health.

Given Ebola’s limited infec-
tiousness in the early stages of
the disease, most of the quaran-
tine policies that were proposed
would have been counterproduc-
tive. But when a far more infec-
tious agent comes along, quaran-
tine may be one of the few tactics
that can reduce its spread in the
early stages of disease. Because
democratic countries try to avoid
abridging individuals’ rights to
travel and free assembly, they
might be too slow to restrict ac-
tivities that help spread disease.

Part of the process should in-
clude a plan for effective public
communications, including coor-
dination of the messages conveyed
by all the different voices people
will hear, from governments, to
United Nations agencies, to news
media, to bloggers. Digital com-
munication can be used to great
advantage, but unless a plan is in
place, it will only spread confusion
and panic faster.

A GLOBAL CALL TO ACTION
Despite efforts by the United States
and a few other countries, there
are still big holes in the world’s
ability to respond to an epidem-
ic. Other countries may be more
likely to step up if they see an
overall plan and understand their
role in it. We need a rigorous
study of the cost of building a
global warning and response sys-
tem and a plan for contributions
from various countries.

Through the United Nations,
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some global institution could be
empowered and funded to coordi-
nate the system. The United Na-
tions and the WHO are studying
the lessons from the Ebola epi-
demic and ways to improve inter-
national crisis management; these
evaluations can provide a start-
ing point for discussions of ways
to strengthen the WHO’s capaci-
ty and about which parts of the
process it should lead and which
ones others (including the World
Bank and the G7 countries) should
lead in close coordination. The
conversation should include mili-
tary alliances such as NATO,
which should make epidemic re-
sponse a priority. The final ar-
rangement should include a re-
serve corps of experts with the
broad range of skills needed in
an epidemic.

An epidemic is one of the few
catastrophes that could set the
world back drastically in the next
few decades. By building a global
warning and response system, we
can prepare for it and prevent
millions of deaths.

Disclosure forms provided by the author
are available with the full text of this arti-
cle at NEJM.org.

A more detailed version of this article is
provided in the Supplementary Appendix,
available with the full text of this article at
NEJM.org.

From the Bill and Melinda Gates Foundation,
Seattle.
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