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The Johns Hopkins Center for Health Security

is working to analyze and deepen scientific dialogue
regarding potential global catastrophic biological risks
(GCBRs), in a continuation of its mission to reduce the
consequences of epidemics and disasters. Because GCBRs
constitute an emerging policy concern and area of practice, we
have developed a framework to guide our work. We invited
experts from a variety of disciplines to engage with our un-
derlying concepts and assumptions to refine collective think-
ing on GCBRs and thus advance protections against them.

GCBRs are a subset of global catastrophic risks (GCRs).
GCRs have been previously defined as events that have the
potential to produce tens to hundreds of millions of fatalities,
alter the long-term trajectory of humanity, or cause the ex-
tinction of humanity as a whole.1-3 While presumed to be of
low probability, the consequences would be profound. In-

terest in understanding and countering GCRs has increased
in recent years, because they are perceived as being poorly
addressed by national governments or international organi-
zations.2,4 GCRs could emanate from the natural world but
are more commonly thought of as a man-made consequence
of powerful technologies. Frequently cited examples of GCRs
include nuclear war, climate change, and pandemics of nat-
urally occurring or deliberately engineered pathogens.4,5

We see GCBRs as a special category of biological threats
that deserve careful study and action to counter them, be-
cause of the extraordinary consequences they would have
for humanity and because they are potentially tractable. A
broadly shared definition and understanding of these risks
could help focus collective efforts, direct resources where
needed, and communicate more clearly about what these
challenges are and how to prevent and respond to them.

The Johns Hopkins Center for Health Security’s working definition of global catastrophic biological
risks (GCBRs): those events in which biological agents—whether naturally emerging or reemerging, delib-
erately created and released, or laboratory engineered and escaped—could lead to sudden, extraordinary,
widespread disaster beyond the collective capability of national and international governments and the
private sector to control. If unchecked, GCBRs would lead to great suffering, loss of life, and sustained
damage to national governments, international relationships, economies, societal stability, or global security.
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To describe GCBRs as a special category of risks is not to
divert attention from the larger world of biological events that
do not meet these criteria. Biological threats not in this cate-
gory are far more common, and many have major, widespread,
and complex impacts. Such biological threats are highly de-
serving of scientific, public health, and societal attention, and
they have been and will continue to be the focus of much of
our work at the Center. However, we hope that describing
GCBRs as a special form of biological risk will help place new
focus on extraordinary risks that have received too little study
and action given their potential for harm to humanity.

We are inclined to include in the definition of GCBRs
biological events with world-reaching impacts on human-
ity, marked by profound and lasting social, economic, and
political consequences, even if those events don’t necessarily
carry the potential to cause millions of fatalities. This would
be a distinction from prior definitions of GCRs that do
have absolute fatality numbers as part of the criteria.

Goals of GCBR Study and Action

The goals of GCBR-related work should be to (1) prevent
GCBRs, and, if prevention fails, (2) to make a nascent
GCBR controllable before it is beyond containment, and,
finally, (3) to prevent highly counterproductive responses
that could turn a potentially manageable biological event
into a widespread economic, civil, or security catastrophe.

Identifying pathogens most likely to fulfill GCBR criteria
is of high importance, but GCBRs may emerge that are not
on any planning horizon. Information needed to assess
whether a large, sudden, and novel biological event has the
potential to develop into a GCBR may not be available for
some time after an event has begun. So, it is of high value to
understand what drivers and conditions could initiate bio-
logical events with the potential to become GCBRs.

Defining Characteristics

and Elements of GCBRs

� A defining characteristic of GCBRs is sustained cata-
strophic damage to national governments, international
relationships, economies, societal stability, or global se-
curity that results from a major biological event.

� Some working definitions of GCBRs have used absolute
numbers of dead or the percentage of populations killed
as defining criteria; however, catastrophic societal dam-
age may be possible by biological events that do not cause
mass casualties or that cannot be quantified. For instance,
a GCBR could involve widespread negative effects on
human fertility or present a terrible future consequence
to humanity, up to and including large reduction in the
future human population or the extinction of whole
peoples and the cultural diversity they represent.

� GCBRs are most likely to be sudden developments,
novel, and unresponsive to available medical counter-
measures (MCMs).

� Not all GCBRs are pandemics, and not all pandemics are
GCBRs (see examples below).

Past Epidemics and Future Scenarios

Why Some Meet the Definition,
But Many Don’t
It is valuable to examine cases of actual past and hypo-
thetical future biological events to consider to what extent
they would meet the above criteria for a GCBR. The point
of examining these cases is to provoke thinking about
GCBR events and the prevention and containment chal-
lenges they represent and how to respond. In some cases,
small changes or conditions might have transformed certain
of these events into GCBRs.

2009 H1N1
At the start of this influenza pandemic, there was concern
that the virus, which infected between 20% and 30% of the
population, would have a high case fatality rate. Based on
early indications from cases in Mexico, health authorities
worried that this pandemic could lead to catastrophic loss
of life (perhaps 100 million deaths or more). Moreover,
experts projected that if countries started to take increas-
ingly drastic actions to protect themselves, then national
governments, international relationships, social order, and
economies would sustain severe damage. However, most
countries did not take such measures. Within 6 months, it
became clear that the case fatality rate for 2009 H1N1 was
no higher than for seasonal influenza, and concerns abated.6

This pandemic resulted in an estimated 284,000 deaths
worldwide and, because of the age distribution of the deaths
it caused,7 also led to millions of life years lost. Nonetheless,
it did not have the sustained negative consequences or
impact on society that would be consistent with the above
working definition of a GCBR.

H5N1
In 2005-2007 there was great alarm over the pandemic
potential of the H5N1 influenza virus fueled by a fast-
spreading epizootic among birds throughout Asia, Europe,
and Africa. Associated with this outbreak in birds were
hundreds of related human cases with an alarmingly high
case fatality rate. Today, H5N1 poultry outbreaks remain
largely controlled, and the virus rarely infects humans.
However, when human infection does occur, its case fatality
rate is on the order of 50%. If this virus were to evolve—
either through natural evolution or through laboratory
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manipulation—to be readily transmissible between humans
while maintaining its high human case fatality rate, it could
be a GCBR. A virus with the capacity to spread around the
world that kills 50% of those infected would lead to great
suffering and loss of life, but also to sustained damage to
national governments, international relationships, econo-
mies, societal stability, and global security. It is possible that
extraordinary actions by governments and industry to de-
velop vaccine and therapies could diminish some portion of
the consequences. But in the current context, that process
would take time, and extraordinary sustained damage to
humanity would occur in the meantime.8

HIV/AIDS
Since the pandemic’s start, more than 70 million people
have been infected with the HIV virus and approximately
35 million people have died of HIV.9 The HIV/AIDS
pandemic is instructive in the potential containment of a
GCBR: its possibility but also its difficulty and unevenness.
Entering its fourth decade, HIV infection has evolved
from a universally fatal condition to—through advances in
treatment and prevention—what some consider a chronic
disease, though such benefits are not uniformly distributed
within and between countries.10,11 How HIV/AIDS meets
the definition of a GCBR depends upon one’s perspective
across time and geography. The impact on society, econ-
omies, and governments has been profound in many
parts of the world.12 In the more developed parts, effective
prophylactics and treatment and a strong health infra-
structure have led to substantial containment of the HIV
epidemic.13 By contrast, sub-Saharan Africa accounts for
nearly 70% of the people living with HIV worldwide.9

There, due to the high burden of disease, life expectancy has
been reduced by several decades, gross domestic product
has been significantly curtailed, and high rates of orphan-
hood and disrupted family structures have reshaped socie-
ty.12,14 To improve the global response to HIV/AIDS,
strategic targeting of prevention and treatment are neces-
sary, along with a creative mix of biomedical, behavioral,
and structural interventions.10

The Black Death
Major demographic, social, economic, and religious trans-
formations in the wake of the Black Death illustrate the
power of GCBRs to influence the trajectory of civilization.
Introduced from the Asiatic steppes, where the disease had
long been endemic, bubonic plague erupted in an epidemic
that spread across Europe, the Eastern Mediterranean, and
North Africa from 1347 to 1352 and that came later to be
called the Black Death. Overall mortality estimates for af-
fected areas are difficult to obtain because of inadequate
records but currently range from 45% to 60%.15 Im-
mediate local effects of the epidemic in Europe varied and

included communities with a resilient social fabric as well as
settlements engaged in panicked flight, searches for scape-
goats, and revolt against authority.15 The rapid depopula-
tion and agonized efforts to explain what was seen as a
divine scourge had broad, lasting, and complex effects in
Europe: laborers, now in scarce supply, wielded more
power in relation to the landed class and had more access to
richer soils;15,16 the persecution of Jews intensified, in-
cluding mob violence, expulsion, and confinement to
ghettos;16,17 the church’s institutional authority weakened,
and an anti-clerical movement burgeoned;18,19 and the
resulting intellectual upheaval and discontinuity may have
prompted conditions in which an age of technological in-
novation and the Renaissance could flourish.15,16

1918 Influenza
The influenza pandemic of 1918-19 killed an estimated 20
to 50 million people.20 It has been cited as the most dev-
astating epidemic in recorded world history, killing more
people in a single year than died in 4 years of the bubonic
plague. The impact of the novel flu virus that caused the
1918 pandemic was likely exacerbated by the congregation
and movement of troops involved in WWI. Extraordinarily
high death rates among young adults were experienced. By
several measures, the 1918 flu pandemic has the charac-
teristics of a GCBR. In addition to causing large numbers
of deaths, the pandemic also caused extreme economic and
social disruption in cities that struggled to care for the large
number of sick and dead caused by the virus.21 However,
the impact on governments, society, and economies was not
sustained over the long run. Compared to other more lethal
biological threats, the 1918 flu pandemic’s 1% to 2%
mortality rate was lower. But today a high level of global
travel could spread a flu pandemic further and faster than
occurred in 1918. In addition, a high degree of workplace
absenteeism from illness, fear, or government policy could
cause significant interruptions to modern society, which is
increasingly interconnected and dependent on just-in-time
inventories. For instance, provision of drinking water relies
on a functioning electric grid and cybersecurity that is
personnel dependent. If a virus with similar characteris-
tics were to emerge in today’s world, it could become a
GCBR, depending on the speed and character of global
reaction. Certainly, if viruses emerged with similar capacity
to spread but higher case fatality rates, it would be even
more likely to present the broad and severe systemic chal-
lenges of a GCBR.

Wide-Area Anthrax Attack
on a Major City
While anthrax is not contagious and would not spread like
a virus, a large-scale anthrax attack on a major city does
have the potential for major consequences. It has the
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potential to cause great loss of life, especially if large
amounts of anthrax bacteria were used, overwhelming the
immune response of victims.22 While medical counter-
measures are available, including antibiotics, surviving
inhalational anthrax depends greatly on timing of coun-
termeasure administration and on the provision of intensive
care.23,24 Many people could die before an attack is rec-
ognized and countermeasures can be deployed, and hos-
pitals could be overwhelmed with critically ill patients in
need of respiratory assistance.23 In the 2001 anthrax attacks
in the United States, the case fatality rate for inhalation
anthrax infection was 45%, even with treatment and sup-
portive care, and there were only 11 inhalation cases.23

In addition to illness and loss of life, an anthrax attack on
a major city would be highly disruptive to that city and
would in turn likely affect national and global economies.
Experts estimate that a wide-area attack would render a city
uninhabitable for a prolonged period of time and cost ex-
traordinary amounts to remediate.25 This kind of pro-
longed disruption could alter a regional or a national
economy over the longer term and could have much wider-
ranging impacts on national and international political
stability as reactions to such an event changed security and
trade broadly.25 An anthrax attack could have additional
features that would make its consequences even more
globally significant: resistance to medical countermeasures
and repeat attacks. If multiple anthrax attacks were to occur
in cities around the world, or the bacteria were resistant to
drugs and vaccines, loss of life would be greatly increased,
and the economic, social, and political implications would
be very serious.26

For all those reasons, strategic efforts should be made to
prevent such an event and to prepare for one should it
happen. However, for the purposes of this analysis, it is not
clear that even a major wide-area anthrax attack, or si-
multaneous such attacks on multiple cities, would have
long-term GCBR impact in the way that other biological
events could. There is no doubt that a country would be
profoundly changed by such an attack and that other
countries would take major action to prevent and respond
to future anthrax events, but it is not clear that it would
have lasting impact on humanity. It warrants further ex-
amination.

Smallpox
Prior to its eradication in 1977, smallpox was endemic in
much of the world. It primarily affected children and had a
case fatality rate of about 30%. Survivors had lifelong im-
munity.27 Throughout human history, smallpox was one of
many life-threatening childhood infectious diseases around
the world. It was most feared and most devastating to so-
ciety when it was introduced into an immunologically naı̈ve
population. When smallpox, measles, and other contagious
infectious diseases were introduced into the Western
hemisphere in 1492, there was an explosive epidemic that

reduced the human population by an estimated 90% over
a century. Native societies were decimated, and social order
and economies collapsed.28 Now, a generation after smallpox
eradication and the end of routine smallpox vaccination in
1972, we have a naı̈ve population once again—but this time
it is the entire world rather than just one hemisphere. If
smallpox were reintroduced, it could spread quickly and
widely in a highly susceptible population.29 Public health
measures such as isolation, quarantine, and infection control
practices could significantly slow the spread, and ring vac-
cination strategies could contain the spread eventually.26 The
societal impact of the reintroduction of smallpox would
likely be a function of the efficacy of the response: how
quickly exposed populations get vaccinated and how effi-
ciently other public health interventions are implemented.
Depending on the global response, the availability of vaccine,
and the success or failure of government policies, a re-
introduction of smallpox today would have the potential to
become a GCBR.

Future Hypothetical Scenarios

We have outlined several areas that are potential sources of
technological risk that could create GCBRs:

Targeted Population Threats
GCBRs may not affect all humans uniformly; biotechno-
logical tools, if used maliciously, would allow the targeting
of specific populations with pathogens. In recent years,
there has been concern about the potential to create a
weapon that targets an individual or a group of people with
a shared genetic history. The 2012 Atlantic article ‘‘Hacking
the President’s DNA’’ exemplified this concern.30 The
future described in the Atlantic article was thought to be
possible in the near term by several elite scientists—even
before the development of CRISPR techniques, which will
make gene editing significantly easier.31 The ability to de-
velop a biological weapon that preferentially targets specific
populations or specific genetic characteristics could be
exploited to result in a GCBR.32,33

Novel Strains of Known
Contagious Pathogens
Established scientific techniques allow the creation of novel
strains of known viruses, particularly influenza, which have
never been detected in nature, and to which no population
has prior immunity. These novel strains could be delib-
erately engineered with the goal of maintaining high viru-
lence (such as that of H5N1) or adding respiratory
transmissibility, but such refinement may not be necessary;
the ability to create multiple strains through the shorten-
ing of the design-build-test cycle makes the experimental
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creation of multiple strains of viruses more possible. If such
a highly virulent and highly transmissible strain of influenza
is released, the resulting epidemic could be a GCBR. It is
also possible that such an event could result from a labo-
ratory accident.

Widespread Eradication
of Food Sources
The ability to manipulate and design pathogens is not
limited to those that affect humans; with the growing un-
derstanding of the genomes of plants and animals, it will be
possible to target their vulnerabilities with greater precision.
If plant or animal pathogens were engineered to spread
widely in the world in crops or herds, respectively, the result
could be widespread and lasting food shortages.34 This
instance could lead to famines and lasting negative conse-
quences to humanity and could be classified as a GCBR.

Novel or Artificial Organisms
Harmful to Existing Life
Designing entirely novel organisms that have the broad
capacity for harm is not now considered within the reach of
current biotechnologies, even by accident. Over time,
however, it is possible that will change. But given the un-
certainties, this is a scientific area that needs to be studied
and very carefully understood as it evolves, with close at-
tention to biosafety.

Conclusion

There are natural, deliberate, and accidentally derived bi-
ological threats that could theoretically pose GCBRs. The
consequences of such events could be sudden widespread
disaster beyond the collective capability of national and
international governments and the private sector to control,
and such events could lead to great suffering and loss of life.
The sustained damage to national governments, interna-
tional relationships, economies, societal stability, or global
security could further exacerbate the deadly effect. While
GCBRs represent a small portion of biological threats in the
world and should not distract us from the work to prevent
and respond to other vital disease priorities, GCBRs pose
such extraordinary potential consequence for humanity that
they deserve their own high-level attention, risk assessment,
resources, and strategic planning.
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