
Preventing the next pandemic
Michelle E. Matzko1,2∗, Marie Floryan3, Christian L. Loyo4, Colin N. O’Leary5,6,7, and Alison E. Stout8

Edited by R. Emerson Tuttle and Friederike M. C. Benning

HIGHLIGHTS

• Preventing the next pandemic is critical for
protecting human lives, reducing public health
costs, and easing financial impacts.

• Surveillance and early detection of microbes with
high pandemic potential combined with transparent
and timely data sharing are paramount to identifying
novel pathogens and limiting injurious spread.

• Public health measures implemented before,
during, and after a new pandemic can slow the
spread of illness; continued advancements in
science and technology curb widespread disease.

Scientists have increasingly sounded the alarm about
insufficient global pandemic preparedness, messaging
which has appropriately escalated in the past two decades
after the SARS (Severe acute respiratory syndrome), MERS
(Middle East respiratory syndrome), and Ebola outbreaks [1].
This global lack of readiness was revealed during the most
recent COVID-19 pandemic via slow threat recognition, early
mixed public health messaging, supply chain disruptions,
and vaccine rollout challenges [2]. This article reviews how
pandemic pathogens originate and describes methods of
early pathogen detection. It also details how multi-level
interventions such as public health messaging, widespread
accessible testing, and international cooperation, including
funding, are critical tools for mitigating the spread of disease.
Finally, we discuss how advancements in biotechnology
help counter widespread outbreaks, including the use of
early molecular diagnostics, application of therapeutics, and
the development of "plug and play" vaccines. The world
demands early and strong preparation to prevent the next
pandemic.
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Introduction
“A GAUZE MASK IS 99% PROOF AGAINST INFLUENZA.

Doctors wear them. Those who do not wear them get sick.
The man or woman or child who will not wear a mask is now
a dangerous slacker.”

-San Francisco Chronicle, October 22, 1918

A t the onset of the 1918 United States (U.S.) influenza
outbreak at an Army barracks in Kansas, scientists

worked feverishly to identify modes of transmission to limit
spread in the troops’ overcrowded quarters. In the midst of
World War I, the Army’s manpower was needed elsewhere.
W. H. Kellogg, scientist and physician, quickly discovered
that multiple layers of gauze prevented dangerous droplet
transmission of this newly-described respiratory illness [3].
In brisk response, government officials, scientists, and public
health officers called on all citizens to don masks. Some
citizens voiced distrust and unwillingness to comply with
this recommendation, a sentiment recognized still a century
later [4]. Additional clear and simple public health messages:
open windows, stay away from the sick, stay home, and
do not crowd, sound remarkably familiar today (Fig. 1).
While pandemics are not a new phenomenon, the COVID-19
pandemic has laid bare the global lack of preparation for such
a threat. In this article we will:

• Introduce the origin of pandemics and candidate
pathogens for the next pandemic

• Consider the benefits of zoonotic screening and
surveillance for early pandemic detection

• Review specific advances in biotechnology that allow for
better preparedness

How do pandemics arise?
The distinction between pandemics, infections spread over
vast geographies, and epidemics, infections more limited in
their geographic scope, is suggested by the Greek origin of the
name, pan demos or “all people” [5]. Widespread infectious
disease arose when humans developed agriculture, resulting
in dense human settlements. Closely knit populations of
humans and livestock provided favorable conditions to sustain
the transmission of infectious diseases [6]. In these agrarian
societies, natural barriers like bodies of water and mountains
along with the speed of human travel, e.g. the footspeed
of merchants navigating the Silk Road, limited the distance
a disease could spread [7]. Today, widely interconnected
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Figure 1: Public health messaging in the United States during the 1918 influenza pandemic. Chicago Department of Health.

global populations allow infectious diseases to be boundless
international threats. As global physical barriers subside, the
biological nature of a pathogen is now the primary determinant
of its potential to cause a pandemic.

Pathogens are microorganisms that cause disease.
Human pathogens consist of diverse biological agents:
bacteria, viruses, protozoa, fungi, etc., yet few of these
pathogens harbor the high-risk features required to cause
a pandemic (Fig. 2). Throughout history, pandemics have
been almost exclusively caused by bacteria and viruses
due to their high transmissibility and fast rate of spread
[8]. Improvements in community sanitation and the advent
of antibiotics in the 20th century mitigated the threat of
bacterial pandemics. The bacterium Yersinia pestis, which
causes bubonic plague, remained a pandemic-level threat
since it arose as a pathogen approximately 4000 years ago [9].
With the advent of antibiotics and improved public sanitation,
its mortality rate fell from 70% to 10% [9]–[11]. Due to
robust measures to prevent and treat bacterial infections,
viruses currently surpass bacteria as pathogens with the
greatest pandemic potential. Viral pathogens of pandemic
potential are increasing and a number of features contribute:
fast replication, airborne and droplet transmissibility, poor
treatment options, and propensity for pre-symptomatic or
asymptomatic spread [12]. Of viruses, RNA viruses are
more likely to cause a pandemic than DNA viruses. This is
primarily due to their high genetic mutation rate, which in
turn increases the potential of RNA viruses to spread more
easily among humans and animals and to escape antiviral
therapies [13]–[15]. While viruses are currently the most likely
pathogens to cause a pandemic in humans, all contemporary
pathogens benefit from the potential of unhampered spread
via limited geographic barriers.

Pandemic pathogens primarily arise as zoonoses,

or diseases transmitted from animals to humans [17].
Approximately 40–95% of infectious diseases are zoonotic in
origin, a rate which varies by the type of microorganism [23].
An estimated 72% of zoonotic diseases arise from a wildlife
source [24]. Livestock are also essential to the spread of
zoonotic disease, and diseases will often transmit within the
human-livestock-wildlife interface [25]. For example, genetic
sequencing data from each pandemic influenza virus of the
20th century revealed high genetic similarity to known swine
and avian influenza viruses, tracing the origins of these
pandemics to multiple animal hosts [26, 27].

Three ecological stages describe the emergence of a
pathogen into a pandemic of zoonotic origin (Fig. 3) [17].
During stage one, the pathogen replicates and cycles between
animal hosts, which act as natural reservoirs. At this stage
it has not yet caused human disease, but a pathogen can
spread to other non-human hosts, a new geographic region,
or begin to multiply beyond its reservoir. In order to progress
to stage two, the pathogen must be able to infect humans.
This typically occurs via the acquisition of random genetic
mutations, however this is not universally true. For example,
urbanization and human encroachment on wildlife habitats
can introduce novel pathogens to society which may already
be able to infect humans without acquiring new mutations
[25]. Finally in stage three, sustained transmission and spread
between humans across the globe occurs, introducing the
pathogen to uninfected populations. When the pathogen
reaches stage three, it causes a pandemic.

Committed and relentless study of the features of high-risk
pandemic pathogens (transmissibility, mutability) at the early
stages of zoonotic disease and the ecological conditions
facilitating the transition from an animal pathogen to a human
pandemic could serve as a valuable early warning system.
Such efforts were highly recommended in the wake of the
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