@ COMMENTARY

Emerging infectious diseases: prediction and
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Abstract

Emerging infectious diseases (EIDs), including West Nile virus, severe acute respiratory
syndrome (SARS) and Lyme disease, have had a direct effect within Canada, while many more
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EIDs such as Zika, chikungunya and Ebola are a threat to Canadians while travelling. Over 75%
of EIDs affecting humans are, or were originally, zoonoses (infectious diseases transmitted

from animals to humans). There are two main ways by which infectious diseases can emerge:

by changes in their geographical ranges and by adaptive emergence, a genetic change in a
microorganism that results in it becoming capable of invading a new niche, often by jumping to
a new host species such as humans. Diseases can appear to emerge simply because we become
capable of detecting and diagnosing them. Management of EID events is a key role of public
health globally and a considerable challenge for clinical care. Increasingly, emphasis is being
placed on predicting EID occurrence to “get ahead of the curve” — that is, allowing health
systems to be poised to respond to them, and public health to be ready to prevent them.
Predictive models estimate where and when EIDs may occur and the levels of risk they pose.
Evaluation of the internal and external drivers that trigger emergence events is increasingly
considered in predicting EID events. Currently, global changes are driving increasing occurrence
of EIDs, but our capacity to prevent and deal with them is also increasing. Web-based scanning
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and analysis methods are increasingly allowing us to detect EID outbreaks, modern genomics
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and bioinformatics are increasing our ability to identify their genetic and geographical origins,
while developments in geomatics and earth observation will enable more real-time tracking of
outbreaks. EIDs will, however, remain a key, global public health challenge in a globalized world
where demographic, climatic, and other environmental changes are altering the interactions
between hosts and pathogen in ways that increase spillover from animals to humans and global

spread.
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Introduction

The World Health Organization (WHO) defines an emerging
infectious disease (EID) as “one that has appeared in a
population for the first time, or that may have existed previously
but is rapidly increasing in incidence or geographic range”

(1). EIDs that have directly affected Canada include West Nile
virus, severe acute respiratory syndrome (SARS) and Lyme
disease, while many more EIDs such as Zika, chikungunya and
Ebola have been a potential threat to Canadians travelling
abroad. A particular feature of many EIDs is their capacity to
spread internationally and impact global health. Consequently,
the capacity to predict, identify and respond to them is a key
preoccupation of public health.

Over 75% of EIDs affecting humans (2) are, or were originally,
zoonoses (infectious diseases transmitted from animals to
humans), particularly those maintained by wild animals. They

are transmitted by various routes including via direct contact,
food, drinking water, recreational water and arthropod vectors
(3). Many zoonoses (like West Nile virus and Lyme disease) are
only transmissible from animal reservoir hosts to humans without
(under normal circumstances) human-to-human transmission.
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Some zoonoses are transmissible from humans infected by
animals to another human but with an efficiency of transmission
too low for sustained human-to-human transmission in the
absence of animal reservoir hosts (4). An example is the recently
discovered Middle East respiratory syndrome (MERS) caused by
a coronavirus (MERS-CoV), which is transmitted from putative bat
reservoir hosts (5), via domesticated animals (camels) to humans
(6). Transmission from infected people to other people in close
contact (particularly health care workers) can also occur, but

to date human-to-human transmission has been in the form of
“stuttering chains” that eventually die out (4,7). Some zoonoses
are intrinsically highly transmissible from human-to-human;

once they infect a human, an epidemic can occur in the human
population as seen during the outbreak of Ebola in West Africa
in 2013-2016 (8).

In this article, we briefly review how diseases emerge, discuss
the drivers for their emergence and spread and present what
advances are underway to improve the prediction and detection
of EIDs.
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How do infectious diseases emerge?

Infectious diseases can appear to “emerge” because we
develop the capacity to identify a new endemic pathogen and
subsequently begin to detect infections in humans. Recently, a
number of tick-borne pathogens, including Borrelia mayonii and
Heartland virus, have been detected in North America through
careful re-examination of samples from those patients who
exhibited clinical manifestations consistent with an infectious
disease but who tested negative for known pathogens (9,10).
However, there are two ways by which infectious diseases can
truly emerge: by changes in their geographical range and by
adaptive emergence.

Emergence by changes in geographical range

Many disease emergence events are associated with changes

in the geographical footprint of pathogens or parasites. This
may be due to changes in the natural geographical ranges of
animal hosts of zoonoses and vectors and/or via dispersal of
pathogens in infected humans, animal reservoirs or vectors.
Dispersal may be long-distance—even global—via infected
travellers; trade (legal and illicit) that may carry infected animals,
animal products or vectors; and natural animal migrations.
Examples of long-distance dispersal include the introduction of
SARS into Canada by infected travellers from the Far East (11);
the introduction of West Nile virus into North America, likely via
an infected mosquito carried in an aircraft into New York (12);
and the introduction of Zika virus into the Americas from Asia
via Micronesia (13). Dispersal may be more local due to local
movements of infected people or due to changing geographical
footprints of wild animal hosts and vectors, usually due to
changing environmental conditions that render new ecosystems/
regions suitable for the invading species (see "Predicting
infectious disease emergence" section below). Examples of
EIDs that have emerged by local geographical spread include
the recent expansion of Lyme disease into Canada due to the
northward spread of the tick vector Ixodes scapularis from the
United States (US) (14), and the local spread of Zika virus within
south and central America (15).

Adaptive emergence

Adaptive emergence is the genetic change of a microorganism
that results in a phenotype that is capable of invading a new
ecosystem, particularly via jumping to a new host species,
including humans (16). For example, the emergence of SARS
and MERS-CoV is thought to have been facilitated by genetic
changes enhancing transmissibility between different species
and, perhaps, pathogenicity (5,16), while a single mutation of
chikungunya virus is thought to have facilitated its transmission
by Aedes albopictus mosquitoes and its emergence in more
temperate regions of the world (17). Both mutation and
reassortment of genes from viruses that infect different animal
species are considered key to the development of novel
pandemic influenza virus strains such as pH1N1 (18).

What are we doing about EIDs?

Our response to EIDs comprises a range of activities from
outbreak management, disease surveillance following
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emergence, and scanning for EID events. Increasingly, research
aims to improve our capacity to predict EID outbreaks.

Management of outbreaks

The efforts to ensure local, national and international capacity
to respond to infectious disease outbreaks, including EIDs, are
beyond the scope of this review. The capacity to respond has
underpinned the creation and/or design of many international
(e.g., WHO) and national (e.g., Public Health Agency of
Canada) public health organizations and the development of
management plans for local and pandemic infectious diseases
(19). To further facilitate the detection, communication and
management of health threats, the international community
agreed to the International Health Regulations. This legally
binding instrument came into force in June 2007 with the aim
of helping “...the international community prevent and respond
to acute public health risks that have the potential to cross
borders and threaten people worldwide” (20). How this works is
described next.

Surveillance for EID events

Surveillance for EIDs is an ongoing public health activity

around the world and takes many forms. As a core capacity
requirement of the International Health Regulations, all WHO
member states are obligated to have the capacity for both
indicator- and event-based surveillance. Member states are

also required to report “unusual or unexpected” events (human
cases, contaminated produce or infected vectors) to WHO

in a timely manner (20). Several types of and approaches to
surveillance have been implemented over the years to help
identify EIDs, and development efforts in this area continue.

For example, the Global Early Warning System (GLEWS) is a
warning system for health threats and emerging risks at the
human-animal-ecosystems interface that recognizes the zoonotic
nature of many EIDs (21). This warning system is run jointly by
Food and Agriculture Organization (FAO), World Organisation
for Animal Health (OIE) and WHO. A number of “passive”
surveillance programs that operate internationally, such as the
GeoSentinel Surveillance Network, an international network of
voluntarily participating medical clinics (22) and laboratory-based
surveillance (23), use more traditional indicator-based
approaches. Changes in technology and the availability of data
have also led to the development of event-based surveillance
systems, many of which scrutinize publicly available content on
the Web in search of valid signals of potential emerging threats.
Examples include the Program for Monitoring Emerging Diseases
(ProMed) (24), HealthMap (25) and MediSys (26). One of the
earliest of these is Canada’s Global Public Health Intelligence
Network (GPHIN), currently maintained and operated by the
Public Health Agency of Canada. GPHIN is particularly active in
EID surveillance through its ongoing technical development and
team of multilingual and multidisciplinary human analysts (27).

Predicting infectious disease emergence

Emphasis is being increasingly placed on predicting occurrence
of EIDs. The idea is to “get ahead of the curve” so that public
health actors can be poised to respond to them, or even prevent
them. Assessing risk involves focusing on a number of key
criteria for the level of threat that a pathogen or event poses
and considering the sensitivity of pathogens to internal and
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external drivers that may trigger emergence. The key criteria
include the pathogenicity of the micro-organism (i.e., the severity
of the disease it causes), the potential for the pathogen to
spread locally or internationally and become established in a
new environment, as well as our existing capacity to control it.
These different criteria can be synthesized using multi-criteria
decision analysis (MCDA) in order to decide whether to act or
for purposes of prioritization (28). Studies, both anticipatory
and in response to ongoing EID events, are used to quantify
these criteria. Examples include assessment of the capacity for
international spread of infections (29) and the suitability of local
environments for their invasion (30).

Assessments of risk of disease emergence that are even more
anticipatory in nature involve understanding the impact of
external drivers. Examples include assessment of effects of
climate change and extreme weather events as actual or
potential future drivers of emergence of climate-sensitive
diseases such Lyme disease in Canada (31) and West Nile virus
in the US (32). Other external drivers under study include levels
of biodiversity; changes in biodiversity and in agriculture and
land use (which may drive emergence of zoonoses as threats for
the human population) (3,33,34); and social changes induced by,
for example, conflict that may enhance disease emergence or
re-emergence by impacting public health programs (35) or by
increasing international spread (36).

Another approach to getting even more “upstream” in
predicting EID events is identifying animal or pathogen traits that
increase the potential of microorganisms to emerge as human
pathogens in terms of their capacity to spill over from animals

to humans and then be transmissible from human to human

(37). In general, viruses are more likely to emerge as human
pathogens than other disease-causing microorganisms, as are
microorganisms that are host generalists; that is, they can already
infect a range of different animal species (37-40). Characteristics
of the viral genome may determine the potential of viruses to
emerge and spillover into humans (41). Some host species such
as bats and rodents also have a particularly high potential to

be reservoirs of pathogens that can spill over and emerge into
humans (40,42).

EIDs and public health in the future

EIDs will continue to be at the forefront of global challenges to
public health. Increasing climate, biodiversity, social and land use
changes, combined with a world increasingly connected by travel
and trade, mean that opportunities for pathogens to emerge in
animals, spillover into humans and spread rapidly and globally
are increasing. Public health will need to continue to focus on
three elements:

e capacity and preparedness for EID outbreak management;

e surveillance for EID events; and

e upstream assessment of the risk of infectious disease
emergence.

Currently, the risks of EIDs are increasing, but so is our
technological capacity to deal with them. The development of
modern genomics and bioinformatics is increasing our ability

to detect EID outbreaks, locate their sources (43), and identify
genetic changes that can be predicted to drive emergence (16).
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Technologies to capture EID events by web-based scanning and
analysis for signals in social media are increasing (44). At the
same time, developments in the field of earth observation (by
satellites) are increasing the spatio-temporal precision of the
data, and their capacity to identify changes in climate, weather,
habitats and socioeconomics that may drive disease emergence
(45). Increasingly then, the focus is shifting to surveillance for
changes in drivers of EIDs, rather than the EIDs themselves. Thus
the potential to respond preventatively to EIDs is becoming a
reality.

There is a growing recognition that EIDs are equivalent to

those invasive species that may be important to conservation
biology and natural resource management (46). Therefore,

a "One Health” approach that employs knowledge of the
interconnectivity of animal, environmental and human health
enhances risk assessments, predictive modelling and detection
of EIDs (47). Ultimately, both indicator-based and event-based
surveillance fall along a surveillance continuum, providing
different but valuable data for analysis, interpretation and action.
Efforts to link the different approaches into comprehensive
systems that capitalize on available historical and contextual data
would further strengthen the ability to detect, prepare for and
respond to EIDs.

Conclusion

We continue to make great strides in our capacity to predict,
detect, prepare for and manage EIDs. However, EIDs will
remain a key, global public health challenge in a world where
demographic, climatic and other environmental changes,
including globalization, are enhancing the emergence of new
pathogens, their spillover from animals to humans and their
global spread.
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