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Spatiobehavioral characteristics are
stable for, and hence predictive of,
most cases of contagious diseases.
They should be acknowledged as a
formal way of defining the epidemi-
ology of new contagious diseases
at the early stage, enabling health
authorities to implement precision
control and prevention of the dis-
ease at the first moment possible.

The coronavirus disease 2019 (COVID-19)
has visited over 200 countries and most,
if not all, of them have not prepared well
for it or realized the risk of COVID-19 until
it landed on their territories [World Health
Organization (2020) WHO Coronavirus
Disease (COVID-19) Dashboard, https://
covid19.who.int/]. It is essential to under-
stand the epidemiology of an epidemic
before we can model it in correct ways
and curb it in its early stage. When
COVID-19 was prevalent only in China, a
call for studies to define its epidemiology
and characterize its potential impact
was launched before the number of
detected cases outside China became
unmanageable for public health authorities
[1]. It was found vital for jurisdictions out-
side China to invest and prepare early to
perform six types of studies (i.e., syndromic
surveillance plus targeted viral testing,
household studies, community studies,
integration of multiple sources and data

types, case—control studies, and viral shed-
ding studies) as case numbers grew, in
order to obtain the evidence needed for
controlling the epidemic. However, it con-
cluded that none of those studies could
be done due to the small number of
detected cases at that time [1]. Later,
numbers went out of control rapidly; this
was a shock, and, within a month, it bur-
dened healthcare systems in over 200
countries. Therefore, those traditional
ways of defining the epidemiology of such
rapidly spreading contagious diseases
(i.e., diseases of contact between bodies),
in order to be effective and efficient, should
have been conducted within a very short
time window when the number of infected
cases was transiently between being con-
siderable and being manageable. Thus
far, no country has succeeded within that
time window in the panic of COVID-19.

Behind the slow or lack of response to the
COVID-19 epidemic in most countries
is the chicken-and-egg situation that, in
traditional epidemiological study designs,
the epidemiology of a new disease or epi-
demic cannot be well known until a large
enough number of infected cases appear
[1]. Also, traditional ways of defining the
epidemiology of new diseases focus on
the clinical and individual characteristics
of infected cases, which are inherently
retrospective and can only be summarized
as afterthoughts. In addition, most, if not
all, clinical and individual characteristics
have varied among infected cases, which
gives us uncertainties in prospectively
identifying populations at (high) risk for
early warning and timely control. If we
could start over again, facing a forthcom-
ing epidemic with high contagiousness
and all these complexities, how could we
be better prepared? Does defining its epi-
demiology have to occur prior to deciding
to take statutory measures for preventing
its spread? Can any aspect of the epide-
miology of a new contagious disease be
defined at its early stage and for all places
once it has occurred in one place?
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Defining one aspect of the epidemiol-
ogy of COVID-19 - spatiobehavioral
characteristics — has actually been prac-
ticed unconsciously or subconsciously
during the COVID-19 epidemic. Facing
new contagious diseases, spatiobehavioral
characteristics may work better than other
epidemiological characteristics in defining
the epidemiology because they are stable
for, and hence predictive of, most (if not
all) infected cases; that is to say, most if
not all infected cases have had close
spatial contact with infectors for a certain
amount of time. The spatial contact
among human populations at a given mo-
ment is driven by human behaviors and
can be monitored; hence, the contact at
the next moment could be predicted.
Thus, the spatiobehavioral characteris-
tics of infected cases could be defined,
or even precisely quantified, at the first
moment possible on the basis of a small
number of cases, and this would hold
great potential for prospectively predicting
populations at risk at a high spatial resolu-
tion [2]. Moreover, spatiobehavioral
approaches — with the support of intelligent
syndromic  surveilance systems and
smartphone-based alert systems that
monitor the movement of anonymous in-
fectors [3-5] — could be used to identify
potential asymptomatic infections on the
basis of their movement and contact
history, so that blanket testing can be
better targeted to the populations and
areas of greatest need. Spatiobehavioral
approaches can also make blanket test-
ing more cost-effective while maintaining
the accuracy, for example, in a pooled
screening strategy where how to pool
samples could be determined based on
their spatiobehavioral exposures [6].

Spatial lifecourse epidemiology has pro-
vided a family of advanced spatial and
digital methods and tools for capturing
one’s spatiobehavioral characteristics
in high dimension, resolution, and fre-
quency [7,8]. For example, long-distance
(e.g., international, domestic) travel can be
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recorded by Geographic Information
Systems; environmental conditions af-
fecting human behaviors can be contin-
ually measured by remote sensing, also
referred to as earth observation; daily
human movements can be captured by
Global Positioning Systems embedded in
smartphone-based applications or other
location-aware services (e.g., wearable
devices); public understanding and re-
sponses to emergencies and interventions
can be revealed by geo-tagged social
media or other Internet-derived data, also
called infodemiology; place-specific risk
with exact date and time can be reported
by citizens through mobile crowdsourcing
apps, and those who have visited the
same place at the same time could be
alerted via Bluetooth; machine learning
algorithms and spatiotemporally explicit
agent-based simulation models could pre-
dict the progression of the place-specific
risk over time, on the basis of real-time
spatial big data and anonymous individual
tracking data [9]. Therefore, a dose-
response relationship could be established

between the totality of spatiobehavioral
exposures to infectors and infectious
environments and the risk of infection,
which could potentially be further devel-
oped into a future portable tool that can
quantify one’s risk of infection on the
basis of spatiobehavioral exposures. A
smartphone-based app used at some
places during the COVID-19 epidemic
could be considered a crude prototype of
such tools, which, for example, can show
at the checkpoints whether one has traveled
to high-risk places in the past 2 weeks in
China. Furthermore, such precise quantifi-
cation of spatiobehavioral exposures also
enables speculation on the time of symptom
onset, which is earlier than the currently
recorded date of reporting (or diagnosis)
and more important to predict for curbing
the epidemic at the early stage.

Although spatiobehavioral characteristics
have been to some extent involved in re-
search on some contagious diseases
(e.g., influenza, cholera), they have been
used to understand retrospectively, rather
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than defining prospectively, the epidemiol-
ogy of those diseases [10,11]. We are now
in the digital era, where traditional epidemi-
ological theories are insufficient to fully
guide the definition of epidemiology of
new diseases in a timely or cost-effective
manner; instead, spatial technologies and
big data, both historical and real-time,
could be used to define, track, or even
forecast the incidence, distribution, im-
pact, and possible control strategies of
many diseases at an early stage of the
epidemic. However, the usefulness of the
advanced technologies and big data for
disease tracking would be compromised
by privacy and other emerging concerns.
Some frameworks and protocols with
varying levels of privacy protection are
also emerging in the context of the
COVID-19 pandemic (e.g., Decentralized
Privacy-Preserving Proximity Tracing, Pan-
European Privacy-Preserving Proximity
Tracing), aiming to minimize privacy risks
for individuals and communities while
notifying people of potential contact with
infected patients.
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Figure 1. Key Action Points for Implementing Precision Control and Prevention of the Disease over the Epidemic Course. The traditional procedure is

shown in the broken box.
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All'in all, acknowledging spatiobehavioral
characteristics as a formal way of defin-
ing the epidemiology of new contagious
diseases in the digital era is vital and
holds important public health implica-
tions. It could make privacy-ensured
data-sharing mechanisms and infra-
structures better prepared in normal
times and ready to use at the early
stage of new contagious diseases,
which otherwise can work only during
the important public health emergencies
[12]. Moreover, it could provide valid
early-stage evidence, perhaps statutory
authority as well in the future, for
implementing precise  protection
(e.g., wearing face masks in public) and
prevention measures (e.g., lockdown)
(Figure 1). Such measures have been
demonstrated as the most effective
medicine during a pandemic for equally
protecting everyone, anytime, anywhere
in the world. Therefore, using spatial
lifecourse epidemiological theories,
methods, and tools to better understand
and characterize the spatiobehavioral
characteristics of individual cases of
new contagious diseases at the early
stage would enable us to start preven-
tion strategies compulsorily at the first
moment possible for stopping disease
transmission, and to outpace the epi-
demic eventually [2].
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The illegal wildlife trade (IWT) is a
criminal practice bringing several
ecological and public health conse-
quences, such as the spreading
of zoonotic pathogens and/or the
introduction of exotic species of
animals into new geographical
areas. Here, we discuss potential
risks of IWT on the spreading and
emergence of zoonotic pathogens.
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IWT as a Threat to Wildlife and
Public Health

IWT is the unauthorized commerce of wild
animals and plants as well as their deriva-
tives (e.g., bushmeat, ivory, rhino homn,
and fur), with a financial value estimated
to be worth up to US$23 billion annually'.
This criminal activity is widespread in sev-
eral countries, being a concern for wildlife
conservation as it is responsible for sub-
stantial losses in biodiversity due to uncon-
trolled capture and trade of endangered
species (Box 1). The IWT, as well as the ille-
gal importation of bushmeat, may also be a
public health concern due to the spreading
of zoonotic agents from the exporting areas
(Box 1). For example, the illegal transporta-
tion of bushmeat to Europe, mainly from
African countries, has been recorded in air-
ports in France and Switzerland, with about
5.25 tons/week and 8.6 tons/year of wildlife
meat arriving at Paris, Zurich, and Geneva
airports, respectively [1]. The risk of acquir-
ing zoonotic infections from wildlife is in-
creased for the individuals directly involved
in this activity (e.g., poachers, local market
sellers, and consumers) due to the hazards
associated with the incorrect manipulation
and consumption of these animals, their
products, or both. For example, the lack
of appropriate hygiene conditions in the
commercialization of wildlife meat and its
products (e.g., hand-washing, promiscu-
ous selling with other fresh products
and unsanitized structures) are common
practices observed in wildlife trade mar-
kets, and are regarded as important
drivers for the thriving and transmission
of infections caused by wildlife-
associated pathogens [2].

The IWT is a gateway for the introduction of
zoonotic and non-zoonotic exotic patho-
gens, the latter being of concern for the
health and conservation of endemic wildlife.
Although several species of zoonotic patho-
gens are commonly related to wildlife
globally, reports on their occurrence as-
sociated with IWT are scanty (Table 1).
These pathogens can be transmitted to
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