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Epidemiology is one of fields where the application of
the theory of complex networks is crucial. Infectious dis-
eases such as the influenza or the HIV transmit from
person to person using mainly connections of social net-
works. Whether a disease propagates across the world or
is restricted to a localized area depends on the structure
and properties of these networks. Contact networks are
characterized by a multiscale structure with people in-
teracting within local areas and displacing by car, bike,
train, etc, to nearby communities where they can carry
or contract a disease. This propagation mode reminds
thus of a spatial diffusion process. However, a new ele-
ment has been introduced during the last century. This
new factor is airplane traveling that allows for fast con-
nection of very far apart geographical areas. The recent
propagation of the H1N1 influenza epidemic until becom-
ing a flu pandemic offers a good example of the effect
that long-range traveling has in the global spreading of
an infectious disease. The outbreak was first detected in
Mexico City in mid March as an anomalous increase in
the number of cases of influenza, the Mexican authori-
ties recognized the circulation of a new strain on April
23, just after the analysis performed by the American
Center of Disease Control (CDC), and for then it had
already extended to the US, and would arrive at Spain
a few days later on April 28. An extraordinary propaga-
tion velocity crossing thousands of kilometers in a matter
of weeks.

FIG. 1. Sketch showing the different layers forming the
GLEaM modeler.

In order to study the interplay between small-scale hu-
man mobility (commuting flows) and long-range airline
traffic in shaping the spatio-temporal pattern of a global
epidemic we (i) analyze mobility data from 30 countries

around the world and find a gravity model able to pro-
vide a global description of commuting patterns up to
300 kms; (ii) we integrate in a worldwide structured
metapopulation epidemic model population level data,
airline mobility data and the commuting information as
illustrated in Figure 1. The different time-scales of the
mobility processes are integrated by using a time-scale
separation approach for evaluating the force of infection
due to multiscale mobility processes in the disease dy-
namics. This is the origin of the GLobal Epidemic and
Mobility (GLEaM) modeler for the spreading of infec-
tious diseases1–3. Commuting flows are found, on av-
erage, to be one order of magnitude larger than airline
flows. However, their introduction into the worldwide
model shows that the large scale pattern of the simulated
epidemic exhibits only small variations with respect to
the baseline case where only airline traffic is considered.
The presence of short range mobility increases however
the synchronization of subpopulations in close proximity
and affects the epidemic behavior at the periphery of the
airline transportation infrastructure.

Apart from these results, the GLEaM modeler has
been also used in several other applications(which will
be briefly described) such as the estimation of the disease
parameters of the the H1N1 pandemic4, the inference of
the level of use of antibiotics during the pandemic5, a
comparison between metapopulation models and agent-
based models6 or the assessment of the efficacy of travel
restrictions to delay the propagation of a pandemic dis-
ease7.
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