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h i g h l i g h t s

• We study the effect of inter-layer edge overlap on the asymmetrically interacting spreading of disease and information.
• The edge overlapping has double-edged sword effect on the spreading of disease and information.
• The epidemic threshold is improved when the amount of overlapping edges increase.
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a b s t r a c t

There is a close interplay between the disease spreading on contact network and corre-
sponding information propagation on communication network. Especially, it will be of
much interest when there are certain overlaps between the topological edges of communi-
cation network and contact network. In this paper, we study the effect of inter-layer edge
overlap on the asymmetrically interacting spreading dynamics of disease and information,
mainly including the final fraction of infected nodes and the epidemic threshold Though
extensive simulations, we find that there is a so called double-edged sword effect on
epidemic spreading and information propagation. Namely, when the disease spreads faster
than information, a smaller amount of overlapping edges is able to effectively inhibit
the epidemic spreading. On the contrary, when the information propagates more quickly
than disease spreads, the more overlapping edges are, the better the epidemic spreading
is suppressed. In further, we show that the epidemic threshold is improved when the
overlapping edges increase. These results can provide a significant guidance to make
optimal strategies for suppressing epidemic spreading.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Disease spreading [1–7] and information propagation [8–11] are two important dynamical processes on complex
networks. The interaction between these two processes has been attracting more and more attentions from scholars in
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various disciplines. Funk et al. [12–15] propose a novel epidemic model based on the information perception in well mixed
populations. They find the infection rate reduces when the information perception is effectively considered in the process
of epidemic spreading. The threshold of epidemic spreading increases when the information perception is strong. Sahneh
et al. [16] introduce a new state into the classical SIS (susceptible–infected–susceptible) model. They consider that when
individuals get information about disease on the communication layer, they will take vaccination to protect themselves.
Ruan et al. [17] study the information-driven immunity using SIR (susceptible–infected–recovered) model, and find that
epidemic spreading is constrained effectively when information propagates sufficiently on a network.

In reality, the epidemic spreading and information propagation interactively take place on networks with different topo-
logical structures. For example, individuals propagate information about disease to friends via communication networks,
such as Facebook, Twitter etc. While disease spreads from infected individuals to susceptible neighbors via physical contact
networks. To investigate the close interplay between the epidemic spreading and information propagation [18–21], an
amount of coupled dynamic models are built based on multiplex networks where two types of dynamics interactively
take place on various layers [22–33]. Especially Ref. [34] found that, in the asymmetric interaction between dynamics of
disease spreading and information propagation on multiplex networks, an epidemic outbreak on the contact layer can
induce an outbreak on the communication layer, and information spreading can effectively raise the epidemic threshold.
When structural correlation exists between the two layers, the information threshold remains unchanged but the epidemic
threshold can be enhanced, making the contact layer more resilient to epidemic outbreak.

Basically, disease can promote the propagation of information. That is, as the more individuals are infected by diseases,
the more populations will obtain the disease information and more widely such information will propagate. In turn, as
more individuals take vaccination after getting the information, disease can be suppressed. Thus, the investigations on
asymmetrically interacting spreading dynamics of disease and information have attracted more and more researches in
recent years [22–25,34]. In such asymmetric interacting process, the immune behaviors taken by the informed individuals
can remarkably influence the dynamics of epidemic spreading [17,35,36]. For examples, Zhang et al. [36] study how the
behavioral pattern of the informed individuals affects the dynamics of epidemic spreading based on the local infection
information. They find that the behavioral responses of the informed individuals can increase the epidemic threshold
effectively in both SIR and SIS models.

Although a lot of researches have been done to understand the close interplay between the epidemic spreading and
information propagation on multiplex networks, most of them overlook the role of network structure in the interaction of
disease and information transmission. Among the characteristics of network structure, edge overlap is an important and
ubiquitous feature of multiplex network [37]. For example, individuals communicate with each other using online virtual
social relationships on Facebook or Twitter, and at the same time they also physically contact each other in real life. The
edges of such individuals in communication networks and physical contact networks are overlapping. A very recent work
done by Chen et al. [38] studies the interaction of social-support and epidemic spreading on multiplex networks with edge
overlap. It shows that the edge overlap between the social layer and contact layer can remarkably affect the interaction
of social support and epidemic spreading. In this paper, we study the effect of edge overlap between the communication
layer and contact layer on asymmetric interacting process of information and disease transmission. We find that the edge
overlap has the double-edged sword effect on such coupled dynamics of epidemic spreading and information propagation.
More concretely, when information transmits more quickly than disease, more overlapping edges are needed to effectively
inhibit the epidemic spreading. Nevertheless, when disease transmits faster than information, fewer overlapping edges are
able to suppress the epidemic spreading.

Our paper is organized as follows. We describe the asymmetric interacting processes of information and disease
transmission on double-layer multiplex networks with inter-layer edge overlap in Section 2, and simulation results are
displayed in Section 3. At last, we make a conclusion of our paper in Section 4.

2. Model

In order to display our results clearly, we first describe the model of double-layer multiplex networks, and then give a
detailed description about the spreading dynamics on multiplex networks.

2.1. Model of communication-contact double-layer multiplex network

To build a communication-contact double-layer multiplex network, two subnetworks A = (V , EA) and B = (V , EB) are
introduced to denote the communication network (layer A) and contact network (layer B) respectively. Where EA and EB
stand for edge sets in the two layers and V represents node set. Each node in one layer has a counterpart in the other layer,
and the coupled nodes actually indicate the same individual. Network size is denoted as N = |V |. The degree of nodes in
different layers indicates the number of neighbors in each layer. Thus we define the average degree of the two layers as
⟨kA⟩ =

1
N

∑N
i=1 kAi and ⟨kB⟩ =

1
N

∑N
j=1 kBj. To build a double-layer multiplex network with Q fraction of overlapping edges,

we take the following steps.

1. First of all, we generate two networks with identical networks structure and network size N with degree distribution
PA(kA) ≡ PB(kB) by using uncorrelated configurational model (UCM) [39].
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