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h i g h l i g h t s

• A network-based local immunization method is proposed.
• It is a random-walk based selection of overlapping nodes among communities.
• It is more effective for networks with stronger community structure.
• It is more effective for networks with higher overlapping membership of nodes.
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a b s t r a c t

Since full coverage treatment is not feasible due to limited resources, we need to
utilize an immunization strategy to effectively distribute the available vaccines. On the
other hand, the structure of contact network among people has a significant impact on
epidemics of infectious diseases (such as SARS and influenza) in a population. Therefore,
network-based immunization strategies aim to reduce the spreading rate by removing the
vaccinated nodes from contact network. Such strategies try to identify more important
nodes in epidemics spreading over a network. In this paper, we address the effect of
overlapping nodes among communities on epidemics spreading. The proposed strategy
is an optimized random-walk based selection of these nodes. The whole process is local,
i.e. it requires contact network information in the level of nodes. Thus, it is applicable to
large-scale and unknown networks in which the global methods usually are unrealizable.
Our simulation results on different synthetic and real networks show that the proposed
method outperforms the existing local methods in most cases. In particular, for networks
with strong community structures, high overlapping membership of nodes or small size
communities, the proposed method shows better performance.

© 2016 Published by Elsevier B.V.

1. Introduction 1

Understanding the behavior of an infectious disease is essential because the disease can turn to a crucial situation if it is 2

not completely eradicated on time [1–3]. The process of disease diffusion can be modeled by a network representation of 3

people and interactions among them [4]. An infection spreads from one individual to another in the network, and therefore 4

immunization or vaccination of each person excludes him/her from the process of spreading [5]. 5
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An important goal in epidemiology is to find a way to stop or at least slow down the speed of contagion [6,7]. Simplifying1

by mass-action approximation, elimination of a disease requires a specific amount of immunization coverage [5]. This2

quantity of coverage is impossible to be reached due to the constraints of time, vaccine supply, etc. [8–10]. For stopping3

epidemics in social networks, finding influential spreaders is a significant target [3,11,12]. Consequently, investigating4

efficient immunization methods is still a particularly interesting area for researchers [10].5

Using centrality measures, like degree [13] and betweenness [14] methods is believed to be effective for immunization.6

Thesemethods are classified as global immunizationmethods. Assuming the knowledge of the whole network, they rank all7

nodes according to their centrality and then pick the highest central nodes for immunization. As it is obvious, this process8

is impractical in large-scale networks. In fact, computation of the whole network becomes impossible as the network size9

grows. Moreover, the whole structure of real-world networks are often unknown. Another group of immunization methods10

is the group of localmethods [8,15,9,16–18], inwhich the target nodes are found via local search. Of course, it is unreasonable11

to expect local methods to outperform global methods, because of the limited amount of knowledge they use, but some12

properties make local methods interesting: first, they do not need to know the complete structure of the contact network,13

and second, they find target nodes faster than globalmethods. These propertiesmake localmethods applicable in large-scale14

and especially real-world social networks where the topologies are usually unknown.15

The structure of networks influences epidemic spreading patterns. Many real-world networks consist of communi-16

ties [19], i.e. structures that exhibit denser connections between nodes of the same group compared to nodes of differentQ317

groups [20]. Bridge nodes connect different communities to each other and create a pathway of spreading disease. The effect18

of bridge nodes on epidemics has been investigated in the previousworks [9,17]. In community structures, wemeet the con-19

cept of overlapping nodes that belong tomore than one community [21,22]. In social networks, the existence of overlapping20

nodes is undeniable and communities are not completely separated from each other. Hebert et al. [18] immunized these21

nodes by the order of their community membership. As mentioned before, themain drawback of local methods is their final22

result which is far from global methods, while their most valuable benefits are being independent of the whole knowledge23

of the network and lower time complexity.24

In this paper, we propose an immunization method by focusing on overlapping community structure of networks. Our25

general idea is to utilize the role of overlapping nodes in epidemic dynamics. This method is local, so it does not require26

detailed information of the contact network. We also compared our method with different global and local immunization27

methods in both synthetic and real networks. Simulation results show that:28

• Proposed method usually achieves the least epidemic size among other local methods and in some cases, outperforms29

global methods.30

• Its’ performance enhances by increasing the community structure and the membership degree of overlapping nodes.31

Particularly, in networks with small-size communities, it is a highly effective method.32

• Selecting overlapping nodes in an order different from what membership method uses, the only method which33

immunizes overlapping nodes, results in better performance and less time complexity.34

2. Related works35

A group of global immunization methods use centralities like degree and betweenness to pick nodes for immunization.36

It is shown that degree immunization is efficient in scale-free networks and results in a drastic decrease even when a small37

percentage of population are immunized [13]. Although global methods are effective for immunization, the main problem38

is the high amount of information they require; a feature which makes them infeasible in real-world networks.39

Local immunization methods focus on using information in the node level (refer to Fig. 1). The simplest local method is40

uniform immunization that selects nodes in a completely randommanner without any information. This approach is totally41

inefficient in scale-free networks because of heterogeneity in degree distribution [13]. In 2003, Cohen et al. [8] proposed42

acquaintance method which selects random neighbors of randomly selected nodes and immunizes them if they have been43

selected n times.44

This approach is local and it is more efficient than uniform selection since randomly chosen neighbors may have greater45

degrees than each random individual. In fact, high-degree nodes are the neighbor of many nodes, and therefore they are46

more likely to be chosen in this process. Another methodwhich needsmore information compared to acquaintancemethod47

is based on immunizing the node with the highest degree among a random node’s neighbors [15]. Threaded-tree is another48

local method which seeks high-degree nodes in a different way. First, it starts from a random node, and then recursively49

visits each node’s neighbors. Finally, the most visited nodes are selected for immunization [16].50

Salathe et al. [9] proposed a local community bridge finder (CBF) methodwhich investigates the effect of communities in51

the diffusion of epidemics. The CBF method finds bridge hubs in a self-avoiding random-walk and immunizes them in order52

to prevent the spreading of an infection from one community to another. The bridge–hub detector (BHD) [17] is another53

method which considers friendship circles of visited nodes to find communities and then utilizes bridge–hub nodes for54

immunization. Both CBF and BHD, assume that communities are disjoint, and overlaps between communities are not taken55

into account.56

The third group of immunizationmethods, known as overlapping communities, consider overlaps between communities57

of a network. The Membership method [18] finds communities in a local manner and immunizes overlapping nodes by the58
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