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Abstract. In this paper, we analyze Beijing SARS data using methods
developed from the complex network analysis literature. Three kinds of
SARS-related networks were constructed and analyzed, including the
patient contact network, the weighted location (district) network, and
the weighted occupation network. We demonstrate that a network-based
data analysis framework can help evaluate various control strategies.
For instance, in the case of SARS, a general randomized immunization
control strategy may not be effective. Instead, a strategy that focuses
on nodes (e.g., patients, locations, or occupations) with high degree and
strength may lead to more effective outbreak control and management.
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1 Introduction

Severe Acute Respiratory Syndrome (SARS) was first found in the Guangdong
Province of China in November, 2002. During its 2003 outbreak, 8,098 confirmed
cases were reported in more than 30 countries within a very short period of time
[1]. Among them, 2,521 cases were reported in Beijing, representing close to one
third of the entire world-wide infected population.

The SARS outbreak prompted a world-wide public health response and has
had a dramatic impact on the Chinese public health system as to infectious dis-
ease prevention, outbreak detection, and response. From a research perspective,
significant efforts from both public health and related fields including but not
limited to various subareas of informatics and computer-based modeling, have
been devoted to studying the evolution and transmission patterns of SARS for
future prevention and treatment purposes.

The SARS literature from the perspective of infectious disease informatics
has also been growing [1, 2, 3, 4, 5, 6]. For example, several control measures
have been proposed to control the outbreak of the SARS epidemic [3, 4]. Spatial
analysis of SARS cases has been explored recently to reveal the associations be-
tween various related epidemic determinants [1]. Some authors have developed
network-based mathematical models to analyze the transmission patterns of the
SARS outbreak and to predict the outbreak diversity [2, 6]. Despite the signif-
icance and importance of using real-world SARS data to validate and evaluate
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these modeling efforts, however, very limited work has been done from an em-
pirical analysis perspective, partially due to the difficulty in accessing pertinent
epidemiological data.

Our research aims to bridge some of the existing gaps in the empirical analysis
line of work and to better connect the complex network analysis literature with
infectious disease informatics practice. In this reported research, we used the
Beijing SARS data provided by the Beijing Center for Disease Control. By mod-
eling patients, locations (districts in Beijing), and patient occupations as nodes,
respectively, and treating contacts or infections as edges, we have constructed
and analyzed three kinds of SARS-related networks: the patient contact net-
work, the district network, and the occupation network. In Section 2, we provide
a brief introduction to the data and the network-based analysis methods used in
our research. Section 3 presents findings based on the patient contact network.
Sections 4 and 5 report findings based on the weighted district and occupation
networks, respectively. We conclude the paper in Section 6 by discussing ongoing
and future research.

2 Data and Analysis Methods

Our Beijing SARS data were collected from an extensive survey of 624 confirmed
SARS patients from 14 administrative districts in Beijing, covering the period
from March 10, 2003 to May 13, 2003. These patients worked in 21 categories
of occupations. We have followed previous studies (e.g., [2, 6]) to define an “in-
fectious link” pointing from patient A to patient B, if it is highly likely that
A transmitted the SARS virus to B. In total, 447 such infectious links were
identified.

In our analysis, we first constructed a patient contact network based on in-
fectious links as typical in existing epidemiological studies, and analyzed this
network. However, with SARS being a unique and highly contagious airborne
epidemic disease, personal contacts uncovered in the patient surveys or inter-
views alone may not provide sufficient information to fully explain the trans-
mission patterns. As such, in an exploratory attempt, we also constructed two
additional networks: a location/district network and an occupation network to
further illustrate the spreading of the SARS epidemic in various parts of Beijing
and among different occupational categories. We study these two networks as
“weighted networks,” with the weight wij defined over an directed edge from
node i to j given as the total number of the infectious links from i to j. Fur-
ther, we study node “strength” si defined as si =

∑N
j=1 wij for node i, where N

is the total number of nodes in the network [7]. This strength measure can be
indicative of the ability to spread the disease from a given node.

In the next section, we investigate the topological properties of the patient
contact network and its evolution pattern. We then discuss findings based on
the weighted district and occupation networks.
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3 Patient Contact Network

Patient contact networks can provide useful information concerning disease
transmission and have been studied in the existing literature in various sce-
narios [8, 9, 10]. Using the Beijing SARS data described in Section 2, we first
study the degree distribution of the SARS contact network and then investigate
its temporal evolution.

3.1 Degree Distribution

It is well-known in the complex network analysis literature that network rep-
resentations of a large number of real systems can be characterized by a node
degree distribution with a power-law tail [11]. This is of particular importance
in epidemiology since in this case the expected reproductive number may be un-
bounded [12]. In epidemiology, the reproductive number is defined as the number
of secondary infections generated by one patient. This concept plays a key role
in understanding the dynamic process of epidemics and in evaluating impact of
control measures on the spread of infection [13]. Fig. 1 shows that the SARS
contact network also follows a power-law distribution. The blue line corresponds
to a power-law tail P (k) ∼ k−γwith γ = 2.8076. Not surprisingly, this result
shows that the SARS infectious network is a scale-free network, with the im-
plication that the expected reproductive number can be unbounded. A public
health implication of this finding is that the traditional disease control approach
based on random immunization (which has been shown to be effective in many
epidemic outbreaks [8]) may not be effective (unless, of course, the entire popu-
lation can be treated), because untreated hubs, albeit small in number, can still
lead to rapid and large-scale infections [8]. Instead, an alternative control method
targeting at containing highly connected nodes can be much more effective.
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Fig. 1. Degree distribution of SARS patient contact network
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Fig. 2. SARS patient contact network in (a)–Week 2, (b)–Week 5, and (c)–Week 8

3.2 Network Evolution

It has been pointed out that in different phases, the transmission of epidemics
may exhibit different patterns [2, 12]. Since the records in our nine-week SARS
dataset are timestamped, we are able to observe the evolution of the SARS
patient contact network over time. We plot three weekly “snapshots” of the
contact network in Fig. 2.

The node degree in the contact network can be used to measure the node’s
disease spreading ability [2]. Fig. 3 (a) and (b) plot the average and maximum
degrees for 9 consecutive weeks, respectively. We notice that in the first two
weeks, the contact network has a relatively high average and maximum degree.
These measures start to decrease with time after Week 5. This decrease can be
attributed (at least partially) to several strong control measures implemented
by the government after April 14, 2003 (which is in Week 5).

A connected component of the contact network is a set of nodes in which each
node is connected to at least one edge. Connected components can be used to
demonstrate the extent to which an epidemic can spread within a population
[14]. We define the component ratio as the number of connected components
divided by the total number of nodes in the network. From Fig. 4, we observe
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Fig. 3. Network evolution. (a)–average degree and (b)–maximum degree.

that in the first two weeks, the ratio is relatively small. After some fluctuations
in the next two weeks, it starts to increase gradually. Part of this observation
is due to the fact that, during the first few weeks, most SARS patients were
misdiagnosed as having tuberculosis [15]. The isolation and quarantine controls
were not enforced for these patients during this initial period of outbreak. After
April 14, 2008, as strong control measures were taken, the epidemic was brought
under control.

4 Weighted District Network

The patient contact network analyzed in the previous section can provide insights
as to SARS transmission patterns among patients. However, for SARS, personal
contact information available does not provide sufficient explanation for the un-
derlying transmission patterns of this epidemic (partially due to the incomplete
nature of contact information acquired through patient surveys or interviews).
Geographical information is also crucial to gain a better understanding of the
epidemic [16].

Fig. 5 plots the weighted district network (WDN). We analyzed the infection
transmission patterns through the WDN. The results on the cumulative weight
distribution are shown in Fig. 6 (a). As we can observe, the cumulative weight
distribution follows a strongly right-skewed distribution, indicating a high degree
of heterogeneity in the WDN.

To better understand the WDN, we define sd(kd) as the average strength
of nodes with degree kd. Theoretically, if sd(kd) and kd are uncorrelated, then
sd(kd) ∼ kα

d with α = 1. In this case, weights cannot provide any additional
information than degrees [17]. Our analysis shows that the observed sd(kd) in-
creases with kd as sd(kd) ∼ kα

d with the exponent α = 1.8775. The findings
are plotted in Fig. 6 (b). Table 1 displays the top five district strengths. These
results indicate that the strengths of nodes are strongly correlated to degrees in
the WDN.
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Fig. 4. Changes in network component ratio over time

Table 1. Top five district (node) strengths

District Chaoyang Haidian Dongcheng Fengtai Changping
Strength 241 152 113 97 87
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Fig. 5. Weighted district network
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Fig. 6. (a) WDN cumulative weight distribution. (b) Average node strength sd as a
function of node degree kd.

One possible explanation is that both Chaoyang and Haidian District are
major financial districts with (combined) more than 15 million permanent and
temporary residents. Individuals in such densely-populated areas are more likely
to be exposed to the epidemic and further spread the disease.

5 Weighted Occupation Network

Disease transmissions often happen in workplaces and in turn occupations can
have an impact on the spreading patterns of infectious diseases [18]. In this
section, we analyze the SARS transmission patterns based on the weighted oc-
cupation network (WON) as shown in Fig. 7. Our preliminary results show that
the WON can reveal some additional insights.

The cumulative weight distribution of the WON, shown in Fig. 8 (a), follows a
right-skewed distribution. Table 2 lists these five occupations with top strengths.
The retiree category has the maximum strength 153, while the strengths of
the other four occupations, military personnel, governmental employees, unem-
ployed, and industry workers have relatively smaller occupation strengths.

This analysis shows that not all the occupations have equal probabilities to be
infected with the SARS virus. For instance, the retiree population was more sus-
ceptible to be infected because of their lowered immune function. In the Chinese
society, the retirees play an active role in family functions and child care and their
working sons and daughters are in different occupations. Previous papers (e.g.,
[15]) have also reached similar conclusions. From a outbreak control perspective,
those occupations with strong strengths need to be closely monitored.

Following an analysis procedure similar to that used for the WDN, we conclude
that for the WON the average node strength sd increases with the degree kd

and that sd(kd) ∼ kβ
d , with the exponent β = 1.6142, which is larger than 1.

This result is shown in Fig. 8(b), indicating that node strength is also strongly
correlated to degree in the WON.
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Fig. 7. Weighted occupation network

Table 2. Top five occupation (node) strengths

Occupation Retiree Military Government Employee Unemployed Industry
Strength 153 112 94 93 74
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Fig. 8. (a) WON cumulative weight distribution. (b) Average node strength sd as a
function of node degree kd.
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6 Concluding Remarks

In this paper, we analyze Beijing SARS data from a complex network analysis
perspective. To better understand the SARS epidemic transmission patterns and
evolution, we have studied three networks derived from the patient survey data,
including a patient contact network, a weighted district network, and a weighted
occupation network. The patient contact network possesses the scale-free degree
distribution and its temporal evolution (as measured by average degree, maxi-
mum degree, and component ratio) exhibits some interesting patterns that can
be explained by various control measures implemented during the SARS out-
break in Beijing. In both weighted district and occupation networks, the weights
follow right-skewed distributions and the strengths of nodes are strongly cor-
related to their degrees. These observations and analysis results indicate that
the traditional random isolation control method may not be effective. Instead,
a more effective control program should target at nodes with high degree and
strength.

Due to various difficulties in data collection, the Beijing SARS dataset used in
our study may not be complete in that some infectious links may be missing. Our
current work focuses on inferring some of these missing links for analysis purposes
using methods similar to those reported in [19, 20, 21]. We are also working on
analyzing various topological and distributional properties of weighted networks.
The results are expected to benefit epidemiological data analysis in general.
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