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a b s t r a c t

A multigroup SIR epidemiological model is used to study the effects of group-targeted vaccination

strategies on disease control and prevention. The model takes into consideration both proportionate

and preferential mixing patterns between groups. We show that the dynamical behaviors of the model

are determined by the control reproduction number Rv and, under certain conditions, by the type-

reproduction number T1v. These reproduction numbers provide criteria for evaluating control strategies

including targeted vaccination programs and reduction of interactions between groups. We also

illustrate how these reproduction numbers can be used to examine the influence of population

heterogeneities such as group preferences, activity levels, and mixing patterns. Criteria are also

established for disease eradication from the entire network of populations by applying vaccination

strategies in one or some sub-populations.

& 2011 Published by Elsevier Ltd.

1. Introduction

Control and prevention of infectious diseases can become
increasingly difficult as the connectivity between multiple groups
of populations (e.g., different schools or countries) increases. The
SARS outbreak in 2003 and the A-H1N1 influenza outbreak in
2009 are two examples which demonstrated the challenges for
disease control when multiple populations are connected. Com-
mon characteristics of these epidemics/pandemics include a rapid
spread across multiple countries and transmission between
different subgroups in a population. Population heterogeneities
that may have significant influence on disease spread and control
include sizes of sub-populations, activity levels, susceptibility
(immunity) and infectivity, and contact (mixing) patterns within
and between populations. This makes it crucial to study mathe-
matical models that take into consideration these heterogeneities.

Multigroup models have been used to study transmission
dynamics of infectious diseases in heterogeneous populations
(see, for example, Lloyd and May, 1996; Thieme, 2003 and
references therein). Examples of using multigroup models to
study specific infectious diseases include the following: Huang
et al. (1992) on HIV/AIDS; Feng and Velasco-Hernandez (1997) on

dengue; Bowman et al. (2005) on West Nile virus; Feng et al.
(2005) on age-structured multigroup models; Edwards et al.
(2010) on sexually transmitted diseases; and so on. Global
stability results on multigroup disease models have also been
studied, including those presented by Guo et al. (2006), some of
which can be applied to the model considered in this paper. The
results in Guo et al. (2006) focus more on stability properties of
their model, whereas the current paper has its emphasis on
applications of the model to the evaluation of disease control
programs. More importantly, we investigate how preferential
mixing (an important type of population heterogeneity) may
influence the effectiveness of disease control strategies.

One of the most effective control measures against infectious
diseases is to increase population immunity via vaccination. The
uses of vaccine have played a critical role in reducing the
prevalence of measles worldwide. Before a measles vaccine
was discovered in 1962, an infection with measles would occur
in almost all children. However, the measles incidence has
decreased dramatically with an increase in measles vaccination.
One of such examples is the successful vaccination program used
in Australia according to the information provided by the Better
Health Channel (2011), a website supported by the Department of
Health of the Victorian State Government. In Australia, several
measles vaccine programs have been available, including the
National Immunization Program in 1983, the introduction of a
second measles vaccine dose in 1994, and the primary school
Measles Control Campaign in 1998 (Better Health Channel, 2011;
Gidding, 2005). The average number of measles cases in Australia

1

3

5

7

9

11

13

15

17

19

21

23

25

27

29

31

33

35

37

39

41

43

45

47

49

51

53

55

57

59

61

63

65

67

69

71

73

75

77

79

81

83

85

87

89

91

93

95

97

Contents lists available at SciVerse ScienceDirect

journal homepage: www.elsevier.com/locate/yjtbi

Journal of Theoretical Biology

0022-5193/$ - see front matter & 2011 Published by Elsevier Ltd.

doi:10.1016/j.jtbi.2011.09.020

n Corresponding author.Q4
E-mail address: zfeng@math.purdue.edu (Z. Feng).
1 The authors are supported by NSFC, NCET-08-0755, and FRFCU.
2 The author’s research is partially supported by the NSF grants

DMS-0719697.

Please cite this article as: Chow, L., et al., Dynamics of a multigroup epidemiological model with group-targeted vaccination strategies.
J. Theor. Biol. (2011), doi:10.1016/j.jtbi.2011.09.020

Journal of Theoretical Biology ] (]]]]) ]]]–]]]

www.elsevier.com/locate/yjtbi
www.elsevier.com/locate/yjtbi
dx.doi.org/10.1016/j.jtbi.2011.09.020
mailto:zfeng@math.purdue.edu
dx.doi.org/10.1016/j.jtbi.2011.09.020
dx.doi.org/10.1371/journal.pone.0012777
Original Text:
givenname

Original Text:
surname

Original Text:
givenname

Original Text:
surname

Original Text:
givenname

Original Text:
surname

Original Text:
Jilin, 

Original Text:
P.R. 

Original Text:
130022,P.R. 

Original Text:
in 

Original Text:
focuses 




