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a b s t r a c t

24We use distribution theory and ordering of non-negative random variables to study the Susceptible-
25Exposed-Infectious-Removed (SEIR) model with two control measures, quarantine and isolation, to
26reduce the spread of an infectious disease. We identify that the probability distributions of the latent per-
27iod and the infectious period are primary features of the SEIR model to formulate the epidemic threshold
28and to evaluate the effectiveness of the intervention measures. If the primary features are changed, the
29conclusions will be altered in an importantly different way. For the latent and infectious periods with
30known mean values, it is the dilation, a generalization of variance, of their distributions that ranks the
31effectiveness of these control measures. We further propose ways to set quarantine and isolation targets
32to reduce the controlled reproduction number below the threshold using observed initial growth rate
33from outbreak data. If both quarantine and isolation are 100% effective, one can directly use the observed
34growth rate for setting control targets. If they are not 100% effective, some further knowledge of the dis-
35tributions is required.
36� 2009 Published by Elsevier Inc.
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39 1. Introduction

40 While applying a mathematical model to a real life problem, it is
41 important to distinguish the primary features from the secondary
42 features of the model. If a primary feature is changed, the research
43 questions of interest are either changed or at least formulated in an
44 importantly different way. If a secondary feature is changed, the
45 research questions are essentially unaltered. Mis-formulation of
46 the primary features leads to the wrong question being addressed
47 [1].
48 The research questions posed concern the formulation of the
49 epidemic threshold and the evaluation of two public health inter-
50 vention measures to reduce the spread of an infectious disease. The
51 features to be discussed are the characteristics of probability distri-
52 butions of two important time durations along the disease history:
53 the latent period, during which the infected individual is not yet
54 infectious, and the infectious period, during which the infected indi-
55 vidual is able to infect other susceptible individuals through con-
56 tacts. Some public health control measures aimed to reduce the
57 transmission apply to infected individuals during either of these
58 periods. We illustrate our findings for the following two control
59 measures, both by removing exposed and infected individuals from

60contacting other susceptible individuals in the population. The dif-
61ference is between:

621. removing infected individuals during their latent period; and
632. removing infected individuals during their infections period.
64

65For the second action, we use the term isolation, which is in
66agreement with that used in most public health literature.
67For the first action, without a better terminology, we use the
68term quarantine. This usage is in agreement with that used in some
69public health literature, but is quite different in meaning from
70many other literature and in the media, such as putting an entire
71school, a community or a plane load of passengers under ‘quaran-
72tine’. For the rest of this paper, whenever the word quarantine ap-
73pears, we restrict to our definition, as illustrated in Fig. 1.
74Section 2 introduces notations, the model structure and
75assumptions (features). It also includes a brief review of studies re-
76lated to the topic of this paper in the literature.
77Section 3 formulates the controlled reproduction number, an
78important epidemic threshold parameter, through ordering of the
79probability distributions of the latent and the infectious periods.
80It uses the Laplace transform order to formulate the controlled
81reproduction number and the relative effectiveness of the control
82measures. It uses concave order, dilation order and comparing vari-
83ances to provide intuitive interpretations of the theory. These are
84stochastic orders on variability on non-negative random variables.
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