
Introduction
 The epidemic is one of the leading threats worldwide [1]. An ep-
idemic is the rapid spread of infectious disease to a large number of 
people in a given population within a short period of time, usually two 
weeks or even less. For example, in meningococcal infections, an at-
tack rate in excess of 15 cases per 100,000 people for two consecutive 
weeks is considered an epidemic [1,2].

 An epidemic may be restricted to one location; however, if it 
spreads to other countries or continents and affects a substantial 
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number of people, it may be termed a pandemic [1], which will lead 
to a disastrous consequence to human society. Though some epidemic 
can be easier to control as any infected person can be easily identified 
by its symptom, some other epidemic is more difficult due to the ex-
istence of a window period , during which there may be no obvious 
symptom and it is difficult to identify whether one if infected, such as 
tuberculosis [3] and hepatitis [4,5]. In case of this, a classical policy 
has been widely used: people from an epidemic area who arrive other 
areas should be quarantined for a period of time to make sure whether 
they are infected so that the epidemic can be controlled by cutting the 
networks off [6-9].

 However, there is an issue about how to determine the quaran-
tine duration. Generally, long quarantine duration can increase the 
probability of detecting infection but also cause some interruption to 
economic activities, whereas the short quarantine duration may fail 
to identify an infected person as infected and thus the person may be 
released such that it can infect more people. Herein, this study pro-
poses a model to optimize the quarantine duration for epidemic with 
window period. This paper is arranged as follows. Section 2 proposes 
several assumptions. Section 3 presents the modeling process. Section 
4 concludes this study.

Assumptions
 In this paper, we study the optimal quarantine duration for epi-
demic with window period. The problem considered here is described 
as following. Briefly, people from a certain area where epidemic out-
breaks may be infected. Herein, a person from this area should be 
quarantined for a period of time to prevent others from the infection 
by this person. Based on the problem, the following assumptions are 
proposed for the model.

1. There is a window period with random duration w between the 
infection and the display of detectable symptom.

2. The window period of the infectious disease follows Weibull dis-
tribution with scale parameter λ and shape parameter k .

3. The cost that an infected person is detected is dC , only including 
the treatment cost.

4. The cost that an infected person is undetected is uC , including the 
treatment cost and the harm to society.

5. The cost that an uninfected person is quarantined per unit time is

qC , which is caused by the interruption to its economic activities.

The Model
 Since Weibull distribution is widely used in risk analysis [10-12], 
in this study it is used to model the probability distribution function 
of the window time from the infection to the display of detectable 
symptom for a person, which is
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 The epidemic is one of the leading threats worldwide. An epidem-
ic is the rapid spread of infectious disease and may be termed a 
pandemic which will lead to a disastrous consequence to human 
society. One way to prevent this from happening is quarantine. This 
study proposes a model to solve the optimal quarantine duration for 
epidemic with window period. The proposed model considered three 
different situations of quarantine to minimize the expected total cost 
of quarantine policy for an individual. This study provides a method 
to assist managing the people movement from the epidemic areas to 
other areas.
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Where λ is the scale parameter and k  is the shape parameter.

In addition, the pdf of the time from the infection to the start of quar-
antine is also a random variable v . Here, for illustration purpose, it is 
assumed that v  is uniformly distributed between 0 and w. According 
to equation (1), the pdf of r , the time from quarantine beginning to 
the display of detectable symptom, can be further expressed, as

        (2)

 There are three situations for quarantining a person: 1). an infected 
person is detected; 2). an infected person is undetected; 3). an unin-
fected person is quarantined. Then, if the quarantine duration is q  
and the probability that a person from epidemic area is infected is ip
, the probability and the expected cost of the three situations can be 
expressed as below.

1) An infected person is detected

 In this situation, the person quarantined is infected in the epidemic 
area and the onset of disease happens during the quarantine period. 
The probability can be expressed as  and the expected cost 
is  .

2) An infected person is undetected

 In this situation, the person quarantined is infected in the epidemic 
area but the onset of disease happens after the quarantine period. The 
probability can be expressed as  and the expected 
cost is .

3) An uninfected person is quarantined

 In this situation, the person quarantined is uninfected in the ep-
idemic area and thus there is no infection detected until the end of 
quarantine period. The probability can be expressed as ip−1  and 
the expected cost is )1( iq pqC − .

Summing up the above three situations, the expected total cost of a 
quarantine time )(qCe  can be calculated as

 
. (3)

 Thus, the optimal quarantine time can be obtained by minimizing
)(qCe

.

Conclusion
 This study proposes a model to solve the optimal quarantine dura-
tion for epidemic with window period. In the proposed model, three 
different situations of quarantine are considered. The expected total 
cost of quarantine policy for an individual is the objective to be min-
imized. This study provides a method to assist managing the people 
movement from the epidemic areas to other areas.
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