Supplementary methods
No intervention

According to the natural history of norovirus infection, we built a Susceptible–Exposed–Infectious/asymptomatic–Removed–Water (SEIARW) model, where individuals are characterized according to their epidemiological status as susceptible (S), exposed (E, infected but not yet fully contagious), infectious (I), asymptomatic (A), and recovered (R); W denotes the reservoir (water) compartment. A deterministic model was developed on the basis of the following facts and assumptions:

(1) Transmission occurs via either a person–person or a person–water–person route.
(2) No fatality was identified in the two outbreaks investigated. Thus, fatal cases were not included in the model.
(3) Infection during an outbreak confers permanent immunity.
(4) The transmission of norovirus during an outbreak occurs within a closed system, defined as a system with no migration in or out; adjustment for births and natural deaths was not included in the model.
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Figure 1. Flowchart of development of the SEIARW model
Figure 1 depicts the SEIARW model. Susceptible individuals become infected (i.e., move from S to E) by contact with either infected/asymptomatic individuals or contaminated water at rates of βSI, βkSA and βWSW respectively, where β and βW are the probability of transmission per contact, k is the relative transmissibility of asymptomatic to symptomatic individuals. As exposed individuals become infectious after an incubation period, they move from E to I at a rate of (1-p)ωE and E to A at a rate of pω'E, where 1/ω is the incubation period, 1/ω' is the latent period of the disease and p is the proportion of asymptomatic individuals. After the infectious period has passed, infectious and asymptomatic individuals may move to R at a rate of γI and γ'A respectively, where 1/γ and 1/γ' are the infectious period of the I and A. Infectious and asymptomatic individuals can in turn contaminate the water compartment by shedding the pathogen into W at shedding rates of μI and μ'A, where μ and μ' are the shedding coefficients. The pathogen in W can subsequently leave the water compartment at a rate of εW, where 1/ε is the lifetime of the pathogen. The corresponding model equations are as follows:
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It would be instructive to consider a rescaling of model (1) using dimensionless variables. If N is assumed to denote the total population size and s = S/N, e = E/N, i = I/N, a = I/A, r= R/N, w = εW/μN, μ'=cμ, b = βN, and bW = μβWN/ε, the following rescaled model can be developed:
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Since the ease of its transmission, with a very low infectious dose of 18 virions, the transmissibility of the contagious water will be “0 or 1” phenomenon. It means that, for one thing, the water will be infectious after a case shedding the virus into the water, for the other thing, the water consist its transmissibility after it is contaminated even though more virus are shed into the water by more cases. Therefore, w(t) is a constant although virus are shed into the water by i and a continuously. That a susceptible is infected or not is determined by the route of contacting the water effectively or not, and this infection reflect in the parameter bW.
Case isolation

In practice, isolation aimed at the i population and was implemented from the date when CDC received report. On the first isolation day, all symptomatic cases were isolated; after that, a new case would be isolated upon showing symptoms. Milder norovirus infection cases were requested to stay home. Dedicated staff paid visits to ensure adherence, hygiene, and proper disinfection. More severe cases were hospitalized and isolated. Both cases were discharged after being free of symptoms for two days. In the case isolation model, neither the reservoir-to-person nor the person–to-person routes are viable means of transmission. Nevertheless, individuals in compartment s could become infected via the reservoir–to-person and asymptomatic-susceptible routes, leading to development of the following rescaled model:
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In addition, the effective implementation of case isolation needs other supplementary measures, such as disinfection of the environment which was contaminated by isolated case, inspection of all healthy persons, and put the institution of absence of class in school into practice, and so on. Therefore, case isolation in model (3) was a package which included supplementary measures.
Water disinfection

The model of water disinfection was show as model (4). In this model, the “water-person” route was cut off, which means bW=0. Transmission occurs via daily contact, it assumes that transmission occurs solely via the person–person route. Therefore, the variables w, ε, and bW are removed from the water disinfection model. The corresponding model equation is thus:
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Case isolation + water disinfection
The model of “case isolation + water disinfection” was show as model (5). In this model, “patient–susceptible” and “water–susceptible” routes were cut off, leaving “asymptomatic– susceptible” route.
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School closure

  During a school closure, all the people in a school return home. Person–to-person and reservoir–to-person contacts are severed, making both b and bW become zero in effect in the school closure model. But when interval of school closure is over, all the people, including symptomatic and asymptomatic individuals, return school and transmission mode is back to SEIARW model. The corresponding model equation is thus:
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  The function of parameters b and bW along with time is as follow:


[image: image8.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

1

12

2

1

12

2

,

0,

,

,

0,

,

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

WW

W

WW

fbb

fb

fbb

fbb

fb

fbb

t

t

t

t

t

t

p

pp

p

p

pp

p

=

ì

ï

=

ï

=

ï

í

=

ï

=

££

££

ï

ï

=

î

＜

＞

＜

＞

                                      (7)
In this function, π1 is initial time of school closure, π2 is the end of school closure, and Δπ=π1-π2 is the interval of school closure. We simulated the school closure of 7 days, 8 days, 9 days or 10 days, to examine the effects, which means Δπ = 7, 8, 9, 10.
Combined-intervention strategies

For the school outbreak in which the transmission route is “person-person”, we simulated combined intervention -“case isolation + school closure” to examine its impact. For the community outbreak in which the transmission routes are “water-person” and “person-person”, we simulated combined intervention -“case isolation + water disinfection” to examine its impact.
Estimation of parameters

Of b, bW, k, ω, ω', p, γ, γ', c, and ε, the 10 parameters in the model (Supplementary Table 2), b and bW could be estimated by curve fitting of SEIARW model and reported data regarding the outbreak. The incubation period of NoV cases ranges from 12 h to 48 h 17,18, we set incubation period equal to 1 day (ω=1) in our study. When a person was infected, he or she will shed the virus 36 h later at average, ranging from 18 h to 110 h, and the shedding status can persist for up to 26 days (ranges from 11 days to 54 days) 22,19, thus we valued latent period and infectious period equal to 1 day (ω'=1) and 26 days (γ'=0.03846) respectively. Duration of illness of NoV infection is 1-5 days 19, however, more prolonged courses of illness lasting 4-6 days 25,24 can also occur although it can only happen in a few cases. According to the Kaplan Criteria 26 which is widely used for diagnosis in the USA, NoV infected patients have the mean (or median) duration of illness of 1-3 days, we set this duration equal to 3 days (γ=0.3333) in our models. Up to 30% 19–21 of NoV infections are asymptomatic, therefore, p=0.3. Furthermore, asymptomatic persons can shed virus, albeit at lower titers than symptomatic persons 19–21, the role of asymptomatic infection in transmission and outbreaks of NoV remains unclear 35. Yet we set k as the transmissibility ratio of asymptomatic-to-symptomatic individuals, and c as the asymptomatic individual viral shedding coefficient. Then this two parameters were estimated by fitting the SEIARW models to the reported data we collected. Although NoV can survive from 7-12 days in external environment 27,29 and can even persist for up to 21-28 days 34,32,30,33,28,31, we set the average life time of NoV equal to 10 days (ε=0.1) in our study.
Simulation methods
Berkeley Madonna 8.3.18 and Microsoft Office Excel 2003 software were employed for model simulation and figure development, respectively. The Runge-Kutta method of order 4 with the tolerance set at 0.001 was used to perform curve fitting of SEIARW model and the reported data. While the curve fit is in progress, Berkeley Madonna displays the root mean square (RMS) deviation between the data and best run so far.
Transmissibility and strategy assessment indicators
Basic reproduction number (R0) was enrolled to evaluate the transmissibility of NoV. Here we use a final size equation 36 to calculate the R0 of different models. The final size equation is applicable to closed populations only, where the infection leads either to immunity or death. In this situation, the number of susceptibles can only decrease and the final fraction of susceptibles, S(∞), can be used to estimate R0:
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This was first recognized by Kermack & McKendrick (1927) 37; for a detailed derivation and discussion, see Diekmann & Heesterbeek (2000) 38, Hethcote (2000) 39 and Brauer (2002) 40.
We estimated TAR and duration of outbreak (DO) to assess the efficacy of the strategies for controlling the outbreak, where
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n is accumulative cases, N is total population.
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n is onset date of index case, N is recover date of last case.
Sensitivity analysis

Since six parameters, ω, ω', p, γ, γ' and ε, were estimated by references, there was some uncertainty about them which might impact the results of models we built. In our study, sensitivity was tested by varying the two parameters which were split into 1000 values ranging from minimum to maximum of the reported values in literature (Supplementary Table 2).
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