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Abstract:

As reported by the World Health Organization, a novel coronavirus (2019-nCoV) was identified as the

causative virus of Wuhan pneumonia of unknown etiology by Chinese authorities on 7 January, 2020. In
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this study, we developed a Bats-Hosts-Reservoir-People transmission network model for simulating the
potential transmission from the infection source (probable be bats) to the human infection. Since the
Bats-Hosts-Reservoir network was hard to explore clearly and public concerns were focusing on the
transmission from a seafood market (reservoir) to people, we simplified the model as Reservoir-People
transmission network model. The basic reproduction number (R,) was calculated from the RP model to

assess the transmissibility of the 2019-nCoV.

Introduction

On 31 December 2019, the World Health Organization (WHO) China Country Office was informed of
cases of pneumonia of unknown etiology (unknown cause) detected in Wuhan City, Hubei Province of
China, and WHO reported that a novel coronavirus (2019-nCoV) was identified as the causative virus by
Chinese authorities on 7 January(1). Potential for international spread via commercial air travel had been
assessed(2). Public health concerns have been paid globally on how many people had been infected
actually.

In this study, we developed a Bats-Hosts-Reservoir-People (BHRP) transmission network model for
simulating the potential transmission from the infection source (probable be bats) to the human infection.
Since the Bats-Hosts-Reservoir network was hard to explore clearly and public concerns were focusing on
the transmission from a seafood market (reservoir) to people, we simplified the model as Reservoir-People
(RP) transmission network model. The basic reproduction number (R,) was calculated from the RP model

to assess the transmissibility of the 2019-nCoV.
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The Bats-Hosts-Reservoir-People transmission network model
We assumed that the virus transmitted among the bats population, and then transmitted to an unknown
host (probably be wild animals). The hosts were hunted and sent to the seafood market which was defined

as the reservoir or the virus. People exposed to the market got the risks of the infection (Figure 1).
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Figure 1. Flowchart of the Bats-Hosts-Reservoir-People transmission network model.

The BHRP transmission network model was based on the following assumptions or facts:

a) The bats were divided into four departments: susceptible bats (Sg), exposed bats (Eg), infected bats
(Ig), and removed bats (Rg). The birth rate and death rate of bats were defined as ng and mg. In this model,
we set Ag = ng x Ng Where N refer to the total number of bats. The incubation period of bat infection was
defined as 1/wg and the infectious period of bat infection was defined as 1/yg. The Sg will be infected

through sufficient contact with g, and the transmission rate was defined as fs.


https://doi.org/10.1101/2020.01.19.911669
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.01.19.911669; this version posted January 19, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

b) The hosts were divided into four departments: susceptible hosts (Sy), exposed hosts (Ey), infected

hosts (Iy), and removed hosts (Ry). The birth rate and death rate of hosts were defined as ny and my. In this

model, we set Ay = ny x Ny where Ny refer to the total number of hosts. The incubation period of host

infection was defined as 1/wy and the infectious period of host infection was defined as 1/yy. The Sy will be

infected through sufficient contact with Iz and Iy, and the transmission rates were defined as gy and Sy,

respectively.

c) The 2019-nCoV in reservoir (the seafood market) was denoted as W. We assumed that the retail

purchases rate of the hosts in the market was a, and that the prevalence of 2019-nCoV in the purchases was

In/Ny, therefore, the rate of the 2019-nCoV in W imported form the hosts was aWl,/Ny where Ny was the

total number of hosts. We also assumed that symptomatic infected people and asymptomatic infected

people could export the virus into W with the rate of up and u s, although this assumption might occur in a

low probability. The virus in W will subsequently leave the W compartment at a rate of ¢W, where 1/¢ is the

lifetime of the virus.

d) The people were divided into five departments: susceptible people (Sp), exposed people (Ep),

symptomatic infected people (lp), asymptomatic infected people (Ap), and removed people (Rp) including

recovered and death people. The birth rate and death rate of people were defined as np and mp. In this

model, we set 4p = np x Np Where Np refer to the total number of people. The incubation period and latent

period of human infection was defined as 1/wp and 1/w’p. The infectious period of Ip and Ap was defined

as 1/yp and 1/y’p. The proportion of asymptomatic infection was defined as dp. The Sp will be infected

through sufficient contact with W and Ip, and the transmission rates were defined as Sw and Sp, respectively.

We also assumed that the transmissibility of Ap was x times that of I, where 0 < k¥ < 1.
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The parameters of the BHRP model were shown in Table 1.

Table 1. Definition of those parameters in the BHRP model

Parameter Description
Ng The birth rate parameter of bats
Ny The birth rate parameter of hosts
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Np The birth rate parameter of people

Mg The death rate of bats

My The death rate of hosts

mp The death rate of people

1/ wg The incubation period of bats

1wy The incubation period of hosts

Uawp The incubation period of people

lw’p The latent period of people

1lyg The infectious period of bats

Uyy The infectious period of hosts

1yp The infectious period of symptomatic infection of people
y’p The infectious period of asymptomatic infection of people
Bs The transmission rate from Iz to Sg

LPsH The transmission rate from I to Sy

Bu The transmission rate from I to Sy

B The transmission rate from Ip to Sp

Pw The transmission rate from W to Sp

a The retail purchases rate of the hosts in the market

Up The shedding coefficients from Ip to W

e The shedding coefficients from Ap to W

/e The lifetime of the virus in W

op The proportion of asymptomatic infection rate of people
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K The multiple of the transmissibility of Ap to that of Ip.

The simplified Reservoir-People transmission network model

Based on the information we known, we assumed that the 2019-nCoV might be imported to the
seafood market in a short time. Therefore, we added the further assumptions as follows:

a) The transmission network of Bats-Host was ignored.

b) Based on our previous studies on simulating importation(3, 4), we set the initial value of W as
following impulse function:

Importation = impulse(n, ty, t;)

In the function, n, ty and t; refer to imported volume of the 2019-nCoV to the market, start time of the

simulation, and the interval of the importation.

Therefore, the BHRP model was simplified as RP model and is shown as follows:
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During the outbreak period, the natural birth rate and death rate in the population was in a relative low

level. However, people would commonly travel into and out from Wuhan City due to the Chinese New Year.
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Therefore, np and mp refer to the rate of people traveling into Wuhan City and traveling out from Wuhan

City, respectively.

The transmissibility of the 2019-nCoV based on the RP model

In this study, we used the basic reproduction number (R,) to assess the transmissibility of the
2019-nCoV. Commonly, Ry was defined as the expected number of secondary infections that result from
introducing a single infected individual into an otherwise susceptible population(3). If Ry > 1, the outbreak
will occur. If Ry < 1, the outbreak will go to an end.

Based on the equations of RP model, we can get the disease free equilibrium point as:
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By the next generation matrix approach(5), we can get the next generation matrix and R, for the RP

model:
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