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Network Distribution Model of Influenza Virus in the
Community

P. Pongsumpun

Abstract—Influenza is occurred around the world. It caused
by influenza virus. The types of influenza can affect people
such as type A, B and C. The influenza virus can spread
though the air from coughs or sneezes between people. It can
be found in all age of human. In this study, we formulate the
network model for the transmission of influenza virus. The
numerical simulations are given to see the influence of each
parameter.The mathematical method is used in this paper. The
discussion of each parameter is given.

Index Terms—Community, influenza, model, network.

I.  INTRODUCTION

An infectious disease is usually found around the world
such as influenza. It was found long time ago. Influenza
virus has three types,ie. Type A, B and C. Type A has 11
different serotypes such as HIN1, H2N2, H3N2, H5N1,
H7N7, HIN2, HON2, H7N2, H7N3, H10N7, H7N9 [1]-[2].
Influenza A has more common than the other types. The
symptoms of influenza patients are high fever, runny
nose, sore throat, muscle pains, headache and coughing.
Usually, the person who infect the influenza virus can have
symptoms after two days of infection [3]. First influenza
pandemic occurred in 1918. We called as Spanish flu
pandemic type A influenza, HLN1 subtype. That pandemic
lasted from 1918 to 1919. There were about 50 to 100
million people. That pandemic has been described as "the
greatest medical holocaust in history" and may have killed
as many people as the Black Death [4]. After that, the 1957
flu pandemic or Asian flu (type A influenza, H2N2 subtype
was happened in China. This pandemic outbreak was
occurred in early 1956 until 1958, which is the H2N2
subtype of influenza A.

Worldwide deaths were varying depending on source,
ranging from 1 million to 4 million people. The pandemic in
1968-1970 or Hong Kong flu was relatively mild compared
to the Spanish flu. This flu had 2 flu pandemics. It was
caused by H3N2 strain of influenza A virus which derived
from H2N2. This flu affected mainly the elderly and killed
approximately one million people in the world [5]-[6]. Then
there was the 2009 flu pandemic or swine flu. Dr. Margaret
Chan, the director of WHO, announced that the world now
at the start of 2009 influenza pandemic. At that time, there
were 74 countries and about 30,000 confirmed cases have
been reported. According to the data in the United States,
mostly patients were young people. The outbreak in Mexico
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was originated; the number of deaths was over 180 people
and the number of patients was 1,614 persons. In 2009,
when H1IN1 flu outbreak reached Thailand, the Ministry of
Public Health assured the Thai people by announcing
measures to prevent the spread of HIN1 and establishing
the HIN1 Flu Prevention and Control Center. The report on
9 May 2009 in Thailand showed that the first suspected case
of the HIN1 flu, who was a person who had traveled back
from Mexico. At that time, Thailand became the 31
country in the world with reported cases of the HIN1 flu [7].
In 1988, Flahault et al. [8] studied and formulated the
mathematical model describing the transmission of
influenza in France. After that, they [9] modified the
mathematical model describing the transmission of
Influenza in Europe. In 2007, Chowell et al. [10] compared
the transmission of Influenza with season in United States,
France and Australia by using reproductive number. In 2013,
Chong [11] studied the avian influenza by using SIR
(Susceptible-Infectious-Recovered) model. In 2014,
Pongsumpun et al. [12] formulated the SEIQR (Susceptible-
Exposed-Infectious-Quarantine-Recovered)  model by
considering the repetitive contact of HIN1 flu. In this study,
we formulate the dynamical model of influenza virus in the
community by using SEIQR model to see the distribution of
the disease. The numerical solutions of our model are given
to see the influence of each parameter to the transmission of
this disease.

Il.  MATHEMATICAL EQUATIONS

In the community, we suppose that there is the school,
shop, church, houses, etc.. We assume that there is M
populations in this community. The movement of people is
considered by random process. We random the 1% person to
the M™ person (with uniformly distribution) travel in the
community everyday. Each person can travel to the school,
shop, church, houses, etc. in any day. Each person who lives
in any house at the beginning time will come back to his/her
house at the ending time. At the first day, the infected
human can be in any places in the community. The
population in the considered model consists of 5 population
classes such as susceptible, exposed, infectious, quarantine
and recovered persons. The recovered human can be
susceptible to the disease again. The variables and
parameters of our model are defined in Table I .

TABLE |: THE VARIABLE AND PARAMETERS IN OUR MODEL

variable/parameter Definition

Shyi Number of susceptible human in
the i" place at day t

Ehy; Number of exposed human in
the i" place at day t

Ihy; Number of infectious human in
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the i place at day t

Qhy; Number of quarantine human in
the i" place at day t

Rhy; Number of recovered human in
the i" place at day t

IP Incubation period of virus in
human

a; Distance between the i™place in
the community

B The transmission rate of virus
between human

d The rate at which the exposed
human can be recovered

o The rate at which the infectious
human can be recovered

A The rate at which the infectious
human can be quarantined

2] The rate at which the quarantine
human can be recovered

n The total number of places in
the community

M The total number of human in

the community

The diagram of our model can be described in the
following figure:

The diagram of human population is shown in Fig. 1. The
dynamical change of human populations can describe as the
following equations:
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Fig. 1. Diagram of our model.
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Fig. 2. Simulation outputs of our model. The parameters used in this study
are IP = 5 days, &; =200 metres,

d=1/7,a=114,1=120,0=1/6,n=10, M=1,000
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Fig. 3. Simulation outputs of our model. The parameters used in this study
are IP= 5 days, 4=0.00005, d=, 7/ 1, a=1/14, 6=, 6/ 1,n=10, M=1,000.
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Fig. 4. Simulation outputs of our model. The parameters used in this study

are IP = 5 days, Z = 0.00005,
d=1/7, @ = 114, A=1/20, §=1/6, n = 10, a, = 200 metres
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Fig. 5. Simulation outputs of our model. The parameters used in this study
are IP = 5 days, S =0.00005
d=1/7,a=1/14,0=1/6,n=10, g =200 metres, M=1,000

I1l.  NUMERICAL SIMULATIONS

In this section, we simulate our mathematical equations
by using numerical analysis. Simulations output of our
model are evaluated to see the distribution of the disease.
The time distributions of exposed and infectious human for
the different situations are shown in the following figures.

IV. DiscussiON AND CONCLUSIONS

Mathematical models are used for studying the behaviors
of population. In this study, we formulate the dynamical
model of influenza to study the network distribution of
community. We simulate the model outputs for the different
set of parameters. The time series of exposed human and
infectious human are shown from fig.2 to fig.6. The contact
rate of influenza virus, the distance between places in the
community, total population, quarantine day and number of
places in the community are considered to be different to
see how the parameters effect to the behaviors of population.
From Fig. 2 to Fig. 6, we will see that the epidemic size is
higher when there is the higher contact rate, the closer place
in the community, the greater number of total population,
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the less number of quarantine day and the less number of
places in the community. The outburst of epidemic are
longer when there is the higher contact rate, longer distance
between places, the greater total population, the higher
quarantine day and the less number of places. The results of
this study should introduce the parameters influencing the
behaviors of population in the community.
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