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Abstract The ongoing Corona Virus Disease 2019 (COVID-19) outbreak is currently one of the largest
problems in the world. In Thailand, the disease has affected all Thai people, with implications for the
economy, living standards, tourism etc. In this work, we propose a mathematical model to explain the
number of cases in Thailand, including exposed, symptomatic infected, asymptomatic infected, hospi-
talized, recovered and deceased, and compare these numbers with data reported by the Department of
Disease Control, Ministry of Public Heath, Thailand. The basic reproduction number has been computed
to show how the disease spreads. The effect of transmission coefficient explaining the transmission from
asymptomatic patients demonstrates the most important factor in this outbreak. The numerical results
show that the number in each population category is consistency with the reported data before the lock
down measurements start on March 26, 2020. Therefore, we can predict the number of each population
category in the future without any government actions. The model shows that each symptomatic infected

case reported, there are still 6 - 13 asymptomatic infected cases in Thailand.
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1. INTRODUCTION

The recent outbreak of infectious disease COVID-19 was caused by the SARS-CoV-2
strain of coronavirus that appeared in Wuhan, China in late December 2019. It was
declared a global pandemic on March 2020 by the World Health Organization (WHO)
[1]. As of April 28,2020, the deadly COVID-19 virus had infected 2,878,196 people glob-
ally and resulted in 198,668 deaths [2]. As of April 28,2020, there were 2,938 infections
and 54 deaths in Thailand [3]. Gaining an understanding of COVID-19 transmission is
vital to being able to predict and control the outbreaks of this disease. Mathematical
models are crucial tools for studying the behavior of infectious diseases [4, 5]. Therefore,
there have been several research projects focusing on mathematical models of COVID-19
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transmission [6]-[13]. Some researchers have studied the early transmission of this disease
from its original source, Wuhan, Hubei Province, China, including a conceptual model
and clinical patient features [6, 8, 9, 12]. Tian-Mu-Chen and his coworkers proposed a
Bat-Host-Reservoir-People transmission network model for simulating the potential trans-
mission from source to human infection [7]. Many researchers studied the pneumonia that
has been associated with several COVID-19 patients [10, 11, 13]. Thailand is the first
country outside China that had confirmed COVID-19 cases. The first case appeared on
January 13, 2020 [14] and the coronavirus has now spread throughout most of the country.
In order to describe the transmission dynamics of the COVID-19 outbreak in Thailand,
we propose a deterministic SETAHRD model to study this disease among humans. The in-
dividuals in the SEIAHRD model population have been divided into following categories:
susceptible, exposed, symptomatic infected, asymptomatic infected,hospitalized, recov-
ered and deceased. We compute the basic reproduction number to show how the disease
has been transmitted in Thailand. The numerical results, reported data and discussion
are presented in Section 3. Finally, we conclude our study in the last section.

2. MATERIALS AND METHODS

MATHEMATICAL MODEL

We developed a mathematical model of COVID-19 to describe the transmission of
COVID-19 in Thailand. This model was based on the transmission patterns of COVID-
19 in Wuhan and Middle East Respiratory Syndrome (MERS) in South Korea [1, 6].
Since we would like to study the number of asymptomatic infected, hospitalized and de-
ceased population so we add theses population categories to SEIR model. Therefore, the
population in our model is divided into seven categories of people: susceptible (S(t)),
exposed (E(t)), symptomatic infected (I(t)), asymptomatic infected (A(t)), hospitalized
(H(t)), recovered (R(t)) and deceased (D(t)). Susceptible means those people who may
become infected while the exposed are those who have had contact with symptomatic
or asymptomatic infected people.The symptomatic infected includes the population who
are currently infected and have developed symptoms of this disease, such as fever, fa-
tigue and dry cough. The asymptomatic infected are the people who are infected but
haven’t developed any symptoms [15]. The hospitalized are the population who need
hospital treatment. The recovered and deceased are those who have recovered or died
from COVID-19 respectively.

Figure 1 shows a flow diagram of a compartmental model of COVID-19. The susceptible
cases become exposed cases by the transmission coefficients of symptomatic infections
(81), asymptomatic infections (83) and hospitalizations (83). The exposed cases become
symptomatic or asymptomatic infections with rates of yo and (1 — 7)o respectively, in
which ~ is clinical outbreak rate and % is incubation period. Symptomatic infected cases
become hospitalized cases with rate A where % is the average time from symptom onset
of to the date of hospitalization. Asymptomatic infected cases can recover through their
natural immunity with rate k; which le being the average recovery time of asymptomatic
infected cases. The hospitalized cases may either end with recovery or death with a rate of
ko or 6 which 1712 is average recovery time of symptomatic infected cases and % is average
time from hospitalization to death. All population categories have a natural death rate

.
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FIGURE 1. Flow diagram of the model

Therefore, the human to human transmission of COVID-19 can be formulated in a
mathematical model as follows:

ds
dt
dE
ds
dI
dt
dA
dt
dH
dt
dR
dt
)
dt

MODEL ANALYSIS

S SA SH
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= 6H

(2.1a)
(2.1b)
(2.1c)

(2.1d)

Thr(llgh simple calculation, we found a disease-free equilibrium (0,0,0,0,0,0, D) in
which D is arbitrary constant. Then, we used a spectral radius of a next generation

matrix to evaluate the basic reproduction number [16].

Firstly, we only considered the

infected category, as shown in equations (1b) — (1e). We defined the appearance rate of
new infections and the rate of individual transfer.
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Then, calculations showed that the partial derivatives of F and V were about z =
(E,I1,A H) . After that, we substituted the initial condition (Ey, Iy, Ag, Hp) into vari-
ables, and obtained:

0 Bt Bfo fsbo (04 1) 0 0 0
F_10 0 0 0 v —o A+ ) 0 0
o o0 0 0 |’ T |-(1=9)0 0 (k1 + 1) 0
0 0 0 0 0 Y 0 (ko + 6 + 1)
and so
BaS s
LA I e (sz?sﬁ)w
vt = |00 0 0 (2.2)
0 0 0 0
0 0 0 0
where
Fo= Yo AB3S0 n (1 —7)aB250 n Yo B1S0 (2.3)
(c+m)A+p)(ke+6+ )N (0 +p)(ki+p)N (0 +p)(A+p)N
P o= % Ay (2.4)

A+ N - (ke + 6+ p)(A+ p)N

Since the basic reproductive number (Ry) is the biggest eigenvalue of matrix FV ~1,
one can compute that Ry = F.

Darta

The Department of Diseases Control, Ministry of Public Health, Thailand released a
time series of reported cases [3]. They provided detailed data of the endemic in Thailand,
including the total number of exposed cases, symptomatic infected, hospitalized, recovered
and deceased. We can analyze the relationship between numerical results using these data.

PARAMETER VALUES

According to data provided by the National Statistical Office of Thailand, the total
population of Thailand () is approximately 65 million people, while the natural death
rate is 0.076 [17]. The WHO reports that the incubation period of COVID-19 (¢~ !) is
7 days [15]. Since COVID-19 is a new infectious disease, exact parameter values have
not been reported yet. In this research, we use some parameter values from Middle East
Respiratory Syndrome (MERS), including the transmission coefficients of symptomatic
infected cases (1), asymptomatic infected cases (B2), hospitalized cases (f3) and clinical
outbreak rate () [4]. The average time from onset of symptoms to hospitalization (k')
and symptomatic infected cases (k5 '), the average time from data of symptoms onset to
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data of hospitalization (A~!) and the average time from hospitalization to death (§71)
are estimated. The value and source of all parameters are shown in Table 1.

Parameters Value Source

N 65 million [17]

I 0.0076 [17]

By 0.65 [

Ba 0.55 [1]

85 0.55 1]

5y 0.145 [4]

o 7 days [15]

- 30 days  Estimated
ky! 30 days  Estimated
At 6.5 days Estimated

) 0.001 Estimated

TABLE 1. Parameters values in the system

THE EFFECT OF TRANSMISSION COEFFICIENTS

In this section, we apply two dimensional figures to explain how the transmission co-
efficients affect to the basic reproduction number. Figure 2 represents the relationship
between the transmission coefficient of symptomatic infected cases (1) ,asymptomatic
infected cases (B2) or hospitalized cases (83) and the basic reproduction number (Rp).
It suggests that the transmission coefficients are linearly proportional with the basic
reproduction number. Since slope of 35 is bigger than slope of 51 and f3, so the trans-
mission coefficient of asymptomatic infected cases has a stronger influence on the basic
reproduction number than the transmission coefficient of symptomatic infected cases and
hospitalized cases. It show us that the transmission from the asymptomatic patient is
most important factor of COVID-19 outbreak.
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Figure 2. The influence of 51, 82 and B3 on Ry
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3. RESULTS AND DISCUSSION

The basic reproduction number (Ry) can be expressed such that the expected number
of cases are directly generated by one case. Substituting the parameter values from Table
1 into the expression of (Rp) in the form of equation (2.3) , we obtain Ry = 6.14. The basic
reproduction number in our research is similar to the basic reproduction numbers found
by Shen M. (R = 6.49) [18] and Tang B. (Ry = 6.47) [19]. It is well-known that if Ry is
greater than one, the disease will keep spreading in the population. This would mean that
the disease is likely to spread quickly throughout Thailand. Next, the numerical results
from the model and the reported data for each population category have been presented.
The reported data were collected from February 1 to April 28, 2020. Figure 3 shows that
the number of exposed cases in our model is consistent with the reported data. It suggest
that the number of exposed cases are exponential growth because susceptible people have
become exposed through contact with symptomatic and asymptomatic infected people.

The number of symptomatic infected cases in the model simulation and in the reported
data are illustrated in Figure 4. The simulation of symptomatic infected cases only fit
with data reported from February 1 (Day 1) to April 10, 2020 (Day 70). One possible
reason for this is that the Thai government declared an Emergency Situation pursuant
to a March 26, 2020 Emergency Decree to control the COVID-19 outbreak. However,
the data can predict the number of symptomatic infected cases that would have occured
without any government reactions. Figure 5 illustrates the hospitalized cases predicted
by the model and reported in the data. It suggests that the results of the simulation
model qualitatively agree with reported data from February 1 (Day 1) to April 10, 2020
(Day 70). It explains that the theoretical and real hospitalized cases both increased
significantly before lockdown measures started (March 26, 2020). Following that action,
the real hospitalized cases decreased dramatically while the theoretical hospitalized cases
continued their exponential increase after April 10, 2020.
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Figure 3. Exposed cases Figure 4. Symptomatic infected cases
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Figure 5. Hospitalized cases Figure 6. Asymptomatic infected cases
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Since there is no reported data of asymptomatic infected cases, so we will reveal the
numerical data of this cases in Figure 6. It shows that asymptomatic cases are higher
than the symptomatic infected cases and it increase exponentially. Figure 7 includes
both model prediction and reported data of deceased cases. It shows that the theoretical
and reported of deceased cases are exactly fit. Therefore, we can predict the number of
deceased cases of Thailand in the future.
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Figure 8. The ratio of asymptomatic and symptomatic cases
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Figure 8 shows the ratio of asymptomatic and symptomatic infections in simulation.
It indicates that there are 6 - 13 asymptomatic infected patients for each symptomatic
infected case found.

4. CONCLUSIONS

We developed a mathematical model that is consist of susceptible, exposed, sympto-
matic infected, asymptomatic infected, hospitalized, recovered and died to explain the
outbreak of COVID-19 in Thailand. The basic reproduction number (Ry) was computed
using the spectral radius of next generation matrix that we obtained Ry = 6.17. This
value means that the COVID-19 outbreak was transmitted across the nation. However,
the basic reproductive numbers have been verified by many research projects, so our basic
reproduction number is quite similar to that found by Shen and Tang [18, 19]. The effect
of transmission coefficient shows that transmission from asymptomatic infected cases is a
major contributing factor to the COVID-19 outbreak in Thailand.

We compared the model results with the reported data for each population category.
Since the susceptible cases may become exposed through contact with symptomatic and
asymptomatic infected people, the model and reported data both show exponential growth
in this category. The simulation of symptomatic infected people is identical to the data re-
ported before the lockdown measures began. Moreover, the model can predict how many
symptomatic infected cases would appear if no governmental action was taken . Be-
fore the lockdown measures started, the numerical and real hospitalized cases increased
significantly. After the governments actions, the reported hospitalized cases decreased
dramatically while the models hospitalized cases still increased exponentially. Asymp-
tomatic infected people were included in our study because they could transmit the virus
to susceptible people. For each symptomatic infected patient reported, there are about 6
- 13 asymptomatic infected cases. Finally, since the numerical and theoretical results of
population category are consistency so we can use our model to predict the number of ex-
posed, symptomatic, asymptomatic, hospitalized and deceased cases in Thailand without
any government actions.

We hope that our study provides important insights into the transmission dynamics
of the COVID-19 outbreak in all population sectors in Thailand. It is important to thor-
oughly understand disease transmission in order to help implement effective prevention
and control programs.
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