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Abstract

Since December 2019, the world has been facing an emerging infectious disease named coronavirus
disease 2019. Thailand has also been affected by the spread of the coronavirus. The Thai government
have announced policies to protect people, based on the emergency decree and curfew law for flattening
the curve of the number of the coronavirus disease 2019 cases without vaccination in Thailand. This
research estimated of the number of total infectious cases of coronavirus disease 2019 in Thailand. Two
growth curves, including an exponential growth curve under a non-flattened curve policy (herd immunity
policy without vaccination), and a logistic growth curve under a flattened curve policy without
vaccination, were selected to estimate the parameters of the curves by the least square method to represent
the number of the total infectious cases in Thailand. Moreover, the maximum infectious cases of
coronavirus disease 2019 and the speed of spreading for coronavirus disease 2019 in Thailand were also
explored. Based on the number of the total infectious cases of coronavirus disease 2019 in Thailand, the
findings demonstrated that the coefficient of determination of the logistic growth curve was greater than
the exponential growth curve and the root means squared percentage error of the logistic growth curve
was less than the exponential growth curve. These results suggest that the logistic growth curve is suitable
for describing the number of total infectious cases of coronavirus disease 2019 in Thailand under the
fattened curve policy.

Keywords: Coronavirus disease 2019, Estimating derivative, Exponential growth curve, Least square
method, Logistic growth curve

Introduction

Coronavirus disease 2019 (COVID-19)is an emerging infectious disease caused by severe acute
respiratory (pneumonia) and spread firstly in December 2019 at Wuhan, Hubei, China. Later, it has
become a pandemic disease and widespread around the world. It can spread from person to person via
touching the blood, body fluids, secretions, excretions of coronavirus disease 2019 patients. It severely
spreads in Europe such as Spain, Italy, France, etc. as well as the United States of America. The first
infectious case in Thailand was identified on January 13™, 2020. Thailand has abided by the guidance of
the World Health Organization (WHO) related to protecting and controlling the disease outbreak in the
world. There are 2,954 total COVID-19 cases, 54 total deaths, and 2,684 total recoveries in Thailand —
according to the reports on April 30", 2020. The situation affects Thailand’ economy and society in that
all parts of Thailand have stuck for a while. However, Thailand’s government has tried to solve this
problem via administrative policies.
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The flattened curve policy is one of the policies without vaccination by trying to stop spreading
coronavirus disease 2019 before the inflation rate of the coronavirus 2019 disease soared sharply and to
protect people from the coronavirus 2019 particles. Here, the flattened curve policy in Thailand consists
of social distancing by staying alone at home and working from home, physically distancing more than 2
m between 2 people or amongst people, wearing masks in communities, frequently washing hands with
alcohol hand gel and soap, etc. The important point for the flattened curve in Thailand is the lockdown of
the country by the emergency decree from 26 March to April 30", 2020, and curfew law between 10 p.m.
and 4 a.m. from April 3 to April 30", 2020, for controlling the coronavirus 2019 disease spreading.
Some examples of the details in the emergency decree include “People are not allowed to access the
infectious and risk area, all the methods to enter Thailand are closed, people are not allowed to gather or
assembly in a group, etc”. Furthermore, Thailand's government may still extend the emergency decree
and curfew law for another month. However, this research will be focused on March 26™ to April 30"
2020 for the flattened curve policy.

The growth curve of infectious cases is one of the factors leading to the design of the government’s
policy around the world. It is a tool for monitoring the situation of severe infectious cases and controlling
the waves of the number of patients. Empirical studies have been conducted on the relationship between
real data and the estimate curves. The introduction of population growth curves was proposed with
population size, the number of individuals in the population density, animal and human population
growth, and the number of individuals in a particular area [1]. The exponential growth curve model was
initiated to estimate the real data. The decrease in energy flux and increase in aerobic glycolysis were
investigated by a constant growth rate of the exponential growth curve model [2]. The population of
bacteria was assumed to the exponential growth curve model in biology [3]. The stage of the bacterial
growth cycle which is the exponential growth was studied in the transcription process [4]. Moreover, the
exponential growth curve model was applied to the financial field in the compound interest rate [5].
Then, the logistic growth curve model was developed to be an alternative to the exponential growth curve
model. It was firstly proposed in studying autocatalysis and extended to animal science [6]. The
relationship between poultry weight and time was described by the logistic growth curve of the time
series [7]. To describe the growth of broiler, the logistic growth curve model was employed to predict
broiler chicks [8]. The bodyweight of a commercial strain and chickens was measured and predicted by
the logistic growth curve model [9]. The comparison between the exponential growth curve model and
the logistic growth curve model was studied in environmental science based on the information from the
ecology population [10].

In the fitting curve of the number of total COVID-19 cases, the parameters of the model were
estimated. The least square method is one of the methods for estimating parameters. The estimation based
on the least square method for estimating parameters of linear, power, exponential function was fit as
interpolation and extrapolation of data [11]. The method for estimating parameters of the exponential
growth and the logistic exponential growth curve models were studied in numerical method [12,
13]. Analysis and forecasting of the population which was represented by the logistic growth curve
model of Bangladesh were evaluated by the least square method and Runge-Kutta method [14].
Furthermore, the least square error method was also applied to fit the Gompertz curve, and the necessary
and sufficient conditions for the existence of the least square estimator were provided [15]. Moreover, the
predictive models of the number of total COVID-19 cases for the herd immunity policy without vaccination in
Sweden were presented. The herd immunity policy in Sweden was compared amongst the other Nordic
countries (Norway, Finland, and Denmark) which were applied to the flattened curve policy [16].

Therefore, the estimation and forecasting of the number of total COVID-19 cases in Thailand are very
important information for making decisions on Thailand’s government and for announcing the administrative
policies for controlling and protecting the outbreak of the COVID-19 diseases. The assumption for this
research is to study the growth curve of the number of cumulative COVID-19 cases without vaccination for the
flattened curve policy compared with the herd immunity policy. This research examines the suitable growth
curve model and its estimated parameters by the least square method to describe the number of total COVID-
19 cases in Thailand. Also, the spreading rate of the number of the total COVID-19 cases in Thailand under the
flattened curve policy was investigated. The comparison of parameters estimation between the exponential
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growth curve which represents the growth curve of the number of total COVID-19 cases in Thailand with the
non-flattened curve policy and the logistic growth curve which represents the growth curve of the number of
total COVID-19 cases in Thailand with the flattened curve policy is studied on the minimum of the root mean
squared percentage error and the maximum of the coefficient of determination. The next section presents the
mathematical and statistical background for the materials and methods of this research. In addition, the results,
discussion, and conclusions are proposed for this research.

Materials and methods

This section presents the mathematical and statistical backgrounds of the research. The analysis was
specified on the number of the cumulative COVID-19 cases without vaccination in Thailand on April
30“‘, 2020, which was the deadline date for the submission to the special issue on COVID-19 Pandemic
Outbreak of Walailak Journal of Science and Technology (WJST). The number of the cumulative
COVID-19 cases in Thailand as the data for this research was reported and was most updated on the
midday of April 30", 2020, on the Worldometer website [17].

This research assumes that the exponential growth curve model is for the number of the cumulative
COVID-19 cases based on data from February 15™ to March 25™, 2020, without the flattened curve
policy. The dates from February 15" to March 25™, 2020 are the duration before the enactment of the
emergency decree. The logistic growth curve model is for the number of cumulative COVID-19 cases
based on the data from February 15™ to April 30", 2020 with the flattened curve policy. The dates from
February 15" to April 30", 2020 are the duration included in the emergency decree. Therefore, it is
assumed that an exponential growth curve is developed for a non-flattened curve in which there is no
policy for the fattening curve of the total COVID-19 cases. The total COVID-19 cases will likely
exponentially increase for a non-flattened curve policy and the logistic growth curve is developed for the
fattened curve in which the policy-the emergency decree- for controlling and protecting the COVID-19
outbreak is launched.

Thus, the growth curves of the population size model for estimating the number of cumulative
COVID-19 cases in Thailand are designated as follows.

Let C(¢) be the population size of total COVID-19 cases in Thailand at time ¢ > 0. The exponential

growth curve model [1,18] can be defined in an ordinary differential equation as;
d
- CO=rC); Ce=0)=C, (1)

with initial population size C, > 0, growth rate parameter » > 0.
The solution of Eq. (1) can be solved by a separable method as follows.
dC(t)=rC(t)dt

Taking integral into both sides of Eq. (1), it becomes;

1
%dC(t) = [rdt

In|C(t)|=rt+4

where A is an arbitrary constant.
Taking exponential function into both sides, it becomes;
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|C(1)] = exp(rt + A)

Thus, C(t) = Zexp(rt), where Z =texp(—A4)

For initial time (¢ =0),C, = Z exp(rx0)

Thus, Z=C,

Therefore, the solution of the exponential growth model is C(¢) = C, exp(#?).

The logistic growth curve model or logistic differential equation initially proposed by Verhulst [18]
can be defined in ordinary differential equation as;

4oy _COL. ey
0= C(t)[l p } C(t=0)=C, Q)

with initial population size C, >0, growth parameter » >0, carrying capacity parameter & .

The solution of Eq. (2) can be carried out as follows.
By separable method and taking the integral into both sides of Eq. (2), it becomes;

1

[—F———dc@) = [ rar
W

k
I—C(t) [=C] dC()= [ rdt

k 1 1
= + .
colk-c] c@) k-Cq)

By partial fraction, the term

1 |
I(%+ e ij(t) = [ rat

In|C(t)|-In|k—C(t)| = rt+ B

C)
k—C(t)

ln‘ ‘=n+3 3)

where B is an arbitrary constant.
By taking exponential function into both sides of Eq. (3), it becomes;

‘Lt) =exp(rt+ B)

k—-C(t)
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k—C(1)

=W exp(-rt), here W =+exp(—B
o p(=rt), w xp(—=B)

k—C(t)=WC(t)exp(—rt)
k=C@)+WC(t)exp(—rt)

k=C(@t)[1+ W exp(-r1)]

k

Thus, C(f) = m

For initial time (£ =0), c L =W exp(—rx0)

Therefore, the solution of logistic differential equation is C(¢) = m where W = k ;CO
+ W exp(-r

4

Next, when time tends to infinity (# — o), the C(¢) = C, exp(rt) of exponential growth model will

tend to infinity and C(¢) = of logistic growth model will tend to & as;

Kk
[1 +W exp(—rt)]

. k
O exp(or]

1

= klime—————
> [14 W exp(—rt)]

=k

Loooo.d . L
Furthermore, the rate of growth of population size is EC(t) . The maximum population size rate of
t
growth which is the fastest growing population size for logistic growth model is % The maximum of

population size rate of growth will be carried out at the first derivatives with respect to C(¢) of %C(t)

equaled to 0 as follows.

cw
k

Let f(C)= rC(t)[ - }= rC(t)—%Cz (t).
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F()f(c(t)) = r——C(t) 0

Thus, C(¢) = % .

Namely, the growth rate of population size reaches the peak point before starting to slow if the
population size equals the carrying capacity parameter.

The least square estimation for parameters of the growth curve model is the method for estimation
parameters with the minimum square of error for the model by fitting the observations f(¢) and analytical

growth curves C(¢) which are derived above. Let e(f) be the error between observations and analytical

function; namely, e(t,) = f(¢,)—C(¢,); i =0,1,2,...,n and E be a sum of a square error function, i.e.
E=Y(e(1)) .
i=l1

For the exponential growth curve function, E(C,,r)= Z(Coe”‘ - f(t))’ . The minimum of E will

i=1

occur when

OE(C OE(C
é—o’r)=0 and OE(Cyr) =0. This results in the parameters Cjand r with the

C, or
minimum sum of square error.
k

[1+ W exp(-rt,) ]
The minimum of E will occur when OE(W, k, r) =0, OEW, k. r) =0 and EW, k, r)
ow ok or

results in the parameters W, k and » with the minimum sum of square error.

Likewise, for the logistic growth curve function, E(W, k,r)= Z( - f(t)).

=0. This

Estimation of the derivatives of the population size of total COVID-19 cases in Thailand is to study
the change of the number of total COVID-19 over time changing. It depends on the limit, forward
difference, and backward difference as follows. Thus,

C'(¢) = the population size growth rate of C(¢)

i C+m=C(@)

h—>w

= lim AC(t); At=h
A= Af

_C,(0+C, ()
~ 2

CO=C=D) . ) Ca+D=C)

where C,(t)=
5() At At
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Thus, the estimated derivative which is represented by the spread of the number of total COVID-19
G0+ Cr )

3 .

To compare the efficiency of the model for estimation, the Root Mean Squared Percentage Error
( RMSPE ) is used to compare the errors from the model for this research. The efficient model should be
the minimum RMSPE . The RMSPE can be defined as;

e cwy)-r@)Y
RMSPE—\/ Z( o) J (4)

n'i=

cases can be approximated by

where C(t,) is the population size from the growth curve model at time ¢, > 0,
f(¢,) is the observation of the actual population size at time ¢, > 0.

Also, the coefficient of determination ( R*>) which represents the percentage of the growth curve
model estimated by the least square method how much it is predicted by the independent variable time. In
other words, the coefficient of determination is a ratio between the explained variance and the total
variance.

By the formula in Eq. (5), 0< R* <1, if R’tends to 1, it means that the growth curve model is

almost predicted by the independent variable time.

» _ Explained variance

Total variance

n

>(cu)-70)

- 5)

1

Z(f(ti)_m)z

i=1

n . \2 n . \2
where Z(C )-f (t)) is the explained variance and Z( fi)-r (t)) is the total variance.

i=1 i=1

Results and discussion

In this section, the results from the method and the interpretation of the results are discussed.
Observations or data which are the number of cumulative COVID-19 cases by day in Thailand from
February 15", 2020 to April 30", 2020 are collected from the website [17]. The independent variables
time in the growth curve models starts at the time corresponding to the day February 15™, 2020 to the
time corresponding to the day April 30™, 2020. The period before the emergency decree defines as [Feb
15", 2020] to [March 25™, 2020] and the period after the emergency decree [March 26", 2020] to [April
30™ 2020] which is a flattened curve policy. Also, fundamental statistics for the data are as follows. The
interesting statistics in Table 1 are kurtosis and skewness because they represent the distribution of data.
In other words, the valued of the kurtosis was —1.69 < 3, indicating that the distribution of data is
platykurtic. The value of the skewness was 0.32, which is between —0.50 and 0.50, indicating that the
distribution of data is symmetrical. However, the further study about this data should be focused on the
determination of the probability density function of this data. It can indicate the expected value, variance,
inference statistic to the population, confidence interval of the parameter, etc., if the probability density
function of data is known.
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Table 1 Descriptive statistics for total COVID-19 cases by day in Thailand.

Statistics Values
Mean 1199.04
Standard Error 136.45
Median 774.00
Mode 35.00
Standard Deviation 1189.58
Sample Variance 1415102.55
Kurtosis -1.69
Skewness 0.32
Range 2920.00
Minimum 34.00
Maximum 2954.00
Sum 91127.00
Count 76.00

The parameters for the exponential growth curve were estimated by the least square method by
using the number of total COVID-19 cases in Thailand from February 15", 2020 to March 25", 2020
which is the period before the emergency decree announcement. The results showed that the parameters
C, =16.07, » =0.08 . Thus, the estimated exponential growth curve for the number of total COVID-19

cases in Thailand is

C(t)=16.07exp(0.08¢); 20
For the accuracy of the estimated exponential growth curve model, RMSPE =0.52 and R> =0.68.

Figure 1 shows the exponential growth curve model for estimating the number of total COVID-19
cases in Thailand. In the estimated exponential growth curve model, the number of total COVID-19 cases
in Thailand initially grows slowly and steadily and it rapidly grows at time ¢=34. The estimated
exponential growth curve model still is less than the actual number of total COVID-19 cases in Thailand
for some time — about time ¢ =35to ¢ = 68. That may be a disadvantage of the exponential growth curve
model. However, in the case of the non- flattened curve policy, the estimate exponential growth curve
model will be overcome by the actual number of COVID-19 cases in Thailand in time ¢ = 69 and then it
exponentially grows. It is realized that the actual number of total COVID-19 cases in Thailand has been
flattened by comparing the estimated exponential growth curve after the emergency decree announcement
because the estimated exponential growth curve grows sharply without the emergency decree
announcement case.
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Figure 1 Estimated exponential growth curve before and after the Emergency Decree (ED).

The parameters for the logistic growth curve were estimated by the least square method by using the
number of total COVID-19 cases in Thailand from February 15", 2020 to April 30™, 2020 which is based
on flattened curve policy, including the emergency decree. The results showed that the parameters
C,=1.18,r=0.18, k =2,864.07. Thus, the estimated logistic growth curve for the number of total

COVID-19 cases in Thailand is;

2,864.07

C(t)= 20
1+2,426.59 exp(—0.18¢)

For the accuracy of the estimated logistic growth model, RMSPE =0.47 and R* =0.99.
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Figure 2 Estimated logistic growth curve.

Figure 2 illustrates the logistic growth curve for estimating the number of total COVID-19 cases in
Thailand based on the flattened curve policy. The estimated logistic growth curve looks like the S-shaped
curve. Based on the estimated logistic growth model, the number of total COVID-19 cases in Thailand
will get the coronavirus disease 2019 is the carrying capacity 2,864.07 cases during the outbreak. The
estimated logistic growth curve shows the fastest growth of the number of total COVID-19 cases in
Thailand is approximately 1,432.03 cases at time ¢ which can be solved by the equation;

2,864.07

1,432.03 =
1+2,426.59 exp(—0.18¢)

Thus, the coronavirus disease 2019 will peak at t =43.69 ~ 44 days after the beginning day (=0
). The rate of growth of the number of total COVID-19 cases in Thailand is C’'(44) . The maximum value
of rate of growth is at;
C(44)

i(?(44) =0.18C(44)| 1-
dt 2,864.07

} = 0.18(1,432.03)[

=127.74 cases/ day

| 143203
2,864.07

Namely, at the peak of the outbreak ¢ = 44, there are about 128 new people a day get the infection
of the coronavirus disease 2019 in Thailand. The peak of the coronavirus disease 2019 in Thailand start
to slow down at the 44" day after the beginning day (¢ =0 ). Furthermore, when C”(.) people had the
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coronavirus disease 2019 at any time ¢, , the rate of spreading of the coronavirus disease 2019 in Thailand

C'(t) }

d :
. 0(t)=0.18C" (1) 1-
s ( )[ 2.864.07

Estimating the spread of COVID-19 Cases in Thailand

0 3 6 9 12151821 2427 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75

Figure 3 Estimate the derivative of the actual number of total COVID-19 cases.

Figure 3 demonstrates the growth rate which is represented by the derivative of the actual number
of total COVID-19 cases in Thailand. The growth rate of the number of total COVID-19 infectious cases
in Thailand can be classified into three periods. The first period about time #=0to ¢ =27 , the speed of
the number of COVID-19 cases in Thailand is fairly stable. The second period about =28 to =36,
the speed of the number of COVID-19 cases in Thailand dramatically increases. The third period about
time ¢ =37 to ¢ =75 it slumps quickly and slightly fluctuates inside the decreasing frame.

However, herd immunity policy is a policy based on unlocked country, no rules to control and
protect COVID-19 spread, and no vaccination, etc. People under herd immunity can independently act in
daily life without rules for fighting the COVID-19 particles. People can be infectious to COVID-19 to
hope the herd immunity occurrence. Comparisons and examples between the flattened curve policy and
the herd immunity policy are discussed. Sweden is the country in which the herd immunity policy has
firstly been used to protect and control the COVID-10 outbreak since the worldwide pandemic time of
coronavirus disease 2019 [16]. The other Nordic countries-Norway, Finland, and Denmark-including
Thailand have applied the flattened curve policy to fight the COVID-19 outbreak. It is likely that Sweden
has at least three waves of coronavirus disease 2019. The ratio of the number of the total COVID-19
deaths to the total COVID-19 cases is abbreviated as D/C and the ratio of the total COVID-19 deaths to
100,000 populations is abbreviated as D/P. The ratios D/C and D/P are shown as in Table 2.
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Table 2 Comparison COVID-19 outbreak between herd immunity and flattened curve policy.

. Herd immunity policy Flattened curve policy
Variables - -
Sweden Norway Finland Denmark  Thailand

Populations 10,146,474 5,452,999 5,547,184 5,807,509 69,931,468
Total COVID-19 deaths 13,498 673 846 2,424 94
Total COVID-19 cases 813,191 96,770 78,672 231,973 28,947
D/C ratio 1.66 % 0.70 % 1.08 % 1.04 % 0.32%
D/P ratio 133.03 12.34 15.25 41.74 0.13

Table 2 shows the data [17] related to COVID-19 outbreak from February 15", 2020 to April 2",
2021 amongst countries under herd immunity policy and flattened curve policy. The results showed that
D/C ratio and D/P ratio of Sweden in which has applied the herd immunity policy to protect the COVID-
19 outbreak are higher than all of the other countries in which have applied the flattened curve policy.
Especially, the D/C ratio and D/P ratio of Thailand which has applied the flattened curve policy are the
lowest values when it is compared with the other countries. Therefore, Sweden should return to protect
COVID-19 outbreak based on the flattened curve policy, such as the country locking down, social
distancing, and mask wearing, self-quarantining, etc.

Conclusions

This research estimated the suitable growth curve for the number of the total COVID-19 cases in
Thailand under the flattened curve policy and estimated the parameters of the suitable growth curves by
the least square method. The findings revealed that the logistic growth curve model suited estimating the
number of the total COVID-19 cases in Thailand with RMSPE =0.47 and R’ =0.99. The maximum
number of the total infectious people in Thailand was approximately 2,864 cases based on the logistic
growth curve model which was assumed under the flattened curve policy. However, the exponential
growth curve model which was assumed without the flattened curve policy showed that the number of the
total infectious people in Thailand soared steeply over the actual number in time ¢ = 68 days after the
beginning day (z=0). Moreover, the maximum number of the epidemic based on the logistic growth
curve model was in time ¢ = 44 after the beginning day (¢ = 0) with about 128 new infectious people a
day. In the approximation of the speed of COVID-19 spread in Thailand, the finding disclosed that it
reached a peak point at time ¢ = 44 days after the beginning day (¢#=0), and then it declined sharply.
Based on the number of the total COVID-19 cases in Thailand and the maximum value of the coefficient
of determination between the logistic growth curve and the exponential growth curve, the logistic growth
curve seems to provide a higher coefficient of determination than the exponential growth curve.
Similarly, the minimum value of the root means squared percentage error between the logistic growth
curve and the exponential growth curve was in the flavor of the logistic growth curve. Therefore, the
logistic growth model based on flattened curve policy is an alternative model based on mathematical and
statistical analysis and suitable for describing the number of the total COVID-19 cases in Thailand. On
the whole, the speed of the number of total COVID-19 cases in Thailand is likely decreasing (analyzed on
April 30", 2020). However, there may still be residuals from the estimation of the logistic growth curve
model and other factors to estimate the model. Compared with the herd immunity policy, the flattened
curve policy should be selected to control and protect the COVID-19 spread. Further analysis should be
focused on other growth curve models and other methods to analyze the number of total COVID-19 cases
in Thailand.
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