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Abstract Nowadays, countries worldwide have been facing crises due to the epidemic of coronavirus
disease 2019 (COVID-19). This study aimed to construct a model for forecasting COVID-19 infected
cases and deaths using the natural cubic spline function. The data used in this study were obtained
from publicly available databases updated daily and located on GitHub run by Microsoft. The model fits
the data remarkably well, with r-squared values of 0.997, 0.981, 0.992, 0.975, 0.995, 0.957, 0.973, 0.939,
0.989, 0.881, 0.943, and 0.610 in India, Pakistan, Bangladesh, Indonesia, Singapore, Nepal, Australia,
Malaysia, Thailand, Sri Lanka, and Vietnam, respectively. The model generates daily change forecasts
that indicate when intervention is required. Furthermore, this model is routinely applied to all such
regions globally and can be extended to accommodate additional predictors such as environmental and

demographic variables.
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1. INTRODUCTION

According to its global spread, the disease caused by the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) has been a public health emergency of international
concern, which was later termed COVID-19. In November 2019, the first case of COVID-
19 was discovered in Wuhan (Hubei, China) as a respiratory ailment with an unknown
cause [1]. Over 1.2 million deaths have been reported from COVID-19 monthly updates
since the World Health Organization (WHO) designated COVID-19 a pandemic [2]. The
challenge for public health is to confront emerging and reemerging diseases to protect the
world population.
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The South and Southeast Asian region (SSEA) is one of the regions that suffer from
the pandemic of COVID-19. There are seven countries in SSEA land bordering China,
including Bhutan, India, Laos, Myanmar (Burma), Nepal, Pakistan, and Vietnam. The
first COVID-19 cases outside China were also reported in SSEA (Thailand on January
13th) 2020) [3]. Furthermore, the SSEA countries suffer from widespread economic and
social despair, as seen by a high poverty rate and inadequate health facilities. There-
fore, it has posed significant hurdles to public health organizations in terms of quickly
implementing pandemic-prevention measures.

COVID-19 has advocated for a variety of measures from the government and pub-
lic entities to combat the pandemic, including school closures, public gathering bans,
travel limits, public transportation shutdowns, and international movement restrictions
[1]. COVID-19 has had a significant impact on human existence, as well as the global
community and economic progress. To stop the virus from spreading, a long-term and
effective measuring method is required. The decision on the best moment for the disease
to vanish, on the other hand, is fraught with uncertainties.

Even if effective vaccines or treatments are available, mathematical modeling studies
and unambiguous data suggest that public health actions will be essential. The COVID-
19 pandemic is relevant even in the slightest hint for short-term forecasting to better
manage social, economic, cultural, and public health challenges in the coming month. To
deal with the COVID-19 pandemic, some research have used mathematical and statistical
methods, such as the time series model [5—7], deep learning methods [$—10], and machine
learning methods [11]. Therefore, this study aimed to determine the pattern and trend of
the COVID19 pandemic and forecast COVID-19 confirmed cases in South and Southeast
Asian countries using a simple statistical model.

2. MATERIALS AND METHODS

2.1. DATA SOURCE

The data used in this study were obtained from publicly available databases updated
daily reported by Johns Hopkins University coronavirus resource center and located on
GitHub run by Microsoft. The dataset includes cumulative confirmed cases, recoveries
cases, and the number of deaths.

2.2. DATA MANAGEMENT

Data management is a crucial aspect in this research. This section seeks to clean up
raw data by removing variables that aren’t relevant to the study. Data management was
divided into four steps. It all began with downloading the dataset from one of the many
internet sources and picking the area to be combined and transposed. Finally, the data
was organized into a 7-day bin or weekly data set, yielding 624 observations and nine
variables for analysis. The R program was used to manage all of the previous steps.

The process began with the download of cumulative confirmed cases, recoveries cases,
and death cases. Each dataset contained 274 rows and 439 columns of confirmed and
death cases, as well as 259 rows and 439 columns of recoveries cases, with five variables
comprising nation names, state names, latitude, longitude, and observation day. The
second phase of data management is data collecting in specific areas. We had to subset the
study area because the dataset was available for the entire world. Countries in South and
Southeast Asia were chosen, including India, Nepal, Bangladesh, Philippines, Indonesia,
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Singapore, Nepal, Malaysia, Thailand, Sri Lanka, Vietnam, and Australia. The day of
the year was computed in the third step. Daily cases were derived from the cumulative
data of confirmed cases, death cases, and recovery cases. Finally, the dataset yielded
624 rows containing six variables: country name, pandemic date, weekly total confirmed
cases, weekly death cases, and weekly total recovery cases.

2.3. STATISTICAL ANALYSIS

For categorical variables, frequency and percentage were used; for continuous variables,
standard deviation, minimum, maximum, mean, and graphical techniques were used to
visualize the pandemic trend. To assess the severity of the COVID-19 pandemic, case
fatality rates were calculated.

The cube root transformation was employed to ensure that the data met the distribu-
tional and variance homogeneity requirements. The COVID-19 epidemic was then fitted
and predicted using the natural cubic spline. In addition, the model was used to forecast
the cumulative confirmed cases in the short term.

The spline function was used for smoothing the interpolation of the regression model.
A cubic spline with k knots x; < 23 < ... < xj is any function s(x) with continuous
second derivatives comprising piecewise cubic polynomials between and beyond the knots
[12]. This function is written as

n
S(x) =do + dyw + dpa® + ) i — i)} (2.1)
i=1
The additional requirement for a natural cubic spline is that the function is linear for
values of x outside the knots since s(x) is linear for x < z; if dy and ds terms in s(x) must
also disappear for x < xj, so to be natural spline, the n+4 coefficients in the cubic spline
must satisfy the following two sets of equations.

dgzo,icizo, d3:0,ixici:0 (2.2)
i=1 i=1

The natural cubic spline produces the smoothest results when fitting a function to data
because it minimizes the integral of the fitted function’s squared second derivative. For
knot X} where k ranges from 1 to k, this function has the formula

S(z)=a+b, + ch{(fli —z)d —di(z — 2p_1)} + da(z — 2p_2)3 ), (2.3)
i=1
Where dy = (2, — 1) /(xp —2p—1),d2 = (xp—1 — 1) /(2p —Tp_1), and x4 = maz(z,0),
The (positive part of x),which are 12 equi-spaced knots to fit the data.

3. RESULTS

Table 1 shows the COVID-19 outbreak in South Asian countries. Among these, the
explosion in India is higher than in the other four countries. The first case in India
was reported together with Sri Lanka on January 27¢", 2020. On the other hand, the
COVID-19 pandemic started earlier in Nepal (January 237¢, 2020) and later in the other
two countries (February 26", 2020, in Pakistan, and March 7*", 2020, in Bangladesh).
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TABLE 1. The COVID-19 pandemic, confirmed, death, and recovered

cases in selected south and Southeast Asian countries

Continents Countries Confirmed  Death Recoveries Case First started
Cases Cases Cases Fatality Rate Date
South Asia India 10,610,883 152,869 10,265,706 1.44 27/1/2020
Bangladesh 529,687 7,950 474,472 1.50 07/3/2020
Pakistan 527,146 11,157 480,696 2.12 26/2/2020
Nepal 268,310 1,975 262,642 0.74 23/1/2020
Sri Lanka 55,189 274 47,215 0.50 27/1/2020
Southeast  Indonesia 939,948 26,857 763,703 2.86 01/3/2020
Asian Philippines 505,939 10,042 466,993 1.98 30/1/2020
Malaysia 169,379 630 127,662 0.37 25/1/2020
Singapore 59,197 29 58,926 0.05 23/1/2020
Thailand 12,795 71 9,842 0.55 13/1/2020
Vietnam 1,544 35 1,406 2.27 23/1/2020
Australia  Australia 28,749 909 22,716 3.16 25/1/2020

In India, the total number of confirmed, recovered, and death cases of COVID-19 were
10,610,883, 10,265,706, and 152,869, respectively.

In Southeast Asian, the highest number of confirmed cases was 939,948 in Indonesia,
followed by the Philippines with 505,939 cases, Malaysia with 169,379 cases, Singapore
with 59,197 cases, Thailand with 12,795 cases, and 1,544 cases from Vietnam. On January
13" 2020, Thailand was the first country to announce confirmed cases. Despite the fact
that Indonesia was the most recent Southeast Asian country to report COVID-19 infected
cases, the number of confirmed cases has been steadily increasing, with Indonesia having
the largest number of confirmed cases and the highest case fatality rate among Southeast
Asian countries.

We plot time series of confirmed, recovery, and death cases data from 12 nations in the
accompanying figures to establish the trend of the COVID-19 pandemic in the studied
area.

Figure 1 shows the patterns of the COVID-19 new cases. The black dots represent
the number of confirmed cases. The blue dots represent the number of recovered cases,
and the red dots represent the number of death cases. Overall, the number of deaths and
recovered cases follow the same pattern. However, the number of fatalities is shown to
be lower than the confirmed and recoveries case. The graph showed that the COVID-19
pandemic could be categorized into five patterns of the pandemic.

The first pattern in Indonesia. As shown in figure 1, the number of COVID-19 pan-
demics significantly increased but did not reach its peak. The total number of cases was
reached the highest in the last week of observation. There were 939,948 confirmed cases
and 763,703 recoveries, and 2,685 deaths. The number of COVID-19 confirmed cases rose
sharply over the last 11 weeks and reached the highest point at 81,905 confirmed cases in
the 52"? week. The number of recovered and death cases of COVID-19 is rising, similar
to the confirmed cases. However, there are differences between the increasing size and
the number of recoveries.
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Covid-19: 22 Jan 2020 - 21 Jan 2021
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In the second pattern, there are five countries, including India, Bangladesh, Nepal,
Singapore, and the Philippines. Figure 1 shows the confirmed cases and recoveries in-
creased to the peak one time. After that, the confirmed cases decreased to the based
line of the pandemic. The number of confirmed cases in India is higher than the other
three countries, reaching the 34" week with 652,390 confirmed cases. While Singapore,
the confirmed cases sharply reached the peak in the 13! week at 6,442 confirmed cases.
After that, it gradually declines to get the baseline in the 39t" week of the COVID-19
pandemic. Nepal, the confirmed cases gradually peaked at 26,876, the number of con-
firmed cases between the 8" and 39" week. The cases fatality rate in the Philippines is
higher than the other courtiers, 1.98 percent, while Singapore has the lowest case fatality
ratio at 0.05 percent.

The third pattern shows a rise in confirmed and recovered cases followed by a drop
to the baseline level. The number of confirmed and recovered cases then surged (the
second wave of COVID-19 was detected). In Malaysia, confirmed cases rose dramatically
to a new high on the last day of observation, with 23,861 confirmed cases, after hitting
their first peak in the 11" week. Despite having the highest number of confirmed cases,
Malaysia’s case fatality rate of 0.27 percent is lower than the other two countries. In
Thailand and Sri Lanka, pandemics follow the same pattern. In Thailand and Sri Lanka,
case fatalities are 0.55 percent and 0.50 percent, respectively.

The fourth pattern was found in Australia and Pakistan, as shown in Figure 1. In
Australia, the number of confirmed cases peaked in the 10" and 28" week with 3,592
cases. In Pakistan, the number of confirmed cases of the first peak was higher than the
second peak, with 40,582 confirmed cases in the 21°¢ week. The second peaked at the
46" week after showing a downward trend in the last observation period. The fatality
rate in Australia was higher than Pakistan, with 3.16 and 2.21 percent, respectively. The
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fatality rate in Australia was highest compared with all the selected countries. Therefore,
we grouped Australia and Pakistan in the same group.

The last pattern of the graphical pandemic of COVID-19 is in Vietnam. There was an
oscillation of the pandemic in Vietnam between the 1% to 23" week of being obviated.
The highest number of confirmed was 258, which was lower than the pandemic’s peak in
observed countries in the 28t week. The number of recoveries follows the pattern of the
confirmed cases. The number of deaths in Vietnam was found in the 28*" week, which
was the same as the week that confirmed cases reached the pandemic’s peak with a cases
fatality rate of 2.27, as shown in Figure 1.
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FI1GURE 2. Spline regression model for COVID-19 confirmed cases

A natural cubic spline is linear outside the range of the knots, which can provide the
linear forecasting value in the tail of the natural cubic function. So, we employed the
natural cubic spline function with equi-spaced knots, which are 12 knots, to fit the data
and forecast the COVID-19 confirmed cases. The results are shown in Figure 2. The
black dot represents the recording of confirmed cases, the pink line is the spline model,
and the pink dot is the forecasted data.

The results showed that the data natural cubic spline fit the data well with a high
r-square value. However, the number of r-square values differs between countries, shown
as 0.997 in India, 0.979 in Pakistan, 0.992 in Bangladesh, 0.978 in the Philippines, 0.995
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in Indonesia, 0.961 in Singapore, 0.975 in Nepal, 0.942 in Australia, 0.989 in Malaysia,
0.945 in Sri Lanka, and 0.886 in Thailand. The lowest r-square was in Vietnam, and it is
equal to 0.598. Moreover, the model also provides short-term forecasting of the COVID-
19 confirmed cases. The forecasting trend can be categorized into three groups. The
first, the COVID-19 confirmed cases, tends to increase in the next four weeks, comprising
Indonesia, Malaysia, Thailand, Sri Lanka, Philippines, and Singapore. Second, the trend
of the COVID-19 confirmed cases decreased in the coming months, including in India,
Pakistan, Bangladesh, and Nepal. Lastly, the forecasting trend with a steady trend in
the short-term was found in Australia and Vietnam.

4. DISCUSSIONS AND CONCLUSIONS

COVID-19 pandemic confirmed cases, recovered cases, and death cases were utilized to
compare the pandemic pattern of COVID-19, which was categorized into five categories
indicating the pandemic pattern in South and Southeast Asia in this study. Furthermore,
with a high r-squared value, the natural cubic spline model with 12 equally spaced knots
fit COVID-19 confirmed cases well.

In South Asia, cases fatality rate ranges from 0.5 to 2.12 percent. The lowest fatality
rate was shown in Sri-Lanka. The highest fatality rate was shown in Nepal. In Southeast
Asia, cases fatality rate ranges from 0.05 to 2.86 percent. The lowest case was shown in
Singapore. The highest case fatality rate was shown in Indonesia. The COVID-19 case
fatality rate varies in South and Southeast Asian countries, which is consistent with the
findings of a previous study [13]. Case fatality rate varies for a variety of reasons. The
number of confirmed cases was determined by the testing policy. As a result, the differing
COVID-19 testing procedures had an impact on the number of confirmed cases in each
country. Finally, in a public health crisis, collecting method of COVID-19 data had an
impact on the number of deaths.

Fitting the data by natural cubic spline model with equi-spaced knots provides the
model fit well with the data as shown in high r-squared values. However, some countries
in this study have a low r-squared than the others. It was interpreted that the model does
not fit much with the data. All mentioned was the limitation of the natural cubic spline
model with equi-spaced knot [14]. To improve the accuracy of prediction knot adjusted
in each country which low COVID-19 reported pandemic cases and oscillation trend on
the COVID-19 data [15].

In conclusion, COVID-19 has spread worldwide, an ongoing pandemic warning a vital
public-health threat, there is still a crucial need for forecasting models. That could
help predict more probable pandemic situation waves. The obtained forecasting results
indicate that the natural cubic spline model with equi-spaced knots available to use at
any time, for any country, the region was one of the alternative measures to forecasting
the short term of COVID-19 confirmed cases.
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