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Abstract

Background/Objectives: This study was conducted to solve the problem by predicting vaccine demand in advance through
analysis of progress of birth of newborn babies in our country. Methods/Statistical Analysis: The deducted problem was
defined and information, data, and use analysis method and planning procedures for creating alternatives for this issue were
conducted. Afterwards, R which is an open source analysis tool was used to analysis and for visualization. In this analysis,
a time series model (ARIMA model, Box-Jenkins methodology) was used to predict demand and perform the research to
predict the number of births in Republic of Korea. Findings: The tuberculosis vaccines in Korea are currently being entirely
of imported ones. However, the import volume often lacks meeting the demand. In this paper, research was performed to
predict the demand of tuberculosis vaccines to secure vaccine stock. As result of analysis, the number of births next year
was predicted to be 445,558 (in 2016). Also, analyzed results showed that approximately 388,251 to 502,864 babies will
be born in reliability level of 85% and that approximately 357,915 to 533,200 babies will be born in reliability level of 95%.
Vaccine should be prepared standard to the minimum value within error range because vaccines have expiration dates.
Also, if more births occur than the predicted result, the issue can be coped in prior plans of preparing BCG seal-type vac-
cines by comparing with monthly predicted number of births. Application/Improvements: The results of this study will
be applied to the ways to politically solve problems such as supply and demand of BCG vaccine for the expected newborns.
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1. Introduction

Great interest has risen in various social classes as the
term big data has appeared in daily news media and is
becoming a familiar term like the Internet. Big data is a
field that is rising as the next-generation growth engine to
lead our economic development along with IoT (Internet
of Thing) or cloud service'.

*Author for correspondence

Big data is created and used in several fields in which
health and medical fields are receiving most spotlight®.
Due to the increase of chronic diseases and degenerative
diseases according to the aging society, various researches
are being attempted to use big data to reduce medical
costs, prevent infectious diseases, and improve medical
services. In medical organizations, big data technology
is being introduced to development of new medicine,
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therapy, and diagnosis technologies by using various bio-
markers and machine learning algorithms and efficiently
saving analyzing the mass data that is accumulated due to
the digitization of medical records®.

Problems on disease management have been pointed
out recently due to the MERSC disease crisis. However,
tuberculosis is a disease that causes higher death rate than
MERSC. According to OECD statistics, mortality due to
tuberculosis is shown to be the highest in the world. There
are injection-type and seal-type BCG vaccines among
tuberculosis vaccines. In Korea, BCG injection-type vac-
cine is being vaccinated free of charge following the WHO
recommendation subject to national essential vaccina-
tion. However, demand prediction of BCG injection-type
vaccine that is being entirely imported has failed and it
is actually unclear when import will be possible due to
continuous delay.

However, BCG injection must be vaccinated within
4 weeks of birth that the problem occurred that expen-
sive costs must be spent on BCG seal-type vaccines*”.
Prediction on demand is failing every year, but research
on this demand issue is not being dealt with.

Therefore, this research was conducted to solve
the problem by predicting vaccine demand in advance
through analysis of progress of birth of newborn babies
in this country.

2. Literature Review

Along with public information opening policies by the
government, researches using health and medical field
big data are actively being conducted domestically. In?
researched the risk of cerebrovascular diseases according
to change of bio-marker in blood using standard cohort
DB which is the big data of the National Health Insurance
Corporation. In this research, the influence of change of
bio-marker in blood on risk of cerebrovascular diseases
were quantitatively evaluated with the goal to investigate
the proper period of preventative mediation. As result
of the research, the risk of cerebrovascular diseases by
change and speed of bio-marker in blood was investi-
gated in which it is seen that prediction of the disease can
be enhanced and that the results can be used as basis of
setting appropriate inspection period and items of health
inspections®.
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In’® conducted research using the HIRA_NPS (National
Patients Sample) provided by the Health Insurance
Review and Assessment Service. In this study, the domes-
tic prevalence rate of diabetes in 2009 and aspect of drug
prescription were to be grasped using typical sample data.
The size of prevalent patients and prevalence rate were
each calculated from the sample data and population
data, and blood sugar reducing prescription aspect was
investigated subject to type 2 diabetes patients. As result,
predicted diabetes prevalence rate results using the sam-
ple data corresponded to the population analysis results
and it was found that the predicted prescription rate by
each medicinal effect of blood sugar reducing prescrip-
tion also corresponded the population analysis results’.

These researches using big data in the health and
medical field are being conducted, but there is almost
no research related to tuberculosis. In'* used the Delphi
method to perform basic investigation on national public
vaccine R&D policy establishment. However, the opinions
of several experts went through several feed-backs using
self-administered questionnaire or mail survey using
standardized and nonstandardized tools to converge and
meet agreement of opinion using the Delphi method in
this study rather than analysis using data'.

Previous researches using health and medical field big
data have been conducted, but there is almost no research
on tuberculosis. In this study, big data is used to perform
research on the prediction of vaccine demand.

3. Research Method

In this study, the deducted problem was defined and
information, data, and use analysis method planning
procedures for creating alternatives for this issue were
conducted. Afterwards, R which is an open source analy-
sis tool was used to attempt analysis and visualization to
progress the study by analyzing these results!'.

3.1 Problem Definition

According to OECD statistics, mortality due to tubercu-
losis is shown to be the highest in the world. To prevent
tuberculosis, it has been selected as a national vaccination
target in our country in which BCG injection-type vac-
cine is vaccinated free of charge. However, lack of vaccine
demand occurs every year due to the failure of predicting
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demand that expensive costs are spent on BCG seal-type
vaccine when free vaccination is not available. To solve
this issue, data was analyzed to predict demand.

3.2 Data Collection

To conduct this research, the ‘Annual Report of Current
Condition of 2013 Tuberculosis Patients” provided by the
Ministry of Health and Welfare, ‘Mortality by Main Cause
of Death per 100,000 Population by OECD Nations” and
‘Monthly, Annual Population Trend (birth, death, mar-
riage, divorce statistics)’ statistics provided by the National
Statistics Portal were used to perform the research.

4. Data Analysis

First, mortality due to tuberculosis was investigated
according to OECD nations. This is a bar graph of mortal-
ity due to tuberculosis per 100,000 population by OECD
nations standard to 2012.

As shown in Figure 1, it can be known that Republic
of Korea has the highest mortality. In 2012, the mortality
due to tuberculosis in ROK was 4.4% which is highest in

the world. Korea was followed by Mexico (2.6%) with 1.7
times higher mortality and has 44 times higher mortality
than USA (0.1%).

Despite this fact, tuberculosis vaccines are still being
imported. BCG vaccine in our country is currently being
entirely imported from Denmark.

Figure 2 shows the number of new tuberculosis
patients of each year in our country. As shown in the fig-
ure, new patients occur every year. 2014 shows a decrease
compared to 2013, but it can be seen in a large picture that
tuberculosis patients are gradually increasing.

Annual increase is shown, but lack of demand occurs
every year due to the failure of predicting vaccine demand.
According to this data, birth in our country is to be pre-
dicted through ARIMA analysis and vaccine demand is to
be predicted based on this result.

4.1 Analysis Model

In this analysis, a time series model (ARIMA model) was
used to predict demand and perform the research to pre-
dict the number of births in our country.
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Mortality (tuberculosis) according to OECD nations in 2012.
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Figure 2. Annual number of new tuberculosis patients in ROK (2001-2014).

4.1.1 Concept of Time Series Analysis

Time series analysis is a method used to analyze a prop-
erty value by grasp characteristics only with current and
past values without considering other variables that have
causal relationship with that property value. Thus, analy-
sis takes place only based on the past form or measured
value of that variable when predicting a future variable in
the time series analysis.

The nonstructural approach method that is the basis of
this time series model received theoretical support from
the neoclassical school related to the currency principle.
However, there were several limitations and restrictions
in the method of analysis, but substantial parts could be
supplemented by the development of computer software
development on problems that have large scale structural
equations. After the 1980s, this was commonly used in
economic analysis and prediction duty to lead great
development.
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4.1.2 Meaning of ARIMA Model
4.1.2.1 Probabilistic Time Series Model

In the time series analysis, future measured values of a
variable on time series data, thus continuous time are
predicted in which the ARIMA (autoregressive inte-
grated moving average model) model designed by Box
and Jenkins is commonly used. It must be assumed that
time series data is created under probabilistic assumption
to analyze and apply this model that the model created
under this probabilistic assumption must be a probabi-
listic model.

The AR process model and MA process model are
representative probabilistic models and the ARMA
(autoregressive moving average model) model is used
when the probabilistic procedure has both autoregressive
process and autoregressive moving average process.
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4.1.2.2 ARIMA Model

The models shown above are based on the assumption
of stable time series, but most economic time series are
unstable and these can be changed into stable processes
through one or two differences. If the time series wt
gained by difference of the unstable Yt by d times becomes
a stable time series, we call Yt the homogeneous non-sta-
tionary process of order “d”.

The time series stabilized through difference can be
expressed in an AR model, MA model or ARMA model
and the stable time series wt (=) gained by d times differ-
ence of Yt can be expressed into an ARMA (p, q) model
which is a normal type that the original time series Yt is
called the ARIMA (p, d, q) model, thus integrated ARMA
process of order (p, d, q).

4.1.3 Box-Jenkins Methodology

Recent time series analyses have rapidly developed that
plans to predict more systematic and effective future
values can be prepared in which this is called the Box-
Jenkins methodology.

Thus, the method proposed by Box-Jenkins is used
to find optimal models when particular time series data
exists.

It is a method using the ARIMA (autoregressive inte-
grated moving average) model called the Box-Jenkins
model and is composed of 4 steps. However, time series
analysis by the ARIMA model is subject to analyzing
contents that change according to one value according to
time that it has dynamic analysis characteristics in which
there is a problem that satisfactory analysis is possible
only when at least more than 50 measured values exist'2.

5. Results

Figure 3 shows the result of number of births in our
country visualized by the ARIMA analysis. Analysis was
conducted using data on the number of births between
January 2000 and July 2015. The reason the data was
based on monthly standard instead of annual standard is
because of the expiration date of BCG vaccine. There was
an article that vaccination of BCG injection-type vaccine
will be difficult this August.

Forecasts from ARIMA(0,1,1)(0,1,1)[12]
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Figure 3. Prediction graph of number of births.
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Point Forecast Lo 80
Aug 2015 37458.49 35827.20
Sep 201% 38517.55 36405.7
oct 2015 37820.49 35318.7
Nowv 2015 34817.21 31978.69
Dec 2015 32957.96 29818.55
Jan 201& 42549,25 39135, 38
Feb 2014 36590.91 32923.05
Mar 201& 39799,.14 35893.77
Apr 2016 37735.61 33604, 37
May 2016 36419.49 32077.92
Jun 2016 F4843.53 30299.53
Jul 20148 36672.94 31935.15
Aug 2016 37333.54 32218.58
Sep 2016 38392.60 32962, 35
oct 2016 37695, 53 31967.33
Nowv 2016 34692, 26 28080, 85
Dec 20146 32833.00 26551.14
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Figure 4. ARIMA analysis results.

It was told in the article that the expiration date of
the BCG injection-type vaccine that our country secures
was until September 2nd and that quick vaccination is
required beforehand. Also, newborn babies who could
not receive free vaccination due to lack of vaccine stock
had to be vaccinated with expensive BCG seal-type vac-
cine. That is why the monthly number of births was
predicted to perform the analysis to predict the demand
of required vaccine.

Figure 4 shows the results of predicted number of
births from August 2015 to December 2016 using ARIMA
analysis. As shown in the figure, monthly predicted num-
bers of births are indicated. Also, predicted error values
are shown. Predicted result values of reliability level of
80% and 95% are shown.

Predicted results showed that the total number of
births was predicted to be 445,558 in 2016. Also, analyzed
results showed that approximately 388,251 to 502,864
babies will be born in reliability level of 85% and that
approximately 357,915 to 533,200 babies will be born in
reliability level of 95%.

It is considered that BCG vaccine issues that occur
every year can be prepared in advance if BCG vaccine is
imported by predicting the number of annual births by
using this analysis model.
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6. Conclusion and Limitations

In this study, the number or births in 2016 was predicted
using the number or births between January 2000 and
July 2015. Through these analyzed results, it was pre-
dicted that 445,558 babies will be born in 2016. Based on
the results gained from the analysis with 95% reliability
level, it is predicted that at least 357,915 BCG injection-
type vaccines must be imported in 2016.

Vaccines have expiration dates that vaccines must be
prepared standard to the minimum value of predicted
error range. Also, if more births occur than predicted
results or if vaccine is lacked compared to the predicted
monthly number of births, problems can be solved by
plans such as preparing BCG seal-type vaccine. Vaccine
demand issues that occur every year and difficulty to
predict vaccine due to diseases such as MERSC have
occurred last year. However, vaccine demand should be
prepared beforehand through prediction if the number of
births can be predicted to some level.

As vaccination is especially essential to babies within
1 month of birth, vaccine preparation and quick measures
should be prepared through prediction. This study has
limitation at the fact that only the number of births was
used to predict the number of newborn babies in 2016. It
is considered that better predicted values can be gained
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if the number of newborn babies is predicted by consid-
ering the ratio of adult men and women, marriage rate,
and population by age. Also, it is considered that issues
such as vaccine crisis can be solved if vaccine demand is
grasped in prior with these results.
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