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Abstract— COVID-19 i

esignated as a pandemic disease by WHO and has a pervasive impact,

especially in Indonesia. I this paper, we use Bayesian Poisson with MCMC to analyze the COVID-
19 incidence in West Java Province, Indonesia. Our objective is to attain more Bayesian posterior

information knowledge from of the events throughout COVID-19. To measure the accuracy and
effective of Bayesian MCMC, we use the Monte Carlo Standard Error (MCSE) and confirmed that
the variable patient under surveillance = 0.2189884, cases+ = 2.3411325, rect =8 4074448, and dead+

=11.1542450, respectively.

Index Terms — Bayesian; MCMC; Poisson; COVID-19; Indonesia
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1 INTRODUCTION

Cases of the COVID-19 (Coronavirus dis-
ease 2019) due to SARS-CoV-2 coronavirus
(previously named 2019-nCoV) incident
were first detected in Wuhan, China at the
end of December 2019 [1],[2]. In general, the
coronavirus is found in animals and then
changes to infect humans [3]. However, the
COVID-19 signs d symptoms almost
same as MERS (E

Syndrome) due to MERS-CoV coronavirus
in 2002 and 2012 [4], and SARS (Severe
Acute Respiratory Syndrome) due to SARS-
CoV coronavirus in 2003 [5].

ddle East Respiratory
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The SARS-CoV-2 then spread through-
out the world, initially WHO categorized
the COVID-19 as an endemic case, and in
2020 it changed to pandemic status—rec-
orded at the end of February 2020 the high-
est case of death in Italy. Efforts to stem
within-population transmission rates will
also have specific economic impacts [6]. A
global response to prepare health systems
worldwide is imperative.

The COVID-19 widely throughout
the world. Based on data from the Corona-
virus COVID-19 Global Cases by the Center
for Systems Science and Engineering (CSSE)
at Johns Hopkins University (JHU)[7]. The
Republic of China which initially had the
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most cases of COVID-19 is now ranked sec-
ond and is shocking that America is ranked
first in the COVID-19 case with a confirmed
case of 85,840 per 26 March 2020. Earlier, It-
aly was declared as the country with the
highest death rate in the COVID-19 cases
[81,[9]. On march 9 2020, A Pregnant
Woman with COVID-19 detected in Central
America [10]. This is very worrying even
though until now, no research claim that
COVID-19 provides a risk for miscarriage.
However, COVID-19 can transmit to infants
in the womb [11],[4]. The occurrence of the
COVID-19 case also affected other coun-
tries’ economies, especially the Indonesia
Rupiah (IDR) against the USD. Then as ex-
plained by forecasters. The USA needs to
hold a congress to save they are $ 1 trillion
economies. And it is also predicted that the
U.S. Economic Slowdown In the coming
months have the worst possibility [12].

The impact of COVID-19 is the more
widespre?expnsure to unemployment in
America. A record 3.3 million people filed
claims for unemployment in the US last
week as the COVID-19 pandemic shut
down large parts of America’s economy
and the full scale of the impact of the crisis
began to emerge [13]. At the same time,
COVID-19 also had good impact on density
pollution and serious impact on economy
[14].

People would be more careful when
buying goods or investing. COVID-19 also
affects market projections. Investors can
postpone investment due to unclear supply
chains or due to changing market assump-
tions. In early March 2020, this virus began
to enter the ASEAN region, especially in In-
donesia[15]. Sadly, Indonesian people ar-
gue to have a good immune system to deal
with COVID-19. Also, based on historical
data from January 2020 to February 2020, no
cases have occurred in Indonesia even

though this disease has spread throughout
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the world and had severe impacts. This hap-
pens because of negligence and underesti-
mates a vital thing. This is even worse when
the Indonesian government does not close
access to flights to and from China and
other countries. There are some key consid-
erations and recommendations for travelers
to Southeast Asia, see,[16]. Other countries
have given travel warnings, and several
countries have closed accesses in and out of
the country like Saudi Arabia bans locals
from Umrah over coronavirus. In contrast,
facilities for body temperature detection at
international airports in Indonesia are very
inadequate and make the initial detection of
cumnaaases not going well. Making ad-
vance preparations for a pandemic may
bring us significant short-term benefits,
such as supporting basic health care, en-
couraging research and development,
strengthening interregional cooperation
and emergency response systems and bi-
osafety management, and promoting the
balanced development of health and secu-
rity of the world in general [17].

The first COVID-19 case in Indonesia
was discovered in March 2020 and the Indo-
nesian president for the first time gave an
appeal to the Indonesian people not to panic
[18],[19]. The first case of COVID-19 in In-
donesia is domiciled in Depok, West Java.
Both of these people were found to be posi-
tive for COVID-19 because they interacted
with Japanese citizens who were known to
suffer from the disease. In addition,
COVID-19 has a pretty severe impact on
lung cancer. [20]. Radiological angdysis of 81
patients in Wuhan found that COVID-19
pneumonia tends to manifest on lung CT
scans as bilateral, sub pleural, ground-glass
opacities with air Broncho grams, ill-de-
fined margins, and a slight predomigance in
the right lower lobe. Furthermore, Old age,
male sex, underlying comorbidities and
progressive radiographic deterioration on
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follow-up CT might be risk factors for poor
prognosis in gagients with COVID-19 pneu-
monia [21]. FE this paper, we use the
Bayesian STAN [22] to get the posterior in-
formation of COVID-19 in West Java, Indo-
nesia.

2. BAYESIAN

In very beginning, 1701 Thomas Bayes
developed the Bayes theory [23]. He ex-
plains the probability for hypothesis from
observation and also how to get the oppor-
tunity from an uncertainty. Bayesian is in-
creasingly being used mainly in medical
statistics and epidemiology [24]. Bayesian is
used because in this case, the sample data is
limited.

After all, it is already a public secret that
research on health and epidemiology re-
quires much time, and there are also special
events or rare diseases that cannot be done
by statistical modelling. The difference be-
tween Bayesian and frequentist is that in
Bayesian, the most important thing is to de-
scribe a parameter, not the frequency of an
event.

Then the priors of distribution become
not just data, measuring uncertainty with
credible intervals is different from fre-
quentists that measure uncertainty with
confidence intervals [25].The Bayesian ap-
proach is different from the classical statis-
tical approach, which assumes that the pa-
rameter is an unknown value which is fixed.
This approach is based on a subjective view
of opportunity, uncertainty about some-
thing unknown parameter can be expressed
using the opportunity rule through optimi-
zation of information from parameters prior
and information from data probability func-
tion[26].

The prior distribution expresses the infor-
mation available to the researcher before the
data is entered into the analysis[27]. There-
fore, the prior distribution used in Bayes-
ian-based models must be determined be-
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fore modelling. Basically, the Bayesian ap-
proach starts exactly the same as the usual
classical regression analysis. The sampling
model for observational data y=
Y1, ¥1, -, ¥y and unknown parameter vector
0. This sampling model is usually given in
the form of probability distributionf(y|8).
As a function#, as a probability function of
Likelihood L(8; y).

On the Bayesian approach @ not a fixed
parameter but as a random number. This is
implemented by adopting the distribution
of opportunities for # which summarizes
information previously obtained but not re-
lated to data, which is called prior distribu-
tion. Like the possibility of a function that
has parametersd, priors also have parame-
ters 1 which is often referred to as hyper pa-
rameters to find it from parameters in the
probability function 8. Then, it is assumed
hyper parameters 1 known, so the prior dis-
tribution can be written as follows n(8) =
m(@n). The determination of prior distribu-
tion is very important in Bayesian-based
models. However, in general, these prior
distributions are unknown, so we need to
specify prior distributions that will not af-
fect posterior distribution. Usually, in cases
like this are often used prior to non-in-
formative distribution. However, not in all
cases, the use of non-informative prior dis-
tributions results in the inference of poste-
rior distribution to be valid because poste-
rior distribution becomes improper due to
improper prior distribution.

To simplify the Bayes inference process
when there is no known information about
parameters, the prior conjugate distribution
isused. The prior conjugate distribution isa
distribution that gives prior and posterior
distribution from the same distribution
family. Also, performing random sampling
by conditional posterior distribution for
each parameter and parameter estima-
tion[28]. Then, calculating the conditional
posterior mean of the parameters that are
the focus of attention in the model and the
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process of drawing random samples from
conditional posterior distribution involves
complex integration and computation so
that it is simulated with Markov Chain
Monte Carlo (MCMC) [29]. The primary ob-
jective of the MCMC algorithm is to simu-
late examples of posterior distribution for
the parameter [30]. Each example that is
taken depends on the example that was
taken prevgpmsly, thus forming a Markov
chain [31]. Markov chain is one of the most
popular and powerful models to have been
investigated by many researchers, particu-
larly to analyze the stochastic behaviors[32].
Monte Carlo is used to approaching an ex-
pected value using the Markov chain exam-
ple. Gibbs sampling can be applied if the
distribution of probability is not explicitly
known, but the conditional distribution of
each parameter is known. Besides, The
Gibbs sampling framework is to decompose
the joint posterior distribution into condi-
tional distribution for each parameter in the
model; then the sample is taken from the
process. The average of the parameters is
used asa parameter estimator of the model.
Gibbs sampling algorithm as follows

1. Set an initiation value 64,8,,...,8, to

67,03, ...,6).

2. Foriteration

Generate 81(1), 31(1)»"31:{81 |82(°J, ...8 (OJ),y

Generate 65,05V ~7(6,6,(0), ..., 0)"),

W Do 9@ O
Generate 6,6, ~3r{6p|6 ,...,ﬂp_1),y
3. Repeat step 2 for as much m

interaction
4. Get the posterior (84,8, ..., 8|y)

3. ANALYSIS

To begin with, the cases of COVID-19 in In-
donesia is increasingly worrying because
the death rate has reached 8% in the second
week of April 2020. It is noted that DKI Ja-
karta has the most positive cases in Indone-
sia. The first case in West Java province was
recorded on March 08, 2020, with a total of
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59 people in monitoring and four people
under surveillance.

On the instructions of the governor
of West Java, a rapid test was carried out on
March 24, 2020.According to this, on March
25, 2020, there are a significant additional
people under surveillance of 898. Until the
second week of April 12, it was noted thata
significant increase of 4320 people occurred
on April 04, 2020, and the last recorded total
people under surveillance in West Java was
up to April 12 as many as 29,354 people.
Shortly, the city of Bandung leads to the
highest death rate and then followed by the
city of Bogor and the city of Depok. In this
paper, we only using the first 40 days
COVID-19 cases. It is important to discuss
first, the data on the number of cases on the
t day is actually not real data. To get a re-
sults that a patient under surveillance of
COVID-19 should be test and the results
could be a week after the test.

30000
1

g Suspect
2 R
E % 7— susceplibles
T - infectious
B
2 g
g
Infectious
2
s \
2
=
0 10 Fi] 30 40

time {days)

Fig. 1. Cases COVID-19 in West Java 40
days.

To begin with, we use MCMC optimization
to get and do estimations and maximize
likelihood functions. At the same time, we
performing STAN [33]. To measure the un-
certainty of a model, sufficient samples are
needed [34]. Regarding this, we calculate a
95% Credible Interval. Thus, for any value
in the interval the density function is equal
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to or higher than any value outside the in-
terval[35]. In this case, it can be stated as:

e A
FOW) === E() = Var (1) = 2
(1)
Y;~Poisson(1) with T (a,b) prior A and
posterior.
n
n(A|¥)~T(a + Z v b +n)
1
2

If, we have more than 1 binary variable, we
need to select it.

yilZ;
=k~i.i.dP(d,); 4,~T(a,b); A, T (a,b)
3)
Parameter m € {1,2} with an indication of
our model. Then we can explain from prior
information in uniform prior P[m = k] = %
On the model k can be explained by param-
eters 6, and prior @, explained by m. The
posterior distribution can be explained as:

P[m = k|y] « P[m
= k] f L(Oxly)my (8,)d 6

“4)
The model of the Bayes can be stated in
eq(5).
_Plm=2ly]/Plm =1|y]
B = = =21/ pm = 1)
_ m,(y)
my(y)
(3)
My () = [ o, LIV (8,)d 6,
(6)

Normalize the posterior constant in eq(7).

m (B ly)my oc L8, |¥) 7 (8))

]
With condition in eq(8),(9)and(10).
> I'(a)
[ aerew —braa =3
o
(8)
o) = b*r(a+Xy)
M) = T30 + myern
(9
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my(y)
_ bMT@+Xy) @+ Xy)
T@?2 + (b + n) 2 (b + np) 21
(10)

Then, it can be written as:

3= jh(x)g(x)dx
(11)
Shortly, g represents a density and
Xp, o, Xy ~iid form g. lastly, we have the
function below and can converge.

e == > hew)
(12

For example, we take a sample from the
posterior 7, (6, |y) then it can be stated as.

1 1
Eq, [m |}’] = jmm(fﬁl}’)d%
[ OO
L(8,1y) my () P m(»)
(13)
Eq(14) represents the estimation m,(y) by
MCMC or STAN.

Sy LCTIONAY

y(x)
(14)
Where, y as a sample fromx,,x,, ..., xy~iid.

sis - LN hGadg ()
3 = NZ v(x;)
(15)

The people under surveillance
reach the Auxiliary median parameter 104.2,
with MAD standard deviation 59.2 and
sample average posterior predictive distor-
tion from y with median PPD 502.8 and
standard deviation 29.4 more fully ex-
plained in Figure 2. In the Poisson distribu-
tion, a discrete probability of an eventis ex-
plained, if we know how often an event oc-
curs, however, we do not know how many
times it does not occur in an
event[36],[37],[38]. Poisson distribution of

-
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positive event with Long tail to the right
[26],[39]. However, approaching the normal

distribution if 4 is large. Data count is posi-
tive with a range of 0 to o [40].

50% posterior predictive intervals
by people under surveillance

Odp

LB

o : yrep .
Cases+
Fig. 2. 50% Posterior Predictive Interval.
Y
— Y
Viep
yrep

Fig. 3. y actual versus yrep.

Then, the power prior involves increasing
the possibility of historical COVID-19 data
on ag, represents the level of eligibility be-
tween the data transfer status of People un-
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der surveillance (ODP) to Patient under sur-
veillance (PDP). In line with this, a, control-
ling the impact of historical data on poste-
rior distribution. Furthermore, there are
two versions of this apriori distribution de-
pending on whether the a, parameter is
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considered fixed or random. When consid-
ered permanent, g can be determined by
experts who will decide the similarity be-
tween historical data and data from new
tests, or with simulation studies. Let @ be a
parameter vector of observation from the
group control and m,(8) represents the be-
ginning of the apriori distribution, that is,
the prior distribution @ before individual
historical data are examined D¥ where not
observed m,(#)) for example it can be a
product of a non-informative a priori inde-
pendent distribution for each element 8. In
our case, Df representing the patient data
of each COVID-19. Therefore, the power
distribution before 8 as:

m(8|D¢,ao) < L(BIDE) omo(8)
(16)
o, is a constant constantso 0 < ay, < L

ay = 0,m(0|DE, ay) = mp(f) which means
that historical data are not integrated into
the apriori distribution. Also, @y = 1, the
same weight is given for possible historical
data L(AD{) and possible data from L(8D{)
a posterior distribution defined by:

w(B|DY, DY, ay) o L(8|DY) m(6|DY, )
(17)

DY representing individual patient data and
the size of @ depends from our distribution

(Intercept)

District Kabupaten Bandung Barat
District Kabupaten Bekasi
DistrictKabupaten Bogor
DistrictKabupaten Ciamis
District Kabupaten Cianjur
District kabupaten Cirebon
DistrictKabupaten Garut
DistrictKabupaten Indramayu
District Kabupaten Karawang
Districtkabupaten Kuningan
DistrictKabupaten Majalengka
Districthabupaten Pangandaran
DistrictKabupaten Purwakarta
District Kabupaten Subang
Districtkabupaten Sukabumi
District kabupaten Sumedang
District Kabupaten Tasikmalava
District Kota Bandung

Districtkota Banjar

DistrictKota Bekasi
DistrictKota Bogor
DiistrictKota Cimahi
DistrictKota Cirebon
DistrictKota Depok
District Kota Sukabumi
District Kota Tasikmalaya
pdp

cases+

“rec+’

“dead+

sigma

-3000 2000

1000 0 1000 2000 3000

Fig. 4. Posterior.
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Fig. 5. Median and Median SD based on Location.
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Fig. 6 Association.

Figure 6 represents the association size of
COVID-19 events in West Java. It can be
seen that for casest+ there are associations
between the areas of Bekasi City, Bogor Re-
gency, Purwakarta Regency, Indramayu
Regency, and Cianjur Regency. Then for the
recovery+ case, there are in Bandung and
West Bandung regencies. Lastly, the death
event was in Karawang district. The disease
surveillance system noted that there were
people with complaints of fever and cough
that could not be treated with regular med-
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ication. This can be said as the first suspi-
cion. So, it can be reported as suspect
COVID-19 because the test results are still
negative. To measure the accuracy and ef-
fective of Bayesian MCMC, we use the
Monte Carlo Standard Error (MCSE) and
confirmed that the variable patient under
surveillance (pdp) = 0.2189884, casest
2.3411325, rect+ = 84074448, and dead+
11.1542450, respectively. Nevertheless, the
negative test results proved that some la-
boratories have not been able to detect pre-
cisely the incidence of COVID-19. This is
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proven by WHO that actually COVID-19
entered Indonesia around late January and
early February 2020.Since the COVID-19
case occurred in Indonesia, the government
has issued a policy to work at home. Until
the end of March and people are not al-
lowed to leave the house. Many Indonesi-
ans do not comply with this policy, making
the number of positive cases in Indonesia

increase very dramatically and significantly.

On the healthcare facility side, the Indone-
sian government has prepared a hospital to
handle the COVID-19 case. Figure 7 repre-
sents the distribution of hospitals in Indone-
sia. It can be seen that if the province en-
tered the red color very worrying about the
handling of COVID-19 with a minimal
number of hospitals. Very recently during
the writing of this brief, almost all the

healthcare facilities in Indonesia complains
about the lacking of the personal protective
equipment for their healthcare profession-
als, including maskers, goggles, face shields,
Hazmat (hazardous material) suits, gloves,
and safety shoes. In healthcare facilities in
Jakarta and Bali, the doctors must wear a
raining coat to protect themselves from
SARS-CoV-2 due to a lacking condition.
Lots of hospitals and non-governmental or-
ganization, including healthcare association,
made an open donation for personal protec-
tive equipment availability. The Indonesian
government issued a policy through a min-
istry of health decision (HK.01.07/Men-
kes/104,/2020) about Establishing a Novel
Coronavirus Infection (SARS-CoV-2 Infec-
tion) as a Disease That Can Cause an Out-
break and its Mitigation Efforts.

Hospital
385
'
198
l].l

Fig 7. Number of Hospital in Indonesia (data sources the Directorate General of Disease
Prevention and Control, the Ministry of Health of the Republic of Indonesia).

4. CONCLUSION

In the regulation issued on February 4,
2020, six points were decided. First, Novel
Coronavirus Infection (COVID-19) as a dis-
ease that can cause an outbreak. Second, for
the disease as referred to in the first point,
the central government and regional gov-
ermnments make countermeasures that in-

[SYLWAN., 164(6)]. ISI Indexed,Jun 2020

clude: (a) risk communication and im-
proved communication, information and
health education to the public regularly in-
cluding those who will be travelling to the
affected area, with material especially on
preventing the spread of disease through
the practice of clean and healthy behavior
and the anticipation of transmission; (b)
make preparedness, detection, and re-
sponse at the entrance of the country and in
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the region; (c) preparation of care and refer-
ral health care facilities as well as support-
ing facilities such as laboratories and health
logistical materials needed along with their
networks in an integrated and sustainable
manner; and (d) implementation of coordi-
nation with cross-sectoral for the effective-
ness and efficiency of efforts to combat
Novel Coronavirus Infection (COVID-19).
Third, all major units within the Ministry of
Health conduct intensive communication
with stakeholders, both at central and re-
gional levels, following their duties and
functions to prevent the spread of Novel
Coronavirus Infection (COVID-19 Infection)
in the territory of Indonesia. Fourth, all
forms of funding in the context of preven-
tion efforts as referred to in the second dic-
tum are charged to the budget of the Minis-
try of Health, regional governments, and
other legitimate sources of funding follow-
ing statutory provisions. The fifth decision
is the financing referred to in the fourth dic-
tum, including for the cost of treatment for
suspected cases reported before this Minis-
terial Decree comes into force regarding
funding satisfied emerging infectious pa-
tients per statutory provisions. While the
sixth is to decide this Ministerial Decree
comes into force on the date of the stipula-
tion. Regarding the cost of treatment for
COVID-19 patients, the government will
cover it through the Ministry of Health. In
more detail, the Director-General of Budget
of the Ministry of Finance recorded the
budget included in the Ministry of Health
expenditure post. The Indonesian govern-
ment so far has given instructions to the
Eijkman Institute for Molecular Biology for
making the COVID-19 vaccine. Further-
more, the number of COVID-19 cases will
increase significantly; shortly, the Indone-
sian government will carry out a Rapid vi-
rological diagnosis [41]. The number of pos-
itive cases predicts increased because some
residents in Jakarta who were assumed to
be carriers carried out-migration to several
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regions, especially to Wonogiri, Central
Java. If the Indonesian government does not
put this COVID-19 as a serious problem and
the complete lockdown policy is imple-
mented in a half measure, the Indonesia
COVID-19 cases and mortality rates will be
a very high end.
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