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ABSTRACT

Palembang, the capital of South Sumatra province, has a high potential for the occurrence
of dengue fever. The purpose of this paper is to map the incidence of dengue fever into
five areas in Palembang based on the multinomial regression approach. The respondent
of this research are housewife who has a family member experiencing dengue fever. The
results show that the decision to map the incidence of dengue fever for respondents is
affected by family member who get dengue fever (age, gender and blood type),
respondent (age, education level, and knowledge of dengue fever), and head of family
(age). This model is good enough for mapping the incidence of dengue fever into five
areas in Palembang based on both the Nagelkerke value (0.784) and the correct
percentage of respondents mapping (65.6%).
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1. INTRODUCTION

To date, the desease caused by the flaviviruses or known as dengue virus is still a major health
concern worldwide. The disease and its complications cause an estimated 50 to 100 million infections,
a half-million hospitalizations, and 22,000 deaths each year in the world. In the last 50 years, its
incidence has increased 30-fold (Knowliton et.al., 2009). In the beginning of 2016, South Sumatra,
Indonesia, which already has a number of the dengue cases as many as 873 cases has been
determined by the Minister of Health of the Republic of Indonesia (MHRI) as a province having a case
of extraordinary event of the dengue. Based on data from the Provincial Health Office of South
Sumatra, there were 3,549 dengue fever cases during the year 2016, while in 2015 there are 3,401

cases and in 2014 there were only 1,612 cases.

www.ceser.in/ceserp
Www .ceserp.com/cp-jour




International Journal of Applied Mathematics and Statistics

In Indonesia, the dengue studies based on a survey have been done some researchers. Sari (2012)
who conducted research in district, Bebesan, Aceh Tengah adduced that incidence of dengue related
to habits of cleanliness and mosquito net usage. Rendy (2013) who conducted research in sub district,
Sawah Lama, Tangerang stated that LFl (Larvae Free Index) related to all of community behavior
factors, the act of closing the container and the existence of container cap only unrelated to the LFI.
Aryati et al (2014) who conducted research in sub district/village Baler Bale Agung, Bali adduced that
incidence of dengue related to hygienic behavior, while knowledge about the dengue unrelated to the

incidence.

IPCC (2014) noted that global climate change has occurred in all aspects including the distribution of
vector-bone diseases such as dengue fever. Palembang, the capital of South Sumatra province, has
a tropical climate so it has a high potential for the occurrence of dengue fever. In the beginning of
2015, the city has the highest incidence of dengue fever (the Provincial Health Office of South
Sumatra in Sriwijaya Post, 2015). The purpose of this paper is to map the incidence of dengue fever
into five areas in Palembang based on the multinomial regression approach. Toan (2015) applied the
regression to study the significant variables of dengue incidence. She showed that the incidence of
dengue in Hanoi is affected by living near open sewers, detecting mosquitoes in the house, directly
discharging sewage to ponds, Living in an unhygienic house, and living in rental house. These risks
increased respectively by 7.9, 6.3, 4.3, 3.4, and 2.2 times. This approach also has been applied in
some area research; psychology (El-Habil, 2012), image processing (Khodadadzadeh et al, 2014),

and medical science (Thors'en, 2014).

2. MATERIAL AND METHODS

Data Collection and Description

The region of Palembang is separated into two by the river Musi, namely; Seberang Ulu and
Seberang llir. We separate the spreading area of dengue fever in Palembang into 5 areas; South in
the Seberang Ulu and Center, North, West, and East in the Seberang Ilir. Data collecting of the
incidence of dengue fever that spread in the areas as presented in Table 1 using stratified sampling
technique, where the number of samples is determined by Slovin formula. The variables considered in

mapping the incidence of dengue fever is shown in Table 2.

Table 1. Proportion of incidence of dengue fever for each area.

Area % sample
South 15.2%
Central 20.7%
MNorth 20.0%
West 9.5%
East 34.7%
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Multinomial Logistic Regression

Consider an data of incidence of dengue fever with n respondents (i=1,2,---,n), five areas of the
spread of dengue fever (j=12.-- .5). p predictor variables (A' =12, p], the number of sample in j-th

g

areas is denoted n;, and n = Zn,_,-. Let n; be the random variable for i-th respondents who have the

=1
family member experiencing dengue fever with probability into j-th area, x,(y) If x; follow
multinomial logistic regression model, the probability mass function is (Resti et al, 2016)
. " = "
f(”f,f|"7,r(x;))=_<_' H”;{X;) ! (1
! 1
W
J=l

The the probability mass function as in eq (1) can be also written as

N =

il’i. -
4 - 5 _
f(n....nr.-.«---n,;J=[l—Z:r,(x..i B EACAK 2)
\ i=l j=1

which implied that probability of »; fall into areas j-th, where er),-(.r,}:l_ The multinomial logistic

(x,) as the following logistic functions,

regression model was formed with stated P[N,r- = j“.\'r- ):;z!

i CXP()B&- X ijk ]

xjlx;)=—=2 3)

[

1*22‘—‘*?(15& -"r‘;‘kl

j=l k=0

The regression parameters, §; , can be estimated from (1) using maximum likelihood estimation.

3. RESULT AND DISCUSSION

We explored the relationship between predictor variables and the spreading areas of dengue fever

using the chi-square test and the result the variables, X, X, Xq. X . X . X5, X ;. X5, X, and X,
do not have relationship with the areas. The result test on the parameter f; simultaneously using the

likelihood ratio test/G-statistics (G—sran'sn‘c=4ir'2_‘5‘5:-,-(1 =391.48 ) showed minimal there is one

predictor variable was statistically significantly has a relationship with the dependent variable. This
simultaneously test result has strengthened by the partial test results (@ =5%) as shown in Table 3

that there are nine predictor variables was statistically significantly affect the dependent variable (all of

the nine variables have G- staristic> y* and p-value < a ).
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Table 3. The partial test

Predictor Variable G-Statistics 1‘2 p-value
Intercept 436,85 41,75 0,00
X, 525.04 52,09 0,00
X, 593,45 120,50 0,00
X 527,88 54,92 0,00
X, 491,39 18,43 0,00
X5 562,93 89,98 0,00
Xy 491,78 18,83 0,00
X, 512,61 39,65 0,00

The decision to map the incidence of dengue fever into five areas for respondents who have a family
member experiencing dengue fever is affected by family member who get dengue fever (age, gender
and blood type). respondent (age, education level, and knowledge of dengue fever), and head of

family (age).

The backward stepwise procedure has been applied to obtain the final model of the multinomial
logistic regression as shown in Table 4, in which East area is used as the reference category and for
each categorical predictor variable, the reference is the last category. The tendency of a respondent
who has a male family member experiencing dengue fever would be mapped to the South rather than
to the East only by 0.02 times compared to respondent who has a female family member. The
tendency of the respondents have a family member experiencing dengue fever who the blood type-A
and AB respectively would be mapped to the South rather than to the East by 14.91and 11.06 times
compared to respondent who has the blood type-O.The younger of the respondent, the tendency to
be mapped to the South of 0.91-fold than to the East. The higher the respondents' knowledge about
dengue, the tendency to be mapped to the South of 5.07-fold than to the East. Based on Table 4 also,
the tendency of respondents to be mapped to a area of Central, North, and West than to the East can

be interpreted in the same way.
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Based on the only significant predictor variable as shownin Table 4, the probabilities of a

respondent would be mapped to area of South, Central, North, West, and East respectively at,

cxp[— 3.?4,“':'[:] + 3.?01'”._“:':, + 3.40,\3'.3[3] +1 ,62.\:‘|I|:[13J

x(x )=

: } 1 +exp(— 3.?4,r,;b|[33 +3.”l].:r,ll,,[|:I +1.40x,,‘3[,,3 +1.62x, um]+-'-+cxp[2.?0-f,-4-_3[|3 + 2.4{}_‘(,4_5[3] -0.2x;,¢ .}
mlx) expl=3.66x,3 13 = 3.54x,2,5() +4 8552 513 +3.47x2,00)

Al =

1+ ‘3’(9[‘ 3.74x; 42) + 2702 51) + 2400, y5)+1.62x; |.2[1]]"" -t 3"?[2- T0x,450) + 2.40x;4 33— 0.2x,45 ]
te) expl-3.99x,31(3) = 549 3 21+ 2.30%;3 50 = 2. 13x3 o) +3.372 505) + 2143, 5(4) + 21633 13())

kAS

YT +expl-3. T4x;1402) + 2.70%;; 30y + 2.40x;) 33) +1.62x;, |_3[|j}+-- -+ exp[E.?[)_m'l,4I3(|] +2.40x;4 53) — 0.2x,4%)

7 (x )= e’(p[l?orm.sfll "‘3-40-‘14.33]‘0-2-“.-4.3]
P T expl-374u ) + 2.70x;,5) + 2.40x;, 303y + 162Xy 5+ + exp(2.70x,4 30 +2.40x;4 503) - 0.2, 5 )

w5l )=1=7 (x; )= 73 (x; )= 73 (x; )= 24 (x;)

Nagelkerke value of this final multinomial regression model is 0.784, which indicates that variance of
the significant predictor variables are able to explain variance of the areas of the incidence of dengue

fever at 78.4 percent, while the rest is explained by the predictor variables other than this model.

Table 5. Mapping Result

Mapped
Observed South Center North West East Percent Correct

South 17 7 il 2 6 39.5%
Center 4 32 12 3 8 54.2%
North 3 150 a7 0 6 64.9%

West 4 1 0 13 9 48.1%

East 4 1 1 5 88 88.9%
Overall Percentage 11.2% 18.2% 21.4% 8.1% 41.1% 65.6%

The number of respondents who successfully mapped by the final model to area; South, Central,
North, West and East respectively as many as 17, 32, 37, 13, and 88 respondent. The rest is mapped
to other areas successively as many as 26, 27, 20, 14, and 11 . Overall correct percentage of
respondents mapping is 65.6%. This model is good enough for mapping the incidence of dengue
fever into five areas in Palembang based on both the Nagelkerke value and the correct percentage of

respondents mapping.

4. CONCLUSION

Employing the multinomial regression approach in mapping the incidence of dengue fever into 5 areas;

South, Central, North, West, and East, we found that the decision to map the incidence for
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respondents who have a family member experiencing dengue fever is affected family member who
get dengue fever (age, gender and blood type), respondent (age, education level, and knowledge of
dengue fever), and head of family (age). Based on the Nagelkerke value, variance of the significant
predictor variables in the study able to explain variance of the areas as dependent variable at 78.4
percent, while based on the mapping result, the overall correct percentage of respondents mapping is
65.6%. This model is good enough for mapping the incidence of dengue fever into five areas in

Palembang based on both statistics.
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