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ABSTRACT  

 Dengue Hemorrhagic Fever (DHF) is an acute disease caused by dengue virus, which is 

transmitted by mosquitoes. Survival analysis is a method to determine the factors that affect the 

healing of patients with DHF disease. This means an event may occur due to the influence of 

the location where the incident occurred. The influence of these location factors is known as 

the spatial factor. Bayesian approach is a method that can be used to provide spatial effects in 

survival models. The purpose of this research is to get spatial survival model on DHF 

incidence in Balikpapan.This study is a non-reactive or unobtrusive method. Population in this 

research refers to population area, that is a segment of region containing amount of research 

unit (the whole existing sub-district in Balikpapan) and all dengue case in hospital located in 

Balikpapan city. Subjects in this study were DHF patients who underwent inpatient at a 

hospital located in Balikpapan in 2016. This study shows significant factors that affect the rate 

of healing of DBD in Balikpapan City, hematocrit level, total of thrombocyte,fever before 

hospitalizationand the CAR () frailty. 
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INTRODUCTION 

 Dengue Hemorrhagic Fever (DHF) is one of the diseases frequently contributes 

onpublic health problems, and the number tends to increase. Dengue s caused by Dengue virus 

spread by Aides Egypt mosquito. The spread is very rapid and can lead to death [6].  

 By 2015, the number of DHF in Indonesia is 129.650 cases with 1.071 deaths (IR/ 

Mortality rate = 50,75 per 100.000 population and CFR / death rate = 0,83%).The three 

provinces with the highest dengue fever in 2015 were Bali Province of 257,75, East 

Kalimantan of 188,46, and North Kalimantan at 112,00 per 100.000 populations. District / City 

in East Kalimantan Province with the highest case of DBD is Balikpapan with 2.145. The 

incidence rate of DHF cases in Balikpapan in 2015 increased (348,46 per 100.000) compared 

to 2014 (343,64 per 100.000). Case Fertility Rate (CFR) of DHF in Balikpapan City 2015 

increased compared to 2014, from 0,64% to 1.17%[7]. 

 Many efforts were made by the government to reduce the number of DHF cases, 

including the discovery of case management data, case control, community participation, Early 
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Vigilance System, Extreme Outbreak Control and Promotion of Mosquito Nest [3]. Another 

effort that can be done to suppress the spread of DHF is by knowing the cause. Therefore, to 

overcome this required research on factors that causes patients to survive from DHF. One 

method used to determine the factors that affect the healing of patients with DHF disease is 

survival analysis. 

 Survival analysis [8] are not only used to see whether an event occurs or not as is the 

case with logistic regression models, but can also be used to identify risk factors for events as 

well as handle situations where risk factors change over time. Based on the description then to 

determine the factors that influence the occurrence of an event based on the risk factors of 

events on time, the survival model is a more adequate tool. 

 The rate of recovery of dengue disease has a vary pattern in each region. Thus, spatial 

analysis is needed which can be used to explain the relationship between the rates of recovery 

in each region and its influencing factors. Bayesian approach is a method that can be used to 

provide spatial influence in survival models.Bayesians [2]are used to generate spatial 

dependencies on the random / error effects of adjacent areas. Spatial dependency is then 

expressed through prior Conditionally Autoregressive (CAR) previously developed by Besag, 

York and Mollie. Through CAR, the initial autocorrelation should not have any random effects 

of survival models. The spatial autocorrelation suggests a relationship between adjacent 

regions expressed by an adjacent matrix. The purpose of this research is to get spatial survival 

model on DHF in Balikpapan City. 

 

 MATERIALS AND METHODS  

Design and sample 

  This study used medical record data of hospitalized DHF patients that has been reported 

to the Balikpapan City Health Office involving spatial factors area/lattice. Response variable 

used in this study is length of stay (𝑡) and the predictor variable are: hematocrit level 

(𝑋1)(category as 0 ≤  40%, 1 > 40%), total of thrombocyte (/𝑙)(𝑋2), and fever before 

hospitalization (day)(𝑋3). 

  The steps of spatial survival analysis are as follows (1) Descriptive analysis, (2) 

Determine the spatial weights by using the Queen Contiguity, (3) Do hazard assumptions using 

curvesln[ln (S(t)] And global test and predicted Weibull 2-Parameter distribution with MCMC 

process and Gibb's sampling(4) calculate hazard function and survival function, (5) estimation 

of spatial parameter of survival Weibull 2-Parameter with frailty CAR. 
 

Dengue Hemorrhagic Fever (DHF) 

Dengue hemorrhagic fever (DHF) is characterized by four major clinical 

manifestations: high fever, hemorrhagic phenomena, often with hepatomegaly and, in severe 

cases, signs of circulatory failure. Such patients may develop hypovolemic shock resulting 

from plasma leakage. The most common hemorrhagic phenomenon is a positive tourniquet 

test, easy bruising and bleeding at venipuncture sites. The most recent cases are discrete fine 

petechial scattered on the extremities, axillae, face and soft palate, which are usually seen 

during the early febrile phase. The critical stage of the disease course is reached at the end of 

the febrile phase. After 2–7 days of fever, a rapid fall in temperature is often followed by the 

sign of circulatory disturbance of varying severity. Many patients recover spontaneously, or 

after a short period of fluid and electrolyte therapy. In several cases, when plasma loss is 

critical, shock ensues and can progress rapidly to profound shock and death if not properly 

treated [14]. 
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Survival Analysis 

Survival analysi means the statistical analysis of data, where the response of interest is 

the time 𝑇from a well-defined time origin to the occurrence of some given event (end-point). 

the key example is the time from randomization to a given treatment for some patient until 

death occurs leading to the observation of survival times for these patients [11]. 

Model Spatial Survival 

 Time-to-event[2] data or timing data for upcoming events are grouped into strata / 

groups such as regions or disaster areas.In such circumstances, the hierarchical approach 

through the stratum-specific frailties is often appropriate. Weibull-2 parametric model, hazard 

rate is given by the following equation: 

ℎ 𝑡𝑖𝑗 ; 𝑥𝑖𝑗  = 𝜌𝑡𝑖𝑗
𝜌−1

𝑒𝑥𝑝 𝛽𝑇𝑥𝑖𝑗          (1) 

Then if the model captures the frailty, the proportional hazard ℎ(𝑡𝑖𝑗 ; 𝑥𝑖𝑗 )  can be expanded into: 

ℎ 𝑡𝑖𝑗 ; 𝑥𝑖𝑗  = 𝜌𝑡𝑖𝑗
𝜌−1

𝑒𝑥𝑝 𝛽𝑇𝑥𝑖𝑗 + 𝑊𝑖        (2) 

 Where 𝑗(𝑗 = 1,2, … , 𝑛𝑗 )is the time until the event occurs, 𝑖(𝑖 = 1,2, … , 𝐼)is the number 

of strata / group, tij is the event time, xij denotes the covariate vector , Ρ is a baseline hazard 

parameter and β has an intercept. is the shape parameter of the baseline is hazard and  

contains the intercept for the baseline hazard. Parameter  represent monotonicity of hazard 

rate in the Weibull model. When  >  1, then the hazard rate will be monotonic increasing, and 

inversely,  <  1 gives a decreasing monotone, while  =  0 states a constant hazard rate[4]. 

In the spatial survival approach, the model is formed through survival data arranged by 

adjacent areas which means that Wi frailties from adjacent areas illustrate the possibility that 

these areas have similar characteristics[5]. As a result, the distribution of random effect 𝑊 is 

defined as, 

𝑊| ~ 𝐶𝐴𝑅 ()          (3) 

The notation  is the CAR parameter distribution stating precision or variance inverse of its 

random effect distribution (). 

𝑝(𝜃│𝑥)   𝑙(𝑥│)𝑝(𝜃)         (4) 

In generating a sample of 𝑝(|𝑥), a Markov Chain must first be constructed provided that 

 f(𝜃(t + 1)| 𝜃(𝑡))should be easily generated and stationary distribution of Markov Chain is 

Posterior distribution 𝑝(|𝑥), with the following steps: 

1. Specifies initial iteration 𝑝(|𝑥). 

2. Generate T samples (1), (2), … , (𝑇) from the posterior distribution 𝑝(|𝑥). 

until the stationary distribution is reached 

3. Performing algorithms until convergent. If it does not converge then it needs to generate 

more observation data 

4. Dispose of the first observation to avoid the effect of the initial iteration 

5. Assume {
 𝐵+1 

, 
 𝐵+2 

, … , (𝑇)} as the sample for posterior analysis with B is the initial 

iteration 

6. Create a posterior distribution plot 

7. Obtain the summaries of the posterior distribution (mean, median, standard deviation and 

correlation) [10]. 
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Markov Chain Monte Carlo (MCMC) provides a random sample,(1), (2), …  
 𝑡 , … , (𝑇)

. 

From the sample, for each function 𝐺(𝜃) and parameter 𝜃 can be obtained: 

1. The sample of the desired parameter is G(𝜃 1 ), G(𝜃 2 ), . . , G(𝜃 𝑡 ), G(𝜃 𝑇′ ) 

2. The posterior summary 𝐺(𝜃)of the sample using a simple sample estimate, for example, 

can be obtained from the posterior mean by the following formula: 

𝐸  𝐺 𝜃 \𝑥 =
1

𝑇′
 𝐺 𝜃 𝑡  𝑇

𝑖       (5) 

3. Summary MC error, ie a measurement scale that uses the variability of each estimate 

during simulation. MC error must be of little value to calculate the desired parameters 

with increased precision. 

4. Correlation of among parameters 

5. Plot of the posterior marginal distribution. 

Result 

The first step simulation in spatial survival model is defining a matrix of spatial weights. 

Spatial factors are elaborated by the neighborhood between the locations of another(adjacent 

matrix). The map of Balikpapan is shown in Figure 1. 

 
Fig 1: Map of Balikpapan City 

The following matrix is used as parameters of the CAR prior distribution in the formation of 

spatial survival model. Queen Contiguity can be used for determining the spatial weight matrix by 

employing the neighborhood of their respective areas of the so-called contiguity/adjacent. Adjacent 

matrix of Balikpapan City is as follows: 

list(num = c(4, 2, 2, 2, 4, 4), 

adj = c( 

6, 5, 3, 2,  

5, 1,  

6, 1,  

6, 5,  

6, 4, 2, 1,  

5, 4, 3, 1), 

sumNumNeigh = 18) 
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The next step is modeling assumptions that must be met in the proportional hazard 

modeling, that is the hazard function of the categorical predictor variables have to be 

proportional at all times. Proportional testing is applied by plotting – 𝑙𝑛[−𝑙𝑛 𝑆(𝑡)] 
descriptively. Figure 2 shows the lines among categories (40% and > 40%) are paralel, and 

the proportional hazard assumption, therefore, can be fulfilled. It means that the predictor 

variables were independent of time and the relationship between the cumulative hazard is 

proportional/constan every time. 

 
Fig 2: Proportional Hazard Assumption 

 The next step is determining the distribution of the length of stay as its survival time 

(𝑡). From the goodness of fit test, all of 6 districts in Balikpapan, statistically can be modeled 

as Weibull distributions. This study, therefore, will employ the Weibull 2 Parameter 

proportional hazard to estimate the spatial survival model with CAR frailty. 

Table 1.Estimated Parameter Survival Weibull 2 Parameters with CAR Frailty 
 Node  Mean  MC error 2.5% median 97.5% 

Hematocrit 0,258 0,005 0,024 0,256 0,499 

Thrombocyte -0,003 5,214E-5 -0,006 -0,003 -4,94E-4 

Fever 0,199 0,003 0,076 0,198 0,326 

b0 -5,109 0,024 -5,822 -5,099 -4,455 

 0,371 0,013 0,033 0,278 1,215 

 3,058 0,007 2,801 3,057 3,315 

Tau 115,0 11,69 0,678 12,93 916,1 

 According to table 1, it can be inferred that the Survival model with Frailty CAR 

Weibull 2 Parameter gives: 

ℎ  𝑡𝑖𝑗 ; 𝑥𝑖𝑗  = 3.058 𝑡2.058𝑒𝑥𝑝(−5,109 + 0,258𝑥1 − 0,003𝑥2 + 0.199𝑥3 + 𝑊𝑖
∗(6) 

  Based on the model (6), the hematocrit (𝑋1) with value (𝛽 = 0,2577) significantly 

affected the healing rate of dengue patients by 𝑒𝑥𝑝 (0.2577)  =  1.293. Based on table 1 that 

patients with hematocrit more than 40% are more likely to be slow to recover or a recovery rate 

of 1,293 times than patients with hematocrit levels of less than 40%. 

  The amount of thrombocyte (𝑋2) factor with value (𝛽 = −0,003) significantly affected 

the healing rate of dengue patients by 𝑒𝑥𝑝 (−0.003)  =  0.997. This shows that with the 

increase of platelet count in one unit then the DHF patients will tend to recover faster by 0.997 

times. 
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  Factor of fever before hospitalization (𝑋3) with value 𝛽 = −0,199)significantly affect 

the healing rate of DHF patients by 𝑒𝑥𝑝 (0.199)  =  1.22. This indicates that with the increase 

of one unit of febrile complaints before the hospital then the patient tends to be slower to 

recover by 1.22 times.  

Table 2.Estimation of Random Spatial Effect 
Node Mean MC error 2.5% median 97.5% 

Balikpapan Utara -0,062 0,003 -0,308 -0,037 0,094 

Balikpapan Timur -0,014 0,002 -0,29 -0,004 0,219 

Balikpapan Selatan -0,133 0,005 -0,413 -0,114 0,054 

Balikpapan Barat -0,071 0,003 -0,356 -0,044 0,126 

Balikpapan Kota 0,163 0,007 -0,052 0,106 0,592 

Balikpapan Tengah 0,118 0,005 -0,071 0,079 0,443 

 Table 2 shows that of the 6 observed regions were not significant. This means that DHF 

patients in all districts have the same rate of recovery. Parameter of CAR random effects () 

with value (0,371) significantly affect the rate of recovery, it can be said that there are spatial 

dependencies on the components of variance, but spatial dependencies do not occur in the 

mean component. Differences in the variance values of spatial random effects in each sub-

district resulted in a confidence interval width for estimation of the healing rate of DHF 

patients to be different in each sub-district. 

 

Discussion 

 The hematocrit factor (𝑋1) is significantly affected the healing rate of dengue patients. 

The higher the hematocrit the slower healed. Previous research [1] introduced a significant 

relationship between the hematocrit levels of dengue hemorrhagic patients with the speed of 

recovery, where the greater hematocrit level of patients with an increasing on one unit tends to 

heal longer. Increased hematocrit is usually preceded by a decrease in platelets, this increase 

reflects increased capillary permeability and plasma permeability. Hematocrit levels will 

continue to Thrombocytopenia, that is one of the simple criteria proposed by WHO as a 

clinical diagnosis of DHF.  

 The amount of thrombocyte is usually normal for the first 3 days. Thrombocytopenia 

begins to appear on several days after the fever and reaches the lowest point in the shock 

phase. In a study conducted [12] there was a correlation between the numbers of thrombocytes 

at the time of thrombocytopenia, whereas when the number of platelet duration is larger than 

100,000, then the duration of thrombocytopenia would be shorter for 3 days. The clinical 

outcome and the recorded platelet during the course of hospitalization have shown that 

recovery from thrombocytopenia was associated with clinical improvement while further fall in 

platelet counts was associated with fatality[9]. 

 The average period of illness that is lived due to dengue hemorrhagic fever is 11 days, 

where the average duration of fever is 6 days. Dengue infection generally begins on the third 

day and because the symptoms are similar to the common cold, the patient and the family 

generally just checked into the doctor on day 2 and 3 since symptoms of fever first appeared or 

day-to-5 and 6 In the period of illness. Then the difference in the examination time after the 

fever will lead to differences in length of care as well. The earlier the patient checks the longer 

the length of treatment will be longer [13]. 
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CONCLUSION  

 Factors that significantly influence the rate of recovery of Dengue Hemorrhagic Fever 

(DHF) are hematocrit (X1), total of thrombocytes (X2) and fever (X3) and the resulting model is 

ℎ  𝑡𝑖𝑗 ; 𝑥𝑖𝑗  = 3.058 𝑡2.058𝑒𝑥𝑝(−5,109 + 0,2577𝑥1 − 0,0033𝑥2 + 0.1991𝑥3 + 𝑊𝑖
∗ 

Spatial dependence occurs in the variance component but it does not occur in the mean 

component. Differences in variance values in each region resulted in a confidence interval width 

for estimation of the healing rate of DHF patients differing in each region. 

 

REFERENCE  
 

[1] Amalia, S., Iriawan, N. &Prasetyo, D. 2010. Implementation of Bayesian Mixture 

Survival: Case Study of the Dengue Hemorragic Fever Patiens Recovery. Proceeding of 

International Conference of Mathematics and Natural Science.Bandung, 2010. 

[2]  Banerjee, S., Wall, M. M., & Carlin, B. P. Frailty Modeling for Spatially Correlated 

Survival Data, with Application to Infant Mortality in Minnesota. Biostatistics, p. 123-

142, 2003. 

[3] Bastyan, Endhy and Latra, I Nyoman. Analisis Survival dengan Model Regresi Cox 

WeibullpadaPenderitaDemamberdarah Dengue (DBD) di RumahSakit Haji Sukolilo 

Surabaya. JurnalSainsdanSeniPomitsVol 2, No,2 p. D165-D170, 2013. 

[4]  Box, G.E.P and Tiao, G.C. Bayesian Inference in Statistical Analysis, Addison-Wesley, 

London, 1973 

[5]  Darmofal, D. Bayesian Spatial Survival Models for Political Event Processes. 

Departemenof Political Science, University of South Carolina 350 Gambrell Hall, 

Columbia, 2008 

[6]  Darmowandowo, W.Continuing Education. 

DivisiTropik&InfeksiBagianIlmuKesehatanAnak FK Unair RSU Dr. Soetomo, 2006 

[7]  Dinkes Kota Balikpapan.ProfilKesehatan Kota Balikpapan Tahun 2015.Balikpapan, 

2016. 

[8]  Dohoo, I. R. Quantitative epidemiology.Progress and Challenges. Preventive Veterinary 

Medicine, 86, p. 260-269, 2008. 

[9]  Jayashree, K., Manasa, G.C., Pallavi, P, and Manjunath, G.V. Evaluation of Platelets as 

Predictive Parameters in Dengue Fever. Indian J Hematol Blood Tranfus, p. 127-130, 

2011. 

[10] Kleinbaum, D. G and Klein, M. Survival Analysis: A Self Learning, 2
nd

 Edition, 

Springer, New York, 2005. 

[11] Martinussen, T., Scheike, Th.H. Dynamic Regression Models for Survival Data. Springer, 

2006. 

[12]  Sugianto. PerubahanJumlahTrombositpada DBD. CDK. 92: 14-18, 1994. 

[13]  Suhendro, Leonard Nainggolan, Khie Chen,Herdiman T. Pohan.DemamBerdarah 

Dengue In: Aru W. Sudoyo, BambangSetiyohadi, IdrusAlwi, Marcellus Simadibrata K., 

SitiSetiati. Editors: BukuAjarIlmuPenyakitDalam. Jilid III edisi IV. Jakarta: 

PusatPenerbitanDepartemenIlmuPenyakitDalamFakultasKedokteranUniversitas 

Indonesia. P.1731-1735, 2006. 

[14]  WHO. Dengue haemorrhagic fever Diagnosis, tretamen, prevention and control Second 

edition. WHO,1997. 

 


