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 Tuberculosis is an infectious disease caused by Mycobacterium 
tuberculosis. Indonesia is the country with the second highest number 
of tuberculosis cases after India. The Ministry of Health stated that 
there has been a significant increase in cases of tuberculosis among 
children in Indonesia where the increase in cases of tuberculosis 
among children has reached more than 200 percent. The number of 
tuberculosis cases can be reduced if the factors that affect the number 
of tuberculosis patients are known. Therefore, efforts should be made 
to model the number of cases of Tuberculosis among children under 
five years of age to provide useful information to prevent and control 
Tuberculosis. The relationship between these factors and the number 
of people with Tuberculosis can be determined using Poisson 
regression analysis because the number of cases of Tuberculosis is 
calculated data. Tuberculosis data contain overdispersion, so another 
approach is used to overcome it, which is by using a negative binomial 
regression model. The best model obtained based on the AIC value is 
the Negative Binomial regression model with an AIC value of 184.095. 
For further research, it is suggested to test the spatial effect and 
modeling using the Negative Binomial geographic weighted 
regression method to find out whether the characteristics of one 
region and the other influence the geographic location on the model. 

http://ejournal.radenintan.ac.id/index.php/desimal/index 

 

INTRODUCTION 

Tuberculosis is an infectious disease 
caused by Mycobacterium tuberculosis 
(Vidyastari et al., 2019). The cause of 
tuberculosis transmission is through the 
air (Smeltzer, 2016). Mycobacterium 
tuberculosis enters the human body 
mainly through the lungs but can also 
through the skin, urinary tract, and food 

tract (Puspasari & Fina, 2019). In addition, 
Mycobacterium tuberculosis bacteria can 
be transmitted to other humans through 
sputum splashes when a person with 
active pulmonary tuberculosis coughs or 
sneezes (Price & Wilson, 2006). When a 
person with tuberculosis speaks, coughs, 
or sneezes, the person indirectly releases 
approximately 3,000 droplets of sputum 
into the air containing germs (Aditama et 
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al., 2011), and droplets of saliva fly into the 
air, are inhaled by healthy people and 
enter into the lungs which then causes 
pulmonary tuberculosis (Widayanti & 
Bintari, 2013). The symptoms caused by 
dry cough are coughing up phlegm for two 
weeks or more, which can be accompanied 
by blood-tinged phlegm, coughing up 
blood, shortness of breath, weakness, loss 
of appetite, weight loss, lethargy, night 
sweats without physical activity, and a 
higher fever for more than one month 
(Pralambang & Setiawan, 2021). 
Pulmonary tuberculosis can cause death if 
you do not take the medicine regularly for 
up to 6 months. In addition to affecting the 
individual, it also affects the sufferer's 
family, namely psychological effects in the 
form of anxiety, decreased support, and 
low self-confidence (Astuti, 2013). 

Tuberculosis cases are still a global 
health problem. Indonesia has the second 
highest number of tuberculosis cases after 
India (World Health Organization, 2023). 
In 2022, the Ministry of Health together 
with all health workers managed to detect 
more than 700 thousand cases of 
tuberculosis. This figure is the highest 
achievement since tuberculosis was 
declared a national priority program. 
Currently, the number of tuberculosis 
cases in Indonesia is 969 thousand, and 
deaths are 93 thousand every year, or 
equivalent to 11 deaths per hour (Ministry 
of Health, 2023). The Ministry of Health 
stated that there has been a significant 
increase in cases of tuberculosis among 
children in Indonesia. The increase in 
cases of tuberculosis in children reached 
more than 200 percent. In 2021, 
tuberculosis cases in children reached 
42,187, then in 2022 reached 100,726. In 
March 2023, a total of 18,144 children 
were infected with tuberculosis. 
Meanwhile, cumulatively, the Ministry of 
Health detected 443,235 cases of 
tuberculosis in 2021, and this increased to 
717,941 cases in 2022 (Prabowo, 2023). 

The number of tuberculosis cases 
can be reduced if the factors that affect the 
number of tuberculosis sufferers are 
known significantly. The relationship 
between these factors and the number of 
people with tuberculosis can be 
determined using Poisson regression 
analysis because the number of people 
with tuberculosis is calculated data. One of 
the characteristics of the Poisson 
distribution is the presence of an 
equidispersion condition, but in its use it 
is often characterized by an 
overdispersion condition (McCullagh, 
2019). Another approach to overcome 
overdispersion is to use the Negative 
Binomial regression model because it 
allows the parameters to describe the 
variance of the data (Hardin & Hilbe, 
2014). Some studies that develop this 
model include Cameron and Trivedi 
(1998) comparing the Poisson regression 
model with other regression models 
(Cameron & Trivedi, 1998), Dean (1992) 
regarding the overdispersion test in 
Poisson and Negative Binomial regression 
models (Draper et al., 1992), (Ismail & 
Jemain, 2005) in the insurance sector to 
determine customer opportunities in 
submitting motor vehicle insurance claims 
in Malaysia, (Ismail & Jemain, 2007) in the 
insurance sector to overcome 
overdispersion using negative binomial 
and Poisson's Quadrant. Therefore, we 
propose research to model tuberculosis 
cases using Poisson and Negative Binomial 
regression models. 

METHOD  

The type of data used in this research 
is secondary data obtained from the South 
Sulawesi Provincial Health Service. The 
data consisted of 6 variables, with one 
dependent variable and six independent 
variables. The dependent variable in this 
study is the number of tuberculosis cases 
of children under five in South Sulawesi in 
2023. The independent variable used in 
this study is the percentage of 
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malnourished children under five (𝑋1), the 
percentage of low birth weight babies. 
(𝑋2), the percentage of children under five 
who received complete basic 
immunization (𝑋3), the percentage of 
healthy homes (𝑋4), and the percentage of 
active smokers (𝑋5). 

Before analyzing using the Poisson 
regression model, a multicollinearity 
check between the independent variables 
by looking at the Variance Inflation Factor 
(VIF) value is necessary. If the VIF value 
>10, then there is multicollinearity 
(Kutner et al., 2005) with the formula 

𝑉𝐼𝐹𝑖 =
1

1−𝑅2
𝑖   

where 𝑅2
𝑖  is the coefficient of 

determination between 𝑋𝑖 and other 
independent variables. Independent 
variables that have a value of 𝑉𝐼𝐹𝑖 > 10 
are not included in the model 
construction. 

The Poisson distribution is often 
used to model rare events such as the 
number of people with liver cancer in an 
area in a certain time period, the number 
of traffic accidents in a location per year, 
etc. (Kleinbaum et al., 1988). A discrete 
random variable 𝑌 follows a Poisson 
distribution with parameter 𝜇 > 0, where 
𝜇 represents the average number of events 
per unit time if the probability mass 
function is  

𝑃(𝑦|𝜇) =
𝑒−𝜇𝜇𝑦

𝑦!
, 𝑦 = 0,1, …  

where 𝐸(𝑌) = 𝑉𝑎𝑟(𝑌) = 𝜇 (Cameron & 

Trivedi, 1998). 

A random variable with a Poisson 
distribution is written as 𝑌~Poisson (𝜇). 
For example, 𝑌1, 𝑌2, … , 𝑌𝑛 are random 
samples of Poisson random variables with 
mean 𝜇𝑖, then the probability mass 
function can be expressed as  

𝑃(𝑌𝑖 = 𝑦𝑖|𝜇𝑖) =
𝑒−𝜇𝑖𝜇𝑖

𝑦𝑖

𝑦𝑖!
, 𝑦𝑖 = 0,1,2, ….  

The Poisson regression model is a 
nonlinear regression model that is often 
used to analyze discrete data that 
describes the relationship between the 
dependent variable and the independent 

variable. The natural logarithm function 
(ln) is a link function commonly used in 
Poisson regression models. The statement 
of the Poisson regression model using the 
link function is as follows (Cahyandari, 
2014): 

𝜇𝑖 = 𝑒(𝑥𝑖
𝑇𝛽) = 𝑒𝛽0+𝛽1𝑥1𝑖+𝛽2𝑥2𝑖+⋯+𝛽𝑘𝑥𝑘𝑖 . 

Informatian: 
𝑖 = 1,2, … , 𝑛 
𝑗 = 1,2, … , 𝑘 
𝑛 = number of observations 
𝑘 = number of independent variables 
𝜇𝑖 = the average number of events in a 
certain time period 
𝑥𝑖𝑘 = the 𝑘th independent variable and 
the 𝑖th observation 
𝛽0 = constant 
𝛽𝑘 = regression coefficient of the kth 
independent variable 
𝑥𝑖 = vector of independent variables 
β = vector of Poisson regression 
parameters  
Poisson regression parameter estimation 
was conducted using the Maximum 
Likelihood Estimation (MLE) method 
(Myers et al., 2012). The Poisson 
regression probability function is 
𝐿(𝑦𝑖|β) = ∏ 𝑃(𝑌𝑖 = 𝑦𝑖|β)𝑛

𝑖=1   

=
𝑒− ∑ 𝑒

(xi
Tβ)𝑛

𝑖=1 ∏ (𝑒xi
Tβ)

𝑦𝑖𝑛
𝑖=1

∏ 𝑦𝑖!𝑛
𝑖=1

   

and the natural logarithm of the Poisson 
regression likelihood function is 

ln 𝐿(𝑦𝑖|β) = − ∑ 𝑒(xi
Tβ)𝑛

𝑖=1 +

∑ 𝑦𝑖 ln 𝑒xi
Tβ𝑛

𝑖=1 − ∑ ln 𝑦𝑖!𝑛
𝑖=1 .  

The estimation of β from the above 
equation can be obtained using Newton 
Raphson iteration or the literatively 
weighted least squares (ILWS) algorithm. 

(Scoot Long, 1997) in (Jackman, 
2007) states that overdispersion occurs 
due to unobserved sources of variation in 
the data or the influence of other variables, 
which result in the probability of an event 
occurring depending on previous events. 
(McCullagh, 2019) states that data 
calculated for Poisson regression is said to 
contain overdispersion if the variance is 
greater than the mean. The standard 
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deviation of the estimated parameter is 
biased downward (underestimate), and 
the importance of the influence of the 
independent variable is biased upward 
(overestimate). An estimate of dispersion 
can be measured from the ratio between 
the deviations or Pearson Chi-Square 
divided by the degrees of freedom. This 
ratio is called the dispersion ratio. The 
dispersion estimate is said to be 
overdispersed if the dispersion ratio is >
1 and underdispersed if the dispersion 
ratio is < 1. 

Negative Binomial Regression is one 
solution to overcome overdispersion. The 
Negative Binomial regression model has 
the following probability mass function 
(Greene, 2008): 

𝑓(𝑦, 𝜇, 𝜃) =
Γ(𝑦+𝜃−1)

Γ(𝜃−1)Γ(𝑦+1)
(

1

1+𝜃𝜇
)

𝜃−1
(

𝜃𝜇

1+𝜃𝜇
)

𝑦
, 𝑦 = 0,1,2 …  

where Γ(𝜃) = ∫ 𝑡𝜃−1∞

0
𝑒−𝑡𝑑𝑡 = (𝜃 − 1)!. 

Information: 
𝑦 = value of the dependent variable 
𝜇 = expected value of 𝑦 
𝜃 = dispersion parameter 
The relationship between the expected 
value and the variance of the dependent 
variable in the Negative Binomial 
regression model can be written as 
follows (Hilbe, 2011): 

𝐸(𝑌) = 𝜇 and 𝑉𝑎𝑟(𝑌) = 𝜇 + 𝜃𝜇2. 
The Negative Binomial regression model 
with the link function is 

𝜇𝑖 = 𝑒(𝐱𝐢
T𝛃) = 𝑒𝛽0+𝛽1𝑥1𝑖+𝛽2𝑥2𝑖+⋯+𝛽𝑘𝑥𝑘𝑖 . 

Informatian: 
𝑖 = 1,2, … , 𝑛 
𝑗 = 1,2, … , 𝑘 
𝑛 = number of observations 
𝑘 = number of independent variables 
𝜇𝑖 = the average number of events in a 
certain time period 
𝑥𝑖𝑘 = the 𝑘th independent variable and 
the 𝑖th observation 
𝛽0 = constant 
𝛽𝑘 = regression coefficient of the kth 
independent variable 
𝑥𝑖 = vector of independent variables 

β = vector of Negative Binomial 
regression parameters  
Negative Binomial regression parameters 
were estimated using the Maximum 
Likelihood Estimation (MLE) method. The 
Negative Binomial regression probability 
function is 
𝐿(𝑦𝑖|β, θ) =

∏ {
Γ(𝑦𝑖+𝜃−1)

Γ(𝜃−1)Γ(𝑦𝑖+1)
(

1

1+𝜃𝜇𝑖
)

𝜃−1
(

𝜃𝜇𝑖

1+𝜃𝜇𝑖
)

𝑦𝑖

}𝑛
𝑖=1   

and the natural logarithm of the Negative 
Binomial regression likelihood function is 
𝑙𝑛 𝐿(𝑦𝑖|β, 𝜃) = 

∑ {𝑙𝑛 (
𝛤(𝑦𝑖+𝜃−1)

𝛤(𝜃−1)𝛤(𝑦𝑖+1)
) + 𝑦𝑖 𝑙𝑛(𝜃𝜇𝑖) −𝑛

𝑖=1

(
1

𝜃
+ 𝑦𝑖) 𝑙𝑛(1 + 𝜃𝜇𝑖)}.  

The solution to the above equation can be 
solved using the literal weighted least 
squares (ILWS) algorithm.  

One test that can be used to test the 
partial significance of each independent 
variable is the Wald test. The Wald test 
hypothesis is as follows: 
𝐻0: 𝛽𝑗 = 0 (the 𝑗th independent variables 

has no significant effect) 
𝐻1: 𝛽𝑗 ≠ 0 (the 𝑗th independent variables 

has a significant effect) 
with Wald test statistics 

𝑊 = [
𝛽̂𝑗

𝑆𝐸(𝛽̂𝑗)
]

2

, 𝑗 = 1,2, … , 𝑘  

where 𝛽̂𝑗  is the estimated parameter and 

𝑆𝐸(𝛽̂𝑗) is the standard error for the 

estimated parameter 𝛽𝑗 . Reject 𝐻0 at the 

siginificance level 𝛼 if 𝑊 > 𝜒(𝛼,1)
2  or if the 

the p value is smaller than the siginificance 
level 𝛼 (Myers et al., 2012). 

The most frequently used measure of 
goodness of fit of a maximum likelihood 
model is the Akaike Information Criterion 
(AIC). Akaike defines the AIC calculation 
as follows: 

AIC = −2 ln 𝐿(𝑦|𝜇̂) + 2p 
where ln 𝐿(𝑦|𝜇̂) is the natural logarithm of 
the model involving all independent 
variables and p is the number of 
parameters. Figure 1 shows the flow of the 
study that has been carried out. 
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Figure 1. Research Flowchart 

 

RESULTS AND DISCUSSION 

South Sulawesi Province has a total of 553 
cases of tuberculosis in children under the 
age of five that occurred in 2023. Figure 2 
depicts the distribution map of 
tuberculosis cases in children under the 
age of five in South Sulawesi in 2023. 

 
Figure 2. Map of the distribution of the 

number of tuberculosis cases among 
children under five in South Sulawesi 

Based on Figure 2, the dark orange 
color indicates districts/cities with very 
high cases of tuberculosis among children 
under five years of age. The darker the 
orange color in the district/city, the higher 
the number of tuberculosis cases in 
children under five. On the other hand, the 

orange color fades in the district/city, the 
lower the number of cases of tuberculosis 
in children under five years occurs. 

The highest number of tuberculosis 
cases in children under the age of five 
occurred in Makassar City and Wajo 
District, which is shown in dark orange. 
Meanwhile, other districts/cities appear 
to have somewhat different numbers of 
tuberculosis cases among children under 
five, but they are not significantly different 
and are still below 75 cases, as indicated 
by the fainter orange color. 

Table 1 shows the descriptive 
statistics of tuberculosis cases in children 
under five years of age in South Sulawesi. 
Tuberculosis cases among children under 
five in South Sulawesi have an average of 
23.04 cases and a variance of 375.78 cases. 
The highest number of cases of 
tuberculosis in children under the age of 
five occurred in Makassar city with 75 
cases, while the lowest number of cases of 
tuberculosis in children under five 
occurred in Barru Regency with 1 case. 
The average number of tuberculosis cases, 
which is greater than the median, shows 
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that the distribution of tuberculosis 
among children under five in South 
Sulawesi is trending to the right. 

 
Table 1. Descriptive statistics of the 
number of tuberculosis cases among 
children under five in South Sulawesi 
Descriptive Statistics Value 
Mean 23.04 
Median 18.00 
Variance 375.78 
Minimum Value 1 
Maximum Value 75 

 
Figure 3 and Figure 4 contain a histogram 
and boxplot of the number of tuberculosis 
among children under the age of five in 
South Sulawesi. 

 
Figure 3. Histogram of the number of 

tuberculosis cases among children under 
five in South Sulawesi 

 

 
Figure 4. Boxplot of the number of 

tuberculosis cases among children under 
five in South Sulawesi 

 
Based on Figure 3 and Figure 4, the 

histogram of the number of tuberculosis 
cases among children under five in South 
Sulawesi seems to point to the right, with 
the outliers in the boxplot occurring in 
Makassar City and Wajo Regency with 75 

and 73 cases respectively. . The presence 
of outliers in the data will affect the overall 
distribution of the data. Therefore, the 
cases that occurred in Makassar City and 
Wajo Regency will be considered as 
exceptional cases in South Sulawesi, and 
they will not be included in further data 
processing. 

The distribution map, descriptive 
statistics, histogram, and boxplot of the 
number of cases of Tuberculosis in 
children under five years old in South 
Sulawesi without Makassar City and Wajo 
Regency can be seen in Figure 5, Table 2, 
Figure 6, and Figure 7. 

 

 
 

Figure 5. Map of the distribution of the 
number of tuberculosis cases among 
children under five in South Sulawesi 

without Makassar City and Wajo Regency 
 

Table 2. Descriptive statistics of the 
number of tuberculosis cases among 
children under five in South Sulawesi 

without Makassar City and Wajo Regency 
Descriptive Statistics Value 
Mean 18.41 
Median 16.50 
Variance 141.68 
Minimum Value 1 
Maximum Value 42 
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Figure 6. Histogram of the number of 

tuberculosis cases among children under 
five in South Sulawesi without Makassar 

City and Wajo Regency 
 

 
Figure 7. Boxplot of the number of 

tuberculosis cases among children under 
five in South Sulawesi without Makassar 

City and Wajo Regency 
 

Based on Figure 5, Figure 6, and 
Figure 7, by not including Makassar City 
and Wajo Regency, the spread of 
tuberculosis cases among children under 
five in South Sulawesi can be seen more 
clearly, and there are no outliers in the 
data. The highest cases of tuberculosis 
occur in Gowa and Maros districts. 
Meanwhile, the lowest cases of 
tuberculosis occurred in Barru and 
Enrekang districts. In addition to affecting 
the visualization of data distribution, the 
exclusion of Makassar City and Wajo 
Regency also affects data variation. whose 
value fell to 141.68 cases of tuberculosis in 
children under five years of age. Other 
descriptive statistics can be seen again in 
Table 2. 

The relationship between the 
number of cases of tuberculosis in children 
under five years of age and the factors 

affecting it can be determined using 
regression analysis. The regression model 
formed is a model using five independent 
variables, namely the percentage of 
children under five years of age who are 
malnourished (𝑋1), the percentage of low 
birth weight babies (𝑋2), the percentage of 
children under five years who receive 
complete. important immunizations (𝑋3), 
percentage of healthy households (𝑋4), 
and percentage of active smokers (𝑋5). 
The regression analysis used is Poisson 
regression because the number of 
tuberculosis cases can be assumed to have 
a Poisson distribution. A multicollinearity 
check was conducted to meet the modeling 
assumption in the regression, i.e. there is 
no relationship between the independent 
variables. The criterion used to detect 
multicollinearity is using the VIF of the 
independent variable. If the VIF value is >
10, it is said that there is multicollinearity 
in the data, and this independent variable 
is not included in the model preparation. 
VIF values for each independent variable 
can be shown in Table 3. 

 
Table 3. Multicollinearity Check 

Independent Variables VIF 
𝑋1 1.096 
𝑋2 1.159 
𝑋3 1.037 
𝑋4 1.115 
𝑋5 1.091 

 
Based on Table 3, each independent 
variable has a VIF value < 10, which 
indicates that there is no multicollinearity 
in the data and all independent variables 
are included in the model preparation. 

Modeling the number of tuberculosis 
cases among children under five in South 
Sulawesi in 2023 was conducted using 
Poisson regression analysis. The obtained 
Poisson regression model is as follows: 

𝜇𝑖̂ = 𝑒(1.602+0.015𝑋1𝑖−0.014𝑋2𝑖+0.008𝑋3𝑖+0.003𝑋4𝑖+0.043𝑋5𝑖). 

The results of partial parameter testing of 
the Poisson regression model at a 
significance level of 𝛼 = 10% can be seen 
in Table 4. This test uses the Wald W test 
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statistic, compared with the value 𝜒(𝛼;1)
2  

with a significance level of 𝛼 = 10%, 
namely 𝜒(0.1;1)

2 = 2.706. 

 

 
Table 4. Results of testing the Poisson regression model parameters 

Parameter Estimated Value Standard Error W 
𝛽0 1.602 0.3483 21.1552 
𝛽1 0.015 0.0266 0.3179 
𝛽2 -0.014 0.0078 3.2215 
𝛽3 0.008 0.0025 10.2400 
𝛽4 
𝛽5 

0.003 
0.043 

0.0027 
0.0137 

1.2345 
9.8513 

 
Table 4 shows that the independent 

variables 𝑋2, 𝑋3, and 𝑋5 have a Wald test 
statistical value 𝑊 > 𝜒(0.1;1)

2 = 2.706, 

which means that the independent 
variables 𝑋2, 𝑋3, and 𝑋5 have a significant 
effect on the model.  One of the 
assumptions that must be met when 
carrying out Poisson regression is the 
condition of equidispersion, where the 
mean and variance have the same value. 
One violation of equidispersion is 
overdispersion, where the variance has a 
value greater than the average. The test 
statistic used to determine the occurrence 
of overdispersion is the ratio between the 
deviation or Pearson's Chi-square and the 
degrees of freedom, called the dispersion 
ratio. If the dispersion ratio is > 1, then the 
data is overdispersed. The results of the 
overdispersion test can be seen in Table 5. 

 
Table 5. Overdispersion Testing 

Criteria Value 
Degree of 
Freedom 

Test 
Statistics 

Deviance 142.994 16 8.937 
Person 
Chi-
Square 

132.271 16 8.267 

 
Table 5 shows that the dispersion 

ratio is > 1 based on the deviation or 
Pearson's Chi-square criterion for data to 
suffer from overdispersion. Poisson 
regression modeling that contains 
overdispersion causes the conclusions 
obtained to be inaccurate because the 
standard error value is smaller than the 

actual value (underestimate), and the 
importance of the influence of the 
independent variable is biased upwards 
(overestimate). 

Based on the results of the 
overdispersion test in Poisson regression 
modeling, it is known that there is 
overdispersion in the data. Another 
approach that can be used if the data is 
overdispersed is the Negative Binomial 
regression model. The Negative Binomial 
regression model obtained is 

𝜇𝑖̂ = 𝑒(1.725+0.008𝑋1𝑖−0.015𝑋2𝑖+0.008𝑋3𝑖+0.003𝑋4𝑖+0.042𝑋5𝑖). 

The results of partial parameter testing of 
the Negative Binomial regression model at 
a significance level of α=10% can be seen 
in Table 6. This test uses the Wald W test 
statistic, compared with the value 𝜒(𝛼;1)

2  

with a significance level of 𝛼 = 10% that is 
𝜒(0.1;1)

2 = 2.706. 

 
Table 6. Results of testing the parameters 

of the Negative Binomial regression 
model 

Parameter 
Estimated 

Value 
Standart 

Error 
W 

𝛽0 1.725 1.5405 1.2538 
𝛽1 0.008 0.1432 0.3121 
𝛽2 -0.015 0.0292 0.2638 
𝛽3 0.008 0.0109 0.5386 
𝛽4 
𝛽5 

0.003 
0.042 

0.1115 
0.0696 

0.0007 
0.3641 

 
Table 6 shows that all independent 

variables have Wald test statistical values 
𝑊 < 𝜒(0.1;1)

2 = 2.706, which means that all 

independent variables have no significant 
effect on the model. 
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The selection of the best model is 
based on the AIC value. The best model 
selected is the model with the smallest AIC 
value. A comparison of AIC values for each 
model is presented in Table 7. 

 
Table 7. Comparison of AIC Values 

Regression Model AIC 
Poisson 253.570 
Negative Binomial 184.095 

Table 7 shows that the Negative Binomial 
regression model has a smaller AIC value. 
Therefore, the following Negative 
Binomial regression model 

𝜇𝑖̂ = 𝑒(1.725+0.008𝑋1𝑖−0.015𝑋2𝑖+0.008𝑋3𝑖+0.003𝑋4𝑖+0.042𝑋5𝑖) 

was chosen as a better model to model the 
number of tuberculosis cases among 
children under five in South Sulawesi in 
2023 with an AIC value of 184.095. This 
proves that Negative Binomial regression 
can overcome cases of overdispersion in 
Poisson regression. 

CONCLUSIONS AND SUGGESTIONS 

The best model to model the number 
of Tuberculosis cases among children 
under five in South Sulawesi in 2023 based 
on the AIC value is the Negative Binomial 
regression model with an AIC value of 
184.095. The resulting Negative Binomial 
regression model is 
 𝜇𝑖̂ = 𝑒(1.725+0.008𝑋1𝑖−0.015𝑋2𝑖+0.008𝑋3𝑖+0.003𝑋4𝑖+0.042𝑋5𝑖). 

For further research, it is suggested 
to test the spatial effects and modeling 
using the Negative Binomial 
geographically weighted regression 
method to find uot whether the 
characteristics of one region and another 
influence geographical location on the 
model. 
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