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Abstract

Background: Tuberculosis (TB) is still one of main public health problems in Indonesia. To efficiently help communities
prevent TB, health offices need to be able to target TB prevention and intervention in populations with high risk. Case
notification rate (CNR) has been used to estimate TB prevalence in community. This study aims to map provincial-level TB
CNR and social determinants using publicly available secondary data to identify Indonesia provinces with high risk of TB to be
targeted for focused TB prevention and interventions.

Methods: Provincial-level TB CNR and its determinants such as poverty level, the percent of children having complete
immunization, percent of village with Universal Child Immunization (UCI), population density, ratio of primary health care
per subdistrict were collected using publicly available secondary data. GIS map were created to highlight areas with high risk
of TB using ArcGIS. Statistical analysis was also performed using spearman correlation to confirm GIS findings.

Results: The study indicated that there was variation of TB CNR across provinces in Indonesia that is correlated with percent
of completed childhood vaccination, ratio primary healthcare per 100,000 population and percent of village with universal
child immunization.

Conclusion: Utilizing publicly available secondary data and GIS tools, the study identified variation of TB CNR at the provincial

level in Indonesia for targeted TB prevention programs.

-
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Abbreviations: TB: Tuberculosis; CNR: Case Notification
Rate; BCG: Bacille Calmette Guérin; SDGs: Sustainable
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Introduction

Globally, Indonesia has the second highest number of
TB prevalence after India. It is estimated that 10 million
people diagnosed with TB in 2019. Although, there was
a slight decrease of number newly diagnosed TB, but it
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is not enough decrease to reach the target of END TB in
2020, that is lowering TB cases by 20% in 2015 - 2020. In
this period, the cumulative number of TB cases decreased
only by 9% [1]. There are many risk factors related to TB
infection including poverty. The correlation between poverty
and tuberculosis have been studied for decades [2,3]. Other
risk factors known to be linked with TB include incomplete
childhood vaccination especially not having the Bacille
Calmette-Guérin (BCG) vaccine, overcrowding, poor housing
condition, high population density, and access to healthcare
[4-6]. Identifying and monitoring the risk factors is crucial
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to prevent TB infection. The main indicator to monitor
TB is the incidence rate, the number of newly diagnosed
TB cases per 100,000 population per year as set as one of
target Sustainable Development Goals (SDGs) [7]. However,
TB incidence rate is difficult to be measured directly from
routine surveillance data [8]. Alternatively, to monitor TB,
prevalence rate can be used. When recent TB prevalence
rate is not available, a proxy can be utilized to estimate TB
incidence that is case notification rate (CNR). It is calculated
by the total number of individuals diagnosed with TB and
notified by health authorities per 100,000 populations [8].

With limited public health budget, it is important to
plan and allocate resources efficiently to accurately target
programs in reducing TB infection. However, collecting
primary data may increase the health expenses. Alternatively,
with the increased availability secondary data that is publicly
accessible will allow local and public health offices [9,10] to
target TB prevention programming. This study examines
one such method that was performed using provincial-level
Indonesian data joined with Geographic Information Systems
(GIS). The method has been used in several studies to inform
local public health efforts [11-13]. The aim of this study was
to integrate, map and analyse a variety of publicly available
public health data to inform local TB prevention programs.

Methods

Design and Study Area

This study used a retrospective observational design
to analyse TB Case Notification Rate (CNR) in Indonesia,
by province using 2020 data. The study covered all the 34
provinces in Indonesia.

Data Sources

TB CNR data were retrieved at the provincial level from
the Indonesian Heath Profile 2020 [14]. Other determinant
variables were also retrieved at the provincial level from
the Indonesian Heath Profile 2020 including percent of
completed childhood vaccination, percent of villages have
Universal Child Immunization (UCI), population density
(population per square kilometre), ratio of primary health
care per subdistrict, and percent of poor housing condition
[14]. While data of percent population living in poverty were
accessed from the National Bureau of Statistics [15].

Developing Study Maps

Study maps were created using ArcGIS version 10.8.
A shapefile for Indonesia containing province boundaries
was imported from Indonesian Geospasial website [16].
The province map was then joined to the province attribute
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dataset using province code which is unique for each

province within the country. Choropleth maps were created

by overlaying the TB CNR with other determinants. The layer
of TB CNR was processed into a graduated colour map, as

a base map classified into 5 classes using natural breaks

(Jenk). The other determinants were classified as follows:

e Population density is classified into 2 classes based on
natural breaks (Jenk).

e The ratio of primary health care in each sub district
is divided into 2 classes: <1 and = 1, based on the
Regulation of the Minister of Health of the Republic of
Indonesia Number 43 of 2019 [17].

e The percentage of villages have Universal Child
Immunization (UCI), is classified into 2 classes <100%
and *100% based on the Indonesia’s National Medium-
Term Development Plan 2020-2024 [18].

e The percentage of completed childhood immunization is
divided into 2 classes: <90% and = 90%, based on WHO
targets in the Global Vaccine Action Plan 2011-2020
[19].

e The percentage of population living below poverty level
is divided into 2 classes: < 7 % and > 7%, based on the
Indonesia’s National Medium-Term Development Plan
2020-2024 [18].

e The percentage of poor housing is divided into 2 classes
<30% and >30% based on the Indonesia’s National
Medium-Term Development Plan 2020-2024 [18].

This class division can facilitate the visualizing the maps,
and can be used to assess program achievements. The maps
were examined visually to identify high TB CNR and high-
risk factor provinces.

Statistical Analyses

Following the visual analysis, the study also performed
Spearman correlation, as datawasnotnormally distributed, to
examine the correlation between TB CNR and its determinant
at the provincial level to confirm the GIS findings. The alpha
level was set at 5% for two-sided hypothesis. Statistical
analyses were conducted using SPSS v. 22.

Results

In this study, we found TB CNR ranging between 65 to
244 per 100,000 populations in all 34 provinces, with mean
of 124.7 per 100,000 populations. The highest TB CNR was
found in Papua province, and the lowest was in Bali province.
Figure 1 shows the red zones for TB CNR in Indonesia
including DKI Jakarta, Gorontalo, North Sulawesi, and Papua.
When examining the TB CNR against population density
(Figure 1), DKI Jakarta has high population density, while
Gorontalo, North Sulawesi, and Papua have low population
density even though they are categorized in the red zones.
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Figure 1: Tuberculosis Notification Rate and Population Density by Province in Indonesia, 2020.

Based on the ratio primary health care per subdistrict subdistrict, and also have high TB CNR. On the other hand,
and TB CNR, Figure 2 shows that DKI Jakarta, Gorontalo, Papua has low ratio with high TB CNR.
and North Sulawesi have high ratio primary health care per

-

Figure 2: Tuberculosis Notification Rate and Ratio Primary Health Care per Subdistrict by Province in Indonesia, 2020.
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When examining TB CNR overlaid by percent of villages village with UCI (Figure 3). All red zone provinces did not

with Universal Child Immunization (UCI), there again meet the UCI target, only Central Java and Yogyakarta had
appeared the association between rates and the percent 100% UCI.
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Figure 3: Tuberculosis Notification Rate and Percent of Villages with UCI by Province in Indonesia, 2020.

When completed childhood vaccination was examined children (Figure 4). All red zone provinces failed to achieve
against TB CNR, there appeared to be a relationship between the national percentage completed childhood vaccination
the rate and the percent of completed vaccination among target.

-

Figure 4: Tuberculosis Notification Rate and Percent of Completed Childhood Immunization by Province in Indonesia, 2020.
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Similarly, when looking at poverty level, Gorontalo, DKI Jakarta has low poverty rates, all are in red zone TB CNR
North Sulawesi, and Papua have high poverty rates, while (Figure 5).
Nurjannah N and Maria I. Mapping TB Case Notification Rate (CNR) by Province in Indonesia. Copyright© Nurjannah N and Maria L.
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Figure 5: Tuberculosis Notification Rate and Percent Population living below Poverty level by Province in Indonesia, 2020.

Figure 6 shows that TB CNR and percent of poor housing
condition by province. It indicates that only Papua province

has high TB CNR and also has high percentage of slum
households.

Figure 6: Tuberculosis Notification Rate and Percent Poor Housing Condition by Province in Indonesia, 2020.

To examine the correlation between all determinants
with TB CNR at the provincial level, spearman correlation
was used as data were not normally distributed with
p-value < 0.05. The spearman correlation test (Table 1)
shows a significant negative correlation between ratio
primary healthcare services per subdistrict with TB CNR
with rs (34) = -0.37, p = 0.02, indicating the higher ratio of
primary healthcare service in each subdistrict, the lower TB
CNR which indicates lower TB prevalence in the province.
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Similarly, the higher number of villages with universal
childhood immunization, the lower TB CNR with rs (34)
= -0.42, p = 0.01. It is corresponding with the percent of
children having complete vaccination. The higher the
vaccination coverage, the lower TB CNR with rs (34) =-0.38,
p = 0.02. While population density and percent population
living below poverty level do not correlate significantly with
TB CNR.
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Correlation all determinant with TB CNR n r* p-value
Population density per km? 34 0.07 0.67
Ratio primary healthcare per subdistrict 34 -0.37 0.02**
Village with universal childhood immunization (UCI) 34 -0.42 0.01**
Completed childhood immunization coverage 34 -0.38 0.02%**
Percent population below poverty level 34 0.11 0.53
Percent of poor housing condition 34 0.33 0.05

*Spearman correlation; ** correlation is significant at the 0.05 level (2-tailed)

Table 1: Correlation all determinant with TB CNR.

Discussion

In this study, we found TB CNR varied across the region
in Indonesia. The study indicates the negative correlation
between childhood vaccination coverage, percent of villages
with universal child immunization, and primary health care
ratio against TB CNR in Indonesia at the provincial level. The
primary healthcare ratio is inversely associated with TB CNR
which may be explained that provinces with low number of
primary healthcare facilities per subdistrict (such as Papua
and Papua Barat), the ratio is likely to be low. Likewise, in
highly urbanized area (i.e., DKI Jakarta and Bali) the health
facility ratio can be high due to the number population
served that require more facilities within a subdistrict.
This is consistent with the study conducted by van Gurp M,
et al. [20] showing the inverse association between health
facility density and vaccination coverage with TB CNR in
Nepal [20]. Provinces with adequate number of primary
healthcare services indicates better access to healthcare in
the area [17] which may increase TB case detection rate,
resulted in increasing TB CNR. A study shows the availability
of healthcare services and easy geographical access had
influence on TB management [21]. The ratio of primary
healthcare services per subdistrict has an important role
in reducing TB in Indonesia. This is presumably because
the higher number of the health facilities, the higher the
opportunity for the community to meet healthcare workers
and receive health education.

Vaccination among children aims to reduce the incident
of infectious diseases especially vaccination preventable
diseases including TB [22]. Completed childhood basic
immunization in Indonesia includes the provision of BCG
vaccine, therefore, with the increasing childhood vaccination
coverage, BCG coverage will be more likely to increase.
This is corresponding with the parameter of villages with
universal childhood immunization, which depicted a village
where 80% of the number of babies have received complete
basic immunization. Having a greater number of villages
achieve the UCI target, it is expected herd immunity TB can
be formed.
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The study’s findings suggest that there was no significant
correlation between poverty level and population density
with TB CNR. This finding is not consistent with the study
conducted by van Gurp M, et al. [20] that indicated the
population density has positive association with TB CNR
in Bangladesh, Nepal and Pakistan. This could be explained
that low TB CNR may be related to geographical access for
TB diagnosis and treatment and lack of awareness about
TB [5] that may not correspond with population density
and poverty level. In addition, Indonesia has universal
health coverage that covers 222.46 million population in
2020, which is 81% of Indonesian total population [23]. TB
prevention and treatment is fully covered by the universal
health coverage which can increase access for healthcare
among poor and disadvantage population.

The study has several limitations including that the
study did not combine both information TB burden and TB
prevention program in interpreting TB notification rate.
Additionally, the result of this study may not be consistent
with the existing studies using data at individual level due
to modifiable areal unit problem (MAUP), meaning data
aggregated for different spatial scale levels will not provide
consistent analysis results. Finally, the study also did not
include other variables that may contribute to the TB
notification rate such as level of parents’ education, number
of siblings in the family, sex of the children, and mother’s
vaccination.

Conclusion

It can be concluded that this study found the overall TB
CNR by province in Indonesia was high-the highest in Papua,
indicating a disparity of TB notification rate by province
across the region. Furthermore, this study identified that
vaccination coverage and health facilities are associated
with TB notification rate. This study suggests that expanding
access for healthcare services and increase the immunization
coverage may lower TB CNR in Indonesia.
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