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INTRODUCTION

Pneumonia, an inflammatory condition of the
lungs, is a leading cause of death in children,
accounting for approximately 1.3 million deaths
among children aged <5 years in 2010-2011 [1]. Based
on the International Vaccine Access Center's 2020
report, Indonesia is included in the focus list of
countries that have a high burden of pneumonia in
children under five [2]. The estimated number of
under-five pneumonia cases in Indonesia reached
890,151 cases, with a prevalence rate of 3.55% In
Indonesia's Health Profile in 2022, pneumonia was
the leading cause of death among under-fives (12.5%)

[3].
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Abstract

Purpose: This study aims to analyze the correlation between climate
variability (temperature, humidity, rainfall, sunshine duration, and wind
speed), population density, altitude, and low birth weight (LBW) rate on the
incidence of under-five years old children pneumonia. Methods: This
research uses a combination study design based on place and time (mixed
design ecological study). Results: There was no significant relationship
between climate variability and lag effect of 0-2 months with the number of
under-five pneumonia cases in Bogor Regency in 2018-2022, as well as the
altitude variable (p=0.0619). Meanwhile, the variables of population density
(r-value = 0.439) and LBW rate (r-value = 0.338) showed a positive correlation
with the number of under-five pneumonia cases in Bogor Regency.
Conclusion: This research shows the incidence of pneumonia among
under-fives in Bogor Regency is influenced by population density and LBW
rates. Ensuring access to proper sanitation, a complete basic immunization
program, adequate housing, and also personal protective measures is
important to reduce the spread of pneumonia.
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West Java Province is among the top ten largest
under-five pneumonia coverage in Indonesia. In 2022,
the national coverage of under-five pneumonia in
Indonesia is 38.8%, while West Java Province is above
Indonesia at 44.9%. The highest cause of death in the
under-five age group in West Java Province was
pneumonia with 15 cases [3].

Environmental conditions is closely related to the
spread of respiratory infections [4]. Environmental
factors such as ventilation area, air temperature,
lighting, humidity, and population density are
associated with pneumonia cases in under-fives.
Optimal air temperature would allow bacteria to
grow and multiply better [5].

Climate change is known to cause extreme
weather events in various regions of the world.
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Globally, the average temperature anomalies of land
and ocean surfaces continue to increase [6]. In
addition, the changing conditions brought about by
climate change can increase the risk of transmission
of many infectious diseases [7].

Children at the age stage of 1-5 years are in an
active period of activity that allows to recognize and
explore the surrounding environment [8]. Changes in
weather conditions can affect endurance and
respiratory health’s system. Weather fluctuations can
create environmental conditions that support the
survival of pathogens such as pneumonia [9]. In
addition, adequate sunlight for children is also very
beneficial, especially type B ultraviolet as a source of
stimulants for vitamin D which functions as a support
for the body's immune system [10].

Incidences of pneumonia are likely higher in
lowlands because climatic conditions will be
influenced by the altitude of the region [11].
Differences in altitude between one region and
another can also show differences in temperature
between the areas [12]. A study in Fukuoka, Japan
stated that every 1°C increase in average temperature
caused an increase in Mycoplasma pneumoniae by
about 16.9%. [13]. Later, in a time series ecological
study conducted in Korea, it was found that
temperature, humidity, and PM2.5 were significantly
associated with weekly pneumonia incidence [14].

Low birth weight (LBW) is a significant risk factor
for under-five pneumonia due to low immunity and
the possibility of lung damage [15]. LBW infants have
incomplete organ growth and maturation, making
them more prone to complications and infections
such as pneumonia and other respiratory diseases.
This is in line with research in Bantul showing that
there is a relationship between LBW and the
incidence of pneumonia [4].

Population is the most fundamental element in the
development process. Each year, the population
continues to increase, which is accompanied by a
growing need for facilities and infrastructure [16]
[17]. Population density has a specific relationship
with pneumonia in children under five because the
transmission speed of disease agents becomes faster
when population density is high [18].

Bogor Regency has a population of 5,427,068. This
makes Bogor Regency the most populated regency in
West Java Province, even in Indonesia [19]. Several
subdistricts in Bogor Regency are close to the national
capital and areas with high mobility, characterized by
the existence of the commuterline and train station
[16].

Determining relationship between climate
variability, population density, altitude and LBW with

area-based pneumonia needs to be investigated to
help inform public health strategies and interventions
to reduce the burden of pneumonia, especially in
vulnerable and at-risk populations. This study not
only highlights the relationship between these factors
and pneumonia, but also the distribution of
pneumonia over five years and the regional
characteristics of Bogor district with subdistrict units
related to pneumonia.

In addition, spatial analysis was conducted to
analyze the distribution patterns of pneumonia
disease over five years in Bogor Regency. The
presentation of data on mapping format is expected
to provide information and develop prevention
programs according to areas at risk.

METHODS

This research uses a combination ecological study
or mix design consisting of time series ecological
studies and spatial analysis with the unit of analysis
in the form of groups (multiple groups), so that it can
allow to identify how ecological patterns change in
space and time [20].

The ecological study design used is a time series
with a data span of the last five years from 2018 to
2022 to see the relationship between climate
variability with the number of pneumonia cases in
children under five years old in Bogor Regency.
Spatial analysis of 40 subdistricts (multiple groups) in
Bogor District was conducted to see the relationship
between population density, altitude, and LBW rate
with the number of pneumonia cases in Bogor District
in 2022. The variables of the number of pneumonia
cases, population density, and LBW rate in the
distribution and correlation maps were classified
using natural breaks from QGIS Desktop 3.22.15
software.

The data sources are secondary data on the
number of pneumonia cases in children under five
years of age from 2018 to 2022 obtained from the
Bogor District Health Office. Daily climate data was
collected through direct access from the website of
the Meteorology Climatology and Geophysics Agency
(http://dataonline.bmkg.go.id). Data sources for
population density, LBW, and altitude were obtained
from the Bogor dalam Angka’s profile in 2022
(https://bogorkab.bps.go.id).

Data were analyzed using univariate analysis to
see the distribution patterns and frequencies of each
variable, such as climate variability, population
density, altitude, LBW rate, and the incidence of
under-five pneumonia cases in Bogor Regency. A
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bivariate analysis was then conducted to identify the
relationship between climate variability, population
density, altitude, and LBW rate with the number of
pneumonia cases in Bogor Regency. Spatial analysis
using the QGIS Desktop 3.22.15 application for spatial
depiction of information with sub-district analysis
units in Bogor Regency. In this study, spatial analysis
was only conducted on the variables of population
density, altitude, and LBW rate in the form of
mapping.

This study has been approved by the Ethic
Commission for Health Research, Faculty of Public

Health, Universitas Indonesia
124/UN2.F10.D11/PPM.00.02/2024).

(Ket-

RESULTS

Distribution of under-five pneumonia cases

The highest number of pneumonia cases among
under-fives occurred in December 2018, with 1,796
While in August 2020 the number of
pneumonia cases was the lowest at 356 cases (Table
1). Sukamakmur and Jasinga subdistricts had no
pneumonia  while Dramaga subdistrict had 592
pneumonia cases among under-fives.

cases.

Table 1. Frequency distribution of climate variability, population density, altitude, LBW and pneumonia in

Bogor Regency

Variable Amount Min-Max Mean Median 95% CI P value
Temperature 60 20.51-22.38 21.49 21.46 21.38-21.61 0.2
Humidity 60 76.10 - 93.21 85.67 86.67 84.62 - 86.72 0.02*

. 216.74 -
Rainfall 60 5.80-687.10 259.21 244.65 301.69 0.2
Sunshine 60 0.63-6.58 3.74 3.74 3.33-4.14 0.2
Duration
Maximum
Wind Speed 60 2.26 - 3.35 2.79 2.77 2.73-2.85 0.2
Number of
Pneumonia 698.77 —
Cases per 60 356 -1796 785.32 743 ’ 0.014*

871.86

month
2018-2022
Population 2027.42 - "
Density 40 310-10535 2768.25 2226 3509.08 0.000

. 207.66 — N
Altitude 40 51-789 271.75 183 335.84 0.000
LBW 40 14-116 49.80 49.50 41.91-57.69 0.097
Pneumonia "
Cases in 2022 40 0-592 84.33 50 49.63-119.02  0.000

The distribution pattern of pneumonia cases
among under-fives from 2018 to 2022 experienced
significant fluctuations. In 2018 and 2019, the western
part of Bogor Regency had a very high number of
under-five pneumonia cases in Sukajaya, Gunung
Sindur, and Tenjolayas subdistricts. Then in 2019, the
number of very high category pneumonia cases

moved to the eastern side, i.e Ciawi and Babakan
Madang sub-districts. In the following year, the
number of very high cases gradually decreased in
only one sub-district, Dramaga sub-district. Although
the distribution of very high category cases is
decreasing, the number of high category pneumonia
cases in 2021-2022 still exists in at least 7 subdistricts
in Bogor District (Figure 1).
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DISTRIBUTION OF THE NUMBER OF PMEUMONIA CASES AMONG CHILDREN
UNDER FIVE IN BOGOR DISTRICT, WEST JAVA FROVINCE IN 2018-2022

Sub-District

Description
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W ey High

Figure 1. Map of the distribution of the number of pneumonia cases among toddlers in Bogor Regency in
2018-2022.

Climate variability, population density, altitude,
low birth-weight and pneumonia in Bogor District

Based on data measured from Citeko climatology
station, the average air temperature of Bogor Regency
in 2018-2022 is 21.490C with a known maximum
temperature of 22.380C and has not changed much
(Figure 2). Likewise, the humidity variable has an
average of 85.67%, with a maximum humidity of
93.21%. The average wind speed is 2.79 m/s and looks
stable in 2021 and 2022 (Table 1) (Figure 2). Overall,
rainfall and sunshine duration variables tend to
fluctuate. The highest peak of rainfall is seen in every
January, while the length of sunshine is highest in
September and decreases in January (Figure 2).

Population density is the ratio between the
number of residents and the area occupied in an
area. The average population density of Bogor
Regency in 2022 is 2768.25 people/km2, this figure has
increased from 2019 which is 2,293 people/km2. Cariu
sub-district has the lowest population density in
Bogor district at 310 people/km2. Meanwhile, the
highest population density is in Bojonggede
sub-district at 10,535 people/km?2 (Table 1).

The altitude of the Bogor Regency area is divided
into two, the highlands are found in the northern part

such as Cisarua Subdistrict which has an altitude of
789 meters above sea level, while the lowlands are
found in the southern part, namely Parung Panjang
Subdistrict with an altitude of 51 meters above sea
level (Table 1).

Based on data from Bogor dalam Angka’s profile,
Cibinong Sub-district had the highest incidence of
LBW in Bogor District in 2022, with 116 cases.
Meanwhile, the region with the lowest LBW incidence
is Parung Sub-district with 14 cases. The average LBW
rate is quite high at 49.80 cases with normally
distributed data (Table 1).

Correlation between climate variability and
pneumonia cases in Bogor Regency, 2018-2022

The correlation analysis between climate
variability and the number of pneumonia cases in
children under five years old used 3 lag scenarios.
The use of lags also allows pathogens to survive and
transmit through contact with surfaces. Therefore,
the use of lag in climate variability is necessary.

Based on the correlation statistical test, none of
the climate variability was associated with the
number of pneumonia cases among under-fives in
2018-2022 in Bogor Regency (p value > 0.05) (Table 2).
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Temperature and Pneumonia Cases
Among Under-Fives in Bogor District

2018-2022
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Figure 2. Climate variability and pneumonia cases in Bogor Regency 2018-2022

Table 2. Correlation of climate variability with the pneumonia cases among under fives in Bogor Regency

2018-2022
Variable Scenario P Value Correlation Value (r) Correlation Strengths
Temperature Lag0 0.640* -0.062 Weak
Lag1 0.075* -0.234 Weak
Lag2 0.089* -0.225 Weak
Humidity Lag0 0.980* 0.003 Weak
Lag1 0.641* 0.062 Weak
Lag2 0.402* -0.112 Weak
Rainfall Lag0 0.328* 0.129 Weak
Lag1 0.609* 0.068 Weak
Lag2 0.236* -0.158 Weak
Sunshine Duration Lag0 0.804* -0.033 Weak
Lag1 0.600* -0.070 Weak
Lag2 0.696* 0.052 Weak
Maximum Wind Speed Lag0 0.445* -0.100 Weak
Lag1 0.671* 0.056 Weak
Lag2 0.861* 0.023 Weak

*not correlated
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Table 3. Correlation analysis of population density, altitude, and LBW rates with the number of pneumonia
cases in 2022

Variable P Value Correlation Correlation
Value (r) Strengths
Population Density 0.005 0.439 Moderate
Altitude 0.619* 0.081 Weak
LBW Rates 0.033 0.338 Moderate

*not correlated

Correlation between population density, altitude,
lIbw rate with pneumonia cases in Bogor Regency
in 2022

Based on the correlation analysis, the p value is
0.619, so it can be stated that there is no correlation
between altitude and the number of pneumonia cases
among children under five. Meanwhile, the variables
of population density and LBW rate were found to be
correlated with the number of pneumonia cases. The
p values were 0.439 and 0.338, respectively, indicating
a moderate relationship strength with a positive
correlation (Table 3). This can be interpreted as the
higher the population density and LBW rate,
pneumonia cases among under-fives would be
greater.

Map of correlation between population density,
area altitude, and LBW rate with the number of
pneumonia cases in Bogor District in 2022

The correlation map shows that subdistricts with
low population density tend to have fewer
pneumonia cases. Subdistricts such as Jasinga,
Sukamakmur, and Tanjungsari that have fewer

under-five pneumonia cases show lower population
density. Vice versa, the number of under-five
pneumonia cases tended to be higher in subdistricts
with high and very high population density such as
Dramaga and Ciomas (Figure 3).

The the
pneumonia cases among under-five children and
altitude, as seen in the map, shows an irregular trend.
There is a high rate of pneumonia cases in
low-altitude subdistricts below 200 meters above sea
level, such as Parung Panjang subdistrict. Meanwhile,
subdistricts with an altitude of more than 400 meters
above sea level, such as Ciawi and Caringin, also show
a relatively high number of under-five pneumonia
cases (Figure 3).

Some subdistricts with low LBW rates tend to have

correlation between number of

fewer under-five pneumonia cases on the correlation
map. The low LBW rates seen in Tenjolaya, Cigudeg,
and Tanjungsari subdistricts are directly proportional
to the low number of pneumonia cases. On the
contrary, Citeureup sub-district, which has a high
LBW rate, also has a high number of under-five
pneumonia cases (Figure 3).
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Figure 3. a) Correlation map between population density map and pneumonia cases in Bogor Regency in 2022;

b) Correlation map between altitude area and pneumonia cases in Bogor Regency in 2022; c) Correlation map
between lbw and pneumonia cases in Bogor Regency in 2022

DISCUSSION

The number of pneumonia cases among
under-fives in Bogor Regency tended to increase
during 2018-2022. Environmental factors can affect
the immune system of toddlers, one of which is
through exposure to climatic factors. Bogor Regency
has 40 sub-districts and 435 villages. In terms of
climate, Bogor Regency has a wet tropical climate in
the north and a very wet tropical climate in the south,
with average annual rainfall reaching 3000-3500 mm
[21]. The life cycle and incubation of a microorganism
are closely related and sensitive to changes in climate
variability [22].

Overall, it was found that exposure to climate
variability (temperature, rainfall, humidity, wind
speed, and length of sunshine) was not associated
with pneumonia cases among under-fives in Bogor
District, either simultaneously or during the exposure
time gap. This finding is consistent with a study
conducted in Semarang that there was no significant
correlation between temperature and the incidence of
pneumonia in children under five [23]. Research in
Thailand, which has a similar climate to Indonesia,
noted a negative relationship between air
temperature in the previous two months and the
number of new pneumonia cases [24]. S.pneumoniae
bacteria can thrive at temperatures of 21-37°C [25].
Air temperature conditions in Bogor Regency tend to
stabilize in the range of 20-22°C so that these
conditions are ideal characteristics for bacteria to
survive.

In climate variability, several variables influence
each other, such as the rainy season period which has
an impact on the length of sunlight, temperature, and

humidity. Factors that have the potential to cause
differences in findings are differences in geographical
location, research time span, socio-economic
conditions of the population in the region, and
demographics such as limited data from climatology
stations. Bogor Regency only has one air monitoring
station, Citeko Station, which is located in Cisarua
District. It could cause bias because Bogor Regency is
a quite large area. Citeko Station cannot reach each
sub-district area so that it can affect differences in
climatic conditions, especially since Cisarua District is
a highland area. Differences in altitude can affect
climatic conditions, so the incidence of pneumonia in
under-fives can be influenced by climatic variations
caused by bacteria that are sensitive to fluctuations in
air temperature, air humidity, and other condition
factors [11].

In the period 2011-2019, the average population
growth rate of Bogor Regency was above the average
population growth rate of West Java Province [26].
This study found that population density had a
significant association with under-five pneumonia in
Bogor District. This finding is in line with research in
Kebumen Regency, which found a significant
relationship between population density and the
incidence of pneumonia [18]. Bojonggede and
Cibinong subdistricts have the highest population
density in Bogor Regency. Population density can
affect the speed of transmission of disease agents
because houses that are close together can reduce the
space for people to move [27]. Population density also
affects air circulation in the environment which has
the potential for external contamination that can
increase the risk and intensity of infection which can
accelerate disease transmission [28].
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Communicable diseases, including pneumonia, are
closely related to sanitation. Therefore, it is necessary
to improve sanitation and hygiene such as ensuring
access to clean water in each region, proper waste
disposal, and handwashing behaviour [29]. Housing is
also important to reduce the risk of pneumonia.
Ensuring adequate housing conditions such as proper
ventilation to mitigate aerosol-based infections.
Encouraging physical activity to improve overall
physical fitness and providing diverse public facilities
within the community to fulfill daily needs should be
facilitated by local governments. In high-density
communities, optimizing the layout and accessibility
of these facilities becomes particularly critical [30].

Findings in Brazil show higher infection rates in
large cities than small towns [31]. Therefore,
improving access to healthcare services, particularly
in underserved areas, can help ensure timely
diagnosis and treatment of infectious diseases. As for
disease spread control, social distancing and crowd
control measured is also important. Promoting
remote work, and personal protective measures such
as encouraging proper hand hygiene before boarding
on public transportation or considering the use of
face masks for passengers if physical distancing
couldn’t be implemend.

Bogor Regency area has varied altitude
differences. The results of the correlation analysis in
this study showed that altitude did not have a
significant relationship with pneumonia cases among
under-fives. This is in line with research in Riau
Province that there was no difference in pneumonia
cases between plains, slopes, and valleys. Air
pollution that causes respiratory problems is not only
caused by topographical factors, but other factors
such as wind speed and direction need to be taken
into account [32]. In contrast, this finding is
inconsistent with the research in Manado City which
showed spatially that toddlers had more pneumonia
in low-lying areas compared to areas with medium or
high altitude due to lowlands being suitable places for
construction activities [11]. However, the prevalence
of chronic lung disease (COPD) is lower at high
altitudes, but the mortality rate is greater. Patients
with COPD have a high risk of respiratory infections
including pneumonia. Although living at higher
altitudes may protect against disease progression, it
may adversely affect mortality when the disease
develops [33].

Babies born with low birth weight have
deficiencies in the formation of anti-immune
substances. As a result, low birth weight infants have

a higher risk of complications and infections,
particularly pneumonia and other respiratory
diseases [34]. This study found a significant
relationship between LBW rates and under-five
pneumonia cases in Bogor District. Infants with low
birth weight (LBW) often face several problem:s,
including ineffective breathing patterns due to delays
in respiratory organ development, nutritional
imbalances due to the body's inability to absorb
properly, the risk of body temperature imbalances,
and the risk of infection related to an immature
immune system [4]. Government need to promote the
importance of complete basic immunization program
that could help to reduce the spread and severity of
pneumonia [35].

This study has analyzed climate variability within
a five-year time span due to the limited data on
pneumonia in the past ten years in Bogor Regency. It
is important to note that other contributing factors
may also be important when considering pneumonia
disease management such as socioeconomic factors
or individual factors. However, the limitation of the
study is that individual data collection has not been
possible. The results of this study hopefully could
provide an overview and contribute valuable
information, as well as practical solution for the
stakeholders to reduce the impact of population
density on the spread of communicable diseases,
especially pneumonia.

CONCLUSION

The incidence of pneumonia among under-fives
in Bogor Regency is influenced by population density
and LBW rates. Meanwhile, climate variability and
altitude do not have a specific relationship with the
incidence of pneumonia among under-fives in Bogor
Regency. Bogor District Health Office should complete
regular pneumonia case records from Puskesmas,
hospitals, and other health facilities so that program
monitoring and evaluation can be conducted.
Cooperation in programs with related stakeholders is
also needed to control pneumonia based on
sub-district units that have high population density, as
well as conduct regular surveillance of LBW infants
related to the prevention of respiratory diseases,
especially pneumonia. Ensuring access of proper
sanitation, complete basic immunization program,
adequate housing, and also personal protective
measures is important to reduce the spread of
pneumonia.
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