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Abstract

Introduction: In endemic nations like Indonesia, dengue fever remains a serious
public health concern. The majority of predictive models ignore modifiable risk
factors at the home level in favor of macroenvironmental variables (rainfall and
climate). The study aimed to develop a logistic regression model to forecast the
presence of Aedes aegypti larvae based on water quality metrics and the household
water containers characteristics. Methods: In Banjar Regency, Indonesia, 400
randomly chosen households participated in a cross-sectional survey. Water
parameters (pH, temperature, salinity, and dissolved oxygen) and container
attributes (color, cover availability, and type of water source) were evaluated.
Significant predictors were identified using stepwise logistic regression. Model
performance was assessed using the Receiver Operating Characteristic (ROC)
curve and the Hosmer—Lemeshow goodness-of-fit test. Results and Discussion:
The final model identified three significant predictors. container color (OR=14.45;
95% CI:2.93-71.16; p=0.001), cover availability (OR=8.02; 95% CI:1.53—42.01;
p=0.014), and water source type (OR=16.78; 95% CI:3.18-88.44; p=0.001).
The model equation was: logit(p)=-4.676+2.820(water source)+2.671(colour)
+2.082(cover availability). The model exhibited outstanding discrimination
(AUC=0.945; 95% CI:0.899-0.992) and good calibration (Hosmer-Lemeshow
p=0.649). Conclusion: This household-based logistic model effectively identifies
high-risk larval habitats using simple, context-specific indicators. Container
color, cover availability, and water source type were key predictors of Aedes
aegypti larvae presence, offering practical value for community vector control
and early warning systems in resource-limited settings.

INTRODUCTION

Kalimantan (1.3%), where Banjar Regency consistently

Particularly in tropical and subtropical regions like
Southeast Asia, the Americas, and the Western Pacific,
dengue fever remains a serious global health concern.
Asia, including Indonesia, accounts for over 70% of the
global disease burden (1). In 2022, 72.8% of Indonesian
districts reported dengue cases, and several outbreaks
continued into 2023. Eleven provinces recorded
case fatality rates (CFRs) above 1%, including South
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reports the highest incidence (2).
Effective dengue prevention depends on
controlling Aedes aegypti, the primary vector, whose
larval presence is a reliable indicator of transmission risk.
Larval indices, such as the House Index (HI), Container
Index (Cl), and Breteau Index (Bl), are widely used as
indicators of dengue transmission risk. However, these

indices provide only reflect quantitative aspects without
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considering the quality of the microenvironment conditions
where the larvae breed, making them often defective in
predicting transmission progressive at the household
level. The distribution of dengue fever incidence is
firmly related to larval density (3-4). These limitations
emphasize the concern of considering more definite
ecological aspects, including container conditions and
water quality parameters, which directly determine the
prosperity of Aedes aegypti oviposition.

Several studies have entrenched a relationship
between environmental factors, pointedly the
characteristics of water containers and the water
quality of breeding sites, and the existence of larvae
(5-6). Fundamental characteristics of water containers,
including cover availability, colour, location, and type of
water source, substantially influence mosquito oviposition
(7).

Previous studies showed that larval density
is also strongly affected by breeding site water quality
(8). Water parameters such as temperature (9), salinity,
pH (10-11), and Dissolved Oxygen (DO) (12-14) are
crucial factors conditioning larval advancement. Saleh
et al. (15) concluded that Aedes aegypti eggs evolve
ideally within specific ranges of these variables. These
parameters, resolved by physical and chemical factors
(16—18), commit significantly to the ecological suitability
of breeding habitats.

In spite of these findings, most existing predictive
models confide on macro-environmental variables, such
as rainfall, climate, topography, and air temperature.
However, these models often have limited actual-time
applicability, poor ecological particularity, and a lack of
assimilation with modifiable household-level factors.
Moreover, their technical intricacy can hinder adoption
by local health systems, exceptionally in resource-
constrained settings. Few predictive models have
integrated household-level modifiable factors, especially
in dengue-endemic regions like Banjar Regency (19-
20).

To address this gap, the present study develops
a predictive model assimilating water container
characteristics and water quality parameters into vector
control efforts. Unlike traditional models that rely mainly
on reported cases or climatic data, this approach uses
Aedes aegypti larvae as a direct, field-based indicator
of transmission risk. Explicitly, the study aimed to build
a logistic regression model to anticipate the existence of
Aedes aegyptilarvae based on water quality parameters
and household water container characteristics. This
household-based model is expected to strengthen
environmentally focused vector control strategies. This
recent study is the first study in Banjar Regency and
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among the few in Indonesia to accommodate container
characteristics and water quality into a predictive model,
contributing a practical and locally adaptable approach
to dengue prevention.

METHODS
Study Design and Location

This study is an analytical observational study
with a cross-sectional approach aimed at developing a
predictive modelforthe environmentalfactors conditioning
the existence of Aedes aegypti larvae. This design was
chosen to identify associations between variables at a
specific time (21). The study was conducted in Banjar
Regency, South Kalimantan Province, a region endemic
to Dengue Fever and recognized for having the highest
incidence rate in the province, ensuring the relevance
and applicability of the findings.

Study Variables

Thedependentvariableinthisstudyisthe presence
of mosquito larvae. The independent variables comprise
factors previously shown to influence the presence of
larvae, including water containers characteristics (color,
cover availability, water source type, and location) and
water parameters (salinity, DO, temperature, and pH).
Earlier studies have demonstrated that container colorand
placement affect mosquito oviposition preferences due to
variations in light exposure and temperature regulation.
The availability of covers significantly reduces breeding
by limiting female access and decreasing organic debris
input (7). Likewise, containers type and water source
resolve nutrient composition and microbial content,
both of which are demanding for larval development (8).
Meantime, water parameters such as temperature (9),
salinity (10), pH (11), and DO (12-14) have been widely
reported to inflect larval survival and growth, with optimal
ranges alternating by mosquito species. The inclusion of
these variables thus enables an extensive assessment
of ecological determinants of larval habitat suitability.

Population and Study Sample

The study population involved all households
in Banjar Regency, scattered across twenty districts
totaling 174,460 houses. Lemeshow’s sample size
calculation, with a 5% margin of error (e), allow a
sample of 400 houses. Acceptable statistical power for
identifying purposeful associations was guaranteed by
this sample size. To assurance proportionate assistance
from each district, stratified random sampling was used
to choose these houses. This approach advances the
generalizability of the results while addressing potential
biases in district-level variability.
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Instruments and Materials

Data collection used an observation sheet for
container characteristics and laboratory-based analysis
of water parameters. The observation sheet intended to
capture dichotomous data for variables such as color
(dark/light), cover availability (available/not available),
water source type (well/tap), and location (inside/outside).
The water parameters (salinity, DO, temperature, and
pH) were assessed at the Banjarbaru Public Health
Laboratory Centre, Ministry of Health of the Republic of
Indonesia, which operates under the SNI ISO/IEC 17025
standard for measurement and calibration laboratories.
All analyses were accomplished using calibrated
instruments (YSI Professional Plus multiparameter
meter) and standardized procedures in conformity with
the Indonesian National Standard (SNI) protocols. The
sample collection involved instruments for the water
parameter variables, including a 250 ml dipper, a 600
ml glass or plastic container (bottle), a pipette, and an
8 L cooler box. The research material used sulfuric acid
(H,S0,) as a sample preservative, ensuring the integrity
of properties during transport. Because the instruments
and laboratory methods were validated under the SNI
ISO framework, no validity or reliability testing was
required in this study.

Procedures and Measurements

Water samples were collected systematically
and with care to prevent contamination. Water
samples were collected using the dipper, transferred
to the storage bottle, and preserved with 3-4 drops of
H,SO,. The bottles were sealed and transported in a
cooler box to the Laboratory of the Banjarbaru Center
for Environmental Health Engineering and Disease
Control for analysis. The parameters were measured
using validated laboratory methods, and results were
categorized based on established thresholds: salinity
(potential: 4-6 gr/l; not potential: <4 or >6 gr/l) (22), DO
(potential: 5.86-8.98 ppm; not potential: <5.86 or >8.98
ppm) (1), pH (potential <7.5; not potential >7.5) (23), and
temperature (optimum: 27-30 °C; not optimum <27 or
>30 °C) (19). These thresholds were derived from prior
literature identifying optimal conditions for Aedes aegypti
larval development, reinforcing their validity.
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Data Analysis

Data were analyzed using continuity correction
at a 95% confidence level. Logistic regression was used
in multivariate analysis to find important determinants
of the existence of larvae. Variables with p-wald values
>0.05 were successively eliminated from the model,
while those with a log-likelihood ratio significance of
p<0.25 were added. This stepwise approach ensured
the model’'s parsimony and predictive accuracy.

The quality of the predictive model was assessed
through calibration (Hosmer and Lameshow test) and
discrimination (Receiver Operating Curve, ROC). The
ROC curve provided a visual representation of model
performance, with the Area Under Curve (AUC) value
indicating the model's predictive power (the ability
to predict the presence of larvae with and without
conditions based on measurement results): 0.5 indicates
no discrimination; 0.7 to 0.8 is considered acceptable;
0.8 to 0.9 is considered very good, and more than 0.9 is
considered excellent (24).

Ethical Clearance

Sari  Mulia University's Research Ethics
Commission granted ethical clearance and a permit
for this study under number 045/UE-UNISM/VI1/2024.
This approval underscores the study’s adherence to
ethical principles, ensuring the integrity of the research
process.

RESULTS

Water Container Attributes Associated with Larva
Presence

Table 1 shows the characteristics of water
containers and their relationship to the presence of Aedes
aegypti larvae. Of the 400 containers observed, the
maijority were light-colored (64.0%), had covers (62.8%),
were sourced from tap water (60.4%), and were located
indoors (82.5%). The distribution of larvae digressed
significantly based on container color. Larvae were more
intermittently found in dark-colored containers (68.1%)
than light-colored containers (7.4%). This difference was
significant (p<0.001) with a relative risk (RR) of 0.037,
indicating that container color is associated with larval
presence.

Table 1. Water Container and Water Parameter Characteristics with Larvae Presence (n=400)

Larvae presence

: o o _
Variables f (%) Found (%) Not found (%) RR (95% CI) p-value Remarks
Water container characteristics
Colour
Dark 144 (36.0) 98 (68.1) 46 (31.9) 0.037 0.000 Correlated
Light 256 (64.0) 19 (7.4) 237 (92.6)
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Larvae presence

: 0 o
Variables f (%) Found (%) Not found (%) RR (95% CI) p-value Remarks

Cover
Available 149 (37.2) 74 (49.7) 75 (50.3) 0.200 0.002 Correlated
Not available 251 (62.8) 209 (83.3) 42 (16.7)

Water Source
Well water 158 (39.6) 102 (64.6) 56 (35.4) 0.033 0.000 Correlated
Tap water 242 (60.4) 14 (5.8) 228 (94.2)

Location
Indoor 330 (82.5) 93 (28.2) 237 (71.8) 0.784 0.757 Non-correlated
Outdoor 70 (17.5) 24 (34.3) 46 (65.7)

Water parameter characteristics

Salinity
Potential 84 (21.0) 42 (50.0) 42 (50.0) 0.308 0.056 Non-Correlated
Not potential 316 (79.0) 74 (23.4) 242 (76.6)

Dissolved Oxygen
Potential 317 (79.1) 98 (30.9) 219 (69.1) 0.639 0.669 Non-Correlated
Not potential 83 (20.9) 18 (21.7) 65 (78.3)

Temperature
Optimum 223 (55.8) 144 (64.6) 79 (35.4) 0.486 0.042 Correlated
Not optimum 177 (44.2) 37(20.9) 140 (79.1)

pH
Potential 153 (38.4) 93 (60.8) 60 (39.2) 0.450 0.046 Correlated
Not potential 247 (61.6) 56 (22.7) 191 (77.3)

The availability of covers also determined
larval presence. Containers without covers showed a
significantly higher proportion of larvae (83.3%) than
containers with covers (49.7%). This relationship was
statistically significant (p=0.002; RR=0.200), indicating
that the availability of covers protects mosquito
oviposition. The water source is another important factor
that influences larval presence. Containers filled with
healthy water had more larvae (64.6%) than containers
filled with tap water (5.8%). This relationship was
significant (p<0.001; RR=0.033), indicating that healthy
water is more conducive to larval development than tap
water.

Meanwhile, container location (indoor or
outdoor) did not show a significant difference in larval
presence (p=0.757). Larvae were found in 28.2% of
indoor containers and 34.3% of outdoor containers, with
an RR=0.784. These results confirm that location factors
are not correlated with larval presence, suggesting that
the container’s microenvironment is more influential than
its geographic location.

Water Parameters Associated with Larva Presence

Table 1 also presents the characteristics of water
quality parameters and their relationship to the presence
of Aedes aegypti larvae. In general, the majority of
containers were categorized as “not potential” for salinity
(79.0%), Dissolved Oxygen/DO (79.1%), and pH (61.6%).
In comparison, more than half of the containers showed
temperatures within the optimum category (55.8%).

Based on the analysis, salinity was not
significantly related to larval presence (p=0.056;
RR=0.308). The proportion of larvae was found almost
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equally in containers with potential salinity (50.0%) and
non-potential salinity (23.4%). Similarly, DO levels did
not show a significant relationship (p=0.669; RR=0.639),
with larvae found in 30.9% of containers with potential DO
and 21.7% with non-potential DO. Both parameters were
categorized as non-correlated with larval presence.

In contrast, water temperature was shown
to significantly relate to larval presence (p=0.042;
RR=0.486). More larvae were found in containers
with optimum temperature (64.6%) compared to those
with suboptimal temperature (20.9%), indicating that
appropriate temperature is an important factor for larval
survival.

Furthermore, pH was significantly associated
with larval presence (p=0.046; RR=0.450). Containers
with a potential pH showed a higher prevalence of
larvae (60.8%) than containers with a non-potential pH
(22.7%). These results confirm that water pH balance
is an important determinant of Aedes aegypti larval
ecology. Overall, these results indicate that of the four
water quality parameters tested, only temperature and
pH were significantly associated with larval presence,
while salinity and DO show no significant relationship.

Predictive Modeling of Larva Presence

Table 2 shows the results of a stepwise logistic
regression analysis to pinpoint factors associated with the
presence of Aedes aegypti larvae in water containers. In
the first stage, five variables were listed into the model:
container color, cover availability, water source type,
salinity, temperature, and pH. The results presented that
container color (p=0.001; OR=14.555; 95% CI=2.819-
75.149), cover availability (p=0.031; OR=8.953; 95%
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Cl=1.224-65.482), and water source type (p=0.001;
OR=23.140; 95% CI=3.545-151.054) were significantly
associated with the existence of larvae. In contrast,
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salinity, temperature, and pH revealed no significant
relationship. This model had a Hosmer—Lemeshow %2
value of 6.145 (p=0.407), citing a good model fit.

Tabel 2. The Logistic Regression Model and Hosmer-Lameshow Test

Logistic Regression Model

Hosmer-Lameshow Test

Factors B p-value OR 95% CI e p-value
1 STEP
Colour 2.678 0.001 14.555 2.819-75.149
Cover existence 2.192 0.031 8.953 1.224-65.482
Water source type 3.142 0.001 23.140 3.545-151.054 6.145 0.407
Salinity -0.057 0.954 0.944 0.135-6.602
Temperature 1.288 0.246 3.627 0.411-31.974
pH -0.888 0.370 0.412 0.059-2.865
2" STEP
Colour 2.678 0.001 14.555 2.818-75.164
Cover Availability 2.163 0.014 8.694 1.561-48.412 5074 0.534
Water source type 3.141 0.001 23.136 3.541-151.152 ’ ’
Temperature 1.290 0.245 3.634 0.413-31.976
pH -0.904 0.342 0.405 0.063-2.613
31 STEP
Colour 2.558 0.002 12.910 2.597-64.176
Cover Availability 2.006 0.019 7.432 1.387-39.827 3.794 0.705
Water source type 2.924 0.001 18.620 3.305-104.900
Temperature 0.855 0.379 2.351 0.351-15.757
4™ STEP
Colour 2.671 0.001 14.448 2.933-71.163
Cover existance 2.082 0.014 8.022 1.532 - 42.006 2473 0.649
Water source type 2.820 0.001 16.777 3.183 — 88.442
Constant -4.676
B = Beta Coefficient; OR = Odd Ratio; 95% CI: Confident Interval 95% (0.05); x* Chi-square
In the second stage, the insignificant salinity DISCUSSION

variable was eliminated from the model. The results
were consistent with the previous stage, where container
color (p=0.001; OR=14.555), cover availability (p=0.031;
OR=8.694), and water source type (p=0.001; OR=23.136)
remained significant. The Hosmer—Lemeshow test
yielded a x? value 5.074 (p=0.534), indicating model fit.

The third stage excluded the insignificant pH
variable. The analysis revealed that container color
(p=0.002; OR=12.910), cover availability (p=0.016;
OR=7.432),and water source type (p=0.001; OR=18.620)
remained significant influences on larval presence. The
Hosmer—Lemeshow test yielded a x? value of 3.794
(p=0.705), confirming model fit.

The temperature variable was also eliminated in
the fourth stage due to its insignificance. The final model
showed that three variables, container color (p=0.001;
OR=14.448; 95% CIl=2.933-71.163), cover availability
(p=0.014; OR=8.022; 95% CI=1.532—42.065), and water
source type (p=0.002; OR=16.777; 95% CI=3.183-
88.442), remained significant. The Hosmer—Lemeshow
testforthis modelyielded a x?=2.473 (p=0.649), indicating
a perfect fit for the logistic regression model. Overall, the
results of this analysis indicate that container color, cover
availability, and water source type are strong predictors
of Aedes aegypti larval presence. In contrast, water
quality factors such as salinity, temperature, and pH did
not play a significant role in the multivariate model.
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The results of this study indicate that the
characteristics of water containers are significantly
associated with the presence of Aedes aegypti larvae.
The three main influencing factors are container color,
availability of a cover, and type of water source. The
container’s location (inside or outside the home) did not
show a significant association.

Container color was shown to be significantly
associated with the presence of larvae, with more larvae
found in dark-colored containers than in light-colored
containers. These results align with research showing that
dark-colored containers attract mosquitoes due to their
ability to retain heat, creating a favorable environment
for egg-laying (25). However, this observation differs
from findings reporting higher larval abundance in light-
colored containers (31.25%) (26). This visual preference
is related to an adaptive strategy mosquitoes use to
increase larval survival. This difference could be due
to differences in environmental conditions, container
materials, or mosquito species.

The availability of covers on containers is a
protective factor. Containers without covers have more
larvae than those with covered containers. Uncovered
containers were significantly more likely to contain
larvae because they allowed mosquitoes easy access
to deposit eggs. This finding supports which stated that
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simple interventions such as using container covers
can significantly reduce larval density (27). Thus, the
presence of the cover serves as an effective physical
barrier in preventing mosquito oviposition.

The type of water source also plays a significant
role. Larvae are more commonly found in well water
containers than tap water. This may be due to well water’s
typically neutral pH (6-8). Low salinity and the presence
of microorganisms that serve as food for developing
larvae (28-29). Conversely, tap water’s treatment
processes often reduce microbial content and alter
chemical parameters, making it less suitable for larval
development. These findings confirm that microhabitat
quality, including water sources, must be considered in
vector control strategies.

In contrast, the container’s location (inside or
outside the house) was not significantly related to the
presence of larvae. The non-correlation of container
location with larva presence was unexpected. This may
be because the Aedes aegypti mosquito is a highly
adaptive species capable of laying eggs in both indoor
and outdoor environments. Seeing the circumstances
of the container support the survival of the larvae, like
ambient temperature, humidity, and shading around the
container, possibly having more impact than its location.
Studied ambient temperature and humidity which have
been permitted to affect the development of Aedes
aegypti (19). In addition, found that the disclosure of the
container to sunlight is approximately positively related
to mosquito larva development (16). Farther study is
needed to explore these variables and their role with
mosquito breeding behaviors.

These results affirm the effect of household-
based interventions in dengue vector control. Simple
modifications, such as electing light-colored containers,
applying covers, and leading water sources, can
significantly diminish the risk of Aedes aegypti larval
breeding. This strategy is inexpensive, easy to appliance,
and suitable for use in resource-limited situations such
as Banjar Regency and other endemic areas.

The results presented that of the four water
quality parameters analyzed, only temperature and pH
were significantly associated with the existence of Aedes
aegyptilarvae. Meanwhile, salinity and dissolved oxygen
(DO) were not shown to affect larval distribution. Water
parameters that are proven to be significantly related are
temperature and pH. The results of this study are in line
with several previous studies in Brazil (30), Ethiopia (31),
Tanzania (32), Congo (33), and Colombia (34).

Water temperature proved to be an important
determinant. More larvae were found in containers with
optimal temperatures than in those with suboptimal
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temperatures. It will develop well at the optimum
temperature but take longer at low temperatures and
involves the physiological processes of the larvae (35-
36). Temperatures within the optimum range support
larval metabolism and accelerate the transition to the
pupal phase, thereby increasing the potential of the
vector population.

Water pH is also significantly related to larval
presence. Containers with a potential pH tend to have
higher larval densities than containers with a non-
potential pH. The relationship between pH is where pH
affects the levels of O, and CO in the water. It involves
the formation of the cytochrome oxidation enzymes
of Aedes aegypti larvae. The development of eggs to
become larvae and adult mosquitoes is at a pH of 4-9
(37-38). A pH imbalance can reduce larval survival
because it affects nutrient availability and the stability of
the micro-ecosystem in the water container.

In contrast, salinity did not show a significant
relationship with larval presence. This finding suggests
that in the local context of the study, salinity variation
across containers was relatively homogeneous or within
a range tolerable to Aedes aegypti larvae. Other studies
have reported that these mosquito larvae are adaptable
to varying salinity levels, although they generally prefer
low-salinity environments (39). This adaptation shows
their flexibility to salinity, so salinity is not always a
limiting factor.

Dissolved oxygen (DO) was not significantly
related to mosquito larvae’s presence. It may be attributed
to the unique respiratory adaptations of mosquito larvae.
Mosquito larvae have a unique structure, the siphon,
which allows them to take oxygen directly from the air on
the water’s surface, reducing their dependence on DO
levels (40). Therefore, the level of DO in the water is not
critical for them.

Overall, these results confirm that temperature
and pH are the most important physical-chemical water
factors determining larval presence at the study site.
These findings reinforce the urgency of incorporating
water quality indicators into environment-based vector
control programs. Therefore, public health interventions
should focus on container management and consider
microhabitat conditions that influence the ecology of
Aedes aegypti larvae.

This study’s stepwise logistic regression
analysis identified three factors consistently significantly
associated with Aedes aegypti larvae: container
color, cover availability, and water source type. Other
factors, such as salinity, temperature, and pH, were
eliminated from the final model because they did not
show significance in multivariate prediction. The final
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model had a good fit (p=0.649), indicating the validity
of the prediction results. So far, previous studies have
made models to predict the incidence of Dengue fever
(41-43) as well as to predict Dengue fever incidence
based on meteorological data, demonstrating significant
correlations between weather variables and dengue
outbreaks (44-45), but a larva prediction model is now
being carried out.

This study’s findings align with previous
research emphasizing the importance of water container
characteristics in mosquito breeding. Consistent studies
in tropical regions have identified container color
and the availability of covers as significant predictors
influencing sunlight exposure and water evaporation
rates, which subsequently affect larval habitat suitability
(46). In contrast, salinity and pH were excluded from the
final model due to their lack of statistical significance.
These differences may be explained by variations in
environmental conditions, water quality, or microclimatic
factors across study sites (47).

The study’s merits add its prosperous statistical
approach and high model accuracy. Circumspections
combine excluding potential confounding variables,
such as container cleaning practices, which could further
refine the model. Unexpectedly, temperature—often
a decisive factor in mosquito development—did not
endure significant in the final model, likely expected to
its interaction with other variables.

Interestingly, despite the basic admittance
of water parameters such as temperature, pH, and
salinity in the model, these variables were conclusively
excluded through stepwise regression due to statistical
insignificance. While these factors have been highlighted
as valuable larval determinants in many ecological
studies, their predictive power in this definite setting of
Banjar Regency was restricted. This may reverse local
environmental dynamics where container characteristics
dominate more than water chemistry.

The cut of salinity and pH adjust with the
biological adaptation of Aedes aegypti larvae, which
possess respiratory and osmoregulatory system
that may buffer against minor fluctuations in water
chemistry. Temperature, often treated critical in larval
development, also showed no significant combined
value in the final predictive model. This could be due to
the narrow temperature range detected in the field or its
collinearity with other factors such as container color and
installation.

These findings underscore the importance of
context-specific models. They highlight those factors
traditionally considered universal may vary significantly
depending on micro-environmental and behavioral
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contexts. Including only statistically robust, modifiable
household variables enhances the model’s parsimony
and practical applicability for community-level vector
control strategies.

Thefindingsreinforcethe criticalroleofhousehold-
level water container characteristics (particularly color,
cover, and water source type) as primary determinants
of Aedes aegypti breeding. These variables are not only
statistically significant but also easily modifiable, making
them ideal targets for community-based vector control
programs. Unlike traditional models relying on climate
or case surveillance data, this study offers a micro-
environmental perspective that can be applied even in
areas with limited meteorological infrastructure. The
high AUC (0.945) demonstrates the model’s strength
in discriminating larval presence and provides a robust
foundation for real-time, localized risk mapping. This
model holds potential for integration into public health
surveillance systems, particularly in resource-limited
settings, as an early warning tool to guide proactive
larval control.

Despite these strengths, several limitations
should be considered. First, this study did not incorporate
potential confounding behavioral variables, such as the
frequency of container cleaning, household hygiene
practices, or exposure to public health campaigns,
which may influence larval presence. Second, the cross-
sectional design limited the ability to assess temporal
variations such as rainfall, humidity, and seasonality.
Finally, spatial analysis was not conducted to detect
potential clustering or spatial autocorrelation of larval
distribution between households or neighborhoods.
Future studies should integrate spatial and behavioral
data using GIS-based or multilevel modeling approaches
to improve the applicability and scalability of predictive
tools in endemic settings.

Despite being widely reported as significant in
other ecological settings, water parameters such as
temperature, salinity, and pH were excluded from the
final model due to their limited predictive power in this
local context. This suggests regional variation in vector
ecology and supports the importance of context-specific
modeling.
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CONCLUSION

The predictive model developed in this study
identified three statistically robust and modifiable
predictors of Aedes aegypti larval presence: container
colour, cover availability, and water source type. These
findings underscore the significance of household-level
initiatives in dengue vector control. Targeting dark-
colored, uncovered containers filled with untreated
water should become a public health priority in endemic
regions. The logistic model offers a simple, scalable,
and field-applicable tool for early detection of larval
habitats, with high predictive accuracy. Future studies
are encouraged to validate this model across diverse
ecological settings and integrate behavioral factors (e.g.,
cleaning habits, water storage practices) to enhance its
predictive capacity.
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