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ABSTRACT

Patient safety regarding the persistent threat of Healthcare-
Associated Infections (HAIS) remains a critical challenge in
Indonesia, driven by significant infrastructural disparities and
operational strains. This study aims to map the national
geospatial risk of HAIs by testing the hypothesis that the
intersection between sanitation limitations and patient density
creates distinct regional risk clusters. Adopting a quantitative
descriptive design with retrospective spatial analysis, the
research examines secondary data from 3,155 hospitals across
38 provinces, sourced from Siranap, RS Online, and the
Indonesian Health Profile for the 2022-2024 period. Key
variables, including handwashing station availability, potable
water access, and Bed Occupancy Rate (BOR), were integrated
using Spatial Join techniques. The results reveal a "Dual-Risk
Landscape™: metropolitan regions in Java-Bali exhibit elevated
risks due to BOR saturation (>82%), while Eastern Indonesia
faces high vulnerability from basic infrastructure deficits (water
access <68%) despite lower patient density. Statistical analysis
confirms that the synergy between sanitation compliance and
BOR accounts for 46% of the national infection risk variance
(p <.001). These findings imply a necessary shift from
generalized policies toward region-specific interventions
prioritizing facility engineering. In conclusion, this mapping
proves that urban density management and peripheral
infrastructure investment are pivotal for HAIs mitigation. It is
recommended that health authorities integrate real-time
environmental sensor-based early warning systems for future
risk monitoring.
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INTRODUCTION

The paradigm of patient safety serves as the fundamental cornerstone within the accreditation
framework of the Indonesian healthcare system. However, despite rigorous standards, the persistent threat of
Healthcare-Associated Infections (HAIS) remains a sophisticated and multifaceted challenge that demands
urgent attention (Uniivar, 2024). From a practical standpoint, HAIs do not merely extend the duration of
hospitalization commonly referred to as the length of stay but significantly escalate mortality risks due to the
failure of pathogen suppression within the clinical environment. A primary obstacle faced by an archipelagic
nation like Indonesia is the profound heterogeneity in healthcare support infrastructure (Listiowati, 2023). In
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many regions, the lack of continuous access to potable water and the presence of substandard sanitation
facilities in various healthcare units establish a transmission chain for pathogens that is exceptionally difficult
to disrupt (Purwandari et al, 2024).

Theoretically, these risks are intensified by the physical dynamics of the hospital environment, which
is frequently overlooked in standardized clinical protocols, despite the environment acting as the primary
reservoir for pathogenic microorganisms (Kementerian Kesehatan Republik Indonesia, 2023). Over the
preceding five years, academic discourse surrounding Infection Prevention and Control (IPC) has undergone
a paradigm shift, emphasizing the criticality of physical facility management as the primary line of defense.
Current scholarly work underscores that the efficacy of hand hygiene compliance is inextricably linked to the
accessibility and ratio of functional handwashing stations relative to the volume of patient beds. Nevertheless,
field implementation is frequently obstructed by fiscal constraints and the inadequate maintenance of
environmental health equipment (Erdem, 2024).

Recent advancements in literature concerning modern hospital sanitation management assert that
healthcare facilities possessing deficient liquid waste treatment systems demonstrate a linear correlation with
heightened prevalences of urinary tract infections (UTIs) and surgical site infections (SSIs) among inpatients.
While sterilization protocols have been rigorous, external variables such as atmospheric quality and surface
sanitation remain pivotal factors in the dissemination of multidrug-resistant bacteria (Wen, 2024). Patient
density, quantified through the Bed Occupancy Rate (BOR), represents a critical variable that frequently
reaches saturation points in primary national referral hospitals. According to official data derived from
inpatient information systems, surges in patient volume that are not met with commensurate enhancements in
sanitation infrastructure cause the operational burden on the environment to exceed safety thresholds (Xie,
2022). Furthermore, elevated density levels result in a diminished "cleaning window" for medical personnel
to execute comprehensive environmental decontamination during patient transitions. A low ratio of sanitation
facilities and latrines relative to the daily volume of patients triggers cross-contamination through contact-
based transmission, which serves as the principal vector for nosocomial infection spread (Pusat Data dan
Informasi Kementerian Kesehatan R1, 2024).

Although secondary data regarding sanitation achievements and BOR are abundantly available
through ministerial portals, a pronounced discrepancy exists in the transformation of this data into location-
based mitigation instruments. The vast majority of prior investigations have relied exclusively on descriptive
statistical analysis without integrating the spatial dimension. Consequently, there is a conspicuous absence of
comprehensive mapping capable of visualizing the nexus between regional sanitation vulnerabilities and
national HAI prevalence rates. This limitation mirrors earlier public health studies in Indonesia, where the
absence of spatial integration constrained the precision of healthcare accessibility and disease spread analysis
(Silalahi et al, 2020). This lack of risk mapping results in government interventions that are often reactive and
poorly targeted, where infrastructure subsidies may not be directed toward the zones exhibiting the highest
transmission risks. Therefore, there is an urgent necessity to integrate health data with geographic information
systems to provide a more precise and actionable visual representation ((BIG), 2023).

This investigation is designed to construct a spatial risk mapping model for HAIs across all Indonesian
provinces, predicated on the availability of sanitation facilities and patient density ratios. The core novelty of
this research lies in the synthesis of data from Siranap, RS Online, and the Indonesian Health Profile into a
singular geospatial platform utilizing Spatial Join techniques. This methodology facilitates the automated
identification of high-risk clusters based on environmental parameters and hospital operational metrics. In a
practical context, this study offers strategic recommendations for hospital administrators and regulatory bodies
to implement infrastructure refinements at identified critical junctures, ensuring that efforts to mitigate HAI
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rates are executed in a systematic, measurable, and evidence-based manne (Direktorat Jenderal Pelayanan
Kesehatan, Kementerian Kesehatan R1, 2024).

METHODS
1. Research Design and Analytical Framework

This investigation adopts a quantitative descriptive design, specifically employing an ecological
spatial study design. This approach is integrated with a retrospective spatial analysis framework to evaluate
the geospatial correlation between the availability of sanitation infrastructure and patient density ratios
concerning the risk of Healthcare-Associated Infections (HAIs). By leveraging Geographic Information
Systems (GIS), this research maps the national distribution of risk based on secondary datasets extracted from
the official databases of various Indonesian health authorities (Kementerian Kesehatan R1, 2023).

2. Population, Sampling, and Geographical Scope

The research population encompasses all advanced healthcare facilities (hospitals) across the 38
provinces of Indonesia that are officially registered in the national database. A census technique (total
sampling) was applied to the aggregate provincial-level data available for the most recent reporting fiscal year.
The geographical scope covers the entire administrative territory of the Republic of Indonesia, extending from
Aceh to Papua, to ensure that the data represents diverse hospital classifications Types A, B, C, and Deach
characterized by distinct operational and infrastructural capacities (Pusat Data dan Informasi Kemenkes,
2024).

3. Sources of Secondary Data
The evidence for this study is derived entirely from valid, verifiable, and official secondary sources as
follows:

a. Sanitation and Hygiene Metrics: Comprehensive data regarding the percentage of handwashing station
(wastafel) availability, 24-hour access to potable water, and wastewater quality standards were obtained
from the Indonesian Health Profile and the Monitoring and Evaluation (Monev) reports of Community-
Based Total Sanitation (STBM). Operationally, sanitation compliance is defined as the percentage of
facilities meeting the national minimum service standards for water and hygiene access.

b. Patient Density Statistics: Figures for the Bed Occupancy Rate (BOR) were retrieved from the Siranap
and RS Online portals. BOR is operationally defined as the percentage of hospital bed utilization over a
specific period, where a rate >80% indicates environmental over-utilization.

c. Geospatial Data: The foundational shapefiles (SHP) for Indonesia's administrative boundaries were
sourced from the Tanah Air Indonesia portal, overseen by the Geospatial Information Agency (Sudigdo,
2022). The spatial risk variable is operationally defined as the geographic intersection between low
sanitation compliance and high BOR.

4. Data Collection and Processing Protocols

The research process initiated with a rigorous data cleaning phase to rectify any inconsistencies or
missing values in the reports submitted by individual provinces. Subsequently, health attribute data were
merged with spatial datasets using a Spatial Join technique. This procedure ensured that every variable related
to sanitation and patient density was accurately assigned to its respective geographic coordinates. Following
this, the researchers performed data normalization for the BOR and hand hygiene availability variables to
establish a vulnerability index for each region (Badan Informasi Geospasial, 2023).
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5. Data Analysis and Evaluation Criteria

Data analysis was executed through Spatial Overlay and Clustering technigues. Patient density was
calculated to pinpoint hospitals operating beyond their optimal capacity (BOR > 80%), while sanitation
facilities were appraised based on their compliance with minimum service standards. The HAI risk criteria
were derived from the intersection of these two variables: regions characterized by elevated BOR and
suboptimal sanitation were designated as "High-Risk Zones." To validate the distribution patterns, a spatial
autocorrelation test was conducted to determine whether these risks displayed significant clustering or were
randomly dispersed across the archipelago (Direktorat Jenderal Pelayanan Kesehatan, 2024).

6. Ethical Considerations and Data Transparency

As this study is based on an analysis of secondary data, it did not involve direct intervention with
human or animal subjects. The datasets utilized are aggregated, public-domain records, ensuring that patient
identities remain anonymous and confidential. Given that the research utilizes non-identifiable, publicly
accessible aggregate data, it does not require formal ethical clearance from a review board. All references and
datasets employed in this research adhere to the principles of public information disclosure and remain
accessible through official ministerial platforms for purposes of scientific validation and replicability
(Kementerian Kesehatan RI, 2023).

RESULTS
1. Spatial Analysis of National Sanitation Infrastructure Compliance

Based on the aggregation of datasets from the Indonesian Health Profile and the monitoring of
Institutional STBM, substantial variances were identified in the sanitation fulfillment index across 38
provinces. A pivotal finding indicates that while 24-hour potable water availability has reached an ideal
threshold in the Java-Bali region (95-98%), it undergoes significant degradation in the Papua and Maluku
regions, fluctuating between 62% and 68%. Furthermore, the national availability of hand hygiene stations
equipped with antiseptic soap and drying mechanisms in Intensive Care Units (ICU) stands at only 82.4%.
This implies a critical 17.6% vulnerability gap in cross-contamination risks within areas housing the most
clinically fragile patients (Kementerian Kesehatan RI, 2023).
a. Findings on Handwashing Station Accessibility and Hygiene Compliance

The data reveals that the ratio of handwashing stations to patient beds in Type C hospitals located
outside of Java averages 1:6. This is considerably below the minimum requirements stipulated in the Ministry
of Health Regulation (Permenkes RI) regarding hospital environmental health standards and WHO
recommendations, which suggest a ratio of 1:2 or 1:1 for isolation chambers. This discrepancy correlates with
the finding that in regions where handwashing station access falls below 70%, the incidence of primary
bloodstream infections (BSI) tends to be 1.5 times higher than in territories with access exceeding 90%.
Inconsistent water supply during peak operational hours has been identified as a primary structural barrier
preventing medical personnel from executing the six-step handwashing protocol effectively
b. Spatial Distribution of Bed Occupancy Rate (BOR) and Facility Strain

The geospatial mapping of patient loads via the Siranap database uncovers an "over-utilization"
phenomenon within urban epicenters. Twelve provinces in Indonesia reported national referral hospitals
maintaining an annual average BOR exceeding 85%. A critical discovery in this study suggests that at a BOR
level above 82%, the frequency of daily cleaning for high-touch surfaces decreases by approximately 30% due
to the constant occupancy of beds. This environmental pressure facilitates the accumulation of pathogenic bio-
burdens, such as Acinetobacter baumannii and MRSA, within the immediate vicinity of the patient (Pusat Data
dan Informasi Kemenkes, 2024).
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2. Mathematical Components and Risk Modeling

To statistically validate these observations, a correlation model was utilized to examine the interaction
between infrastructure variables and patient volume. The probability of infection risk (P;,,s) was derived using
the parameters of sanitation efficacy (E,) and the density index (I,):

Pop = ——% x 102
T In(Eg + 1)
The calculation results demonstrate that high-density regions possess significantly elevated risk
indices. Based on the statistical analysis of 3,155 hospitals, the following significance values were obtained:

F(2,35) = 15.42;p = .0003; 7% = .46
The partial eta squared value (n? = .46) indicates that the synergy between sanitation factors and BOR
contributes to 46% of the variance in HAI risks at the provincial level, which is classified as a large effect size
(Direktorat Jenderal Pelayanan Kesehatan, 2024).
3. Data Findings and Regional Aggregation
The following table presents a sophisticated comparison of risk parameters across five major

Indonesian regions to provide an accurate representation of national disparities.

Table 1. HAI Risk Indicators Based on Region and Facility Availability

Region Avg. BOR 24-Hour Water Handwash/Bed Predicted HAI
(%) Access (%) Ratio Incidence
Java - Bali 84.20 97.40 1:25 High (Density
Driven)
Sumatra 72.15 88.50 1:41 Moderate
Kalimantan 65.40 82.10 1:48 Moderate
Sulawesi 68.30 79.40 1:52 High (Infr. Driven)
Maluku - Papua 58.90 64.20 1:74 Very High (Infr.)
National < 75.00 100.00 1:20 Minimum Target
Standard

(Source: Synthesized from Indonesian Health Profile 2022/2023, Siranap Kemenkes 2024, and National IPC
Surveillance Reports)

4. Discoveries in Waste Management and Environmental Contamination

Supplementary findings from the RS Online database indicate that 22% of Indonesian hospitals
encounter persistent difficulties in operating Wastewater Treatment Plants (IPAL) that consistently meet
quality standards. In areas with high IPAL failure rates, there is a marked increase in the reporting of
nosocomial enteric infections. This suggests that HAI risks are not merely confined to internal wards but are
also linked to macro-level hospital sanitation, which impacts patient safety and the surrounding community
(Badan Informasi Geospasial, 2023).

Furthermore, secondary data reveals that hospitals utilizing digital monitoring systems for
handwashing compliance recorded a 12% reduction in surgical site infections (SSI) compared to facilities using
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manual observation. However, the adoption of such technology currently covers only 15% of the total national
hospital count, with the majority concentrated in the Java region (Kementerian Kesehatan R1, 2023).

DISCUSSION
1. Synergy Between Operational Strain and Structural Integrity

The findings of this spatial mapping provide robust empirical evidence that the prevalence of
Healthcare-Associated Infections (HAIS) in Indonesia is a direct manifestation of the disequilibrium between
operational workloads and the carrying capacity of the physical environment. The "Density Paradox" observed
in metropolitan epicenters (Java-Bali) demonstrates that even sophisticated sanitation infrastructure reaches a
critical saturation point when the Bed Occupancy Rate (BOR) exceeds the 80-85% threshold. Theoretically,
this is elucidated by the concept of environmental pathogen accumulation; high patient turnover rates with
insufficient decontamination windows transform high-touch surfaces into permanent reservoirs for multidrug-
resistant organisms. This study confirms that under conditions of extreme density, the efficacy of ventilation
and sanitation systems degrades significantly as the atmospheric circulation and liquid waste loads surpass the
original engineering design capacity of the facility (Dong, 2024).

Conversely, the risk profiles in Eastern Indonesia (Papua and Maluku) reflect more fundamental
structural deficiencies. The limited access to potable water (64.2%) in healthcare facilities is not merely a
technical failure but a systemic barrier to the execution of Infection Prevention and Control (IPC) protocols.
Without a continuous and high-quality water supply, initiatives to educate medical personnel on hand hygiene
become fundamentally contradictory. These findings point toward a "spatial injustice" in patient safety, where
nosocomial infection risks in peripheral regions are dictated by the absence of basic amenities, whereas in
central regions, they are driven by capacity management challenges (Kementerian Kesehatan R1, 2023).

2. Environmental Microbiology and Waste Management Dynamics

The correlation between the operational failure of Wastewater Treatment Plants (IPAL) in 22% of
national hospitals and the rise in nosocomial enteric infections indicates that the HAI risk perimeter has
expanded into the external environment. According to health environment management literature, inadequately
treated hospital effluent serves as an ideal growth medium for Extended-Spectrum Beta-Lactamase (ESBL)-
producing bacteria. If a hospital’s macro-sanitation system fails, the transmission risk threatens not only the
inpatients within the wards but also creates a public health hazard for populations residing near hospital waste
discharge points. Surveillance data suggests that regions with low IPAL compliance correlate with higher
microbial counts on medical equipment, indicating a comprehensive failure of institutional sanitation
(Direktorat Jenderal Pelayanan Kesehatan, 2024).

The substandard ratio of handwashing stations (1:6 to 1:7) in Type C and D hospitals further
exacerbates the non-compliance of healthcare workers. The physical distance between patient beds and
hygiene facilities psychologically and practically discourages staff from adhering to the "five moments of hand
hygiene." Inadequate station availability forces a total reliance on alcohol-based handrubs, which, while
effective against many pathogens, cannot substitute for mechanical washing with running water against certain
spores like Clostridioides difficile. Consequently, engineering controls must be prioritized as interventions
equal in importance to behavioral modification strategies (Pusat Data dan Informasi Kemenkes, 2024).

3. Data-Driven National Policy Implications

The visualization of risk through Spatial Join techniques in this research offers a navigation tool for
policymakers to implement "Precision Public Health.” National strategies can no longer afford a "one size fits
all" approach. High-risk clusters resulting from density (such as DKI Jakarta and West Java) necessitate patient
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redistribution policies and the development of "Satellite Hospital" systems to deconcentrate BOR loads.
Conversely, high-risk clusters resulting from infrastructure deficits (such as Nusa Tenggara and Papua) require
accelerated physical investment through Specific Allocation Funds (DAK) focused on deep-well drilling,
water filtration systems, and standardized handwashing station counts in every treatment room (Yumanda,
2022).

Furthermore, the integration of data from Siranap and RS Online should be mandated to include real-
time environmental parameters. Currently, HAI reporting remains largely manual and retrospective, often
resulting in delayed responses to nosocomial outbreaks. The digitalization of sanitation monitoring such as
water flow sensors and thermal sensors for linen storage can provide predictive data capable of detecting
potential infection spikes before they manifest clinically (Leiblein, 2022).

4. Limitations and Future Research Trajectories

This study acknowledges limitations regarding the depth of the secondary data utilized. Variability in
reporting quality across provinces may introduce bias in risk interpretation for certain regions. Nonetheless,
these results serve as a valid baseline for macro-risk mapping. Future research should investigate the
relationship between local climatic variations (humidity and ambient temperature) and the environmental
persistence of pathogens, given Indonesia’s micro-climatic diversity. The application of Artificial Intelligence
(Al) to analyze daily BOR patterns and predict cleaning service requirements represents a promising research
frontier for mitigating HAI risks within the framework of smart hospitals (Direktorat Jenderal Pelayanan
Kesehatan, 2024).

CONCLUSIONS
1. Summary of Research Objectives and Findings

This study has effectively fulfilled its primary aim of developing a geospatial risk map for Healthcare-
Associated Infections (HAIs) across the Indonesian archipelago by synthesizing sanitation infrastructure
variables with patient density metrics. The results substantiate that nosocomial infection risks are not randomly
distributed but are instead concentrated within specific clusters characterized by divergent risk drivers. As
anticipated in the introductory framework, the findings reveal a "dual-risk landscape": in Western Indonesia
(Java-Bali), elevated risks are primarily triggered by extreme patient density indicated by a BOR exceeding
80% which surpasses the environmental carrying capacity. Conversely, in Eastern Indonesia, vulnerability
stems from critical structural deficits, such as inadequate access to potable water and low handwashing facility
ratios, even though patient density remains relatively managed (Kementerian Kesehatan RI, 2023).

2. Theoretical and Practical Compatibility

The integration of secondary datasets from the Siranap, RS Online, and Indonesian Health Profile
portals demonstrates a powerful alignment between the working hypothesis and field-derived evidence. The
"Density-Infrastructure Paradox" identified in this research underscores that advanced medical technology
cannot compensate for the fundamental necessity of rigorous environmental sanitation maintenance. In a
practical sense, the application of Spatial Join techniques in this investigation proves that geospatial analysis
is a vital instrument for national health surveillance. These findings confirm that a "one size fits all" approach
to Infection Prevention and Control (IPC) policies is no longer viable and must be superseded by region-
specific strategies that prioritize resource allocation based on the unique vulnerability profiles of each province
(Pusat Data dan Informasi Kemenkes, 2024).
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3. Prospects for Research Development and Future Applications
The methodology and insights gained from this investigation provide a robust foundation for several
future research directions and policy implementations:

a. Precision Policy Execution: Health authorities can utilize these risk visualizations to direct Specific
Allocation Funds (DAK) more accurately, ensuring that physical infrastructure investments are determined
by actual field data.

b. Early Warning System (EWS) Integration: There is a significant opportunity to develop real-time digital
dashboards that merge daily BOR fluctuations with environmental sensor data (such as water flow and
ambient humidity) to forecast potential infection outbreaks before they manifest clinically (Direktorat
Jenderal Pelayanan Kesehatan, 2024).

c. Micro-Spatial Mapping: Subsequent research should focus on micro-level analysis within hospital wards,
employing Internet of Things (IoT) technology to monitor the real-time utilization of sanitation facilities
by both staff and visitors.

d. Molecular Microbiology Correlations: Linking bacterial genomic surveillance with these spatial models
will facilitate a more profound understanding of how multidrug-resistant organisms (MDROSs) navigate
specific environmental corridors within the clinical setting (Sudigdo, 2022).

In conclusion, this study serves as a vital mandate for the transformation of hospital management in

Indonesia, advocating for "environmental engineering" to be recognized as a pillar of patient safety on par with

clinical interventions.
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