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ABSTRACT

Hospital-acquired infections (HAIs) have turned out to be one of the important factors in healthcare operating
costs and patient morbidity around the world. The study introduces a novel, environmentally friendly bioluminescent
biosensor system that ensures the real-time detection of surface contamination visibly caused by hospital pathogens. The
paper discusses the process of creation of a visual warning system that reacts within 30 minutes after coming into contact
with pathogens like Escherichia coli and Staphylococcus aureus by designing light-emitting bacteria that are sensitive to
pathogens and entrench them in hydrogel films that are attuned with hospital surfaces. The process shows potential for
enhancing infection control and creating sustainable healthcare environments by providing a low-energy, non-invasive
substitute to substantial surface monitoring and chemical disinfection.
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1. INTRODUCTION

As the modern world advances toward more detailed specifications to improve healthcare, hospital-acquired infections
(HAIs) have still turned out to be a major issue, probably turning out to be longer stays in hospitals, increasing death
rates and higher rates of antimicrobial resistance [1]. Common infections such as Escherichia coli, Pseudomonas
aeruginosa, and Staphylococcus aureus flourish continuously over the surface and have the potential to evade the
routine protocols of cleaning and sanitisation [2]. The study conducted has shown a positive approach in enhancing
the control over infection and thus creating a more sustainable surface and healthcare environment by decreasing their
energy level to a minimum and non-invasive. Current contamination detection methods, such as culture-based assays
and ATP testing, are hampered by delayed feedback, expensive operating expenses, and a lack of real-time monitoring
capabilities [3]. Bioluminescence, a natural light-emitting phenomenon found in marine bacteria, fireflies, and other
creatures, offers a new way to monitor the environment in real-time [4]. When activated by specific biological stimuli,
such as the presence of target pathogens, engineered bioluminescent bacteria can act as biosensors by releasing visible
light [5]. In this paper, we describe the development of a bioluminescent biosensor system for application on hospital
surfaces. The aim of the study is to develop an independent, apparent warning system that can instantly identify
pathogenic contamination, hence promoting infection control initiatives and adhering to sustainable healthcare
objectives.

2. MATERIALS AND METHODS

2.1 Genetic Engineering of Bioluminescent Biosensors
In order to enable autonomous bioluminescence, we modified strains of non-pathogenic Escherichia coli to carry the
luxCDABE operon, which is derived from Photorhabdus luminescens. To guarantee selective activation, promoters
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sensitive to quorum-sensing molecules produced by E. coli and Staphylococcus aureus were fused upstream of the lux
operon [6]. In order to comply with biosafety regulations, all genetically modified organisms (GMOs) were created to
be replication-deficient outside of lab settings.

2.2 Encapsulation and Film Fabrication

Calcium alginate hydrogels were used to insert the modified bacteria in order to preserve viability and regulate
environmental exposure. Hydrogel matrices were cast onto hospital-grade surfaces such as stainless steel and
polycarbonate panels, forming flexible, transparent biosensor films. Crosslinking was optimized to maintain microbial
viability while allowing the diffusion of environmental signals [7].

2.3 Surface Contamination Simulation

The controlled deposition of known concentrations (1074-10"6 CFU/mL) of S. aureus and E. coli onto surfaces
covered with biosensors was part of the clinical simulation. To replicate hospital circumstances, the experimental
setup was kept at 25°C and 50% humidity. A high-sensitivity camera system was used to track bioluminescence, and
in low light, it was visually verified.

2.4 Safety and Durability Testing

Shelf life in ambient conditions, microbial leakage, and the sensitivity of encapsulated biosensors to non-target
organisms were all noted. The bioactivity and specificity of contamination were assessed using ATP-based
benchmarking and Gram staining.

3. IMPLICATIONS FOR HOSPITAL ADMINISTRATION

The adoption of bioluminescent surface biosensors offers transformative benefits for hospital administration in both
clinical and operational domains. In addition to managing few resources, hospital managers must ensure patient safety
while adhering to regulations.

This biosensor system aligns with these goals through five key advantages:
3.1 Enhanced Infection Control Management

By providing real-time, visual alerts of pathogen presence, the biosensor enables faster intervention by sanitation staff,
reducing the time pathogens remain active on surfaces. Hospital-acquired infections (HAIs) decline as a result,
improving patient safety outcomes and hospital quality ratings—two important variables in accreditation and
reimbursement reviews [1,2].

3.2 Operational Efficiency

By enabling automated surface monitoring, the system lessens the need for time-consuming and error-prone manual
inspections and testing. In addition to reducing staff workload, this enables hospitals to more efficiently reallocate
human resources, especially in situations with limited resources.

3.3 Cost Savings

Reducing HAIs translates directly into financial savings. According to the CDC, the average cost per HAI ranges from
$20,000 to $45,000 per patient [3]. By proactively identifying contaminated surfaces, hospitals can avoid the high
treatment costs associated with prolonged patient stays and additional antimicrobial therapy. Additionally, the low-
maintenance and energy-free nature of bioluminescent biosensors reduces operating expenses compared to ATP
monitoring systems or advanced PCR-based diagnostics.

www.jsrtjournal.com ISSN: 2583-8660



JSRT JOURNAL PAGES: 27-30
S Se S 06/06/25
JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY VOLUME-3 ISSUE-5 JUNE

3.4 Compliance and Legal Risk Mitigation

Hospitals are increasingly accountable for patient safety under legal and regulatory frameworks such as NABH, JCI,
and national infection control programs. The use of biosensors provides documented proof of continuous monitoring,
helping administrators comply with infection control protocols and mitigate liability risks in the event of litigation or
audit.

3.5 Sustainability and Public Image

Hospitals incorporating green technologies enhance their sustainability credentials, which can be leveraged for public
relations, community trust, and funding opportunities. The bioluminescent system, being non-chemical and bio-based,
supports environmentally sustainable operations, contributing to the growing global emphasis on eco-hospitals and
green healthcare infrastructure [4].

4. RESULTS
4.1 Pathogen-Specific Bioluminescent Response

Visible light emission was detected within 25 to 30 minutes post-exposure to target pathogens. Control surfaces
without pathogen exposure showed no luminescent activity, confirming the selectivity of the biosensor. Light intensity
correlated with pathogen concentration, indicating dose-responsive behaviour.

4.2 Encapsulation Performance

The calcium alginate matrix maintained microbial viability for up to 7 days under ambient indoor conditions. There
was no detectable microbial leakage into the surrounding environment, ensuring biosafety. The hydrogel films adhered
well to hospital-grade surfaces and remained optically clear.

4.3 System Safety and Stability

The exposure to non-pathogenic species such as Bacillus subtilis or environmental fungi showed no light emission
whereas the biosensor showed high specificity and negligible cross-reactivity. The study revealed that the long-
exposure tests showed a gradual decline in receptiveness after 8 days, which marks it as an ideal window for use.

5. DISCUSSION

The viability of detecting pathogens on hospital surfaces in real time using bioluminescent biosensors is confirmed by
this investigation. The system's main benefit is that it responds to microbial dangers in a visible and independent
manner without the requirement for specific detection equipment. Rapid decontamination and enhanced infection
control procedures are made possible by the biosensor's instantaneous, on-site response, which sets it apart from
conventional ATP-based or culture-dependent assays. This study validates the feasibility of employing bioluminescent
biosensors to detect pathogens on hospital surfaces in real-time. The primary advantage of the system is that it reacts
to microbial threats in an obvious and autonomous way without the need for specialized detection tools. In contrast to
traditional ATP-based or culture-dependent assay, the biosensor's instantaneous, on-site response enables rapid
decontamination and improved infection control protocols.

The use of calcium alginate hydrogels for encapsulation proved effective in preserving microbial viability while
ensuring biosafety. Accuracy was improved by the use of quorum-sensing responsive promoters, which allowed for
targeted interaction with pathogens important to hospitals [6,7]. These features collectively present a new class of
infection-control technologies that align with green hospital initiatives by reducing reliance on chemical disinfectants
and energy-intensive sterilization procedures.
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Future research should address integration with hospital monitoring systems, multiplexing biosensors for multiple
pathogens, and regulatory approval for clinical deployment.

6. CONCLUSION

The proposed bioluminescent biosensor system demonstrates a practical and sustainable approach to real-time surface
contamination detection in hospitals. With high specificity, visible indication, and environmental compatibility, this
innovation has the potential to revolutionize infection control practices and reduce HAIs. The successful encapsulation
of biosensors into flexible hydrogel films offers a viable pathway for surface-based implementation in clinical
environments.

Moreover, this system reduces the dependence on intermittent surface checks and chemical assays, which often miss
contamination between inspections. By enabling continuous passive monitoring, the biosensor serves as a proactive
tool rather than a reactive measure. This feature promotes the growth of smart hospital ecosystems and is consistent
with preventative healthcare practices.

Additionally, by integrating this biosensor with alert systems or digital health records, staff members might receive
real-time notifications, improving their ability to respond quickly to contamination incidents. In the end, this study
establishes the groundwork for a new class of pathogen detection tools that integrate hospital infrastructure with
biotechnology. In order to create responsive and adaptable healthcare environments, future versions might include
multiplex detection, increased sensitivity, and even self-healing biomaterials.
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