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INTRODUCTION

(HAIs) and increased morbidity and mortality rates. Multidrug-resistant
organisms (MDROs) further exacerbate this challenge, necessitating effective
decontamination interventions to mitigate their spread. This study aimed to
evaluate the efficacy of various decontamination interventions in reducing
microbial contamination and MDRO prevalence within hospital environments.
Material and Methods: Environmental sampling was conducted across
different hospital areas, including intensive care units (ICUs), operating
theaters, and patient rooms, before and after the implementation of
decontamination interventions. Three decontamination interventions were
evaluated: manual cleaning and disinfection, UV germicidal irradiation, and
hydrogen peroxide vaporization. Around 400 surface swabs were collected
from high-touch surfaces, and microbial load was quantified using culture-
based methods and polymerase chain reaction (PCR) for MDRO detection.
Results: Our findings revealed significant reductions in microbial
contamination and MDRO prevalence following decontamination
interventions. MDRO prevalence decreased by 39.4% in ICUs, 38.5% in
operating theaters, and 29.0% in patient rooms post-decontamination.
Hydrogen peroxide vaporization demonstrated the most significant reduction
in MDRO prevalence (50.0%), followed by UV germicidal irradiation (17.2%)
and manual cleaning and disinfection (21.2%). High-touch surfaces such as
door knobs, bed rails, and bedside tables exhibited substantial reductions in
microbial burden post-decontamination.

Conclusion: The findings of this study highlight the efficacy of
decontamination interventions in reducing microbial contamination and
MDRO prevalence within hospital environments. Targeted decontamination
strategies, particularly hydrogen peroxide vaporization, show promise in
mitigating the spread of resistant pathogens and enhancing patient safety.
Keywords: Decontamination, multidrug-resistant organisms, microbial
contamination, infection control, hospital environment, healthcare-associated
infections.

increasing prevalence of healthcare-associated

infections (HAIs) caused by multidrug-resistant
organisms (MDROs) and emerging pathogens.[*?
Among healthcare settings, tertiary care hospitals,

In recent years, the importance of effective
decontamination  protocols  within  healthcare
facilities has gained significant attention due to the
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which cater to patients with complex medical needs,
face unique challenges in maintaining a clean and
sterile environment to prevent the spread of
infectious agents.??!

HAIs pose a serious threat to patient safety, prolong
hospital stays, increase healthcare costs, and can
even lead to mortality.! According to a study,
approximately 1.7 million HAIs occur in the United
States each year, resulting in an estimated 99,000
deaths and an excess of $20 billion in healthcare
costs.®l Moreover, the prevalence of MDROs in
healthcare settings has been steadily increasing, with
studies reporting alarming rates of resistance among
commonly encountered pathogens.®! For instance,
methicillin-resistant Staphylococcus aureus (MRSA)
has been identified as a leading cause of HAIs, with
prevalence rates ranging from 10% to 40% in some
healthcare facilities.[*]

The inpatient areas of a tertiary care hospital,
including patient rooms, operating theaters, intensive
care units (ICUs), and ancillary facilities, serve as
potential reservoirs for infectious agents.*! Despite
efforts to implement stringent infection control
measures, contamination of hospital surfaces remains
a persistent challenge.®! Studies have demonstrated
that up to 60% of environmental surfaces in
healthcare settings may be inadequately cleaned,
leading to the persistence of pathogens and the risk
of transmission to patients and healthcare
workers.["]

Factors contributing to this challenge include high
patient turnover, inadequate cleaning practices,
suboptimal disinfection techniques, and the presence
of immunocompromised patients who are
particularly vulnerable to infections.”l Furthermore,
the emergence of new pathogens, such as the novel
coronavirus SARS-CoV-2, has heightened concerns
regarding the efficacy of existing decontamination
protocols and the need for innovative strategies to
mitigate transmission risks. !

Traditionally, manual cleaning and disinfection
methods, such as the use of detergents and
disinfectants, have been employed to reduce
microbial contamination in healthcare settings.[’]
However, studies have highlighted the limitations of
these approaches, including variability in cleaning
efficacy, incomplete coverage of surfaces, and the
potential for human error.’%Y  Moreover, the
emergence of MDROs, with prevalence rates
exceeding 70% in some healthcare facilities, has
underscored the urgent need for more effective
decontamination strategies.[

In recent years, technological advancements have led
to the development of novel decontamination
technologies, including ultraviolet (UV) germicidal
irradiation, hydrogen peroxide vaporization, and
automated  disinfection  systems.*l  These
technologies offer the promise of enhanced efficacy,
rapid turnaround times, and greater consistency in
decontamination  outcomes.!*®l  However, their
implementation in real-world healthcare settings,
particularly in tertiary care hospitals with complex

infrastructure and high patient volumes, requires
careful evaluation and optimization.

This study aimed to assess the effectiveness of
various decontamination strategies in reducing
microbial contamination in the inpatient areas of a
tertiary care hospital. By evaluating the efficacy,
feasibility, and  practicality = of  different
decontamination approaches, this study seeks to
inform  evidence-based recommendations  for
improving infection control practices and mitigating
the risk of HAIs in healthcare settings.

MATERIAL AND METHODS

Study Design and Setting

This prospective, observational study was conducted
over a period of Five months, from January 2024 to
May 2024, within the inpatient areas of a tertiary
care hospital, including patient rooms, operating
theaters, intensive care units (ICUs), and ancillary
facilities. The hospital is equipped with state-of-the-
art infrastructure and serves a diverse patient
population with complex medical needs.
Decontamination Interventions

The study assessed the efficacy of three
decontamination interventions. a. Manual Cleaning
and Disinfection: Standard cleaning protocols using
EPA-approved disinfectants were employed by
trained environmental services staff to ensure
thorough cleaning and disinfection of surfaces in
various areas, including patient rooms, corridors,
and common areas. b. Ultraviolet (UV) Germicidal
Irradiation: UV-C disinfection devices were
employed as a supplementary measure to manual
cleaning efforts in specific areas of the hospital.
These devices emit UV-C light, which has
germicidal properties capable of deactivating a wide
range of pathogens, including bacteria and viruses.
UV-C irradiation was targeted at high-touch
surfaces and critical areas such as patient rooms,
operation theaters, and intensive care units (ICUs) to
enhance the overall efficacy of decontamination
protocols. c. Hydrogen Peroxide Vaporization: A
hydrogen peroxide vaporization system was utilized
to decontaminate high-risk areas, particularly 1CUs
and isolation rooms, following patient discharge.
This method involves dispersing hydrogen peroxide
vapor throughout the enclosed space, effectively
reaching and disinfecting hard-to-reach surfaces and
equipment. The hydrogen peroxide vapor has broad-
spectrum antimicrobial activity, making it effective
against bacteria, viruses, and spores. This
intervention aimed to mitigate the risk of healthcare-
associated infections (HAIs) by ensuring thorough
decontamination of critical patient care areas.
Sampling Procedure

Prior to initiating the sampling process, key high-
touch surfaces were identified across different areas
of the hospital, including patient rooms, operating
theaters, ICUs, and ancillary facilities. These
surfaces included but were not limited to bed rails,
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doorknobs, light switches, bedside tables, sink
faucets, and medical equipment. Sampling intervals
were predetermined (on weekly basis) based on
factors such as patient turnover rates, cleaning
schedules, and the frequency of decontamination
interventions. Sampling was conducted before and
after each decontamination procedure to assess the
immediate impact of the interventions on microbial
contamination levels. Trained personnel collected
surface swabs from the identified high-touch
surfaces using sterile swabs moistened with
neutralizing buffer solution. Care was taken to
ensure uniformity in sampling technique and
pressure applied during swabbing to obtain
representative samples of microbial contamination.
Swabs were systematically rubbed over the surface
area of interest, covering an approximate area of 25-
100 cm?, depending on the size of the surface. A
total of 400 swabs (total surface area 3250 cm?)
were collected from different locations within each
designated sampling site to account for spatial
variability in microbial contamination. Following
collection, swab samples were placed in sterile
containers and transported to the hospital
microbiology  laboratory  under  appropriate
conditions to prevent cross-contamination and
preserve sample integrity. Samples were processed
promptly to minimize the risk of microbial growth
during transit.

Microbiological Analysis

Subsequently, the processed samples were
inoculated onto selective agar media suitable for the
cultivation and identification of  target
microorganisms. Specifically, selective agar plates
designed to promote the growth of specific
pathogens, such as Staphylococcus aureus and
Enterococcus spp., were utilized. These agar plates
were then incubated at optimal temperatures and
conditions conducive to microbial growth.
Following an appropriate incubation period,
colonies that developed on the agar plates were
enumerated and visually inspected for characteristic
morphological features indicative of target
microorganisms. Colonies displaying typical growth
characteristics, such as color, size, shape, and
texture, were further subjected to biochemical tests
or molecular assays for definitive identification. In
addition to culture-based methods, molecular
techniques, such as polymerase chain reaction
(PCR), were employed for the detection of
multidrug-resistant  organisms (MDROs). PCR
assays targeted specific genetic markers associated
with antibiotic resistance genes or virulence factors,
allowing for rapid and sensitive detection of
MDROs within the sampled environment.

Data Analysis

Quantitative data on microbial colony counts were
recorded and analyzed to determine the extent of
microbial contamination before and after each
decontamination intervention. Statistical methods,
such as colony-forming unit (CFU) enumeration and
comparative analysis, were employed to assess the

efficacy of decontamination procedures in reducing
microbial load. Furthermore, molecular results
obtained from PCR assays were interpreted to
identify the presence of MDROs and assess their
prevalence within the hospital environment. A p-
value <0.05 was considered statistically significant.
Ethical Considerations

Ethical approval IEC-KMC-GGH No: 598/2024 for
the study was obtained from the Institutional Ethics
Committee of the institution. Informed consent was
obtained from participants involved in the study,
and confidentiality of data was maintained
throughout the research process.

RESULTS

In our study, housekeeping (n=189) was mostly
female (68.3%) aged 20-50. Vocational training was
common (59.8%). Environmental services (n=39)
had a balanced gender ratio, aged 25-50, with
vocational training (64.1%). The infection control
team (n=38) was mostly female (55.3%), aged 30-
60, with master's degrees (55.3%). [Table 1]

In our study, the decontamination interventions
significantly reduced microbial contamination on
various hospital surfaces. Doorknobs/light switches
saw a 57.6% reduction, while bed rails experienced
a 55.6% decrease. Bedside tables/sink faucets
showed a 46.0% reduction, and medical switches
exhibited a 46.7% decrease. [Table 2]

The  decontamination interventions  yielded
substantial reductions in microbial contamination
across different hospital areas. Patient rooms
exhibited a remarkable decrease from a mean pre-
decontamination CFU/cm? of 2805.07 + 1160.33 to
1129.34 + 1254.54 post-decontamination, resulting
in a significant reduction of 59.7%. Similarly,
operating theaters demonstrated a substantial
decrease from 3201.12 + 1780.87 to 1402.28 +*
1130.22 CFU/cm2, corresponding to a reduction of
56.2%. In the intensive care units, there was a
notable reduction from 3502.56 * 1598.54 to
197156 + 1266.73 CFU/cm?, representing a
reduction of 43.7%. [Table 3]

The prevalence of multidrug-resistant organisms
(MDROs) and pathogens varied across different
hospital areas, reflecting diverse microbial profiles.
In the intensive care units (n=130), MDRO
prevalence was noted at 25.4%, with Methicillin-
resistant Staphylococcus aureus (MRSA) being the
most common pathogen identified, affecting 30.0%
of samples. Other pathogens such as Vancomycin-
resistant Enterococcus (VRE) and Acinetobacter
baumannii were also detected. In operating theaters
(n=130), MDRO prevalence stood at 20.0%, with
Pseudomonas aeruginosa and Enterococcus faecalis
being the predominant pathogens affecting 25.4% of
samples. Klebsiella pneumoniae and Staphylococcus
epidermidis were also identified. Patient rooms
(n=140) exhibited an MDRO prevalence of 22.1%,
with Escherichia coli and Acinetobacter baumannii
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being the prevalent pathogens affecting 40.0% of
samples. Additionally, Clostridium difficile and
Streptococcus pneumoniae were detected. [Table 4]
The effectiveness of various decontamination
interventions in reducing the prevalence of
multidrug-resistant  organisms (MDROs) was
assessed across different hospital settings. Manual
cleaning and disinfection, conducted in 130
samples, resulted in a reduction of MDRO
prevalence from 25.4% before decontamination to
20.0% after decontamination, representing a 21.2%
reduction. UV germicidal irradiation, also evaluated
in 130 samples, demonstrated a decrease in MDRO
prevalence from 22.3% to 17.7%, indicating a
reduction of 17.2%. Hydrogen peroxide
vaporization, assessed in 140 samples, showed the

most significant reduction, with MDRO prevalence
decreasing from 30.0% to 15.0%, resulting in a
50.0% reduction. [Table 5]

The impact of decontamination interventions on
multidrug-resistant organism (MDRO) prevalence
was evaluated across different hospital areas. In the
intensive care units (n=130), the prevalence of
MDROs  decreased from  25.4%  before
decontamination to 15.4% after decontamination,
resulting in a notable reduction of 39.4%. Similarly,
in operating theaters (n=130), MDRO prevalence
decreased from 20.0% to 12.3%, representing a
reduction of 38.5%. In patient rooms (n=140),
MDRO prevalence decreased from 22.1% to 15.7%,
resulting in a reduction of 29.0%. [Table 6]

Table 1: Demographic Characteristics of Cleaning Staff (N=266)
Age T Experience in
Staff Range Gender Distribution Education Level (%) Healthcare Settings
Category (%)
(years) (years)
Housekeepin 68.3% female 30.2% secondary education (57/189), 59.8%
(n—139§ 9 1 2050 | (129/189), 31.7% male vocational training (113/189), 10.1% higher 31015
B (60/189) education (19/189)
Environmental 25.50 51.2% female (20/39), | 256% secondary education (10/39), 64.1% vocational 510 20
Services (n=39) 48.8% male (19/39) training (25/39), 10.3% diploma courses (4/39)
Colnrll;eocltllc.):am 30-60 55.3% female (21/38), 28.9% bachelor's degree (11/38), 55.3% master's 81025
(n=38) 44.7% male (17/38) degree (21/38), 15.8% doctoral degree (6/38)
Table 2: Comparison of Decontamination Efficacy Across Different Hospital Surface types (N=400)
Surface type Mean Pre-Decontamination Mean Post-Decontamination %
yp CFU/cm2+ SD CFU/cm2+ SD Reduction
D°°rk”°b(sr< |;|7g8r)ut switches 2547.22 +1198.21 1080.23 + 1020.29 57.6%
Bed Rails (n=119) 3001.26 + 1605.74 1332.64 + 1025.67 55.6%
Bedside T?g':efg%')”k Faucets 3506.77 + 1705.36 1902.22+ 1251.48 46.0%
Medical devices (n=67) 2202.24 + 1402.28 1175.43 £ 1084.76 46.7%
Table 3: Comparison of Decontamination Efficacy Across Different Hospital Surface types (N=400)
- i 1 2 - i i 2 0,
Hospital Area Mean Pre-Decontamination CFU/cm? + Mean Post-Decontamination CFU/cm? + %
SD SD Reduction
Patient Rooms 2805.07 +£1160.33 1129.34 £ 1254.54 59.7%
Operating Theatres 3201.12 + 1780.87 1402.28 £ 1130.22 56.2%
'”te”j'n"i‘iscare 3502.56 + 1598.54 1971.56 + 1266.73 43.7%

Table 4: Identification of High-Risk Areas for Microbial Contamination

. Prevalence of Prevalence of Most Common Pathogens .
Hospital Area MDROs (%) Pathogens (%) |dentified Other Pathogens Identified
Intensive Care 33 (25.4) 39 (30.0) Sger:hilcoitlzlci)g;esgasﬁ;gs Vancomycin-resistant Enterococcus
Units (n=130) ' ' phy (VRE), Acinetobacter baumannii

(MRSA)
Operating . - -
Pseudomonas aeruginosa, Klebsiella pneumoniae, Staphylococcus
-I(-Qiigoe)s 26 (20.0) 33(254) Enterococcus faecalis epidermidis
Patient Rooms Escherichia coli, Clostridium difficile, Streptococcus
(n=140) 81(221) 56 (40.0) Acinetobacter baumannii pneumoniae

Table 5: Comparison of Multidrug-Resistant Organisms (MDROs) Across Decontamination Interventions (N=400)

Decontamination
Intervention

Prevalence of MDROs (%)
Before Decontamination

Prevalence of MDROs (%) After
Decontamination

Change in MDRO
Prevalence (%)

Manual Cleaning and

Disinfection (n=130) 33 (25.4) 26 (20.0) 21.2%
UV Germicidal Irradiation o

(n=130) 29 (22.3) 23 (17.7) 17.2%
Hydrogen Peroxide 42 (30.0) 21 (15.0) 50.0%

Vaporization (n=140)
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Table 6: Comparison of Multidrug-Resistant Organisms (MDROs) Across Decontamination Interventions (N=400)

. Prevalence of MDROs (%) Before Prevalence of MDROs (%) After Change in MDRO
Hospital Area - S
Decontamination Decontamination Prevalence (%)
Intensive Care
Units (n=130) 33(25.4) 20 (15.4) 39.4%
Operating Theatres

(n=130) 26 (20.0) 16 (12.3) 38.5%
Patient Rooms

(n=140) 31(22.1) 22 (15.7) 29.0%

DISCUSSION technologies may offer superior efficacy in

Our study vyielded several significant findings
regarding the efficacy of decontamination
interventions in reducing microbial contamination
and  multidrug-resistant  organism  (MDRO)
prevalence within hospital environments. Across
various hospital areas, including intensive care units
(ICUs), operating theaters, and patient rooms, we
observed substantial reductions in  MDRO
prevalence post-decontamination. For instance, in
ICUs, the prevalence of MDROs decreased by
39.4%, followed by a 38.5% reduction in operating
theaters and a 29.0% reduction in patient rooms. In a
study by Cadnumet al., 110 (9.4%) of 1,195 sites
were positive for 1 or more bacterial pathogens
(range, 5.3%-13.7%).1*41 Study by Bartsch et al.,
showed that decontamination yielded a relative
reduction of 23.7% (range, 23.5%-23.9%) in MRSA
prevalence.l® In a study by Kasatpibalet al., after
decontamination the MDRO transmission rate
decreased from 25% to 0% (p < .001)."] These
findings underscore the importance of implementing
targeted decontamination strategies to mitigate the
spread of resistant pathogens and enhance patient
safety.[t]

Comparative analyses between different
decontamination interventions revealed varying
levels of efficacy in reducing MDRO prevalence.
Hydrogen peroxide vaporization demonstrated the
most significant reduction in MDRO prevalence,
with a reduction of 50.0% observed in our study. In
a study by Blazejewski et al., H202 technologies
were  efficient for  environmental MDRO
decontamination (6% of rooms contaminated with
MDRO at T1 versus 0.5% at T2, P=0.004).1
Similarly, in a study by Passarettiet al., the
proportion of rooms environmentally contaminated
with MDROs was reduced significantly on the HPV
units (relative risk, 0.65, P = .03).1*l In comparison,
UV germicidal irradiation and manual cleaning and
disinfection also resulted in notable reductions in
MDRO prevalence, with reductions of 17.2% and
21.2%, respectively. In a study by Sun et al,
Clostridioides difficile (CD) (IRR: 0.90, 95% ClI;
0.62-1.32) and vancomycin-resistant enterococcal
(VRE) infection rates (IRR 0.72, 95% CI; 0.38-
1.37) was observed with the use of UV-C, but the
risk of Gram-negative rod infection was reduced
(IRR 0.82, 95% CI; 0.68-0.99).°%1 These findings
suggest that while traditional cleaning methods
remain  effective, advanced decontamination

eliminating resistant pathogens. 24

Our study also identified specific surfaces within
hospital environments that are particularly prone to
microbial contamination. High-touch surfaces such
as doorknobs, bed rails, bedside tables, and medical
switches exhibited substantial reductions in
microbial burden following decontamination
interventions. These findings highlight the
importance of targeted cleaning and disinfection
protocols for frequently touched surfaces to
minimize the risk of cross-contamination and
transmission of pathogens.?2-24]

CONCLUSION

In conclusion, our study highlights the significant
impact of decontamination interventions in reducing
microbial contamination and MDRO prevalence
within hospital environments. By implementing
targeted and effective infection control measures,
healthcare facilities can mitigate the spread of
resistant pathogens, enhance patient safety, and
ultimately improve healthcare outcomes. Continued
research and innovation in decontamination
technologies are essential to address emerging
challenges in infection control and ensure the safety
of patients and healthcare workers in the ever-
evolving landscape of healthcare-associated
infections.
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