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Abstract

Introduction: Microbial contamination in healthcare facilities, particularly in
outpatient rooms, raises the risk of nosocomial infections and endangers the health
of both patients and personnel. The purpose of this study is to compare the efficacy
of three sterilizing methods—ultraviolet (UV) light, fogging, and drymist—in
lowering bacterial counts and microbial species in university outpatient dental
hospital. Methods: This study uses a quasi-experimental design with a one-group
pretest-posttest procedure. This design involves assessing outcomes before and
after sterilization in the same group to evaluate the intervention s effects. Samples
were collected before and after the sterilization process. Sterile swabs were used
to gather microbial samples from surfaces such as examination tables, walls,
and medical equipment within the outpatient area. The data were analyzed using
paired t-tests and ANOVA. Results and Discussion: All three sterilizing methods
were effective in lowering microbial counts, with the UV approach showing the
greatest decrease (83.9%), followed by drymist (79.6%) and fogging (63.4%).
However, ANOVA findings revealed no significant difference in effectiveness across
the three techniques (p = 0.979). Nonetheless, certain bacterial species that are
more resistant to sterilization survived after treatment. Conclusion: UV, fogging,
and dry mist sterilizing technologies reduce microbial counts in comparable
ways, although their performance may be impacted by ambient conditions and
the types of bacteria presents. A mix of sterilizing procedures may be required for
best results.

INTRODUCTION

current volume of research on sterilizing procedures,

Microbial contamination in healthcare
institutions, particularly in outpatient departments, is
a serious hazard that can contribute to the spread of
nosocomial infections, increasing patient morbidity and
mortality, especially in the presence of antibiotic-resistant
bacteria (1-3). In addressing this issue, medical room
sterilization becomes an important step in preventing the
spread of diseases, particularly germs that are resistant to
treatment (4-5). Various sterilizing procedures, including
ultraviolet (UV) light, fogging, and drymist, have been
routinely used in hospitals to minimize microbial burden
(6-7). However, the usefulness of these techniques in
outpatient settings is not fully recognized. Despite the
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direct comparisons between UV, fogging, and drymist in
outpatient rooms are still rare, and there is no evidence
about the most effective and safe way for decreasing
microbial contamination in such circumstances (8-9).
Although outpatient rooms at healthcare
institutions are among the most popular places
for patients to visit, the presence of pathogenic
microorganisms that may harm both patient and
healthcare worker health is typically overlooked (10-11).
Microbial contamination in outpatient settings, if not well
handled, can result in significant nosocomial infections,
especially when antibiotic-resistant bacteria are present
(12-13). When dealing with this issue, environmental
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sterilization becomes an important part of infection
management; nonetheless, the fundamental obstacle
is the efficacy of the treatments used (14-15). Various
sterilization and disinfection methods have been applied
to medical equipment, including the use of hydrogen
peroxide, aerosolization, and high-efficiency particulate
air (HEPA) filtration (16-17). However, a comparative
study evaluating the simultaneous effectiveness of three
sterilization techniques UV, fogging, and dry mist has not
yet been conducted.

Despite the fact that the outpatient room isa
frequently visited locations in the hospital, the presence
of harmful germs that can imperil the health of the patients
and healthcare staffs is frequently disregarded (1). If not
correctly addressed, healthcare-associated infections
(HAIs) can result from microbial contamination in
outpatient settings, particularly when antibiotic-resistance
bacteria are present. Environmental sterilization is a
critical component ofinfection managementin addressing
this issue; however the primary challenge is the efficacy
and effectiveness of the procedures employed (18-
19). Despite the use of different strategies to clean air
and surfaces in medical settings, it is unclear how well
each method such as ultraviolet (UV) light, fogging,
and drymist can reduce microbial load and prevent
healthcare-associated infections (HAIs) (20-21).

The purpose of this study is to assess and
evaluate the effectiveness of three sterilization
methods ultraviolet (UV) light, fogging, and drymist in
lowering bacterial count and microbial species in the
outpatient department of UGM Prof. Soedomo oral and
dental hospital. Focusing on microbial contamination
management to prevent healthcare-associated infections
(HAIs), this study compares changes in microbial load
and species before and after each sterilization method
to determine the most effective strategy for outpatient
settings. Furthermore, the findings of this study are
intended to give evidence-based recommendations for
healthcare facility management, allowing the selection
of the ideal way to improve hygiene standards, safety,
and infection control in outpatient departments with large
patient numbers.

Several studies have been conducted, some of
which were conducted in hospital environments and also
in laboratories with controlled environmental variables
related to the effectiveness of sterilization techniques
including fogging, ultraviolet (UV), and drymist (22-23).
There are few studies that directly compare the use
of these three types of sterilization, especially studies
conducted in outpatient wards with high patient visits
(24-25). In addition, many studies that have been
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conducted ignore the reduction or change in bacterial
species after sterilization, making it increasingly difficult
to identify the most effective technique in killing bacteria
(26). Hopefully, this study can fill the gap by comparing
the effectiveness of the three sterilization strategies to
reduce bacterial contamination in outpatient rooms with
high patient visits.

This study will systematically examine how
well three sterilizing methods UV light, fogging, and
dry mist reduce microbial contamination in outpatient
department settings. A comprehensive evaluation of
these sterilization techniques’ effectiveness in outpatient
settings has not yet been carried out, even though they
are often employed in healthcare settings. This study
aims to analyze this gap by comparing the bacterial
species and microbial counts before and after each
sterilizing technique is used. The findings of this study
may provide helpful recommendations for improving
infection prevention and hygiene management in
outpatient departments to increase patient safety and
reduce the incidence of nosocomial infections (27-28).

METHODS
Research Design

This study employs a quasi-experimental design
using a one-group pretest—posttest approach. This
design involves evaluating outcomes both before and
after the intervention in the same group to assess the
effects of the sterilization procedures. The sterilization
methods examined include ultraviolet (UV) light, fogging,
and dry mist, with microbial counts and bacterial species
measured before and after the application of each
method.

Population and Sample

Purposive sampling was used to select samples
from the outpatient department of the UGM Prof.
Soedomo Oral and Dental Hospital. Samples were
collected from various surfaces frequently exposed to
human activity, such as operating tables, examination
chairs, medical equipment, walls, floors, air vents, and
door handles. These surfaces are commonly touched by
patients, healthcare workers, and visitors, making them
potential sites for microbial contamination. Sampling
focuses specifically on high-touch areas within the
outpatient department that regularly experience direct
or indirect contact with patients. Samples were collected
both before and after the sterilization procedures to
evaluate the effectiveness of the UV, fogging, and dry
mist techniques.
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To assess the efficacy of UV, fogging, and dry
mist sterilization methods, samples were taken from
these surfaces both prior to and following sterilization
processes.

Research Procedure

Sterile swabs were used to collect samples from
a variety of surfaces within the designated area as part
of an initial data collection (pretest) procedure prior to the
sterilization process. To ascertain the baseline microbial
load and bacterial species present, these samples were
then moved to bacterial growth media and examined in a
lab. Following the specific instructions for each technique,
sterilization procedures were carried out using dry mist,
fogging, and ultraviolet (UV) light. To guarantee sufficient
microbial deactivation, the UV light was placed at a
predetermined distance from the surfaces and exposed
for 15 minutes. To ensure that all high-contact surfaces
were completely covered, a fine mist of disinfectant was
sprayed throughout the outpatient area for 30 minutes.
Dry mist sterilization was carried out by evenly applying
a non-wetting mist with the sterilizing agent throughout
the space dispersed for 20 minutes to allow adequate
microbial reduction. To guarantee uniformity and efficacy,
each procedure was carried out in compliance with
accepted sterilization guidelines. Samples from the same
surfaces that had been tested earlier were then collected
again for the post-intervention data collection (posttest).
To determine the bacterial species that persisted after
sterilization and to measure the microbial load, these
samples were then cultivated and examined in the lab.

The effectiveness of the sterilization techniques
used in the clinical setting in lowering microbial
contamination was empirically revealed by the
comparison of pretest and posttest results.

Research Instruments

The instruments used in this study included: (1)
sterile swabs for collecting samples from a variety of
surfaces; (2) bacterial growth media, including general-
purpose nutrient agar and selective media for identifying
specific bacteria; (3) bacterial cultivation equipment, such
as Petri dishes and incubators; (4) bacterial identification
tools, including microscopes and molecular biology
techniques such as polymerase chain reaction (PCR)
and DNA sequencing; and (5) a spectrophotometer for
determining microbial counts.

Data Collection Techniques

Using sterile swabs, samples were taken from a
variety of surfaces, including examination tables, walls,
medical equipment, and indoor air, both before and
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after sterilization. To determine the level of microbial
contamination, these samples were subsequently
examined in a lab. The following procedures were used
to collect data using laboratory observation methods:
Using culture methods and molecular analysis, samples
were obtained both before and after sterilization; bacterial
isolation and identification were performed; and the
microbial count was expressed in CFU/m? units.

Data Analysis

Changes in bacterial species and microbial
counts before and after each sterilization method
(dry mist, fogging, and UV) were assessed using the
Paired t-test. The effectiveness of the three sterilizing
techniques in lowering microbial contamination across
all treatment groups was compared using ANOVA. The
bacterial and microbial counts were assessed using the
Paired t-test species before and after sterilization using
each method (UV, Fogging, and Dry Mist) to see if there
were significant changes within the same treatment
group. ANOVA was utilized to evaluate the efficacy of
the three sterilizing techniques and determine whether
the outpatient department’s decrease in microbial count
and bacterial species varied significantly.

Ethical Concern

This study was approved by the Faculty of
Dentistry’s Health Research Ethics Committee at the
Prof. Soedomo Oral and Dental Hospital at Gadjah Mada
University. Its Ethical Clearance number is 74/UN1/
KEP/FKG-RSGM/EC/2024. This approval ensures that
the study was conducted in accordance with stringent
ethical standards, safeguarding participants’ rights
and ensuring their safety and comfort throughout the
research process.

RESULTS
Characteristics of Measurement Samples

Table 1, which compares the types of bacteria
and microbial counts in the outpatient area using three
different methodologies before and after sterilization,
provides an overview of the study’s measuring aspects.
The sample places selected include areas with a high
potential of microbiological contamination, such as exam
tables, walls, floors, medical equipment, and indoor air.
When choosing the sample locations, the parts ofthe room
that are often used by patients and medical personnel
were considered. Measurements were also made while
considering environmental elements that might influence
the results, such as the ventilation, humidity, and
temperature of the outpatient room. Sampling was also
conducted both before and after sterilization to assess
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the degree to which each sterilization method decreased treatment in reducing microbial contamination, though
the bacterial and microbiological load in the location. the study found certain species resistant to UV light, such
Table 1. Characteristics of Measurement Samples and as Bacillus cerelle . and Péeudomonas cepacia. Each
Environmental Conditions During Sampling sample showed similar declines of 83.05%, 86.05%, and
82.60%. The p-value calculation findings demonstrate a

Measurement

Characteristics Description statistically significant drop in microbial count for each
The sterilization process targeted key surfaces sample, with a p-value less than 0.05 (p = 0.033). This
S ling Point and environmental factors, including the i . i . .
ampling Fonts examination table, room walls, floor, medical suggests that the difference in microbial concentration
instruments, and indoor air. - . . .
before and after sterilization is large, demonstrating
Samples were evenly collected from hard , . . i . X
Distribution of Sampling ~ surfaces (tables, walls, floors) and from the air the procedure’s efficacy in lowering microbial counts.
Locations (near ventilation areas and the center of the . . . . .
room) Meanwhile, microbial concentrations before fogging
Environmental Conditions 1h€ temperature was kept between 22-25°C to treatment (pretest) vary significantly among samples,
(T ture) guarantee that the measurement findings were . 3 . .
emperature not influenced by severe temperatures. ranging from 810 to 2220 CFU/m?. After sterilization,
Environmental Conditions Humidity was kept between 40% and 60% to the observed reduction is highly substantial; however,
(Humidity) ensure the efficiency of the sterilizing procedures i . Lo o
umidity being evaluated. not all reductions reached a high statistical significance
Environmental Conditions L1 Foom’s ventilation was set up with adequate level. The average reduction in microbial content was
R air circulation to achieve consistent air dispersion . i
Ventilation) P 0
(Ventilation during air sampling. 63.35%. The first sample had a considerable decrease
To ensure measurement consistency, samples (81 .46%), but it was not statistically Significant (p-value =
Measurement Time were obtained at the same time every day with a . . . . .
2-hour delay between each measurement. 0.134). Treatment with drymist was effective in lowering
microbial contamination levels at the three sample
Microbial Count Before and After Sterilization Using stations, with an average microbial decrease of 79.60%.
the Ultraviolet (UV), Fogging and Drymist Method However, the t-test findings demonstrate that there is no
Table 2 shows the average/median microbial statistically significant change in microbial concentrations
count (CFU/m®) before and after UV sterilization at before (Pretest) and after (Posttest) the treatment, with
three outpatient sampling locations. The goal of this a p-value of 0.147 (p > 0.05). According to the ANOVA
research is to assess the variation in microbial reduction test findings in the table, there is no significant difference
across sample locations and compare the results to the in the efficacy of the sterilizing procedures in lowering
expected levels of reduction to maintain the cleanliness bacterial counts across the groups examined. The
and sterilization of medical facilities. p-value >0.05, indicating that the observed variations
The average decrease after UV Sterilization of are most likely caused by random causes rather than
83.90% demonstrates the effectiveness of the applied the treatments or sterilizing procedures utilized.

Table 2. Comparison of Average/Median Microbial Count Concentration (CFU/m?®) Before and After UV Sterilization,
Fogging and Drymist

Ultraviolet (UV) Fogging Drymist
Sample CFU/m3 o CFU/m3 CFU/m3 Overall
e — d p-value ——— % red p-value ————— % red p-val
Before After /ored p-value Before After /ored p-value Before After vored p-value

1 2030 344 83.05 1230 228 81.46 1400 212 84.85

2 2180 304 86.05 810 536 33.82 1030 456 55.72

2 1150 200 82.6 0.033 2220 560 74.77 0134 2820 50 98.22 0.147 0979
Average 1786 282.6 83.9 1420 441.3 63.35 1750 239.3 79.6

Note: red= reduction , CFU= Microbial Count Concentration

Differences in Bacterial Types Before and After resistant to ultraviolet radiation can survive and even

Sterilization Using the Ultraviolet (UV), Fogging and reproduce after sterilization. Treatment with fogging

Drymist Method resulted in a considerable difference in the bacterial

Table 3 shows a substantial variation in bacterial makeup before and after. However, following fogging,
composition between each sample before and after two new species of bacteria emerged: Bacillus alvei and
Ultraviolet (UV), Fogging and Drymist Method. There Acinetobacter sp. Bacillus alvei, Pseudomonas cepacia,
is an addition of new types of bacteria after sterilization and Stomatococcus sp. replaced Enterobacter sp. and
treatment using ultraviolet (UV) namely Stomatococcus Pseudomonas cepacia, which were present before
sp, Pseudomonas stutzeri. These results state that treatment. Bacillus cereus and Enterobacter sp. were
although the UV technique effectively reduces the presentbefore the treatment but were replaced by Bacillus
number of current bacteria, certain species that are more cereus and Acinetobacter sp. after the fogging. Each
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treatment altered the species of bacteria found. However,
one new variety of bacterium, Pseudomonas cepacia,
developed after the drymist treatment. This implies
that, while the treatment was successful in changing
the microorganism composition, the appearance of
Pseudomonas cepacia exposes the possible resilience
of some bacterial species to the disinfection procedures
used.

Table 3. Changes in Bacterial Types Before and After

Sterilization Using the Ultraviolet (UV), Fogging and
Drymist Method

Metode Before After

Klebsiella ozaenae, Bacillus cereus, Bacillus

Ultraviolet Pseudomonas cepacia, alvei, Pseudomonas

(UV) Bacillus cereus, cepacia, Stomatococcus sp,
Enterobacter sp Pseudomonas stutzeri
Enterobacter sp, . Bacillus alvei,

Fogging P sez{domonas cepacid, Pseudomonas cepacia,
Bacillus cereus, Stomatococcus sp, Bacillus
Stomatococcus sp cereus, Acinetobacter sp
Bacillus alvei, Bacillus
circulans, Klebsiella
oxytoca, Acinetobacter Pseudomonas cepacia,

Drymist sp, Bacillus cereus, Acinetobacter sp,

Stomatococcus sp,
Klebsiella pneumoniae,
Pseudomonas aeruginosa,
Enterobacter agglomerans

Klebsiella oxytoca,
Bacillus cereus

DISCUSSION

Microbial Count Before and After Sterilization Using
the Ultraviolet (UV) Method

Some microorganisms such as spores produced
by bacteria are more resistant to UV light and therefore
require higher and longer doses and exposure to UV, but
this study only used a small number of bacteria that may
be more sensitive to UV radiation (29-30). The results
of this study are in line with previous studies stating that
sterilizationtechniquesusingthe UV methodaresuccessful
in controlling bacteria in medical activities (6,31,32-33).
Other studies also strengthen the effectiveness of using
UV exposure in sterilization methods (34-35). According
to other research, UV-C radiation effectively reduced
the number of microorganisms in hospitals. This study,
however, discovered a more significant decline, which
may be connected to differences in UV intensity or
exposure duration. In contrast to earlier research, this
study highlights the necessity of modifying the duration
and intensity of exposure for the best sterilization in
every healthcare facility (36,37-38).

Although many studies have shown that UV light
is useful in reducing the number of microorganisms,
especially bacteria, it has a weakness, namely that the
bacteria used may not accurately reflect the number
of bacteria found in the hospital environment (39-40).
Longer UV doses and exposure times are needed to kill
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UV spores because only a few types of bacteria are more
resistant to UV light (41-42). Environmental variables
such as high temperature and humidity are interfering
variables because they can reduce the effectiveness of
UV light. This is because water particles can spread and
absorb water, reducing the ability to sterilize (43-44). So
further research is still needed regarding the development
of bacteria in various environmental conditions (45-46).

So further research is still needed regarding
the development of bacteria in various environmental
conditions. Other studies that have also been conducted
related to microbiology and public health, especially
related to infection control in hospitals, state that
hospitals choose to use UV technology in sterilization
strategies because it is effective in reducing the number
of bacteria. Infections in hospitals can be controlled,
the direct impact is reducing health care costs. These
results can provide input to policy makers to include the
UV method in room sterilization procedures in hospitals
with limited resources. In addition, it is equipped with
guidelines for safe use in its application (47-48).

Recent literature supports the rising trend of
adopting UV technology as an alternate sterilizing
approach in hospitals. According to research, the design
and effectiveness of sterilization devices are continually
improving. This study distinguishes itself by examining
different UV light intensities, which resulted in a more
substantial reduction in microorganisms (49-50). This
trend indicates a preference for non-chemical sterilizing
procedures, which are more environmentally friendly
and safer for patients and medical personnel. However,
further study is required to address difficulties such as
bacteria resistance to UV and its impact on medicinal
materials (51-52).

Overall, this study demonstrates the great
potential of UV sterilization, however several elements
deserve more investigation. One issue is the long-
term impact of UV exposure on medical materials
and equipment, as UV may degrade surfaces such
as plastic, reducing the lifespan of medical gadgets
(53-54). Furthermore, while UV is effective against
microorganisms, it's effective against smaller, UV-
resistant viruses such as influenza and SARS-CoV-2 are
questionable. highly study is needed to address these
difficulties and find ways to improve UV effective against
highly resistant microorganisms (49-55).

Microbial Count Before and After Sterilization Using
the Fogging Method

With an average decrease of 63.35%, the fogging
technique led to a significant decrease in microbial
counts. For instance, the first sample decreased by
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81.46%, the second by 33.82%, and the third by 74.77%.
These results lend credence to the goal of evaluating
and contrasting fogging’s effectiveness with alternative
sterilizing techniques. The significant decrease implies
that fogging, which disperses antimicrobial mist particles,
effectively reaches areas that other methods are unable
to (77-79). But the second sample’s smaller drop
(33.82%) suggests that other variables, like the type of
microorganism or the concentration of the disinfectant,
could affect the outcomes (56-57). Other variables that
may affect are the types of bacteria with their different
characteristics and the concentration of disinfectants.
The decrease in microorganisms is in line with previous
studies related to the effectiveness of fogging in sterilizing
rooms in hospitals (58-59). The 63.35% decrease in
this study offers more accurate results, despite some
variation depending on characteristics like disinfectant
dosage, particle size, and microbiological species. Other
studies also state that reductions in hospital rooms
differed by location, with some locations showing better
outcomes. The first sample showed a large reduction of
81.46%, whereas the second sample showed a decline
of 33.82%, illustrating the study’s variety (60).

The evaluation and management of external
factorsis the most significant of the weakness in this study.
The range of microbial types examined is one important
limitation that might impact fogging’s efficacy (61-62).
The second sample, for instance, showed a smaller
decrease of 33.82%, which might be due to uneven fog
distribution in larger or more complex environments or
microbial resistance to the disinfectant. The efficacy of
the approach can be impacted by environmental factors
such as temperature, humidity, and room ventilation.
Uneven fog particle dispersion, which is more consistent
in smaller, better-ventilated spaces, can also contribute
to variability. Additionally, differences in disinfectant
concentration across samples may introduce bias,
jeopardizing the consistency of the results (63-64).

According to these findings, fogging significantly
lowers microbial counts an average decline of 63.35%
and hence reduces the risk of hospital-acquired
infections. Socially, this approach improves patient
safety by reducing the transmission of infections, which
can save medical costs and accelerate patient recovery
(65-66). From a policy perspective, the findings could
persuade hospitals to use fogging in their sterilization
operations, with stringent guidelines for standard
operating procedures (SOPs), disinfectant concentration,
and room ventilation to ensure safe and efficient use.

Recent studies show that fogging is becoming
a more popular sterilizing technique, especially in
large spaces and hard to reach places (58,67). This
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development signifies a shift toward safer and more
efficient nosocomial infection disinfection techniques.
Even while fogging works well to reduce germs, current
research has revealed that the kind of disinfectant and
the conditions of the room affect the outcomes (68-69).
This investigation shows a significant drop in microbes,
which supports this tendency. Additionally, it provides
information on factors that affect fogging effectiveness,
which may guide further studies to improve this strategy.
Even while this study shows that fogging effectively
reduces microbial counts, there are several surprising
features that need more investigation. The potential
health risks to patients and medical staff from exposure to
disinfection chemicals, especially when used over time,
are one cause for concern (70-71). To evaluate the long
term effects and establish more firm safety regulations,
more research is required. Moreover, its effectiveness
may be hampered by unequal fog dispersion in large
spaces or poorly ventilated places. Future studies should
concentrate on enhancing fogging to achieve consistent
disinfectant dispersion and reducing the health risks
associated with its use.

Microbial Count Before and After Sterilization Using
the Drymist Method

This study found that the drymist approach
resulted in a substantial average decrease of 79.60%
in bacteria counts. The first sample had a decrease of
84.85%, the second 55.72%, and the third 98.22%. The
variability, such as the smaller decrease in the second
sample, indicates that factors such as microbial type
or fog thickness influence findings, which support the
research purpose of assessing sterilizing technologies
in hospital settings.

This study’s microbial decrease (79.60%) is
comparable with recent studies on drymist’s efficacy in
hospital sterilization (72). While drymist is beneficial, the
outcomes differ depending on microorganism kind and
fog thickness. Zhang and Wang discovered considerable
microbial decrease using drymist, however the degree of
reduction differed (73). A significant study demonstrates
significant variability, as seen by the difference between
a 98.22% decrease in the third sample and 55.72% in
the second.

This study has various limitations, including
heterogeneity in drymist fog dispersal between rooms,
which may impact sterilizing efficacy. Despite an
average microbial decrease of 79.60%, there were
considerable variances among samples. For example,
the second sample’s 55.72% drop indicates unequal fog
distribution. Furthermore, microbial variety may influence
outcome variability, with certain bacteria being more
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resistant to the disinfectant. Bias may also result from
technical variables such as particle size, room humidity,
or ventilation. To further understand the effectiveness of
drymist, more study into environmental conditions and a
broader spectrum of bacteria is required (74-75).

This study found thatdrymist is a potential method
for improving sterilization, with an average microbial
decrease of 79.60%. Socially, it enhances patient safety
by decreasing nosocomial infections, cutting hospital
expenses, and improving patient recovery results. It also
improves public faith in hospitals (76-77). From a policy
standpoint, these findings may inspire health regulators
to use drymist as an alternate sterilizing approach and
create specific safety criteria, which include careful
monitoring of disinfectant dosage and room ventilation
(78).

Recent literature indicates that drymist is
becoming increasingly popular as a sterilizing approach,
particularly for reaching bigger and more difficult-to-
reach regions (79). This study confirms this trend by
revealing considerable microbial decrease, however
variability is dependent on factors such as microbial kind
and room circumstances. Recent study has also shown
that adjusting fog particle size and ambient humidity can
improve its efficacy. Compared to other research, drymist
looks to be a more ecologically friendly alternative to
chemical sterilizing procedures that are increasingly
being employed in hospitals (80).

While this study suggests that drymist is
successful at eliminating microorganisms, more
research is needed, particularly on the possible
health hazards associated with long-term exposure to
disinfection chemicals. While drymist has advantages
in terms of reach and equal dispersion, inappropriate
use may endanger medical professionals and patients.
Furthermore, despite a large microbial decrease in the
third sample (98.22%), achieving uniform results across
hospital rooms remains difficult. Future study should
focus on improving drymist for uniform fog dispersion and
better control over chemical concentrations to optimize
efficacy while minimizing health hazards.

Differences in Bacterial Types Before and After
Sterilization Using the Ultraviolet (UV) Method

The study found a substantial difference
in bacterial kinds before and after ultraviolet (UV)
sterilization in the outpatient room. Before sterilization,
many pathogens were discovered, including Klebsiella
ozaenae, Pseudomonas cepacia, Stomatococcus sp.,
Klebsiella oxytoca, Bacillus cereus, Enterobacter sp.,
and Pseudomonas stutzeri. Most bacteria were damaged
after UV sterilization, but some, such as Bacillus cereus,
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Bacillus alvei, and Pseudomonas cepacia, remained,
demonstrating UV’s effectiveness in lowering microbial
presence while not removing all germs. Klebsiella
ozaenae vanished from the first sample, whereas
Bacillus cereus and Bacillus alvei appeared instead.
Stomatococcus sp. survived in the second sample,
replacing Klebsiella oxytoca with Bacillus cereus. The
third sample included Bacillus cereus, but Enterobacter
sp. had been replaced with Pseudomonas stutzeri. This
shows UV preferentially affects bacterial species, with
some being more resistant to UV exposure.

The difference in bacterial kinds before and after
UV sterilization can be attributed to UV’s mechanism of
destroying the DNA or RNA of actively dividing bacteria.
Bacteria having thicker cell walls or more complicated
structures, such as Bacillus cereus, are more UV resistant
than simpler bacteria, such as Klebsiella ozaenae or
Enterobacter sp. Previous research has also shown that
spore-forming bacteria or those with better defensive
mechanisms, such as Bacillus and some Pseudomonas
species, are more likely to survive UV exposure (81-82).
The reduction in certain bacteria following UV therapy
suggests its efficacy, as well as the selection of UV-
resistant bacteria.

One of the study’s limitations is the heterogeneity
in bacterial resistance to UV light. Some bacteria, such
as Bacillus cereus and Pseudomonas cepacia, may
repair UV induced DNA damage or have protective
layers, making them more UV-resistant owing to spore
formation (83). Furthermore, environmental parameters
like humidity and temperature in the outpatient room
were not controlled, which may alter the efficacy of UV
radiation in destroying bacterial DNA.

While UV radiation is successful in reducing
bacterial counts, some bacteria, such as Bacillus cereus
and Pseudomonas cepacia, survive or re-emerge after
sterilization. This shows that additional parameters,
such as bacterial stress tolerance and capacity to repair
UV induced genetic damage, influence UV efficacy.
These bacteria may imply that processes such as spore
production or biofilm presence help them survive in harsh
environments (84). More study is needed to develop
more efficient sterilizing methods or combinations to
combat these highly resistant microorganisms.

Differences in Bacterial Types Before and After
Sterilization Using the Fogging Method

The investigation found substantial differences in
bacterial composition before and after fogging sterilizing
in the outpatient room. Before sterilization, pathogens
such as Enterobacter sp., Pseudomonas cepacia,
Bacillus cereus, and Stomatococcus sp. were found.



Jurnal Kesehatan Lingkungan/10.20473/jkl.v17i2.2025.187-200

After fogging, some germs were swapped out for others.
Bacillus alvei and Stomatococcus sp., for instance,
replaced Enterobacter sp. and Pseudomonas cepacia in
the first sample, demonstrating heterogeneity in bacterial
resistance to fogging agents. To show that fogging did
not kill all bacteria equally, Acinetobacter sp. was used
in the second sample in place of Bacillus cereus and
Enterobacter sp. The fact that Pseudomonas cepacia,
Stomatococcus sp., and Bacillus cereus persisted
in the third sample suggests that some bacteria are
more resilient to fogging and may have adjusted to the
conditions.

These results are in line with previous research
that demonstrated that although fogging significantly
reduces the quantity of microorganisms, certain more
resilient bacteria can still survive. For instance, Bacillus
cereus may generate spores that shield it against
environmental stressors such fogging disinfectants (85).
It is also known that Pseudomonas cepacia is resistant
to a number of disinfectants (86). This suggests that
bacteria with defensive or protective structures may
survive fogging, even though fogging kills germs.
Additionally, Acinetobacter sp., which was discovered in
the second sample, may thrive in unfavorable conditions
and is resistant to several disinfectants.

One weakness of the study is the varying
effectiveness of fogging on different bacterial species.
Although most bacteria drastically declined, some,
including Bacillus cereus, are more resilient to the
disinfectants used in fogging because of their protective
spore-like coverings. The variety in findings between
samples indicates that room circumstances (humidity,
temperature, ventilation) and the kind of disinfectant
employed might alter fog dispersal and its efficacy
against different microorganisms.

As sterilizing technology progresses, fogging
is becoming a more common and effective means of
cleaning hospital and healthcare facilities (70). However,
this study demonstrates that, while fogging lowers
microbial counts, some bacteria, such as Bacillus cereus
and Pseudomonas cepacia, persist due to their capacity
to make spores or resist disinfectants. This pattern
implies that while fogging decreases infection risks, a
more thorough sterilizing strategy, comprising numerous
procedures, may be needed for greater success.

Differences in Bacterial Types Before and After
Sterilization Using the Drymist Method

This study found substantial differences in
bacterial composition before and after drymist sterilization
in the outpatient room. Pathogens such as Pseudomonas
aeruginosa, Enterobacter agglomerans, Bacillus alvei,
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Bacillus circulans, Klebsiella oxytoca, Acinetobacter sp.,
and Klebsiella pneumoniae were discovered prior to
sterilization. Drymist sterilization removed certain germs,
such as Pseudomonas aeruginosa and Enterobacter
agglomerans, but more resistant species, such as
Pseudomonas cepacia and Acinetobacter sp., remained
or re-emerged. Despite a decrease in Bacillus alvei,
Bacillus circulans, and Klebsiella oxytoca, Acinetobacter
sp. persisted. Additionally, Bacillus cereus was still found
in the third sample, demonstrating its resilience to drymist.
These data indicate that, while drymist is effective in
reducing germs, certain more resistant bacteria are still
difficult to remove.

Changes in bacterial kinds following drymist
sterilization can be explained by specific bacteria’s
resistance to the disinfectant chemicals. Pseudomonas
aeruginosa, Acinetobacter sp., and Bacillus cereus are
well-known for their chemical resistance and capacity
to thrive in high humidity or specialized disinfection
environments  (87). Pseudomonas cepacia and
Acinetobacter sp. have mechanisms that allow them to
withstand numerous disinfectants. This study reveals
that certain bacteria are more resistant to drymist, while
others are more vulnerable. Previous study has shown
that germs containing biofilms or spores, such as Bacillus
cereus, are more difficult to eradicate with chemical
disinfectants like drymist (88). These findings indicate
the necessity to combine several sterilizing procedures
to achieve more effective bacteria elimination.

The range of bacterial resistance to drymist
is one of the study’s weaknesses; more resistant
species, such as Acinetobacter sp. and Bacillus cereus,
survive sterilization. Changes in the outpatient room’s
temperature, humidity, fog thickness, and disinfectant
concentration are other factors that might affect
effectiveness. Furthermore, the efficacy of eliminating all
bacteria may be diminished due to uneven fog dispersion
or challenges reaching hidden areas (89-90).

While drymist is effective in reducing microbial
counts, microorganisms such as Pseudomonas cepacia
and Acinetobacter sp. are more resistant to disinfectants
and survive sterilization (91). This emphasizes the
necessity for a variety of sterilizing treatments, as certain
germs are resistant to different approaches. Recent
study also reveals that drymist operates better in wide
regions with more uniform penetration than previous
spraying technologies, while it still has issues with highly
resistant germs (92-93).

Some bacteria, such Acinetobacter sp. and
Bacillus cereus, are resistant to the disinfectants used
because of protective layers or spore formation, even
if drymist is successful at suppressing germs. This
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highlights the need for more research into using more
potent disinfectants or other technologies, such UV or
ozone, to boost drymist’s effectiveness against microbes
that are resistant to them. Furthermore, to comprehend
how humidity, temperature, and fog distribution affect
the drymist’s sterilizing properties, it is essential to
investigate their effects in various areas.

The Most Effective Sterilization Method in Reducing
Microbial Count and Bacterial Types

The three sterilizing methods employed in this
study UV, fogging, and drymist were compared using the
results of the analysis of variance (ANOVA). The p-value
of 0.979 obtained from the ANOVA test is higher than
the usually recognized significance level (a = 0.05). This
implies that there is no discernible difference between the
three sterilizing techniques in terms of reducing bacterial
species and microbial counts in the outpatient setting. In
other words, even while differences in effectiveness were
found across the techniques under study, the findings
show that these differences are not statistically significant
at the generally recognized level of confidence.

Although the ANOVA test found no significant
differences, practical observations indicate tendencies
that shed light on the efficacy of each sterilizing
procedure. UV, fogging, and drymist are all useful in
reducing microbial numbers and bacterial species. UV
is effective however it may not remove all UV-resistant
bacteria, including those with spores or protective
features (94). Fogging works effectively in big spaces
and in difficult to access regions, but its effectiveness is
dependent on the disinfectant employed and the equal
dispersion of the fog (70). Drymist improves penetration
and dispersion in tight spaces, although certain germs
resistant to disinfection chemicals may survive (95).

One disadvantage of this study is the small
bacterial sample, which may not reflect the entire
range of germs in the outpatient room. Furthermore,
the distribution of disinfectants in each approach might
influence the outcome. For example, in fogging and
drymist, uneven fog dispersion or difficult-to-reach
places might limit sterilizing efficacy. Furthermore,
bacterial resistance to the disinfectants utilized might
differ, impacting each method’s capacity to remove all
microorganisms (96-97).

Although  statistical testing revealed no
significant differences, this study sheds light on the
efficacy of the three sterilizing procedures in outpatient
rooms. Hospitals can use any of these techniques to
minimize microbial counts and nosocomial infection
risks. Since no significant statistical differences were
discovered, hospitals can select the approach that best
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meets their practical demands, such as equipment
availability, cost, and sterilizing time. The study also
emphasizes the need to examine the types of bacteria
present when choosing the most effective sterilization
approach.

According to recent research, physical
sterilization technologies such as UV, fogging, and
drymist are becoming more popular, with studies
demonstrating that all are effective in lowering microbial
counts, however their efficacy varies depending on
circumstances and bacteria species (98-99). UV s
typically quicker, although fogging and drymist are more
effective in reaching bigger or difficult to access regions.
Although no significant statistical differences were
discovered in this investigation, the right implementation
of each strategy can give best outcomes based on
unique variables in the outpatient room.
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CONCLUSION

The findings of this study emphasize the
significance of sterilizing procedure efficacy in minimizing
microbiological contamination in the outpatient room
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at UGM Prof. Soedomo oral and dental hospital. The
results show that each sterilizing method UV radiation,
fogging, and drymist has a considerable influence on
microbial reduction, while the level of decrease varies
by approach. UV light was discovered to be the most
efective in reducing microorganisms, followed by drymist
and fogging. However, certain bacterial species that are
resistant to disinfectants survive after sterilization.

The study also used an analysis of variance
(ANOVA) to examine the efficacy of three techniques
(UV, fogging, and drymist) in lowering bacteria counts.
The ANOVA findings indicated a p-value of 0.979, which
is larger than the acceptable significance level (a = 0.05),
showing no significant difference inthe efficacy ofthe three
microbial reduction techniques. This study underlines
the need to select an appropriate sterilizing procedure
based on microbial characteristics and environmental
variables in order to obtain the best outcomes in
avoiding nosocomial infections. Further research is
required to investigate the intricate connections between
different sterilization procedures and microorganism
species, as well as to create more effective efficient and
comprehensive sterilization methods.

REFERENCES

1. Cadnum JL, Pearlmutter B, Jencson A, Haydar
H, Hecker MT, Ray AJ, et al. Microbial Bioburden
of Inpatient and Outpatient Areas Beyond Patient
Hospital Rooms. Infect Control Hosp Epidemiol.
2021;43(8):1017-1021. https://doi.org/10.1017/
ice.2021.309

2. Wang C, Li W, Gao J, Zhang D, Li Y, Li F, et
al. Microbial Predominance and Antimicrobial
Resistance in a Tertiary Hospital: A Six-Year
Retrospective Study From Outpatients and Patients
Visiting the Emergency Department. Research
Square. 2020;1(1):1-12 https://doi.org/10.21203/
rs.3.rs-31362/v1

3. GualandiNR,Novosad SA, PerzJF, Hopkins LR, Hsu
S, Segura S, et al. Assessments and Observations
of Infection Prevention and Control Practices in US
Outpatient Hemodialysis Facilities, 2015-2018:
Important Opportunities for Improvement. Infect
Control Hosp Epidemiol. 2024;45(9):1137-1142.
https://doi.org/10.1017/ice.2024.61

4. Klumdeth J, Jantaratnotai N, Thaweboon S,
Pachimsawat P. Sterility Maintenance of Reused
Disposable Paper/Plastic Sterilization Pouches in
Actual Clinical Practice. Heliyon. 2020;6(3):1-5.
https://doi.org/10.1016/j.heliyon.2020.e03672

5. Kumar MS, Kumari S, Singh R, Kumar S, Prasad
A. Sterilization: A Study of Knowledge, Attitude,
and Practice Among Staff of Tertiary Care Hospital.
Asian Pacific J Heal Sci. 2021;8(1):84—-86. https://
doi.org/10.21276/apjhs.2021.8.1.17

6. Gostine A, Gostine D, Short JH, Cadnum JL,
Donskey CJ, Angelotti T. Evaluating the Ultility of

196

10.

11.

12.

13.

14.

15.

16.

17.

Vol. 17 No.2 April 2025 (187-200)

UV Lamps to Mitigate the Spread of Pathogens
in the ICU. Appl Sci. 2020;10(18):1-7. https://doi.
0rg/10.3390/app10186326

Fan M, Li N, Yu B. The Performance Analysis
of a Novel Sterilizable Trombe Wall Based on
the Combined Effect of Heat and UV Light.
Buildings. 2024;14(5):1-23. https://doi.org/10.3390/
buildings14051210

Khandelwal A, Lapolla B, Bair T, Grinstead F, Hislop
M, Greene C, et al. Enhanced Disinfection with
Hybrid Hydrogen Peroxide Fogging In A Critical
Care Setting. BMC Infect Dis. 2022;22(1):1-8.
https://doi.org/10.1186/s12879-022-07704-9

Alhmidi H, Cadnum JL, Koganti S, Jencson A,
Wilson B, Donskey CJ. Shedding of Methicillin-
Resistant Staphylococcus Aureus and Multidrug-
Resistant Gram-Negative Bacilli During Outpatient
Appointments and Procedures Outside Hospital
Rooms. Am J Infect Control. 2021;49(8):991-994.
https://doi.org/10.1016/j.ajic.2021.03.002

Noel CW, Griffiths R, Siu J, Forner D, Urbach DR,
Freeman JL, et al. A population-Based Analysis Of
Outpatient Thyroidectomy: Safe and Under-Utilized.
Laryngoscope. 2021;131(11):2625-2633. https://
doi.org/10.1002/lary.29816

Rahman FF, Darsono SNAC, Oktaviani LW,
Thipwong P. The Impact of Healthcare Worker
Safety Culture on Outpatient Patient Satisfaction
in Public Hospitals. Mutiara Med J Kedokt dan
Kesehat. 2023;24(1):1-8. https://doi.org/10.18196/
mmjkk.v24i1.19571

Sathe N, Klein M, Rose L, Byrne D. Quality
Improvement Initiative to Reduce URI-Associated
Antibiotic Prescriptions Among Adult Primary Care
Providers. BMJ Open Qual. 2024;13(3):1-7. https://
doi.org/10.1136/bmjog-2024-002811

Lehrer BJ, Mutamba G, Thure KA, Evans CD,
Hersh AL, Banerjee R, et al. Optimal Pediatric
Outpatient Antibiotic Prescribing. Jama Netw
Open. 2024;7(10):1-13  https://doi.org/10.1001/
jamanetworkopen.2024.37409

Wang C, Zhang F, Breland A, Lineaweaver WC.
Efficacy of Infection Control Measures in Managing
Outbreaks of Multidrug-Resistant Organisms in Burn
Units. Ann Plast Surg. 2021;86(4S):S454—S457.
https://doi.org/10.1097/SAP.0000000000002825

Chang R, Meng D. Construction and Effect
Evaluation of a Hierarchical Training System
for Nosocomial Infection Based on Hospitals at
All Levels. Eai Endorsed Trans Pervasive Heal
Technol. 2023;9(1):1-7. https://doi.org/10.4108/
eetpht.9.4293

Triggiano F, Caggiano G, Lopuzzo M, Diella G,
Apollonio F, Fasano F, et al. No-Touch Automated
Disinfection System Based on Hydrogen
Peroxide and Ethyl Alcohol Aerosols for Use in
Healthcare Environments. Int J Environ Res Public
Health. 2022;19(8):1-6. https://doi.org/10.3390/

ijerph19084868

Zia H, Singh R, Seth M, Ahmed A, Azim A.
Engineering Solutions for Preventing Airborne
Transmission in Hospitals With Resource Limitation




Jurnal Kesehatan Lingkungan/10.20473/jkl.v17i2.2025.187-200

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

and Demand Surge. Indian J Crit Care Med.
2021;25(4):453-460. https://doi.org/10.5005/jp-
journals-10071-23792

Josephs-Spaulding J, Singh O V. Medical Device
Sterilizationand Reprocessinginthe EraofMultidrug-
Resistant (MDR) Bacteria: Issues and Regulatory
Concepts. Front Med Technol. 2021;2(1):1-15.
https://doi.org/10.3389/fmedt.2020.587352

Khanam M, Saha AK. Post-Operative Wound
Infections and Its Risk Factors in Surgical Wards
at Rajshahi Medical College Hospital. Int J Med
Sci Clin Res Stud. 2023;3(10):1-6. https://doi.
org/10.47191/ijmscrs/v3-i10-03

Duering H, Westerhoff T, Kipp F, Stein C. Short-
Wave Ultraviolet-Light-Based Disinfection of
Surface Environment Using Light-Emitting Diodes: A
New Approach to Prevent Health-Care-Associated
Infections.  Microorganisms.  2023;11(2):1-11.
https://doi.org/10.3390/microorganisms11020386

Kure CF, Langsrud S, Mgretrg T. Efficient Reduction
of Food Related Mould Spores on Surfaces by
Hydrogen Peroxide Mist. Foods. 2020;10(1):1-8.
https://doi.org/10.3390/foods10010055

Hashimoto T, Nakamura Y, Tamada Y, Kurosu H,
Kameda T. The Influence of Thermal Treatments on
the Secondary Structure of Silk Fibroin Scaffolds
and Their Interaction With Fibroblasts. PeerJ
Materials Science. 2020;2:(1):1-18. https://doi.
org/10.7717/peerj-matsci.8

Vatanparast B, Buitrago JM, Siqueira MF. Exploring
Sterilizer Performance Through External Biological
Indicator Testing: A Retrospective Study. Research
Square. 2024;1(1):1-15 https://doi.org/10.21203/
rs.3.rs-4350950/v1

Garcia T de F, Borges EL, Junho TO de C, Spira
JAO. Microbiological Profile of Leg Ulcer Infections:
Review Study. Rev Bras Enferm. 2021;74(3):1-10.
https://doi.org/10.1590/0034-7167-2019-0763
Cozzarelli NF, Longenecker AS, Uhr A, Davis DE,
Lonner JH. Unicompartmental Knee Arthroplasty
is Cost-Effective in an Outpatient Setting.

Cureus. 2023;15(2):1-6 https://doi.org/10.7759/
cureus.35059
Albaghdadi M, Khaddam M, Zainab A. A

Comparative in-Vitro Study of the Effectiveness of
Several Methods of Sterilizing Endodontic Files.
Cureus. 2024;16(11):1-10 https://doi.org/10.7759/
cureus.74473

Teng S, Gan J, Chen Y, Yang LY, Ye K. The
Application of Ultraviolet Treatment to Prolong the
Shelf Life of Chilled Beef. Foods. 2023;12(12):1-17.
https://doi.org/10.3390/foods12122410

Arthur V. Effect of Irradiation in Honey Inoculated
with Bacillus Sporothermodurans. Brazilian J Radiat
Sci. 2021;9(1A):1-8. htips://doi.org/10.15392/bjrs.
v9i1A.1448

Zhao Z, Zhang Z, Lanzarini-Lopes M, Sinha S, Rho
H, Herckés P, et al. Germicidal Ultraviolet Light
Does Not Damage or Impede Performance of N95
Masks Upon Multiple Uses. Environ Sci Technol
Lett. 2020;7(8):600-605. https://doi.org/10.1021/
acs.estlett.0c00416

197

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Vol. 17 No.2 April 2025 (187-200)

Assari A, Mahrous MM, Ahmad YA, Alotaibi
F, Alshammari M, AlTurki F, et al. Efficacy of
Different Sterilization Techniques for Toothbrush
Decontamination: An Ex Vivo Study. Cureus.
2022;14(1):1-13. https://doi.org/10.7759/
cureus.21117

Guo H, Li W, Huang Y, Li X, Zhi L, Zhou H, et
al. Increased Microbial Loading in Aerosols
Produced by Non-Contact Air-Puff Tonometer
and Relative Suggestions for the Prevention of
Coronavirus Disease 2019 (COVID-19). PLoS One.
2020;15(10):1-10. https://doi.org/10.1371/journal.
pone.0240421

Kawano A, Yamasaki R, Sakakura T, Takatsu;ji Y,
Haruyama T, Yoshioka Y, et al. Reactive Oxygen
Species Penetrate Persister Cell Membranes of
Escherichia Coli for Effective Cell Killing. Front
Cell Infect Microbiol. 2020;10(1):1-13. https://doi.
org/10.3389/fcimb.2020.00496

Barnewall RE, Bischoff W. Removal of SARS-CoV-2
Bioaerosols Using Ultraviolet Air Filtration. Infect
Control Hosp Epidemiol. 2021;42(8):1014-1015.
https://doi.org/10.1017/ice.2021.103

Fischer RJ, Port JR, Holbrook MG, Yinda CK,
Creusen M, Stege J ter, et al. UV-C Light Completely
Blocks Aerosol Transmission of Highly Contagious
SARS-CoV-2 Variants WA1 and Delta in Hamsters.
Environ Sci Technol. 2022;56(17):12424-12430.
https://doi.org/10.1021/acs.est.2c02822

Ragan |, Perez J, Hartson L, Davenport W, Doyle
B. UV-C Light Intervention as a Barrier Against
Airborne Transmission of SARS-CoV-2. Biology
and Life Sciences. 2023;16(89):1-13. https://doi.
0rg/10.20944/preprints202311.1864.v2

Li M. Study on the Inactivation Effect of
Ultraviolet Light From Multi-Irradiance  UV-
LEDs on Bacteria and the Underlying Damage.
Research Square. 2023;12792(1):1-20. https://doi.
org/10.1117/12.2688485

Arkusz K, Pasik K, Jedrzejewska A, Klekiel T,
Wozniak W, Nycz M, et al. Shedding Light on the
Problem: Influence of the Radiator Power, Source-
Sample Distance, and Exposure Time on the
Performance of UV-C Lamps in Laboratory and
Real-World Conditions. PLoS One. 2024;19(4):1-
12. https://doi.org/10.1371/journal.pone.0302258

Lualdi M, Cavalleri A, Bianco A, Biasin M, Cavatorta
C, ClericiM, etal. Ultraviolet C Lamps for Disinfection
of Surfaces Potentially Contaminated With SARS-
CoV-2 in Critical Hospital Settings: Examples of
Their Use and Some Practical Advice. BMC Infect
Dis. 2021;21(1):1-13.  https://doi.org/10.1186/
$12879-021-06310-5

Thomas S, Bittinger K, Livornese LL. Utilizing
the Biosimulator to Analyze the Environmental
Microbiome Within the Intensive Care Units of
a Hospital. Research Square. 2024:77(2):66-75
https://doi.org/10.21203/rs.3.rs-4757213/v1

Klassert TE, Leistner R, Zubiria-Barrera C,
Stock M, Lopez M, Neubert R, et al. Bacterial
Colonization Dynamics and Antibiotic Resistance
Gene Dissemination in the Hospital Environment
After First Patient Occupancy: A Longitudinal




Jurnal Kesehatan Lingkungan/10.20473/jkl.v17i2.2025.187-200

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Metagenetic Study. Microbiome. 2021;9(1):1-17.
https://doi.org/10.1186/s40168-021-01109-7

Colas-Meda P, Nicolau-Lapefia |, Vifias |, Neggazi
I, Alegre |. Bacterial Spore Inactivation in Orange
Juice and Orange Peel by Ultraviolet-C Light.
Foods. 2021;10(4):1-14. https://doi.org/10.3390/
foods10040855

Blau K, Gallert C. Efficacy of UV-C 254 Nm Light
and a Sporicidal Surface Disinfectant in Inactivating
Spores From Clostridioides Difficile Ribotypes in
Vitro. Pathogens. 2024;13(11):1-15. https://doi.
org/10.3390/pathogens13110965

Duan X, Shen C, Chen D, Zhai Z. Effect of
Environmental Factors on the Concentration
Distribution of Bioaerosols With Different
Particle Sizes in an Enclosed Space. Indoor
Built Environ. 2022;32(2):408-424. https://doi.
org/10.1177/1420326X221115613

Demir MZ, Given H, Ersahin ME, Ozgin H,
Pasaoglu ME, Koyuncu i. Comparative Life Cycle
Assessment of Four Municipal Water Disinfection
Methods. Sustainability. 2024;16(14):1-12. https://
doi.org/10.3390/su16146104

Fontaine SS, Kohl KD. The Microbiome Buffers
Tadpole Hosts From Heat Stress: A Hologenomic
Approach to Understand Host—microbe Interactions
Under Warming. J Exp Biol. 2023;226(1):1-10.
https://doi.org/10.1242/jeb.245191

Panda A, Tuller T. Determinants of Associations
Between Codon and Amino Acid Usage Patterns
of Microbial Communities and the Environment
Inferred Based on a Cross-Biome Metagenomic
Analysis. NPJ Biofilms Microbiomes. 2023;9(1):1-
18. https://doi.org/10.1038/s41522-023-00372-w

Botta SB, Teixeira FS, Hanashiro FS, Araujo
WWR, Cassoni A, Salvadori MC. Ultraviolet-C
Decontamination of a Dental Clinic Setting:
Required Amount of UV Light. Brazilian Dent
Sci.  2020;23(2):1-10.  https://doi.org/10.14295/
bds.2020.v23i2.2275

Kreitenberg A, Martinello RA. Perspectives and
Recommendations Regarding Standards for
Ultraviolet-CWhole-RoomDisinfectioninHealthcare.
J Res Natl Inst Stand Technol. 2021;126(1):1-8.
https://doi.org/10.6028/jres.126.015

Bartolomeu M, Braz M, Costa P, Duarte J, Pereira C,
Almeida A. Evaluation of UV-C Radiation Efficiency
in the Decontamination of Inanimate Surfaces and
Personal Protective Equipment Contaminated
With Phage ®6. Microorganisms. 2022;10(3):1-12.
https://doi.org/10.3390/microorganisms10030593

Andrzejewska A. Experimental Study on the Effect
of Selected Sterilization Methods on Mechanical
Properties of Polylactide FFF Specimens. Rapid
PrototypJ.2022;29(11):1-6. https://doi.org/10.1108/
RPJ-05-2021-0115

Wu MC, Uehara S, Wu J, Xiao Y, NAKAJIMAT, Sato
T. Dissolution Enhancement of Reactive Chemical
Species by Plasma-Activated Microbubbles Jet
in Water. J Phys D Appl Phys. 2020;53(48):1-12.
https://doi.org/10.1088/1361-6463/abae96

Filley GI, Kayastha D, Hayes W, Mehra S, Sherman

198

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Vol. 17 No.2 April 2025 (187-200)

JD, Eckelman MJ. Environmental Impact of a
Direct Laryngoscopy: Opportunities for Pollution
Mitigation. Laryngoscope. 2024;134(7):3206-3214.
https://doi.org/10.1002/lary.31341

Amza CG, Zapciu A, Baciu F, Vasile M, Popescu
D. Aging of 3D Printed Polymers Under Sterilizing
UV-C Radiation. Polymers (Basel). 2021;13(24):1-
16. https://doi.org/10.3390/polym13244467

Arangdad K, Yildirim E, 11Detwiler AT, Cleven CD,
Burk C, Shamey R, et al. Influence of UV Stabilizers
on the Weathering of PETG and PCTT Films. J
Appl Polym Sci. 2019;136(47):48198. https://doi.
org/10.1002/app.48198

MaB, LindenYS, Gundy PM, Gerba CP, Sobsey MD,
Linden KG. Inactivation of Coronaviruses and Phage
Phi6 From Irradiation Across UVC Wavelengths.
Environ Sci Technol Lett. 2021;8(5):425-430.
https://doi.org/10.1021/acs.estlett. 1c00178

Jalali Y, KoloSova A, Dzupa K, Pavlovi¢ P, Jalali M,
Racek P, et al. Efficacy of Antimicrobial Dry Fog in
Improving the Environmental Microbial Burden in
an Inpatient Ward. Antibiotics. 2024;13(12):1-19.
https://doi.org/10.3390/antibiotics 13121187

Ahmed H, Joshi LT. Clostridioides Difficile Spores
Tolerate Disinfection with Sodium Hypochlorite
Disinfectant and Remain Viable Within Surgical

Scrubs and Gown Fabrics.  Microbiology.
2023;169(11):1-10. https://doi.org/10.1099/
mic.0.001418

Miklis NI, Burak Il. Efficiency of Preventive Aerosol
Disinfection of Premises with Neutral Anolyte. Med
J. 2022;3(1):10-17. https://doi.org/10.51922/1818-
426X.2022.3.10

Saikh SR, Mushtaque M, Pramanick A, Prasad JK,
Roy D, Saha S, et al. Fog Caused Distinct Diversity
of Airborne Bacterial Communities Enriched With
Pathogens Over Central Indo-Gangetic Plain
in India. Heliyon. 2024;10(4):1-14. https://doi.
0rg/10.1016/j.heliyon.2024.e26370

Heslin SM, Henry MC, Litvak E, Singer AJ, Thode
HC, Viccellio P. An Analysis of New York Data:
Fluctuations in Hospital Capacity Are Driven by
Variability in Elective Admissions and Discharge
Activity. Cureus. 2024;16(4):e58404. https://doi.
org/10.7759/cureus.58404

Evans SE, Dueker ME, Logan J, Weathers KC.
The Biology of Fog: Results From Coastal Maine
and Namib Desert Reveal Common Drivers of
Fog Microbial Composition. Sci Total Environ.
2019;647(1):1547-1556. https://doi.org/10.1016/].
scitotenv.2018.08.045

Fuentes B, Ruiz-Gémez FJ, Valdez C, Videla
A, Castro-Severyn J, Barahona S, et al. Effects
of Altitude on Soil Properties in Coastal Fog
Ecosystems in Morro Moreno National Park,
Antofagasta, Chile. Eur J Soil Sci. 2022;73(1):1-20.
https://doi.org/10.1111/ejss.13217

Supraja KVL, Krupavathi K, Babu GR, Rao CS.
Spatial Variation of Microclimatic Parameters
Inside a Polyhouse With Fog Cooling System. J
Sci Res Reports. 2024;30(10):643—-663. https://doi.
0rg/10.9734/jsrr/2024/v30i102490




Jurnal Kesehatan Lingkungan/10.20473/jkl.v17i2.2025.187-200

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Jamaludin D, Shukri AAM, Kassim MSM, Hamzah
MH. Development of Decision Support System
(DSS) for Greenhouse Ventilation and Cooling
Control. Adv Agric Food Res J. 2022;4(2):1-13
https://doi.org/10.36877/aafrj.a0000369

Wang X, Xu Q, Liu X, Lv A. Effect of Nursing Quality
Management on the Nosocomial Infection Rate and
Psychology State of Patients With Burn and Plastic
Surgery. Iran J Public Health. 2020; https://doi.
org/10.18502/ijph.v49i9.4082

Gu S, Brar MS, Schmocker S, Kennedy E. Are
Colorectal Surgery Patients Willing to Accept an
Increased Risk of Surgical Site Infection to Avoid
Mechanical Bowel Preparation? Implications for
Future Trial Design. Color Dis. 2021;24(3):322—
328. https://doi.org/10.1111/codi.16000

Cutts T, Kasloff S, Safronetz D, Krishnan J.
Decontamination of Common Healthcare Facility
Surfaces Contaminated With SARS-CoV-2 Using
Peracetic Acid Dry Fogging. bioRxiv. 2020;1(1):1-
16 https://doi.org/10.1101/2020.12.04.412585
Song H, Dang YM, Ha S, Ha J. Evaluation of
Virucidal Efficacy of Human Norovirus Using
Combined Sprayed Slightly Acidic Electrolyzed
Water and Ultraviolet C-Light-Emitting Diode
Irradiation Treatment Based on Optimized
Capture Assay for Quantitative RT-qPCR. Front
Microbiol. 2022;13(1):1-9. https://doi.org/10.3389/
fmicb.2022.841108

Montazeri N, Manuel C, Moorman E, Khatiwada
JR, Williams L, Jaykus L. Virucidal Activity of
Fogged Chlorine Dioxide- And Hydrogen Peroxide-
Based Disinfectants Against Human Norovirus and
Its Surrogate, Feline Calicivirus, on Hard-to-Reach
Surfaces. Front Microbiol. 2017;8(1):1-9. https://
doi.org/10.3389/fmicb.2017.01031

Sharma A, Sharma N, Luthra G. An Overview of
the Importance of Fogging Disinfection Method
in the Healthcare Setups. J Pharm Res Int.
2023;35(4):1-8. https://doi.org/10.9734/jpri/2023/
v35i47319

Gaurav S, Kaur K. Comparative Efficacy Evaluation
of Quaternary Ammonium Disinfectants as Per EN
1040:2005. Ecs Trans. 2022;107(1):5199-5209.
https://doi.org/10.1149/10701.5199ecst

Anderson N, Kelson JR, Kele S, Daéron M,
Bonifacie M, Horita J, et al. A Unified Clumped
Isotope Thermometer Calibration (0.5-1,100°C)
Using Carbonate-Based Standardization.
Geophys Res Lett. 2021;48(7):1-11. https://doi.
0rg/10.1029/2020GL092069

Zhong C, Li J, Flynn SL, Nesbg C, Sun C, Gunten K
von, etal. Temporal Changes in Microbial Community
Composition and Geochemistry in Flowback and
Produced Water From the Duvernay Formation.
Acs Earth Sp Chem. 2019;3(6):1047-1057. https://
doi.org/10.1021/acsearthspacechem.9b00037

Ren Z, Han J, Zhang X, Yan Z, Wei Q. Effective
of Different Industrial Disinfection in Subzero Cold-
Chain Environment. Sci Rep. 2024;14(1):1-6.
https://doi.org/10.1038/s41598-024-62204-x

Malyshev D, Jones IA, McKracken M, Oberg R,

199

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Vol. 17 No.2 April 2025 (187-200)

Harper GM, Joshi LT, et al. Hypervirulent R20291
Clostridioides Difficile Spores Show Disinfection
Resilience to Sodium Hypochlorite Despite
Structural Changes. BMC Microbiol. 2023;23(1):1-
12. https://doi.org/10.1186/s12866-023-02787-z

Eldehily Kl, Tawfik MM, EI-Kholy MS, Sabry S.
Impact of Malnutrition in Critically Il Patients on
Intensive Care Unit. Egypt J Intensive Care Emerg
Med. 2023;3(1):57-69. https://doi.org/10.21608/
jicem.2023.244437.1024

Aboshoushah E, Albarakati J, Almajayishi F,
AlHamar F, Alghamdi S, Jarad J, et al. Identification,
Prevention and Management of Malnutrition in the
Critically lll Patients. J Healthc Sci. 2022;2(10):308—
313. https://doi.org/10.52533/JOHS.2022.21006
Dave N, Pascavis KS, Patterson J, Kozicki MN,
Wallace D, Chowdhury A, et al. Characterization of
a Novel, Low-Cost, Scalable Ozone Gas System for
Sterilization of N95 Respirators and Other COVID-
19 Related Use Cases. medrxiv. 2020;6(24):1-36
https://doi.org/10.1101/2020.06.24.20139469

Choi J, Lee M, Lee Y, Song Y, Cho Y, Lim TH.
EffectivenessofPlasma-Treated Hydrogen Peroxide
Mist Disinfection in Various Hospital Environments.
Int J Environ Res Public Health. 2021;18(18):1-9.
https://doi.org/10.3390/ijerph 18189841

Bozkaya O. Chemical Characterization of Ultra
High Molecular Weight Polyethylene Based Tibial
Inserts After Ethylene Oxide Sterilization. Kocaeli J
Sci Eng. 2023;6(1):51-60. https://doi.org/10.34088/
kojose. 1179821

El-Haw SE, Homouda S, El-Tawab AA. Prevalence
and Bacteriological Investigation of Bacillus
Cereus Isolated From Meat and Milk Products in
El-Gharbia Governorate, Egypt. Benha Veterinary
Medical Journal. 2024;46(1):125-129. https://doi.
org/10.21608/bvm;j.2024.260058.1770

Hawani | Al, Ibrahim HH, Khdair AM. A Review of the
Developmentin the Multiplex PCR Technique for the
Detection of Bacillus Cereus. Authorea. 2023:1-6
https://doi.org/10.22541/au.168006062.20963062/
vi

Soro AB, Ekhlas D, Marmion M, Scannell AGM,
Whyte P, Bolton D, et al. Investigation of Differences
in Susceptibility of Campylobacter Jejuni Strains
to UV Light-Emitting Diode (UV-LED) Technology.
Sci Rep. 2023;13(1):1-12. https://doi.org/10.1038/
541598-023-35315-0

Zhao Z, Luo Y, Wang T, Sinha S, Ling L, Rittmann
BE, etal. Phenotypic and Transcriptional Responses
of <i>Pseudomonas Aeruginosa</I> Biofilms to
UV-C Irradiation via Side-Emitting Optical Fibers:
Implications for Biofouling Control. Environ Sci
Technol. 2023;57(41):15736—-15746. https://doi.
org/10.1021/acs.est.3c04658

Hu Q, Ma P, Wang Y, Huang D, Hong J, Tan Y, et al.
Thermal Fogging with Disinfectants and Antifreezes
Enables Effective Industrial Disinfection In
Subzero Cold-Chain Environment. J Appl Microbiol.
2022;132(4):2673-2682.  htips://doi.org/10.1111/
jam.15393

Tapouk FA, Nabizadeh R, Mirzaei N, Jazani NH,




Jurnal Kesehatan Lingkungan/10.20473/jkl.v17i2.2025.187-200

87.

88.

89.

90.

91.

92.

Yousefi M, Hasanloei MAV. Comparative Efficacy of
Hospital Disinfectants Against Nosocomial Infection
Pathogens. Antimicrob Resist Infect Control.
2020;9(1):1-7. https://doi.org/10.1186/s13756-020-
00781-y

Dharsini SP, Bhuvaneshwari G, Kalyani M,
Venilla R. Quorum Sensing Analysis and Effect of
Bacteriocin in Controlling the Biofilm Formation
of Pseudomonas Aeruginosa. Int J Curr Pharm
Res. 2020;12(6):45-49. https://doi.org/10.22159/
ijcpr.2020v12i6.40283

Caro-Astorga J, Frenzel E, Perkins JR,
Alvarez-Mena A, Vicente A de, Ranea JAG, et
al. Biofilm Formation Displays Intrinsic Offensive
and Defensive Features of Bacillus Cereus. NPJ
Biofilms Microbiomes. 2020;6(1):1-15. https://doi.
0rg/10.1038/s41522-019-0112-7

Benedusi M, Tamburini E, Sicurella M, Summa D,
Ferrara F, Marconi P, et al. The Lesson Learned
From the COVID-19 Pandemic: Can an Active
Chemical Be Effective, Safe, Harmless-for-Humans
and Low-Cost at a Time? Evidence on Aerosolized
Hypochlorous Acid. Int J Environ Res Public
Health. 2022;19(20):1-22. https://doi.org/10.3390/
ijlerrh192013163

Hesam G, Vahabi M, Atamaleki A, Jalali M,
Hajipour-Verdom B, Moradpour Z. Health Risk
Assessment of Inhalation Exposure to Dry Fogging
of Hydrogen Peroxide in a Dental Clinic During
the COVID-19 Pandemic. Environ Sci Pollut Res.
2022;29(50):75338—75343. https://doi.org/10.1007/
$11356-022-21174-1

Velu P, Rengaraj R. A Study on Carbapenemase
Producing Acinetobacter Sp., and Identification of
OXA-51 Gene in Isolates From Patients Attending
a Tertiary Care Hospital. Indian J Microbiol Res.
2020;5(1):96-99.  https://doi.org/10.18231/2394-
5478.2018.0020

Ruan K, Wu Z, Xu Q. Smart Cleaner: A New
AutonomousIndoorDisinfectionRobotforCombating
the Covid19 Pandemic. Robotics. 2021;10(3):1-16.
https://doi.org/10.3390/robotics 10030087

200

93.

94.

95.

96.

97.

98.

99.

Vol. 17 No.2 April 2025 (187-200)

Souza DM de, Raetano CG, Moreira CAF, Bueno
RCO de F, Carvalho MM. Effects of News Sowing
Arrangements and Air Assistance on Fungicide
Spray Distribution on Soybean Crop. Acta Sci
Agron. 2019;41(1):1-7.  https://doi.org/10.4025/
actasciagron.v41i1.42700

Nerber HN, Sorg JA. The Small Acid-Soluble
Proteins of Clostridioides Difficile Are Important
for UV Resistance and Serve as a Check Point for
Sporulation. Plos Pathog. 2021;17(9):1-28. https://
doi.org/10.1371/journal.ppat.1009516

Nam G, Kim M, Jang Y, Cho S. Cold Atmospheric
Pressure Microplasma Pipette for Disinfection
of Methicillin-Resistant Staphylococcus Aureus.
Micromachines.  2021;12(9):1-13. https://doi.
org/10.3390/mi12091103

Reynolds KA, Sexton JD, Garavito F, Anderson
B, Ivaska J. Impact of a Whole-Room Atomizing
Disinfection System on Healthcare Surface
Contamination, Pathogen Transfer, and Labor
Efficiency. Crit Care Explor. 2021;3(2):1-9. https://
doi.org/10.1097/CCE.0000000000000340

Morikane K, Suzuki S, Yoshioka J, Yakuwa J,
Nakane M, Nemoto K. Clinical and Microbiological
Effect of Pulsed Xenon Ultraviolet Disinfection
to Reduce Multidrug-Resistant Organisms in the
Intensive Care Unit in a Japanese Hospital: A
Before-After Study. BMC Infect Dis. 2020;20(1):1-6.
https://doi.org/10.1186/s12879-020-4805-6

Sohbatzadeh F, Barzegar M, Colagar AH.
Comparing Bactericidal Effect of Pulsed Flash
Lamp and Continuous Sterilization UV Lamps
With a Cold Atmospheric Pressure Plasma Jet on
E. Coli Solid Growth Medium. Int J Opt Photonics.
2021;15(2):209-218. https://doi.org/10.52547/
ijop.15.2.209

Ueno T, Furukawa T, Sakugawa T. Vancomycin-
Resistant Enterococcus Faecium Sterilization
and Conductivity Change by Impulse Voltage.
Microorganisms.  2023;11(2):1-14.  https://doi.
0rg/10.3390/microorganisms11020517




