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particularly for immunocompromised individuals. Air sanitizers represent a
promising intervention for reducing microbial contamination in enclosed spaces.
Objectives: This study evaluated the efficacy of a cold-plasma air sanitizer in
reducing airborne bacterial contamination and developed a standardized protocol
for bacterial enumeration in indoor air samples. Methods: Air samples (500 L per
sample) were collected using a Sugold FX-100ST microbial air sampler (flow rate
100 L/min for 5 minutes) from microbiology and hematology teaching
laboratories (1000 m® room volume) at Gulf Medical University. Samples were
collected immediately before sanitizer activation (baseline) and at 3o-minute
intervals during cold-plasma treatment (TPA Air Technology, Germany) for 24
hours. Samples were directly inoculated onto Chocolate agar, CLED agar, and
Chromogenic UTI agar and incubated at 37°C for 24-48 hours. Total airborne
particle counts (0.3-10 pm) were measured using an Atmotech particle counter.
Experiments were performed in triplicate on three separate days (n=g per time
point). Bacterial identification was performed using Gram staining and
biochemical tests. Statistical analysis employed paired t-tests and one-way
ANOVA (p<0.05). Results: Significant bacterial reductions were observed
following sanitizer activation. Baseline bacterial concentrations were 75.4+12.3
CFU/500L on Chocolate agar, 59.2:10.8 CFU/500L on CLED agar, and 26.46.7
CFU/500L on Chromogenic agar. Mean reduction rates at 24 hours were 94.7%,
96.5%, and 96.1%, respectively. Predominant organisms were Micrococcus spp.
(62%) and Bacillus spp. (28%). Coagulase-positive Staphylococcus aureus (n=2)
species Burkholderia  cepacia  and
Stenotrophomonas maltophilia were also isolated. Strong positive correlation
was observed between particle counts and bacterial concentrations (r=o0.89,
p<o.001). Conclusion: Cold-plasma air sanitization effectively reduced airborne
bacteria by >9o% within 24 hours. The standardized enumeration protocol

and  Gram-negative including

developed in this study provides a simplified approach for indoor air quality
assessment. Implementation of cold-plasma technology in healthcare settings
could reduce respiratory infection risks for susceptible populations.
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1. Introduction

Airborne microorganisms represent a significant public
health concern, contributing to the transmission of
respiratory infections and serving as sources of allergens,
toxins, and irritants in indoor environments [1]. The
World Health Organization estimates that indoor air
pollution contributes to approximately 3.2 million
premature deaths annually, with respiratory infections
accounting for a substantial proportion of this burden [2].
Healthcare-associated infections, many of which are
transmitted through the airborne route, affect millions of
patients annually and impose significant economic costs

on healthcare systems [3,4].

Monitoring and controlling airborne microorganisms is
essential for maintaining public health and preventing
disease transmission. Various air sampling techniques
have been developed, each with distinct advantages and
limitations [5]. The Andersen impactor, which separates
particles by aerodynamic size, is widely used but may
cause desiccation and loss of culturability in sensitive
organisms  [6]. Filter-based ~ methods  using
polytetrafluoroethylene (PTFE) membranes can capture
a broader size range but may cause desiccation of target
organisms during extended sampling [7]. Liquid
impingement systems, such as the SKC BioSampler,
maintain organism viability more effectively but require
immediate processing to prevent die-off [8].

Culture-based methods remain the gold standard for
detecting viable organisms through colony-forming unit
(CFU) enumeration [g]. These methods allow for the
isolation and characterization of viable organisms but are
time-consuming and limited to organisms that grow
under specified conditions. Molecular methods, including
quantitative real-time PCR, metagenomics, biosensors,
and CRISPR-based assays, offer rapid detection but
cannot distinguish between viable and non-viable
organisms and require specialized equipment and
expertise [10,11,12].

The development of air sanitation technologies has
accelerated in response to growing awareness of indoor
air quality issues and the need for effective infection
control measures [13]. Unlike filter-based air purifiers that
simply trap particles, air sanitizers actively inactivate
microorganisms in open air spaces through various
mechanisms [14]. Cold-plasma technology has emerged as
a promising approach, generating a plasma field that
produces reactive oxygen species (ROS) and other
antimicrobial species that inactivate bacteria through
oxidative damage to cell membranes, proteins, and
nucleic acids [15,16]. Atmospheric cold plasma operates at
near-room temperature and pressure, making it suitable
for occupied spaces [17]. Reusable, washable filters further
enhance the sustainability and cost-effectiveness of this
technology [18].
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Despite growing interest in cold-plasma air sanitizers,
standardized protocols for evaluating their efficacy are
lacking. Current methods for airborne bacterial
enumeration vary widely in sampling volume, culture
media, incubation conditions, and data reporting,
limiting comparability between studies [19]. The absence
of standardized protocols for air volume control and
direct inoculation into culture media has hindered the
development of reliable, reproducible
methods. Furthermore, while the relationship between
airborne particle counts and microbial burden has been
recognized, few studies have systematically explored this
correlation in the context of air sanitation [20].

assessment

This study aimed to: (i) evaluate the efficacy of a
commercially available cold-plasma air sanitizer in
reducing airborne bacterial contamination in indoor
laboratory settings; (ii) develop a standardized, simplified
protocol for airborne bacterial enumeration using
controlled air volume sampling and direct inoculation
onto multiple culture media; and (iii) investigate the
relationship between airborne particle counts and
bacterial concentrations. The findings have implications
for infection control in healthcare settings, particularly
for immunocompromised patients requiring pathogen-
free indoor environments [21].

2. Materials and Methods

2.1 Study Setting and Design

This investigation was conducted in the microbiology
and hematology teaching laboratories at the Faculty of
Health Sciences, Gulf Medical University, Ajman, United
Arab Emirates. Both laboratories have a room volume of
approximately 1000 m? and are equipped with standard
HVAC systems providing 6-8 air changes per hour. The
study was approved by the Institutional Review Board
(Ref. IRB-COHS-FAC-95-MAR-2024).

The experimental design involved collecting standardized
air samples (500 L per sample) at baseline (To,
immediately before sanitizer activation) and at 30-minute
intervals during cold-plasma treatment (T30, T60, Tgo,
Ti20, T150, T180), with a final sample at 24 hours (T1440).
Samples were collected in triplicate at each time point on
three separate experimental days (n=9 per time point).

2.2 Environmental Conditions

Environmental parameters were monitored throughout
the sampling period using a calibrated hygrometer-
thermometer (Model 608-Hi, Testo, Germany).
Temperature was maintained at 22:2°C and relative
humidity at 55:5%. Room occupancy was standardized to
two operators who remained stationary during sampling
to  minimize activity-related  variability. = Ozone
concentration was monitored continuously using a UV
photometric ozone analyzer (Model 49i, Thermo
Scientific, USA) with a detection limit of o0.001 ppm to
ensure levels remained within safe exposure limits (<o0.05
ppm for 8-hour exposure) [22].
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2.3 Air Sampling and Bacterial Enumeration

Air samples were collected using a Sugold FX-1008T
microbial air sampler (Sugold, USA) calibrated according
to the manufacturer's specifications and verified using a
calibrated flow meter (TSI Incorporated, USA). The
sampler was operated at a flow rate of 100 L/min for 3
minutes, yielding a total sample volume of 500 L per
sampling event. The sampler was positioned at a height
of 1.5 m above floor level, approximately at the breathing
zone.

Samples were collected by direct impaction onto go-mm
Petri dishes containing Chocolate agar, CLED (Cystine
Lactose Electrolyte-Deficient) agar, and Chromogenic
UTTI agar (Oxoid, UK). All culture media were prepared
according to the manufacturer's instructions and pre-
incubated at 37°C for 24 hours to verify sterility prior to
sampling. Following collection, plates were immediately
transferred to the laboratory and incubated at 37°C for 24-
48 hours in an inverted position. Colonies were counted
using a Quebec colony counter and expressed as CFU per
500 L air sample. Bacterial concentration was also
calculated as CFU/m? using the formula: CFU/m? = (CFU
counted x 1000) / air volume sampled (L).

2.4 Cold-Plasma Air Sanitizer

The cold-plasma air sanitizer (TPA Air Technology,
Germany) was pre-installed in the HVAC system of both
laboratories. The device operates by generating a cold-
plasma field through dielectric barrier discharge,
producing reactive species including ozone, hydroxyl
radicals, and ROS. The device was operated continuously
throughout the 24-hour experimental period at the
manufacturer's recommended settings (50W power
consumption). Filter integrity was assessed before and
after each experimental run to ensure consistent
performance.

2.5 Particle Count Monitoring

Concurrent with microbiological sampling, total airborne
particle counts were measured using an Atmotech
particle counter (Atmotech Inc., USA). The instrument
was calibrated to detect particles in the size range of 0.3-
10 pm at 2.83 L/min flow rate. Measurements were taken
at 60-second intervals throughout the study duration at
the same sampling height (1.5 m) and locations as the
microbiological samples. Data were recorded as particles
per cubic meter.

Fiqure 1 : Left: Atmocube particle recorder

Right: Cold-plasma Air Sanitizer

2.6 Bacterial Identification

Bacterial isolates were preliminarily identified based on
colonial morphology on different culture media, Gram
reaction, catalase test, oxidase test, and coagulase test.
Gram-negative isolates were further identified using the
API 20NE system (bioMérieux, France) according to the
manufacturer's instructions. Antimicrobial susceptibility
testing for Staphylococcus isolates was performed using
the Kirby-Bauer disk diffusion method on Mueller-
Hinton agar according to CLSI guidelines [23]. Penicillin
(10 pg) and vancomycin (30 pg) disks were used.

2.7 Controls

Negative controls were performed by sampling sterile
phosphate-buffered saline (PBS) using the same
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procedure to verify media sterility. Positive controls were
performed by aerosolizing laboratory-generated Bacillus
subtilis ATCC 6633 in a controlled environment (isolated
biosafety cabinet) and sampling known concentrations
(10%-10%* CFU/m?®) to validate the collection efficiency of
the air sampler.

2.8 Statistical Analysis

Data were analyzed using SPSS ve7.0 (IBM Corp.) and
expressed as mean * SD. Normality was assessed via the
Shapiro-Wilk test. Paired t-tests compared baseline versus
post-treatment bacterial counts, while one-way ANOVA
with Tukey's post-hoc test evaluated differences across
multiple time points. Pearson's correlation and linear
regression (R?) examined associations between particle

and bacterial counts. Inactivation kinetics were modeled
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using first-order decay: In(N¢/No) = -kt. Sample size (n=9
per time point; triplicate samples across three days) was
determined using G*Power (a=0.05, power=0.80, f=o0.25).

Statistical significance was set at p<o.05

3. Results

3.1 Bacterial Enumeration

Air samples collected from both laboratories showed
substantial bacterial growth on all culture media at
baseline (To). In the Microbiology Laboratory, mean
CFU counts on Chocolate agar were 75.4+12.3 CFU/500L
(150.8224.6 CFU/m®), on CLED agar were 59.2¢10.8
CFU/500L (18.4x21.6 CFU/m?), and on Chromogenic
agar were 26.4:6.7 CFU/500L (52.8%13.4 CFU/m?) (Table
1). Similar baseline counts were observed in the
Hematology Laboratory (Table 2).

Following activation of the cold-plasma sanitizer,
bacterial counts decreased progressively with time
(Figure 1, Figure 2). Significant reductions were observed
as early as go minutes post-activation (Chocolate agar:

p=0.002; CLED agar: p=o.004; Chromogenic agar:
p=0.008). By 60 minutes, reductions of 57.3%, 62.7%, and
57.7% were observed on Chocolate, CLED, and
Chromogenic agar, respectively. At 24 hours, nearly
complete elimination was achieved with mean reductions
of 94.7:3.2% (Chocolate), 96.5:2.8% (CLED), and
96.1:3.5% (Chromogenic) in the Microbiology Laboratory
(Table 1). Similar results were obtained in the
Hematology Laboratory (Table 2).

Inactivation kinetics followed first-order decay (R*=0.92-
0.95). The calculated rate constants were 0.014+0.001 min™
(Chocolate), 0.016+0.001 min™" (CLED), and o.015%0.001
min™' (Chromogenic). Corresponding half-lives were
49.5, 43.3, and  46.2 indicating  that
approximately 50% of culturable bacteria were inactivated
within the first hour of treatment. Figure-4.

minutes,

Table 1: Bacterial reduction by cold-plasma air sanitizer
in Microbiology Laboratory samples (CFU/S00L)

Chocolate Agar CLED Agar Chromogenic Agar
Time Point
CFUlplate Reductio CFUlplate Reduction CFUlplate Reduction

(Mean £ SD) n (%) (Mean £ SD) (%) (Mean £ SD) (%)

Zero (T0) 754123 59.2+10.8 - 264+6.7 -
30 min 413+87 453 34272 422 15.1+43 428
60 min 322+64 57.3 222+51 62.7 11.2+£32 57.7
90 min 254+52 66.3 18.1+43 69.4 91+£28 65.5
120 min 223+46 70.5 16.0+3.8 73.0 41£16 84.5
150 min 15.6+3.8 793 16.0+3.8 73.0 41£16 84.5
180 min 6.2+2.1 918 122+29 794 41+£16 845

24 hours 42+15 94.7+3.2 2208 96.5%28 1.1+04 96.1£3.5
International Journal of Applied Technology in Medical Sciences Pages 7 -12
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Chocolate Agar CLED Agar Chromogenic Agar
Time Point
CFUlplate Reduction CFUlplate Reductio CFUlplate Reduction

(Mean # SD) (%) (Mean # SD) n (%) (Mean # SD) (%)

Zero (T0) 73.2+11.8 - 723115 201£52 -
30 min 286+5.8 60.9 342+70 52.7 84127 58.2
60 min 262+5.2 64.2 29.1+£59 59.8 73124 63.7
90 min 223+45 69.5 243+48 66.4 31+13 84.6
120 min 224+45 69.4 16.2+3.8 77.6 31+13 84.6
150 min 17236 76.5 16439 77.3 3113 84.6
180 min 12428 83.1 123128 83.0 3113 84.6

97.3%
24 hours 6.3+18 91.8+29 2107 21 1.0+£0.3 95.0+3.2

3.2 Particle Count Analysis

Total particle counts (0.3-10 um) showed a significant
reduction during the treatment period, decreasing from a
baseline mean of 1,450+89 particles/m® to 320+42
particles/m* at 24 hours in the Microbiology Laboratory
(Figure 1). A strong positive correlation was observed
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Table 2: Bacterial reduction by cold-plasma air sanitizer
in Haematology Laboratory samples (CFU/500L)

between particle counts and bacterial counts
(Microbiology Laboratory: 1=0.89, 95% CI: 0.82-0.94,
p<0.001; Hematology Laboratory: r=0.91, 95% CI: 0.85-
0.95, p<0.001) (Figure 2, Figure 3). Linear regression
analysis revealed that particle counts explained 79%
(R?=0.79) and 83% (R>=0.83) of the variance in bacterial
counts in the Microbiology and Hematology
laboratories, respectively.
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3.3 Bacterial Identification

Analysis of bacterial colonies from all culture media
revealed that the majority of isolated organisms were
Gram-positive bacteria (87%), with Gram-negative
bacteria comprising only 13% of isolates (Table 3).
Among Gram-positive isolates, the predominant genera
(28%).

Coagulase-positive Staphylococcus aureus was identified

were Micrococcus spp.  (62%) and Bacillus spp.

All Staphylococcus isolates were sensitive to vancomyecin;
one of theS. aureusisolates was penicillin-resistant
(Table 3). Gram-negative isolates included four oxidase-
positive organisms and one oxidase-negative organism
identified by API 20NE as Burkholderia

cepacia and Stenotrophomonas maltophilia. No fungal

testing

growth was observed on any of the culture media used.

Table 3. Biochemical characterization of Gram-positive bacterial

in two isolates from the Microbiology Laboratory. isolates
Coagulase-negative staphylococci were identified in two
isolates.
Penicillin Vancomycin
C Mannitol
Isolated Organism Group Gram Stain oagulase © DNase Test | Susceptibilit | Susceptibilit
Test Salt Agar
Yy y
aureus(n=2) + +(2) +(2) +(2) Sensitive (1), | Sensitive (2)
Resistant (1)
Coagulase- + -(2) -(2) -(2) Sensitive (2) | Sensitive (2)
negative Staphylococcus (n=2
)

4. Discussion

This study demonstrates that cold-plasma air sanitization
effectively reduces airborne bacterial contamination in
indoor laboratory settings, achieving >90% reduction
within 24 hours of continuous operation. The findings
have significant implications for indoor air quality
management and infection control,
healthcare

particularly in

settings where immunocompromised

individuals are at elevated risk of airborne infections [24].

The observed reduction rates (91-100%) are comparable to
or exceed those reported for other air sanitation
technologies. Previous studies of ultraviolet germicidal

irradiation (UVGI) have reported bacterial reduction

International Journal of Applied Technology in Medical Sciences
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rates of 70-9o% depending on exposure time and
environmental conditions [25]. High-efficiency particulate
air (HEPA) filtration can achieve >99% particle removal
but does not inactivate captured organisms, potentially
allowing their re-release or growth on filters [26].
Photocatalytic oxidation systems have shown variable
efficacy (40-90%) depending on catalyst type, humidity,
and contaminant load [27]. The cold-plasma technology

evaluated in this study offers the advantage of
simultaneously removing particles and inactivating
microorganisms  through  oxidative = mechanisms,

potentially providing more comprehensive air sanitation
[28].
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The strong correlation observed between particle counts
and bacterial concentrations (r=0.89-0.91) supports the
hypothesis that airborne bacteria are predominantly
associated with particulate matter. This finding is
consistent with previous studies demonstrating that
bacteria are typically associated with particles >1 um [29].
The correlation suggests that real-time particle monitoring
could serve as a practical surrogate for assessing biological
contamination in indoor environments, enabling rapid air
quality assessment when microbiological data are not
immediately available. However, the correlation is not
absolute (R?=0.79-0.83), indicating that other factors influence
bacterial concentration and that particle monitoring should
complement, rather than replace, microbiological assessment
[30].

The predominant isolation
of Micrococcus and Bacillus species in this study is
consistent with previous reports of indoor air
microbiology [31]. These organisms are common
environmental contaminants with low pathogenic
potential in immunocompetent individuals but may pose
risks in immunocompromised hosts [32]. The detection of
coagulase-positive S. aureus and Gram-negative
organisms including B. cepacia and S. maltophilia is of
clinical significance, as these organisms are associated
with healthcare-associated infections and are often
multidrug-resistant [33]. The presence of penicillin-
resistant S. aureus in indoor air highlights the potential
for transmission of antibiotic-resistant organisms through
the airborne route. These findings underscore the
importance of air sanitation in healthcare settings to
reduce the airborne burden of clinically relevant

organisms.

The observed first-order inactivation kinetics (R%=0.92-
0.95) are consistent with the mechanism of ROS-
mediated bacterial inactivation [34]. The half-lives of 43-
50 minutes suggest that continuous operation of the
sanitizer is required to maintain low bacterial
concentrations, as intermittent operation would allow
bacterial recontamination from outdoor air, human
activities, and surface resuspension [35]. This finding has
practical implications for implementing cold-plasma
sanitizers in healthcare settings, where continuous
operation may be necessary to achieve and maintain
ultraclean air quality.

The standardized enumeration protocol developed in this
study offers several advantages over existing methods.
The use of controlled air volume sampling (500 L)
ensures consistent sample sizes and enables calculation of
bacterial concentrations in standard units (CFU/m3).
culture media

Direct inoculation onto multiple

(Chocolate, CLED, Chromogenic) maximizes detection

International Journal of Applied Technology in Medical Sciences
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of diverse organisms. The protocol reduces the number of
steps, expenses, and efforts compared to previously
described methods and allows for comparability between
studies. This protocol could be particularly valuable for
routine monitoring of indoor air quality in healthcare and
other sensitive settings.

4.1 Limitations

Several limitations of this study warrant consideration.
First, the study was conducted in only two laboratories at
a single institution over a limited time period, which may
limit generalizability. Bacterial communities in indoor
environments ~ vary  significantly =~ with  season,
geographical location, occupancy patterns, and building
characteristics [36]. Multi-site studies of extended
duration are needed to validate these findings across
diverse indoor environments. Second, the culture-based
enumeration method detects only culturable bacteria and
cannot distinguish viable but non-culturable organisms,

which may remain infectious [37].

Future studies should employ complementary methods
such as flow cytometry with viability stains or molecular
methods with propidium monoazide pre-treatment to

assess total viable cells [38].

Third, the study did not assess fungal or viral
contamination, which represent important components
of the indoor air microbiome with significant health

implications [39].

Fourth, the bacterial identification was performed using
phenotypic methods rather than molecular sequencing,
which may limit the resolution of species identification

[40].

Finally, the study did not assess the long-term
performance of the sanitizer, including potential
degradation of efficacy over time, filter saturation, or
accumulation of dead organisms that could serve as
nutrient sources for surviving organisms. Future research
should address these limitations through extended studies
incorporating molecular identification methods, viability
assessment, and comprehensive microbiological analysis

including fungi and viruses.
5. Conclusion

This study demonstrates that cold-plasma air sanitization
effectively reduces airborne bacterial contamination in
indoor environments, achieving >90% reduction within
24 hours of continuous operation. The technology
demonstrates efficacy against a range of environmental
and clinically relevant bacteria,
including Micrococcus spp., Bacillus spp., Staphylococcu

s aureus, Burkholderia cepacia, and Stenotrophomonas
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maltophilia. The strong correlation observed between
particle counts and bacterial concentrations supports the
use of real-time particle monitoring as a surrogate for

assessing biological contamination.

This study presents a standardized, simplified protocol
for airborne bacterial enumeration that incorporates
controlled air volume sampling (500 L), direct inoculation
onto multiple culture media, and standardized reporting
in CFU/m3. This protocol reduces the steps, expenses,
and efforts associated with airborne bacterial testing and
could serve as a model for future studies of air sanitation

technologies.

The findings support the implementation of cold-plasma

air sanitizers in  healthcare settings ~ where
immunocompromised patients are at risk of airborne
infections, including oncology units, transplant units,
intensive care units, and operating theaters. Future
research should focus on: (i) multi-site, long-term studies
to validate efficacy across diverse settings and seasons;
(ii) assessment of fungal and viral inactivation; (iii)
molecular characterization of bacterial communities to
identify potential pathogens and antimicrobial resistance
genes; and (iv) cost-effectiveness analyses to guide policy

and practice.
Acknowledgments

The authors gratefully acknowledge Gulf Medical
University, Ajman, United Arab Emirates, for providing
the facilities and support necessary for conducting this

research.
Conflict of Interest Statement

The authors declare no conflicts of interest regarding the
publication of this manuscript.

Funding Statement

This research received no specific grant from any
funding agency in the public, commercial, or not-for-
profit sectors

References

1] Hinds WC, Zhu Y. Aerosol technology: properties,
behavior, and measurement of airborne particles. grd ed.
Hoboken: John Wiley & Sons; 2022. 528 p.

[2] World Health Organization. WHO global air quality
guidelines: particulate matter (PMa.5 and PMio), ozone,
nitrogen dioxide, sulfur dioxide and carbon monoxide.
Geneva: World Health Organization; 2021. 273 p.

[3] Zimlichman E, Henderson D, Tamir O, Franz C, Song
P, Yamin CK, et al. Health care-associated infections: a
meta-analysis of costs and financial impact on the US

International Journal of Applied Technology in Medical Sciences
ISSN: 3014-5197 - https://doi.org/10.54878/r2x84577

health care system. JAMA Intern Med. 2013;173(22):2039-
46.

[4] Thompson KA, AM. Healthcare
environment: air quality. In: Batt CA, Tortorello ML,
editors. Encyclopedia of food microbiology. 2nd ed.
Oxford: Academic Press; 2014. p. 127-35.

Bennett

[5] Fabian P, McDevitt JJ, DeHaan WH, Fung ROP,
Cowling BJ, Chan KH, et al. Influenza virus in human
exhaled breath: an observational study. PLoS ONE.
2011;6(6):€21481.

[6] Lin K, Marr LC, Li Y. Aerosol sampling and detection
of airborne viruses. Environ Sci Technol. 2020;54(3):1583-

gL

[7] Prussin AJ, Schwake DO, Marr LC. Ten questions
concerning the aerosolization and transmission of
Legionella in the built environment. Build Environ.

2017;123:684-95.

[8] Centers for Disease Control and Prevention.
Guidelines for environmental infection control in health-
care facilities. MMWR Recomm Rep. 2003;52(RR-10):1-42.

[9] Gonzalez-Martin C. Airborne infectious
microorganisms. In: Schmidt TM, editor. Encyclopedia of
microbiology. 4th ed. Oxford: Academic Press; 2019. p. 52-
69.

[10] Myhrvold C, Freije CA, Gootenberg JS, Abudayyeh
00, Metsky HC, Durbin AF, et al. Field-deployable viral
diagnostics using CRISPR-Cas13. Science.
2018;360(6387):444-8.

[11] Jiang X, Wang R, Wang Y, Su X, Ying Y, Wang J.
Advances in biosensors for airborne pathogen detection:
a review. Biosens Bioelectron. 2022;198:113805.

[12] World Health Organization. Laboratory testing for
SARS-CoV-g: interim guidance. Geneva: World Health
Organization; 2021. WHO/2019—nCoV/laboratory/Qozl.l.

[13] Song L, Zhou J, Wang C, Meng G, Li Y, Jarin M, et
al. Airborne pathogenic microorganisms and air cleaning
technology development: a review. J Hazard Mater.
2022;424:127429.

[14] Al-Abdallah AH, Al-Dakheel SA, Al-Abkari HA.
Impact of air-conditioning filters on microbial growth
and indoor air pollution. In: Low-temperature
technologies. London: IntechOpen; 2019. p. 179-206.

[15] Han L, Patil S, Boehm D, Milosavljevi¢ V, Cullen PJ,
Bourke P. Mechanisms of inactivation by high-voltage
atmospheric cold plasma differ for Escherichia coli and
Staphylococcus  aureus. Appl Environ Microbiol.
2016;82(2):450-8.

Pages 1 -12



International Journal of Applied Technology in Medical Sciences

[16] Chen Z, Liu Y, Li J, Wang X, Zhang H, Zhou R, et al.
Cold plasma technology for air disinfection: recent
advances and future perspectives. J Hazard Mater.

2023;456:131984.

[17] Bisag A, Colombo V, Gherardi M, Laurita R, Liguori
A, Santoro M, et al. Atmospheric pressure cold plasma
for air purification. Environ Sci Technol. 2022;56(8):5121-

33

[18] Szczotko M, Orych I, Maka b, Solecka J. A review of
selected types of indoor air purifiers in terms of microbial
air contamination reduction. Atmosphere. 2022;13(5):800.

[19] Brincat JP, Sardella D, Muscat A, Decelis S, Grima
JN, Valdramidis V, et al. A review of the state-of-the-art
in air filtration technologies as may be applied to cold
storage warchouses. Trends Food Sci Technol.
2016550:175-85.

[20] Stenstrom KE, Pédehontaa-Hiaa G, Ramljak B, Raaf
C. Alpha spectrometry of radioactive aerosols from the
European Spallation Source: an investigation of the
possibilities of direct alpha spectrometry. Radiat Meas.
2024;172:107089.

[21] Joppolo CM, Gandini J. Emerging technologies for
air cleaning and their integration in HVAC systems:
which role in the increasing quest for healthy and
sustainable buildings? E3S Web Conf. 2024;523:03005.

[22] United States Environmental Protection Agency.
National ambient air quality standards for ozone. Fed
Regist. 2015;80(206):65292-375.

[e3] Clinical and Laboratory Standards Institute.
Performance standards for antimicrobial susceptibility
testing. g3rd ed. CLSI supplement Mioo. Wayne, PA:
Clinical and Laboratory Standards Institute; 2023. 352 p.

24| Zembower TR. Epidemiology of infections in cancer
[24] Zemb TR. Epidemiology of infecti i
patients. Cancer Treat Res. 2014;161:43-89.

[25] Kowalski WJ, Bahnfleth WP, Whittam T'S. Filtration
of airborne microorganisms: modeling and prediction.
ASHRAE Trans. 1999;105:1-17.

[26] Moreau M, Orange N, Feuilloley MG. Non-thermal
plasma technologies: new tools for bio-decontamination.
Biotechnol Adv. 2008;26(6):610-7.

[27] Laroussi M. Low temperature plasma-based
sterilization: overview and state-of-the-art. Plasma
Process Polym. 2005;2(5):391-400.

[28] Morawska L, Cao J. Airborne transmission of SARS-
CoV-2: the world should face the reality. Environ Int.

20203139:105730.

International Journal of Applied Technology in Medical Sciences
ISSN: 3014-5197 - https://doi.org/10.54878/r2x84577

[29] Douwes J, Thorne P, Pearce N, Heederik D.
Bioaerosol health effects and exposure assessment:
progress and prospects. Ann Occup Hyg. 2003;47(3):187-
200.

[30] Tang JW, Li Y, Eames I, Chan PK, Ridgway GL.
Factors involved in the aerosol transmission of infection
and control of ventilation in healthcare premises. J] Hosp
Infect. 2006;64(2):100-14.

[31] Prussin AJ, Marr LC. Sources of airborne
microorganisms in the built environment. Microbiome.

2015;3:78.

[32] Chastre J, Fagon JY. Ventilator-associated
pneumonia. Am J Respir Crit Care Med. 2002;165(7):867-

903-

[33] Church D, Elsayed S, Reid O, Winston B, Lindsay R.
Burn  wound infections. Clin  Microbiol  Rev.

2006319(2):403-34.

[34] Graves DB. The emerging role of reactive oxygen
and nitrogen species in redox biology and some
implications for plasma applications to medicine and
biology. ] Phys D Appl Phys. 2012;45(26):263001.

[35] Somsen GA, van Rijn C, Kooij S, Bem RA, Bonn D.
Small droplet aerosols in poorly ventilated spaces and
SARS-CoV-2 Lancet Respir Med.
2020;8(7):658-9.

transmission.

[36] Adams RI, Miletto M, Taylor JW, Bruns TD.
Dispersal in microbes: fungi in indoor air are dominated
by outdoor air and show dispersal limitation at short
distances. ISME J. 2013;7(7):1262-73.

[37] Oliver JD. Recent findings on the viable but
nonculturable state in pathogenic bacteria. FEMS
Microbiol Rev. 2010;34(4):415-25.

[38] Nocker A, Cheung CY, Camper AK. Comparison of
propidium monoazide with ethidium monoazide for
differentiation of live vs. dead bacteria by selective
removal of DNA from dead cells. ] Microbiol Methods.
2006;67(2):310-20.

[39] Cox J, Moyer P, Furlan R, Reineke L, Woods K,
Castronovo D. Indoor air quality in healthcare facilities: a
comprehensive review. ] Hosp Infect. 2022;126:1-12.

[40] Clarridge JE. Impact of 16S rRNA gene sequence
analysis for identification of bacteria on clinical
microbiology and infectious diseases. Clin Microbiol Rev.
2004;17(4):840-62

Pages 12 -12



