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Abstract

Background: Research on the relationship between bioaerosols and particulate matter (PM)
concentrations is necessary, especially in hospitals where airborne bioaerosols can facilitate disease
transmission. This study aimed to investigate the relationship between PM (PM,, and PM ) and
bioaerosols, as well as the factors influencing them (temperature and humidity), in the air of liver
transplant operating rooms (LTOR) at Imam Khomeini Hospital in Tehran.

Methods: Bioaerosol samples (32 samples) were collected using the passive sampling method,
employing open-door plates containing culture medium, during June and July of 2019. PM samples
were obtained concurrently with bioaerosol samples using the GM8803 air quality detector, during
four one-hour periods. Simple linear regression analysis was performed to determine the relationship
between bioaerosol and PM concentrations.

Results: It was revealed that the average concentrations of PM,, and PM,  were 17.8 (SD=2.2) and
27.0 (SD=2.6) ug/m? respectively. Additionally, the average concentrations of bacterial and fungal
bioaerosols were 2132 (SD=837) and 550 (SD=189.4) CFU/m>h, respectively. Linear regression
analysis demonstrated a strong correlation between bacterial bioaerosols and PM concentrations,
whereas the relationship with fungal bioaerosols was relatively weaker.

Conclusion: The findings of this study indicate that the indoor air in LTOR exhibits a higher level of
microbial contamination than the recommended guidelines for high-risk environments. To improve
the air quality in LTOR, it is reccommended to implement periodic microbial monitoring, ensure the
proper functioning of ventilation systems, and pay attention to their maintenance and operation.
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Introduction
In the realm of healthcare, it is imperative to address the
challenges associated with hospitalization, and one critical
concern is exposure to airborne bioaerosols. Hospitals
and medical facilities are tasked with effectively managing
and reducing the presence of bioaerosols to create a safer
environment for both patients and staff (1).

Bioaerosols comprise a wide range of airborne particles,
including viruses, pollen grains, algae, plant debris,
microbiological insect fragments, as well as human and

animal skin cells, along with bacterial and fungal spores.
The aerodynamic size of bioaerosols spans from 0.02 to
100 pum, with particles smaller than 10 um presenting
notable health risks, especially within hospital settings.
These bioaerosols significantly contribute to indoor air
pollution, constituting approximately 5 to 34% of the
overall pollution load (2,3).

Atmospheric PM consists of a diverse assortment of
particles originating from both chemical and biological
sources, which can significantly impact the health of both
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humans and animals. Exposure to PM has been correlated
with a range of health issues, including asthma, lung
cancer, and cardiopulmonary diseases. Understanding
the intricate relationship between bioaerosols and PM
concentrations, particularly within hospital environments,
is a complex issue that necessitates comprehensive
investigation (4,5).

Multiple studies have extensively investigated the
occurrence of airborne microorganisms in indoor and
outdoor settings, particularly in operating rooms (ORs).
Various factors, including door movements, postures
of medical personnel, tool exchanges, and ventilation
systems, play a significant role in the presence of
airborne PM and microbiological contamination within
ORs. The positioning of medical staff during surgical
procedures, for example, can influence the dynamics of
airflow, potentially resulting in heightened microbial
contamination within the surgical zone (6-8).

Ventilation systems in hospitals play a critical role in
the transmission of illnesses, as research has shown a
connection between these systems and the dissemination
of airborne bioaerosols. Opening doors within ORs can
disrupt positive room pressure, creating an opportunity
for contaminants from surrounding areas to enter. This
dynamic has significant implications for patient safety,
particularly during surgical procedures, which can
become more complex and pose a higher risk of infection
in environments where air quality is compromised (9-15).

Pathogenic bacteria and fungi, notably Staphylococcus
aureus and Candida albicans, pose a significant risk in
hospital-acquired infections, particularly within surgical
environments. It is crucial to understand the sources of
these microorganisms to implement effective infection
control measures. Patients, visitors, ventilation systems,
and room air all contribute to the dissemination of
airborne bacteria and fungi, emphasizing the necessity of
comprehensive preventive strategies. Hospital-acquired
infections, often resulting from surgical site infections
caused by airborne bioaerosols, lead to increased
mortality rates, complications, longer hospital stays, and
elevated healthcare expenses. Moreover, poor indoor air
quality extends beyond infections, manifesting as acute
respiratory complications, fatigue, headaches, and an
elevated cancer risk (14,16,17).

To implement effective control measures for hospital
infections, identifying the source of contamination is of
utmost importance. Two methods commonly used for
measuring airborne bioaerosols are active and passive
sampling, each offering distinct advantages. The active
sampling method is recommended for quantifying the
concentration of all inhalable viable particles, while the
passive method, which involves using sediment plates
containing a culture medium, is preferred for assessing
microorganisms deposited on surfaces. The simplicity
and cost-effectiveness of the passive technique make it a

practical choice for routine monitoring purposes (18-22).

In the study conducted by Palulun et al (23), titled as
“Identification of Airborne Aerobic Bacteria in the ICU,”
the researchers reported that the predominant types
of airborne bacteria in the air were Bacillus, coagulase-
negative Staphylococcus, and Staphylococcus aureus.
Additionally, the study found that the concentration of
microorganisms in the indoor air exceeded the standard
value. Vahidmoghadam et al (24) conducted a study on
the concentration of PM and the microbiological quality
of indoor air in the ICU of Kashan Hospital. They found
that gram-positive staphylococci were the most prevalent
bacterial species, and Aspergillus, Penicillium, and
Cladosporium were the most abundant fungal species.
The maximum concentration of PM  in the pediatric
intensive care unit (PICU) was reported as 59.19 pg/m’,
while the maximum concentration of PM_, in the neonatal
intensive care unit (NICU) was measured at 20.23 pug/m’.
In a study by AlRayess et al (25), characterizing airborne
bacteria and PM in the ICU of Beirut, Lebanon, PM
levels in several ICUs were reported above the established
international guidelines for 24-hour exposure, and they
reported no statistically significant relationship between
the bacterial load and the concentration of PM.

Understanding the relationship between
microorganisms and PMs in the OR setting is vital, and
research in this area has been limited thus far. While
previous research in Iran has explored bioaerosols and
air quality in hospital environments, the present study
specifically focused on liver transplant operating room
(LTOR). This particular setting poses unique challenges
due to the presence of immunocompromised patients
and the need to maintain high air quality standards to
minimize the risk of airborne infections.

The present research incorporates the assessment of
both PM, .and PM, , which by considering both PM_ , and
PM, , we can assess the potential risks posed by fine and
coarse particles, thereby contributing to a more accurate
assessment of air quality and its implications for the
health of patients and healthcare workers. Furthermore,
this study aimed to provide implications for air quality
improvement in LTORs. By identifying the sources and
characteristics of bioaerosols and PM, we can suggest
targeted measures and interventions to mitigate the
presence of harmful pollutants. This emphasis on practical
implications and recommendations distinguishes our
research and highlights its potential for directly impacting
patient safety and well-being. Through these innovative
elements, our study seeks to advance the understanding
of bioaerosols, PM, ,, and PM,  in LTOR, and contribute
to the development of strategies for improving air quality
and ensuring the highest standards of care for patients
undergoing liver transplant procedures.

The main aim of this study was to identify and
quantify the microbial loads in the air in LTOR in Imam
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Khomeini Hospital in Tehran. Specific objectives include
comparing bioaerosol levels with established standards,
measuring PMs levels (PM,, and PM, ) in LTOR, as well
as investigating the relationship between bioaerosols and
PMs. In addition, in this study, the effect of temperature
and relative humidity (RH) on pollutants in the air was
also investigated.

Material and Methods

Sampling site

This cross-sectional study was conducted in the LTOR
at Imam Khomeini Hospital in Tehran. Imam Khomeini
Hospital is a specialized and sub-specialized teaching
hospital affiliated with Tehran University of Medical
Sciences. With 1500 beds, it holds the distinction of
being the largest hospital in the Middle East in terms of
treatment capacity. The sampling for this study took place
during surgical operations within the LTOR, which has an
area of 22 m?. Samples were collected from four cardinal
directions (north, south, east, and west) at a distance of
1 m from the floor, at least 1 m away from walls or any
obstacle. The researcher adhered to strict hand hygiene
protocols and utilized personal protective equipment
such as gowns, masks, hats, gloves, and shoes during the
study.

Sampling procedure

Sampling procedure to airborne bioaerosols

During a specific period spanning June and July 2019,
air sampling of the LTOR was performed. Intraoperative
sampling offers several distinct advantages that contribute
to a comprehensive understanding of bioaerosol dynamics
in the surgical environment. By sampling during this
procedure, we can directly assess the production and
dispersion of bioaerosols in real time, which is critical
for assessing potential risks and developing effective
mitigation strategies. In addition, intraoperative
sampling enables us to examine the influence of various
surgical factors such as the type of procedure, the surgical
instruments used, and the ventilation systems used.
The sampling took place four times, specifically during
afternoon working shifts between 14:00 and 15:00. Passive
sampling was employed to collect bioaerosol samples
following the 1.1.1 scheme (21,26).

According to this plan, Petri dishes with a 9 cm diameter
should be placed 1 m above the floor and 1 m away from
the walls for 1 hour (20). Steps 1 and 2 (sampled in June
at one-week intervals) and steps 3 and 4 (sampled in July
at one-week intervals) under the same conditions as the
preceding stages are represented by the four sampling
times in LTOR. Four samples of fungi and four samples
of bacteria were taken from the OR’s air during each
sampling phase. Thirty-two samples (16 bacterial and 16
fungal) were gathered. The appropriate culture media for
both bacteria and fungi were prepared before sampling.

For bacterial bioaerosols, it meant using Tryptic Soy Agar
(TSA) culture medium, which contained 500 mg/L of
cycloheximide (C,;H,,NO,) to inhibit fungal proliferation,
and for fungal bioaerosols, it meant using Sabouraud
Dextrose Agar (SDA) culture medium, which contained
100 mg/L of chloramphenicol (C, H1,C,N,O,) to inhibit
bacterial proliferation. Both culture media were sterilized
for 15 minutes. The plates containing the culture medium
were transferred to LTOR using the necessary equipment

such as alcohol, zip cap, and cool box.

Incubation: Creating optimal conditions for airborne
bioaerosols growth

To ensure accuracy and prevent contamination, the plates
were sealed with parafilm after sampling and promptly
transported to the laboratory in a cool box. The TSA
plates were inverted and incubated at a temperature of
35+0.5 °C for 48 hours (27,28) while the SDA plates were
kept in the laboratory at a temperature of 25-28 °C for 3 to
7 days (29). The colonies on the plates were then counted.

Procedures for the detection of airborne bioaerosol
isolates

Standard microbiological procedures were meticulously
followed to conductthenecessarytestsfor theidentification
of bacterial and fungal isolates. Bacterial isolates were
examined for colony morphology and identified using
gram staining and relevant biochemical tests. Different
methods were employed to differentially diagnose various
types of fungi, including observing colony appearance
and microscopic forms using a light microscope at
400 x magnification. The appearance characteristics taken
into consideration for fungal diagnosis include growth
rate, colony shape (flat, convex, regular, irregular), colony
view, colony color (white, yellow, green, blue, cream,
purple), presence of pigment, and color of the back of the
colony due to pigment production. Genus identification
was carried out following the classification method
proposed by Ainsworth and Baron (30,31). Finally, the
results were expressed in colony forming units per square
meter per hour (CFU/m%.h) (32,33).

Sampling procedure for PMs

To assess the potential impact of PM concentration on
the presence of bioaerosols, the measurement of LTOR air
particles was conducted simultaneously with the sampling
of bacterial and fungal bioaerosols. The sampling of PM
was performed following the guidelines recommended
by the World Health Organization (WHO) and the
Environmental Health Agency (EPA) (34). Four one-
hour sampling periods were carried out, with stages 1 and
2 taking place in June at one-week intervals, and stages 3
and 4 conducted in July at one-week intervals, all under
similar conditions in the LTOR during afternoon working
shifts between 14:00 and 15:00.
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To measure PM,, and PM, in the indoor air of the
LTOR, the GM8803 air quality detector was utilized.
This portable detector, which is equipped with a built-in
digital particle content sensor, utilizes a laser emission
principle. It can continuously detect particle content and
provide timely responses, with a minimum particle size
resolution of 0.3 um. The measurement of particulate
matter was performed at a distance of 1 m from the floor
of the OR, at the breathing level of the patients, as well
as 1 m from the patient’s bed. The measurements were
taken in the four directions (east, west, south, and north)
of the OR continuously for one hour. Sixty data points
were recorded per hour, and the results were reported as
the average concentration over the entire hour.

Verification of the operating parameters

Operational characteristics, such as (i) air temperature
and (ii) RH, were measured during the microbiological
and PM sampling tests to make sure the LTOR’s indoor
environment complied with the guidelines suggested by
the Ministry of Health policies (35). A portable monitor
(Lutron model PHB-318) was used to detect temperature
and RH concurrently with the bioaerosol sampling
process.

Quality assurance and quality control (QA/QC)
Particulate measurement using the GM8803 air quality
monitor required strict QA/QC measures to ensure
accurate and reliable results. To maintain the accuracy of
the measurement, the instrument was regularly calibrated,
and its readings were matched against reference standards
or calibrated instruments. Periodic verification tests using
known particle concentrations or approved verification
equipment were conducted to verify device performance.
Proper maintenance, including cleaning the sensors and
replacing consumables, ensured long-term performance.
Data validation methods including filters, statistical
analysis, and comparison with other monitoring devices
or stations were employed to identify and correct
anomalies or errors. Comprehensive documentation of
QA/QC procedures, calibration records, maintenance
reports, and corrective actions was maintained to ensure
traceability and accountability. These QA/QC criteria have
maintained the integrity of the particulate measurements
obtained from the GM8803 and have enabled reliable air
quality assessment and monitoring.

Data analysis

This study employed descriptive statistical parameters,
including mean, standard deviation, median, minimum,
and maximum, to describe the concentration of PM,
bacterial and fungal bioaerosols. Linear regression analysis
was utilized to examine the relationship between particle
concentration and the presence of bacterial and fungal
bioaerosols. The correlation between microbial load and

temperature as well as RH during each sampling step
was evaluated using Pearson correlation. Furthermore,
Microsoft Excel 2016 was utilized to generate all graphs.

Results
The average of microbial load, RH, and temperature in
the LTOR according to sampling steps are presented in
Table 1.

Pearson’s correlation coefficients for microbial load-
RH and microbial load-temperature were -0.3 and -0.09,
respectively. Table 2 presents a summary of the bacterial
and fungal bioaerosol concentrations (CFU/m2.h) during
the sampling process. Using the passive method, a total
of 217 bacterial CFU and 56 fungus CFU were collected
from 32 plates. The bacterial bioaerosols identified were
Staphylococcus aureus, Staphylococcus epidermis, and
Escherichia coli. The study identified several types of
tungal bioaerosols in the LTOR air, including Aspergillus,
Cladosporium, Rhodotorula, Monilia, Paecilomyces, and
Penicillium. Specifically, Aspergillus niger and Aspergillus
ochraceous were detected among the Aspergillus fungi.
At the sampling site, the mean concentration of bacteria
was 2132 CFU/m2h (SD =838 CFU/m?h) while the mean
concentration of fungi was 550 CFU/m*h (SD=189.5
CFU/m*h) with the highest average values observed in
the third and fourth sampling stages, respectively. The
frequency of bacterial bioaerosols identified in the present
study was as follows: S. aureus (52.5%), S. epidermidis
(39%), and E. coli (6.4%) (Figure 1). The present research
revealed that Aspergillus (50%), Penicillium (19.6%), and
Cladosporium (16%) species were the most commonly
observed fungal genera throughout all sampling steps.
Less frequently, Paecilomyces (5.3%), Rhodotorula
(5.3%), and Monilia (3.3%) species were also detected
(Figure 2). The average total concentration of PM, and
PM,  particles at the sampling site was 17.8 pg/m’ (SD =2.2
pg/m’) and 27.0 pg/m’® (SD=2.6 pg/m’), respectively
(Table 3 and Figure 3). Statistical linear regression analysis
was performed to examine the correlation between
bioaerosol concentration (bacterial and fungal) and PM
(PM, and PM, ). As depicted in Figure S1 (a, b, ¢, and
d), the linear regression analysis demonstrated a strong
correlation between bacterial bioaerosols and PM,
concentrations (R*=0.7, P<0.05) and PM,  concentration
(R*=0.6, P<0.05). However, the linear regression analysis

Table 1. Microbial load (CFU/m2.h), temperature, and relative humidity
levels in the LTOR during the sampling process

Sampling steps Microbial load Tem;()fg;ature hu?:i?itti;"(e%)
1 1651 23 27

2 2555 23 26

3 3813 22 25

4 2712 23 25

Total 2683 22.75 25.75
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Table 2. The levels of bacterial and fungal bioaerosols (CFU/m2.h) in the LTOR air during the sampling process

Fungi (n=16 (4x4))

Bacteria (n=16 (4x4))

Sampling steps

Min-Max Mean*SD Median Min-Max Mean*SD Median
1 157 — 629 393+188 393 943 - 1729 1258+330 1179
2 314 -629 511141 550 1415 — 2830 2044 £581 1965
3 471-786 589+ 141 550 2673 — 3931 3224 +566 3145
4 629 — 786 707+78 707 1729 — 2359 2005+267 1965
Total 157 — 786 550+189.5 629 943 — 3931 1.7+838 1965.5

Figure 1. Bacteria bioaerosols distribution (%) in the LTOR air during the sampling steps (a) and sampling process (b)

Figure 2. Fungal bioaerosols distribution (%) in the LTOR air during the sampling steps (a) and sampling process (b)

between fungal bioaerosols and PM,, concentrations
(R*=0.3, P<0.05) and PM,, concentration (R*=0.2,
P<0.05) showed a weaker relationship.

The air microbial pollution levels (CFU/m2.h) in the
LTOR air during the sampling process compared to the
existing standard are shown in Figure 4.

Discussion
Temperature and RH
The measured data indicates that the ambient

temperature and RH fall within the recommended
values specified in the Ministry of Health Standard’s
infection control policies and procedures (Table 1) (35).
The Centers for Disease Control and Prevention (CDC)
and the Healthcare Infection Control Practices Advisory

Committee (HICPAC) recommend temperature ranges
of 21-24 °C and 23-27 °C for most hospital wards during
winter and summer, respectively (36). According to data
from Canadian hospitals, the surgical site infection rate
increased to 10.7% with an RH of 60-85% but was between
3.3 and 5.6% when OR were prescribed an RH below 60%
(37). Throughout the sampling process, temperatures
and RH remained mostly stable and had no discernible
effects on the microbial loads that were found. Higher
values of these factors generally encourage the growth of
microorganisms (38).

AlRayessetal (25) in their study on the profile of airborne
bacteria and PM in the ICU, reported that due to the
constant temperature and relative humidity parameters
during sampling in the patient room, a significant
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Table 3. The levels of PMs (PM, ,and PM, ) (ug/m?) in the LTOR air during the sampling process

PM, PM,,
Sampling Steps -
Min—-Max Mean*SD Median Min—-Max Mean*SD Median

1 15-18 16.05+0.9 16 23-27 25.15+0.9 25
2 15-21 17.46+1.6 17 23-28 26.11+1.0 26
3 19-24 20.48+1.4 20 29-34 31.2+x14 315
4 15-21 17.15+1.7 17 24 - 27 25.65+0.7 26
Total 15-24 17.81+£2.2 17 23-34 27.02+2.6 26

Figure 3. The concentrations of the PM (PM, , and PM, ) in the LTOR air
during the sampling process

correlation between the total burden microbial and
parameters mentioned above were not found. According
to the study by Hansen et al (39), there was a substantial
correlation between temperature and humidity and the
concentrations of molds that could grow at 22 °C. Hwang
et al (38) discovered that temperature and total airborne
microorganisms were significantly correlated, although
RH was not. The New York City Department of Health
and Mental Hygiene states that to prevent the growth of
fungi, interior spaces should have RH levels below 65%.
Additionally, keeping humidity levels low is another tip
from the department to avoid moisture condensation on
windows and other surfaces (40).

Frequency and types of species

Priorstudieshavedemonstrated thatsurgical siteinfections
are caused by bacteria growing in surgical wounds (41,42).
The present study detected the presence of Staphylococcus
aureus, S. epidermis, and E. coli as bacterial bioaerosols. S.
aureus was the most prevalent bacterial genus observed.
S. aureus (52.5%) and S. epidermidis (39%) were the most
common bacterial bioaerosols detected in the present
study (Figure 1). The findings of this study are consistent
with those of other studies (43). In this study, 93% of the
bacterial bioaerosols were identified as gram-positive.
Previous studies have reported the proportion of gram-
positive bacteria to be 88% (44), 90%-92% (45), 89%
(46), 100% (32,47), 92%-100%, and 77.6%-80.8% (48,49).
Gram-positive bacteria are more prevalent than gram-
negative bacteria in both macro and micro environments.
This is due to their high resistance to unfavorable

Figure 4. Air microbial pollution levels (CFU/m2.h) in the LTOR air during
the sampling process compared to the existing standard (maximum
levels of the index of microbial air contamination: MAL of IMA) in OR (red
line): 91 CFU/m?.h)

environmental conditions and their presence in the
natural flora of various organs in animals and humans
(43,45-47,49-51). In our study, S. epidermis was found
to be the second most prevalent bacteria after S. aureus.
Coagulase-negative staphylococci, such as S. epidermidis,
S. saprophyticus, and Staphylococcus haemolyticus,
are important causes of infection in high-risk groups.
Staphylococcal infections are primarily transmitted
through direct contact, with OR staff being considered
the main carriers. Individuals with underlying diseases
and weakened immune systems are more susceptible to
staphylococcal infections (52). Another study reported
that E. coli, Pseudomonas, Klebsiella, and S. aureus were
the most frequently detected bacterial bioaerosols (53).
Our research revealed that Aspergillus (50%), Penicillium
(19.6%), and Cladosporium (16%) species were the most
commonly observed fungal genera throughoutall sampling
steps (Figure 2). These findings confirm the presence of
fungal bioaerosols in the LTOR, which has been reported
in previous studies (31,33,44,54,55). Numerous studies
have linked Aspergillus fungal bioaerosol to hospital-
acquired infections in this field of research (31,56,57).
The presence of fungi in LTOR confirms the presence of
fungal spores. Airborne transmission of Aspergillus is a
significant factor in the spread of nosocomial infections
to vulnerable individuals (58). According to the study by
Mahdavi Omran and Sheidfar (59), the most common
fungal bioaerosol identified in hospital air samples is
Penicillium. Hashemi et al (60) reported that Penicillium
is the predominant fungal bioaerosol found in hospital
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air samples. According to the study conducted by
Panagopoulou et al. (61), the genus Aspergillus was found
to have the highest number of fungal bioaerosols detected
in the hospital. The abundance of Aspergillus, Penicillium,
and Cladosporium fungi in the LTOR can be attributed
to several factors. These fungi are known for their ability
to produce small and lightweight spores, facilitating their
easy transfer and long-term survival in various weather
conditions. Additionally, they can obtain necessary
resources from different sources.

Aspergillus species, in particular, can cause Aspergillosis,
skin and ear infections, and are commonly transmitted
through inhalation, posing arisk to susceptible individuals.
The fungi identified in this study hold significance as
either pathogenic or opportunistic pathogens in the field
of medicine. Considering that the hospital in question
serves as both an educational and treatment center, one
of the reasons for the high concentration of bacterial and
fungal bioaerosols in its LTOR is likely the large number
of surgeries performed. The frequency of airborne
bioaerosols observed in studies varies due to factors such
as the type of ventilation system, regular monitoring,
disinfectants used, proximity to the street, number
of visitors, sampling season, and adherence to health
protocols by staff and patients.

According to the WHO’s Environmental Monitoring
of Clean Rooms Standard and the Malaysian Ministry of
Health’s Policies and Procedures on Infection Control
Standard, the only microorganisms present in the
cleanroom overall are bacteria and fungus (62,63). To the
best of the author’s knowledge, no study mentioned the
existence of microorganisms, such as viruses, in an OR.

In every sampling step, the concentration of bacterial
bioaerosols was greater than that of fungal bioaerosols.
Consistent with our findings, another study found that
at all sampling locations, the concentration of bacterial

bioaerosol was often higher than that of fungal bioaerosol
(26). In a study conducted by Sarica et al (64) in Turkey,
it was also found that the concentrations of bacteria were
higher than those of fungi. The availability of more indoor
bacterial sources and more environmental conditions that
favor bacterial development are the causes of this outcome
(31). Table 4 shows the comparison results of bacteria and
fungi in the air reported in the present study with those
reported in different studies.

Comparison of air microbial pollution levels with
available standards

As Tranian official documents do not offer any national
guidelines or standardized limits for the index of
microbial air contamination, we rely on the Swiss Hospital
Association standards and other applicable standards as
reference points for determining the maximum levels
of the index of microbial air contamination (referred
to as MAL of IMA) in operating theaters (red line,>91
CFU/m*h) (Table 5). The average concentration of
the total bioaerosol in the sampling of the first to the
fourth stage was higher than the mentioned standards
(Figure 4). This indicates that the investigated OR is
highly contaminated with bacterial and fungal bioaerosols
in the air, posing a risk of bioaerosol contamination for
patients requiring liver transplant surgery and the OR
staff. The study conducted by Choobineh et al (69) found
that the concentration of bioaerosols in the OR exceeded
the recommended standard, which is consistent with
the findings of this research. According to the research
conducted by Dedashti et al (70), the OR was identified as
the most heavily contaminated area in terms of bacterial
presence. Good microbiological air quality was found in
a study using a similar methodology, where the average
microbial load in various hospital areas was lower than
the standard, which is inconsistent with the results of the

Table 4. Comparison of bacteria and fungi observed in this study with those in different studies

Study (y) Title Airborne Bacteria and Fungi Reference
Bioaerosols and PM, ,and PM, Assessment in Liver Staphylococcus aureus, Staphylococcus epidermis,

This study Transplantation Operating Rooms in Tehran, Iran: Escherichia coli, Aspergillus, Cladosporium, -
Implications for Air Quality Improvement Rhodotorula, Monilia, Paecilomyces, Penicillium
Identification of airborne aerobic bacteria in the Bacillus, coagulase-negative Staphylococcus

Palulun et al (2024) intensive care room using MALDI-TOF MS and Staphylococcus aureus 23)
Determining the Concentration of Particulate Matters

Vahidmoghadam et al and Microbiological Staphylococcus, Diphtheroid, (24)

(2023)
Hospital, Iran

Chen et al (2024) Pathogenic bacteria and fungi in bioaerosols from

Assessment of Air Quality Containing Fungi in Al-

Obaid (2024) Nu'man Teaching Hospital
Distribution characteristics and analysis of fungal
aerosol concentration and particle size in air-

conditioned wards in Wuhan

Ye et al (2024)

Microbiological analysis of bacterial and fungal

Montazer et al (2020) bioaerosols from burn hospital of Yazd (Iran) in 2019

Quality of Indoor Air in Intensive Care Units of Kashan

specialized hospitals in Shandong province, East China

Bacillus, Aspergillus, Penicillium, Cladosporium

Vibrio metschnikovii, Staphylococcus epidermidis,
Staphylococcus haemolyticus, Fusarium (65)
pseudensiforme, Aspergillus ruber,

Penicillium, Aspergillus, Alternaria, Yeast species,

Rhizopus, Fusarium (66)
Aspergillus, Penicillium, Cladosporia, Alternaria, 67)
Trichoderma, Rhizopus

Citrobacter freundi, Klebsiella pneumoniae, Escherichia

coli, Staphylococcus epidermidis, Staphylococcus 68)

aureus, Staphylococcus saprophyticus, Penicillium,
Alternaria, Aspergillus niger, Aspergillus flavus
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present study (71).

The concentration of PMs (PM, . and PM, )

The findings demonstrated that throughout every
sampling step, the concentration of PM, was higher than
that of PM, .. Compared to smaller particles, particles in
this size range can be deposited in one hour more readily
due to their higher deposition velocity. It was anticipated
that larger particles (greater sedimentation rate) would
have a higher concentration based on the passive sampling
method. Adherence to certain health standards in the
OR, such as implementing traffic restrictions and closing
the entrance to other departments, may indicate a lower
concentration of particles.

Several factors, such as the ventilation system, number
of patients and employees, and adherence to hygiene
practices by employees, can influence the concentration
of suspended particles in the OR (73). The study by
Rezaei et al (74) showed that in 80% of cases, the hospital
room’s PM,  particle concentration surpassed the WHO
threshold, while the concentration of PM, particles
exceeded the EPA level in 42% of cases and the WHO
standard in 64% of cases. Another study by Basiri et al
(75) reported an average concentration of 29 ug/m?® for
PM,, 24.2 ug/m® for PM,,, and 20.9 pug/m’ for PM .
Table 6 shows the comparison of PM concentration in the
present study with that in different studies.

The relationship between PM and bioaerosols

It is crucial to consider the impact of PM on the
concentration of bioaerosols since the sampling duration
for PM was consistent with that of bioaerosols sampling.

Table 5. Air total microbial count (according to Fisher) in different hospital
environments (CFU on Petri dishes 9 cm in diameter, with blood-agar, left
open to air according to the scheme 1/1/1) (21,72)

Total microbial count (CFU/m?2.h)

Place
Optimal Acceptable Not acceptable

Medical wards 0-450 451-750 >751
Surgery 0-250 251-450 >451
Pharmacy 0-100 101-180 >181
Aseptic room 0-50 51-90 >91
Operating theatre (at rest) 04 5-8 >9
Operating theatre (in activity) 0-60 61-90 >91

As shown in Figure S1 (a, b, ¢, and d) (see Supplementary
file 1), the linear regression analysis demonstrated a
strong correlation between bacterial bioaerosols and
the concentration of both PM, , and PM, . However, the
linear regression analysis between fungal bioaerosols
and the concentration of PM,, and PM,  indicated a
weaker relationship. This suggests that other factors in
the OR, such as the number of staff, coughs and sneezes
of patients, etc., may influence fungal bioaerosols. The
results indicated that PM may have a greater contribution
to bacterial bioaerosols compared to fungal bioaerosols,
as bacterial bioaerosols exhibited higher regression
coefficients and steeper regression line slopes for both
PM, and PM .

This is consistent with the findings of Mirhoseini et al
(80), who reported a significant relationship between 1-5
um particles and the density of bacterial bioaerosols in
the surgical and intensive care unit (ICU) departments.
However, some studies have reported conflicting
results. For instance, Yousefzadeh et al (81) found no
significant relationship between the number of particles
and the number of bacteria, while Adhikari et al (82)
showed a relationship between PM concentration and
the concentration of fungal bioaerosols. Palladino et al
(83) detailed examination of the air quality led them to
theorize that PM, contains bacterial bioaerosols. To date,
the precise PM size that correlates with microbiological
numbers has not been agreed upon (84). The study of
Nikpey et al (85), in connection with the assessment of
indoor air quality in different departments of a hospital
in Qazvin, showed that there is no significant relationship
between PM, , and microbial pollution.

The strengths and limitations of the study and future
studies’ directions

The present study contributes to the understanding of
the effects of airborne pathogens on the health of patients
and staff, aligning with the key principles of care centers.
We have conducted thorough microbial monitoring,
providing valuable insights into OR quality standards. The
study emphasizes the importance of periodic microbial
monitoring and the need to ensure the proper functioning
of ventilation systems for maintaining optimal air quality
in the OR.

Table 6. Comparison of the PM concentration (ug/m®) measured in this study with those reported in different studies

PM, PM,,
Study Hospital Unit Reference
Min-Max Mean Min-Max Mean

This study OR 15-24 17.81 23-34 27.02 -
AlRayess et al (2022) ICU 10-54 30 10-65 33 (25)
Slezakova et al (2012)  Radiology ward 10.5-41.9 234 13-58.8 30.8 (76)
Baures et al (2018) Seven hospital locations 0-45.4 0.6 - 12 (77)
Powell et al (2015) - 15-122 51.5 28-186 61.3 (78)
Jung et al (2015) Nurse station - 10.3 - 18.3 (79)
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The study was based on a specific timeframe and
location, which may limit the generalizability of the
findings to other settings. The sample size used in
the study, while sufficient for initial analysis, could
be expanded in future studies to obtain more reliable
correlation percentages and further reduce the margin
of error. As with any research, there may be inherent
limitations in the methodology employed, and we have
acknowledged these potential constraints.

For future studies, we suggest the following directions;
(i) Conducting further research to evaluate the impact
of appropriate and continuous disinfection measures
on improving air quality in the OR. (ii) Exploring the
implementation of positive pressure inside the room
to prevent the entry of exhaust air into the OR. (iii)
Adopting larger sample sizes in future studies to enhance
the reliability and precision of correlation percentages.

Conclusion

The present study aimed to assess airborne bioaerosols
and particulate matter (PM,, and PM ) in a specific
LTOR. The passive method employed for measuring
airborne bioaerosols proved to be effective in controlling
LTOR pollution as it detected pathogens present on
surgical instruments. Among the bacterial bioaerosols, S.
aureus was found to be the most abundant bioaerosol. As
for fungal bioaerosols, the most common genera isolated
from the LTOR air were Aspergillus, Cladosporium, and
Penicillium. The concentration and density of airborne
bioaerosols in the LTOR exhibited a similar pattern to
previous studies conducted by researchers in different
hospitals worldwide. Our findings suggest that particles
have a greater impact on bacterial bioaerosols compared
to fungal bioaerosols. Additionally, temperature and RH
did not significantly affect the detected microbial loads
during the sampling procedure. While some studies
indicate that ORs have the lowest pollution levels among
hospital departments, our results showed that although
the concentration of PM_, and PM, remained within
national air quality standards, the concentration of
bacterial and fungal bioaerosols during all sampling stages
exceeded the relevant standards. Evaluating the effects of
airborne pathogens on the health of patients and staff is
crucial in healthcare facilities, and our study provides
valuable insights into the quality standards of ORs.
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