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Abstract

Keywords

Background and aims: The density and diversity of bioaerosols in hospital environments
are major contributors to the transmission of communicable diseases and represent one Bioaerosol
of the most important causes of healthcare-associated infections (HCAIs), which pose
serious risks of complications and mortality for both patients and healthcare staff. This
study aimed to quantitatively assess and characterize bacterial and fungal bioaerosols, Bacteria
investigate factors influencing their density and diversity, and evaluate the microbial
quality of indoor air in two hospitals located in Rasht, Iran.

Fungus

Indoor air quality

Methods: This descriptive cross-sectional study was conducted in two public hospitals Hospital
in Rasht. A total of 280 samples were collected from 70 stations across 14 wards in each

hospital to isolate bacterial and fungal bioaerosols. Sterilization principles were strictly

observed during sample preparation. Tryptic Soy Agar (TSA) was used for bacterial

cultures, while Sabouraud Dextrose Agar (SDA) was employed for fungal cultures.
Environmental factors, including building age, temperature, humidity, ventilation rate,

and ward function, were examined for their impact on microbial load.

Results: Overall, 1,244 bacterial colonies and 645 fungal colonies were identified. The
highest contamination level was observed in the emergency ward of Poursina Hospital,
with a mean bacterial load of 314 +2.88 CFU/m> The lowest contamination was

recorded in the ICU of Velayat Hospital, with a mean fungal load of 56.2 + 2.5 CFU/ Received: 2024/11/12
m?®. Findings indicated that humidity and building age had a direct positive effect on
microbial load and bioaerosol diversity, while seasonal temperature variations were not Accepted : 2026/01/18

statistically significant. Each unit increase in air changes per hour (ACH) resulted in a
7.4% reduction in microbial load.

Conclusion: The results confirmed the influence of environmental factors and building
age on microbial diversity and density. Given the limited feasibility and high cost of
modifying such factors, improving clean air supply and enhancing ACH in both clinical
and non-clinical spaces is considered the most effective strategy to reduce microbial
load in the studied hospitals, including a specialized burn hospital.
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EXTENDED ABSTRACT

INTRODUCTION

The high density and diversity of bioaerosols in
the hospital environment is the cause of the spread
of transmissible diseases that threaten the health
and productivity of the medical staff and is one of
the most important causes of hospital-acquired
infections (HCAI), causing the death and disability
of patients receiving medical services. This study was
conducted with the aim of quantitative and qualitative
measurement of bacterial and fungal bioaerosols
in two hospitals in Rasht city in order to evaluate
the level of occupational exposure of medical staff
and patients to bioaerosols. Nosocomial infections
cause high mortality and disability in societies and
also impose heavy costs on the health systems of
countries, especially developing countries. According
to CDC statistics, nearly 1.7 million hospitalized
patients develop nosocomial infections each year,
and more than 98,000 of these patients (1 in 17) die
from HCAI. The Agency for Healthcare Research
and Quality has also reported that HCAIs are the
most common complications of hospital care and are
one of the 10 leading causes of death in the United
States, accounting for seven of every 100 hospitalized
patients in developed countries and ten patients in
developing countries are involved in this infection.
Infectious microorganisms that accumulate in the air
inside the hospital have different numbers in different
parts of the hospital. According to many researchers,
hospital environments are at high risk for the spread
and transmission of infections and bioaerosols;
therefore, knowing the types of bioaerosols available
and their type of effect can be of great help in knowing
the sources of emission, microbial control in hospital
environments, and also improving inhaled air. This
study was conducted with the aim of quantitative
and qualitative measurement of bacterial and fungal
bioaerosols in two hospitals in Rasht city in order to
evaluate the level of occupational exposure of medical
staff and patients to bioaerosols.

METHODOLOGY

The current descriptive-cross-sectional study
was conducted in two public hospitals in Rasht city.
In order to fully cover all hospital departments,
280 samples were collected from 70 stations in 14
departments of each hospital for sampling of bacterial
and fungal bioaerosols. For each sampling, the
samples were prepared in sterile conditions using 70%
ethanol, dried, and the plates were completely blocked
with Parafilm. T.S.A. agar (Tryptic Soy Agar) culture
medium was used for the cultivation of bacterial
microorganisms, and Sabouraud Dextrose Agar (SDA)
culture medium was used for fungal microorganisms.
After sampling, the Petri dishes containing culture
media were immediately transferred to the laboratory

of Rasht Health Faculty, and the bacterial culture
media were placed in a 37°C incubator for 24 to 48
hours. On the cover of the sample code plate, a note
and all sampling information such as hospital name,
department name, sampling date, sampling start and
end time, air humidity and temperature, etc., are
recorded in the relevant sampling form. The fungal
samples were kept for 5 to 7 days at a temperature
of 25 degrees Celsius in the laboratory air under the
hood, and after that, the intended culture media were
examined, and the type and number of colonies on the
culture medium were evaluated. In the first step, using
a colony counter device, the photos were counted,
and then by using warm staining and microscopic
examination, the completion of specific tests for the
differential identification of fungi and bacteria in the
environment was performed. In order to measure the
density of bioaerosols, first the volume of sampled
air is calculated, and then the density of bioaerosols
is calculated in terms of CFU/m?® according to the
following formula.

CFU/M3 = number of colonies counted x m3 volume
of air sampled in

The obtained results were analyzed using SPSS
21 software. First, descriptive statistics were used to
compare different departments of the hospital and
the frequency of microbial load and their diversity,
and then statistical analysis and ANOVA test were
used to investigate microbial air pollution in different
departments.

RESULTS

Bioaerosols in hospitals refer to airborne particles
containing living organisms, such as bacteria, viruses,
and fungi that can pose a potential risk to human health.
These particles can be generated through various
activities within healthcare settings, including patient
care, cleaning, and ventilation systems. Understanding
the presence and dynamics of bioaerosols in hospitals
is crucial for infection control measures. Research
literature emphasizes the significance of bioaerosols
in the transmission of infectious agents within
healthcare facilities. Studies often explore the sources,
dispersion, and survival of bioaerosols, as well as their
potential to cause nosocomial infections. Additionally,
investigations into the effectiveness of air filtration
systems and ventilation strategies aim to mitigate the
spread of bioaerosols and enhance indoor air quality
in hospital environments.

As hospitals continue to focus on infection
prevention and control, ongoing research contributes
to the development of guidelines and protocols
to minimize the exposure and transmission of
bioaerosols, ultimately safeguarding both healthcare
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Table 1. Bioaerosol density in different departments of Pursina Hospital (CFU/m?)

Bactria aerosolos (n=70)

fungal aerosols (n=70)

studied wards

Mean + SD max-min Mean + SD max-min

NS 62.61 £13 45-82 264 +5 15-32
(6N 41.01+£10 27-58 162+3 11-22
ICU 22.87 £ 10 4-38 22.1+4.5 3-7

MS 51.44+9 37-65 145.33 + 4 9-21
WS 6192+ 10 43-74 9.7+1.2 8-12
IS 3349+8 21-49 7.3+£2.07 5-11
oW 48.6+9 37-68 15.1 +2.29 11-18
Eg 88.02 + 14 61-110 22.08+3 19-38

Table 2. Bioaerosol density in different departments of the Velayat hospital (CFU/m?)

Bactria aerosolos (n=70)

fungal aerosols (n=70)

studied wards

Mean + SD max-min Mean + SD max-min
EG 31+1598 9-62 73+1.8 4-14
BS 28 +12.54 17-57 12.24 £ 0.43 12-13
NU 48 + 15.77 35-85 8.5+ 3.96 3-17
PS 19.3+39 11-25 7.4+ 3.15 3-12
1Q 9.5+4.12 4-18 6.7 +£2.62 3-11
ICU 7+28 2-12 5.2 +2.56 1-8

workers and patients.

Common pathogens found in hospital bioaerosols
include bacteria like Staphylococcus aureus and
Streptococcus spp., viruses such as Influenza and
Respiratory Syncytial Virus (RSV), and fungi like
Aspergillus spp. Research indicates that these
microorganisms can become airborne and pose a
risk of nosocomial infections. Understanding and
monitoring these typical pathogens are crucial for
infection control measures in hospital environments.

Research indicates that several variables influence
viral concentration in hospitals. Ventilation systems
and air exchange rates play a crucial role in dispersing
or containing viruses. The presence of infected
individuals, their activity levels, and the use of certain
medical procedures can impact viral aerosolization.
Additionally, environmental factors such as
temperature and humidity can affect the stability and
transmission of viruses. Ongoing studies contribute
to a comprehensive understanding of these variables
and their collective impact on viral concentrations in
hospital settings.

CONCLUSIONS

Understanding and  managing  bioaerosol
generation during these activities is crucial for
infection control in healthcare settings. Procedures
in healthcare and hospitals that can potentially
produce higher levels of bioaerosols include: Aerosol-
Generating Medical Procedures (AGMPs) such as
intubation, ventilation, and bronchoscopy; coughing
and sneezing activities involving respiratory secretions

y

can release bioaerosols; certain surgical procedures
that generate particles, especially in operating rooms;
cleaning and disinfection using certain chemicals or
procedures for sanitation; and patient care activities
involving infected patients, particularly those with
respiratory illnesses. Understanding and managing
bioaerosol generation during these activities is crucial
for infection control in healthcare settings. Research
suggests a potential link between Sick Building
Syndrome (SBS) and elevated bioaerosol levels. Poor
indoor air quality, often associated with bioaerosols,
can contribute to SBS symptoms like headaches,
fatigue, and respiratory issues. Investigations explore
how bioaerosols from various sources, including
ventilation systems, impact building occupants’ health.
Understanding and mitigating bioaerosol-related
factors can be crucial in addressing Sick Building
Syndrome concerns. Certainly, the age of a building
can influence its indoor air quality and potentially
contribute to bioaerosol-related issues. Older buildings
may have outdated ventilation systems, which could
impact air circulation and quality. Additionally, the
materials used in construction might deteriorate
over time, releasing particles into the air. Regular
maintenance and updates to ventilation systems can
help mitigate potential bioaerosol concerns associated
with the age of a building.

Research suggests a connection between relative
humidity and bioaerosol concentration. Maintaining
optimal humidity levels can impact the survival
and dispersion of bioaerosols. High humidity may
promote the aggregation and settling of particles,
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reducing airborne concentrations. On the other hand,
low humidity can lead to increased bioaerosol viability
and potentially higher concentrations. Understanding
and controlling relative humidity levels play a role in
managing bioaerosols for better indoor air quality.
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