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Introduction: Bioaerosols consist of aerosols which are biologically origi-
nated and can be present ubiquitously in different environments, including the
indoor air of hospitals. The objective of this study was to survey the bioaero-
sol type and density in various environments of four governmental education-
al hospitals in Urmia, Iran, namely the intensive care unit (ICU), operating
room, the internal medicine room, the infectious diseases room, the infectious
diseases corridor, and ambient air.

Materials and methods: Sampling was performed during summer and win-
ter of 2019 at four different day-times using passive (sedimentation plate)
and active methods (an Andersen one-stage viable impactor and Quick Take-
30 sampling instrument) and by counting plates containing a bacterial and
fungus-selective medium.

Results: The results revealed that the highest microbial bioaerosol load was
related to the infectious diseases corridor (100 and 150 CFU/m? for total bac-
terial and fungal load, respectively). The highest bacterial and fungal density
was observed in the afternoon at 17-18; and the concentration of bioaerosols
was higher in summer than winter. A comparison of indoor and outdoor bac-
terial loads showed that the indoor bacterial concentration mean (49.1+£23.8
CFU/m?) was higher than the outdoor value (47.1£21.5 CFU/m?), and the
indoor levels of fungal contamination (83.3+31.9 CFU/m?) were significantly
lower than outdoor values (182.5+48.0 CFU/m?). The predominantly isolated
bacteria were Staphylococcus (95%) spp, and the main isolated fungi belong
to the genera Aspergillus (50%) and Penicillium (32%).

Conclusion: The results of this study can be useful in developing indoor air
microbial quality guidelines in hospitals, which has not been done so far.

Introduction

environmental risks [1]. Bioaerosols are a col-

Indoor air quality is one of the most significant
factors affecting the health of people, because
people spend at least 80% of their time in vari-
ous indoor spaces. Exposure to indoor particu-
late matter (PMs) is one of the most significant

loidal particulate with an aerodynamic diameter
of 0.01-100 pm and include bacteria, fungus vie
ruses, and plant pollens [2]. The amount and vari-
ation of bioaerosols can be affected by various
factors such as season, weather conditions, tem-
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perature, relative humidity, indoor environment
conditions, outdoor microbial load, human den-
sity and activities, construction materials, indoor
air exchange rate, and the ventilation system [3].
Exposure to airborne microorganisms can be haz-
ardous and cause several health problems such as
infections, toxicities, and inflammatory diseases,
especially in hospitals where they greatly increase
morbidity from different nosocomial diseases [4,
5]. Also, exposure to immunogenic substances
or endotoxin (derived from non-viable bacterial
remnants) can cause some allergic reactions and
pulmonary irritation [4].

The amount of airborne microorganisms in hos-
pitals air can vary not only due to the above-
mentioned parameters, but also because of vari-
ous indoor hospital and outdoor environmental
sources, i.e. contamination of air ducts; the num-
ber of occupants, patients, and visitors; the type
of the wards; human activities; flowers brought
in by visitors from outdoor environments; an
air conditioning and ventilating system (HVAC)
without regular replacement; and contamination
of the indoor structures because of the age of
the hospital [6, 7]. The main airborne pathogen
microorganisms known as a potential source to
increase hospital-associated infections are Gram-
negative bacilli, Aspergillus flavus, Neisseria
meningitidis, Staphylococcus aureus, Streptococ-
cus pneumonia, Serratia marcescens, Streptococ-
cus pyogenes, Mycobacterium tuberculosis, and
Corynebacterium diphtheriae [4, 7].

Many studies have highlighted the bioaerosols
diversity and effects in hospitals and healthcare
centers. Some researchers reported that Gram-
positive coccus is the dominant bacterial genera
(about 88%), followed by Staphylococcus (51%)
and micrococcus; also, Penicillium (41%) and
Aspergillus (24%) have been determined as the
dominant fungus genera in the indoor air of differ-
ent wards [6]. In a study, it was showed that occu-
pant density is a key factor influencing the level
of airborne bacteria in the indoor environment,
and humidity is an important factor affecting bio-
aerosols’ diversity within the hospital wards [8].
Other researchers also reported that season is a

key factor affecting bioaerosols’ diversity in the
indoor air of hospitals, and bioaerosol counts dur-
ing summer are significantly greater than winter
in all the wards. They also concluded that other
factors such as temperature, humidity, and air-
flow influence microorganism variety [8].

With respect to the complex hospital environ-
ment, it is required to pay special attention to
bioaerosols’ biodiversity to ensure a healthy in-
door air quality to protect healthcare workers and
patients from nosocomial infections and occu-
pational diseases [6]. Also, the investigation of
airborne microorganism’s general profile distrib-
uted in different wards could be useful for un-
derstanding the nosocomial and opportunistic in-
fections’ transmission and proposing preventive
alternatives to restrain the spread of nosocomial
infectious diseases [7].

Because of the very different conditions of the
indoor and outdoor environments of any hospital
and healthcare unit worldwide, it is not reason-
able to apply foreign data directly to other hospi-
tals. Thus, the present study aimed to characterize
the distribution characteristics of the levels of air-
borne bacteria and fungi at four general govern-
mental hospitals in Urmia, Iran, and to evaluate
potential airborne contamination sources. The re-
sulting information can contribute to the develop-
ment of recommendations for guidelines with the
aim of facilitating the control and management of
hospital indoor air quality.

Materials and methods
Subjects and hospital environments

This study was conducted from February to Sep-
tember 2019. Four general governmental hospi-
tals located in Urmia, namely Motahhari (MOT),
Taleghani (TAL), Imam Khomeini (IKH), and
Seyyed-al-Shohada (SAS), which can accom-
modate 150-550 patients were selected since
they were deemed sufficient for representing the
large scale of general hospitals. More detailed
information related to these hospitals is given
in Table 1.

The study sites and sampling locations were the
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Table 1. General characteristics of the studied general hospitals

General hospitals IKH MOT SAS TAL
Building age (year) 24 91 10 39
Area (m?) 30000 16000 10000 17500
Total number of beds 635 400 153 450
The number of active beds 523 205 153 226
The number of staffs 1500 750 440 700
The number of patients 1500 850 600 780
Cleaning times of the day 17-19
Visiting times of the day 14:30-16:30 14:30-16:30 14:30-16:30 15-17

Ventilating and Air
Conditioning system

Natural Ventilation and Mechanical Air Conditioner

Street, green zone
and residential
areas

Type and usage of around
environment

residential areas

Street and
residential areas

Street and Street, river and

green zone

internal medicine and infectious diseases ward
and lobby, intensive care unit (ICU), main lobby,
operating room, and internal medicine room, and
outdoor ambient air. Each hospital was visited 2-3
times during summer and winter. As visits were
allowed on all weekdays, all the samples were
taken in seven sites per hospital on visiting days.
Air sampling was performed at four times (at 7-8,
12-13, 17-18, and 23-24). At each sampling stage
from each hospital, one sample from the outdoor
air or the air inlet of the hospital building was

obtained, by taking into account a 20m distance
between the main entrance, and sampling was
performed in non-rainy weather conditions in
order to compare the measurement results inside
the hospital with the outdoor results [9-11].

In total, 224 air samples were obtained during the
study period and their average concentration was
used in order to determine the quality of the hos-
pitals and different wards. Table 2 presents the
number and percentage of sampling from each
site in all hospitals.

Table 2. Number and percentage of sampling from each ward

Part Frequency Percent
ICU 32 14.3
Operating room 48 21.3
Internal medicine room 32 14.3
Internal medicine corridor 32 14.3
Ambient air 32 14.3
Infectious diseases corridor 24 10.7
Infectious diseases room 24 10.7
Total 224 100
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Sampling strategy and method

Passive sampling was implemented for bioaero-
sol sampling during summer, and active sampling
was used during winter. The passive sampling
was performed with a 1,1,1 standard pattern.
The sampling plates were placed a minimum 1 m
away from the wall and 1 m above the floor, and
remained 1 h exposed to the ambient air.

Blood Agar and eosin methylene blue (EMB)
were used for bacterial bioaerosol samples, and
Sabouraud Dextrose with Chloramphenicol
(SDAC) was applied for fungus bioaerosol sam-
ples [12, 13]. The microbial and fungal counts
were expressed in terms of colony-forming units
(CFU) per unit volume of air (m?).

In passive sampling, Kouch’s method was adopt-
ed for the calculation of the number of cultured
colonies per cubic meters of air (CFU/m?) as Eq.
1 [14]:

CFU

a.10000 (1)
m3  p.t.0.2

where

a = Number of observed colonies on a plate
p = Plate surface (cm?)

t = Plates’ contact time (minutes)

Active sampling was performed in respiratory
height (about 1.5 m) for 3-5 min to avoid the col-
lection of unaccountable colonies, by using an
Anderson single-stage cascade sampler (quick
take-30 impactor, SKC, USA) at an airflow rate
of 28.3 L/min [6] and a Biostage single-stage vi-
able cascade impactor equipped with 100-mm-
diameter Petri dishes. On sampling days, indoor
air temperature and relative humidity were simul-
taneously measured using a digital PHB-318. Be-
fore each sampling, the inside of the sampler and
the cap of the cascade were cleaned with a 70%
ethanol solution to prevent cross-contamination
[15].

The concentration of airborne bacteria and fungi
(CFU/m?) in the active method was calculated
by dividing the value obtained from counting the

colonies formed in the culture medium by the
sampling air volume.

Incubation and identification of bacteria and
Sfungi

After sampling, the culture media were imme-
diately closed, carried to the laboratory, and
were cultured in the incubator for 1-2 days
at 35-37 °C for bacteria and for 5-7 days at
25-27 °C for fungi [16]. During the culturing
period, the plates were investigated daily for
bacterial and fungal growth. The genera of all
the cultured airborne bacteria were identified
according to the classification method of Ber-
gey’s manual.

Also, when suspect fungal colonies were de-
tected, they were isolated with plates contain-
ing Sabouraud Dextrose with Chlorampheni-
col medium. The airborne fungal genera were
identified using the classification method of
Ainsworth (1976) by observing the microscop-
ic and macroscopic form, shape, and color of
the colony and spore [17]. The values of air
bio-burden were presented in CFU/m® and the
limit quantification for airborne bacteria and
fungi was 1 CFU/m’.

Data analysis

The results were analyzed in SPSS (version 23)
with p < 0.05. T-test, independent t-test, and
analysis of variance (F) were performed to assess
the concentration differences of airborne bacteria
and fungi among the sites.

Results and discussion

Variation of the bioaerosols in different hospi-
tals

As mentioned previously, bioaerosol samples
were taken in February (winter) and September
(summer) in seven environments of four hospi-
tals to characterize airborne microbial concen-
trations and to assess the contamination from
outside sources and potential seasonality effect.
The results revealed that IKH had the highest
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microbial bioaerosol load, ranging from 24.8 to
99.5 CFU/m? for total bacterial aerobic counts,
while MOT had the highest airborne fungal
load, ranging from 16.5 to 149.2 CFU/m’ (see
Fig. 1 and Table 4).

To the best of our knowledge, there is no defined
national legislation for indoor bacterial and
fungal concentrations. Usually, standards and
guidelines have been set for the hospital indoor
airborne bioaerosol levels to protect high-risk,
sensitive, or fragile-immunity populations, such
as children, the elderly, and pregnant women,
against exposure to airborne microorganisms.
Despite environmental guidelines/criteria for
bioaerosols in working and residential indoor
environments proposed by several researchers,
no uniform international standard has been set
to date about the allowable levels bioaerosol
loads. This is due to the variations in the human
body’s reaction to exposure, the complexity of
microorganisms’ composition, and difficulties
in gathering bioaerosol that can be hazardous
during sampling; however, some countries have
developed national and local standards for this
purpose.

The guidelines/standards for bioaerosols that
have been suggested by different private orga-
nizations and countries are summarized in Table
3. To prevent the health risks of bioaerosols, the
World Health Organization (WHO) suggested
that the total amount of bioaerosols should not
exceed 1000 CFU/ m? in indoor environments.
If the bioaerosols’ load is higher than this, the
studied environment is considered as a polluted
environment [18]. Some authors have proposed
that 750 CFU/m’ and 300 CFU/m’ should be
respectively the limits for bacteria and fungi
[7]. The Europe Commission presented hygiene
standards for non-industrial buildings in 1993,
in which a pollution load >500 cfu/m?* has been
declared to be a high level for bacteria and fungi
[19].

Analysis of the airborne bacterial and fungal
concentration in various wards of hospitals
showed that the infectious diseases corridor
has the highest bacterial aerobic count, ranging

from 49.7 to 99.5 CFU/m?, followed by internal
medicine corridor and internal medicine room
ranging from 49.7 to 99.5 CFU/m?. Also, the
results of the fungal load measurement demon-
strated that the infectious diseases corridor has
the highest fungal load, ranging from 82.9 to
149.2 CFU/m?, followed by infectious diseases
room, ranging from 78.7 to 136.7 CFU/m?, and
internal medicine room ranging from 91.1 to
128.4 CFU/m’ (Fig. 1).

A comparison of bacterial and fungal density in
the wards showed that the fungal density was
the highest in the operating room of TAL, SAS,
MOT, and IKH in that order, and there was no
significant difference in the other wards. A low
level of fungal airborne load in the operating
room of TAL could be due to the location of this
operating in a separate building. Therefore, the
low density of personnel and patients and a good
natural ventilation system in this area have re-
duced the microbial pollution load.

Due to the existence of a mechanical air con-
ditioner in the IKH operating rooms, it was
expected that the bacteria and fungal densities
should be low in this hospital compared to the
other hospitals with a natural ventilation sys-
tem; but the findings showed that the microbial
pollution load in IKH operating rooms is high-
er than the rest. This can be due to the lack of
proper maintenance, routine cleaning, and con-
trol of air-conditioning functioning. This result
is in agreement with findings reported by Alves
Simoes et. al. in two university hospitals of
Mato Grosso, Brazil. In this study, the efficiency
of the installed ventilation systems for reducing
fungal bioaerosols was investigated in the ICU.
Aspergillus spp, Penicillium spp, and Cladospo-
rium spp were detected in both hospitals, and
the colony units’ density was higher than the al-
lowable limit [30]. As reported by other authors,
the number of patients, occupants, and visitors,
and human activities are the other important
factors that could influence microbial growth in
hospitals [31].
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Table 3. Summary of quantitative guidelines and standards for bioaerosols in indoor air
by different private and governmental organizations
S Guidelines/standards/limitation
Residential - -
. . . Airborne Bacteria .
Organization indoor air . Fungia level Notes Reference
Lalit bioaerosols level (CFU/m?) other
Y (CFU/m®)  (CFU/m®)
The European Residential bacterial
P indoor air 5000 5000 endotoxin less limit values [20, 21]
database . 3
quality than 5 ng/m
I
WHO fndoor <1000 limit values [19,22]
environments
<100 Low
Work
ACGIH ® or , [23]
environments 100-1000 Intermediate
>1000 High
Work . . . .
AIHADb . There is no safe level of an uncontained pathogenic organism [24]
environments
<50 Very Low
Residential <200 Low
CEC*® indoor <1000 Intermediate [25]
environments <10000 High
>10000 Very High
Common
<300 .. limit val
fungi is OK imit values
I : :
JAQ ¢ .ndoor Mixed fungi [19]
environments other than .
<150 . limit values
pathogenic
orexigenic is OK
Work 106 fungi/ Indicat
OSHAA © vor >1000 ungve nidicates [26]
environments of dust contamination
50 One s.pec1e_s should
be investigated
<150 OK if ml).(ture of
species
Indoor OKif
ECf . Cladosporium or [27]
environments <500
other common
phylloplane
Presence .of the Unacceptable in
pathogenic and . .
. . indoor air
toxigenic fungi
Ministry of <800 limit values [19]
environment, Indoor
Republic of environments <500 clean indoor air [28]
Korea
suggested 20 Low contaminated
guidelines for . wards
. Hospital wards -
passive 20-50 Intermediate
sampling of contaminated wards [29]
bioaerosols in High contaminated
. >50
India wards
Surgical wards <10 <1 limit values
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Fig. 1. The concentrations of bacteria and fungi in the air of the studied wards of different

hospitals in two seasons, summer and winter

The results of the air quality in different wards of
hospitals were evaluated based on the suggested
limits for indoor environments and indoor work
environments formulated by WHO and ACGIH,
respectively. According to the WHO limitation,
all the wards included in the study were had hy-
gienic conditions. Also, with respect to the AC-
GIH classification, almost all the wards had a
low contaminated condition, and very few wards
belonged to an intermediate contaminated clas-
sification. Although all the wards were at their
maximum capacity at the time of this study, and
despite the high density of patients, the large num-
ber of visitors, and the presence of many health
and medical sciences students in the wards, it was
shown that the concentration of bioaerosols in all
the wards was in a suitable condition.

Because of many differences in hospital
buildings’ age and area, as well as the number
of wards, patients, staff, visitors, and ventilating
and air conditioning systems, the findings of
our study cannot be compared directly with

the results from other studies. However, our
findings are consistent with some studies and
inconsistent with others. For example, the results
of Yan Gilbert et. al. on the concentration of
airborne bacteria in hospital rooms revealed that
airborne bacterial concentration ranged from 14
to 74 CFU/m’ and that of fungi ranged from 50
to 600 CFU/m?[32]. Investigation of the level
of fungal contamination in Shariati Hospital
rooms in Tehran, Iran, revealed the total mean
concentration of detected fungi in the hospital
rooms was 55 + 56 CFU/m?; the lowest mean
counts (3717 CFU/m?) were observed in Nursing
Stations, and the highest (21797+ CFU/m?) were
reported in orthopedics operating room [15].
Also, a study on the level of airborne bacteria
in five general hospitals located in Seoul, South
Korea, revealed that the concentration of detected
airborne bacteria ranged from 202 to 307 CFU/
m?. In some European hospitals, airborne bacteria
counts have been found from <10 to >100 CFU/

m?.
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Table 4. The summary of the mean density of bacterial and fungal bio-aerosols, indoor temperature, relative

humidity, and the number of beds in the studied hospitals during summer and winter

Hospital's name Studied location Indoor , IndoorA R.ela:ive Bacterial density mean Z—: Fungal density mean Z—:
Temperature °C humidity % winter summer winter summer
ICU 23-25 35-37 33.1 45.5 103.6 95.3
Operating room 25-26 35-36.9 14.5 26.9 16.5 47.6
Internal medicine 24-26 38-40 37.3 91.1 111.9 116.0
room
Internal medicine
. 24-26 38-40 53.8 87.0 99.4 128.4
MOT corridor
Infectious diseases 2527 40-45 74.6 66.3 78.7 136.7
room
Infectious discases 25-27 40-45 69.0 64.9 111.9 149.2
corridor
Ambient air - - 33.1 91.1 261.1 207.2
ICU 23-25 37-52 16.5 41.4 62.1 62.1
Operating room 24-27 39-50 33.1 16.5 16.5 373
Internal medicine 23-25 31-55 20.7 70.4 91.1 111.8
room
Internal medicine
. 23-25 31-55 24.8 66.3 116.0 93.5
corridor
TAL Infectious diseases
1 1!
U 23-25 38-55 29.0 62.1 95.3 120.2
room
Infectious discases 2325 38-55 33.1 49.7 1202 99.4
corridor
Ambient air - - 37.3 62.1 190.6 186.5
ICU 22-25 35-37 29.0 24.8 116.0 82.9
Operating room 23-26 37-55 26.9 33.1 55.9 66.3
Internal medicine 23-26 3945 49.7 95.3 91.1 103.6
room
Internal medicine
. 23-26 39-45 62.1 95.3 66.3 95.3
corridor
IKH Infecti di
friechious disedses 23-27 4552 66.3 74.6 74.6 77.5
room
Infectious diseases
. 23-27 45-52 99.5 53.8 99.4 99.4
corridor
Ambient air - - 41.4 41.4 215.5 165.7
ICU 23-25 40-52 23.1 62.1 58.0 103.6
Operating room 24-26 45-54 20.7 45.5 20.7 37.3
Internal medicine 23-26 23-45 33.1 53.8 91.1 128.4
SAS room
Inty 1 ici
nternal medicine 23-26 23 -45 29.0 53.8 82.9 111.9
corridor
Ambient air - - 20.7 49.7 111.9 128.4

The results of this study confirmed that there is a
direct relationship between bacteria density and
the number of hospital beds and temperature, and
an inverse relationship between bacteria density
and humidity. The results of a study from China
showed no significant relationship between hu-
midity and bacteria count in the hospital indoor
air [33].

Based on the results of the present study, fungal
density has a direct relationship with the number

of hospital beds and an inverse relationship with
the amount of humidity. The inverse relationship
between relative humidity and fungal concentra-
tion can be due to the slight fluctuations in rela-
tive humidity in the sampling place (38-48%),
which is 40-60% lower than the suggested stan-
dard [34].

Seasonal variations of bioaerosols
As mentioned previously, the density of bacterial
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and fungal contamination was measured in dif-
ferent wards during summer and winter by using
passive and active sampling methods, respective-
ly. Based on Table 4 and Fig. 2, the concentra-
tion of bioaerosols was higher in summer than in
winter.

These data are presented only for the investiga-
tion of bioaerosols’ level in two seasons without
any comparison. It is impossible to directly com-
pare the results of studies which have used pas-
sive and active methods. The results of a study
on sampling of bioaerosols using two passive and
active methods revealed a significant difference
in the type and number of bioaerosols collected
by these two methods [28]. Some researchers ex-
plained that this difference could be due to the
different mechanisms of bio-aerosol trapping in
the two methods; in the passive sampling method,
only those bioaerosols which have a sufficiently
high a gravitational sedimentation rate to be de-
posited in the sampling plates are trapped. They
also concluded that the passive sampling method
may be suitable for the determination of relative
bioaerosol contamination in hospitals [35].
Different studies have confirmed the effect of
season on microbial airborne contamination in
hospitals. For example, a study by Sandra Cabo
Verde in a hospital ward of Setubal, Portugal,
found seasonal variations in total microbial loads,

which were markedly higher in summer than in
winter [6]. The results of Dong-Uk Park et al.’s
study in six Korean hospitals revealed that air-
borne bacterial concentrations were significantly
higher in summer than in either fall or winter [8].
A comparison of indoor and outdoor bacteria
loads showed that bacterial concentration mean
(49.1£23.8 CFU/m?) was higher in indoor than
outdoorair(47.1+21.5 CFU/m?®), butthe difference
was not significant (p<0.05). Also, a comparison
of quantitative values of fungal concentrations
found that indoor levels of fungal contamination
(83.3+31.9 CFU/m?®) were significantly (p<0.05)
less than outdoor levels (182.5+48.0 CFU/m?),
suggesting that the fungal contamination resulted
from the concentration of fungi from outside to
the indoor environment (Table 4). This highlights
the inefficiency of hospital ventilation systems
for reducing air microbial loads.

Variations of bioaerosols at different times of
the day

Variation of microbial airborne contamination
in different wards was investigated at different
times of the day. The results revealed that mid-
night [23 — 24] has the lowest concentration of
both bacteria and fungi, while the afternoon [17 —
18] had 61 and 120 CFU/m? of bacterial and fun-
gal concentration which was the maximum value.

140/0
120/0
(%]
S 100/0 [
'_
< 80/0
=
& 60/0 I \
o
& 40/0 l 80/9
O
20/0
40/0
0/0
Winter Summer Winter Summer
Bacterial concentration Fungal concentration

Fig. 2. The concentration of bacteria and fungi in the air of hospitals (mean+SD)
during winter (gray) and summer (black)
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The large number of visitors and the heavy per-
sonnel traffic in the afternoon [17 — 18] could
be the main factor affecting bacterial and fungal
concentration at this time. Also, reduced opera-
tion and/or cleaning activities together with a re-
duction of personnel and patient traffic may be
the main cause of bioaerosol reduction at mid-
night. In a study it was demonstrated that there
were significant differences in bacterial concen-
tration in various sampling times (morning and
afternoon) [31].

Variations of bioaerosol type and genera

Based on the results, the predominant isolated
bacteria in summer were Gram-positive cocci
such as Staphylococcus (95%), Pseudomonas
(4%), and Acinetobacter (1%), whereas the
main isolated fungi were Aspergillus (50%),
Penicillium (32%), and Candidae (19%). Also,
in an assessment of bacteria and fungi in the
studied wards, the most commonly identified
genera in the collected air samples were Staph-
vlococcus (93%), Pseudomonas (6%), and Aci-
netobacter (1%) and Aspergillus (50%), Peni-
cillium (35%), and Candidae (15%) in winter
(Fig. 4).

Most previous studies focused on the detection of
Aspergillus genera in different wards’ air micro-
biota due to its effect on nosocomial infections [6,
36, 37]. For example, Dehghani’s et al. examined
the bioaerosols’ type and density and reported

140
120
100

80

61/3
60 50/39

Concentration

38/99
40

20

Bacterial concentration

7-8 12-13 m17-18 m23-24

26/67

that the main fungus genera inside the operating
room are Aspergillus fumigatus (18.3%), Asper-
gillus flavus (18.5%), Aspergillus niger (5.8%),
and Penicillium (3.3%). The bacterial concentra-
tion in 41% of the samples was higher than the
suggested levels [38].

Another study on fungal genera of the indoor
air of hospital wards revealed that the dominant
fungal flora belonged to the 4. fumigatus com-
plex, corresponding to ~80% of the total isolates.
Nevertheless, other fungi that can pose respira-
tory risks as potential sources of allergens and
toxins were isolated from the indoor air in differ-
ent wards (Aspergillus flavus complex, Aspergil-
lus niger complex, Rhizopus nigricans, etc.) [39].
The study by Sandra Cabo et al. indicated that
the frequency of Gram-positive coccus was 88%,
and it contained 51% Staphylococcus and 37%
micrococcus; also, the frequency of fungi includ-
ed 41% Penicillium and 24% Aspergillus. They
stated that the reason for the frequency of cocci
was the existence of dust and improper hospital
cleaning [6].

Finally, a survey of fungal load in a Spanish hos-
pital revealed the five most frequent groups of
airborne fungi to be Cladosporium, Penicillium,
yeasts, Aspergillus, and Alternaria [40]. As it was
observed, the abovementioned studies support
our results and show the spread and persistence
of some airborne fungal flora in the indoor air of
hospitals.

118/73

101/95

86/8
75/42

fungus concentration

Fig. 3. The concentration of bacteria and fungi in the air of hospitals at different times
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Fig. 4. The percentage of bacterial and fungal spices detected in summer and winter
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Conclusion

Bioaerosol characteristics were evaluated in dif-
ferent wards of four hospitals in Urmia. Our re-
sults showed that Staphylococcus and Aspergil-
lus are respectively the most frequently occurring
bacteria and fungi in the studied wards.

A better understanding of parameters which af-
fect the load of airborne microorganisms in hos-
pital wards could be effective for setting con-
trol strategies and reducing the exposure risk of
healthcare workers and patient. To control the
verified specific factors, the number of occu-
pants, the functioning of ventilation/filtration
systems, the number of hospitalized patients,
pollution sources, etc. must receive attention.
Proper design and implementation of ventilation
systems were performed in the studied hospitals
that significantly decreased pollution. Regular
and uninterrupted monitoring is necessary for
the assessment of air ventilation systems’ ef-
ficiency and the detection of airborne particles
coming from the medical staff, visitors, and/or
patients. Furthermore, airborne microbiological
investigation data could be used for developing
specific air quality guidelines for controlled en-
vironments in hospital settings, which has not
been done so far.
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