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Introduction: Hospitals are sensitive places owing to the contagious nature of
diseases transferred by patients to others such as health care workers and staff.

Materials and methods: The aim of the present work is to evaluate the type
and concentration of bacterial and fungal bio-aerosols in the indoor air of four
operating rooms (ORs) and four wards in Khalkhal, Iran during 2019. A total of
192 bacterial and fungal samples were collected.

Results: Mean total concentrations of airborne bacteria for ORs and wards were
between 11£1.2 to 48+3.1 CFU/m?, respectively, while for airborne fungi values
ranged from 95+5.6 to 51+1.2 CFU/m?, respectively. The predominant genera
of airborne bacterial isolated (ORs vs. wards) were Staphylococcus epidermidis
(72% vs. 58%), Group D Streptococcus (4% vs. 17%), Group A Streptococcus
(13% vs. 3%), and Staphylococcus saprophyticus (6% vs. 4%). In addition,
the main fungal species identified (ORs vs. wards) were Cladosporium sp.
(37% vs. 38%), Penicillium sp. (28% vs. 22%), and Aspergillus Niger (21%
vs. 12%). A statistically significant correlation was observed between the mean
concentration of bio-aerosols and population density (p<0.05).

Conclusion: Furthermore, a statistically significant difference was observed
between the mean concentrations of bio-aerosols and the values recommended
by WHO (p<0.05), linked presumably to inadequate disinfection, improper
design and operation of standard central ventilation (SCV), and the high density
of visitors and patients. Addressing such issues can help reduce airborne fungi
and bacteria in hospital.

Introduction

Indoor air pollution in hospital settings is an
important problem especially in developing
countries [1-5] as it relates to impacts on human
health and the environment [3, 4, 6-8]. Humans

in hospitals are exposed to a wide suite of
biological agents [9-12]. Biological contaminants
in the form of bio-aerosols are considered as a
major source of indoor air pollution of different
wards of hospitals, comprised of bacteria, cell
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fragments, fungal spores and by-products of
microbial metabolism [10, 11, 13-17]. Bio-
aerosols constitute about 6 to 31 percent of
indoor air pollution [18, 19].

One of the most important ways for transmitting
these microorganisms in hospitals is inhalation,
leading to an assortment of issues such as acute
toxic effects, allergies, and cancer [10, 20-22].
The aerodynamic diameter of airborne biological
particles is between 0.001 to 100 um [23]. Those
particles with aerodynamic diameter less than
10 um, and especially less than 2.5 pm, are able
to penetrate more deeply into the respiratory
system to promote deleterious health effects [1,
8, 24-27]. Most vulnerable are medical staff,
service staff, patients, and visitors [5, 28, 29].
In addition to endangering the health of those in
hospitals, bio-aerosols may result in reduction
of productivity in the workplace [6, 10, 14, 30].
Past work has shown evidence of a wide range of
biological species in the indoor air of hospitals.
One study isolated ten fungal genera from nine
different units in a teaching hospital in Ghana,
including Alternaria sp., Abida corymnifera,
Rhizopus stolonifer, Aspergillus sp., Mucor sp.,
Fusarium sp., Epicoccum nigrum, Verticillium
sp., Penicillium sp., and Phema glemerata [31];
furthermore, they identified eight bacterial
species, including Yersinia enterocolitica, Vibrio
cholera, Salmonella enterica, Vibrio vulnificus,
Bacillus cereus, Bacillus subtilis, Escherichia
coli, and Staphylococcus aureus.

The presence of airborne fungi and bacteria
in hospital wards is dependent on (i) the
efficiency of the air-conditioning system and
ventilation [5, 32-35], (ii) environmental factors
(temperature and relative humidity) [6, 36-39],
(ii1) population density [5, 6], (iv) inadequate
disinfection [5, 6], (v) patient/staff activities
[40], and (vi) different seasons [5, 12, 41]. For
example, previous works described that patient/
staff activities such as talking, walking in wards,
sneezing, coughing, vomiting, and diarrhea can
directly emit bio-aerosol into the indoor air of
hospitals wards [40, 42-45].

The aim of the present work was to 1) determine

the concentration of culturable bacteria and fungi
bio-aerosols in indoor air of Imam Khomeini
hospital wards in Khalkhal, Iran, during summer
and autumn in 2019, 2) identify the genera and
percentage of bio-aerosols, and 3) study the
effects of environmental factors and population
density on the amount of bio-aerosols.

Materials and methods

Study area

Ardabil province is located in the northeastern
part of Iran, with one of its populated cities
being Khalkhal (37°37'08"N 48°31'33"E). This
city’s population is around 95000 (2019 values)
[46]. Sampling focused on bacterial and fungal
bio-aerosols in the indoor air of four operating
rooms (ORs) and four wards in an educational
hospital (Imam Khomeini Hospital) (Fig. 1).
This educational hospital was founded in 2008
with a capacity of 130 beds and 15 wards.
Specialties in this hospital include: internal
medicine, surgery, pediatrics, dialysis, obstetrics
and gynecology, coronary care unit (CCU), and
post CCU.

Cleaning and ventilation in ORs and wards

All of the instruments in ORs and wards,
including beds, chests, and tables were wiped
and disinfected. The floors and walls of ORs
and wards were also disinfected by Septicidine-
surface. During and after surgery, ORs and
wards floor were wiped by damp and wet
mopping. Furthermore, ORs were wiped every
Wednesday in the following sequence: (a) all
rolls, mattresses, logo boards, stretchers, suction
canisters, flowmeter, and rims were cleaned
with detergent and water and disinfected with
Sayasept HP disinfection; and (b) doors and
walls were cleaned with detergent and water and
disinfected by Septicidine-surface. Furthermore,
after following all the steps mentioned, percidin
1% and UV radiation (lower than two hours)
were applied for sterilization of ORs. Moreover,
the hospital has standard central ventilation
(SCV).

http://japh.tums.ac.ir
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Ardabil Province
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Fig. 1. Map of the study area (Ardabil (Iran)) and sampling site by an educational hospital (Imam Khomeini
Hospital) in Khalkhal.

Sampling procedures

Following the National Institute for
Occupational Safety and Health [47] 0800
procedure (Bio-aerosol Sampling (Indoor Air))
[47-49], sampling was conducted in indoor air
of four operating rooms: women's surgery and
caesarean section operating room (hereafter
WSCOP), orthopedic operating room (hereafter
OOP), urology operating room (hereafter UOR),
and cosmetic operating room (hereafter COR). In
addition, sampling was done in the following four
wards: internal medicine ward (hereafter IMW),
women’s ward (hereafter WW), surgical ward
(hereafter SW), and pediatric ward (hereafter
PW). Sampling was conducted at each location
once every 12 days in the summer from 1 August
to 22 September and in autumn from 23 September
to 12 November. Sampling for each room was

repeated three times. We collected 96 samples
in indoor air of ORs and wards in summer (48
bacterial and 48 fungal samples) and 96 samples
in indoor air of ORs and wards in autumn (48
bacterial and 48 fungal samples). Samples of
bio-aerosols (bacterial and fungal) in indoor air
of ORs and wards were collected based on the
standard index of microbial air contamination
(IMAC for environments at risk) [50, 51] using
an active sampling method (QuickTake 30,
BioStage Single-stage Impactor, SKC, Inc.,
USA) at a flow rate of 28.3 L/min for 10 min in
the morning. The sampler device includes petri
dishes (9 cm-containing a solid nutrient medium)
placed at a height of 1.5 m from the floor and at a
distance one meter from all four sides of the wall
and away from physical barriers [12, 50, 52-54].
Before sampling, disinfection of the sampler was

http://japh.tums.ac.ir
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performed with 70% ethanol (5). After sampling,
plates were wrapped with masking tape, stored
at 4°C (using portable plastic cooler box) and
moved to a laboratory. Fungal samples were put
in an incubator at 25°C for five days, whereas
the samples of bacterial were stored at 37°C for
24 to 48 h [5, 12, 53, 55]. In order to determine
the relationship between concentrations of
bio-aerosols and environmental parameters
like temperature and humidity, the latter were
measured using the heat index WBGT meter
(Model No: WBGT-2010SD, Lutron Electronic
Enterprise CO., Ltd, Taiwan).

Quantification and characterization of bio-aerosols

Tryptic soy agar (TSA) culture media (Hardy
Diagnostics Co, USA) with cycloheximide
and sabouraud dextrose agar (SDA) culture
media (Hardy Diagnostics Co, USA) with
chloramphenicol were applied to speciate and
quantify bacterial and fungal bio-aerosols,
respectively [5, 12]. Bio-aerosol concentrations
in air samples were reported in units of CFU/m’.
Bergey’s Manual and biochemical tests were
performed for recognition of bacterial species,
whereas the slide culture technique in the
electronic microscope (Olympus BX60M BF/DF)
with a magnification of 100 x 400 was used for
diagnosis of fungal species [6, 56].

Quality control (QC)
Culture Media

The batch should be carefully examined for
pollution before passing for laboratory use. It is
also recommended that the whole batch of the
provided media be examined for contamination
by keeping the plates at least for 3 days at room
temperature. Duplicate plates from the test batch
were placed into the incubator at 37 °C for 24 h.
If any growth occurred, the process was repeated
by getting two plates from the same batch.
According to recommendations, if contamination
in plates exceeds 10%, all the plates should be
discarded [57, 58]. In this work, there was no

growth on duplicate plates at 37 °C for 24 h
and on the plates at least for 3 days at room
temperature.

OC of samples

Field blanks and shipping blanks were collected
to go through proper QC procedures [58, 59].
Blank sample values for bio-aerosols were less
than ten percent of the post sampling values
for whole samplers. Sterility of the plates was
controlled by having one un-exposed shipping
blank of each medium (tryptic soy agar and
sabouraud dextrose agar). The shipping blank
was supplied by getting an unused plate
(without opening the Petri dish) and moving it
to the laboratory with the other collected plates
including bio-aerosols [59]. Contamination
was not observed on shipping blanks. The
repeatability (precision) of sampling and
analysis was evaluated by sample triplicates
[59]. Reported concentrations for each
sampling location was the average of triplicate
samples.

Statistical analysis

Statistical analysis of this work was performed
using SPSS analytical (Version 22.00). The
Kolmogorov-Smirnov test is used to check
the normality of data. The one-sample t-test
compares the mean concentrations of bacterial
bio-aerosols with World Health Organization
(WHO) recommendation (10 CFU/m? for ORs
and 100 CFU/m’ for wards) [60]. In addition,
the one-sample t-test compares the mean
concentrations of fungal bio-aerosols with the
WHO recommendation (10 CFU/m? for ORs and
50 CFU/m? for wards) [60]. Moreover, multiple
regression analysis was applied to determine
whether environmental factors (temperature
and relative humidity) or population density
have the most effect on concentrations of
bio-aerosols in ORs and wards. Relationships
were quantified with the Pearson's correlation
coefficient.

http://japh.tums.ac.ir
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Results and discussion

Concentration of bio-aerosols aerosols in
different operating rooms and wards

Bacterial aerosols

The mean (= SD) concentrations of airborne
bacteria isolated in indoor air of four ORs and
four wards (CFU/m?) are shown in Table 1.
The total mean concentrations (CFU/m?) of
airborne bacteria in ORs and wards were 48+3
for WSCOP, 48+3 for OOP, 27+2 for UOR,
38+2 for COR, 45+4 for IMW, 28+2 for WW,
11£2 for SW, and 16+£3 for PW. Nine species
of culturable bacteria were isolated in ORs and
wards. Staphylococcus epidermidis was isolated
at all sampling locations. Past work showed that
the most frequent bacteria species identified in
indoor hospital air in Rio de Janeiro city (Brazil)
were Staphylococcus epidermidis (27 CFU/m?)
and Staphylococcus haemolyticus (17 CFU/m’)
[61]. Therefore, indoor hospital air is a key
pathway for transmission of Staphylococcus sp.
to patients and visitors [61-63]. Lactobacillus sp.
(2£1 CFU/m?) was identified just in the WSCOP,
while Staphylococcus aureus (8+4 CFU/m?)
and Listeria sp. (1+1 CFU/m’) were measured
exclusively in the IMW and SW.

For comparison, past study demonstrated that the mean
concentration of culturable bacterial in the surgical
ward and in ORs at a hospital in Portugal ranged from
99 to 495 CFU/m’ and 2 to 170 CFU/m?’, respectively
[64]. Moreover, previous studies reported that the
concentrations of airborne bacteria in indoor air
of ORs at the university hospital of Parma (Italy)
and in Silesian hospitals (Poland) were limited
from 0 to 18 CFU/m? and 100 to 1000 CFU/m’,
respectively [65, 66].

The findings of this study show that the WSCOP
and IMW sites exhibited the highest mean
concentration of bacterial aerosols compared
with other sampling sites. Past stusy showed
that the highest mean concentration of bacteria
was in the internal medicine ward for women
in Kamkar hospital in Qom (Iran) [67]. For
comparison, previous work showed that the mean

concentrations of airborne bacteria at the University
of Port Harcourt Teaching Hospital in Port Harcourt
(Nigeria) ranged from 9.5 CFU/m’ in the urology
ward to 199.33 CFU/m? in the HIV clinic, while
the mean concentrations of airborne fungi ranged
from 10.5 CFU/m’® in the surgery outpatient
clinic (SOC) to 23.5 CFU/m’ in the anatomical
pathology laboratory (APL) [68]. We speculate
that concentrations of airborne bacteria in the
WSCOP and IMW sites were higher than other
sampling locations owing to some combination
of ventilation issues and inadequate disinfection,
which is consistent with the findings of previous
works in hospital operating rooms in Shiraz
(Iran) [5] and in ORs at Ayder Referral Hospital
in northern Ethiopia [69].

The results of this work show that the total mean
concentrations of airborne bacteria in ORs were
1.63 times higher than wards; therefore, ORs
exhibit poorer air quality in terms of bacterial
bio-aerosol levels. The results of this work
showed that the main bacterial species detected
at all sampling locations were Staphylococcus
epidermidis, Group A, B, and D Streptococcus,
Staphylococcus sp., Lactobacillus sp., and
Listeria sp.. Previous work reported that the
most common airborne bacteria in private and
government owned hospitals in Benin (Nigeria)
were Staphylococcus auareus, Staphylococcus
aecroge  epidermidis,  Escherichia  colj,
Pseudomonas aeruginosa, Proteus mirabilis, and
Klebsiella aerogens [70]. In addition, the most
frequent species of airborne bacteria identified
in ValieAsr Hospital in Tehran (Iran) by pervious
work were Stenotrophomonas sp. (0-2 CFU/m?),
Micrococcus sp. (3-10 CFU/m?) and Staphylococcus
epidermidis (3-10 CFU/m?). Furthermore, the most
frequent species of airborne bacteria detected
in different hospital sites in Setubal (Portugal)
were airborne gram-positive cocci (88%),
Staphylococcus sp. (51%) and Micrococcus sp.
(37%), which they speculated are released into
the air either via clothing of visitors and medical
staff or transport of personal and medical
materials [71].

http://japh.tums.ac.ir
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Table 1. The mean concentrations of airborne bacteria and fungi isolated indoor air of four ORs and four wards
(CFU/m’).

The average (+ SD) airborne bacteria concentrations

Type of organisms Four operating rooms (CFU/m?) Four wards (CFU/m?®)
Bacteria WSCOP  OOP UOR COR IMW WwW SW PW
Staphylococcus epidermidis 33+4 36+2 15+2 31+3 2045 1743 8+1 13£2
Group D Streptococcus - - 72 - 443 11+£1 2+1 -
Group A Streptococcus 1242 2+1 2+1] 4+1 - - - 3+1
Staphylococcus saprophyticus - 7+4 2+1 - 4+£3 - - -
Staphylococcus pneumoniae - 3+1 1+1 1£1 542 - - -
Staphylococcus aureus - - - - 8+4 - - -
Group B Streptococcus - - - 2+1 4+3 - - -
Lactobacillus sp. 2+1 - - - - - - -
Listeria sp. - - - - - - 1+£1 -
Total 48+3 48+3 272 38+2 45+4 28+2 112 16£3
WHO recommendation 10 10 10 10 100 100 100 100
The average (+ SD) airborne fungi concentrations
Type of organisms Four operating rooms (CFU/m?) Four wards (CFU/m?)
Fungi WSCOP  OOP UOR COR IMW WwW SW PW
Cladosporium sp. 2442 19+4 3043 19+2 2843 30+4 20+2 2542
Penicillium sp. 11£2 13£2 18+1 32+6 7+1 14£2 20£2 19+£2
Aspergillus Niger 8+1 1142 6+1 31+6 742 13£2 742 6+2
Rhodotorula sp. 8+1 71 - - 4+1 4+2 2343 -
Aspergillus flaviis - 2+1 3+1 7+1 - - - -
Curvulariia sp. - - - 2=l - 5D - -
Alternaria sp. - - - - 2+] - - 5+£2
Rhizopus sp. - - - 2E1 - - 5+1 -
Drechselera sp. - - - - - - 7+1 -
Aspergillus fumigatus - - - - 5+1 1+1 - 6+2
Stofelim sp. - - - - 542 - - -
Oculanium sp. - - - - - 5+2 - -
Mucor sp. - - - 2+1 - - - -
Total S)E=2) S0+3 57+4 95+6 58+2 =S 82+5 61+4
WHO recommendation 10 10 10 10 50 50 50 50
Fungal aerosols species measured in indoor air of ORs in Shiraz
Thirteen species of culturable fungi were (Iran) were Aspergillus sp., Penicillium sp., and

1solated in ORs and wards, with concentration
statistics summarize in Table 1. The total average
concentrations of airborne fungi in ORs and wards
based on CFU/m?® were 95+6 for COR, 82+5 for
SW, 72+5 for WW, 61+4 for PW, 58+2 for IMW,
5744 for UOR, 5243 for OOP, and 51+3 for
WSCOP. Cladosporium sp., Penicillium sp., and
Aspergillus Niger were isolated at all locations.
Former work showed that the most frequent fungal

Alternaria sp. [5]. Mucor sp. (21 CFU/m?) was
identified just in the COR, whereas Oculanium
sp. (5£2 CFU/m?), Drechselera sp. (7+1 CFU/m?)
and Stofelim sp. (5£2 CFU/m’) were measured
exclusively in the WW, SW and IMW, respectively.

For comparison, Former work demonstrated that
the mean concentration of culturable fungi in
Farshchian hospital in wards and ORs at Hamadan
(Iran) varied from 15.6 to 16.7 CFU/m’ and 7.8
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CFU/m?, respectively [62]. Past study reported
that the concentrations of airborne fungi in
indoor air of a hospital in Portugal were less than
one CFU/m’ for ORs and from 1 to 32 CFU/m’?
for a surgical ward [64]. Previous work reported
concentrations of airborne fungi in different
wards of private and government hospitals in
Benin (Nigeria) between 10 to 53 CFU/m?; the
most frequent fungal species they detected were
Penicillium sp. and Aspergillus sp.

The results of this work reveal that the main
fungi species detected in indoor air of ORs and
wards were Cladosporium sp., Penicillium sp.,
Aspergillus Niger, and Rhodotorula sp. Previous
work showed that the main airborne fungal species
in Valiasr hospital in Zanjan were Penicillium sp.,
Aspergillus sp., Cladosporium sp., and Alternaria
sp. [72]. The total average concentrations of
airborne fungi in ORs were similar to wards in
contrast to bacterial levels that showed more of
a difference.

Comparison of bio-aerosol concentrations with
proposed guidelines

Bacteria

According to Table 1, the total airborne bacteria
concentrations in all ORs (WSCOP, OOP, UOR,
and COR) were higher compared to the values
suggested by WHO (10 CFU/m?), while the total
airborne concentrations of bacteria in all wards
(IMW, WW, SW, and PW) were lower than the
values recommended by WHO (100 CFU/m?). The
one-sample t-test was used to compare the mean
concentrations of bacterial bio-aerosols and the
values suggested by WHO (10 CFU/m? for ORs
and 100 CFU/m? for wards). The results of one-
sample t-test indicate that there was a significant
difference between the mean concentrations of
bacterial bio-aerosols in the ORs and the values
suggested by WHO (p = 0.037). In addition,
the findings of the same analysis showed that a
significant difference was observed between the
mean concentrations of bacterial bio-aerosols in
the wards and the values suggested by WHO (p
=0.002).

Fungi

Based on Table 1, the total airborne fungi
concentrations in hospital wards (IMW, WW,
SW, and PW) and ORs (WSCOP, OOP, UOR,
and COR) were higher compared to the values
suggested by WHO (10 CFU/m? for ORs and 50
CFU/m? for wards). The one-sample t-test was
applied to contrast the average concentrations
of fungal bio-aerosols and the values proposed
by WHO (10 CFU/m? for ORs and 50 CFU/m’
for wards). The findings of one-sample t-test
suggested that there was a significant difference
between the mean concentrations of fungal bio-
aerosols in the ORs and the values recommended
by WHO (p = 0.011). Furthermore, the t-test
results displayed that a significant difference
was found between the average concentrations of
fungal bio-aerosols in the wards and the values
proposed by WHO (p = 0.048).

Interrelationships between bio-aerosol concentrations,
population density and environmental factors

Bacteria

Environmental parameters such as temperature
and relative humidity and population density are
parameters potentially influencing bio-aerosol
concentrations in different parts of a hospital
[36, 73]. The mean + standard deviation of the
temperature, relative humidity, and population
density (ORs versus wards) were as follows,
respectively: 13.41£3.27 °C versus 14.23+£2.18
°C, 40.05+4.91% versus 41.12+3.82% and 8+3
number of people per ORs versus 12+2 number
of people per wards. Multiple regression analysis
(MRA) was applied to determine which of
these three parameters have the most effect on
concentrations of bio-aerosols in ORs and wards.
The results of MRA indicated that population
density for ORs and wards had a significant
correlation with the concentration of bacteria
bio-aerosols (p=0.002 and Beta=0.790 for ORs
and p=0.004 and Beta=0.820 wards). In addition,
the results of MRA showed that temperature
for ORs and wards did not have a significant

http://japh.tums.ac.ir



Journal of Air Pollution and Health (Winter 2021); 6(1): 14-29 21

correlation with the concentration of bacterial
bio-aerosols (p=0.823 for ORs and p=0.682
for wards). Furthermore, the findings of MRA
showed that relative humidity for ORs and wards
did not exhibit a significant correlation with the
concentration of bacterial bio-aerosols (p=0.868
for ORs and p=0.870 for wards).

Past work showed that a significant correlation
was not observed between the concentration of
bacteria with either temperature or humidity
(p>0.01) in indoor air of hospital areas, which
is consistent with the results of this study [74,
75]. However, Past study found that a significant
correlation between bacterial concentration with
either population density or relative humidity
(p<0.01) in a Singapore hospital [76]. Past
work reported that temperature had a significant
positive correlation with the concentration of
bacteria bio-aerosols in various university indoor
environments in Changan and Xian (China) [32,
77].

Fungi

The findings of MRA illustrated that population
density for ORs and wards exhibited a significant

correlation with the concentration of fungi bio-
aerosols (p=0.003 and Beta=0.821 for ORs and

p=0.004 and Beta=0.876 wards). Temperature
did not exhibit a significant correlation with
the concentration of fungi bio-aerosols in ORs
and wards (p=0.622 for ORs and p=0.723 for
wards). Relative humidity for ORs and wards
also did not have a significant correlation with
the concentration of fungi bio-aerosols (p=0.561
for ORs and p=0.718 for wards). Similarity, past
study showed that a significant correlation was
not observed between the concentration of fungi
bio-aerosols with either temperature or humidity
(p>0.05) in ORs of an educational hospital in
Shiraz (Iran) [5].

For comparison, former work demonstrated that
environmental factors such as temperature and
humidity were significantly correlated with fungi
bio-aerosols in various hospitals in Yangzhou,
Shenzhen, Ningbo, Guangzhou, and Fenghua
(China) [36]. Temperature and humidity can
impact the growth of fungi bio-aerosols, which is
opposite with the results of this study and others
[36-38].

Lastly, in terms of interrelationships, Table
2 describes Pearson's correlation coefficient
between fungal and bacterial concentrations in
ORs and wards based on average concentrations.
There were no significant correlations between
bio-aerosols in ORs and wards.

Table 2. Pearson's correlation coefficient (r) between fungi and bacteria concentrations in ORs and wards.

Bio-acrosols Bacteria Fungi Bacteria Fungi
(ORs) (ORs) (wards) (wards)
Bacteria (ORs) r 1
P-value
Fungi (ORs) r .084 1
P-value 874
Bacteria r .008 .262 1
(wards) P-value 987 361
Fungi (wards) r 065 138 .021 1
P-value .838 716 940
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Frequency of occurrence of bio-aerosols
Bacterial species

The percentage of isolated bacterial species in
ORs and wards based on frequency in different
sampling sites is summarized in Fig. 2. In this
study, the predominant genera of airborne
bacterial isolated in the indoor air of ORs and
wards were Staphylococcus epidermidis (72% for
ORs and 58% for wards), Group D Streptococcus
(4% for ORs and 17% for wards), Group A
Streptococcus (13% for ORs and 3% for wards),
Staphylococcus saprophyticus (6% for ORs and
4% for wards), and Staphylococcus pneumoniae
(3% for ORs and 5% for wards).

The lowest percentage of isolated bacterial species
in different sampling sites were Lactobacillus sp.
(1% for ORs and 0 for wards) and Listeria sp. (0
for ORs and 1% for wards). As shown in Fig. 2,

the main species of bacteria identified in the indoor
air of ORs and wards was Staphylococcus sp.,
which is part of the normal flora of skin, hair, and
the respiratory tract [62, 78, 79]. For comparison,
former work described that the dominant bacterial
species in different sampling sites in a teaching
hospital in Kandy (Sri Lanka) were Bacillus sp.,
Micrococcus sp., Pseudomonas sp., Staphylococcu
sp., Exiguobacterium sp., Enterobacter sp.,
Escherichia sp., Sphingomonas sp., Massilia
sp., and Kocuria sp. [79]. Former study reported
that the most common airborne bacteria in Alavi
hospital in Ardabil (Iran) were Staphylococcus sp.,
Pseudomonas sp., Klebsiella sp., and Enterococcus
sp. [80]. In addition, the most common bacteria at
the University of Port Harcourt Teaching Hospital
in Port Harcourt (Nigeria) were Staphylococcus sp.,
Streptococcus sp., Klebsiella sp., Escherichia coli,
and bacillus sp. [68].

3% 194 1%

4%

A Frequency of bacterial speciesin ORs

m Staphylococcus epidermidis

® Group D Strepfococcus

B Group A Streplococciis

m Staphylococcus saproplhvticus
m Staphvlococcus pnetnmoniae

B Group B Streptococciis

m Lactobacillus spp.

4% 1%

Frequency of bacterial species in wards

u Staphvlococcus epidermidis

m Group D Streptococcus

u Group A Streptococciis

m Staplhvlococcus saproplyvticus
m Staphvlococcus pneumonicae
w Staphvlococcus aureus

= Group B Streptococciis

W Listeria spp.

Fig. 2. The percentage of identified bacteria based on frequency in ORs (A) and wards (B).
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Fungal species

The percentage of isolated fungal species in
ORs and wards based on frequency in different
sampling sites is shown in Fig. 3. Accordingly,
the predominant genera of airborne fungal
identified in indoor air of ORs and wards were
Cladosporium sp. (37% for ORs and 38% for
wards), Penicillium sp. (28% for ORs and 22%
for wards), Aspergillus Niger (21% for ORs and
12% for wards), Rhodotorula sp. (6% for ORs
and 11% for wards), Rhizopus sp. (1% for ORs
and 2% for wards), and Curvularia sp. (1% for
ORs and 2% for wards).

For comparison, past study found that the
dominant species of fungi in a teaching
hospital in Kandy (Sri Lanka) were Fusarium
sp. and Aspergillus sp. [79]. Former work
reported that the dominant fungal types in three
hospital wards in Roma (Italy) were Alternaria
sp., Cladosporium sp., Penicillium sp., and
Aspergillus sp. [33]. In addition, Sautour and
co-authors reported that the predominant fungal
species identified in indoor air of Dijon Hospital
in Burgundy (France) were Penicillium sp. (23-

25%), Aspergillus sp. (15-23%) and Bjerkandera
adusta (11-13%) [81]. Furthermore, former
study isolated seven fungal genera in Trakya
university hospital in Edirne (Turkey), including
Alternaria sp., Cladosporium sp., Penicillium sp.,
Scopulariopsis sp., Paecilomyces sp., Aspergillus
sp., and Trichothecium sp. [82].

Difterences in the frequency and diversity of fungi
in this study compared with other studies can be
explained potentially by sampling in different
seasons (summer and autumn), ventilation defects
and inadequate disinfection, types of patients
admitted, and open windows, which is consistent
with the findings of previous works in hospital
operating rooms in Shiraz [5], in the different areas
of Trakya university hospital in Edirne (Turkey)
[82], in general indoor hospital air [83], and in
indoor air of surgical rooms in Shariati hospital in
Karaj (Iran) [84]. Generally, owing to growth of
different types of fungi in various hospitals around
the world, especially in our study, we conclude
that hospitals have the ability to create various
levels of infection and therefore corrective actions
are necessary in these places.

A 1%

G
0

1% _1%

Frequency of fungi species in ORs

B Cladosporium spp.
u Penicillium spp.

u Aspergillus niger
B Rhodotorula spp.
u Aspergillus flavus
w Curvulariia spp.
Rhizopus spp.

w Mucor spp.

3% 49% 2%2%

B Frequency of fungi species in wards

u Cladosporium spp.

m Penicillium spp.

m Aspergillus niger

m Rhodotorula spp.

m Curvulariia spp.

m Alternaria spp.

® Rhizopus spp.

= Drechselera spp.
Aspergillus fumigatus

u Stofelim spp.
Oculanium spp.

Fig. 3. The percentage of identified fungal based on frequency in ORs (A) and wards (B).
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Conclusion

Thepresentwork characterizesthenatureofairborne
fungi and bacteria at Imam Khomeini hospital in
northeastern Iran, including a comprehensive look
at type and concentration profiles in various parts
of the hospital. Despite disinfection, 13 species
of culturable fungi and 9 species of culturable
bacteria were identified in different parts of the
hospital. The results of this study indicate that the
predominant genera of airborne bacterial isolated
in both of ORs and wards were Staphylococcus
epidermidis, Group D Streptococcus, Group A
Streptococcus, Staphylococcus saprophyticus, and
Staphylococcus pneumoniae. The predominant
genera of airborne fungal identified in both of ORs
and wards were Cladosporium sp., Penicillium
sp., Aspergillus Niger, Rhodotorula sp., Rhizopus
sp., and Curvularia sp. Results of this work
emphasize that hospitals have the potential to
spread disease via airborne bio-aerosols and
therefore corrective actions are necessary to
mitigate the negative public health effects. The
role of different potential influential factors
(ventilation system, environmental factors, type
of patients, used disinfectants, density of visitors
and patients, and management of infectious waste)
should be investigated. Appropriate monitoring
systems should be considered to reduce the type
and concentration of bio-aerosols in the air of
ORs and wards.
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