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Abstract
Background: Bio-aerosols in the air of hospital wards have an important role in the development of 
infections. It is important to make quantitative and qualitative estimations of microorganisms in the air 
of these wards as an index for environmental hygiene applicable to different hospital wards. The aim of 
the study was to investigate degrees of diversity and density of bio-aerosols in the education hospitals 
of Kerman city. 
Methods: This study applied a descriptive-cross-sectional methodology in the second half of 2014 in 
the education hospitals of Kerman city, with bed capacity of over 300. As many as 200 samples were 
collected from the air in different wards of each hospital using the standard method of the National 
Occupational Health and Safety Institute. Following collection, samples were placed in an incubator 
for 48 hours and then bio-aerosol detections were made for and resulting data reported as colonies/m3.
Results: Results indicated that maximum and minimum degrees of bacterial density were observed in 
operation rooms and in the intensive care unit (ICU) of Shafa hospital. Furthermore, comparison showed 
that the operating room at Afzalipour hospital had the lowest level of fungal contamination, while ICU 
at Bahonar hospital had the highest level of fungal contamination. The emitted fungi of Aspergillus 
and Penicillium along with the bacteria, staphylococci and Acinetobacter had greater frequencies. The 
means of bacterial density and fungal density were not equal across the studied hospitals and significant 
statistical, difference was observed between means of bacterial and fungal density (P ≤ 0.001).
Conclusion: Amounts of bacterial and fungal density were greater than those proposed in the American 
Industrial Health State Conference in 73.3% of the wards in the educational hospitals of Kerman city 
sampled in this study. Therefore it is suggested that implementation of some, necessary measures for 
continuous monitoring, promotion of hygienic disinfection standards, and ventilation systems are taken 
more seriously by stipulating regulations to control this important issue in the country’s hospitals.
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Introduction
Public health has always been influenced by physical, 
chemical, and biological factors of the ambient air. The 
air of closed spaces, given that they often contain different 
types of bio-aerosol, has great potential for jeopardizing 
the health of patients (1). Therefore, supervision of the 
quality of air inside buildings is crucial, especially in 
places where health care is administered (2). 
The World Health Organization (WHO) considers 
hospitals as an integral part of the social environment 
as they have a major role in provision of healthcare in a 
society (3). A hospital is a place where employees, patients, 
visitors, and in some cases students are in contact with 
microorganisms that could jeopardize their health (4). If 
health and protective issues are neglected in such places 

then incidence of infections may be encouraged (5). 
Based on studies, the most common hospital infections 
in decreasing order have been reported as; urinary tract 
infections, infections of surgical scars, pneumonia, 
bacteremia, and septicemia (5-8). As hospital infections 
increase dangers of microbial contamination and cause 
mortality in developed and developing countries, 5%-10% 
in developed and over 25% in developing countries, it is 
crucial that the problem is given greater attention (9).
Studies show a significant relationship between level 
of hospital infection and level of bio-aerosols in the air. 
Generally, the solid or liquid particles in the air of hospitals 
contain different types of bacterial, viral and fungal 
pathogens (5,8). The major pathogens to cause hospital 
infections include Aspergillus flavus, gram-positive bacilli, 
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Neisseria meningitidis, Serratia marcescens, Staphylococcus 
aureus, Streptococcus pyogenes, and bacillus tuberculosis 
and they cause pathogenesis from hospital air through 
transmission from skin, exhaled air, operation room 
transmission, surgical instruments, contaminated clothes 
of patients (10,11). Parts of the body that are more prone 
to hospital infections include aggressive systems such as 
counters, discharge operations, and patients who have a 
compromised immune system (9-12).
Supervision on biological bio-aerosol in hospitals can 
provide information for epidemiological investigation of 
hospital infections, research on microorganisms present 
in the air, development and qualitative control, as well as 
information about their current status (13). Quantitative 
and qualitative estimations of levels of microorganisms 
in the air reveal its value as an index for environmental 
hygiene and as an index related to human health (14).
Omoigberale et al reported a study on hospital bio-aerosols 
in 2 hospitals in Nigeria. It reports the greatest microbial 
density in the waiting room, and the lowest density in the 
surgical operation room. Furthermore, 6 bacterial and 6 
fungal species were detected (9). Choobineh et al reported 
a study on the type and density of bio-aerosols in Shiraz 
hospitals that determined higher-than-standard levels of 
contamination (4). Gioffre et al reported on a study on air-
borne microorganisms in operation rooms. Around 10% 
of hospital infections in hospitalized patients without any 
underlying disease were caused by organisms transmitted 
through air (15). Moreover, the degree of emission of bio-
aerosols in the air surrounding Kerman city wastewater 
treatment plant was examined by Malakootian et al (16). 
As hospital infection caused problems such as 
prolongation of hospitalization time, development of 
disease, decreased productivity in a working environment 
as well as staff absence; such problems placed a heavy cost 
burden to health systems in developing countries (17). 
Considering that prevention and control are better than 
treatment, and regarding the direct relationship between 
hospital infection and the level of hospital contamination, 
the necessity of evaluating and detecting microbial 
contamination and demolition of contaminating sources 
needs more emphasis. Thus this study was performed 
with the aim of investigating the diversity and density of 
bio-aerosols in the educational hospitals of Kerman city, 
with a capacity of over 300 beds, in 2014.

Methods
The study applied descriptive-cross-sectional methodology 
with sampling taken for a period of 6 months in the 
second half of 2014 in three public hospitals: Afzalipour, 
Shafa, and Bahonar in Kerman, with a bed capacity of 300. 
Five wards were selected from each hospital considering 
texture, significance of the type of hospital, and according 
to suggestions made by the infection control committee. 
The culture medium used for growing bacteria was blood 
agar, while Sabro Dextrose Agar (SDA) was used for 
fungal growth (18). A total of 198 samples were collected 
from the three hospitals; 95 and 103 samples were used 
for bacterial and fungal growth, respectively. To remove 
interfering factors and human error, one control sample 
was adopted from each site and the samples were taken 
twice: once in the morning and once in the afternoon. 
Sampling was taken in the operating room immediately 

after an operation and in other wards at 8-12 am and 14-
16 pm. Sampling taken by the active method based on 
the standard method 0800 of the National Institute of 
Occupational Safety & Health (NIOSH). Here, the particle 
collision method into plates containing culture medium 
using a single-stage Anderson impactor (separator of 
particles by collision method) and ZEFON pump attached 
to a rotameter (Taiwan) with a flow rate of 26.7 L/min. 
Sampling time was 12 minutes for each plate containing 
a culture medium already prepared under standard and 
sterilized conditions for the specified stations. 
Before the start of sampling, the rotameter was calibrated 
and at each time of sampling, the placement site of the 
culture medium was fully disinfected using alcohol and 
only used after it had dried. For sampling, the sampler 
device was placed at 1.20 m above ground level at a 
distance of over 1 m from walls and obstructions (19).
The plates containing the culture medium were transferred 
to the laboratory following sampling during a cold cycle. 
samples were then transferred into an incubator set at 
37°C within the shortest time possible. Following 48 
hours, the culture media were examined and developed 
colonies were counted using the eye. To calculate density 
of the counted colonies, first the volume of the sampling 
air was corrected and calculated considering temperature 
and air according to Equation 1, followed by correction 
and calculation of density using Equation 2 as cubic meter 
(CFU/m3) (20). To detect type of bacteria and type of fungi 
of the formed colonies, they were cultured in differential 
culture media. Following 48-72 hours, they were placed on 
a slide, whereby the type of microorganism was detected 
under microscope. 
P2V2/T2 = P1V1/T1                                                                                                             (1)
P is the air pressure in terms of atmosphere, V represents 
air volume per liter or cubic meter, T denotes the 
temperature of the sampling air in terms of Kelvin. 
Index 1 represents standard conditions, while index 2 
shows conditions of the studied medium.
CFU/m3 = 1000P/TV                                                              (2) 
P is the number of colonies developed in the plate, T is 
sampling time, and V shows the amount of sampled air in 
liters or cubic meters. 
Next, data were introduced into Excel 2007 and SPSS 16 
for analysis, where firstly, normality of fungal density and 
bacterial density variables were examined by Kolmogorov-
Smirnov test. To investigate the means of bacterial and 
fungal density across different hospitals, the parametric 
test of analysis of variance was employed. Furthermore, 
to investigate means of bacterial and fungal density across 
different wards in various hospitals, considering normality 
of the two variables of fungal and bacterial density, the 
parametric test of analysis of variance was utilized. 

Results
The results obtained from density of bio-aerosols in 
the hospitals with over 300 bed capacity in Kerman are 
summarized in Table 1.
According to the results shown in Table 1, Shahid Bahonar 
hospital had higher levels of bacterial and fungal density 
than Shafa and Afzalipour hospitals. The mean bacterial 
density in the operation room of Shafa hospital had the 
highest contamination load, while the intensive care unit 
(ICU) ward of this hospital had the lowest contamination 
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load. Similarly, comparison showed that in the operation 
room ward of Afzalipour hospital, the lowest fungal 
contamination load was observed, while in the ICU ward 
of Bahonar hospital, the largest fungal contamination was 
seen. 
In spite of detection of the hazards of exposure to bio-
aerosols, no allowable limit has been recommended to date 
and the available values are suggestions. These suggestions 
have a wide range, probably due to the diversity of bio 
aerosols and relate to different potential pathogens. The 
guideline limit proposed in this study is 75 colonies per 
cubic meter, according to the suggestion of American 
Conference of Governmental Industrial Hygienists 
(ACGIH) (21). The studied hospitals were found to have 
higher density of bio-aerosol than that proposed limit. 
Statistical analysis implies normality of the 2 variables 
of fungal and bacterial density (P = 0.2) (P = 0.3). The 
means of bacterial density (P ≤ 0.001) and fungal density 
(P ≤ 0.001) were not equal across the studied hospitals and 
statistically, a significant difference was observed between 
the means of bacterial and fungal density. The results 
indicated that only in Shafa hospital was there a difference 
in the various wards in terms of mean bacterial density 
(P = 0.002). Investigation of the mean of fungal density 
in Afzalipour and Bahonar hospitals also indicated that 
the mean fungal density was variable across the different 
wards (P = 0.028, P = 0.015).
Figure 1 represents frequency of organisms (fungal) 
isolated from the culture samples collected from the air of 
the studied hospital. 
The greatest and lowest percentages of fungi observed in 
the air of hospitals belonged to Aspergillus niger (32.9), 
and Rhodotorula and Parasiticus (0.4), respectively. The 
bacterial frequency of the culture samples of the air of the 
wards of the studied hospitals is provided in Figure 2.
Based on the results from Figure 2, the greatest bacterial 
frequency separated from the air samples of hospitals 
was staphylococci (96), and the lowest one belonged to 
strepts (0.2).
The operating rooms and other wards used air conditioning 
and natural ventilation respectively. Number of patients in 

each ward was variable. 

Discussion
Based on the results obtained from this study, the mean 
density of bio-aerosols in Shahid Bahonar hospital 
was 130.83 colonies/m3, while in Shafa and Afzalipour 
hospitals it was 98.2 and 89.58 colonies/m3, respectively. 

Table 1. The mean of bacterial and fungal bio-aerosols based on colonies per cubic meter in the educational hospitals of Kerman city 
in 2014

Hospital Ward
Bacterial density Total mean Fungal density Total mean

Mean ± SD P Mean ± SD P Mean± SD P Mean ± SD P
Afzali ICU general 58.43±1.90 0.051 72.38±3.91 <0.001 18.93±9.44 0.015 17.20±8.65 0.001

Operation room 98.65±3.87 8.16±2.77
Infection ward 93.10±5.51 19.51±7.55
Emergency 56.44±2.64 17.02±5.17
Bronchoscopy 45.94±1.77 23.24±1.03

Bahonar Operation room 127.72±4.91 0.058 102.68±4.2 <0.001 24.91±1.11 0.028 28.15±1.20 0.001
Emergency 77.07±1.73 18.49±7.24
Internal ward 137.74±5.55 27.55±1.09
ICU general 75.77±1.81 38.45±1.45
Oncology ward 99.80±2.56 30.13±8.74

Shafa Burn ward 59.73±3.25 0.002 74.27±6.07 <0.001 33.41±2.03 0.053 23.93±1.4 0.001
Operation room 182.42±5.34 20.69±1.40
ICU general 29.71±9.77 14.20±2.63
CCU 52.29±9.04 20.33±3.48
ICU stroke 58.89±2.70 29.22±8.13

Figure 1. The frequency of organisms (fungal) isolated from the 
culture samples of the environmental air of different wards of the 
selected hospitals (in terms of percentage) in 2014

Figure 2. The frequency of organisms (bacterial) isolated from 
the culture samples of the environmental air of different wards of 
the selected hospitals (in terms of percentage) in 2014.
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Contamination loads were detected in all selected wards, 
implying that the studied hospitals were contaminated. 
In the study by Mohammadian et al, on microbial 
contamination of the air of Imam Khomeini hospital and 
Shahid Zare hospital in Sari, microbial contamination was 
found across all of the wards of the mentioned hospital 
especially the general surgery ward (22). In their study 
in Jordan on educational hospitals in terms of microbial 
contamination, Qudesiat et al reported higher levels of 
contamination in all wards of educational hospital in 
comparison with private hospital (23). The mean bacterial 
(P ≤ 0.001) and fungal (P ≤ 0.001) densities in the studied 
hospitals were significantly different, thus air samples 
of the studied hospitals were not identical in terms of 
bacterial and fungal contamination. This can be attributed 
to type of service offered in each particular hospital. 
Among the reasons for increased density of 
microorganisms in some hospitals are commuting and 
crowd inside the ward as well as the type of services and 
hospitalized patients in the hospital (24,25). Bahonar 
hospital, is an old hospital that hosts patients with trauma 
(impact), the number of visitors is larger than other 
hospital, thus it is regarded as a busy place. In its own 
right, this factor can be a reason of the high level of bio-
aerosol density, compared with other hospitals. Okhuoya 
and Okaraedge reported on a study in Nigeria where the 
population of visitors and their activities were mentioned 
as factors contributing to contamination load with bio-
aerosols (26). Juhee et al concluded that hospital location 
and ventilation, and number of people had an effect on 
bio-aerosol concentration (27).
Arab et al demonstrated on a study on fungal spores of 
the air inside Kerman hospital. The report mentions that 
the level of fungal density in Bahonar hospital was greater 
than that in other hospitals due to types of patients, age 
of building, and the large number of visitors (28). The 
geographical position of a hospital is another important 
factor. Bahonar hospital is located in the city center 
and is thus affected by the quality of air surrounding 
the hospital. Environmental observations imply that 
in Bahonar hospital, a central and standard ventilation 
system was not used for ventilating the air inside the 
wards and that natural air-flow with no pretreatment was 
used for ventilation. Fang et al conducted a study in China 
in which consideration of different factors of bacterial 
density in the human accommodation as geographical and 
environmental conditions were applied (29). Hoseinzadeh 
et al stated high bio-aerosol density in 2 hospitals located 
in Hamedan: Shahid Beheshty and Bessat due to the high 
rate of visitors and their geographical location. These 
two hospitals are located in the suburb of the city and the 
quality of the air inside is affected by its open aspect and 
the surrounding air (1).
The most polluted ward in these three hospitals was 
the operation room of Shafa hospital, where the 
contamination level in the operation rooms selected from 
the three hospitals was larger than the guideline limit 
proposed by ACGIH. There are various factors involved 
in contamination of these wards including lack of suitable 
ventilation, traffic of personnel and students, lack of a 
proper disinfection system, not taking hygiene seriously, 
frequency of surgical operations, and insufficient 
opportunity for sterilization. Choobineh et al studied 

educational hospitals of Shiraz city and reported the 
mean density of bio-aerosols in operation rooms as high 
due to a defective ventilation system and the procedure 
of disinfection, congruent with our study (4). Osaro et 
al studied bio-aerosols of private and public educational 
hospitals of Benin city in Nigeria and reported that the 
level of density of bio-aerosol density in operation rooms 
was the lowest, while this density was at its maximum 
in the pediatric and gynecology ward. The reason for 
low-level contamination in the operation room was 
attributed to the following health standards, application of 
disinfection and air ventilation systems, and utilization of 
ultraviolet lamps (30). The lowest level of contamination 
in Shafa hospital was observed in the ICU ward, where 
accuracy in cleansing, disinfecting, controlling traffic, 
and application of equipment was high, with a ventilation 
system also installed in this ward. Kim et al studied 5 
public hospitals in South Korea. They reported the lowest 
level of bio-aerosol contamination in the ICU ward due to 
use of a sterilized building, high level of ventilation, and 
control of the traffic of visitors (11).
In this research, 16 fungal and six bacterial species were 
identified. The diversity of fungal species is due to their 
greater adaptability and durability than bacterial bio-
aerosols across different wards of the hospitals. The 
most commonly observed fungi were Aspergillus niger 
and Penicillium. Furthermore, in the bacterial group, 
staphylococci and Acinetobacter were reported as the 
most common forms. Jaffal et al detected Staphylococcus, 
Bacilli, and Streptomyces from the bacterial group along 
with Alternaria, Aspergillus, Penicillium from the fungal 
groups, which are in accordance with results of this 
investigation (31). Osaro et al studied Benin hospital in 
Nigeria and detected gram-positive cocci as the most 
frequent microorganism in the air of the hospital (30). 
Pastuszka et al reported on a study on a hospital in 
Poland and mentioned higher density of bio-aerosol for 
bacteria species such as Micrococcus and Staphylococcus 
(32). The greatest frequency was determined between 
bacterial bio-aerosols across all of the hospitals belongs 
to Staphylococcus. Staphylococcus is not very toxic, but the 
bacteria are an important cause of infections in high-risk 
groups (33). Furthermore, they are absolutely resistant to 
dry and highly aseptic conditions. These characteristics 
facilitate their life in the environment, growth in food, 
and transmission-proneness (1). As Kerman province is 
located in the southeast of the run, lack of rainfall and 
high evaporation rate, it is present in the dry provinces of 
Iran. It is thus expected that its value is high.
Moreover, Panagopoulou et al reported on a study on air 
contamination of three hospitals in Greece. It was found 
that in terms of fungi, the greatest number of detected 
fungi was related to the Aspergillus genus (34). A study 
of Awosika et al revealed that the maximum of the study 
of fungal and bacteria concentrations were Aspergillus, 
Penicillium and Staphylococcus, respectively (35). Due 
to their ability for growth and proliferation in any place 
and development of thin and permeable spores into the 
depth of alveolus and growth at 37°C, Aspergillus species 
are observed frequently (36). Numerous sources have 
been considered for displacement of Aspergillus spores in 
hospitals including insufficient filtration of the outside air 
(as the most evident factor), soil, vacuum cleaners, and 
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sudden displacement of air when a door is opened (28).

Conclusion
As healthcare centers for patients, hospitals should not 
support bio-aerosol contaminated, Based on the obtained 
results and regarding the fact that bio-aerosol density was 
greater than the ACGIH proposed level in 73.3% of the 
wards selected in the studied hospitals, implementation 
of a comprehensive plan to combat this contamination is 
essential in educational hospitals of Kerman. However, as 
a hospital is a center for all diseases, many individuals in 
hospitals care carriers of a wide range of diseases, causing 
hospital infections in all people especially sensitive people 
(children and the elderly), and incurring huge economic 
losses to the health ministry. It seems that accurate 
investigation and determination of the levels of bio-aerosol, 
objective inspection and evaluation by experienced 
experts, and use of disinfecting compounds, control of the 
passage of people, application of UV lamps, and an efficient 
ventilation system corresponding to global standards 
can greatly help in the management and significant 
reduction of air contamination in hospitals. Therefore, it 
is suggested that by stipulating some regulations for this 
issue (bio-aerosols) in hospitals of the country, necessary 
measures regarding continuous monitoring, promotion 
of disinfection levels, and ventilation systems are taken 
more seriously. It is expected that by keeping track of 
the problems and use of the proposed solutions, that the 
authorities would be able to decrease contamination load 
(bio-aerosol) in hospitals and provide a safe environment 
for patients and employees. 
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