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Background: Fungi existing in hospital departments may grow and produce 

micro-colonies. The spores arising from these micro-colonies circulate easily 

and could be inhaled by patients and cause infections in immune-compromised 

subjects. Due to the lack of an acceptable method of sampling and evaluation of 

microbiological quality of air in the isolation units, the purpose of this study 

was to determine the concentrations of airborne fungi through active and 

passive sampling and also identify fungi genera in the air of the isolation unit. 

Materials and Methods: The air of the isolation unit was monitored through 

active and passive sampling. In passive sampling, the plates were placed in the 

room. The active sampling was performed in the hematology unit by using a 

slit-to-agar biological air sampler with a flow rate of 10 L/minute. Plates were 

incubated at 30°C for 10 days and were examined daily for fungal growth. 

Fungal species were identified on the basis of their macroscopic and 

microscopic morphological features. 

Results: In active samples, Penicillium spp. was the predominant genus (66.8%), 

followed by Aspergillus spp. (23.9%) and Cladosporium spp. (2.5%). Yeast spp. 

accounted for only 2.2% of the isolated fungi.   

In passive samples, Penicillium spp. (94.4%) was the most frequently found 

fungi, followed by Aspergillus spp (2.2%), Cladosporium spp. (1.1%) and Yeast spp. 

(0.5%). The identified genera included Penicillium, Aspergillus, Alternaria, 

Mucorales, Cladosporium, Yeasts and other filamentous fungi.  

Conclusion: Active and passive sampling can be used for monitoring the fungal 

content of air. Assessment of fungal contamination profiles in hospitals may 

provide important information about the level of fungal concentration in the 

hospitals and for the control of nosocomial infections. In addition, installation 

of special ventilation systems equipped with HEPA filters in hematology wards 

could enhance the quality of air. Also, observing sanitary protocols for 

disinfection of the surfaces is imperative for infection control. 
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INTRODUCTION 

Some hospital infections are caused by fungi. Fungal 

contamination of air has been the subject of several 

researches (1). Fungi existing in hospital units may grow 

and produce micro-colonies. The spores arising from these 

micro-colonies circulate easily and could be inhaled by 

patients and cause respiratory infections in immune-

compromised subjects (2). Level of fungal contamination of 
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indoor air of hospital units depends on several factors such 

as air circulation, moisture and temperature (3). Infectious 

diseases caused by inhalation of different fungal bio-

aerosols depend on the biological and chemical properties, 

the number and the size of fungi inhaled and the site of 

their deposition in the respiratory system (4). 

Fungi species with diameters smaller than 5 µm such as 

Aspergillus fumigatus spores (2 to 3 µm) are able to 

penetrate into the alveoli and are capable of causing 

pulmonary infections in humans. Aspergillosis and other 

systemic mycoses have caused an increasing morbidity 

among immunologically compromised hospitalized 

patients (5). 

The climatic conditions of the hospitals were reported 

to play an important role in the biological quality of their 

indoor air (6-8) and the quality of filtered air conditioning 

in hospitals was reported to be an effective means of 

decreasing nosocomial infections (6, 9, 10). The use of the 

High Efficiency Particulate Air (HEPA) filtration system 

was reported to prevent invasive pulmonary aspergillosis 

in immune-suppressed patients in isolation units (6, 11). 

Active or passive sampling of indoor air for possible 

airborne microbial contamination has been reported by 

several authors (6, 12, 13). There are currently no specific 

protocols for airborne monitoring of fungal contamination 

in the form of passive or active sampling (12, 14). 

The content of microorganisms in the air through active 

sampling is expressed in Colony Forming Units (CFUs)/m3 

and sampling is performed when the concentration of 

microorganisms is not very high. However, passive 

sampling provides an actual assessment as it measures the 

airborne particles, which fall onto a critical surface, and 

results of passive monitoring are expressed in 

CFUs/m2/hour (6, 11, 15).  

Due to importance of quality of air within an isolation 

unit with high-risk patients, the purpose of the present 

study was to determine the quality and quantity of 

airborne fungi in the isolation unit of a hospital via active 

and passive sampling. 

MATERIALS AND METHODS 

This study was performed to determine the 

microbiological quality of air in the isolation unit of 

the Hematology Ward of Taleghani Hospital located 

in Tehran in March 2014. This ward has 6 separate 

rooms with 27 beds. Air sample was collected once a 

week for passive sampling and once a week for 

active sampling from 30 locations at 10:00 a.m., with 

a total of 30 passive and 30 active samples. In both 

samplings, the plates were placed in room 

approximately 1m above the floor and about 1m 

away from the walls. The number of plates per 

square meter was 6/18. The distance between the six 

measuring plates was 3m . 

The number of colonies counted on each petri 

dish with a diameter of 9cm sampled for one hour 

was expressed as CFUs/m2/hour (16). 

Active samplings were performed in all rooms of 

the Hematology Unit using a slit-to-agar biological 

air sampler (Casella Air Bacteria Sampler MK II with 

Casella pump T 13692), with a flow rate of 10 

L/minute. This sampler drew air at high speed 

through a narrow slit and blew it over a solid 

Sabouraud chloramphenicol dextrose agar (SabC, 

Becton-Dickinson, Heidelberg, Germany) plate. The 

plate rotated at a uniform speed under the slit (17). 

The number of CFUs was adjusted using the 

conversion table provided by the manufacturer and 

the value was expressed in CFUs/m3. Samples were 

processed in the clinical mycology laboratory of the 

Shahid Beheshti University of Medical Sciences. 

Plates were incubated at 30°C for 10 days and were 

examined daily for fungal growth. Fungal species 

were identified on the basis of their macroscopic and 

microscopic morphological features (18). 

 

RESULTS 

In this study, 60 samples (passive and active) 

were taken during the same period. The mean load 

of isolated fungi was 10 CFUs/m3 and                         
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1 CFU/m2/hour in active samples and in passive 

samples, respectively (Table 1). 

The frequencies and the loads of the fungi 

isolated from the Hematology Unit are demonstrated 

in Table 2. The identified genera included Penicillium, 

Aspergillus, Alternaria, Mucorales, Cladosporium, Yeasts 

and other Filamentous fungi. The highest mean 

fungal load was noticed for the Penicillium spp. 

(12CFU/m2/h) in passive samples. The mean fungal 

load of other fungi was low, ranging from 1 to 

2CFUs/m2/hour. But in active samples, the 

dominant mean fungal load was Penicillium spp. (6 

CFUs/m3), followed by Aspergillus spp. (3 CFUs/m3). 

Concerning percentages of fungi isolated from 

the air of the Hematology Unit, Penicillium spp. was 

the predominant genus (66.8%), followed by 

Aspergillus spp. (23.9%) and Cladosporium spp. (2.5%), 

and Yeast spp. accounted for only 2.2% of the isolated 

fungi in active sampling.   

In passive samples, Penicillium spp. (94.4%) was 

the most frequently found fungi, followed by 

Aspergillus spp (2.2%), Cladosporium spp. (1.1%) and 

Yeast spp. (0.5%). 

 

DISCUSSION 

In our study, indoor air contamination of the 

Hematology Ward of Taleghani Hospital was 

assessed by both active and passive sampling. Both 

sampling methods detected fungal air contamination 

and preference of either active or passive sampling 

was not observed. According to our data, the passive 

sampling and subsequent analysis predicted the 

possible contamination rate at the surgical site and it 

permitted direct measurement of the quantity of 

microorganisms on selected surfaces, and these 

observations have also been confirmed by other 

authors (6, 12, 19, 20). In contrast, the active sampling 

and analytical method were performed to obtain 

information on the concentration of all inhalable 

viable particles, which has also been confirmed by 

other authors (6, 12). 

 

Table 1. Concentrations of fungi collected in the Hematology Unit with the active and passive sampling methods 

 

Methods Total number of plates Total fungal count Mean load of fungi 

Active method 30 43.8 CFU/m3 10 CFU/m3 

Passive method 30 180 CFU/m2/h 1 CFU/m2/h 

 

Table 2.  Fungi identified in the air of the Hematology Unit during the study period. 

 

Fungal species 

Positive samples (active) Positive samples (passive) 

Absolute number 
Mean fungal load 

(CFUs /m3) 
Absolute number 

Mean fungal load 

(CFUs /m2/hour) 

Acremonium spp. 2 1 1 1 

Aspergillus spp 105 3 4 1 

Alternaria spp. 2 2 1 1 

Cladosporium spp. 11 1 2 1 

Epicoccum spp. 1 1 1 1 

Fusarium spp. 1 1 1 1 

Mucor spp. 3 1 - - 

Paecilomyces spp. 5 1 3 1 

Penicillium spp. 293 6 170 12 

Trichoderma spp. 8 1 2 2 

Yeast spp. 10 1 1 1 
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In our study, concerning the mean load of fungi 

isolated in both sampling, Aspergillus spp.(10.5 CFUs/m3) 

and Penicillium spp. (6 CFUs/m3) in active sampling and 

Penicillium spp. (12 CFUs/m3) in passive sampling were the 

most frequent. The incidence of these two genera has been 

formerly observed in other hospitals and authors 

suggested that airborne contamination mainly relates to 

micromycetes that have a specific ability to adapt to the 

environment within buildings (21-23).  

In another study, Sautour et al. described the tree 

leaves containing nutrients, which promote the growth of 

fungi especially Aspergillus spore in autumn and winter (1). 

However, results of this study showed the abundance of 

Penicillium spp., which might be related to plants and soil 

and the construction activities close to the hospital. This 

phenomenon was also reported in cases of earth removal, 

wood-cutting operations and digging, and air currents 

through windows could increase the number of spores in 

the rooms (1, 24). 

Comparing the results of this study with previous ones 

about the quality of indoor air of hospitals, lower airborne 

concentrations of Cladosporium spp. were observed in our 

study than in the hospitals in France and Asia (21, 23, 25). 

This phenomenon might be due to less humidity and open 

air circulation of hospitals in Tehran. 

The greatest difference between active and passive 

samples in this study was related to the detection of 

Aspergillus spp.. This finding might be due to the adherence 

quality and existence of reservoirs for this species in the 

environment (26)  . It is possible that a more thorough daily 

cleaning of surfaces in hospital units was responsible for 

control of this species observed in passive samples. The 

sources of infection in many outbreaks of chronic 

pulmonary diseases were nosocomial aspergillosis, which 

might be due to the spores of Aspergillus spp. (27-29). 

Spore concentration in this study was 10 CFUs/m3. 

Although the threshold spore concentration has not been 

defined by the health authorities, few studies 

demonstrated significant risk of fungal infection 

occurrence with Aspergillus spores >2 CFUs/m3 in indoor 

air (29-31).  

Since transmission of the spores of Aspergillus spp. 

through breathing of contaminant air is considered as the 

main route of pulmonary infection (5), installation of 

special ventilation system equipped with HEPA filters in 

hematology wards may enhance the quality of air. 

Observing sanitary protocols for disinfection of the 

surfaces is imperative for infection control. 
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