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ABSTRACT 

 
Interest in indoor microorganisms is growing in recent times. This is because the rate of dilution 

is low. The air microflora of six different offices in the University of Ilorin Permanent Site was 

examined. This was done by exposing plates of nutrient agar and Sabouraud dextrose agar to air 

in the offices. The bacterial load ranged from 0 to 24,735cfu/m3 whiles the fungal load ranged 

from 0 to12,367 cfu/m3. A total of 3 bacterial and 10 fungal species were isolated from the 

sampling. The bacteria isolated were Pseudomonas stutzeri, Pseudomonas fluorescens-35 and 

Empedobacter brevis. Identification of bacteria was done using the MicrobactTM kit and 

software. The fungi isolated were Aspergillus niger, Aspergillus flavus, Aspergillus glaucus, 

Alternaria alternata, Aspergillus versicolor, Geotrichum candidum, Rhizopus stolonifer, 

Histoplasma capsulatum, and Trychophyton rubrum.  The most predominant fungal isolate was 

Aspergillus niger while Rhinocladiella mackenzei was the least predominant. The isolated 

organisms are of medical importance and this calls for proper ventilation indoors. 
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INTRODUCTION 

Bioaerosols are airborne viruses, bacteria and 

fungi. They are important because they can 

directly or indirectly cause human, animal and 

plant diseases (Griffin, 2007; Smith et al., 

2012; DeLeon-Rodriguez et al., 2013). 

Wamedo et al. (2012) also wrote that ‘indoor 

environments are fundamental environmental 

factors capable of impacting health. Recent 

studies have shown a gradual interest in 

indoor microflora (Hospodsky et al., 2012). 

Particular activities like washing, sneezing, 

coughing, speaking and walking can generate 

airborne biological particulate matter. Food 

stuffs, plants indoors and flower pots, dust, 

carpets, textiles, wood material and furniture 

stuffing, occasionally release various fungal 

spores into the air. Moreover, the 

environmental factors mainly include 

temperature, humidity, rate of air movement, 

air movement, type of building and location, 

poor design, ventilation system as well as 

interior or redesign which supports the growth 

and multiplication of microorganisms in the 

indoor atmosphere (Meadow et al., 2014). 

Most microbiological processes are done 

under sterile conditions. Plates are however 

opened at times to air. Can the time of such 

short exposures pose a threat to sterility of the 

products or procedures? Seven offices in the 

faculties of life and physical sciences from 

block 1 to 6 were selected and sampled. This 

work provides novel information about types, 

occurrence and population of bacterial and 

fungal loads in some offices at the University 

of Ilorin at different plate exposure times. To 

our knowledge this is the first reported study 

on air microflora of offices at the University 

of Ilorin. The study was conducted from 

January to June, 2015. The aim of this work is 

to re - establish the importance of sterility in 

microbiological processes and identify 

microorganisms present in the air of offices at 

various exposure times and their public health 

significance. 

 

MATERIALS AND METHODS  

Sampling area 

The offices used for this study were located in 

Block 1 to 6 at the University of Ilorin, 

Permanent Site (PS). The offices had one or 

two occupants. Ventilation system was air 

condition system and when there is no 

electricity the doors and windows are opened. 

Air sampling procedures 
The settle plate technique was adopted in 

obtaining air samples. The samples were collected 

for 10 weeks. The sterile media (Nutrient Agar 

and Sabouraud Dextrose Agar) each were 

poured into sterile Petri dishes and allowed to 

solidify. NA and SDA were then exposed to 7 

different offices in triplicates. Number of 

occupants, floor types, frequency of door 

opening, ventilation system were considered 

during sampling. Different plates were placed 

on the floor and exposed for 10, 30, 60, 90, 

120 and150 seconds in triplicates. This was 

done to see the effect of time on microbial 

isolation and contamination. 

NA plates were incubated at 37C for 24 - 48 

hours while the SDA plates were incubated at 

room temperature 25C for 72 - 120 hours. 

The numbers of colonies and their 

characteristics were observed on the plates 

and recorded. The mixed cultures obtained 
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were sub-cultured repeatedly until pure 

cultures were obtained. 

Once colony forming units (CFU) were 

enumerated, CFU/m3 were determined, taking 

into account the following equation described 

by Omeliansky (Borrego et al., 2010; 

Gutarowska, 2010). 

N = 5a×104 (bt)−1, 

Where N=microbial CFU/m3 of indoor air; 

a=number of colonies per Petri dish; b=dish 

surface (cm2); t=exposure time (min). 

Characterization of fungal isolates 

This was done both macroscopically and 

microscopically. The macroscopic 

characteristics of the isolates were examined 

with the use the naked eye and with hand lens. 

Examples of such characteristics are colour of 

mycelia, spores, consistency of hypha. 

Colonies were observed microscopically 

under the light microscope for their 

microscopic characteristics. Vegetative and 

reproductive structures were noted. This was 

done by adding a drop of distilled water and or 

methylene blue at the center of a microscopic 

slide. A portion of fungal growth was then 

picked with a sterile inoculating needle and 

then placed on the drop of distilled water and 

or methylene blue. The specimen was teased 

with two sterile inoculating needles after 

which a cover slip was placed on the 

specimen. This was placed on the stage of 

light microscope and examined using ×10 and 

×40 objective lenses. Some characteristics of 

the vegetative structure observed includes: 

nature of hyphae (septate or non-septate), 

coloured or colourless hyphae and the 

presence of rhizoids. Characteristics of the 

reproductive structures; branched or 

unbranched sporophore, type and colour of 

spores. The protocol of Fawole and Oso 

(2007) was used. Reference was made to 

Alexopoulos (1979) and Campbell and 

Stewart (1980) for identification.  

Characterization of bacterial isolates 

The characterization of pure bacterial cultures 

was based on colonial and cellular 

morphology. This method of identification 

was complemented by using MicrobactTM ID 

24E system for the identification of 

Enterobacteriaceae and common 

miscellaneous Gram negative bacilli (MGNB). 

MicrobactTM ID 24E kit was used according to 

manufacturer’s instructions (Oxoid Ltd., 

Basingstoke, Hants, UK). 

RESULTS 
Bacterial isolates 

The bacterial isolates obtained from this study 

were identified as Pseudomonas stutzeri, 

Pseudomonas fluorescens-35 and 

Empedobacter brevis. Figure 1 shows the 

percentage of occurrence over 10-week 

sampling. Pseudomonas stutzeri has the 

highest percentage of occurrence with 67%, 

Pseudomonas fluorescens-35 had 28% 

occurrence while Empedobacter brevis had 

5% occurrence during the 10-week sampling. 

The occurrence and number of bacterial 

isolates obtained at the sampling sites over a 

ten-week period are shown in Tables 1 and 2. 

Week 4 had the highest number of plate count 
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while week 9 had the lowest number of plate 

count. Pseudomonas stutzeri was the most 

predominant bacterial isolate while 

Empedobacter brevis was the least prevalent 

(Figure 1). 

 

Fungal isolates 

Ten fungal isolates were isolated and 

identified. They include Aspergillus niger, 

Aspergillus flavus, Aspergillus glaucus, 

Alternaria alternata, Aspergillus versicolor, 

Geotrichum candidum, Rhizopus stolonifer, 

Histoplasma capsulatum, Rhinocladiella 

mackenzei and Trychophyton rubrum.  

Aspergillus niger and Alternaria alternata 

were the most predominant fungi. 

Table 3 and 4 shows the frequency of 

occurrence and number of fungal isolates over 

ten-week of sampling. Weeks one and three 

had the highest plate counts while the lowest 

plate count was obtained in week 10 (Table 4). 

Aspergillus niger was the most predominant 

fungus while Rhinocladiella mackenzei was 

the least predominant. 

 

 
 
Figure 1: Percentage occurrence of bacterial isolates at the sampling sites. 

 
Table 1: Occurrence of bacterial isolates at the sampling sites 

Sampling Time 
(week) 

 Bacterial Isolates  

 Pseudomonas stutzeri Pseudomonas fluorescens-35 Empedobacter brevis 

1 + + + 
2 + + _ 
3 + + + 
4 + + _ 
5 + + _ 
6 + + _ 
7 + _ + 
8 + + _ 
9 + + _ 
10 + + _ 

Key: + = Present. - = Absent. 
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Table 2: Number of bacterial cfu/m3 air at different sampling weeks 

Sampling Time 
(week) 

 Bacterial Isolates(cfu/m3)  

 Pseudomonas stutzeri Pseudomonas fluorescens-35 Empedobacter brevis 

1 24,735 7,067 3,533 
2 24,735 10,601 0 
3 33,568 5,300 7,367 
4 19,434 5,300 0 
5 19,434 15,901 0 
6 24,735 12,367 0 
7 22,968 0 5,300 
8 15,901 14,134 0 
9 8,833 5,300 0 

10 8,833 7,067 0 

 
 
Table 3: Occurrence of fungal isolates at the sampling sites 
Sampling 

Time 
(week) 

   Fungal Isolates      

 A B C D E F G H I J 
1 + + + + + + + - - + 
2 + + + - - - + - + + 
3 + - + + - + - + + + 
4 + + - + + - - - + - 
5 + + - + + + - - - + 
6 + - - + + - + - + + 
7 + + + + - + + - - + 
8 + - + + - - + - - - 
9 + + + + + - - - - + 
10 + - - + - - - - + + 

Key: + = Present. - = Absent. 
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Table 4: Number of fungal cfu/m3 air at different sampling weeks.  

Sampling 
Time 

(week) 

   Fungal Isolates (cfu/m3)     

 A B C D E F G H I J 
1 10,600 7,067 3,533 8,834 1,767 3,534 1,767 0 0 3,534 
2 5,300 5,300 5,300 0 0 0 1,767 0 3,534 1,767 
3 5,300 0 3,534 5,300 0 7,067 0 1,767 1,767 1,767 
4 1,767 1,767 0 3,534 3,534 0 0 0 3,536 0 
5 3,533 1,767 0 7,067 3,534 7,067 0 0 0 1,767 
6 3,533 0 0 5,300 1,767 0 7,067 0 3,536 5,300 
7 8,834 3,534 5,300 12,367 0 7,067 7,067 0 0 5,300 
8 5,300 0 3,534 7,067 0 0 7,067 0 0 0 
9 5,300 8,834 3,534 5,300 1,767 0 0 0 0 3,534 
10 3,534 0 0 5,300 0 0 0 0 1,767 1,767 

Key: A=Aspergillus niger, B=Aspergillus flavus, C=Aspergillus glaucus, D=Alternaria alternata, E=Aspergillus 
versicolor F=Geotrichum candidum, G=Trychophytum rubrum, H= Rhinocladiella mackenzi, I=Histoplasma 
capsulatum, J=Rhizopus stolonifer. 

 

Table 5: Occurrence of bacteria and fungi at the sampled offices at various exposure times 
Offices 
Sampled 

 Plate Exposure Time (Seconds)  

 10 30 60 90 120 150 
1 + + + + + + 
2 + + + + + + 
3 + + + + + + 
4 + + + + + + 
5 + + + + + + 
6 + + + + + + 
7 + + - + + + 

Key: + = Present. - = Absent. 
 

DISCUSSION 

Our results indicate clearly that 

microorganisms were isolated from all the 

offices and at the different sampling times 

(Table 5). Only in office 7 and at 60 seconds 

was no organism isolated. This finding goes to 

show the ubiquity of microbes, even in air. 

Isolation of microorganisms at the different 

exposure times clearly shows microbial 

isolation and contamination can take place no 

matter the time of exposure to air. 

People occupying or visiting enclosed spaces 

play an important role in the creation of 

indoor air micro-flora. Enclosed rooms and 

offices have the potential of placing human 

occupants at higher risk than the outdoors. 

Enclosed spaces trap aerosols and allow them 

to buildup to potentially infectious levels. 

Most of the sampled offices have air 

conditioning systems, which does not allow 

them to utilize the ultraviolet rays of sunlight. 

Since during the hot seasons the doors are 

always shut, the windows are closed and 
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curtained, it becomes difficult for ultraviolet 

rays of sunlight to penetrate. With the recent 

rise in the almost new phenomenon of 

“community acquired nosocomial infections” 

there is the need for caution in enclosed 

offices. 

The 13 isolated and identified bacteria and 

fungi have been implicated as causal agents of 

food spoilage, diseases of animals and man. 

They are especially harmful as opportunistic 

pathogens in immune-compromised 

individuals, the aged and children. The 

pollution of the environment by pathogenic or 

opportunistic fungi and bacteria is an 

important factor affecting health. Diseases 

such as allergy, rhinitis, bronchial asthma, 

respiratory tract infection may develop in 

occupants or they may serve as latent hosts. 

The disease caused by these microorganisms 

is contacted through inhalation of their (Curtis 

et al., 2004). 

Meadow et al. (2014) reported that indoor 

airborne bacteria are influenced by ventilation, 

occupancy and source of outdoor air. Their 

study showed that occupied rooms had more 

bacteria than unoccupied rooms. This agrees 

with our findings as all the offices are 

occupied and had relatively high number of 

microorganisms. These researchers isolated 

Corynebacterium, Staphylococcus and 

Acinetobacter. Corynebacterium and 

Staphylococcus is Gram positive while 

Acinetobacter is Gram negative. In our study, 

the MicrobactTM kit used for identifying 

bacteria captures only Gram negative 

members of the Enterobacteriaceae and 

common miscellaneous Gram negative bacilli 

(MGNB). Our study points to the 

interconnected nature of influencers of indoor 

air micro flora: human occupancy, activity and 

ventilation. Hospodsky et al. (2012) had 

worked on the effect of human occupancy and 

microbial load and diversity, Kembel et al. 

(2012) researched on the influence of 

ventilation strategy on microbial load and 

diversity while Meadow et al. (2014) reported 

the effect of ventilation and human activity on 

indoor micro-flora. This study show that 

human activity, number of persons indoor, 

activities going on, ventilation all affect the 

number and types of microbes present indoors. 

Though, air has no nutrients that support the 

growth of microorganisms, the microflora of 

air consists of organisms found temporarily in 

air or carried by dust particle and bio aerosols. 

Some microorganisms present in air are 

harmless; there are also pathogenic organisms 

in air. Special attention should be given to the 

elimination and reduction of these pathogenic 

microbes from indoor air. The use of high 

efficient particulate air filters and 

immunization have been used to control the 

spread of these airborne diseases (WHO, 

2004). Obviously, the presence of a good 

ventilation system inside buildings eliminates 

to some extent the influence of indoor and 

outdoor sources. Proper ventilation helps to 

dilute the negative effects of indoor air. 
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