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Topic A3: Indoor air microbiology 
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INTRODUCTION 
 
Microbes, including bacteria and fungi, are ubiquitous in indoor environments. Some 
microorganisms are beneficial or innocuous, while others are potentially pathogenic or 
otherwise harmful to health. Exposure to the pathogenic microbes or microbial derivatives 
(endotoxins, glucans and allergens) is linked to numerous adverse health effects including 
pulmonary impairment, allergic disease, and toxic reactions (Douwes et al., 2003). Moreover, 
various compounds produced by microbes are also responsible for indoor musty malodors. 
Owing to these negative effects, there is increasing interest in the prevention and control of 
indoor microorganisms. Technologies such as particulate filters in HVAC systems, carbon 
nanotube filters, and air cleaners using ion emissions, ultraviolet irradiation, or electrostatic 
forces have been investigated to trap or inactivate indoor bioaerosols (Huang et al., 2008). 
These control technologies have mainly focused on removing biological agents from air, 
rather than on eliminating sources of indoor microbes.  
 
Under some conditions, indoor surfaces can serve as reservoirs and reproductive sites for 
microbes such as pathogenic bacteria and fungi, which may release hazardous bioaerosols and 
pose a potential threat to human health via direct contact or inhalation. It is important to take 
effective measures to prevent and control excessive bacterial and fungal aerosol propagation 
from sources such as colonized interior surfaces. Among current methods, direct cleaning 
may be an effective means to control sources. However, little work addressing the indoor 
microbiome has been done in tropical buildings. The aim of this study is to provide a 
quantitative measure on the effectiveness of surface cleaning activities in reducing microbe 
concentrations on the indoor surfaces, and to investigate the associated impacts on bioaerosols.   
 
METHODS  
 
The work was conducted in an office on the campus of a university in Singapore. Poor 
ventilation system control led to excessive moisture inside the office and resulted in 
complaints of moldy odor. We studied this indoor environment under two conditions: 
“unoccupied and moldy” represents the original office without human occupants before the 



cleaning activities, and “occupied after cleaning” indicates the condition with 4-6 occupants 
after cleaning. Cleaning activities included two steps: the first one was wiping interior 
surfaces and sweeping the floor using Mama Lemon dishwashing liquid; the second one was 
cleaning the surfaces and floor with tap water to remove the remaining detergents. For the 
second condition, students occupied the room only during office hours and the sampling was 
not conducted until one week later after the cleaning. In each case, both daytime (with 
ventilation and air-conditioning) and nighttime (without ventilation or air-conditioning) air 
samples were separately collected using filters over four-week periods. Filters were analyzed 
utilizing a suite of assays including Qubit, qPCR and DNA gene sequence analysis. SKC 
BioStage Impactors were also used to collect culturable bioaerosols. The bacterial aerosols 
were grown on Trypticase Soy Agar plates for 2-3 days, and fungal aerosols were grown on 
Malt Extract Agar for 3-5 days. The colony forming units (CFUs) were manually counted 
after the cultivation and the concentrations were calculated as CFU/m3. Floor dust and interior 
surface samples collected from window and cabinet were also investigated. 
 
RESULTS AND DISCUSSION 
 
The concentrations of total DNA, fungal DNA and bacterial DNA in the surface samples are 
reported. As shown in Figure 1, direct wiping of interior surfaces resulted in reduction by 
97% (3350 vs. 109 ng/m2), 81% (2710 vs. 510 ng/m2) and 78% (632 vs. 140 ng/m2) of total 
DNA concentrations on the window surface, cabinet surface, and in floor dust, respectively. 
Besides total DNA, we also compared the concentrations of fungal and bacterial DNA to 
obtain further information. The results in Figure 2 show that the fungal DNA in the surface 
samples and the bacterial DNA of cabinet surfaces and floor dust were substantially reduced 
by the cleaning activity, indicating that the direct surface wiping with typical household 
cleaning agents can reduce the surface microbial concentrations effectively. However, the 
bacterial DNA concentration on window surfaces in the “occupied after cleaning” case 
increased by a factor of 15, comparing the occupied condition after cleaning to the 
unoccupied condition before cleaning. The elevated bacterial DNA level on the windows 
might be a consequence of emissions and surface deposition from human occupants. 
 

 
 

Figure 1. Concentrations of total DNA in different surface samples obtained by Qubit. 
 



 
 

Figure 2. Cycle threshold (Ct) values obtained by qPCR when amplifying the (A) fungal and 
(B) bacterial nucleotides in surface samples. Higher Ct values indicate lower concentrations 
of microbial DNA, with 1 Ct unit reflecting a ~ 2× change in DNA. 
 
For the air samples, as shown in Figure 3(A), surface cleaning activities indirectly reduced 
total DNA concentrations for both the daytime and nighttime samples. Airborne fungal DNA 
was decreased by 89% for the daytime and 11% for the nighttime samples. The improved 
daytime reduction could be due to the active removal by the ventilation system during the 
daytime. In contrast with the airborne fungal DNA, the airborne bacterial DNA concentrations 
of the nighttime samples are similar for both conditions. It is worth noting that the total 
bacterial aerosols of the daytime samples in the “occupied after cleaning” case had increased 
by 77% after the cleaning activities. The differences between fungal and bacterial DNA in 
responding to the cleaning could indicate that the human occupants contribute more bacteria 
to the indoor environment than did the moldy surfaces; on the other hand, the source of indoor 
fungi may well have been dominated by emissions from the moldy surfaces. In addition to 
airborne DNA, we also investigated the changes of culturable bacterial and fungal aerosols. 
Figure 3(B) shows that interior surface cleaning resulted in reductions of 19% and 65% of 
culturable bacterial and fungal aerosols, respectively. These results show that direct cleaning 
of interior surfaces may reduce bacterial and fungal aerosol propagation from indoor surfaces. 
 

 
 

Figure 3 (A) Concentrations of airborne DNA obtained by Qubit; (B) concentrations of 
airborne culturable bacterial and fungal aerosols (CFU/m3).  
 



We also used the pyrosequencing to study airborne microbe composition. Data show that 
“unoccupied and moldy” and “occupied after cleaning” share many similarities in the genus 
including the presence of Proteobacteria, Actinobacteria, Firmicutes, Bacteroidetes, 
Chloroflexi, Planctomycetes, Penicillium, Malassezia, Fusarium, and Aspergillus. However, 
some pathogenic microbes including Penicillium, Fusarium, Aspergillus, and Ajellomyces are 
reported to have higher concentrations in the first condition than these in the second condition. 
In addition, some potentially human-associated bacterial genera Staphylococcus, 
Corynebacteria, and Proprionibacteria are absent in the “unoccupied and moldy” condition, 
but present in “occupied after cleaning”. It is worth noting that the concentration of E.coli in 
second case is as four times as that in the first case. These data further indicate that human 
occupants are an important bioaerosol source in office environments. 
 
CONCLUSIONS 
 
This study shows that direct cleaning of interior surfaces can reduce indoor levels of dust-
borne and surface-borne bacteria and fungi, and therefore may indirectly reduce human 
bioaerosol exposure. However, the results also imply that human-associated bacteria can be 
important in office environments.  
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