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SUMMARY 

This study focuses on systematic comparisons between 3 types of samples (dust, air, surface) 

commonly analyzed in environmental quality studies for better understanding on the source-

sink relationships among microbial communities found in different samples. Dust, air and 

surface swab samples were collected from an indoor and its nearby outdoor locations. DNA 

was then extracted from the samples and direct (shotgun) metagenomic sequencing approach 

was applied for microbial community profiling of the samples. The current results indicate a 

moderate to high correlation between the surface and the settling dust samples. 
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1 INTRODUCTION 

Presence of microbes in an indoor environment has been associated with possible adverse 

effects on occupants with cases such as sick building syndrome or mold growth. Understanding 

the source-sink relationship among microbes from different environmental samples is a topic 

of great interest in indoor environmental quality (IEQ) studies. Numerous past studies on this 

topic have been mainly represented by 3 types of samples; settled dust (passive collection), air 

(active collection) and surface swab samples. Studies focusing on systematic comparison 

among the three types of samples, however, are still relatively scarce. 

 

One of the earliest attempts of such comparison was conducted by Bouillard et al. (2005), 

which utilized culture and microscopy-based methods to analyze the 3 types of samples 

collected from various environments. Our study aims to improve the idea of the study by 

applying culture-independent DNA-based methods to analyse dust, air and surface samples 

collected from both indoor and its corresponding outdoor environment in a tropical setting. We 

used shotgun metagenomic sequencing to get a profile of the relative proportions of different 

taxa that cannot be achieved with a set of universal primers. Upon completion, this study is 

expected to give a better understanding on how to identify the sources and the sinks of 

microbial communities in an indoor environment in the tropics and its relation to the 

corresponding outdoor environment.  

 

2 METHODS 

The dust sampling utilized 5 A4-sized sterilized clipboards. Each clipboard had three swabbing 

zones (200 cm2), assigned to be swabbed at different time. To collect settling particles, the 

clipboards were placed at an open balcony for the outdoor sampling for 5 consecutive days. On 

each day, the demarcated zones of one clipboard were swabbed at the assigned time-points. Air 

samples were collected from both indoor and outdoor locations with a filter-based sampler 

(SASS 3100, Research International, USA) running at 300 L/min for 2 hours. Outdoor swab 

sampling involved swabbing of 3 surfaces at the balcony, namely the floor, steel door and steel 

pillar, while indoor swab sampling involved the floor, chair, table and bookcase surfaces. The 

swab surface area of 200 cm2 was standardised using a rectangular cardboard frame. 
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All swabbing was performed using a sterile nylon FLOQ swab (Copan, USA) dipped in PBS 

with 0.1% (v/v) Triton X-100 (Templeton et al., 2015). The clipboards and the surfaces of 

interest were swabbed with horizontal and vertical strokes within the set area. The swab tip 

was then snapped into a DNeasy PowerWater (Qiagen, Germany) bead tube for DNA 

extraction. Air samples were also extracted with the same kit with some pre-treatments for 

higher yield. Extracted DNA was quantified and sequenced (Illumina HiSeq 2500). Raw 

sequence data was analysed using RAPSearch 2 and visualized with MEGAN software.  

 

3 RESULTS AND DISCUSSION 

Results from samples collected at the balcony are presented in Figure 1. DNA yield from the 

clipboards was found to increase as a function of time (Figure 1a). It took 2-3 days of dust 

deposition to meet the minimum DNA requirement (5 ng) for shotgun metagenomic 

sequencing in our facility. Figure 1b denotes the relative abundances of microbes obtained from 

swabs of the clipboards, floor, steel doors, and pillars. The microbial profile of the floor and 

doors were more similar to that of the clipboards, which highlights settling particles as the 

possible main source of microbes on the two surfaces. The steel pillar’s result suggests mold 

growth which could initially be seeded by the settling particles as 2 of the 3 most dominant 

species in the pillar samples were also found in the clipboard samples. 
 

 
Figure 1. a) DNA yield in ng from swabs of clipboard surfaces over 5 days. b) Microbial phyla 

composition from shotgun sequencing of swabs of the clipboards, floor, steel door and pillars. 

 

Ongoing investigations involve metagenomic analysis of the balcony’s air samples and the 

application of the three sampling methods in an indoor space with reported mold growth. Air, 

dusts and swab samples from various surfaces in the office are currently being sequenced.  

4 CONCLUSIONS 

Our preliminary results indicate moderate correlation between the dust and surface samples. 

The floor and door samples showed similarity to the clipboard, probably due to either physical 

deposition or resuspension of dust, while the pillar detected high relative abundance of 

ascomycota-related reads which is indicative of microbial growth. Future results from the air 

and indoor samples are expected to warrant deeper understanding on the matter. 
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