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a b s t r a c t 

The exposure of the air microbiome in indoor air posed a detrimental health effect to the building 
occupants compared to the outdoor air. Indoor air in hospitals has been identified as a reservoir 
for various pathogenic microbes. The conventional culture-dependent method has been widely 
used to access the microbial community in the air. However, it has limited capability in enumer- 
ating the complex air microbiome communities, as some of the air microbiomes are uncultivable, 
slow-growers, and require specific media for cultivation. Here, we utilized a culture-independent 
method via amplicon sequencing to target the V3 region of 16S rRNA from the pool of total 
genomic DNA extracted from the dust samples taken from hospital interiors. This method will 
help occupational health practitioners, researchers, and health authorities to efficiently and com- 
prehensively monitor the presence of harmful air microbiome thus take appropriate action in 
controlling and minimizing the health risks to the hospital occupants. Key features; 

• Culture-independent methods offer fast, comprehensive, and unbias profiles of pathogenic 
and non-pathogenic bacteria from the air microbiomes. 

• Unlike the culture-dependent method, amplicon sequencing allows bacteria identification to 
the lowest taxonomy levels. 
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Specifications table 

Subject area: Immunology and Microbiology 
More specific subject area: Molecular Identification of Indoor Air Microbiome 
Name of your method: Detection of pathogens from indoor air microbiome 
Name and reference of original method: Siew et al., Gut microbiome and metabolome of sea cucumber (Stichopus ocellatus) as putative markers 

for monitoring the marine sediment pollution in Pahang, Malaysia. Marine Pollution Bulletin, (2022) [1] . 
Siew et al., Evaluation of pre-treated healthcare wastes during COVID-19 pandemic reveals pathogenic 
microbiota, antibiotics residues, and antibiotic resistance genes against beta-lactams. Environmental 
Research, (2022) [2] . 

Resource availability: NCBI SRA data 

Equipment: Illumina NovaSEQ6000 (2 × 150 bp configuration) 

Software: QIIME 2 and MicrobiomeAnalyst 2.0 

Method details 

Background 

Although SARS-CoV-2 has had a profound impact on the whole world [3–5] , it has raised awareness that microbes, even though
small, exist everywhere in the environment without us realizing it, including in the air. After the SARS-CoV-2 pandemic, significant
attention has been drawn to the exposure of microbes in the indoor air of a building as people spent more than 90 % of their time
indoors [6] . Health authorities urge extra attention to microbiome exposure in the indoor air of hospitals as hospital may serve as a
reservoir for various pathogenic bacteria [ 4 , 7 ]. Patients especially those undergoing treatment for cancer, leukemia or receiving bone
marrow transplants in a hospital are particularly more susceptible to infection than the general public [8] . Indoor air in hospitals
can become a primary source for the dissemination of various microbes through human activities such as coughing, sneezing, and
contaminated surfaces. The potential for contracting a microbial pathogen is high within the hospital environment [9] . Therefore, 
monitoring and profiling of pathogenic bacteria in the indoor air of hospitals are extremely important to reduce the risk of infection
in patients, minimize the risk factor to healthcare practitioners and improve the efficacy of the healthcare system. 

Traditionally, culture-dependent method has been used for sample collection, isolation, and identification of bacteria in the indoor 
air of hospitals [10–12] . However, this method had a few drawbacks, including require a large volume of air to be sampled for a
period of time [13] laborious as it requires many media preparations and different types of culture media for bacteria cultivation
and isolation, take longer time to obtain result as bacteria need to be cultivated and incubated prior to analysis, and accuracy of the
results can be doubted because some bacteria present in indoor air could not be cultivated [14] . 

With the advancement of DNA sequencing technology, investigations of both known and unknown bacterial species, as well as
culturable and unculturable organisms from air samples, can be done with speed and precision without the necessity of obtaining
bacterial pure-culture [ 13 , 15 , 16 ] Thus, in this study a culture- independent method was applied to identify and profile bacteria from
the indoor air of the hospital building using next-generation sequencing technology. 

Materials, reagents and solutions 

Autoclave (Hirayama HVE-50), biosafety cabinet class II,(ESCO) Eppendorf 5331 MasterCycle Gradient Thermal Cycler (Eppen- 
dorf, Germany), PCR tubes, 50 ml and 25 ml microcentrifuge tubes, tubes rack, gel electrophoresis system (MBE-LID-Y1), conical flask
250 ml, QIAamp PowerFecal Pro-DNA Kit (Qiagen, Germany), micropipette (1000 ul and 10 ul) and pipette tips, agarose powder,
Tris-acetate- EDTA (TAE) buffer, 75 % ethanol, Phosphate Buffer Saline (PBS), 6x loading dye. 

1. Sample collection and processing 

About 50–70 mg of dust samples were collected from 19 supplies and return vents of air handling unit (AHU) room and 16 air
conditioning units located inside the clinics and wards using sterile swab and put into sterile 15 mL collection tubes. The AHU is the
core components of air conditioning systems that filters the outside air entering into the hospital buildings and keep it well ventilated
with appropriate temperature and relative humidity before secondary filter and return it back to the outside [17] . All samples were
kept at room temperature and brought back to the lab for bacterial DNA extraction. 

2. Procedure for isolation of DNA 

Bacterial DNA was extracted from the dust samples following the procedure manual supplied by the manufacturer of QIAamp
PowerFecal DNA Kit with some modifications. Firstly, dust samples were soaked in 1 ml PBS for 10 min prior to homogenization
in a 2 ml bead beating tube. These beads facilitate the lysis of microbial cells by increasing physical surface areas. The remaining
procedures were followed the manufacturer guidelines and illustrated in the flowchart below ( Fig. 1 ). 

3. Determination of quality and quantity of isolated DNA 

The quality and quantity of extracted DNA were examined using gel electrophoresis and Qubit 4 Fluorometer (Thermo Fisher 
Scientific, Invitrogen, USA), respectively, based on manufacturer’s guidelines. 
4. Library preparation using PCR amplification and sequencing 
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Fig. 1. Procedures for DNA isolation. 

 

 

 

 

The DNA library was prepared through polymerase chain reaction (PCR) amplification by targeting the 16S rRNA V3 region using
the primers 341F:CCTACGGGNGGCWGCAG and 518R:ATTACCGCGGCTGCTGG [ 18 , 19 ]. An additional 5 bases of inline barcode were 
incorporated at the 5 ′ end of the primers to enable inline barcoding [20] . The PCR reaction mixture was prepared in sterile PCR tubes
as described in Table 1 in biosafety cabinet to ensure no cross contaminations that may affect the result. The PCR amplification was
the carried out using the Eppendorf 5331 MasterCycle Gradient Thermal Cycler (Eppendorf, Germany) in accordance with the PCR
conditions outlined in Table 2 . 
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Table 1 

Composition for PCR reaction. 

Component Volume (μL) Final concentration 

ProMega GoTaq Green Mastermix, 2X 10 1X 
Forward primer, 1 μM 5 0.25 μM 

Reverse primer, 1 μM 5 0.25 μM 

DNA template 1 –
Total 21 –

Table 2 

PCR condition for PCR reaction. 

Conditions Temperature Time Cycle 

Initial denaturation 95 °C 2 min 1 
Denaturation 95 °C 10 s 30 
Annealing 50 °C 10 s 
Extension 72 °C 10 s 
Final extension 72 °C 30 s 1 

Table 3 

PCR condition for index PCR. 

Conditions Temperature Time Cycle 

Initial denaturation 95 °C 2 min 1 
Denaturation 95 °C 10 s 8 
Annealing 55 °C 10 s 
Extension 72 °C 10 s 
Final extension 72 °C 30 s 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Upon completion, the PCR products were visualized using 2 % agarose and purified using SPRI Bead. Following specified PCR
condition ( Table 3 ), an additional index PCR was performed on the purified product to incorporate Illumina-specific barcode and the
remaining Illumina adapter sequence. 

5. Raw data and statistical analysis, and data visualization 

The barcoded amplicons were visualized on the gel and pooled based on their band intensity followed by DNA cleanup using 0.7 X
(v/v) ratio of SPRI bead. The purified, pooled and barcoded amplicons were assessed using D1000 ScreenTape system (Agilent). The
expected fragment size was obtained and libraries were quantified using the Promega Glomax kit. Low yield of some libraries was
accounted for by creating two separate library pools, diluted and mixed with a ration of samples between them. The concentration of
the final pool was determined using Qubit Fluorometric Quantification (Thermo Fisher Scientific). Amplicon libraries and including 
two controls, were sequenced at 2 × 150 bp configuration on an Illumina Novaseq6000 (Illumina, San Diego, CA). 

Raw paired-end reads were overlapped using fastp [21] followed by primer trimming using Cutadapt v4.4 [22] . The overlapped
reads were subsequently imported into QIIME2 followed by denoising and count table construction using DADA2 [23] . Subsequently, 
the Amplicon Sequence Variant (ASVs) were classified with qiime2-feature-classifier that has been trained on the GTDB 16S rRNA V3
region database (r207 release). Statistical analysis of microbiome data, and visualization were performed using MicrobiomeAnalyst 
2.0 [24] as described in Fig. 2 . 

Method validation 

The QIAamp PowerFecal DNA Kit (QIAGEN, Germany) was used to extract all bacterial DNA from the dust samples. Fig. 3 showed
the smearing of DNA bands of extracted bacterial DNA from three different locations on gel electrophoresis: return vent from indoor
air-conditioning unit in clinic, supply and return vent from AHU room. The estimated DNA sizes for F1, F2, and F3 were 14,135 bp,
9416 bp, and 9682 bp, respectively. A blank sample (no DNA template) was run over the gel to act as quality control, and no visible
DNA band was found. Next, Fig. 4 showed the distinct bands of PCR product from extracted DNA. The sizes of PCR products were
approximately ∼ 300 bp To avoid false positive results during amplification process, the B sample was included in the PCR reaction
as other sample but contain no DNA template. The absence of bands in the B in gel electrophoresis validated the result, suggesting
that DNA was successfully isolated from the dust samples. 
4
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Fig. 2. Workflow for data analysis using MicrobiomeAnalyst 2.0. 
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Fig. 3. Gel electrophoresis of extracted DNA from dust samples collected from supply and return vent from AHU room and indoor HVAC. M1: 
Lambda DNA/HindIII marker, Lane 1–3: extracted DNA, B: blank sample with no DNA template, M2: 1 kb DNA ladder. 

Fig. 4. Gel electrophoresis of PCR products from dust samples. M: 100 bp DNA ladder, Lane 1–3: PCR products, and B: blank sample with no DNA 

template. 

 

 

 

 

 

 

 

 

The amplicon sequencing resulted in 1732,345 reads, and a total of 49 bacteria species were recovered from the dust collected in
the hospital building. Fig. 5 illustrated the top 20 bacterial species identified in indoor air, AHU supply, and AHU return at species
level. Pseudomonas spp . predominated the supply vent with 51.1 %, while Rickettsia spp . (49.9 %) and unclassified Sphingomonadaceae

(23.3 %) predominated the return vent of AHU. The beta diversity analysis using PERMANOVA indicated insignificant differences 
in bacterial composition at the species level across three sets of dust samples with F-value: 1.064, R2 : 0.053 and p-value: 0.362
( Fig. 6 ). Next, the alpha diversity analysis using the Shannon and Observed indices revealed no significant difference in species
richness and evenness within each location in collected dust samples (p-value: 0.5757, [ANOVA] F-value: 0.5604) ( Fig. 7 ). These
statistical analysis results can often be biased when using the culture-dependent method since not all bacteria are cultivable and the
bacterial count is generally dominated by certain types of bacteria only. Thus, it does not represent the true bacterial population.
Meanwhile, a culture-independent method allows us to profile the complete microbial community, allowing us to accurately assess 
the microbial diversity observed within and between the dataset or groups. 
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Fig. 5. Top 20 bacterial composition of indoor air, AHU supply and AHU return at species level. 

Fig. 6. The beta diversity PCoA 3D plots were constructed using Jaccard and Bray-Curtis dissimilarity index showing no significant difference 
between groups with a p-value > 0.05. 
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Fig. 7. The alpha diversity analysis using the Shannon diversity index showed no significant differences in bacterial composition at the species level 
within each location (p-value > 0.05). 

 

Airborne microbiome Percentage ( %) Pathogenicity 

Pseudomonas spp. 17.39 Human pathogens 
Rickettsia spp 16.65 Gram-negative bacteria found in ticks, mites, fleas etc 
Psedonorcardia spp. 11.10 Pathogenic towards fungus 
Niallia spp. 5.41 Opportunistic pathogen 
Methylobacterium spp. 4.26 Non-pathogenic to human 
Rubrobacter spp. 4.01 Non-pathogenic to human 
Brachybacterium spp. 3.49 Potential pathogens for bloodstream infection 
Methyloversatilis spp. 3.08 Plant pathogens 
Aquabacterium spp. 3.07 Non-pathogenic 
Massilia spp. 2.49 Human pathogens 
Bradyrhizobium spp. 2.26 Non-pathogenic 
Mycobacterium spp. 1.68 Human pathogens 
Salinisphaera spp. 1.74 Rarely pathogenic 
Roseomonas spp. 1.10 Opportunistic pathogens 
Paracoccus spp. 0.82 Opportunistic human pathogens associated with blood infections 
Staphylococcus spp. 0.67 Human pathogens 

This work confirms the high importance for bacterial pathogens detection due to their various uses, as reported before [ 1 , 2 , 7 , 25–
31 ]. 

Conclusion 

In conclusion, culture-independent techniques and amplicon sequencing based on V3 provide better resolution on profiling of 
pathogenic and non-pathogenic airborne microbiome. 

Ethics statements 
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