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Figure 1 (Color online) Inhalation exposure to indoor airborne microbiome and the corresponding immune regulation of human respiratory tracts
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Figure 2 (Color online) Injury cycle caused by inflammation and microbiome dysregulation. Changes in the six most common phyla in the lung,
possibly characterized by an increase in Firmicutes, a decrease in Proteobacteria, and an increase in Actinomycetes, in various lung disease
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Figure 3 (Color online) Sources of indoor airborne bacteria and their relative contributing proportion "
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Table 1 Comparison and comprehensive evaluation of common sampling methods for respiratory tract microbiome
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Table 2 Performance comparison of common respiratory tract sampling methods in diagnosis of different diseases
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Indoor environment is an important repository of microbiome. Environmental microbiome can influence immune
protection through changing the commensal flora of the respiratory tract. The interaction between environment airborne
microbiome and human microbiome contributes to human microbial diversity, provides immunomodulatory effects, and
thus reduces the risk of respiratory diseases. Lack of immune modulation acquired through microbial exposure may lead to
risk of chronic respiratory diseases. Clinical parameters, such as susceptibility, progression, and severity of respiratory
disease, are associated with microbial changes. Chronic obstructive pulmonary disease, cystic fibrosis, asthma, and lung
cancers are associated with airway microbial dysbiosis. The changes of microbiome during the disease period are mainly
characterized by a decrease in overall bacterial diversity, a decrease in the number of commensal bacteria, and an increase
in the number of potential pathogenic bacteria.

Based on the perception that pathogenic or conditional pathogenic microbiome is responsible for the infection and
transmission of respiratory and non-respiratory diseases, public health policies have long favored keeping indoors at lower
concentrations of microbiome or even absolutely sterile. However, in the past decade, an in-depth understanding of the
microbiology of the environment and human health has shifted researchers’ view of indoor microbiome from a purely
pathogenic and infectious negative role to a potentially protective, preventive positive role. Facing with the dual health
effects of indoor airborne microbiome, the ideal control strategy should be to increase the microbial diversity and the
proportion of beneficial microbiome, while reducing the concentration of pathogenic microbiome for regions, seasons, and
sensitive populations. However, there is still no paradigm shift in built environment microbiology due to technical
bottlenecks that prevent researchers from establishing a causal relationship between indoor microbiome and health effects.

Currently, the types and properties of indoor airborne microbiome are yet to be fully screened and understood. The
characteristics of indoor microbiome when they exert health effects are yet to quantify, including microbial metabolization
and reproduction in the respiratory tract, corresponding protective effects, and dose-response effects and individual
variation in health effects. The answer to the question “What is a healthy indoor air microbial environment”, that is, the
characterization of indoor airborne microbiome based on respiratory health effects, is hindered by respiratory microbial
sampling, in-depth analysis of microbial data, and the accuracy of in vitro experiments. Subsequent research needs to focus
on the development of the following techniques: Microbial sampling tools with low invasiveness, high efficiency and low
cost; statistical tools with complex source identification, interference factor quantification and causal relationship judgment
functions; and experimental tools capable of simulating real, complex respiratory environments and revealing molecular
mechanisms of action in vivo. “What is a healthy indoor air microbial environment” will gradually become clear as these
questions are resolved. A clear and quantitative mechanism will serve as a scientific basis to guide the improvement of
indoor microbial control standards and the rational use of practical interventions.

respiratory tract, health, indoor air, microbiome
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