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Abstract: The bioaerosol harbors diverse microorganisms. The sampling of microbial aerosols and the
identification of microorganisms in aerosols are the key to understanding the biological characteristics
of microbial aerosols, which is essential for preventing bioaerosol-mediated pathogen transmission.
This article briefly reviewed the biological characteristics and potential hazards of microbial aerosols
and introduced the general methods for microbial aerosol sampling with respect to their performance,
operating mechanisms, advantages, and limitations, in an aim to assist the design of best practices for
bioaerosol sampling. Three major (culture-dependent, culture-independent, and single-cell) techniques
for the identification of bacteria, fungi, and viruses in bioaerosols were expounded. Finally, the future
techniques for microbial aerosol collection and microbial identification were prospected. The
cross-disciplinary interaction will facilitate the development of novel methods for bioaerosol sampling
and detection. With this review, we hope to provide a theoretical basis for the development of sampling

methods and comprehensive characterization of bioaerosols.
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Table 1 The comparison of different microbial aerosol sampling methods
Collection Characteristics Samplers En vironments, targets, or References
methods biomass
Sedimentation Passive collection, easy for large Solid medium Office, laboratory: bacteria [15]
particles 8.9x10* CFU/m’, fungi
Culturable microorganism 5.0x10* CFU/m’
Influence by the environment Solid medium Hospital wastewater treatment  [16]
plant: bacteria 100400 CF U/m’,
fungi<100 CFU/m’
Impinger Liquid medium, high sampling  BioSampler Office, laboratory, 10°~10° CFU/m* [15]
and retention efficiency SKC BioSampler, AGI-30 Bacillus subtilis, B. atrophaeus, [19]
Low airflow Penicillium chrysogenum test
Collection efficiency was affect strains
by bubbles
Impactor Solid medium Impactor of multi-slit nozzles Particles (0.02-2 um) [21]
Single stage or cascade Andersen impactor Influenza virus: 6.09 log;, copies [33]
impactor, measurement of of RNA/L
size-fractionation of particles
Low airflow or high airflow
Cyclone High collection efficiency for Wet cyclone HINI1, H3N2 [26]
large particles NIOSH HINT1, H3N2: 3.84 log), copies [33]
High airflow of RNA/L
High mechanical stress
Filtration Collection on the surface of dry  Glass fibre, polycarbonate, DNA yield [30]
filters gelatin
Low airflow Polytetrafluoroethylene filter HIN1, H3N2: 3.66 log;, copies [33]
Portable but low efficiency for of RNA/L
viruses Gelatin filters, Dust Sampler [34]
polytetrafluoroethylene,
polycarbonate
Mixed cellulose ester, Comparison of five membrane  [35]
polyethersulfone, polyamide, filter
polytetrafluorethylene and
polyvinylidene fluoride
Electrostatic ~ Suitable for collecting virus HAFES Virus aerosols (HIN1, H3N2, [36]
precipitator  aerosol MS2)
Collection the particles sensitive TB Hotspot DetectOR (THOR)  Mycobacterium tuberculosis [37]
to electricity TracB particles (0.01-10 mm), [38]
Low airflow, high collection Bacillus thuringiensis var.
efficiency kurtsaki
Corona damages RNA or protein pgps B. atrophaeus, P. chrysogenum  [40]
Condensation Suitable for small size particles Condensation growth tube B. subtilis [42]
Collection for virus aerosol Viable virus MS2, collection efficiency 74% [44]
High efficiency for capturing aerosol sampler (VIVAS)
live cells or viruses VIVAS Viable HIN1, H3N2 and [45]
influenza B viruses
Spot sampler Bacteriophages and influenza  [46]
virus
VIVAS SARS-CoV-2, TCIDs, [47]

6—74 units/L
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Figure 1

Schematic diagram of inertial impact collector. A: the particles in the incoming airstream were

impacted into the liquid collection medium inside the bottle!®); B: the aerosol particles were classified and
collected onto different size stages by successively decreasing nozzle size®®; C: the particles were collected

into an inner-wall liquid film of the wet-cyclone by the particles centrifugal force
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Table 2 The comparison between culture and culture-free identification methods

Identification Characteristics Methods Collection Environments  Target or biomass References
methods parameters
Dependent  Culturable microorganisms BD Phoenix- Andersen Cascade  Intensive care 168 CFU/m’ [48]
on culture Time consuming, low 100 Impactor, 28.3 L/min, unit
method efficiency 10 min
Catalase test  Polytetrafluoroethylen Hospital 43-243 CFU/m’ [49]
filter, 28.3 L/min,
5 min
VITEK 2 Ventilation system, Animal clinic Bacteria 1 000+ 800 [50]
total 200 L CFU/m’, fungi
3244245 CFU/m’
MALDI-TOF Sedimentation Hospital PM2.5 Staphylococcus, [53]
MS and PM10 Micrococcus,
Corynebacterium et al.
Sanger Whatman filter, Hospital 459-1392 CFU/m®  [52]
sequencing 30 min
Sanger DLPI+, Livestock 18-38 species [58]
sequencing  Polycarbonate facility
filter, HiVo sampler
Independent Base on microbial nucleic DAPI, Polycarbonate filter, Air quality index 10*-10° CFU/m’ [3]
culture acid LIVE/DEAD 28.3 L/min, 30 min  (AQI)
method High throughput, accurate BacLight
assessment of biomass
Unable to distinguish the
physiological state of cells
DAPI Polycarbonate filter, Outdoor 10*-10° CFU/m® [32]
5 L/min, 24 h PM2.5-PM10
FISH Polycarbonate filter, Amazon rain 1-5x10° CFU/m’ [60]
9 L/min, 23 h forest
[llumina Quartz filter, 100 Wastewater, 7 036 virus species, [65]
L/min, 24 h submicron 32 antibiotic-
aerosols resistance genes
[Mlumina HighBioTrap, 13 different land 10°-10° CFU/m’ [64]
1 000 L/min, 20 min types
Illumina Polycarbonate filter, Mountainous and 10°~10° CFU/m’ [62]
15-60 min urban areas
Illumina Quartz filter, 7 d Global 10*-10° CFU/m® [5]
Illumina Andersen sampler, Indoor 2.3x10°-8.5%10° [63]
28.3 L/min, 5 min CFU/m’
Illumina and HVAC filter Indoor Diversity at genus [66]
Oxford and species level
Nanopore
Single cell  Dependent on the Surface- Optofluidic SERS 5 test strains Limit of detection is [76]
identification substance within cells enhanced 10> CFU/mL
In the experimental stage Raman
spectroscopy,
SERS
Klarite SERS Andersen sampler ~ Restaurant E. coli [78]

28.3 L/min, 10 min
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