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1. iBIOAINNet.  How do | sample bioaerosols?

Bioaerosols (BioPM) are airborne microorganisms (i.e. bacteria, fungi, archaea,
viruses and their products).

Although they may impact on human health, their role in the environment
remains poorly understood.

Although there are a wide variety of air samplers and sampling methods
available, no standardised procedures have been firmly established.

But more than this... the sampling strategy by the user may ‘skew’ the data.
So the choice of sampling strategy depends on the Qs being addressed.

Consequently, it is difficult for bioaerosol researchers to compare studies, and
for regulators to set meaningful exposure limits.
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OAIrNel.  Key Qs to consider before sampling
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What is the target analyte?
What type of environment?

What type / level of exposure?

What is
the aim of
monitoring?

EDITED BY

Which air sampling method?
DAVID A. BOHAN

Which downstream analysis
method?
ALEX DUMBRELL
Real-time data?

High sample throughput? Whitby C, et al (2022). Compendium
of analytical methods for sampling,

characterization and quantification
of bioaerosols. In D. A. Bohan, & A.
Dumbrell (Eds.) (Adv in Ecologl Res;
Vol. 67, 101-229). Acad Press Inc.

Health outcome endpoint?




i :BoAmet.  Examples of sampling methods

Bioaerosol sampling collection methods
Active Passive
sampling sampling

Filtration Gravity sampling Electrostatic
[ settle plates passive sampling
|
&

|

Microfluidics

Electrostatic
precipitation

Impaction

Thermal
precipitation

Impingement

Condensation Cyclone




— Sampling method depends on the downstream
@B'm analysis- the two are intrinsically linked

Which bioaerosol collection method?

Culture-based Non-culture-based
analysis analysis

I I Which sampling
- method is best for
(e.g. pol\,::lc':trr:g:w%r:e, but not Wh iCh biOIOg ical

gelatin for DNA-based
bacterial analyses due to

background DNA partic|e?

contamination)

Impactors
Cyclones
Droplet-based

microfluidic chips

Impingers
(Some low flow rate impingers
have low capture rates,
particularly of
virus-sized particles and a
oss of viability)

Cyclones




e .
o, :BioAirNet.  “How do I analyse my air sample?”

There is currently no standardised method for characterizing and
quantifying Bioaerosols.

Molecular tools (e.g. High Throughput Sequencing), have advanced
bioaerosol research, but there is still much debate surrounding which
downstream analysis methods to use.

Comprehensive methods to detect, characterize and quantify
airborne microorganisms are urgently needed.

BiAirNet is exploring bespoke approaches for specific environments to
address these issues going forward.
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~ Research question
being addressed and [or

purpose of study

Quantification?

Characterisation
of taxa?

High sample
throughput?

Culture~based

Plate counts, MPN,
mlcroscorl-s ific stains
(SEM, TEM)

Use of selective media,
microscop

(with specific c{olm)

Flow cytometry,
MALDI-TOF, LI
(wiss, siBS, UV-APS)

Which analysis method?

Non-culture~-
based

1pcn (RT-qPCR), FISH,
epifivorescent microscopy,
flow cytometry

FISH, epifiuorescent
microscopy, fingerprint

profiling (e.g. DGGE), HTS
amplicon library,
(meta)genomics,

(meta)transcriptomics

HTS amplicon library,
(meta)genomics,
(meta)transcriptomics,
metabolomics,
GC-MS [LC-MS
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. J3BIOAIrNet) Which analysis method?

Air filtration Impingement

Which

method?

T i We have published a
set of guidelines for

) different

u
Question 3: What is the best way to e nVI ro n me ntal
recover bacteria from liquid impingement Question 5: How does air filtration and

PC is the best filter for air PBS is the best liquid matrix
filtration forimpingement

samples - filters or centrifugation? liquid impingement compare in the field?
]
Centrifugation is the best way to recover Impingement for maximum recover and S Ce n a rl OS
bacteria from liquid impingement for representative average. Impingement n
samples, but filters can be used for for short snapshots.

speedy recovery.

[\

m m m Ferguson RMW, Garcia-Alcega S, Coulon F,

28° 084’  12336m’ o084m’  336m’ 6m’ Dumbrell AJ, Whitby C, Colbeck | (2019).
Bioaerosol Biomonitoring: Sampling
Optimisation for Molecular Microbial Ecology.
Mol Ecol Res 19:672-690.

Question 4: How long / what volume of air should be sampled?

At least 30 mins with litres or 11 mins 12 secs with impingement



@Bim Decision framework

Which air

methoat

Which
analysis
method?

whlch.oll
motiods

Is information on personal or occupational exposure needed?

Is high sample throughput needed?

L~ J

Active sampling with high sample throughput

Active sampling (e.g. filtration, impactors, electrostatic
(e.g. impingers, cyclones, microfiuidics precip ) or p pling

UV-APS, LIF, LIBS, SIBS, WIBS, Rapid-E, MALDI-TOF, Raman,
flow cytometry, high mvough%; soguenchg
, o

Microscopy, FISH, fingerprinting, cultivation
(e.g. metabarcoding), q PCR

Is data needed in real-time?

Yes \ No '

Active pling with high ple throughput Active somplmP (e.q. filtration, impactors, electrostatic
(e.g. impingers, cyclones, microfiuidics precipitation) or passive sampling
UV~-APS, LIF, LIBS, SIBS, WIBS, Rapid-E, MALDI-TOF, High throughput seq ing, QPCR, mi Py, FISH,
Raman, flow cytometry, MINION, PromethiON, GridiON fingerprinting, cultivation

Is the collected air sample to be used for cultivation or non-culture-based analysis?

Yes

Which air
sampling
method?

Personal samplers (combined with active sampling).
Could also consider including passive sampling of
surfaces for risk assessment (e.g. in operating theatres)

Which
analysis
method?

High throughout sequencing (e.g. metagenomics,
metabarcoding), QRT-PCR, microscopy
(viability stains), cultivation

Does the environment have an expected low concentration of microorganisms (e.g. hospital)? i

wnlet:lelr preferentially salacxeg).

samplin impactor (e.g. cascade

Yes No moll?odfg Irr?puctors),q-mplnger,
cyclone, spore traps,
passive sampling (e.g.

Which air EDC, IOM)

sampling Active sampling with high sample throughout Passivelcamplin

method? e.g. impactors, impingers, cyclones pling

TR Which Cult’iv:tip;\ gb:;r:nuny

C| . ungi ar s
Staiysle LIF, LIBS, SIBS, WIBS, MALDI-TOF, high throughout Microscopy, FISH, flow cytometry, anolysle COIRIab I8 ) IroscopY,
method? sequencing, QPCR fingerprinting, cultivation MPN, LIF, LIBS,

e J

Active | passive sampling

‘ Culture-based '

Microscopy, MPN, LIF, MALDI-TOF, LIBS, impaction,

impingement, cyclone

Cultivation and culture independent methods

-

Fungi

Filter (may be

MALDI-TOF, GC-M$S

Non-culture-
based

Epifluorescence, flow cytometry, fingerprinting,

PCR (qPCR, ddPCR), metagenomics,
high throughout sequencing

Which taxa is the target?

4 A
Bacteria |
Q 2

Filter (e.g.
polycarbonate, not
gelatin), Coriolis liquid

impingement (wet/dry),

pass vg Dsg’v:\&l:r)mg (e.g.

Cultivation,
epllluova?cence, flow
cytometry, fingerprinting,

PCR (ngCR?. ¢
metagenomics, high
throughout sequencing,
microscopy, MPN,
MALDI-TOF, GC-MS

¢ b
| Archaea |
| St

Filter, NIOSH two-stage
cyclone, Coriolis liquid
impinger, passive

sampling
(e.g. EDC, IOM)

Cultivation, epifluorescence,
flow cytometry,
fingerprinting, PCR (qPCR)
metagenomics, high
throughout sequencing,
microscopy, MPN,
MALDI-TOF, GC-MS

¢ 2 A
" Viruses |
| N v |

Filter (e.g. gelatin,
nucleopora%, Andersen
or Tisch cascade
impactors, AGI-30
impinger, wet impinger
(e.g. Coriolis), ESP

Cultivation, PCR (qPCR,
RT-QPCR), high
throughput
sequencing (e.g.
metatranscriptomics)



Decision framework summary

Sampling optimisation is required- depends on the environment,
regulatory context and Qs being addressed.

Choice of sampling method should consider analysis method and
sample integrity.

Combining culture and culture-independent methods (including the microbial
components as well as the microorganism itself provides a fuller image.

More long-term data is needed using real-time methods.
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