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Objectives
• To outline key ecological and biological factors contributing 

to the spread of viruses through bioaerosols
• To provide an overview of the current state of knowledge, 

and recent advances and breakthroughs in infectious 
bioaerosols research.

• To highlight the major gaps and challenges in our 
understanding of bioaerosols

• To highlight the inter-disciplinarity of bioaerosol detection 
and mitigation



Outline

• The big picture
• Tools and instruments for the detection and 

characterization of bioaerosols
• Scenarios

• Community, person-to-person
• Healthcare, person-to-person
• Human-animal-environment interface

• Challenges and next steps



Glossary of terms

• Airborne
• Droplet nuclei, <5-10μm
• Negative pressure room, air handling, N95 mask

• Droplet
• >10μm droplets
• Negative pressure not required, surgical mask, gown, gloves

• Bioaerosol
• Particles suspended in air containing or generated from organic 

material





Front. Vet. Sci., 12 February 2018

One Health

Ecohealth
Planetary health



theguardian.com



theguardian.com



“SARS taught us that we must 
be ready for the unseen.”

- The Honorable Judge Archie 
Campbell, SARS Commission, 
Spring of Fear



theguardian.com



theprivycounsel.blogspot

Ecotoxicol Environ Safety 2019 Nov 15;183:109543

Reservoir
respirable fraction (RF) defined as aerodynamic diameter <3.30 μm

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwi1waXQtNrkAhUKDKwKHR9GDfcQMwhRKAEwAQ&url=http%3A%2F%2Ftheprivycounsel.blogspot.com%2F2012%2F09%2Fa-study-of-correlation-between.html&psig=AOvVaw1XyfNsfL6MfbpKh2LBfUkJ&ust=1568897461898033&ictx=3&uact=3


Workplace
bioaerosols

Goyer et al, Bioaerosols in the workplace. 
IRSST Nov 2001



Reservoir
Influenza virus

Fields Virology 6th Ed (2013)



Migratory flyways

fao.org/avianflu/en/wildlife/sat_telemetry.htm



Host 

•Susceptibility
•Incubation
•Disease
•Reproductive rate
•Transmissibility



Fields Virology 6th Ed (2013)
In avian species, influenza virus receptors distributed principally in GI 

tract

Virus receptor distribution 



PNAS 2018 Jan 30;115(5):1081-1086

Expulsion 
events 



Am. J. Epidemiol. 2008 167:775-785

Shedding vs. disease 



Distribution



Biology meets ecology

Nature Rev Microbiol 2018 Dec 10
Clin. Microbiol. Rev. April 2015 vol. 28 no. 2 465-522 



Ecology
High consequence coronaviruses



Nat Rev Microbiol 2018 Dec 10. doi: 10.1038/s41579-018-0118-9. 

• Variability and thus species 
adaptation important in emergence 
of acute respiratory syndrome 
coronavirus (SARS-CoV)

• Spike protein (S) 
• S1 amino-terminal domain (S1-NTD) 
• S1 receptor-binding domain (S1-RBD) 

show variability

Ecology
Meets biology…





Air Samplers

Verreault et al., Microbiology and Molecular Biology Reviews, 2008
Cao et al., Journal of Environmental Monitoring, 2011
Brasel, T.L., et al., Applied and Environmental Microbiology, 2005
bertin-instruments.com

Coriolis





A)

B)Aerosol chambers

C. Bekking, Influenza and Other Resp Viruses (in press)



Relative humidity and in vitro bioaerosols

C. Bekking, Influenza and Other Resp Viruses (in press)



Recovery of influenza virus from inoculated ferrets

C. Bekking, Influenza and Other Resp Viruses (in press)



Recovery of influenza virus from bioaerosols produced in vivo
PTFE and NIOSH samplers

C. Bekking, Influenza and Other Resp Viruses (in press)



C. Bekking, Influenza and Other Resp Viruses (in press)

Recovery of influenza virus from bioaerosols produced in vivo
Andersen impactor



Aerosol survival
Monkeypox

J Virol Methods. 2013 Feb; 187(2): 333–337

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=23142251
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=23142251
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=23142251




Measles virus



R0=8-12
(give or take)

Lancet Infect Dis. 2017 Dec;17(12):e420-e428

Measles reproduction rate

https://www-ncbi-nlm-nih-gov.myaccess.library.utoronto.ca/pubmed/?term=The+basic+reproduction+number+(R0)+of+measles%3A+a+systematic+review


Measles case distribution by WHO Region 
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who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_type/active/measles_monthlydata/en/



Measles case distribution AMR
20

15
-0

1
20

15
-0

2
20

15
-0

3
20

15
-0

4
20

15
-0

5
20

15
-0

6
20

15
-0

7
20

15
-0

8
20

15
-0

9
20

15
-1

0
20

15
-1

1
20

15
-1

2
20

16
-0

1
20

16
-0

2
20

16
-0

3
20

16
-0

4
20

16
-0

5
20

16
-0

6
20

16
-0

7
20

16
-0

8
20

16
-0

9
20

16
-1

0
20

16
-1

1
20

16
-1

2
20

17
-0

1
20

17
-0

2
20

17
-0

3
20

17
-0

4
20

17
-0

5
20

17
-0

6
20

17
-0

7
20

17
-0

8
20

17
-0

9
20

17
-1

0
20

17
-1

1
20

17
-1

2
20

18
-0

1
20

18
-0

2
20

18
-0

3
20

18
-0

4
20

18
-0

5
20

18
-0

6
20

18
-0

7
20

18
-0

8
20

18
-0

9
20

18
-1

0
20

18
-1

1
20

18
-1

2
20

19
-0

1
20

19
-0

2
20

19
-0

3
20

19
-0

4
20

19
-0

5
20

19
-0

6

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

5500

6000

6500

Month of onset

N
um

be
r o

f m
ea

sl
es

 c
as

es

Venezuela (Bolivarian Republic of)
USA
Peru
Others
Mexico
Costa Rica

Colombia
Chile
Canada
Brazil
Argentina
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Measles virus biology

Trends Microbiol. 2012 Sep;20(9):429-39

https://www.ncbi.nlm.nih.gov/pubmed/22721863


Measles virus recovery from air

J Infect Dis. 2016 Feb 15;213(4):600-3

4/134 respirators (3%) tested positive for MeV RNA

https://www-ncbi-nlm-nih-gov.myaccess.library.utoronto.ca/pubmed/26386428




Clinical Infectious Diseases® 2016;63(3):363–9





Reuksen, Euro Surveill. 2014 Jun 12;19(23)



Influenza virus RNA emitted by naturally-infected patients

J Occ Health and Environ Hygine2019 May;16(5):341-348





Why swine?
• Biological relevance
• Endemnicity of influenza (model)
• Surveillance gaps
• Economic importance to Canada

Specific objective
To validate DNA/RNA target-capture NGS-based 
technology for the enrichment and characterization of 
influenza genomes in environmental samples for 
surveillance and early warning



Biosensor +

PCR
Biosensor Detection 

Characterization

National Centre for 
Foreign Animal 

Disease
Canadian Food 

Inspection Agency

CNPHI On the Go
PHAC
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H3N2 North-American
H3N2 Eurasian
H3N2 Human

Influenza virus RNA recovered from bioaerosols



PB2 PB1 PA HA NP NA M1 NS1

Oral 
Fluids 
(N=23)

Complete 23 19 22 22 22 22 23 22

Partial 0 2 1 1 1 1 0 1

Missing 0 2 0 0 0 0 0 0

PTFE 
(N=10) 

Complete 4 3 4 3 5 2 7 7

Partial 2 3 2 4 3 4 2 3

Missing 4 4 4 3 2 4 1 0

• 33 samples sent to NCFAD sequenced by next-generation sequencing
• 23 Oral fluid samples (average Ct value = 30.29) 

• 13 Complete genomes (H1N2 and H3N2) 
• 10 partial genomes 

• 10 PTFE Samples (average Ct value = 35.23)
• 1 complete genome sequenced (H1N2) 
• 9 partial genomes 

N. Bell

Influenza virus sequences recovered from bioaerosols and 
oral fluids



The Pollution Particulate Concentrator (PoPCon)

Sci Total Environ. 2018 Jul 1;628-629





Take home points

• Understanding ecology and biology of specific viral pathogens is 
essential for mitigation; transmission & dispersion

• Opportunities exist to improve methodology and instrumentation for 
viral bioaerosol sampling, analysis and integration with metadata

• Multidisciplinary, collaborative efforts are required to fill the 
significant knowledge gaps that persist around bioaerosols and 
transmission of viral agents
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