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OBJECTIVES

➤ Review what is known about the production of respiratory 
particles
➤ Review existing evidence for the efficacy of face masks in filtering 

particles
➤ Discuss the use of masks in both the hospital setting and 

community setting
➤ Go over guidelines from major public health organizations
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Respiratory Particle 
Production
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Respiratory droplet production increases 
with cough and vocalization
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Cough and vocalization produce highest 
concentration

Morawska et al. Aerosol Sci. 2009



Respiratory droplet production increases 
with cough and vocalization
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Cough and vocalization produce highest 
concentration

Particle Size ranged from 0.3µm to 20µm

Morawska et al. Aerosol Sci. 2009



Particle emission increases with amplitude
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Asadi et al. Scien Reports. 2019



Particle emission increases with amplitude
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Asadi et al. Scien Reports. 2019
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Asadi et al. Scien Reports. 2019

Particle emission increases with amplitude



Transmission of SARS-CoV-2
➤ Believed to be primarily 

through droplets
➤ May be on fomites
➤ Up to 86% of cases 

were undocumented 
initially1
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1Li R, et al. Science. 2020
Image made in Biorender



Summary: Respiratory Particles

➤ All expiratory activity produces respiratory particles, but 
vocalizations and cough produce more
➤ The size of respiratory particles is small (~ 1µm) but wide range
➤ The implications are that transmission can occur without 

coughing or sneezing
➤ Droplets are thought to be the primary mode of transmission of 

SARS-CoV-2
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Mask Filtration of Particles
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Respirators and surgical masks are defined 
by particle size filtration
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Respirators: filter 0.075µm solid particles 
and measured across entire mask



Respirators and surgical masks are defined 
by particle size filtration
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Respirators: filter 0.075µm solid particles 
and measured across entire mask

Medical: filter 3µm droplets and 
measured in cross section



Mask type determines efficacy of particle 
filtration
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Mask Type Penetration (%)
Respirator (e.g. N95) 0.87%
Medical Mask (Cotton) 44.695%
General Mask (Cotton) 62.4%
Handkerchief (gauze, cotton) 97.56%

➤ Respiratory masks had superior protection 
➤ Inward and outward protection was similar
➤ The number of layers of cotton significantly changed penetration

Jung et al. Aeorosol and Air Quality Research. 2014



Type of material also determines efficacy of 
particle filtration
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Cloth Masks

Rengasamy S, et al. Ann Occup Hyg. 2009



Type of material also determines efficacy of 
particle filtration

17

Cloth Masks Sweatshirt

Rengasamy S, et al. Ann Occup Hyg. 2009



Type of material also determines efficacy of 
particle filtration
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Cloth Masks Sweatshirt T-Shirt

Rengasamy S, et al. Ann Occup Hyg. 2009



Type of material also determines efficacy of 
particle filtration
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Towel Scarf

Rengasamy S, et al. Ann Occup Hyg. 2009



Summary: Efficacy of particle filtration

➤ Respirator (N95) masks offer the highest protection against 
particles around the size produced by respiratory exhalation
➤ Two important factors that influence filtration efficacy:

➤ Type of material
➤ Number of layers

20



Efficacy of masks in stopping 
virus particles
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Surgical masks reduce the amount of 
Influenza RNA detected

➤ Mask use may prevent spread of Influenza 
22
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Surgical mask significantly reduced shedding 
of virus in coronavirus
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➤ Viral shedding higher in nasal compared to throat swabs.
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Surgical mask significantly reduced 
shedding of virus in coronavirus
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➤ Masks reduce the number of samples with detectable virus in 
droplets
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P=0.07

No Mask Mask

Particle >5µm



Surgical mask significantly reduced 
shedding of virus in coronavirus
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➤ Masks reduce the number of samples with detectable virus in 
droplets
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Surgical masks were maybe less effective in 
preventing spread of Influenza in aerosols
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Key points: Mask efficacy and filtering 
viral RNA/DNA

➤ Surgical masks reduce viral RNA/DNA in larger droplets
➤ Masks may prevent coronavirus transmission in smaller particles 

as well
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Evidence for mask use to 
prevent infections
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Early use of surgical masks may reduce 
transmission of influenza

➤ Face masks and hand hygiene interventions did not reduce rate 
of secondary attacks
➤ If intervention started < 36 hours, odd ratio of secondary attack 

with face mask and hand hygiene was 0.33
29

Study Group Participants RT-PCR 
Confirmed

Clinical

Control 279 1.00 (reference) 1.00 (reference)
Hand hygiene 257 0.57 (0.26-1.22) 0.92 (0.57-1.48)
Facemask + 
hand hygiene

258 0.77 (0.38-1.55) 1.25 (0.79-1.98)

Cowling BJ, et al. Ann Intern Med. 2009



Face mask and hand hygiene reduced the 
incidence of influenza like illness

➤ 1,111 college students
➤ 1:1:1 Control, face mask, 

face mask + hand hygiene
➤ Wore face mask an 

average of 5 hours/day
➤ Did not reduce PCR proven 

influenza 
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Aiello AE, et al. PLoS ONE. 2012



There is no evidence to suggest N95 masks 
are better than surgical masks in preventing 
respiratory viral infections

31

Long Y, et al. J Evidence-based Med. 2020

…No significant difference with influenza …No significant difference with respiratory viruses



There is no evidence to suggest N95 masks 
are better than surgical masks in preventing 
respiratory viral infections
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Long Y, et al. J Evidence-based Med. 2020

…No significant difference with influenza …No significant difference with respiratory viruses



What about SARS-CoV-2?
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Physical distance ≥ 1 meter associated with 
decreased risk of transmission

➤ Physical distance of ≥ 1m vs < 1m had a relative risk of 0.15 
(0.03-0.73)
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Chu DK, et al. Lancet. 2020



Physical distance ≥ 1 meter associated with 
decreased risk of transmission
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Face masks prevented transmission of novel 
Coronavirus in healthcare settings
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Chu DK, et al. Lancet. 2020



Face masks prevented transmission of novel 
Coronavirus in non-healthcare settings
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➤ The risk reduction was lower in non-healthcare settings compared 
to healthcare settings
➤ However, after adjustment for higher frequency of respirator use 

in healthcare settings, the risk reduction was similar
Chu DK, et al. Lancet. 2020



Respirators may be more effective than 
medical masks BUT more studies are needed
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Chu DK, et al. Lancet. 2020



Limitations to current studies

➤ Well-designed, high-quality randomized controlled trials evaluating 
the intervention of face masking in the community are lacking
➤ Most studies evaluated masking as a bundle
➤ Clinical vs laboratory confirmed infections may yield bias results
➤ Superiority of respirators contrasts to multiple previous findings of 

non-superiority and may be in part due to bias
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Key points: Efficacy of face masks in 
preventing SARS-CoV-2
➤ There is a strong relationship between distance to infection 

source and risk of infection
➤ Face masks (both respirators and medical masks) are associated 

with significant reductions in risk of infection in both healthcare 
and non-healthcare settings
➤ Face masks do not replace social distancing
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Government Agency 
Guidelines
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Centers for Disease Control and Prevention

➤ Recommendations
➤ General public over the age of 2 should wear cloth 

face coverings in public setting where other social 
distancing measures are difficult to maintain
➤ Use cotton fabric (quilting, sheets, or T-shirt)
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World Health Organization

➤ Healthcare Workers
➤ Continuously wear medical masks in clinical areas when community 

spread is occurring
➤ Respirator when performing aerosol generating procedures

➤ Community
➤ Recommend taking into consideration the purpose of the mask, risk of 

COVID-19 exposure, vulnerability of population, setting, feasibility, and type 
of mask
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World Health Organization
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World Health Organization
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World Health Organization
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➤ Non-medical Masks Considerations
➤ Material type: Polypropylene, cotton, nylon
➤ Number of layers: minimum of 3 layers
➤ Combination of materials: innermost (cotton) and outermost 

(polypropylene)
➤ Mask shape: flat-fold or duckbill
➤Mask Maintenance: Worn by one person and not shared



Summary of Key Points
➤ Respiratory droplets are produced by all activities, but highest 

with vocalization, coughing, or sneezing
➤ Respirators have superior filtration of particles compared with 

surgical masks. Homemade materials (cotton e.g.) have lower 
filtration (0.7% to 60%)
➤ Face masks may stop transmission of coronavirus RNA in droplets 

and aerosols
➤ The use of face masks significantly reduced the risk of novel 

coronavirus infections in both health care and non-health care 
settings
➤ High-quality studies are needed
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Eye protection prevented transmission of 
novel Coronavirus
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