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Spanish flu

Epidemics and pandemics of 
the past Of respiratory infections

What lessons have 
we learned? 



Confusion: COVID-19

"There is no specific evidence to 
suggest that the wearing of masks 
by the mass population has any 
potential benefit.," 
Dr. Mike Ryan, executive director of the 
WHO health emergencies program 

CNN March 31, 2020

Masks are mandatory! 
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GENERATION OF PARTICLES
DURING RESPIRATORY 

ACTIVTIES



Definitions: 
is IT aerosol or droplet? 

Aerosol: an assembly of liquid or solid particles 
suspended in a gaseous medium long enough 
to enable observation or measurement

Droplet: a liquid particle

In aerosol science:

In medical sciences:
Aerosol: smaller particles

Droplet: larger particles I will call them 
particles

Let’s don’t 
worry about 

these 
differences!



Particle aerosolization in 
expiratory activities

….results from the passage of an 
air-stream at a sufficiently high 
speed over the surface of a liquid



Multiple particle aerosolization 
processes

Fluid blockages form in 
respiratory bronchioles during 
exhalation

They burst during subsequent 
inhalation produce the particles

Fluid bathing the larynx is 
aerosolized during voicing due 
to vocal fold vibrations

Saliva in the mouth is 
aerosolized during interaction 
of the tongue, teeth palate and 
lips during speech articulation

After formation, the 
particles undergo processes 
in the respiratory tract before 
they are respired 

Deposition – changing 
initial size distribution 

Surface deformation (Oratis
et al. 2020 A new wrinkle on liquid 
sheets: Turning the mechanism of 
viscous bubble collapse upside 
down. Science, 369:6504, 2020)



Concentration/emission rates of 
particles – respiratory activities

b – breathing
n – nose

m – mouth
c – counting

v – voice
w – whisper

Morawska et al., 2009. Size distribution and sites of origin of droplets expelled 
during expiratory activities. Journal of Aerosol Science, 40: 256-269. 

Asadi et al., 2019. Aerosol emission and superemission during human 
speech increase with voice loudness. Scientific Reports, 20: 9(1):1-0

signing



Particle size and emissions:
• The majority of particles are < 1 µm (and the vast 

majority are < 10 µm) 
• Such small particles are light ð can stay suspended in 

the air for a long time
• All respiratory activities (including breathing) 

generate particles, but vocalization ð higher emissions 
than other activities 

Summary: particles generated 
from respiratory activities



Virus-laden particles from 
respiratory activities

Virus in the particles 

Water

Mucus

Santarpia et al.. The Infectious Nature of Patient-Generated SARS-CoV-2 Aerosol. medRxiv, 2020

Ma et al, COVID-19 patients in earlier stages exhaled millions of SARS-CoV-2 per hour. CID, 
Accepted 26 Aug, In Press. 

Size of a SARS-CoV-2 “naked virus”: ~ 0.12 µm

Size of the virus-laden particles: > 0.12 µm

Particles < 1 µm ð contain higher loads of SARS-CoV-2

Majority within the  
mid sub-micrometre 

range and larger 

Salts



Summary: virus-laden particles

Virus in the particles 
• Overall, smaller particles ð contain higher loads of SARS-CoV-2
• Smaller particles ð from deeper parts of the respiratory tract ð

location of the virus 
• In contrast, larger particles ð fewer viruses since they originate in 

the mouth   
• Therefore, breathing/speaking ð the main source of small, virus-

laden particles



PARTICLE DYNAMICS 
IN THE AIR



Particle fate in the air

Particle diameter 
[µm]

“Falling” time
height 1 m

[s]
1000 0.3

100 3

10 300

1 30,000
Wells 1934

Small particles stay 
suspended in the air 

for a long time!



The evolution of a cough or sneeze 
cloud emitted horizontally 

Bourouiba, L., et al. Violent expiratory events: on coughing and sneezing. Journal of 
Fluid Mechanics, 745:  537-563, 2014



Summary: particle dynamics in 
the air

• Gravitational deposition of large particles
• Flow dynamics of small particles
• Removal by ventilation (and other processes) 



Q: How long will virus-laden particles stay 
in indoor air? 

Typically asked questions

Q: How far will virus-laden particles travel 
in indoor air? 

A: As long as the forces acting on 
them keep them in the air.

A: As far as the air 
flow takes them. 

Meters (m)?

Tens of m?

Hundreds of m?

Minutes?

Hours?



DEPOSITION IN RESPIRATORY 
TRACT



Deposition of inhaled particles 
in the respiratory tract

Diffusion Impaction 
Interception 

• Well established models
• Validated by empirical studies for total 

deposition (partially for regional)

Hofmann, W. 2011, Modelling inhaled particle
deposition in the human lung - A review. Journal
of Aerosol Science, 42: 693-724.

Guo, L., et al. 2020, Experimentally Determined
Deposition of Ambient Urban Ultrafine Particles in
the Respiratory Tract of Children. Environmental
International, 145: 106094.



AIRBORNE INFECTION 
TRANSMISSION 



Morawska and Cao. “Airborne transmission of SARS-CoV-2: the world 
should face the reality.” Environment International, 139: 105730, 2020

How are infections transmitted? 

Transmission modes:
• By close contact: 

Ø in the range of larger droplets (direct – hit by them), or 
Ø touching surfaces/objects where they were deposited

• Inhaling small airborne droplets, somewhere in the room (indirect)



Balachandar, S., Zaleski, S., Soldati, A., Ahmadi, G. and Bourouiba, L. Host-to-host airborne 
transmission as a multiphase flow problem for science-based social distance guidelines, 
International Journal of Multiphase Flow, 132: 103439, 2020.

Airborne 
transmission

Flow of particles generated by 
respiratory activities 



Airborne infection transmission



EVIDENCE FROM THE 
OUTBREAKS



Skagit Valley choir outbreak

ERq=341 quanta h-1

Stable, L., Buonanno, G. and Morawska, L. Quantitative assessment of the risk of 
airborne transmission of SARS-CoV-2 infection: prospective and retrospective 

applications. Environment International, 145: 106112, 2020. 

Quanta 
concentration

Probability 
of infection

Modelled results agreed 
with the outbreak data

53 out of 61 participating 
infected

Miller et al. Transmission of SARS-CoV-2 by inhalation of respiratory aerosol
in the Skagit Valley Chorale superspreading event. Indoor Air, Accepted
26 September 2020, In Press.



Azimi et al. Mechanistic transmission modelling of COVID-19 on the Diamond Princess Cruise ship demonstrates 
the importance of aerosol transmission. PNAS, 118(8): e2015482118, 2021

Estimates of contributions: 
transmission modes + viral sources



Kriegel et al. Predicted Infection Risk for Aerosol Transmission of SARS-CoV-2. medRxiv, 2020.
doi: https://doi.org/10.1101/2020.10.08.20209106

Comparison of infection risk 
between 12 modelled and 
documented outbreak data 

Model assumption: 
all cases were caused by 
long-range transmission 

PIRA: modelled
AR: documented 

Agreement 
in 9 cases



Outbreaks and airborne 
transmission

Airborne transmission mode was shown to be 
the most significant in typical public indoor settings

Large numbers of outbreaks were reported and 
analysed



MITIGATION



Morawska, et al. How can airborne transmission of COVID-19 indoors be 
minimised?, Environment International, 142: 105832, 2020

Building engineering controls

• Sufficient and effective ventilation
• Avoiding air recirculation 
• Particle filtration and air 

disinfection
• Avoiding overcrowding



Can we use the existing ventilation 
guidelines for controlling infection 

transmission? 

Mitigating airborne infections:
sufficient and effective ventilation

For example guidelines for removing 
CO2 exhaled by the occupants?

Morawska, L. and Milton, D. “It is Time to 
Address Airborne Transmission of COVID-19”. 
Clinical Infectious Diseases, 6: ciaa939, 2020

Enough of it Everywhere



A quantum is the dose of infectious airborne droplets 
required to cause infection in 63% of susceptible persons

Emitted quanta depend on:
• Location of the pathogen in the respiratory tract
• Physiology of the respiratory tract
• Stage of the disease
• Type of respiratory activity
• THE VIRUS

Infection transmission: 
infectious quanta

Unlike exhalation of 
CO2 by the occupants…



Knibbs et al. American Journal of Infection Control, 39: 866-872, 2011

The Prince Charles Hospital, Brisbane, Lung Function Laboratory: 
infection risk for 15 and 45 min occupancy  

Ventilation and infection risk

Quanta generation 
rates from literature 

(quanta/hour):  
Influenza - 67

Tuberculosis - 12.7
Rhinovirus – 5

Using 
Wells-Riley 

model



Buonanno et al. Environment International, 141: 105794, 2020

Quanta concentrations and infection risks in a 
pharmacy for exposure scenarios before 

lockdown (B) in Italy 
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min 26 to min 36

An infected 
individual enters 

The risk for a customer entering at 
min 26 and remaining for 10 min

NV- natural ventilation
MV -mechanical ventilation

Stabile et al. Quantitative assessment of the risk of airborne 
transmission of SARS-CoV-2 infection: prospective and 
retrospective applications. Environment International, 145: 
106112, 2020. 

In summary, 
assessing the 

requirements for 
sufficient 
ventilation

ß
relatively easy

Assumption: uniform 
mixing of the air!



Air flow distribution/direction
and infection risk

Posted April 22, 2020 doi: 
https://doi.org/10.1101/2020.04.16
.20067728. medRxiv preprint. 
https://doi.org/10.1101/2020.04.16
.20067728 

The flow direction was 
a problem in this case
(in addition to low 
fresh air supply)



Computation Fluid Dynamic 
(CFD) Modelling

Will CFD modelling answer 
all the questions?

For specific indoor spaces -
mostly 

But we need general 
solutions

In summary, 
assessing the 

requirements for 
effective  

ventilation, which 
is based on air 

flow
ß

very difficult

How to generalise? 



BEYOND COVID-19



To keep in mind

• The next pandemic will not be caused by SARS2-CoV-
19, but by a virus of different characteristics

• Resilience should apply to all types of airborne 
infections (eg seasonal flu)

• Every year, epidemics of numerous respiratory 
infections strike, sicken millions, kill thousands and 
cause economic loses of billions $ 



NOW: more advanced guidelines for building 
engineering controls should be developed taking into 
account knowledge about airborne infection transmission

Mitigation of airborne 
transmission: moving forward

Airborne Infection Risk Tool

https://research.qut.edu.au/ilaqh/wp-
content/uploads/sites/174/2020/09/AIRC-Tool-v2.0.xlsx

FUTURE ð paradigm change in how buildings 
are designed, equipped and operated to 
minimize all AIR RISKS, including  airborne 
infection transmission



Mitigation
Airborne 
Infection

Control:
Dampness 

and 
Mould

Indoor 
Anthropogenic 

Sources

Prevention:
Ingress of 
Outdoor 

Pollutants

Building 
Design

HVAC
Design

Building
Operation

Energy
Demand

Mitigation of all Air Risks indoors

Control
Pollution 
Removal

Ensuring:
Thermal 
Comfort



• How buildings are designed

• How they are equipped in adequate engineering controls

• How all the requirements are linked including low energy consumption

• How we think about indoor air quality

Change in thinking

• How we teach about it and train students

• The perception that we cannot afford this: the economic costs of 
the impacts of indoor air pollution by far exceed all other costs 



Hershberger, S. The pandemic we forgot.  
Scientific American, November, 2020. 

It will happen to 
COVID-19, 

but  we hope that 
the pandemic will 

influence the 
paradigm shift in 

combating 
respiratory 
infections!



Thank you!

l.morawska@qut.edu.au


