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 Large droplets

 Fomites direct contact Fomites, direct contact Fomites, direct contact

Bean B et al
J Infect Dis 1982;
146: 47-51

Virus suspension on hands: > 3 logs titer reduction in 5 min

Schurman W, Eggers HG  Antiviral Res 1983; 3: 25-41

Hand test procedure required 12 min for completion
Drop of 3 logs in 12 min
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AerosolsAerosols

 Aerosols are dispersions in air (or a gas) 
of solid or liquid particles, small enough 
that they remain airborne for a long time 

 Aerosols are dispersions in air (or a gas) 
of solid or liquid particles, small enough 
that they remain airborne for a long time y g
because of their low settling velocity

y g
because of their low settling velocity

Aerodynamic diameter 
of particle

Settling time in  still 
air (3 m fall)

100 μm 10 sec

40 μm 1 min

20 μm 4 min

10 μm 17 min

5 μm 67 min

≤3 μm Essentially do not 
settle
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Vincent JJ Aerosol Sampling : Science and Practice  John Wiley and Sons New York 1989

Hinds WC 
Aerosol Technology2nd edAerosol Technology2nd ed 
John Wiley & Sons 
New York 1999 
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N: nose

U: upper
(pharynx-
bronchi)

M: middle
(bronchioles)

L: lower

Knight V. Airborne Transmission and Pulmonary Deposition of Respiratory viruses” 
pp 175-82 in  Airborne Transmission and Airborne Infections VIth International 
Symposium on Aerobiology” Hers J.F., Winkles K.C. eds, Wiley, New York 1973.

Size cut-off of aerosols?Size cut-off of aerosols?

 Virtually everyone agrees that  5µm are 
aerosols

 Virtually everyone agrees that > 20µm are

 Virtually everyone agrees that  5µm are 
aerosols

 Virtually everyone agrees that > 20µm are Virtually everyone agrees that > 20µm are 
large droplets

 Most agree that  10µm are aerosols

 Some include 10-20µm

 Virtually everyone agrees that > 20µm are 
large droplets

 Most agree that  10µm are aerosols

 Some include 10-20µm

(Nicas M et al J Occup 
Environ Hyg 2005; 2: 143-54)

99.9% of volume
is contained in 
particles > 8µmparticles > 8µm
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(Douglas R.G. Influenza in Man. Pp 375-447 in The Influenza Viruses and Influenza, Kilbourne E.D. ed, 
Academic Press, New York 1975. )
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by ventilation, amount of infectious agents at the source, 
biological decay, infectious dose

 Low frequency of long range infection is difficult to 
demonstrate or rule out, especially if the disease is 
present in the community

Gelfand HM, Posch J. Am J Epidemiol 1971; 93: 234-237
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Hemmes et al 1962; Antonie Van
Leeuwenhoek 1962; 28: 221-233

Median diameter:
5-6 m

Influenza viruses 
will survive for 
several hours at 
relative humidity
of 15% - 40%.
They will survive 
for only 1 h 
at >40% humidityy

Hemmes J.H. et al, Virus Survival as a Seasonal Factor in
Influenza and Polyomyelitis. Nature 188: 430-431, 1960. 

Median diameter:
5-6 m 
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transmission from transmission by large 
droplets 

 Homogeneous small particle aerosols 
without large droplets

 Large droplets transmission is by intranasal 
drops ( no accompanying aerosols)

Alford RH et al Proc Soc Exp Biol Med 1966; 122: 800-804 1 to 3 m
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Comparison of human infectious 
dose of influenza virus by aerosol 

or intranasal route
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 Aerosol ( airborne):
HID50 = 0 6 to 3 TCID50

 Aerosol ( airborne):
HID50 = 0 6 to 3 TCID50HID50  0.6 to 3 TCID50

 Intranasal ( large droplet)
HID50 = 127 to 320 TCID50

HID50  0.6 to 3 TCID50

 Intranasal ( large droplet)
HID50 = 127 to 320 TCID50
(Douglas R.G. Influenza in Man. Pp 375-447 in 
The Influenza Viruses and Influenza, Kilbourne E.D. ed, 
Academic Press, New York 1975. )

Knight V.pp. 175-182 in: Hers JF, Winkles KC, eds. Airborne Transmission and Airborne
Infections VIth International Symposium on Aerobiology. New York: Wiley; 1973

“When the infectious dose deposited by aerosol in the nose is 
smaller than the infectious dose by nasal drops, it is probable 
that the lower respiratory tract is the site of initiation of infection” 
( V. Knight)

Diseases caused by experimental 
infections

Diseases caused by experimental 
infections

 by the aerosol route: disease is very similar to that seen 
in natural infections.

 by intranasal drops (large droplets): disease is milder, 
with a longer incubation period and usually no 
involvement of the lower respiratory tract

 by the aerosol route: disease is very similar to that seen 
in natural infections.

 by intranasal drops (large droplets): disease is milder, 
with a longer incubation period and usually no 
involvement of the lower respiratory tractinvolvement of the lower respiratory tract. involvement of the lower respiratory tract. 

1) Douglas R.G. Influenza in Man. Pp 375-447 in The Influenza Viruses and Influenza,
Kilbourne E.D. ed, Academic Press, New York 1975 

2) Little J.W. et al  J Med Virol 3: 177-188, 1979. 
3) Knight V.pp. 175-182 in: Hers JF, Winkles KC, eds. Airborne Transmission and Airborne

Infections VIth International Symposium on Aerobiology. New York: Wiley; 1973

Little JW et al; J Med Virol 1979; 3: 177-188
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37 cases
Attack rate 72%

Moser MR et al 1979;
AM J Epidemiol 110: 1-6

Gregg MB 1980; 
NY Acad Sci 353: 45-53

McLean RL. Am Rev Respir Dis 1961;83: 36-38

UV irradiationUV irradiation
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exposed.
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Transmission of influenza A 
virus by aerosol to:

Transmission of influenza A 
virus by aerosol to:

 Mice ( human influenza; adapted strains)

 Squirrel monkeys ( human influenza)

 Mice ( human influenza; adapted strains)

 Squirrel monkeys ( human influenza)

Transmission of Influenza A by 
aerosols to AND between
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 Ferrets ( human influenza)

 Horses ( equine influenza)

 Quails ( HPAI A(H5N1) ) Quails ( HPAI A(H5N1) )

 Guinea pigs (human influenza)

 Quails ( HPAI A(H5N1) )

 Guinea pigs (human influenza)
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Surgical 
Mask

N95 Stats

vaccinated 30.2% 28%

infected 23.6%
(2.8%)

22.9%
(1.9%)

P=0.86

Loeb et al Jama Oct 2009

compliance 100% 85.7%

ILI (cough,
fever)

4.2% 1.0% P=0.06

fever 5.66% 0.9% P=0.007
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Weekly Epidemiological record 2009; 84: 485-492

ConclusionsConclusions

 Several lines of scientific investigations strongly support 
a role for aerosols in influenza transmission
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