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Aerosol transmission is an important mode
of influenza A virus spread
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Influenza A viruses are believed to spread between humans through contact, large respiratory

droplets and small particle droplet nuclei (aerosols), but the relative importance of each of

these modes of transmission is unclear. Volunteer studies suggest that infections via aerosol

transmission may have a higher risk of febrile illness. Here we apply a mathematical model to

data from randomized controlled trials of hand hygiene and surgical face masks in Hong Kong

and Bangkok households. In these particular environments, inferences on the relative

importance of modes of transmission are facilitated by information on the timing of

secondary infections and apparent differences in clinical presentation of secondary infections

resulting from aerosol transmission. We find that aerosol transmission accounts

for approximately half of all transmission events. This implies that measures to reduce

transmission by contact or large droplets may not be sufficient to control influenza A virus

transmission in households.
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I
nfluenza A viruses are believed to spread between humans
through exposure to respiratory droplets expelled during
coughing or sneezing from infectious individuals. A distinc-

tion is typically made between larger droplets that are believed to
settle to ground within 1–2m, versus smaller droplet nuclei
particles with aerodynamic diameter below 5 mm1–4 that can
remain airborne for longer periods but may desiccate quickly,
depending on environmental conditions. These latter particles are
also referred to as aerosols and retain infectivity4. The relative
importance of contact, droplet and aerosol transmission of
influenza viruses in humans has not been established, making
it difficult to develop evidence-based infection control policies in
various settings5.

Influenza viruses can survive for hours on non-porous surfaces,
but are not thought to survive long on hands6,7. Influenza viral
RNA can be detected in the household environment of infected
individuals, and hand hygiene can reduce environmental
contamination8. Hand hygiene has appeared to reduce but not
eliminate transmission in some studies but not others9–12,
suggesting that contact spread has a partial role in influenza
virus transmission.

In studies of exhaled breath particles from healthy subjects
during tidal breathing, concentrations of particles vary from
1 to 410,000 particles per liter, with the majority o0.3 mm in
diameter13. Infectious virus and viral RNA can be detected in
both larger particles 45 mm and smaller particles o5mm14–16.
Experimental studies have demonstrated that influenza virus can
remain infectious in small particle aerosols, and can transit
across rooms17. Influenza viral RNA has been detected in a
hospital emergency department18 and aerosol transmission was
implicated in a hospital outbreak of seasonal influenza19. These
data demonstrate the potential contribution of aerosols
to influenza transmission. However, there is limited empirical
evidence of aerosol transmission in the literature to date4.
Ferret studies have provided evidence supporting the
various modes of influenza virus transmission4, and notably
in the 1940 s, one study provided evidence supporting aerosol
transmission20.

Influenza virus infection is associated with a varying spectrum
of disease that typically ranges from subclinical or asymptomatic
to acute febrile acute respiratory illness21,22. An important
observation from human challenge studies is that aerosolized
influenza A viruses are infectious at low doses, and tend to cause
more ‘typical influenza-like disease’ (that is, fever plus cough)
than intranasal inoculation, which mimics contact and droplet
transmission22,23. Similar observations have also been reported in
the ferret model24. This could be explained by infection with
small particles in the conducting airways or lower respiratory
tract, eliciting a more vigorous host response characterized by
fever and coughing. This leads to the hypothesis that influenza A
virus infections initiated by aerosol transmission could have a
different clinical presentation on average than infections by the
contact or droplet route, and that aerosol spread would be more
likely to manifest in fever plus cough. Differing clinical
presentation depending on the primary site of infection is
thought to occur for other infectious diseases, for example,
smallpox, and Milton suggested the term ‘anisotropic’ for
infections with this property25.

Based on the hypothesis that average clinical presentation
differed depending on the mode of transmission, we developed a
mathematical model to permit inference on the contribution of
each mode to transmission of influenza A virus in households
from data from two randomized controlled trials of surgical
masks and hand hygiene, in Hong Kong and Bangkok. We found
that aerosol transmission accounted for approximately half of all
transmission events. This implies that measures to reduce

transmission by contact or large droplets may not be sufficient
to control influenza A virus transmission in households.

Results
Descriptive analysis. In total, the studies in Hong Kong and
Bangkok included successful follow-up of 275 and 507 index
cases with confirmed influenza A, respectively, (Supplementary
Tables S1–S2). There was no statistically significant difference
between study arms in the risk of confirmed influenza A virus
infections in household contacts and initial reports of those stu-
dies concluded that these interventions could have had at most a
small effect on overall transmission11,12. In both studies,
household contacts with confirmed influenza A virus infection
had slightly higher but non-significant risks of fever plus cough in
the intervention arms compared with the control arm
(Supplementary Table S3). However, when the cumulative
incidence of confirmed influenza infections were plotted for
household contacts, we identified a change in the risk of fever
plus cough that was particularly apparent in the households in
Bangkok (Fig. 1, Supplementary Fig. S1). These changes are
consistent with our hypothesis that hand hygiene and face mask
interventions would reduce contact and large droplet
transmission, increasing the contribution of aerosol
transmission in the intervention arms which consequently led
to an increased risk of fever plus cough among the confirmed
infections in household contacts in the intervention arms.

Modes of transmission. Fitting the transmission model to the
data from each study, we found that under a wide range of
assumed efficacies of hand hygiene and face masks, aerosol spread
remained the dominant mode of influenza A virus transmission,
with consistency in the estimated contribution to overall trans-
mission between the two settings (Fig. 2). Under a plausible
exemplar scenario where randomization to the hand hygiene
intervention reduced contact transmission by 50%, although
randomization to face masks plus hand hygiene reduced both
contact and droplet transmission by 50%, we estimated that in the
control arm aerosol transmission contributed to 51% of second-
ary infections in Hong Kong and 42% of secondary infections in
Bangkok (Table 1, Supplementary Fig. S2). Varying the assumed
efficacy of each intervention from 0–100% led to ranges for the
estimated contribution of aerosol transmission of B25–85% in
Hong Kong and 25–75% in Bangkok (Fig. 2). Priors and
posteriors for the fitted model are shown in Supplementary
Figs S3–S4, and model diagnostics are plotted in Supplementary
Figs S5–S8. Sensitivity analyses with a broad range of
alternative model formulations supported these observations
(Supplementary Methods, Supplementary Tables S4–S10,
Supplementary Figs S9–S16).

Discussion
Our results suggest that aerosol transmission is an important
mode and possibly the predominant mode of influenza A virus
transmission in households. Aerosol transmission was estimated
to account for approximately half of all transmission events,
suggesting that influenza A virus transmission among household
members may not be controlled by interventions against contact
or droplet transmission4,26. Our findings were derived from
households in tropical and sub-tropical settings but the proposed
framework can be used to assess transmission modes in other
climates and settings. A comprehensive picture of modes
of transmission in different settings would facilitate calibration
of public health measures, which only need to reduce overall
transmission by approximately one third, assuming a basic
reproductive number of B1.5 (ref. 27), to achieve control.
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Our analysis reveals two important insights into influenza A
virus transmission. First, in household outbreaks susceptible
individuals are at risk of infection via multiple modes, and
substantive reductions in the risk of infection by one mode may
not lead to overall reductions in the risk of infection. In the Hong
Kong and Bangkok studies, the hand hygiene and face mask
interventions did not substantially change the overall risk of
infection for household contacts, but instead may have altered the
likely mode of infection with consequences for clinical presenta-
tion. Second, our model suggests that aerosol transmission

appears to be an important mode of transmission in households
in Hong Kong and Bangkok, despite previous hypotheses
that aerosol transmission may be suppressed in settings with
higher humidity28,29. Whereas other infections that spread
predominantly by the aerosol route such as varicella and
measles viruses are highly transmissible and can cause explosive
outbreaks, influenza viruses are not as highly transmissible, with a
reproductive number typically in the range 1.5–2.0 (ref. 27). This
could be explained if individuals infected with influenza viruses
only generate infectious doses at a low rate, so that larger
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Figure 2 | The cause-specific probabilities of aerosol transmission. The relative importance of aerosol transmission in households in Hong Kong

and Bangkok, quantified in terms of the cause-specific probability of aerosol transmission. The contour lines show the proportion of secondary influenza

virus infections attributed to aerosol transmission in the control arm of each study, under varying assumptions about the efficacy of randomization to the

hand hygiene and surgical mask interventions in reducing contact (x axis) and droplet (y axis) transmission, respectively. The parameter estimates in

Table 1 correspond to the exemplar plausible assumption that randomization to the hand hygiene and face mask interventions led to 50% reductions

in contact and droplet transmission, respectively, from the time of application of those interventions, which corresponds to the centroid of each panel.
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Figure 1 | Risk of infection and illness in household contacts. Cumulative hazards of confirmed influenza A virus infections presenting with fever

plus cough or not presenting with fever plus cough, in household contacts in 275 and 507 households in Hong Kong and Bangkok, respectively.

Increases in the risk of confirmed infection with fever plus cough, and decreases in the risk of confirmed infection without fever plus cough, are

particularly apparent in the intervention arms compared with the control arm in Bangkok.
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outbreaks would only result from prolonged exposures in optimal
conditions4,30. Assuming that infected persons excrete
aerosolized virus at a low rate, and given that infectious virus
in aerosols are rapidly diluted through ventilation and natural
decay in the environment, it is likely that the greatest risk of
aerosol transmission is in close proximity to infected persons4.

There are some limitations to our analysis. First, our model did
not fully account for heterogeneity in transmission associated
with various host, viral and environmental factors. For example,
there may be variability in infectiousness between index cases,
variability in susceptibility to different virus strains and variability
in the hazard of modes of transmission depending on proximity
and airflow. However, our model captures the essential features of
transmission, and random allocation of households to the three
intervention arms should have balanced all other factors between
groups so that the differences in outcomes between intervention
groups are due to the effects of the interventions on modes
of transmission. We only included data on influenza A virus
transmission in this article because the literature supporting
different clinical presentations associated with infections by the
aerosol route22,23 only provide data on influenza A. Further work
could apply similar approaches to influenza B if the same
hypothesis regarding clinical presentation were thought to apply.
Second, our model implicitly assumes that only the first infectious
exposure is relevant to susceptible contacts, and once infected by
that first exposure, further exposures are unimportant. Our model
could be expanded to allow for multiple simultaneous exposures,
if it were understood how this might affect clinical presentation of
consequent infections. Third, it is possible that some secondary
influenza virus infections were not confirmed due to poor quality
specimens collected during home visits, or if peak viral shedding
in the respiratory tract occurred between home visits at 3-day
intervals11,12. Finally, we did not explicitly account for imperfect
adherence to the interventions, although the efficacy parameters
in our model account for o100% efficacy against the specific
modes of transmission as would be expected under imperfect
adherence. Further improvements in the model might be
obtained by incorporating limited data on adherence that was
mainly self-reported by participants.

Our results raise a number of questions. First, are there
differences in the importance of innate, humoral, cell-mediated
and mucosal immunity against specific modes of influenza virus
transmission, or in immune responses to infection? Experimental
results suggest that humoral antibody might be particularly
relevant for protection against aerosol transmission22. Second,
are there differences in the incubation period associated with

infection by different modes of transmission? It is thought that
the minimum infectious dose is lower for infections by the aerosol
route22,23, but the implications on incubation period are unclear.
Third, are there consequences from the mode of infection
on modes of subsequent transmission from an infected and
symptomatic (or asymptomatic) individual? If so, there would be
important implications for the interpretation of volunteer
challenge and transmission studies?31 Finally, how would
repeated exposures to infectious doses of influenza viruses,
particularly within a short time frame after the first exposure,
affect subsequent risk of clinical disease and clinical presentation?
As some genetic factors have been identified as risk factors for
severe influenza disease32,33, what is the role of such factors in
influencing milder clinical diseases versus no illness by different
modes of influenza virus transmission?

Further work could examine differences in modes of influenza
virus transmission by host, viral and environmental factors, in
other geographical locations, and in other closed environments
including schools and health care settings. In particular, there is
some evidence that absolute humidity influences aerosol
transmission28,29,34, and our results lead to the corollary that
the clinical presentation of influenza virus infections could vary
over time according to variation in humidity. On the technical
side, further work could explore the use of alternative modelling
approaches including dependent competing risk models.

In conclusion, our findings suggest that household contacts of
persons with symptomatic influenza virus infection are at risk of
infection by multiple modes, and that aerosol transmission is
important. This is suggestive of the need for further studies into
personal preventive measures for the control of influenza;
although our observations suggest that hand hygiene and surgical
face masks may not provide high levels of protection against
influenza virus transmission in these settings. Having identified
that aerosol transmission is important in households, appropriate
control measures in this setting could include improved
ventilation to dilute and remove aerosols more quickly, the
use of humidifiers or ultraviolet light to reduce the viability of
aerosols and isolation of sick individuals in separate rooms26,28.
The importance of aerosol transmission implies that the
definition of ‘contact’ in epidemiological studies of influenza
virus transmission may need to be reconsidered, perhaps
by accounting for proximity and duration of contact. Although
our findings offer new insights in understanding and
preventing influenza transmission in a confined space, the
relative contribution of each mode of transmission has yet to
be clarified in other geographical locations and different

Table 1 | Parameter estimates for the model of modes of transmission.

Hong Kong (275 households
with 822 contacts)

Bangkok (507 households
with 1,266 contacts)

Parameters Estimate (95% CI) Estimate (95% CI)

f Shape of the Weibull distribution 1.41 (1.05, 1.79) 1.38 (1.14, 1.61)
l1 Force of contact transmission* 0.16 (0.01, 0.41) 0.17 (0.01, 0.32)
l2 Force of droplet transmission* 0.11 (0.00 0.30) 0.13 (0.01, 0.28)
l3 Force of aerosol transmission* 0.28 (0.07, 0.42) 0.22 (0.11, 0.32)
p1 Risk of fever plus cough for infections by contact route 22% (1%, 51%) 26% (1%, 66%)
p2 Risk of fever plus cough for infections by droplet route 23% (1%, 58%) 33% (2%, 73%)
p3 Risk of fever plus cough for infections by aerosol route 53% (33%, 92%) 77% (55%, 98%)
y1 Proportion of household adults immune/not exposed 88% (84%, 91%) 74% (71%, 78%)
y2 Proportion of household children immune/not exposed 80% (72%, 88%) 69% (61%, 76%)

CI, confidence interval.
Point estimates and 95% credible intervals of model parameters under an exemplar plausible scenario that hand hygiene and surgical face masks reduced contact and droplet transmission, respectively,
by 50% from the time of application of those interventions.
*The forces of infection in combination with a shared shape parameter determine the hazard associated with each competing mode of transmission. The relative contribution of each mode j is calculated
as the cause-specific probabilities lfj

.
lf1 þ lf2 þ lf3

� �
.
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transmission settings. Our model also enables more detailed
analyses of the effects of host factors (for example, age, innate,
humoral and mucosal immunity), differences between virus
strains, and environmental factors (temperature, humidity, air
currents) in varying the importance of each mode of
transmission.

Methods
Sources of data. In Hong Kong and Bangkok during 2008–2011, large rando-
mized controlled trials were conducted to investigate the efficacy of surgical
face masks and enhanced hand hygiene in reducing transmission of influenza in
households11,12. The two studies shared very similar protocols as outlined below,
and minor differences between the two studies are clarified in Supplementary
Table S11.

In each study, index cases were enrolled as local residents presenting for medical
care with illness consistent with an acute upper respiratory tract infection, and
living in a household with at least two other individuals of whom none had
reported upper respiratory tract infections in the preceding 14 days. Nasal and
throat swabs (NTS) were collected and pooled for testing with the QuickVue
Influenza AþB rapid diagnostic test (Quidel Corp., San Diego, CA) using the
manufacturer’s sterile foam swabs. Those subjects with a positive result on
the rapid test were randomized and further followed-up. Data on clinical signs
and symptoms were collected for all subjects, and an additional pooled NTS
specimen was collected for subsequent reference testing.

Households were randomized in equal proportions to one of three groups:
control, control plus hand hygiene or control plus hand hygiene plus surgical face
masks. Supplementary Table S12 provides specific details of the three interventions
applied in each study. Following randomization a home visit was scheduled to
implement the intervention, collect baseline demographic data and NTS specimens
from all household members aged Z2 years, and to describe the information to be
recorded in daily symptom diaries. Further home visits were scheduled around
3 and 6 days after the baseline home visit to check symptom diaries, monitor
adherence to interventions and collect NTS specimens from all household
members regardless of illness.

All NTS specimens were tested by RT–PCR for influenza A and B viruses using
standard methods as described elsewhere7,8. Only the households of index cases
with confirmed influenza A virus infection are included in the present analyses.
The primary outcome measure was the secondary infection risk at the individual
level, that is, the proportion of household contacts that had influenza virus
infection confirmed by RT–PCR during follow-up. Written informed consent was
provided by all subjects 18 years of age and older, and proxy written consent from
parents or legal guardians was obtained for children. The studies were approved by
Institutional Review Boards in Hong Kong and Bangkok, respectively.

Statistical analysis. We constructed a mathematical model that accounted for the
alternative modes of transmission (Supplementary Methods, Supplementary
Tables S13–S15, Supplementary Fig. S17) and used it to analyse the observed time
intervals between primary and secondary cases, the frequency of secondary
transmission in households and the risk of presentation with fever plus cough
among confirmed secondary cases. As the observation of household transmission
was truncated at around 7 days as illness onset in each index case, we assumed that
all of observed secondary cases resulted from actual secondary transmission. We
estimated the cumulative hazards of infection with or without fever in each study
arm using the Nelson–Aalen non-parametric estimator. Using the competing risk
model described in the Supplementary Information, we allowed household contacts
to experience competing hazards of infection by three alternative modes, and time
to infection in each mode followed a Weibull distribution with an identical shared
shape parameter and mode-specific scale parameters. Infection via one mode was
sufficient to confer immunity against any further infection. In households with one
or more secondary case, we assumed independent hazards of infection from each
infected person in a household for the remaining contacts. Some household con-
tacts were assumed to be immune to infection by any mode, and we jointly esti-
mated the proportion of initially immune children and adults with other
parameters. We assumed that randomization to the hand hygiene intervention
reduced the risk of contact transmission, and the addition of surgical face masks
also reduced the risk of droplet transmission independently. Moreover, we assumed
a different risk of fever plus cough following infection with each mode of trans-
mission. Quantifying each hazard of secondary transmission, we computed the
cause-specific probability of aerosol transmission to express the relative contribu-
tion of aerosol transmission among all three modes. Data from the Hong Kong
study and statistical syntax in the R language to permit reproduction of these
analyses are available at the corresponding author’s website (http://www.hku.hk/
bcowling/influenza/HK_NPI_study.htm).

References
1. Tellier, R. Review of aerosol transmission of influenza A virus. Emerg. Infect.

Dis. 12, 1657 (2006).

2. Brankston, G., Gitterman, L., Hirji, Z., Lemieux, C. & Gardam, M.
Transmission of influenza A in human beings. Lancet Infect. Dis. 7,
257 (2007).

3. Weber, T. P. & Stilianakis, N. I. Inactivation of influenza A viruses in the
environment and modes of transmission: a critical review. J. Infect. 57, 361
(2008).

4. Tellier, R. Aerosol transmission of influenza A virus: a review of new studies.
J. R Soc. Interface. 6(Suppl 6), S783 (2009).

5. Cowling, B. J. Airborne transmission of influenza: implications for control in
healthcare and community settings. Clin. Infect. Dis. 54, 1578 (2012).

6. Bean, B. et al. Survival of influenza viruses on environmental surfaces.
J. Infect. Dis. 146, 47 (1982).

7. Mukherjee, D. V. et al. Survival of influenza virus on hands and fomites in
community and laboratory settings. Am. J. Infect. Control 40, 590 (2012).

8. Simmerman, J. M. et al. Influenza virus contamination of common household
surfaces during the 2009 influenza A (H1N1) pandemic in Bangkok, Thailand:
implications for contact transmission. Clin. Infect. Dis. 51, 1053 (2010).

9. Stebbins, S. et al. Reduction in the incidence of influenza A but not influenza B
associated with use of hand sanitizer and cough hygiene in schools: a
randomized controlled trial. Pediatr. Infect. Dis. J. 30, 921 (2011).

10. Talaat, M. et al. Effects of hand hygiene campaigns on incidence of laboratory-
confirmed influenza and absenteeism in schoolchildren, Cairo, Egypt. Emerg.
Infect. Dis. 17, 619 (2011).

11. Cowling, B. J. et al. Facemasks and hand hygiene to prevent influenza
transmission in households: a randomized trial. Ann. Intern. Med. 151, 437
(2009).

12. Simmerman, J. M. et al. Findings from a household randomized controlled trial
of hand washing and face masks to reduce influenza transmission in Bangkok,
Thailand. Influenza Other Respi. Viruses 5, 256 (2011).

13. Papineni, R. S. & Rosenthal, F. S. The size distribution of droplets in the exhaled
breath of healthy human subjects. J. Aerosol. Med. 10, 105 (1997).

14. Milton, D. K., Fabian, M. P., Cowling, B. J., Grantham, M. L. & McDevitt, J. J.
Influenza virus aerosols in human exhaled breath: particle size, culturability and
effect of surgical masks. PLoS Pathog. 9, e1003205 (2013).

15. Fabian, P. et al. Influenza virus in human exhaled breath: an observational
study. PLoS ONE 3, e2691 (2008).

16. Lindsley, W. G. et al. Measurements of airborne influenza virus in aerosol
particles from human coughs. PLoS ONE 5, e15100 (2010).

17. Noti, J. D. et al. Detection of infectious influenza virus in cough aerosols
generated in a simulated patient examination room. Clin. Infect. Dis. 54, 1569
(2012).

18. Blachere, F. M. et al. Measurement of airborne influenza virus in a hospital
emergency department. Clin. Infect. Dis. 48, 438 (2009).

19. Wong, B. C. et al. Possible role of aerosol transmission in a hospital outbreak of
influenza. Clin. Infect. Dis. 51, 1176 (2010).

20. Andrewes, C. H. & Glover, R. E. Spread of infection from the respiratory tract
of the ferret I Transmission of influenza A virus. Br. J. Exp. Pathol. 22, 91
(1941).

21. Lau, L. L. et al. Household transmission of 2009 pandemic influenza A (H1N1):
a systematic review and meta-analysis. Epidemiology 23, 531 (2012).

22. Alford, R. H., Kasel, J. A., Gerone, P. J. & Knight, V. Human influenza resulting
from aerosol inhalation. Proc. Soc. Exp. Biol. Med. 122, 800 (1966).

23. Little, J. W., Douglas, Jr. R. G., Hall, W. J. & Roth, F. K. Attenuated influenza
produced by experimental intranasal inoculation. J. Med. Virol. 3, 177 (1979).

24. Gustin, K. M. et al. Influenza virus aerosol exposure and analytical system for
ferrets. Proc. Natl Acad. Sci. USA 108, 8432 (2011).

25. Milton, D. K. What was the primary mode of smallpox transmission?
Implications for biodefense. Front. Cell. Infect. Microbiol. 2, 150 (2012).

26. Roy, C. J. & Milton, D. K. Airborne transmission of communicable infection--
the elusive pathway. N. Engl. J. Med. 350, 1710 (2004).

27. Boelle, P. Y., Ansart, S., Cori, A. & Valleron, A. J. Transmission parameters of
the A/H1N1 (2009) influenza virus pandemic: a review. Influenza Other Respi.
Viruses 5, 306 (2011).

28. Shaman, J. & Kohn, M. Absolute humidity modulates influenza
survival, transmission, and seasonality. Proc. Natl Acad. Sci. USA 106, 3243
(2009).

29. Lowen, A. & Palese, P. Transmission of influenza virus in temperate zones is
predominantly by aerosol, in the tropics by contact: a hypothesis. PLoS Curr.
Influenza 1, RRN1002 (2009).

30. Moser, M. R. et al. An outbreak of influenza aboard a commercial airliner.
Am. J. Epidemiol. 110, 1 (1979).

31. Killingley, B. et al. Potential role of human challenge studies for investigation of
influenza transmission. Lancet Infect. Dis. 11, 879 (2011).

32. Everitt, A. R. et al. IFITM3 restricts the morbidity and mortality associated with
influenza. Nature 484, 519 (2012).

33. Horby, P., Nguyen, N. Y., Dunstan, S. J. & Baillie, J. K. The role of host
genetics in susceptibility to influenza: a systematic review. PLoS ONE 7,
e33180 (2012).

NATURE COMMUNICATIONS | DOI: 10.1038/ncomms2922 ARTICLE

NATURE COMMUNICATIONS | 4:1935 | DOI: 10.1038/ncomms2922 | www.nature.com/naturecommunications 5

& 2013 Macmillan Publishers Limited. All rights reserved.

http://www.hku.hk/bcowling/influenza/HK_NPI_study.htm
http://www.hku.hk/bcowling/influenza/HK_NPI_study.htm
http://www.nature.com/naturecommunications


34. Shaman, J., Pitzer, V. E., Viboud, C., Grenfell, B. T. & Lipsitch, M. Absolute
humidity and the seasonal onset of influenza in the continental United States.
PLoS Biol. 8, e1000316 (2010).

Acknowledgements
We thank Mark Dworkin, Heath Kelly, Yuguo Li, Marc Lipsitch, Don Milton, Jeffrey
Shaman, Joe Wu, Peng Wu and Hui-Ling Yen for helpful discussions. We also thank
Lincoln Lau and Nancy Leung for technical assistance; Rita Fung, Hau Chi So, Calvin
Cheng, Winnie Wai, Joey Sin, Wing Hong Seto, Raymond Yung, Daniel Chu, Billy Chiu,
Paco Lee, Ming Chi Chiu, Hoi Che Lee and Peter Houck for assistance with the Hong
Kong trial; and Suchada Kaewchana, Robert Gibbons, Richard Jarman, Wiwan Sana-
suttipun, Susan Maloney and Laurie Kamimoto for assistance with the Bangkok trial.
This project was supported by the National Institute of Allergy and Infectious Diseases
under contract no. HHSN266200700005C; ADB No. N01-AI-70005 (NIAID Centers for
Excellence in Influenza Research and Surveillance), the Harvard Center for Commu-
nicable Disease Dynamics from the National Institute of General Medical Sciences
(Grant no. U54 GM088558) and the Area of Excellence Scheme of the Hong Kong
University Grants Committee (Grant no. AoE/M-12/06). The household trials in Hong
Kong and Bangkok were supported by the United States Centers for Disease Control and
Prevention (Grant no. 1 U01 CI000439). H.N. received funding support from JST
PRESTO. The funding bodies had no role in study design and analysis or the decision
to publish, but the CDC was involved in the design of the original studies and the
preparation of this manuscript. This work represents the views of the authors and
not their institutions, including the Centers for Disease Control and Prevention.

Author contributions
B.J.C. designed the study, analysed data and wrote the paper. D.K.M.I. was involved in
study design. V.J.F. and H.N. were involved in study design and analysed data. P.S.,
S.J.O., J.L., T.M.U., G.M.L., J.S.M.P., T.C and J.M.S. interpreted data. S.J.O., T.M.U.,
G.M.L., J.S.M.P. H.N. and J.M.S. contributed to revisions of the manuscript. H.N. and
J.M.S. contributed equally to the article. All authors discussed the results and commented
on the manuscript.

Additional information
Supplementary Information accompanies this paper at http://www.nature.com/
naturecommunications

Competing financial interests: B.J.C. has received research funding from MedImmune
Inc., and consults for Crucell NV; D.K.M.I. has received research funding from F.
Hoffmann-La Roche Ltd; J.S.M.P. receives research funding from Crucell NV and serves
as an ad hoc consultant for GlaxoSmithKline and Sanofi; J.M.S. has retired from the US
CDC and now works with Sanofi Pasteur. The remaining authors report no other
potential conflict of interest.

Reprints and permission information is available online at http://npg.nature.com/
reprintsandpermissions/

How to cite this article: Cowling, B. J. et al. Aerosol transmission is an important mode
of influenza A virus spread. Nat. Commun. 4:1935 doi: 10.1038/ncomms2922 (2013).

ARTICLE NATURE COMMUNICATIONS | DOI: 10.1038/ncomms2922

6 NATURE COMMUNICATIONS | 4:1935 | DOI: 10.1038/ncomms2922 | www.nature.com/naturecommunications

& 2013 Macmillan Publishers Limited. All rights reserved.

http://www.nature.com/naturecommunications
http://www.nature.com/naturecommunications
http://npg.nature.com/reprintsandpermissions/
http://npg.nature.com/reprintsandpermissions/
http://www.nature.com/naturecommunications

	Aerosol transmission is an important mode of influenza A virus spread
	Introduction
	Results
	Descriptive analysis
	Modes of transmission

	Discussion
	Methods
	Sources of data
	Statistical analysis

	Additional information
	Acknowledgements
	References




