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How did the 2009 pandemic compare with
previous pandemics?
severe disease were those who were too young to be
protected by specific high-avidity antibodies, too old
to be well-protected by innate immunity, and unlucky
enough to have missed out on recent exposures to
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The behaviour of influenza, whether seasonal or pandemic,
must be understood in terms of the ecological interplay
between the virus characteristics, the population characteristics
that determine opportunities for transmission, and levels of
population susceptibility, determined principally by the history
of prior exposure8. It is well known that seasonal influenza
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Table 1. Features of seasonal and pandemic influenza.

Feature

Seasonal influenza

Typical pandemic

H1N1 2009

Frequency

Usually annual

Sometimes multiple waves

Multiple waves

Cycle

Cooler months

Sometimes out-of-season
onset

Out-of-season onset

Clinical attack rate

5–20%

10–70%

10–20%

Asymptomatic infection

Frequent

Less frequent

Frequent

Mortality

Low

Higher

Low

Age distribution

More deaths in elderly

More deaths in younger
adults

More severe in younger adults
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H1N1 2009 in Australia17, many fewer than the excess deaths
in older persons usually attributable to seasonal influenza each
year1,17. Worldwide, the mortality from H1N1 2009 was also
insignificant in comparison with the devastating pandemic of
1918–19, which killed between 0.2% and 2% of the population in
most countries18.
How do we explain the low aggregate mortality, the greater
relative severity in younger adults, and the apparently limited
spread of the 2009 virus? The explanation is likely to be
immunological (Table 2). In particular, it seems that, as with
most viral infections, children were protected from death in 2009
by innate immunity6,8, whereas older persons were protected
because of specific antibodies induced by exposure to a related
H1N1 virus that had last circulated when they were children2-8,12.
Furthermore, it is highly likely that many persons were not
susceptible to infection with the 2009 H1N1 virus, because when
it arrived they were protected by short-lived, strain-transcending
immunity induced by recent exposure to seasonal influenza8,9,13-15.
Indeed, in many populations, seasonal influenza strains were still
circulating until driven out by H1N1 2009.
The final piece of the puzzle is to understand why it was that only
a small minority of middle-aged adults became severely ill from
H1N1 2009, even in the absence of risk factors such as obesity,
Aboriginality and pregnancy1,2,5,11. Again the answer may be
immunological. For such adults, innate immune responses would
have been less active than in children, but they were too young
to have specific immunological memory and protection dating
from the last circulation of an H1N1 virus similar to that of 2009.
A recent report19 has suggested that low-avidity cross-reacting
antibody to H1-2009 antigen, forming immune-complexes in
vivo, could help to explain the severity of disease in a minority
of middle-aged adults.
As in 1918-19 , we suggest that young or middle-aged adults
were most susceptible to severe infection if they also lacked
the short-lived, strain-transcending immune protection that
13,20

would have been boosted by recent prior exposure to seasonal
influenza. In other words, those with the most severe infections
in 2009 were likely to be younger adults who by chance had
escaped recent infections with seasonal influenza. This conjecture
is quantitatively plausible, in the light of modelling that indicates
a half-life of serological protection against seasonal influenza of
perhaps four–eight years21, and data from the island of Tristan
da Cunha, suggesting a very high degree of susceptibility to
influenza following isolation for a period of at least nine years8,9,22.
Indeed, it seems possible that the lesser severity of H1N1 2009,
particularly when compared with 1918–19, is partly due to the
increasing connectedness of the modern world, which helps
to ensure that most people are regularly exposed to seasonal
influenza, and hence partly protected, perhaps even against a
novel pandemic strain.
The effect of seasonal influenza vaccines in modifying the human
response to H1N1 2009 infection is still controversial. Some
reports have suggested that pandemic symptoms were more
frequent in persons previously vaccinated against seasonal strains
of H1N1 and H3N223. Such an effect was predicted earlier9, on
the grounds that by preventing infection with seasonal virus,
seasonal vaccine could also prevent the induction of straintranscending immune protection against any new virus.
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Table 2. Overview of protective immune mechanisms following human influenza infection13.
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Category

Duration of
effectiveness

Suggested
mechanisms

Antigenic
specificity

Importance

Innate immunity

Daysa

Interferons, other
cytokines & cellular
responses

Very low

Early defence & viral clearance

Temporary
straintranscending
immunity

Monthsb

? IgM or IgG or IgA
antibody

Broad specificity
e.g. to B-cell or
T-cell epitopes
shared between
different subtypes & strains

Broad protection for the host; mediates
competition between viral strains

Longer-lived
immunity

Yearsc

High antigenic
specificity

More permanent strain-specific protection

? Cytotoxic T cells

B-cell-dependent
IgG and IgA antibody,
particularly to specific
HA epitopes of the
infecting strain
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Footnotes
a

The occurrence of second infections after a mean latency of 12 days (95%
confidence interval 9–17 days) suggests9 that the innate response clearing the
first infection is switching off once viral clearance has occurred – typically by

11. Webb, S.A. et al. (2009) Critical care services and 2009 H1N1 influenza in
Australia and New Zealand. N. Engl. J. Med. 361, 1925–1934.
12. Hancock, K. et al. (2009) Cross-reactive antibody responses to the 2009
pandemic H1N1 influenza virus. N. Engl. J. Med. 361, 1945–1952

Shaman, J. et al. (2009) Absolute humidity and the seasonal onset of influenza

seven days in most influenza infections.
b

See Table 3 for various estimates of the mean duration of strain-transcending
temporary immunity.

c

After full recovery from influenza, it is usually at least several years before the

14. McCaw, J.M. et al. (2009) Influenza: accounting for prior immunity. Science 325,
1071; author reply 1072–1073.

same serotype is able to cause a repeat episode of symptomatic influenza.

15. Ferguson, N.M. et al. (2003) Ecological and immunological determinants of
influenza evolution. Nature 422, 428–433.

that longer-lived immunity is incremental – that is to say,

The interval between repeat attacks can be shorter in children, suggesting

16. Franco-Paredes, C. et al. (2009) H1N1 influenza pandemics: comparing the
events of 2009 in Mexico with those of 1976 and 1918-1919. Arch. Med. Res. 40,
669–672.
17. Australian Government Department of Health and Ageing. (2010) Australian
Influenza Surveillance Report No. 44, 2010, Reporting Period: 30
October – 5 November 2010 http://www.healthemergency.gov.au/internet/

that it may

depend on repeated exposures. Modelling studies9, 21 suggest that longer-lived
immunity has an average duration of perhaps 4–8 years, although in certain
circumstances it may be life-long.
d

Although their model helps to explain the slow rate of evolution of influenza A,
the authors did not report confidence intervals for their estimate.

Table 3. Estimates of the mean duration (95% credibility intervals) for strain-transcending temporary immunity.

Estimate (days)

Basis of estimate

Authors

187d

Arbitrary (six-month) duration to explain restricted rates of infection for a
novel strain following earlier infection with wild-type strain

Ferguson et al. (2003)

68 (56–95)

MCMC-based estimate from modelling of symptomatic influenza in airforce personnel in the 1918–19 pandemic

Mathews et al. (2007)

67 (36–135)

MCMC-based estimate from modelling of symptomatic influenza
amongst English schoolchildren in the 1918–19 pandemic

Mathews et al. (2010)

130(64–219)

MCMC-based estimate from modelling of symptomatic influenza amongst
predominantly adult populations in the 1918–19 pandemic in England.

Mathews et al. (2010)

125(101–158)

MCMC-based estimate from modelling of Slepushkin data using methods
similar to those in Mathews et al. (2010).

Mathews (in prep.)
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