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Eurasian lineages of swine, avian, and
human influenza A viruses.1,2 The haem-
agglutinin (HA) of the pandemic (H1N1)
2009 strain belongs to the classic swine
lineage, which probably entered swine pop-
ulations around 1918; it is antigenically
similar to triple-reassortant swine influenza
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ABSTRACT

Objective:  To assess background pre-pandemic cross-reacting antibodies to the 
pandemic (H1N1) 2009 virus in older populations in Australia.
Design, setting and participants:  Data were opportunistically generated from three 
cross-sectional pre-pandemic studies involving people aged 60 years or older: a 3-year 

–2008) study of influenza outbreaks in aged care facilities (ACFs) in Sydney; an 
tigation of a respiratory virus outbreak in an ACF in rural New South Wales in June 
; and a non-influenza serosurvey undertaken in NSW in 2007 and 2008.
 outcome measure:  Prevalence of pandemic (H1N1) 2009 haemagglutination 
ition (HAI) antibody titres � 1:40 (putative protective level) in pre-pandemic sera.
lts:  In total, 259 serum samples from individuals aged 60 years or older (range, 60–
ears) were tested. More than half of the individuals tested were women (151/259; 

58.3%). About a third of individuals (37.5%) had cross-reacting HAI antibody titres � 1:40. 
The prevalence of cross-reacting antibodies was highest in the oldest age groups (� 85 
years), with more than 60% of these people having HAI antibody titres � 1:40. The 
proportion of subjects with HAI antibody titres � 1:40 decreased significantly and 
successively in younger groups to only 12% of those aged 60–64 years.
Conclusions:  Our study suggests a pre-existing influenza A antibody reserve in most of 
the oldest group of people that was cross-reactive to the new pandemic (H1N1) 2009 
virus; this is likely to be lifelong and to have provided them with clinical protection 
against the first wave of the pandemic. Pandemic influenza control measures need to 
focus more on younger adults naive to the pandemic virus and at increased risk of severe 
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clared the first influenza pandemic
the 21st century on 11 June 2009.

The pandemic (H1N1) 2009 virus is a novel
A(H1N1) quadruple-reassortant virus that
contains genes from North American and

viruses found in pigs (and occasionally in
humans) in the United States since the late
1990s.1-4 The pandemic (H1N1) 2009 virus
is genetically and antigenically different to
the seasonal human influenza A(H1N1)
viruses circulating over recent decades.3

A consistent feature of influenza pandem-
ics in the 20th century was that both mor-
bidity and mortality disproportionately
affected young people, especially during the
1918–1919 pandemic when about half the
influenza-related deaths occurred in the 20–
40-years age group.5-7 It is thought that
influenza A(H1N1) circulated in humans for
some years before 1873, so those born
before 1873 and still alive in 1918 (ie, aged
45 years or older) may have had some cross-
protection.8 Antigen “recycling” may also
have provided the partial protection against
influenza-related death observed during the
1968 A(H3N2) pandemic among people
born before the 1889–1891 pandemic.
Studies have confirmed the pre-pandemic
presence in 1968 of H3-like antibodies in
people born before 1892.9

Although people aged at least 65 years
(and even more so those 85 years or older)
are at high risk of seasonal influenza-related
complications and death, the highest attack
rates for pandemic (H1N1) 2009 influenza
were in younger adults and children.10,11

The significantly lower proportion of cases
in older people may be explained by cross-
reacting antibodies to the pandemic virus
among this population. Recent pandemic
(H1N1) 2009-specific serosurveys have
shown significantly higher levels of cross-
reacting influenza antibody in pre-pandemic
sera from the population aged over 65

years.12-16 The oldest group (�85 years),
who were born around the time of the 1918
pandemic or its immediate aftermath, may
have even better protection. For pandemic
control, it is important to know about pre-
existing immunity to the pandemic strain
across the general population, and especially
among high-risk groups such as older peo-
ple, so as to better focus prophylaxis with
vaccines and antivirals.17

Our aim was to assess the background
pre-pandemic cross-reacting haemaggluti-
nation inhibition (HAI) antibody to the pan-
demic (H1N1) 2009 virus in older
populations in Australia, to better inform
the control and management of this and
future pandemics.

METHODS

Study design and data sources
We generated data for this study from three
opportunistic cross-sectional pre-pandemic
studies: a 3-year aged care facility (ACF)
influenza outbreak study, an investigation of

a respiratory virus outbreak in an ACF, and a
non-influenza serosurvey.

The first study was a cluster randomised
controlled trial of influenza treatment and
prevention conducted in 2006–2008 in 16
ACFs in the greater Sydney region. Acute
and convalescent blood samples were col-
lected from ill residents of the nine ACFs
where influenza outbreaks occurred (one in
2006, five in 2007 and three in 2008). All
outbreaks were due to seasonal influenza
A(H3N2) or B; none were due to seasonal
A(H1N1) and no patients seroconverted to
the pandemic (H1N1) 2009 virus.18

During early June 2009, we assisted with
managing an outbreak of influenza-like ill-
ness in an ACF in rural New South Wales. It
was shown to be mainly due to rhinovirus,
with 10 residents testing positive to rhino-
virus and one to pandemic (H1N1) 2009
using nucleic acid testing.19 After consent
was obtained, acute and convalescent blood
samples were collected from the 28 ACF
residents within 1 week of the first case; for
the purpose of this study, the acute samples
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were classified as pre-pandemic (in any
case, only one patient seroconverted).

Stored pre-pandemic serum samples from
107 NSW residents aged over 65 years,
which had been submitted for non-influ-
enza serological testing during 2007 and
2008, were tested for pandemic (H1N1)
2009-specific antibodies as part of a pan-
demic serosurvey funded by the NSW
Department of Health.

Ethics approval
For the 2006–2008 study, serum samples
were collected after approval was granted by
the human research ethics committees of the
Children’s Hospital at Westmead, Sydney
West Area Health Service and the University
of Sydney. The 2009 outbreak investigation
was conducted as an urgent public health
intervention on behalf of the NSW Depart-
ment of Health. The testing of diagnostic
samples from the NSW non-influenza sero-
survey, which would otherwise have been
discarded, was approved for pandemic
(H1N1) 2009 serosurveillance by the Syd-
ney West Area Health Service Human
Research Ethics Committee.

Haemagglutination inhibition assay
A pandemic (H1N1) 2009-specific HAI
assay was performed using a gamma-irradi-
ated preparation of influenza A/California/
07/2009 virus.20 We have no evidence that
gamma irradiation affects the estimation of
antibody levels.

Briefly, serum specimens were treated
with receptor-destroying enzyme to remove
inhibitors, diluted 1:10, and heat inacti-
vated. Serial doubling dilutions (and appro-
priate controls) were reacted with antigen in
a microtitre tray before a 1% v/v suspension
of human group O red blood cells was
added. Endpoints were read by two inde-
pendent operators as the last dilution show-
ing complete inhibi t ion o f haem-
agglutination after 1–2 hours. For the pur-
pose of this study, titres � 1:40 were consid-
ered to reduce the risk of clinical infection
with pandemic (H1N1) 2009 influenza by
50%.21 All testing was performed in a single
laboratory.

Statistical analysis
We calculated the prevalence of cross-react-
ing antibody titres � 1:40 in pre-pandemic
sera. Results were analysed by standard 5-
year age groups (60–64, 65–69, 70–74, 75–
79, 80–84, 85–89 and � 90 years; by age at
time of serum sample collection) and also by

birth year. We performed χ2 analysis for
trend on the different sample groups to see
whether there was any significant trend
across age groups. We also calculated the
geometric mean titre (GMT) of antibody by
birth year. A P value < 0.05 was considered
statistically significant.

RESULTS
In total, 259 serum samples from individu-
als aged 60 years or older (range, 60–101
years) were tested (Box 1). Overall, the
proportion of individuals with cross-react-
ing antibody titres � 1:40 was 37.5% (97/
259; 95% CI, 31.6%–43.3%). Respectively,
the proportions with cross-reacting antibody
titres of < 1:10, 1:10, 1:20, 1:40 and � 1:80
were 23.9% (95% CI, 19.1%–29.5%),
17.3% (95% CI, 13.2%–22.4%), 20.8%
(95% CI, 16.3%–26.2%), 19.7% (95% CI,
15.3%–24.9%) and 18.1% (95% CI,
13.9%–23.3%).

For each of the three studies, there was a
significant trend for the proportion of indi-
viduals with protective antibody titres
(� 1:40) to increase with increasing age of
the participants. Combined, the trend was
highly significant (Box 1). The prevalence of
cross-reacting antibody titres � 1:40 was

highest in the oldest age groups, with more
than 60% of individuals aged � 85 years
having titres � 1:40. The prevalence
decreased significantly with successively
younger cohorts, to only 12% in those aged
60–64 years (Box 1 and Box 2). The biggest
step-down and the only significant differ-
ence between two consecutive cohorts (P =
0.025) was between the 85–89-years and
80–84-years age groups. Year-by-year exam-
ination of the data suggested that this step-
down occurred for those born in or after
1924, with this group being less likely to
have titres � 1:40 (P = 0.0001). Comparing
all individuals by GMT and birth year
showed that the older the person, the more
likely he or she was to have a high HAI
antibody titre to the pandemic (H1N1)
2009 virus (Box 3).

More than half the individuals tested were
women (151/259; 58.3%). There were sig-
nificant differences between the sexes
(P < 0.0001): almost half of the women (72/
151; 47.7%) had an HAI antibody titre
� 1:40, compared with less than a quarter
of the men (25/108; 23.1%). However, this
was confounded by age, with the median
ages of men and women being 76 and 82
years, respectively. Stratifying by 5-year age
groups found there were no significant dif-

1 Frequency of cross-reacting antibodies to the pandemic (H1N1) 2009 
influenza virus, by age group

Number of serum samples*

Age group (years)
HAI antibody 

titre
2006–2008 
ACF study

ACF outbreak 
investigation Serosurvey Total†

� 90 � 1:40 20 3 1 24 (69%)

< 1:40 8 3 0 11 (31%)

85–89 � 1:40 17 6 3 26 (57%)

< 1:40 12 3 5 20 (43%)

80–84 � 1:40 10 0 8 18 (35%)

< 1:40 19 6 8 33 (65%)

75–79 � 1:40 3 0 7 10 (27%)

< 1:40 11 3 13 27 (73%)

70–74 � 1:40 5 0 8 13 (34%)

< 1:40 6 0 19 25 (66%)

65–69 � 1:40 0 0 3 3 (11%)

< 1:40 3 3 18 24 (89%)

60–64 � 1:40 1 0 2 3 (12%)

< 1:40 9 1 12 22 (88%)

Total 124 28 107 259

χ2 for linear trend (P) 16.6 (< 0.001) 6.1 (0.01) 7.6 (0.006) 33.2 (< 0.001)

HAI = haemagglutination inhibition. ACF = aged care facility. * 11 samples collected in 2006, 68 samples in 
2007, 152 samples in 2008, and 28 samples in 2009. † Percentages are of total in each age group. ◆
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ferences between the sexes, except for those
aged 80–84 years, where 50% of women
(14/28) had an HAI antibody titre � 1:40
compared with only 17% of men (4/23)
(P = 0.015). In those aged � 85 years, 47%
of men (9/19) and 66% of women (41/62)
had a titre � 1:40 (P = 0.14).

DISCUSSION

We found that the highest levels of measura-
ble cross-reacting HAI antibodies to pan-
demic (H1N1) 2009 influenza were in
individuals born in the years before or a few
years after the 1918–1919 pandemic. The
lower proportions with cross-reacting HAI
antibodies in those born from 1925 onward
may reflect subsequent antigenic drift in the
A(H1N1) virus due to immune pressure,
possibly with glycosylation of key HA recep-
tor binding sites, in circulating strains.3,22-24

The likely first exposure to influenza A
virus for almost all individuals born
between 1918 and 1957 (aged 52–91 years
in 2009) was to an influenza A(H1N1)
strain; for those born between 1957 and
1968 (aged 41–52) it was an influenza
A(H2N2) strain; and for those born since
the last pandemic in 1968 (aged < 41) it was
an influenza A(H3N2) strain. The influenza
A(H1N1) subtype reappeared in 1977 and
co-circulated with A(H3N2) over the subse-
quent decades but did not replace the domi-
nant A(H3N2) subtype.25

We suggest that the HAI antibody cross-
reactivity against the pandemic (H1N1)
2009 virus in older individuals is due to
prior infection caused by the 1918–1919
A(H1N1) pandemic virus or its immediate
descendants, and that this immunity lasts
for many decades. Most individuals born
before 1925 had cross-reacting antibodies to

the pandemic (H1N1) 2009 virus above the
putative protective level. Even though there
is a considerable gap in the available influ-
enza viral isolates and HA sequences
between the years 1918 and 1933, the esti-
mated evolutionary speed of the virus would
be at least 1% of HA1 amino acids showing
changes per year.14 Seemingly, the mutation
rate proceeded at such a pace that viruses
circulating from the 1930s were already so
different from the 1918 virus that cross-
immunity was much reduced, helping to
explain the large step-down in cross-protec-
tion in those born from the mid 1920s
onwards.

Recent studies have shown that the pan-
demic (H1N1) 2009 HA gene is more
closely related phylogenetically to the 1918
A(H1N1) virus and classic swine influenza
A(H1N1) viruses than to recent seasonal
human influenza A(H1N1) viruses.3 It is
also antigenically similar to the 1918
A(H1N1) pandemic virus in terms of the
immunodominant antibody response to
HA.12,13,16 It seems likely that immunity
induced by the 1918 A(H1N1) virus pro-
vides cross-protection against the pandemic
(H1N1) 2009 virus, as shown by the much
lower rates of severe influenza in older age
groups during the first pandemic wave.26,27

This may or may not be a consequence of
“original antigenic sin” (OAS).28 The doc-
trine of OAS states that the first infection
with an influenza virus leaves a lifelong
immunological imprint, reinforced by later
infections with antigenically related strains.
Our data showing high HAI antibody levels
in those born in the few years before and
after the 1918–1919 pandemic make it
likely that almost all these people experi-
enced 1918 A(H1N1) virus infection as their
first influenza infection.

However, the observation that the older
those born before the 1918–1919 pandemic
were in 1919, the more frequently seroposi-
tive they were (proportions positive: 100%
born before 1910, 67% born 1910–1914,
and 54% born 1915–1919), suggests that
older people may have more immunity due
to more exposures to related A(H1N1)
strains and does not obviously support the
theory of OAS, as older children are more
likely to have previously experienced a dif-
ferent seasonal influenza strain. Even so,
some children may not experience influenza
until school age, so the principle of OAS
may still have operated. Perhaps this finding
indicates that the HA was still highly immu-
nogenic despite earlier influenza infection.
As well, or alternatively, the ability to sur-

2 Frequency of cross-reacting antibodies to the pandemic (H1N1) 2009 
influenza virus, by birth year

HAI = haemagglutination inhibition. ◆
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vive and mount a strong (probably lifelong)
response to pandemic strains may be indica-
tive of broader immunological resilience and
higher likelihood of surviving to a great age.
The greater level of protection in women
(confounded by age, but not entirely) is
intriguing and may reflect more intense
exposure to children (who transmit influ-
enza) or a sex-specific immunogenicity
advantage in women.29

In Australia, 42% of people aged 65 years
or older had received the monovalent pan-
demic (H1N1) 2009 vaccine by December
2009, whereas only 14% of adults aged
under 65 years had been vaccinated.30 This
is in stark contrast to where the clinical need
was and is indicative of the importance of
timely serosurveys, irrespective of which
strain caused the pandemic.

Our study has several limitations. First, as
an opportunistic study, we had to rely on
limited sources of pre-pandemic serum sam-
ples from older people. Second, we could
not collect information on the influenza
vaccination history of the subjects, which
might be important if there is any cross-
reaction between the seasonal influenza
strains and the pandemic virus. However,
previous studies have shown there is little
cross-reaction between pandemic (H1N1)
2009-specific HAI antibodies and antibodies
to recent seasonal A(H1N1) strains.13,20

Some of our samples were collected during
2006–2008 seasonal influenza outbreak
investigations in ACFs. However, all these
outbreaks were caused by seasonal influenza
A(H3N2) or B, so the possibility of a cross-
reactive antibody response specific to our
HAI test is unlikely (and not observed).

Our deductions are reflected in serologi-
cal findings of HAI antibodies to pandemic
(H1N1) 2009 virus in older individuals
from other developed countries.12-16

Whether this is applicable to less developed
countries needs to be determined. Seasonal
influenza control and management policies
concentrate mainly on high-risk popula-
tions, including those aged 65 years or
older. Our findings show that pandemic
influenza control measures should have
focused more on younger adults who were
naive to the pandemic virus and at increased
risk of severe disease. A second wave may
yet occur in southern hemisphere countries,
especially as the pandemic (H1N1) 2009
virus displaced other circulating seasonal
influenza strains in 2009,31 although the
combined effects of high disease incidence
in 2009 and moderately high vaccine uptake
may curtail its impact considerably.
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