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The extent of the HiN1 pandemic has been estimated
from case counts and deaths but the proportion of
exposed populations with inapparent infections has
not been described in detail. We analysed haemagglu-
tination-inhibition (HI) antibody titres of pre-vaccina-
tion sera from pandemic vaccine trials conducted in
six countries on four continents to provide an indica-
tion of A/CA/o7/2009(H1N1)-like influenza seropreva-
lence in those populations. Among 7,962 subjects,
ranging in age from 12 months to over 60 years, the
proportions with Hl antibody titres 240 to the HiN1pnd
virus in the period from August to October 2009
were, by country: Costa Rica 26.4%, United States
(US) 22.5%, Switzerland 16.9%, Germany 12.6%,
Belgium 10.1%, and Japan 5.9%. Age-specific serop-
ositivity rates in the samples were higher in children
and adolescents in Costa Rica and in the US than in
Europe and in Japan. The low proportion of seroposi-
tive children in Europe and Japan suggests that little
local viral transmission had occurred in those regions
even as late as September and October 2009, while in
the US and Costa Rica, the greater proportion of pre-
viously infected children and young adults suggested
that a significant number of asymptomatic infec-
tions had occurred during the first pandemic wave.
Nevertheless, in all locations, the majority of the pop-
ulation remained susceptible to the pandemic virus at
the beginning of the influenza season in the northern
hemisphere, justifying the implementation of public
health interventions.

Introduction

Influenza  A/CA/o7/2009(HiN1)-like  (abbreviated
H1iN1pnd in this paper) viruses spread globally within
several months after their recognition in April 2009,
resulting in the declaration of a pandemic just two
months later [1-3]. The extent of the global outbreak
has been gauged principally by counting reports of lab-
oratory-confirmed clinical cases, hospitalisations and
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deaths, and by monitoring clinical visits for influenza-
like illness. The former underestimates the number of
clinical cases and the latter is compromised by a lack
of specificity. Neither approach measures the extent
of inapparent infection. In the wake of widespread epi-
demics in both the northern and southern hemisphere,
population seroprevalence rates were not reported
systematically. Data on the overall and age-specific
prevalence of antibodies to the HiN1pnd virus provide
a perspective on the timing of recent public health vac-
cination programmes and the pandemic’s spread.

We examined pre-vaccination serum samples from
pandemic vaccine trials conducted in four continents
to provide a crude indication of the proportion of those
populations with immunity to the HiN1ipnd virus and,
conversely, the proportion that potentially remained
susceptible to infection.

Methods

We analysed baseline (pre-vaccination) antibodies to
the HiN1pnd virus among persons participating in vac-
cine clinical trials at 54 sites in the United States (US),
seven in Germany, two in Belgium, one in Switzerland,
and one each in Costa Rica and Japan. The clinical tri-
als were conducted during the period from August to
October 2009 and enrolled 7,962 persons, ranging
in age from 12 months to over 60 years. All studies
excluded from participation individuals who reported
having had a confirmed influenza illness within the
past 3 to 12 months (intervals varied by protocol).
Studies in children were initiated after an independ-
ent safety monitoring committee had reviewed interim
safety of the vaccine in adult subjects (Europe) or after
a separate government decision (Japan), so their initial
blood samples were taken several weeks after those
in adult subjects. In the US and Costa Rica, adults and
children were enrolled into their respective trials in
parallel.



Prevaccination serum samples were tested for haemag-
glutination-inhibition (HI) antibodies against influenza
A/CA/o7/2009(H1N1) according to established proto-
cols in a single laboratory (Novartis Vaccines serology
laboratory) [4]. All sera were tested in duplicate in two
separate runs and the final titre was the geometric
mean of two readings.

Prevalence rates of Hl antibodies with a titre 240 were
analysed by country and by age group. Data for indi-
vidual European countries were similar and were com-
bined. Crude country- and region-specific rates were
not adjusted to standard populations. We chose an Hl
titre 240 as a cut-off to represent HiNipnd virus-spe-
cific antibodies and to reduce the likelihood of misclas-
sifying cross-reactive antibodies (210) [5].

Results

The numbers and proportion of subjects with HiN1pnd
HI antibodies are shown by country and age group in
Figures 1 and 2. The estimated prevalence of HI anti-
bodies to HiN1pnd varied substantially by geographi-
cal location and age group (studies in the US were not
designed to include children 9-17 years old). Overall,
seropositivity rates (proportion with HI titres >40) were
higher in cohorts from Costa Rica (26.4%, enrolled
during August 18-August 31) and from the US (22.5%,
enrolled 11-25 September) compared with those in
Switzerland (16.9%, enrolled 8-26 August), Germany
(12.6%, enrolled 8 August-29 September), Belgium
(10.1% enrolled 8 August-2 October) and Japan (5.9%,
enrolled 16 September-2 October). The age-specific
seropositivity rate in the Costa Rica sample was high-
est in older children, while in Europe and Japan, rates
were higher in adults and were low in children. In the
US sample, the proportion of seropositives was two- to
three-fold lower in children between three and eight
years of age (11.2%) compared with adults (24.9%) and
the elderly (31.2%).

FIGURE 1

The regional and age-specific patterns of subjects with
an HI titre 210 were similar but were proportionately
higher, except in Costa Rica (Figures 1 and 2).

Discussion and conclusions

We observed regional differences in overall and age-
specific HIN1pnd seropositivity rates (defined as an Hl
titre of 2 40) in the period from August through October
2009 that may have reflected the manner of introduc-
tion of the pandemic virus to the respective areas and
subsequent patterns of local transmission. While the
virus was introduced by infected travellers from North
America to distant points, including Europe, Asia, and
Oceania, within weeks of its emergence, the extent to
which the virus was seeded into those populations and
the rapidity of local spread appears to have differed.
In Costa Rica, the virus may have been introduced with
contiguous expansion of the regional epidemic through
Central America from Mexico, as well as directly, by
travellers.

Reported surveillance data on influenza like illness (ILI)
indicate that baseline serum specimens were taken
during the peak of ILI activity in Costa Rica and dur-
ing the early upswing of renewed epidemic transmis-
sion in the US, but that the vaccine trials in Europe and
in Japan largely preceded the onset of respective local
epidemics [6-8]. The high overall seropositivity rate in
Costa Rica and the peak rate occurring in older children
are consistent with the epidemiology of the pandemic.
In the US, our trial and another conducted in the same
time-frame [9] did not study 9-17 year-olds, thus, the
overall proportion of seropositive subjects, 22.5% in
this study, is likely to underestimate the proportion of
the US population that was asymptomatically infected.

In Europe and in Japan, lower overall antibody preva-
lence rates prevailed at the time that the serum sam-
ples were taken, suggesting that local transmission

Proportion of clinical trial subjects with HIN1pnd haemagglutination inhibition antibody titres >10 and >40, by country,
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still was limited in Europe in September, and as late
as October in Japan. These low seroprevalence rates
were consistent with reports from vaccine studies
conducted before 18 September in Europe and China
that reported, respectively, 0-8% and 4% of subjects
had baseline HI titres 240 [9-13]. In contrast, approxi-
mately one third of adult and older paediatric subjects
who were vaccinated in the midst of the epidemic in
the southern hemisphere in July and August 2009 had
baseline antibody titres 240 [14,15]. The low proportion

FIGURE 2

Proportion of clinical trial subjects with HIN1pnd
haemagglutination inhibition antibody titres 210 and >40,
by country or region and by age group, August-October
2009
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of seropositives in the oldest Japanese age group,
approximately one third lower than the 34% prevalence
previously reported in the elderly in the US [5] and in
our US sample is notable, potentially reflecting the
absence of routine seasonal influenza vaccination of
the elderly in Japan and perhaps, even a residual effect
of the US 1976 swine influenza vaccination campaign.

The last two weeks of August, when the European trials
were initiated, is a period when many Europeans return
from holidays but before schools reopen. Despite the
fact that baseline serum samples were obtained later
from children than from adults, the infection rate in
children was remarkably low, suggesting that even
through September, relatively little local transmis-
sion had occurred. At that point in time, it appears
that antibodies among adults in Europe (and also in
Japan) still were more likely to reflect a combination of
recent pandemic infections in returned travellers and
past infections with older, related HiN1 viruses rather
than local transmission. Of interest, a more systematic
and detailed analysis of the population of the United
Kingdom (UK) showed that by August, a higher propor-
tion of serum samples submitted for testing were sero-
positive (HI titres 232) than among our samples from
continental Europe which were closer to the 2008 UK
baseline rates [16]. That discrepancy and differences
within the UK itself during the outbreak [16] further
underscore the non-uniform dispersion of the pan-
demic virus even within a continent.

Serological studies of US and European serum sam-
ples obtained prior to the pandemic showed that fewer
than 7% of persons under 65 years of age and none of
the young children were seropositive for the HiN1pnd
virus [5]. In these same age groups, we saw a substan-
tially higher proportion of seropositives (e.g. »20% in
Costa Rica) by late August and September, suggesting
that a significant fraction of the populations of some
countries had been asymptomatically infected with
the pandemic virus towards the end of the epidemic’s
first wave, and just four to five months after the index
cases were reported. Unfortunately, data were not col-
lected from the US for the age group of 9-17 year-olds,
in whom a greater proportion of infections might have
been expected, so the overall seroprevalence estimate
for the US is likely to be understated. Nevertheless,
the great majority of subjects had HI antibodies titres
<40 and potentially were susceptible to infection even
at this point in early autumn.

The seropositivity proportions reported here derive
from convenience samples of healthy persons willing
to participate in vaccine clinical trials and who did
not report a history of recent influenza illness and,
therefore may not be representative of their respec-
tive national populations. The proportions provide
some indication of age-specific seroprevalence rates in
the respective countries in the period from August to
October 2009 at various stages of their local epidemic
but, in general, before the major resurgence of autumn



transmission in the northern hemisphere. Clinical trial
subjects were enrolled from a variable number of sites
in each country and local infection rates may not have
reflected national trends, although the more than
4,000 samples and 54 sites dispersed in the US pro-
vide for a more robust estimate for that country than in
the other countries.

Minimal antigenic cross-reactivity between HiNipnd
and recently circulating seasonal HiN1 strains has
been demonstrated and, in the absence of specific
clinical data correlating with protection, we used an
HI titre of 240 previously to define HiN1ipnd-specific
immunity in order to exclude antibodies cross-reactive
with previously circulating seasonal influenza A(H1N1)
viruses [5].

Although our point estimates of seropositivity indicate
that a significant proportion of the US and Costa Rica
populations sampled may have been asymptomati-
cally infected with the HiN1pnd virus, it is important to
note that at the start of the usual northern hemisphere
influenza season, a majority of people in all regions
and in particular in Europe, did not have antibodies
to the pandemic virus at putatively protective levels.
Large scale vaccination programmes were therefore in
order to protect individuals at risk for acquiring influ-
enza illness and its complications, and to further limit
transmission.

The seropositivity rates reported here also are impor-
tant to guide the interpretation of vaccine clinical
trials. Responses to the HiNipnd vaccine vary signifi-
cantly between seronegative and seropositive persons
(Novartis, unpublished data). Because most pandemic
vaccine clinical trials have been undertaken during
periods of active viral transmission, the results should
be interpreted in the context of the level of pre-vacci-
nation antibodies.
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