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Over the past few decades a large number of new and emerging infectious diseases have
been recognised in humans, partly because of improved diagnostic technologies and increased
awareness and also, partly because of dynamic ecological changes between human hosts and
their exposure to animals and the environment (Coker et al. 2011). Some 177 new pathogenic
organisms have been recognised to be ‘emerging’, that is, have newly arisen or been newly
introduced into human populations; almost three quarters of these, 130 (73%), have come
from zoonotic origins (Cascio et al. 2011; Cutler, Fooks & Van Der Poel 2010; Taylor, Latham
& Woolhouse 2001; Woolhouse & Gowtage-Sequeria 2005). One of the most prevalent and
important human infectious disease is influenza, a disease responsible globally for a quarter
million deaths annually. In the USA alone the toll from influenza is estimated at 36 000 deaths
and 226 000 hospitalisations, and it ranks as the most important cause of vaccine preventable
mortality in that country (CDC 2010). The epidemiological behaviour of human influenza
clearly defines it as an emerging infectious disease and the recent understanding of its zoonotic
origins has contributed much to the understanding of its behaviour in humans (Fauci 2006).

The classical view of influenza
Influenza is one of the most enigmatic of human viruses especially when one considers that it was
the first human virus to be isolated (Smith, Andrews & Laidlaw 1933), that the vaccine was one
of the first human vaccines to have been developed, in the mid-1940s, and that it is a virus which
has been intensively studied since then in animal models, in human volunteers and since the early
1980s at an intense biophysical and biochemical level (Waterfield, Scrace & Skehel 1981). Yet this
virus, despite its public health importance being responsible for causing such a massive burden of
illness, is only now in recent times yielding up the secrets of its characteristics and its behaviour
in human populations.
The classical view of influenza virus was that of a virus which behaved in one of two ways.
Every winter human populations predictably experience seasonal influenza of varying degrees of
intensity. Subtle changes in antigenicity as a result of mutational changes in the plastic ribonucleic
acid (RNA) genome, termed antigenic drift, ensured that epidemics of influenza in temperate
climates would be a feature of every winter. New strains of the virus therefore appeared regularly
which would replace existing strains to which the population had built up immunity. On rare
occasions, about two or three times per century, a more dramatic change in antigenicity, termed
antigenic shift, would result from the introduction of a new gene or genes from an animal
reservoir as a result of genetic reassortment of the fragmented genome of the virus. So arose the
pandemics of 1918 (the Spanish influenza), 1957 (the Asian influenza) and 1968 (the Hong Kong
influenza). With each pandemic a new subtype of influenza A virus would appear to replace its
predecessor and it would then become the regular annual seasonal influenza virus. The first upset
to this classical concept came with the reappearance of the H1N1 subtype in 1977 after an absence
of over 20 years which did not replace the existing H3N2 subtype but circulated together with
it and either or both of them would then be responsible for annual seasonal influenza outbreaks
(Kilbourne 2006).
A prescient commentary by Scholtissek and Naylor in 1988 drew attention to the risks of future
pandemics which could result from developments in aquaculture which promote contacts
between humans, ducks and pigs (Scholtissek & Naylor 1988). In 1997 the first cases of human
infections with H5N1 virus were reported from Hong Kong (Claas et al. 1998; Yuen et al. 1998)
and subsequently in a number of publications over 50 sporadic and clustered cases of human
infections with avian viruses of different subtypes resulting from direct, extended and intimate
contact with human poultry were recorded (Alexander 2006; Lee & Saif 2009; Wong & Yuen
2006). The fundamental understanding of the ecology of influenza A viruses and the evolution of
human viruses was now becoming apparent, namely, that the natural reservoir of influenza virus
was avians, especially waterfowl (Subbarao & Katz 2000). From this reservoir new viruses or new
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genes would periodically cross the species barrier and infect
humans either directly or indirectly through an intermediate
host such as the pig, or a novel gene or two could be
transmitted through reassortment in an intermediate host
such as the pig. A second important understanding was the
concept that reassortment (the probable mechanism for the
1957 and 1968 pandemics) was not the only mechanism of
how new human viruses arose from animal reservoirs but
also direct viral transmission from an avian source to humans
could play a role in the origin of human pandemics, as was
thought to have occurred in the 1918 pandemic (Belshe 2005).
The influenza A (H5N1) outbreak in humans began in
Hong Kong in 1997 with 18 cases, six of whom died (Claas
et al. 1998; Yuen et al. 1998). The virus then apparently
disappeared from human populations for five years reemerging in 2003 in a Hong Kong family who had returned
from a trip to mainland China (Peiris et al. 2004). Since then
H5N1 disease in humans has spread to 15 countries in Asia,
Europe and Africa (WHO 2011). As at 02 August 2011, 563
laboratory-confirmed cases have been reported to WHO,
330 of whom have died – an alarming case fatality of 59%
(WHO 2011). The underlying clinico-pathological reasons
for this extraordinarily high case fatality rate, far higher than
even the 2.5% estimated case fatality of the notorious 1918
pandemic (Murray et al. 2006; Taubenberger & Morens 2006),
is still not clear (Abdel-Ghafar et al. 2008; Korteweg & Gu
2008; Michaelis, Doerr & Cinatl 2009; Thanh, Van Doorn & De
Jong 2008; Uyeki 2009). Fortunately very few cases of possible
human-to-human transmission have been reported (Kandun
et al. 2005; Ungchusak et al. 2005). Whether the virus will
jump the species barrier and established itself in humans is a
public health question of prime concern. A necessary, but not
sufficient, first step would need to be a receptor switch from
a haemagglutinin with a specificity for the α-2,3-galactose
saccharide terminal prevalent in the gastrointestinal tract of
birds to the α-2,6-galactose saccharide terminal prevalent in
the upper respiratory tract of mammals including humans
(Gabriel, Herwig & Klenk 2008; Ge & Wang 2011; Hatta et al.
2007; Uiprasertkul et al. 2005). Given the extremely high case
fatality of these sporadic H5N1 cases, a pandemic caused
by this virus would indeed be a most formidable prospect.
Mortality rates rivaling, or even exceeding, those of the
1918/1919 pandemic are feared – it has been extrapolated
from 1918 data that up to 62 million excess deaths could
be expected (Murray et al. 2006). Fortunately the receptor
switch and sustained crossing of the species barrier has not
occurred in the 14 years since the first cases were observed
in humans. The one positive outcome of the H5N1 alarm has
been the mobilisation of energies to effectively prepare for a
future inevitable pandemic (Breiman et al. 2007; Flahault et al.
2006; Uscher-Pines et al. 2006; Webby & Webster 2003). This
pandemic preparedness planning did stand in good stead
when the next unexpected pandemic arrived early in 2009.

Swine influenza H1N1
The swine influenza pandemic of 2009 took all by surprise.
Its advent was not in south-east Asia as was usual for
pandemics and from where the next pandemic was
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anticipated, but this time it arose in North America. The first
intimation of an impending pandemic was an unusually
high rate of hospitalisations of acute respiratory disease
in Mexico in late March 2009 and the following month in
California. These early observations alerted public health
officials to infections with a novel H1N1 influenza A virus
of swine origin (Chowell et al. 2011). Within several months
the virus had rapidly spread throughout the world and on 11
June 2009 the World Health Organisation (WHO) raised the
pandemic alert to level 6, that is, the formal declaration of a
pandemic – the first influenza pandemic since 1968 (WHO
2009). The 2009 pandemic was also a first from a number of
other respects (Leung & Nicoll 2010). Amongst the ‘firsts’, the
2009 pandemic was the first pandemic where intensive care
facilities were available and this provided some intimation
as to the severity of this pandemic. The mortality was in fact
significantly less than preceding pandemics in most of the
world and in many parts even less than the immediately
preceding seasonal influenza epidemic. However, what
was reported from many countries around the world was
an unusually high rate of hospitalisation amongst young
patients, many of whom were ostensibly healthy, as well as
a heavy load on intensive care facilities (Lipsitch et al. 2009).
The relative mildness expressed in terms of mortality rates,
led to concerns being expressed, such as by the Council of
Europe, as to whether the WHO had not been overhasty
in declaring a pandemic (Social Health and Family Affairs
Committee of the Parliamentary Assembly of the Council of
Europe 2010). This also gave rise to a debate in the literature as
to what exactly constitutes a pandemic (Doshi 2011; Morens,
Folkers & Fauci 2009). If the criterion of rapid extra-seasonal
spread and heavy involvement of young individuals who
often appear to be otherwise healthy, are important elements
defining pandemics, then certainly the 2009 pandemic fits into
the pandemic definition. Another ‘first’ was that, for the first
time, it was a pandemic not due to the advent of a new subtype
of influenza but rather that of an existing seasonal subtype,
H1N1, which had become antigenically distant enough
from the pre-existing seasonal H1N1 influenza virus so as
to behave like a characteristically pandemic virus, especially
with respect to the rapidity of its spread worldwide through
a largely non-immune population. How the new pandemic
virus arose is a story of multiple reassortment events with
frequent crossings of the species barrier between humans and
animals, especially pigs. The new reassortants went largely
undetected and their effects were largely unnoticed because
of inadequate surveillance and awareness (Garten et al. 2009;
Ilyushina et al. 2010; Trifonov, Khiabanian & Rabadan 2009).
Evidence points to the introduction of influenza A (H1N1)
into the pig population at about the same time as the 1918
pandemic in humans and it was then also responsible for
widespread disease in pig herds (Zimmer & Burke 2009). An
isolated outbreak of swine influenza A (HswN1) in humans
in 1976 amongst military personnel in Fort Dix, New Jersey,
resulted in 13 cases of severe respiratory disease and one
death, but the infection did not spread further (Gaydos et al.
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2006). A small outbreak of 12 cases of human infection due
to a triple reassortant swine influenza virus with genes from
swine, avian and human viral sources was detected in the
USA between 2005 and 2009 (Dawood et al. 2009). The 2009
pandemic virus now designated as A/California/04/2009
pandemic (H1N1) probably arose from a subsequent
reassortment event of this North American reassortant with
a Eurasian lineage swine virus (Garten et al. 2009; Ilyushina et
al. 2010; Trifonov et al. 2009). Antigenically this new virus had
by now achieved a great antigenic distance from the human
seasonal influenza A (H1N1) virus circulating at the time
resulting in little cross-immunity between them. However
the relative sparing of older persons in the 2009 pandemic
was largely due to some degree from pre-existing immunity
as a result of the structural and antigenic similarity between
the haemagglutinin molecule of the pandemic virus and the
H1N1 viruses which had circulated earlier in the 20th century
and to which older persons had been exposed to (Xu et al.
2010). Direct transmission from humans to pigs has also been
demonstrated (Pereda et al. 2010) and reassortment in pigs,
which are susceptible to both human and avian viruses (often
referred to as the the ‘mixing vessel’) pose an ongoing risk to
human health. This again emphasises the crucial importance
for public health of ongoing robust influenza surveillance of
animals such as pigs (Mitka 2010; Vijaykrishna et al. 2010).

Conclusion
Our understanding of the dynamics of influenza epidemics
and pandemics has improved by leaps and bounds since
the avian and swine influenza events of the last decade. An
essential component of preparedness for future pandemics
by public health bodies must now involve a much greater
focus on surveillance of animals and birds to avoid being
caught out again by surprises such as occurred in 2009
with the swine flu pandemic. The concept of a one health
framework to unify the sciences of human, veterinary and
ecological health has come none too soon to deal with future
emerging infectious diseases in humans (Coker et al. 2011;
Kuehn 2010; Mazet et al. 2009). The importance of the one
health perspective has been graphically illustrated by one
of the most important of the emerging diseases in humans,
influenza (Pappaioanou & Gramer 2010; Powdrill, Nipp &
Rinderknecht 2010).
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