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PA swine-origin influenza A(H1N1) virus is currently responsible for an outbreak of infections in the human population, with laboratory-

confirmed cases reported in several countries and clear evidence for human-to-human transmission. We provide a description of the outbreak at
the end of April 2009, and a brief review of the zoonotic potential of swine influenza viruses.
� 2009 Published by Elsevier Masson SAS.
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CHuman cases of swine influenza A(H1N1) virus infection

have been identified recently in several countries [1]. As
reported by the World Health Organization (WHO) on April
27, 2009, 26 laboratory-confirmed cases were detected in
Mexico including 7 fatal cases; while 40, 6 and 1 confirmed
cases were identified in the USA, Canada, and Spain,
respectively [2]. These reports led the WHO to activate the
Global Alert & Response Network and to declare a «public
heath emergency of international concern». On the following
days, the number of cases in the USA and Canada expanded,
and new confirmed cases were reported in several European
and Asian countries [3]. The median age of the 47 patients
reported to the Centers for Disease Control and Prevention
(CDC) with known age was 16 years (range 3e81 years) [4].
The patients showed symptoms of acute respiratory illness,
including fever, cough, and headache, associated with diarrhea
and vomiting in some cases [4e6]. First epidemiological
evidence for human-to-human transmission of the virus and
for its ability to cause community-level outbreaks led the
WHO to raise the level of influenza pandemic alert from phase
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3 to phase 4 on April 28 [7], and to recommend that all
countries should enhance their global surveillance and diag-
nostic capacity for swine influenza A(H1N1) infections [8].
Evidence for human-to-human spread in more than one
country led the WHO on April 29, 2009 to declare phase 5
(pandemic imminent) and to recommend that all countries
should activate their pandemic preparedness plans [1].

Clinical signs of influenza in swines were first observed in
1918, coinciding with the «Spanish flu» pandemic in humans.
The etiological agent, isolated by Shope in 1930, was an
influenza A virus of the H1N1 antigenic subtype [9]. At
present, influenza A viruses of the H1N1, H3N2 and H1N2
subtypes are endemic in swine populations worldwide, and are
responsible for a highly contagious respiratory disease in pigs
[10]. Whereas aquatic birds are known to be the reservoir of
influenza A viruses, pigs are frequently involved in interspe-
cies transmission events [11] (Fig. 1). Such events are facili-
tated by swine husbandry practices, which provide frequent
opportunities for contact with other species, particularly
humans and birds, and because pigs are naturally susceptible
to infection with both avian and human influenza A viruses.
This broad susceptibility is due to the fact that a2,3-galactose-
and a2,6-galactose-linked sialic acids, which serve preferen-
tially as cellular receptors for avian and human influenza
tbreak of swine-origin influenza A(H1N1) virus with evidence for human-to-
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Fig. 1. Models for the role of pigs in interspecies transmission and adaptation

of influenza viruses. Pigs serve as reservoirs of H1N1, H3N2 and H1N2

influenza viruses which can be transmitted to humans [10]. They may also

serve as intermediate hosts in the process of transmission of avian influenza

viruses from the wild birds or poultry to humans [10]. Establishment of new

influenza viruses in the human population requires full adaptation and the

potential for human-to-human transmission. This may be acquired either

progressively through successive inter-human transmissions, or through reas-

sortment in the pig of avian, swine and/or human viruses, as pigs are

susceptible to and allow productive replication of avian and human influenza

viruses. Only reassortant viruses with a gene constellation that confers effi-

cient replication and transmission in humans can persist in the human pop-

ulation. Along the pathway to adaptation to humans, increased virulence does

not seem to be a prerequisite and is likely to involve determinants distinct from

those related to species specificity.

Fig. 2. Schematic representation of a genetic reassortment between an avian

and a human influenza virus taking place in the pig. Avian viruses bind

preferentially to a2,3-galactose-linked sialic acids (SA-a2,3-Gal), whereas

human viruses bind preferentially to SA-a2,6-Gal. This receptor binding

specificity correlates with the relative predominance of SA-a2,3-Gal and SA-

a2,6-Gal at the sites of viral multiplication in birds and in humans, respec-

tively, and involves specific residues in the receptor binding site of the

hemagglutinin (HA) [23]. The susceptibility of pigs to both avian and human

viruses is related to the presence of both SA-a2,3-Gal and SA-a2,6-Gal on the

tracheal epithelium cells [12]. Co-infection with an avian and a human virus,

facilitated by frequent contacts of domesticated pigs with birds and humans,

can give rise to progeny reassortant viruses presenting a new combination of

genomic segments corresponding to a mixture of the parental genomes

[10,15,16]. A specific constellation may confer increased replication potential

in pigs and/or increased transmission potential to another species.
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Rviruses, respectively, are both present on the tracheal epithe-

lium surface in pigs [12]. Following transmission to pigs,
avian and human influenza viruses undergo diverging evolu-
tion and establish new genetic lineages, usually referred to as
«avian-like» and «human-like» swine lineages, respectively
[10]. The 1918 swine outbreak descriptions, taken together
with the recent phylogenetic analyses of the reconstituted
1918 human influenza virus sequences [13,14], support the
hypothesis that the virus most probably spread from humans to
pigs. Although the exact origin of the 1918 human virus is
unknown, phylogenetic analysis suggests that the virus came
from an avian reservoir and entered the human population
either directly or through an intermediate host [13,14]. Co-
infection of pigs with two viruses of different origins or
lineages can give rise to progeny reassortant viruses presenting
a new constellation of the eight genomic segments [10,15,16]
(Fig. 2). A specific constellation may confer increased repli-
cation potential in pigs and/or increased transmission potential
to another species. The pig has been proposed as an inter-
mediate host for the emergence of the avianehuman reassor-
tant viruses responsible for the 1957 and 1968 pandemics, but
there is no direct evidence for this hypothesis.
Please cite this article in press as: N. Naffakh, S. van der Werf, April 2009: An ou

human transmission, Microb Infect (2009), doi:10.1016/j.micinf.2009.05.002
As a result of multiple introductions of avian and human
viruses, reassortment events, and/or geographical separation,
there are distinct lineages existing within each of the three
antigenic subtypes of swine influenza A viruses. In particular,
the H1N1, H3N2 and H1N2 influenza viruses circulating in
European and in North-American populations of pigs are
genetically and antigenitically distinct [10,11]. Full or partial
sequences are available for each of the eight genomic
segments of swine influenza A(H1N1) viruses associated with
two recent human cases in California [5]. Sequence data
indicate that both viruses are genetically similar and present
a unique combination of genomic segments that had not been
reported previously among swine or human influenza viruses
[5]. The NA and M segments are most closely related to
corresponding segments from influenza viruses isolated from
pigs in Eurasia, whereas the six remaining segments derive
from influenza viruses isolated from pigs in North-America
[17]. Where and how this reassortant virus emerged is still
unknown. Given the relatively low number of laboratory-
confirmed cases to date (148 cases on April 29, 2009) [3], it is
difficult to predict the transmissibility and pathogenicity that
tbreak of swine-origin influenza A(H1N1) virus with evidence for human-to-
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this specific genotype of swine influenza A(H1N1) virus will
have in humans. Its potential for virulence in pigs also remains
to be evaluated.

The human seasonal influenza A(H1N1) strain included in
the current influenza vaccine is unlikely to provide protection
against the new swine A(H1N1) virus. As of April 28, 2009,
the WHO recommended that the production of the seasonal
vaccine should continue as planned before the outbreak,
subject to re-evaluation as the situation evolves [7]. If a deci-
sion was made to have a vaccine produced against the swine
A(H1N1) virus, the expected production delay would be
around 4 months. Meanwhile, specific disease control strate-
gies would rely mostly on prophylactic and therapeutic use of
antiviral drugs. The sequence of the swine A(H1N1) virus M2
gene revealed an Ser-31-Asn mutation which is known to
confer resistance to the M2 proton channel inhibitors (aman-
tadine and rimantadine). All viruses tested so far (13 out of 64
viruses isolated from patients in the United States) are
susceptible to the NA inhibitors (oseltamivir, sold as Tamiflu�,
and zanamivir, sold as Relenza�, as well as peramivir and A-
315675, two investigative inhibitors) [18].

To date, swine influenza viruses are not known to have
caused a global outbreak of influenza in humans. Although
seroepidemiological studies have documented a high sero-
prevalence in people with occupational swine exposure
[15,19,20], only sporadic cases of swine influenza in humans
have been reported (for a review, see [21]). Most patients had
had contact with pigs. Fatal cases of human infection with
swine influenza A(H1N1) viruses have been occasionally
reported but most cases caused a mild influenza-like illness,
and evidence for subsequent human-to-human transmission of
the virus was very limited [21]. In one instance however,
during the 1976 outbreak of swine influenza due to an H1N1
virus in Fort Dix, New Jersey, in the United States, significant
human-to-human transmission was observed with up to 230
infection cases resulting in 12 hospitalizations and 1 death
[22]. Although it is likely that pigs were the source of the
virus, no evidence of exposure to pigs was found.

The successful adaptation and establishment of a swine
virus in the human population probably require a multistep
evolutionary process, leading to a specific combination of viral
factors that confers efficient replication and transmission in
humans and the ability to compete with circulating human
influenza viruses. Multiple genetic determinants of host-range
and pathogenicity have been identified for several proteins of
influenza A viruses [23,24]. However our understanding of the
multigenic interplay between viral and host factors is still
incomplete, and further genomic and functional studies will be
required to identify predictors of the pandemic potential of
animal influenza A viruses. The current outbreak of swine
influenza A(H1N1) virus underscores the necessity for all
nations to have effective pandemic preparedness plans and
coordinated responses. It also highlights the need for close
epidemio surveillance and control of influenza infections in
pigs as well as in poultry, and the need for additional antiviral
agents that could be used as a first line of defense against
zoonotic influenza.
Please cite this article in press as: N. Naffakh, S. van der Werf, April 2009: An ou
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