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Abstract InXuenza A viruses represent a continuous pan-
demic threat. In April 2009, a novel inXuenza A virus, the
so-called swine-origin inXuenza A (H1N1) virus (S-OIV),
was identiWed in Mexico. Although S-OIV originates from
triple-reassortant swine inXuenza A (H1) that has been cir-
culating in North American pig herds since the end of the
1990s, S-OIV is readily transmitted between humans but is
not epidemic in pigs. After its discovery, S-OIV rapidly
spread throughout the world within few weeks. In this
review, we sum up the current situation and put it into the
context of the current state of knowledge of inXuenza and
inXuenza pandemics. Some indications suggest that a pan-
demic may be mild but even “mild” pandemics can result in
millions of deaths. However, no reasonable forecasts how
this pandemic may develop can be made at this time.
Despite stockpiling by many countries and WHO, antiviral
drugs will be limited in case of pandemic and resistances
may emerge. EVective vaccines are regarded to be crucial
for the control of inXuenza pandemics. However, produc-
tion capacities are restricted and development/production
of a S-OIV vaccine will interfere with manufacturing of
seasonal inXuenza vaccines. The authors are convinced that
S-OIV should be taken seriously as pandemic threat and
underestimation of the menace by S-OIV to be by far more
dangerous than its overestimation.
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Introduction

InXuenza viruses are divided into three serologically diVer-
ent types (A, B, and C) according to the antigenicity of con-
served inner virus structures, i.e., the nucleoprotein (NP)
and matrix proteins (M1 and M2) of the envelope. While
inXuenza virus types B and C are usually human-speciWc,
inXuenza A virus is preferentially endemic in water birds
like ducks, geese, and shore birds (gulls), which usually do
not fall ill from this infection. Depending on the antigenicity
of two envelope spikes, which Wrst mediate virus adsorption
to target cells in vivo or erythrocytes in vitro (hemaggluti-
nin, H) and second the release of viral progeny from the
infected cells (neuraminidase, N), inXuenza A viruses are
divided into 16 H (H1–H16) and 9 N (N1–N9) groups
resulting in theoretically 16 £ 9 serologic subtypes. Up to
date, 105 inXuenza A virus subtypes have been discovered,
all endemic in water birds. However, some subtypes have
adapted to other birds (chickens) and mammalians (pig,
horse, humans) in species-speciWc strains [1].

An inXuenza pandemic is an epidemic of an inXuenza
virus that spreads on a worldwide scale and infects a large
proportion of the human population. InXuenza pandemics
may occur when a new inXuenza virus strain is transmitted
to humans from another animal species. Species that are
thought to be important in the emergence of new human
strains are pigs, chickens, and ducks. The World Health
Organisation (WHO) warns that there is a substantial risk
of an inXuenza pandemic within the next few years. Among
the strongest candidates are a highly pathogenic variation
of the H5N1 subtype of inXuenza A virus as well as other
avian inXuenza A viruses including H7N3, H7N7, and
H9N2 [2–5]. The impact of a pandemic caused by inXuenza
viruses is diYcult to predict: it depends on virulence of the
virus, existing immunity among people, cross protection by
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antibodies acquired from seasonal inXuenza infection, and
host factors [1].

In humans, three subtypes of inXuenza A virus (H1N1,
H2N2, H3N2) veriWably caused pandemics of high morbid-
ity and mortality (Table 1) [6]. Retrospective serological
analysis has indicated that H2N2 is likely to have been
responsible for a pandemic which began in 1889, and that a
mild pandemic in 1900 may have been caused by H3N8.
The 1918/1919 inXuenza pandemic infected 25% of the
world’s population and caused worldwide at least 50 million
deaths. The most recent inXuenza pandemics including
Asian inXuenza (H2N2, 1957–1963, about 2–4 million
killed) and Hong Kong inXuenza (H3N2, 1968–1970, about
1–2 million killed) were less aggressive. Based on the
assumption that a pandemic may occur every 30–50 years,
virologists and public health oYcials have advised increased
preparedness and improvement of governmental plans.

At present, both H1N1 and H3N2 inXuenza viruses con-
tinue to be present in the human population representing
lower pathogenic variants, nevertheless causing overmor-
tality among elder people in each winter epidemic wave.
InXuenza surveillance data show that in recent history
(1970 onward), H3N2 infections have caused almost 14
times more inXuenza-related deaths than H1N1 infections.
Moreover, H3N2 viruses are associated with a higher epi-
demic severity index, as measured by the rate of pneumonia
and inXuenza mortality [7, 8]. Worldwide, the annual sea-
sonal human inXuenza A virus epidemics result in about
3–5 million cases of severe illness, and about 250,000 to
500,000 deaths (http://www.who.int/mediacentre/factsheets/
fs211/en/index.html).

Swine inXuenza

Swine inXuenza refers to inXuenza caused by those inXu-
enza strains that usually infect pigs. Swine inXuenza viruses

are most commonly of the H1N1 subtype, but other sub-
types can also circulate in pigs including H1N2, H3N1, and
H3N2 [9, 10]. The H1N1 form of swine inXuenza is one of
the descendants of the strain that caused the 1918 inXuenza
pandemic [11]. Pigs can be infected by swine, avian, and
human seasonal inXuenza A viruses. The human H3N2
virus is thought to originate from pigs. Swine inXuenza is
common in pigs in the Midwestern United States (and occa-
sionally in other states), Mexico, Canada, South America,
Europe (including the UK, Sweden, and Italy), Kenya,
Mainland China, Taiwan, Japan, and other parts of eastern
Asia. Morbidity tends to be high and mortality low (1–4%)
[9]. The virus spreads among pigs by aerosol, direct and
indirect contact, and asymptomatic carrier pigs. Outbreaks
in pigs occur year-round, with an increased incidence in the
autumn and winter in temperate zones. Many countries rou-
tinely vaccinate swine populations against swine inXuenza
[12]. Although swine inXuenza viruses are normally spe-
cies-speciWc and only infect pigs, they do sometimes cross
the species barrier and infect humans [13]. When transmit-
ted, the virus does not always cause human inXuenza dis-
ease. Often, the only sign of infection is detection of
antibodies in the blood by laboratory tests. People who are
in contact with pigs are at risk of swine inXuenza infection,
especially after intense exposure. However, only about 50
such transmissions have been recorded since the mid-twen-
tieth century when identiWcation of inXuenza subtypes
became possible. Swine inXuenza strains are rarely trans-
mitted human to human. In humans, the symptoms of swine
inXuenza are similar to those of seasonal human inXuenza
and inXuenza-like illnesses in general, namely chills, fever,
sore throat, muscle pain, severe headache, coughing, weak-
ness, and general discomfort. Reported clinical presenta-
tions range from asymptomatic infection to severe
pneumonia resulting in death [9].

A prominent human outbreak of swine inXuenza in
humans was described in 1976 [14]. A swine H1N1 inXuenza

Table 1 InXuenza pandemics since the 20th century

Year Virus 
subtype

Deaths 
(estimated)

Reassortment

1918/1919
“Spanish Xu”

H1N1 50 million All segments of avian origin

1957–1963
“Asian Xu”

H2N2 2–4 million Five segments of H1N1 + PB1, HA, NA of avian origin

1968–1970
“Hong Kong Xu”

H3N2 1–2 million Six segments of H2N2 + PB1, HA of avian origin

1977–1979
“Russian Xu”

H1N1 0.7 million Identical with “Spanish Xu” virus

2009–?
Swine-origin inXuenza A virus

H1N1 ? Three segments of classis swine North America, two segments 
avian North America, one segment H3N2, two segments 
Eurasian swine lineage
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virus infected soldiers at Fort Dix, New Jersey, resulting in
death of one soldier. Based on concerns that this might be
the elicitor of a new pandemic, a vaccine was developed
and a nationwide vaccination program was started. After
vaccination of more than 40 million people, it became obvi-
ous that vaccination was associated with Guillain-Barré
syndrome in about 1 out of 100,000 vaccinees indicating a
Wve to tenfold higher incidence than usually observed.
Since the virus disappeared, the vaccination program was
stopped. Antibodies that cross-react against peripheral
nerve antigen have been suspected to be responsible for the
high rate of Gillain-Barré syndromes [14–17].

2009 swine-origin inXuenza A (H1N1) virus (S-OIV) 
outbreak in humans

There is current concern that the spread of a new strain of
swine inXuenza A/H1N1 virus (designated as swine origin-
inXuenza A (H1N1) virus (S-OIV)) might develop into a
pandemic [18]. Currently, the WHO level of pandemic alert
is deWned to be 5 (out of 6 possible levels) indicating that a
pandemic is considered to be imminent (current information
about the status can be found at http://www.who.int/csr/
disease/swineflu/en/index.html). First information about the
emergence of S-OIV dates from 24 April 2009, coming from
the US Centers for Disease Control and Prevention (CDC),
WHO, and the Government of Mexico (http://www.who.int/
csr/disease/swineflu/en/index.html; http://www.cdc.gov/h1
n1flu). The time and location of the outbreak is still
unknown, but the virus was Wrst identiWed in Mexico in mid-
March (http://www.washingtonpost.com/wp-dyn/content/
article/2009/05/02/AR2009050202353.html?hpid=topnews).
It was identiWed when Mexican authorities sent samples
from a Xu patient that it could not subtype to the Canadian
Public Healthy Agency [19]. Within days, hundreds of
more suspected cases were identiWed in Mexico, with cases
also showing up in the USA. The Wrst death from S-OIV
occurred on 13 April 2009, when a diabetic woman from
Oaxaca in Mexico died from respiratory complications
(http://www.webcitation.org/5gNf8rqeS). By 13 May 2009,
33 countries had oYcially reported 5,728 cases of S-OIV
infection resulting in 61 deaths. Mexico had reported 2,059
laboratory conWrmed human cases of infection, including

56 deaths. The Unites States had reported 3,009 laboratory-
conWrmed human cases, including three deaths. Two fur-
ther deaths were reported from Canada (358 cases) and
Costa Rica (8 cases) (http://www.who.int/csr/don/2009_
05_13/en/index.html).

Despite the origin, the current virus strain is able to sus-
tain relatively high human-to-human transmission requiring
no contact with swine. There are several parameters to mea-
sure transmission of inXuenza A viruses in humans.
Although these parameters vary considerably among studies
and outbreaks, they may help to asses a pandemic threat [20,
21]. These parameters include secondary attack rate, repro-
duction number (R0), and generation time (Table 2). An
assessment of the secondary attack rate in families in the
United States suggests that S-OIV cases infected 25–30% of
family members comparing with 5–20% of family members
aZicted with seasonal inXuenza (http://www.cdc.gov/
mmwr/preview/mmwrhtml/mm58d0421a1.htm). This is in
contrast to disease transmission during the last severe
human outbreak of inXuenza A, the avian H5N1 inXuenza
that resulted almost entirely from direct contact between
humans and birds [1]. Epidemiological estimates place the
R0 at 1.4–1.6 persons infected per case [22]. A genetic anal-
ysis predicts R0 of 1.2 (http://www.nature.com/news/2009/
090505/full/459014a.html?s=news_rss). The generation time
is probably at the low end of a range between 3 and 5 days
[22]. At this point, S-OIV does not seem as transmissible as
the 1918 pandemic H1N1 strain but appears substantially
more transmissible than seasonal inXuenza. However,
transmission data for S-OIV are still poor.

It has been also observed that S-OIV retains its ability to
move between species. On 2 May 2009, it was announced
that a Canadian farm worker who had traveled to Mexico
had transmitted the disease to a herd of pigs (http://
news.bbc.co.uk/2/hi/americas/8031309.stm). Noteworthy,
S-OIV is spread by humans but is not epidemic in pigs.
Therefore, preventive measures like culling all pigs in
Egypt are not justiWed.

In Mexico, May usually marks the end of dry season which
is advantageous for spread of inXuenza A viruses. It may be
speculated that the high humidity of summer and the
increased exposure to ultraviolet light will lead to the slowing
of S-OIV spread in Mexico (http://news.nationalgeo-
graphic.com/news/2009/04/090430-swine-flu-summer.html).

Table 2 Basic transmission 
characteristics for the assess-
ment of virus spread

Characteristic DeWnition

Secondary attack Proportion of a (relatively) deWned cohort (e.g., household or school) 
that falls ill after contact with an infected person

Reproductive number (R0) The average number of secondary cases infected by each primary case 
at a deWned time

Generation time The time period between infection and becoming infective for others
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On the other hand, the outbreak comes at the beginning of the
inXuenza season of the Southern Hemisphere countries
such as New Zealand, South Africa, and parts of South
America.

Generation of S-OIV (swine origin inXuenza A (H1N1) 
virus)

InXuenza viruses harbor a negative-sense RNA genome,
which is transcribed by its own polymerase. RNA transcrip-
tion is associated with many point mutations persistently
producing many changes in virus proteins including the
surface proteins H and N [23, 24]. The mutations in surface
proteins result in antigen drift which helps the virus to
escape the immunity of its host. Since the inXuenza virus
genome is segmented into eight parts, two or more diVerent
virus variants infecting the same cell can produce progeny
virus with a mixed genome, which supports the variability
of viral structures. It may result in an antigenic shift, if two
diVerent subtypes of inXuenza A virus reassort their geno-
mic segments. The emergence of H2N2 and H3N2 in man-
kind has been traced to such genomic reassortment [6]. The
1957 Asian inXuenza virus (H2N2) acquired avian poly-
merase basic protein 1 (PB1), H and N genes, and the 1968
Hong Kong inXuenza virus (H3N2) acquired avian H and
PB1 genes.

The cell receptor for inXuenza viruses is membrane-
based sialic acid (SiA = N-acetylic neuraminic acid).
Similar to a key in a lock, this SiA Wts into a pocket-like
structure at the top of the viral H protein, which serves as

anti-receptor. The membrane of avian or mammalian
cells expresses slightly diVerent conWgurations of SiA,
depending on how the galactose residue of SiA is linked
to membrane oligosaccharides. On avian cells, the galact-
ose of SiA is linked via � 2, 3 C atoms (�2,3 SiA) and on
mammalian cells via � 2, 6 C atoms (�2,6 SiA). During
evolution avian and human inXuenza viruses acquired H
adapted to those species-speciWc receptor modiWcations
[1]. In the pig trachea, epithelial cells contain both �2,3
SiA and �2,6 SiA, explaining why pigs are highly
susceptible to both human and avian viruses and are
thought to be a “mixing vessel” for avian and human
viruses, reassortment of which might give rise to pan-
demic strain [1].

Swine-origin inXuenza A (H1N1) virus emerged from a
triple-reassortant swine inXuenza A (H1N1) virus [18, 25].
Triple-reassortant swine inXuenza A viruses, containing
genes from avian, human, and swine inXuenza viruses,
emerged and became enzootic in pigs in North America at
the end of the 1990s. Spread to humans was detected spo-
radically, but all patients recovered. Severe illnesses of the
lower respiratory tract and unusual inXuenza symptoms like
diarrhea were reported [25]. S-OIV is a reassortant of tri-
ple-reassortant swine inXuenza A (H1N1) virus that con-
tains classic swine RNA-segments from the North America
lineage [H, NP, non-structural proteins (NS)], avian inXu-
enza RNA segments from the North America lineage [poly-
merase basic protein 2 (PB2), polymerase acidic protein
(PA)], and PB1 of human seasonal H3N2 viruses [18, 25].
Moreover, the N and M segments, that are of classic North
America lineage swine origin in triple-reassortant swine

Table 3 RNA segments of swine-origin inXuenza A (H1N1) virus (S-OIV)

RNA 
segment

Encodes for Derived from

H H (hemagglutinin, surface glycoprotein, receptor binding, fusion activity) Classic swine, 
North American lineage

N N (neuraminidase, surface glycoprotein) Eurasian swine lineage

M M1 (matrix protein, interaction with vRNPs and surface glycoproteins, 
nuclear export, budding);

Eurasian swine lineage

M2 (membrane protein, proton channel)

PB2 PB2 (polymerase basic protein 2, component of RNA polymerase, 
cap recognition)

Avian, North American lineage

PB1 PB1 (polymerase basic protein 1, component of RNA polymerase, 
endonuclease activity, elongation);

Human seasonal H3N2

PB1-F2 (proapoptotic activity)

PA PA (polymerase acidic protein, component of RNA polymerase, protease) Avian, North American lineage

NP NP (nucleoprotein, RNA binding, RNA synthesis, RNA nuclear export) Classic swine, North American lineage

NS NS1 (non-structural protein 1, multifunctional protein, viral interferon antagonist); Classic swine, North American lineage

NS2/NEP (non-structural protein 2, nuclear export of vRNPs)
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inXuenza A (H1N1) viruses, were exchanged by N and M
from the Eurasian inXuenza A (H1N1) swine lineage
(Table 3) [18, 25].

Virulence and pathogenesis

The outcome of inXuenza virus infection is inXuenced by
the host’s immune status and the virulence of the inXuenza
strain [1]. In an immunologically naïve host, virulence is
mostly determined by the virus. Protective immune
responses are mostly directed against the inXuenza virus
major surface glycoproteins H and N. The novel genetics of
S-OIV reduce the probability of a substantial immunity in
humans although some protection of humans that had been
infected naturally with H1N1 viruses cannot be excluded.
Antibodies to the matrix M2 protein, which is conserved
within A-type inXuenza viruses, are cross-protective
between diVerent subtype-virus infections, although the
level of protection is limited. Moreover, peptides generated
from inXuenza endogenous antigens such as NP which are
targets for cytotoxic lymphocytes (CTLs) may elicit
immune responses that show cross-reactivity in their recog-
nition of the diVerent subtypes of human inXuenza A
viruses [5, 26].

Many viral genes can determine virulence and contribute
to pathogenicity of inXuenza A viruses. H proteins, which
have to be cleaved by cellular proteases before initiation of
infection through fusion between viral envelope and
endosomale membrane, possess a single arginine at the
cleavage site in low-pathogenic viruses. Cleavage of the H
of low-pathogenic viruses is, therefore, limited to trypsin-
like proteases and occurs only in few organs, resulting in
mild or asymptomatic infection. H proteins of highly patho-
genic viruses have multiple basic amino acids at the cleav-
age site enabling H cleavage by multiple proteases in
diVerent organs [2, 6, 27]. Moreover, the polymerase com-
plex (including the PB1, PB2 and PA proteins) is also
implicated in virulence [2, 6, 28]. Some mutations that can
enhance the activity of polymerase and increase virulence
in mice have been found in H5N1 highly pathogenic avian
inXuenza virus strains [29]. Notably, H5N1 viruses that are
virulent in mice encode lysine at position 627 in PB2,
whereas H5N1 viruses that are not virulent in mice, as well
as other avian inXuenza A virus strains, encode glutamic
acid at this position [30]. The substitution of aspartic acid
to asparagine at position 701 in PB2 has been also shown to
play a crucial role in the replication and lethality of H5N1
viruses in mice [31]. The viral PB1 segment is of particular
interest as virulence factor, since, in addition to the glyco-
protein genes, the PB1 gene was the only other segment
that was exchanged in the pandemic viruses of 1957 and
1968. Reconstruction of prototypic 1918 pandemic virus by

reverse genetics demonstrated that all eight virus segments
originated from an avian host [32]. Therefore, three pan-
demic viruses had avian-like PB1 genes. Recent identiWca-
tion and characterization of a novel inXuenza virus protein
PB1-F2 encoded by the PB1 gene introduced a further
potential virulence factor that may explain the selection of
PB1 in pandemic inXuenza viruses [33, 34].

A preliminary analysis of S-OIV proteins involved in
virus virulence and pathogenicity revealed that they are
most similar to strains that cause mild symptoms in
humans. In concordance, there is low mortality (5 cases
until 13 May 2009) outside of Mexico and the virus is
unlikely to cause severe infections similar to those caused
by the 1918 pandemic inXuenza or the H5N1 inXuenza.
However, there is a concern of further mutations of the
virus which may change its virulence and pathogenicity
dramatically (http://www.nature.com/news/2009/090505/
full/459014a.html?s=news_rss). It is not also clear why the
case symptoms outside Mexico were primarily mild [18]
while the Mexican cases had led to multiple deaths. The
Mexican fatalities are alleged to be mainly young adults of
25–45, a common trait of pandemic inXuenza (http://
www.newscientist.com/article/dn17025-deadly-new-flu-virus-
in-us-and-mexico-may-go-pandemic.html). In contrast, sea-
sonal inXuenza strains produce the worst symptoms in
young children, the elderly, and others with weaker
immune systems. However, reliable data are still lacking in
Mexico and the number of cases in other countries remains
too small statistically to assess mortality rate.

The incubation time appears to range between 2 and
7 days for S-OIV [18]. Although this can only be regarded
as rough and preliminary estimate, this may be longer than
that of seasonal inXuenza A viruses that has been calculated
to be about 1.4 days [35]. Based on seasonal inXuenza data,
viral shedding might be expected from 1 day prior to dis-
ease onset until 5–7 days after Wrst symptoms or until
symptoms resolve. In certain patient groups including
immunocompromised individuals, severely ill patients, and
young children virus shedding time may be prolonged [36].

There seems to be no genetic explanation for the greater
severity of Mexican S-OIV cases since samples from Mexico,
Nova Scotia, and Ontario have the same sequence (http://
www.canada.com/Health/Canadian+completes+sequencing
+virus/1569084/story.html; http://www.theglobeandmail.
com/servlet/story/RTGAM.20090506.wcanflu0506/BNStory/
National/home?cid=al_gam_mostview). Research on previ-
ous pandemic strains suggested that mortality can vary
widely between diVerent countries, with mortality being
concentrated in the developing world [37]. Nutritional sta-
tus of the host can inXuence not only the host response to
the pathogen, but can also inXuence the genetic make-up of
the viral genome [38]. Moreover, bacterial co-infections are
also being considered as possible cause for diVerences in
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outcome of inXuenza infection in diVerent locations. It has
been suggested that the majority of deaths in 1918–1919
inXuenza pandemic likely resulted directly from secondary
bacterial pneumonia caused by common upper respiratory-
tract bacteria (largely streptococcal or pneumoccocal bron-
chopneumonias) rather than from “primary” viral pneumonia
(i.e., with little or no bacterial growth) [39]. In the current
S-OIV outbreak, the cause of Wrst deaths was diagnosed as
atypical pneumonia, a pneumonia which, helped by the
inXuenza, becomes more dangerous. Such situation requires
early and aggressive treatment, including antibiotic and
intensive care which may be less available in some areas
resulting in increased morbidity and mortality. This also sug-
gests that antibiotic treatment should be included in any pre-
paredness strategy. Notably, choice of adequate antibiotic
therapy may be crucial. Some antibiotics may even heighten
morbidity and mortality [40]. Other antibiotics like some
macrolide antibiotics were shown to inhibit replication of
inXuenza A viruses in vitro [41] and exert inhibitory eVects
on inXuenza infection in vivo in animal models [42].

Prevention and treatment

InXuenza A viruses including S-OIV are transmitted from
infected individuals through air by coughs or sneezes, cre-
ating aerosols containing the virus [43, 44]. InXuenza can
also be transmitted by saliva, nasal secretions, feces, and
blood. Infections occur through contact with these body
Xuids or with contaminated surfaces. Based on data show-
ing that 25% of S-OIV patients had diarrhea [18], the
potential for fecal viral shedding and fecal-oral transmis-
sion should be considered and investigated.

InXuenza viruses can remain infectious for about 1 week
at human body temperature, over 30 days at 0°C, and
indeWnitely at very low temperatures (such as lakes in
northeast Siberia). However, most inXuenza strains can be
inactivated easily by disinfectants and detergents [45].
Moreover, inXuenza A viruses are relatively sensitive to
higher temperatures. Importantly, swine inXuenza virus are
killed by cooking temperatures of 70°C, corresponding to
the general guidance for the preparation of pork and other
meat. In fact, swine inXuenza has not been shown to be
transmitted to people through properly handled and pre-
pared pig meat or other products derived from pigs [46].

The standard recommendations that can help to prevent
the spread of seasonal inXuenza are also eVective for pre-
vention of S-OIV (see http://www.who.int/csr/disease/
swineflu/en/index.html; http://www.cdc.gov/h1n1flu/). CDC
and WHO recommendations involve not touching the
mouth, nose or eyes, as these are primary modes of trans-
mission. Coughing into a tissue, disposal of the tissue, and
immediate hand washing is recommended. Generally,

hands should be washed often with soap and water, espe-
cially after being in the company of the public. Alcohol-
based hand cleaners are also eVective. However, there is so
far little data available on the risk of airborne transmission
of S-OIV virus. Mexican authorities are distributing surgi-
cal masks to the general public. The authorities of some
other countries consider facial masks unnecessary for the
general public. Many authorities recommend the use of res-
pirators by health-care workers in the vicinity of pandemic
inXuenza patients, in particular during aerosol generating
procedures.

It is not known whether current human seasonal inXu-
enza vaccines can provide any protection to S-OIV. The
development of a vaccine protecting from S-OIV infection
may be crucial if pandemic proceeds and is under consider-
ation. Therefore, WHO needs to access as many viruses as
possible in order to select the most appropriate candidate
virus. Current development, large-scale manufacturing, dis-
tribution, and delivery of a new vaccines may take several
months. The WHO announced that production of the
unchanged seasonal vaccine should continue for now, and
that the WHO would assist the development process an
eVective vaccine (http://www.who.int/mediacentre/news/
statements/2009/h1n1_20090427/en/index.html). Following
WHO, two separate immunisations might be required for
seasonal inXuenza and S-OIV. A decision on whether to
begin producing a S-OIV vaccine is pending.

Most of the previously reported swine inXuenza cases
recovered fully from disease without requiring medical
attention and without antiviral medicine [18, 25]. However,
there are two approved classes of antiviral drugs used
against inXuenza, including N inhibitors such as oseltamivir
(TamiXu) and zanamivir (Relenza), and M2 protein inhibi-
tors (adamantane derivatives such as amantadine and
rimantadine) [4]. N inhibitors are currently being preferred
for inXuenza virus infections since they are less toxic and
more eVective [1, 4]. Antiviral treatment should be started
soon after inXuenza onset (within 2 days), but treatment
with antiviral drugs should be still considered after 48 h of
symptom onset, particularly for hospitalised patients or
people at high risk for inXuenza-related complications [4].
Prophylactic treatment may be considered for persons who
are not ill, but who have been in (suspected) contact with
inXuenza-infected individuals. When used to prevent inXu-
enza disease, antiviral drugs are about 70–90% eVective.
The duration of prophylactic treatment has to be adjusted
depending on the individual situation.

Currently, oseltamivir is generally regarded as the N
inhibitor of choice due its more convenient administration
route (oral) compared to zanamivir (inhalation). Initially, N
inhibitors were assumed to be less prone to select resistant
inXuenza viruses than M2 protein inhibitors. However,
treatment of H3N2 inXuenza led to resistance in 0.4% of
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adult cases and 5.5% of children [4]. Moreover, the CDC
released data showing a high level of oseltamivir resistance
among nearly all seasonal inXuenza A/H1N1 isolates on 12
December 2008 [47]. Notably, all of these H1N1 isolates
were susceptible to adamantanes, whereas all H3N2 iso-
lates were resistant against adamantanes. Of major concern
is the fact that these oseltamivir-resistant viruses appear Wt
and readily transmissible from human-to-human [48, 49].
In this context, zanamivir is an attractive antiviral drug
because of non-overlapping resistance patterns with osel-
tamivir [4]. In fact, the oseltamivir-resistant H1N1 isolates
retained susceptibility to zanamivir [48, 49]. At the
moment, data on the clinical eVectiveness of anti-inXuenza
drugs against S-OIV is lacking. Genetic and penotypic
analysis indicated S-OIV to be sensitive to oseltamivir and
zanamivir, but resistant to adamantanes [50].

The use of combination therapy has been suggested in
order to decrease the emergence of resistant virus strains
[51]. Simulations reveal that using a second eVective anti-
viral such as zanamivir to treat even 1% of cases would
delay the spread of resistant strains. Even a drug such as
amantadine (Symmetrel) for which resistance frequently
emerges may be useful in combination therapy. However,
since S-OIV have been suspected to be adamantane-
resistant [50] it remains questionable if this drug class may
have a role in the case of S-OIV pandemic.

As of 5 May 2009, the CDC suggested that therapy with
neuraminidase inhibitors should be given with priority to
hopitalised patients and and individuals of high risk for
complications for seasonal inXuenza. (http://www.cdc.gov/
h1n1flu/antiviral.htm). The WHO states that the informa-
tion is insuYcient to make recommendations on the use of
the antivirals in prevention and treatment of swine inXu-
enza virus infection [46]. Clinicians should make decisions
based on the clinical and epidemiological assessment and
harms and beneWts of the prophylaxis/treatment of the
patients.

Although many nations and the WHO have stockpiled
oseltamivir, shortages may arise in the case of pandemic.
Pharmacokinetic investigations revealed that co-adminis-
tration of oseltamivir with probenecid (a substance regis-
tered for treatment of gout) results in decreased elimination
of oseltamivir carboxylate (the anti-inXuenza eVective
metabolite of oseltamivir) and, therefore, in increased osel-
tamivir carboxylate levels [51, 52]. Therefore, combination
of oseltamivir with probenicid may enable delivery of osel-
tamivir treatment to more inXuenza patients.

Besides registered anti-inXuenza drugs, ribavirin and
interferons, antiviral substances approved for other indica-
tions than inXuenza, were shown to inhibit inXuenza A
virus replication and may, therefore, serve as additional
treatment options [4]. Moreover, non-antiviral drugs not
normally employed in the treatment of viral pneumonia

(e.g., statins, macrolide antibiotics, gemWbrozil, acetylsali-
cylic acid) or natural products (Xavonoids, Xavones, poly-
phenols) have been suggested for the control of inXuenza
virus replication and/or respiratory inXammation that
accompanies severe inXuenza A virus infections [1].

Conclusions

There is considerable concern that the current S-OIV out-
break in humans may become a pandemic due to its geo-
graphical spread of multiple community outbreaks,
suspected little to no immunity, and (initial) information
about somewhat unusual age groups aVected. The lack of
data about crucial factors such as virulence, transmission
rates and patterns, eVectiveness of current treatments as
well as innate propensity of inXuenza virus to develop in
pandemic strains preclude a reliable prediction. Although
virulence and pathogenicity seem so far mild more aggres-
sive viruses may arise. In fact, the pandemic of 1918, which
also seemed mild in its early phases, Wnally killed at least
50 million people worldwide. Moreover, even the “mild”
pandemics of 1957 and 1968 killed many people. In con-
trast to previous pandemics, antiviral agents, antibiotics to
treat bacterial co-infections, and improved supportive care
may help to manage inXuenza disease in infected persons.
Nevertheless, the only way to avoid an inXuenza pandemic
(wave) is an eVective vaccination program. Therefore, it is
important to increase and coordinate preventive activities at
a global level to slow virus transmission to provide enough
time for the preparation and distribution of a well-matched
vaccine.
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