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Abstract

Since 1997, when human infections with a highly pathogenic (HP) avian influenza A virus (AIV)
subtype H5N1 — previously infecting only birds — were identified in a Hong Kong outbreak, global
attention has focused on the potential for this virus to cause the next pandemic. From December 2003,
an unprecedented HSN1 epizootic in poultry and migrating wild birds has spread across Asia and into
Europe, the Middle East, and Africa. Humans in close contact with sick poultry and on rare occasion
with other infected humans, have become infected. As of early March 2007, 12 countries have
reported 167 deaths among 277 laboratory-confirmed human infections to WHO. WHO has declared
the world to be in Phase 3 of a Pandemic Alert Period. This paper reviews the evolution of HP AIV
H5NI1, molecular changes that enable AIVs to infect and replicate in human cells and spread
efficiently from person-to-person, and strategies to prevent the emergence of a pandemic virus.
© 2008 Published by Elsevier Ltd.

Keywords: Influenza; Avian influenza; Pandemic; HSN1

Pandemic influenza in humans has occurred every 10-50 years over several centuries,
causing major morbidity and mortality, and severe economic consequences [1,2]. Given the
last pandemic occurred 37 years ago in 1968, the next pandemic is anticipated at any time.
Since 1997, when humans in a Hong Kong influenza outbreak were found to be infected
with a highly pathogenic (HP) avian influenza A virus (AIV) of subtype HSN1 — a virus
previously known to infect only birds [3] — global attention has focused on the potential for
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this virus to evolve into a pandemic strain [4]. With the severity of illness and high case
fatality rate of approximately 60% that has been observed among humans infected with this
subtype [5—-7], there is great concern that a pandemic caused by this virus would result in
extremely high morbidity and mortality, and have major economic consequences [2].

Beginning in December 2003, an unprecedented epizootic of HP AIV H5NI has
occurred in poultry and migrating wild bird populations, spreading across Asia, into
Europe, the Middle East, and Africa, with 38 countries reporting a combined total of 4598
poultry and/or wild bird outbreaks to the Office International Epizooties (World
Organization for Animal Health) as of 2 March 2007 [8]. Concurrent with this epizootic, as
of 1 March 2007, 12 countries have reported a total of 277 laboratory-confirmed human HP
AIV H5N1 infections and 167 deaths to WHO [5]. Although the majority of infections have
resulted from close human contact with infected and ill birds [11], limited human-to-
human transmission is suspected to have occurred in Thailand [9], and more recently in
Indonesia [10]. Based on these events, WHO has determined the world to be in Phase 3 of a
Pandemic Alert Period [12].

Pandemic influenza viruses are novel influenza A viruses that infect humans lacking any
natural immunity, that spread efficiently from person-to-person, and that cause severe
illness [13]. This paper reviews the basic mechanisms by which AIVs adapt to infect and
replicate in human host cells and achieve efficient person-to-person spread, factors that
affect pathogenicity, and strategies that can be employed to prevent the emergence of
pandemic viruses. Particular attention will be given to HP AIV H5N1 and whether it is
evolving on a pathway to becoming the next pandemic virus.

Influenza A viruses are enveloped and contain a single, segmented, negative-strand
ribonucleic acid (RNA) genome. The genome comprises eight segments of negative-sense
RNA, which are named hemagglutinin (HA), neuraminidase (NA), matrix (M),
nucleoprotein (NP), and nonstructural (NS) genes, and three polymerase segments named
PB1, PB2, and PA [14]. Multiple segments of the genome are believed to play important
roles in infection and replication [15-19], and pathogenicity [19-21].

Influenza A viruses are categorized into subtypes based on its two glycoprotein surface
antigens—HA and NA. To date, 16 HA and 9 NA antigens have been identified [14,22].
Segmented influenza A viruses are continually changing. Small changes occur year-to-year
by point mutations, a process referred to as genetic drift. Major changes occur less
frequently by reassortment (i.e., mixing) of genes of two different viruses in co-infected
cells, a process referred to as genetic shift. Genetic reassortment can result in the
emergence of novel subtypes with a completely new HA antigen, not previously
experienced by potential host species [14]. In addition, whole AIVs can jump into new,
previously unsusceptible species, and adapt to successfully infect new hosts [16,23-25].

1. The emergence of pandemic viruses

During the 20th century, influenza pandemics occurred in 1918, 1957, and 1968, and
were caused by novel HIN1, H2N2, and H3N2 viruses, respectively. The 1918 Spanish
influenza pandemic virus originated from direct infection and adaptation of a whole HIN1
AIV into humans [16]. The 1957 Asian influenza and 1968 Hong Kong influenza pandemic



M. Pappaioanou/Comp. Immun. Microbiol. Infect. Dis. 32 (2009) 287-300 289

viruses are believed to have originated from reassortment between currently circulating
human and AIVs. In 1957, the novel H2N2 pandemic virus contained three genes of an H2
AV, the result of an avian H2 virus reassorting with the circulating human HINT strain. In
1968, the new H3N2 pandemic virus contained three genes of an H3 AIV, which was again
the result of an avian H3 virus reassorting with the circulating H2N2 strain [15].

Influenza A viruses infect a broad range of mammalian species including humans, wild
aquatic and shore birds, domestic poultry and swine, horses, seals, whales, dogs, cats, and
other species. All influenza A subtypes have been isolated from wild aquatic and shore
birds, which are considered the reservoir of infection [14]. Interspecies transmission of
AlVs, such as human AIV HS5, H7, H9, H10, and H11 infections [21,25-29], swine AIV
H1, H4, and H9 infections [30,31], feline AIV HP H5 infections [25,32,33], canine AIV HP
HS5 infections [34], and AIV infections in other mammals [35], have been described. Swine
influenza viruses have infected humans [36,37], and equine influenza viruses have infected
dogs [24]. Although recent studies have shed light on molecular changes in influenza A
viruses that are involved with their adaptation to new species [38], in general, significant
gaps in knowledge remain as to how interspecies transmission occurs—an important step
in the emergence of pandemic viruses.

The mechanisms by which novel influenza viruses infect human host cells and replicate
efficiently are also important for the emergence and transmission of pandemic viruses. The
process by which influenza A viruses infect host cells begins when the HA antigen binds to
sialic acid (SA) receptors on host epithelial cell surfaces [14,17,39]. Thus, a major
determinant of host range for an influenza A virus is the binding affinity between its HA
antigen and host cell SA receptors [19]. Human adapted influenza A subtypes (i.e.,
circulating H1, H2, H3 viruses) preferentially bind to SA receptors having 02,6 galactose
(GAL) linkages, which are found in great numbers on human tracheal epithelial cells
[40,41]. In contrast, influenza A viruses adapted to birds preferentially bind to epithelial
cells having SA receptors having 02,3 GAL linkages, which are located in the avian
intestinal tract [19,42]. The difference between the composition and configuration of
human and avian epithelial cell receptors, which determines host susceptibility to AIVs,
has been as little as one to two amino acids [43—-45]. For example, in 1967, a two amino
acid change that occurred in an H3 duck virus during reassortment with the circulating
H2N?2 seasonal influenza virus, is believed to have led to the emergence of the 1968 Hong
Kong influenza pandemic virus [39]. And although SA02,6 GAL receptors are dominant
on human columnar epithelial cells in the upper and lower human respiratory tract, SAc.2,3
GAL receptors, which would allow infection by AIVs, have also been found but in much
lower numbers [46,47].

In addition to receptor affinity, infection of a host cell also requires the HA antigen to
cleave into two domains — HA1 and HA?2 — at the terminal end of the HA1 domain, which is
important for the virus to gain entry into the host cell where it can fuse with host endosomal
membranes [48]. In general, host cell proteases are required for cleavage to occur, and
basic amino acids near the cleavage site can block host protease access to the site, thereby
interfering with cleavage and successful infection of the host cell [48,49].

Taking these processes into account, HP AIV N5NI1 likely has been able to infect
humans, at least in part, because of the presence of limited numbers of SAx2,3 GAL
receptors on human nasal epithelial cells—receptors to which the virus has an affinity
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[46,47]. Replication of this virus in humans, however, has been found to be most efficient in
alveolar epithelial cells of the lungs, where SA02,3 GAL receptors are present in greater
numbers [47]. The pneumocyte has been postulated as the major site of H5SN1 viral
replication in the lung [42]. This scenario likely accounts for the observed inefficient
person-to-person transmission of this virus. Close and intense human contact with infected
birds or humans, when the virus can find its way to the lower respiratory tract, has been
required for human infection to occur [44]. In addition, HP AIV H5N1 in humans has also
been found to replicate in the intestine [42]. New research has documented HP AIV H5N1
infection of human ex vivo nasopharyngeal, adenoid and tonsillar tissues, which lack
SA02,3 GAL receptors, leading investigators to conclude that other, currently unknown,
binding sites on epithelial cells must be involved with virus entry [50].

Studies of 1957 and 1968 pandemic viruses found that the HA glycoprotein of the AIV’s
that reassorted with circulating human influenza viruses, adapting to SA«a2,6 GAL
receptors in the epithelial cells of the upper respiratory tract of humans, gave the emergent
virus the ability to more readily infect humans and spread efficiently from person-to-person
[39,51]. Recent studies have suggested that the PB1 gene also may be critical for
adaptation, since both it and the HA antigen were transferred during reassortment events
from which the 1957 and 1968 pandemic viruses emerged [15,16]. In addition, PA genes
are believed important for human adaptation, as four amino acids of the PA gene, one of
PB1, and five of the PB2 gene have been identified in human influenza viruses, but not in
AlVs [16].

2. Pathogenicity of HP ATV H5N1 in humans

The spectrum of clinical illness and outcomes experienced by patients infected with HP
AIV H5N1 in Hong Kong [52], Vietnam [53], Thailand [54], Indonesia [10], and Turkey
[55] have been described in detail. In contrast to human seasonal influenza A viruses, which
affect very young children (under 2 years) and older adults (>65 years), patients infected
with HP ATV H5N1 have been older children and young adults disproportionate in numbers
to their respective populations [7]. Human infection with this virus has resulted in serious
and often fatal illness, with sudden and severe pneumonia and multi-organ failure
occurring prior to death [6,52,53]. A few mild cases and rare asymptomatic infections have
been documented [7]. Recently, questions have arisen as to whether human genetic factors
might be playing a role in predisposition to infection and severity of illness [10,56].

Factors that have been postulated as important in the pathogenesis of pandemic influenza
viruses include (1) cleavability of the HA molecule [70-72] and host proteases involved with
this process [48,57,58]; (2) efficient viral replication leading to high viral burdens
[52,54,59,60]; (3) viral mechanisms for evading or suppressing host immune responses [19];
and (4) viral mechanisms for stimulating a hyper-immune response [60—62].

High viral burdens are achieved when newly synthesized viruses are released from
infected cells and then infect new cells. The NA glycoprotein removes SA from the cell
surface of infected epithelial cells, which is necessary for the release of newly synthesized
viruses. Thus, efficient virus replication involves balanced actions of both HA and NA
antigens [19].
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The dysregulation of virus-induced cytokines also has been identified as important in
affecting host immune response and therefore, severity of illness [60,61]. Research on the
1918 Spanish Influenza pandemic virus [63] and the 1997 Hong Kong HP AIV H5N1 virus
[60] has suggested that more highly pathogenic influenza viruses have an NS gene that
counteracts cellular interferon responses, and therefore, when compared to less pathogenic
viruses, are more efficient in counteracting the host immune response. However, studies of
the HA glycoprotein of the 1918 pandemic HIN1 virus [64,65] and the NS1 gene of the
1997 Hong Kong H5N1 virus [60,61] have shown that these genes played a role in
stimulating an over production of proinflammatory macrophage-derived chemokines and
cytokines in severely ill patients infected with those viruses. Viral isolates of HP H5N1
obtained from 1997 and 2004, when compared to the circulating HIN1 virus, were found to
be more potent inducers of proinflammatory cytokines (e.g., tumor necrosis factor-o) and
chemokines (e.g., IP-10) in primary human respiratory epithelial cells [61]. However,
despite the growing understanding of molecular factors that are influencing the
pathogenicity of influenza A viruses, substantial gaps in information remain and a robust
research agenda remains.

3. The source and evolution of highly pathogenic avian influenza virus HSN1

Since the HP AIV H5N1 outbreak in humans in Hong Kong in 1997, the virus has been
studied and monitored, and it continues to evolve. Significant concerns remain, that at any
moment, the virus could acquire the capability to more easily infect people and spread
person-to-person more efficiently, while retaining its high pathogenicity.

The human Hong Kong outbreak of 1997 was concurrent with poultry outbreaks in the
region, and human viral isolates obtained at that time were related directly to chicken
isolates obtained in Hong Kong live bird markets (LBMs) just before the human outbreak
[66]. Additional studies have suggested that the virus causing the 1997 human outbreak in
Hong Kong emerged from a reassortment of an influenza A/Goose/Guangdong/1/96-like
virus that had caused outbreaks in geese on goose farms (with a morbidity rate of 40%), in
Guangdong Province China in 1996 [67], and HON2 or H6N1 viruses similar to strains
circulating in Hong Kong LBMs in 1997 [68,69]. The HA gene of a 1997 H5N1 isolate was
found to be 98.8% homologous with the 1996 Guangdong Province goose strain, and
internal genes were 98-99% homologous with the circulating HON2 virus in Hong Kong at
that time [61,69]. Moreover, the NA of the 1997 Hong Kong H5N1 virus, containing a 19
amino acid deletion in its stalk region, was more than 98% homologous to an H6N1 avian
virus (A/Teal/HK/W312/97) isolated during the same time period [68].

Despite rigorous control measures instituted in Hong Kong during the 1997 outbreak
[70], sporadic HP AIV H5NI1 outbreaks in poultry continued to occur and virologic
surveillance was instituted [62,70]. The HA antigen of viral isolates that were obtained
remained very close to those isolated in 1997 [62]. Since 1997, several genotypes have
emerged, likely a consequence of genetic reassortment between the A/Goose/Guangdong/
1/96-like 1997 Hong Kong viral precursor and viruses circulating during 2001 and 2002.
Based on studies of internal genes isolated before or during 2001, six genotypes were
identified—A, B, C, D, E, and Xo. Beginning in 2002, however, viruses with genotypes A,
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C, D, and E could not be detected, and eight new genotypes — V, W, X1, X2, X3, Y, Z, and
Z+ — were identified. By 2004, genotype Z, which contains both NA and NS1 deletions,
was identified as the dominant H5NT1 virus in southern China in [71].

Phylogenetically, the virus has evolved into genetic groups or ““clades”. Viruses isolated
from birds and humans in Hong Kong in 1997 and 2003 initially were classified as
belonging to clades 1’ and 3 respectively, differing by only one amino acid [68]. Based on
continuing analyses of the HA gene, two genetically and antigenically distinct clades —
Clades 1 and 2 — have since been identified and tracked. From late 2003 into 2005, Clade 1
viruses circulated in Cambodia, Thailand, and Vietnam, where they caused outbreaks in
poultry and human infections, and in Laos and Malaysia, where they were isolated
predominantly from birds (in February 2007, the first human case in Laos was identified,
however, viral clade had not been identified at the time of manuscript submission). From
2004 into the first half of 2005, Clade 2 viruses circulated in China, Indonesia, Japan, and
South Korea, where they caused poultry outbreaks but no human infections. In mid-2005,
however, Clade 2 viruses and their epidemiology changed. Infected wild birds were found
to be shedding virus from their respiratory tracts. In addition, the clade moved westward
via both migrating wild birds and movement of poultry or poultry products. Poultry
outbreaks and human infections from Clade 2 viruses have been documented in Turkey,
Azerbaijan, Iraq, Egypt, Djibouti, Indonesia, and China; and since late 2005, Clade 2
viruses have been identified as the cause of a majority of human infections reported. Six
viral subgroups have been identified as comprising Clade 2 viruses, with three of the six
circulating in different geographic areas. One continues to circulate in Indonesia. A second
(called the Qinghai Lake-like virus, which caused a large migrating wild bird die off at the
Chinese lake in 2005) has caused outbreaks in Europe, the Middle East, and Africa, and the
third is circulating in China and recently has moved into Vietnam [72-75]. The third
sublineage, detected through surveillance of LBMs, has been found in southern China,
Hong Kong, Laos, Malaysia, and Thailand, and has caused both poultry outbreaks and
human infections. Since 2005, China has implemented a large compulsory poultry
vaccination program for HP AIV H5N1. Surveillance of poultry in LBMs has shown low
H5N1 seroprevalence rates, leading to a hypothesis that the emergence of this new
sublineage possibly has resulted from selection pressure caused by the vaccination
program [75].

Phylogenetic analysis of Clades 1 and 2 viruses isolated from poultry and humans in
Asia during 2004-2005 has revealed that all eight gene segments have been avian in origin
and have not acquired human influenza genes through reassortment. In addition, the
majority of human H5N1 isolates obtained during 2004-2005 have been found to be
antigenically homogeneous but distinct from avian viruses obtained prior to 2004.
Molecular analysis of the HA antigen from isolates collected in 2005 has suggested that
several amino acids located near the receptor-binding site are changing in ways that could
affect antigenicity or transmissability. For example, all HSN1 viruses isolated from 2004 to
2005 outbreaks were found to have a multiple basic amino acid sequence at the cleavage
site, which is indicative of a HP AIV [62].

Characteristics of HP ATV H5N1 infection in different species have varied over time;
and ducks, traditionally serving as a reservoir of AIVs, appear to be playing an important
role in the evolution of the virus. During the earliest years of the epizootic, between 1997
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and 2001, the virus was found to be non-pathogenic in, and inconsistently and inefficiently
transmitted among ducks [76]. By 2002, however, when isolates of HSN1 viruses obtained
from birds at the same time were experimentally inoculated into mallards, outcomes
included high virus titers with systemic infection, pathologenic changes in multiple organs,
and death [77]. In subsequent years, ducks naturally infected with the HP H5N1 virus did
not develop clinical signs or symptoms, but were found to shed virus for extended periods
of up to 17 days [76]. In addition, viruses isolated from healthy ducks caused increased
pathogenicity in mice under experimental conditions [78]. Investigators in Thailand found
a strong association between the pattern of HSN1 outbreaks in chickens and free-grazing
ducks [79]. During late December 2006 and early January 2007, however, new HP AIV
HS5N1 outbreaks occurred in Thailand’s poultry, including ducks showing clinical signs of
infection [80]. New outbreaks in poultry have also been reported from Vietnam during the
same period with infections detected in healthy ducks [81,82], greatly complicating efforts
for disease control and substantially increasing risks for human exposure. That healthy
ducks can be infected with HP AIV H5N1 viruses and shed virus for extended periods of
time, placing poultry, swine, and humans at increased risk of exposure, is an environment
conducive to the emergence of a pandemic strain either through reassortment, or through
adaptation of the whole virus to the human host [76].

4. Preventing the emergence of pandemic viruses

Continued human exposure to and infection with HP ATV H5N1 increases the likelihood
that this virus will mutate or reassort in a way that will result in efficient human-to-human
transmission [44,71]. In addition, because pigs apparently can be infected with HP AIV
HS5NI1 [83] and are also susceptible to prevailing circulating seasonal human influenza A
strains, the viruses could reassort in co-infected swine, and a new virus could emerge
capable of efficient human-to-human transmission.

Consequently, a basic strategy to minimize the potential for a pandemic strain to emerge
is to control infections in poultry and limit the opportunity for humans and pigs to be
exposed and become infected with AIVs [84,85]. Important measures to control avian
influenza in poultry include the institution of strong biosecurity measures and animal
husbandry practices on farms (i.e., keeping species separate and preventing poultry contact
with wild birds), proper and effective use of sanitation and disinfectants, vaccination with
an accompanying strategy to differentiate infected from vaccinated birds (i.e. DIVA), and
safe marketing practices in LBMs that prevent the mixing of species or movement of
infected birds from markets to backyard farms [86—89].

A second important strategy to prevent the emergence of a pandemic virus is to prevent
or minimize infections in humans at high risk of exposure. Almost all cases of human HP
ATV H5NT1 infection have occurred from close and direct contact with infected and ill birds
[90-92]. Backyard poultry and swine farmers; owners and or managers of fighting cocks;
LBM managers, vendors, and customers; poultry and pork industry employees having
contact with poultry and swine; slaughterhouse/abattoir workers; veterinary and animal
health professionals responsible for culling or vaccinating birds and pigs as part of disease
control efforts; wild bird rehabilitation workers; population groups with dietary practices
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that include drinking raw duck blood, and any other group that is in close contact with birds
and or swine are considered at increased risk for infection with HP AIV H5NI1 [93].
Considerable guidance has been issued on the use of personal protective equipment to
prevent human infection in these populations, including the use of respirators, proper hand
hygiene, and the use of antivirals for prophylaxis in high risk settings [94-99]. Recent
attention has focused on the importance of vaccinating poultry and swine farmers and food
industry workers with seasonal influenza vaccine for overall disease prevention, but
importantly as a key strategy to prevent reassortment of influenza A viruses which could
lead to the emergence of a pandemic virus [100].

5. Vaccines and antiviral drugs to control an influenza pandemic and reduce
morbidity and mortality

Mass vaccination of the human population with an effective vaccine is considered the
most effective approach to prevent the spread of potentially pandemic viruses, and to
reduce illness and death. Influenza vaccines are known to be most protective when they are
antigenically similar to circulating strains [80,81]. Early HP H5NI1 vaccines were
developed using two Clade 1 viruses — a 2003 H5N1 isolate from Hong Kong and 2004
isolates from Vietnam — and have been in clinical trials. These inactivated (2003) and
subunit (2004) vaccines were poorly immunogenic, requiring two doses to produce
neutralizing antibody titers [80]. Preliminary data have indicated a lack of cross-protecting
neutralizing antibody from candidate Clade 1 virus vaccines to more recently emerged
Clade 2 H5N1 viruses. WHO, in response to the rapidly evolving H5SN1 virus into multiple
sublineages, has made isolates of three Clade 2 subclades available for the development of
new human vaccines [101]. Currently, a number of vaccine seed viruses are being
generated, and plasmid-based reverse genetics used to generate influenza vaccine
candidates [80]. In late February 2007, a US Food and Drug Administration (FDA)
advisory panel supported approval for an HSN1 vaccine that would be used in the event of a
pandemic (i.e., not sold commercially), although supporting evidence indicated limited
effectiveness [102].

The use of antiviral drugs is also important for reducing the severe morbidity and
mortality of an influenza pandemic [80,103]. With HP ATV H5N1 having infected humans
for the first time in 1997, humans populations in general lack any natural immunity, and are
not protected by antibodies that might have been developed against previous or current
seasonal circulating strains or vaccines. Given the importance of high viral loads to the
pathogenesis of human AIV H5NI infections, suppressing viral replication by the use of
effective antiviral drugs is a potentially important intervention to reduce mortality
associated with infection [59,104]. Although limited clinical efficacy of antiviral treatment
in patients ill with H5N1 influenza has been observed [7], most patients diagnosed to date
have been started on antivirals well into their illness; and antivirals are unable to interrupt
the cascading host reaction leading to hypercytokinemia and associated complications in
humans infected with AIV H5N1, once the process has begun [59]. Isolates from 2004 to
2005 have been shown sensitive to two neuraminidase inhibitors—oseltamivir and
zanamivir. WHO has recommended oseltamivir for prophylactic or therapeutic
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intervention with H5N1 infections [72,105]. Neuraminidase inhibitors are thought less
likely to select for resistant influenza viruses than other antiviral drugs such as the
adamantanes, however, resistance recently was detected in some HP AIV H5NI isolates
[106]. WHO has underscored the importance of monitoring the susceptibility of potentially
pandemic viruses to antiviral drugs for evidence-based decisions on the most effective
control measures to recommend [72].

Recently, WHO and others in the public health community have explored the
effectiveness of social distancing measures that could be instituted during a pandemic to
reduce person-to-person transmission until stockpiled vaccine and drugs can be made
available [107,108].

6. The importance of surveillance in preventing and preparing for future
pandemics

HP AIV H5NI1 has become endemic in Asia [105]. Molecular methods, unavailable at
the time of previous pandemics, have permitted the close monitoring of molecular and
genetic changes of virus subtypes, and have contributed to a better understanding of how
AlVs evolve, how they adapt to and infect humans, and of factors important for efficient
person-to-person transmission, and pathogenicity. These methods have also permitted
identifying and tracking sublineages as they spread across populations and country
borders. At this time, there is growing recognition that legal and illegal movement of
infected poultry and healthy ducks, and migrating wild birds are playing important roles in
the spread of the virus [109,110], and that the virus acquires different characteristics as it
transitions between poultry and wild birds [62]. Continued virologic and disease
surveillance of AIVs in humans, poultry, and swine is essential to detect outbreaks or
unusual occurrences of disease [30] and to monitor pandemic risk [104], so that timely and
effective interventions can be applied to control, and potentially to stop transmission.
Surveillance on the sensitivity of circulating viral subtypes to available antiviral drugs and
the effectiveness of candidate vaccines is also needed to provide a rational basis for guiding
their use.

7. H5N1 avian influenza virus—cause of the next pandemic?

Currently HP ATV H5N1 is not a pandemic influenza virus, but it continues to change
and evolve. It is impossible to predict whether or when the HSN1 virus will change in ways
that will result in more efficient human infection and human-to-human spread, and whether
the virus will retain its high pathogenicity should those changes occur. The virus continues
to spread globally and to cause unprecedented poultry outbreaks and human infections.
Each day, new twists and turns on its host range and impact on affected species are
reported. Considerable variability exists among affected countries in their ability to mount
effective surveillance and disease control programs, and in the formulation of feasible and
effective pandemic preparedness plans. Effective influenza virologic and epidemiologic
surveillance requires quality laboratory support services, which are often lacking in many
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areas affected by this virus. WHO has identified the following five priority actions for
optimal pandemic prevention and preparedness: (1) reduce human exposure to the HSN1
virus; (2) strengthen early warning systems; (3) intensify rapid containment operations; (4)
build coping capacity; and (5) coordinate global research [111]. Whether it is HP AIV
HS5NI1 or another viral subtype altogether that ultimately emerges as the next influenza
pandemic virus, the research on and attention to the evolving HP AIV H5N1 virus are
advancing scientific understanding of how pandemic influenza viruses emerge, and are
motivating countries and the world at large to become prepared to address the challenges of
the next influenza pandemic, whenever it occurs.
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