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H5N1 Avian Influenza Virus: An Overview

José Luiz Proenga-Médena, |zolete Santos Macedo and Eurico Arruda
Ribeirdo Preto Medical School (FMRP); University of Sdo Paulo (USP)

Avian influenza virus (H5N1) emerged in Hong Kong in 1997, causing severe human disease. In recent years,
sever al outbreakshave been reported in different partsof Asia, Europeand Africa, raising concer nsof dissemination
of a new and highly lethal influenza pandemic. Although H5N1 has not been capable of sustaining human-to-
human transmission, the ability of the virus to undergo variation due to mutations and reassortment, clearly poses
the possibility of viral adaptation to the human species. For this reason the World Health Organization has
established that we are now in a phase of pandemic alert. Preparing for an influenza pandemic involves a great deal
of awar eness necessary to stop initial outbreaks, through the use of case recognition, sensitive and rapid diagnostic
methods, appropriate therapeutic and preventive measures to reduce spread. Influenza pandemic preparedness
involves coor dinated phar macologic and vaccinal strategies, aswell ascontainment measur essuch astravel restrictions

and quar antine appr oaches.
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The emergence of epidemics of acute respiratory highly
contagiousillness, known asinfluenza, has afflicted humans
since remote times. The word influenza (from the latin
‘influentia’), means “ epidemic” and conveys original vague
concepts that such epidemics resulted from combinations of
occult ‘influences’ [1]. Annual outbreaks of influenza occur
regularly in temperate regions of the world with remarkable
seasonality, defined by peak incidence in the colder months
of theyear. Such annua outbreaksvary in severity, but usually
cause high morbidity and mortality, mainly among infants, the
elderly, and immunocompromised patients[1].

In recent years, notably since 1997, the increased
circulation of highly pathogenic avian influenza has been
consistently detected in poultry and wild birds in several
countries, mostly in Asia. In addition, 271 human cases of
avian influenza (59.1% of them lethal) have been officially
reported by the World Health Organization (WHO) as of this
writing [2]. The occurrence of human infection outbreaks of
avian influenza, yet relatively restricted, raises concerns of
dissemination of anew and highly lethal influenza pandemic.
However, the actual risk of such a pandemic remains
undetermined. This paper presentsan overview of avian HSN1
influenza virus biology and highlights currently available
information about prevention and control.

Biology of InfluenzaA Virus

Influenza viruses are RNA viruses in the family
Orthomyxoviridae, which includesfour genera: InfluenzaA,
B and C viruses and Thogotovirus, as recently proposed by
the International Committee on Taxonomy of Viruses (ICTV)
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[3,4]. They are enveloped negative-stranded RNA virusesthat
can be distinguished on the basis of antigenic differencesin
nucleocapsid (N) and matrix (M) proteins[1].

Influenza A viruses are roughly spherical (120 nM) with
glycoprotein spikes on the surface and genome consisting of
eight RNA fragments that encode 10 proteins. The
haemagglutinin (HA), neuraminidase (NA) and matrix (M2)
proteins are embedded in the envelope lipid bilayer derived
from the host cell [1] (Figure 1). The M1 protein underlying
the envelope is the major determinant of virion morphology
[5]- Thenucleoprotein (NP) associateswith each RNA segment
to form the ribonucleoprotein (RNP) complex, which also
contains small amounts of the three polymerase subunits.
The nonstructural proteins NS1 and NS2 are found only in
infected cells[1].

The surface glycoproteinsHA and NA are critical for the
biology of influenza virus. HA is responsible for the virus
attachment to the cell surface, bindingto sialic acid residues
in cell membrane glycoproteins, thus triggering viral fusion
and entry [6]. The proteolytic cleavage of HA by serine
proteases present in the infected tissue exposes hydrophobic
fusion domains that mediate membrane fusion. This is an
important molecular determinant of host range and tissue
pathology [7,8]. Some HA types can be cleaved by different
serine proteases, what enables the virus to spread more
efficiently in vivo [9,10]. The RNA-dependent RNA
polymerase and the NS1 proteins of influenza virus also are
determinants of viral pathogenicity and host range[11,12].

NA cleaves terminal sialic acid from glycoconjugates
present on respiratory mucins, cells, and progeny virions[1,3].
This action is of key importance for the release of the virus
from infected cells and, consequently, for the spreading of
infection throughout the respiratory tract.

The antigenic diversity of HA and NA provides for
influenzaA virus subtyping. Sixteen HA and nine NA subtypes
are currently recognized, with amino acid sequencesdiffering
by 30% or more[13]. Six HA (H1, H2, H3, H5, H7 and H9) and
three NA (N1, N2 and N7) subtypes have been identified in
strains of influenza virus causing human infection, but only
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Figure 1. Schematic diagram of influenzaA virus. Inserted in
thelipid bilayer arethe haemagglutinin (HA), neuraminidase
(NA) and matrix (M2) proteins. The M1 proteinislocalized
underlying the viral envelope. The nucleoprotein and three
polymerase proteins are associated with each of the eight
single-stranded RNA segments (1-PB2, 2-PB1, 3-PA, 4-HA, 5-
NP, 6-NA, 7-M, 8-NS) to form the ribonucleoprotein complex
(RNP).
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Figure 2. Schematic diagram of the replicative cycle of
influenzaA. Virusbindsto sialic acid residues present on cell
surface glycoproteins or glycolipids and internalization is
mediated by endocytosis in clathrin coated vesicles.
Endosomal acidification triggerstherelease of the genomein
the cytoplasm host cell. Intact ribonucleoprotein complexes
enter the nucleus, where transcription of viral RNA (VRNA)
into messenger RNA (mRNA) and complementary RNA
(cRNA) takes place, mediated by the viral RNA polymerase
complex. The assembly of VRNAS into infectious viruses
involves severa cellular compartments and final budding
occurs through the cell surface.
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Figure 3. Schematic diagram of influenza A antigenic shift.
These changes are caused by the acquisition of new gene
segments thorough genetic reassortment between two virus
strains infecting simultaneously the same host cell.
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virusesof threeHA (H1, H2 and H3) and two NA (N1 and N2)
subtypes have remained in sustained circul ation in the human
population after causing pandemics [14].

After the binding of HA to sialic acid residues present in
glycoproteinsor glycolipidson the cell surface, influenzavirus
enters susceptible cells by receptor mediated endocytosis
(Figure 2). This internalization mediated by clathrin coated
vesicles isfollowed by the release of the genome into the
host cell cytoplasm, aphenomenon dependent on endosomal
acidification [1]. Transcription of the negative-stranded RNA
into either messenger RNA (mMRNA), whichdirectsviral protein
synthesis, or complementary RNA (cCRNA), which serves as
template for the viral RNA (VRNA) genome synthesis, is
mediated by aviral RNA polymerase complex active in the
nucleus of host cell [15]. Assembly and packaging of VRNAS
into infectiousvirionsinvolve several cellular compartments.
Nuclear export is promoted by the binding of M1 vira protein
to RNPs, followed by the assembly of nucleocapsids in
association with the cytoplasmic membrane and budding
through the cell surface. Only viruseswith afull complement
of genome segments are infectious[1].

During replication of influenza virus, antigenic changes
can occur, resulting in the continued circulation of the agent
in human populations. Minor changes, called antigenic drift,
are caused by the accumulation of point mutations during
transcription of the viral genes, owing to the lack of proof-
reading ability of theviral polymerase. Such changes, mainly
those occurring in the genes coding for HA and NA, can
potentially generate new strains of influenzavirusthat spread
in annual seasonal outbreaks. Unchecked by the lack of
significant pre-existing protectiveimmunity in the population,
these new strains can cause widespread symptomatic
infections[16]. More significant changes, called antigenic shift
(Figure 3), result from the acquisition of entirely new gene
segments, through genetic reassortment between two virus
strains simultaneously infecting the same host. This may
result in the emergence of novel influenzavirus subtypesthat
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Table 1. Pandemicsof influenzaA and other important influenzaeventsin the last one hundred years.

Year of appearance Timeof Virussubtype  Commondesignation Egtimated deaths
circulation (yr)
1918 0 HIN1 Spanish 100million
1957 n H2N2 Asian 86,000inthe USA
1968 Present H3N2 Hong Kong 34,000inthe USA
1997 Present H5N1 Chicken or bird 148 deathsfrom 2003 until October
2006

may have increased virulence, a fact that can be aggravated
by thelack of prior significant protectiveimmunity inthenew
hosts[17]. Important examples of emerging influenza subtypes
generated by antigenic shift have caused catastrophic
pandemics of influenza with great impact in human history
[17]. Recently reported outbreaks of infection caused by an
emerging influenza virus in Asia involved a few hundred
human cases with high fatality rate[2]. Such outbreaks were
caused by a highly pathogenic H5N1 reassortant avian
influenzavirus[18] and have caused great concern, generating
worldwide reactions from health authorities and the media.
These developments followed the crossing of the species
barrier by an epizootic highly pathogenic influenzavirusthat
spread alarmingly in aquatic and terrestrial birdsin Southeast
Asia[19].

Epidemiology of HSN1Avian I nfluenzaVirus

InfluenzaA viruses are distributed throughout the world,
causing symptomatic and asymptomatic infections in many
vertebrate species, including alarge variety of birds such as
ducks, geese, terns, shearwaters, gulls, chickens, quail, turkeys,
pheasants, starlings and budgerigars, as well as in swine,
horses, seals whales, gibbons, baboons, chimpanzees and
humans [20-24]. Phylogentic studies of influenza A viruses
reveal that aguatic birdsarethe source of all influenzaviruses
in other species[25].

Over thepast 150 yearsat |east four pandemicsof influenza
occurred at irregular intervals, including three in the 20"
century (Table 1). These have caused high attack ratesin all
susceptible age groups, with high morbidity and mortality.
Themost lethal influenzapandemicin modern history wasthe
H1N1 Spanish flu, whichkilled goproximately 100 million people
around the world between 1918 and 1919. The origin of the
1918 pandemic remainsan enigma, but it isnow clear that the
virus had features of an avian virus [26-28], and it appears
that an intermediate host, such as swine wasinvolved [29].
Swine are known to be susceptible to both avian and human
viruses, and could have served as hosts for additiona drift
resulting in the accumulation of changes from the origina
avianstrain[28,29]. The pandemicsof “Asianflu” (H2N2) in
1957 and the “Hong Kong flu” (H3N2) in 1968 caused an
estimated 1 to 3million deaths[15].

A highly pathogenic HS5N1 avian influenzaviruswasfirst
isolated in 1996, from a goose in China [30] and in 1997 it

caused death in poultry inAsia[30]. Ingenera, avianinfluenza
A viruses do not cause disease in humans and prior to 1997
only two cases of natural human infectionsby animal influenza
virus had been documented [31,32]. However, since 1997,
avianinfluenzavirusH5N1 has caused many casesof influenza
in humans[30]. In January 1998, Subbarao and collaborators
[33] characterized an H5N1 virusisolated from achild who
died from afatal respiratory illnesson May 21, 1997 in Hong
Kong. It was shown that genes encoding all internal and
nonstructural proteins were closely related to known genes
of avian origin and that this virus retained a preference for
binding to Sia2-3Gal-terminated sialylglycoconjugates
receptors, afeaturetypical of avian influenzaviruses[34]. It
has also been demonstrated that the HA of H5N1 has basic
amino acids adjacent to the cleavage site, allowing it to be
cleaved by proteasesother than trypsin-like ones[33,35]. This
augmented susceptibility of HA to cleavage by proteases
widely distributed in tissues and organs helps to explain the
broad tissue tropism of this virus and, consequently, its
enhanced pathogenicity. Infact, HSN1 virusin mammalsis
not restricted to the lungs, but extends to other organs,
including thebrain[35].

These H5N 1 influenzaviruses have continued to reassort
and undergo antigenic drift, aswell asextend their host range,
what is reflected by the detections of infectionsin swine and
feline[36,37], raising the possibility of apossible participation
of these animals in the spread of avian influenza virus. In
2004, 8 (0.25%) of 3.175 vietnamese pigstested were positive
for HSN1 influenzaviruses by serum neutralization assay and
Western blot [37]. Pigs possessreceptors (NeuAca2,3Gal and
NeuAcoi2,6Gal) with affinity for both influenzaA viruses[38],
which led to the hypothesisthat swine may serveasa“mixing
vessel” for the generation of reassortants [38].

Felines have al so become new targetsfor HSN1 research.
In Germany, in February 2006, 8 of 111 apparently healthy cats
coming from Thailand tested positive for antibodiesto H5SN1
viruses [36]. This finding has raised the question whether
cats can spread avian influenza virus. Rimmelzwaan and
collaborators (2006) showed that experimentally infected cats
shed virus in sputum and feces [39].

While other animal s have been found to be susceptible to
either natural or experimental infection by influenza avian
influenza, aguatic birds, mainly ducks, arethe most important
reservoirs of the virus throughout the world [40]. In ducks,
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avian viruses replicate in the lung and in cells lining the
intestinal tract, and are shed in high concentrations in feces
[41]. Water contamination with duck feces is a logical
mechanism for the transmission of avian influenza viruses
among aguatic birds and from them to domestic avian and
mammalian species. The magjority of HSN1 genotypes are
avirulent in ducks, indicating that these animals can ensure
perpetuation of these viruses [14].

From 1997 through 2001, the HA of the various HSN1
genotypes remained antigenically homogeneous, but in 2002
marked antigenic drift wasreported [42,43] and astrain of the
so called Z genotype emerged, whichishighly pathogenic for
ducks and other aguatic birds [19]. In February 2003, two
members of afamily in Hong Kong died of infection caused
by an H5N1 influenza virus strain [44], antigenically and
molecularly similar to the one that was highly pathogenic for
ducks and chickens[42].

Human influenzavirusisgenerdly transmitted from person
to person by largedroplets, small-particle aerosols, and possibly
by fomites, with hand contamination and subsequent self-
inoculation [15]. Recent evidence of limited human-to-human
transmission of H5SN1 wasreported during alargefamily cluster
in Indonesia[45]. Epidemiologic and genetic sequencing data
suggest that a 10-year-old boy contracted the virus from his
aunt and then passed it on to hisfather. Intotal, six members of
thefamily died of HSN1infection[45].

Virtually all people who became infected with H5N1
influenzavirus had been exposed to aninfected bird. Plucking
and preparing diseased birds; handling fighting cocks;
playing with poultry, particularly asymptomatic infected
ducks; and consumption of duck’s blood or, possibly,
undercooked poultry, have al been implicated [46, 47]. This
relative lack of adaptation of avian H5N1 to be transmitted
from person to person has so far prevented the establishment
of an overt avian influenza pandemic.

Prospectsof an HSN1 Pandemic: Current Situation
TheWorld Health Organization has defined six stagesof a
global plan for influenza pandemic preparedness, including
recommendations for control measures to be adopted before
and during an overt pandemic period [48]. The so called
interpandemic period comprisesthefirst two stages, when no
new influenza virus subtypes are detected in humans, but a
circulating animal influenzavirus subtype poses asubstantial
risk of inducing human disease. The period called pandemic
aert includes three phases: phase three, the one we are at as
of thiswriting, isdefined by the presence of detectable human
cases of influenza caused by a new influenza virus subtype,
but with limited human-to-human spread. In phase four
human-to-human transmissions occurs, but only in small
clusters, whereas in phase five such transmission occurs in
larger clusters. Phase six isdefined by asustained transmission
of anew flu subtype worldwide. Hundreds of cases of avian
influenza (H5N1) infection in humans have been reported
[49,50], including aconsiderable number of fatal cases(Figure

4). Thefatality rate among hospitalized patients has been high
and all age groups have been affected [2].

Theincubation period of avianinfluenza(H5N 1) hasbeen
from two to eight days, and in most cases the disease occurs
within two to five days after exposure. Initial symptoms in
most H5N 1infected patientswerethose of influenzarlikeillness
with high fever (typically of more than 38°C) and lower
respiratory tract symptoms[46]. Some patients al so reported
diarrhea, vomiting, abdominal pain, pleuritic pain, and bleeding
from the nose and gumsin the early stages of illness[49,51].
Two patients with encephalopathy and diarrhea without
apparent respiratory symptoms have been reported [52]. Lower
respiratory symptoms are usually found at presentation and
include, in most cases, respiratory distress, tachypnea and
inspiratory crackles and sputum production, which is,
sometimes, bloody. Almost all patientshaveclinically apparent
pneumonia with radiographic changes including diffuse,
multifocal or patchy infiltrates; interstitial infiltrates and
segmental or lobular consolidation with air bronchograms.
Progression to respiratory failure has been associated with
bilateral, ground-glass, diffuse infiltrates and manifestations
of the acute respiratory distress syndrome. Other
complications have included pulmonary hemorrhage,
pneumothorax, ventilator-associated pneumonia,
pancytopenia, Reye's syndrome and sepsis syndrome without
documented bacteremia[46].

The enhanced pathogenicity of the HSN1 virus seemsto
bemultifactorial. Thefactor most frequently alludedtoisthe
existence in the haemmaglutinin of a polybasic amino acid
region that renders it susceptible to cleavage by proteases
present in multiple tissues, whereas in the interpandemic
influenza subtypes this cleavage is usually performed by
proteases more restricted to the respiratory tract [33,35,46].
Recently, comparison of human, avian, and swine HA
structures have shown that HA of ahighly pathogenic HSN1
strain (Viet04) isclosaly related to that of 1918 human influenza
[53]. In addition, a specific substitution in the polymerase
basic protein 2 (Glu627Lys) enhancesviral replication [54,55]
and a substitution in nonstructural protein 1 (Asp92Glu)
confersincreased resistance to elements of the host’s innate
immuneresponse[19, 56].

Prevention and Control

Three international organizations coordinate the global
H5N1 influenza surveillance effort: The World Health
Organization (WHQO) monitors human cases, whilethe World
Organization of Animal Health (OIE) and the Food and
Agriculture Organization (FAO) collect information of HSN1
in birds and other animals. It is clear that a rapid detection
method for HSN1 will play acritical rolein the control of a
rapidly spreading flu pandemic, especially with regard to the
ability to define the beginning of a new pandemic, so that
prophylactic and contention measures can be adopted.

Anideal test for the detection of pandemic HSN1 virus, in
addition to being highly sensitive, should be straightforward,
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Figure 4. World map depicting distribution of confirmed human cases of H5N1 avian influenza and occurrencein poultry and

wild birdsfrom 2003 to October 2006.
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quick to perform in a pandemic situation and capable to
distinguish avian H5N 1 from seasonal influenza. Whilethere
isarange of assaysfor the diagnosis of influenza A, thereis
currently noideal test displaying all such features. Influenza
virusisolation in cell cultures such as Madin-Darby canine
kidney cells (MDCK) followed by confirmation by
immunof|uorescence with H5 specific monoclonal antibodies
has been attempted, but it may be laborious and limited to
specialized laboratoriesby biosafety reasons[57]. Direct viral
detectionin clinical samplesby immunoassay isalso possible,
but lacks sensitivity and specificity to reliably distinguish
H5N1 strains from seasonal flu. Of interest, rapid antigen
detection assays developed specifically for HSN1 arelikely to
miss drifting strains. NS1 protein, which exists in a specific
form in avian influenza, could be used as a target for rapid
diagnostic test that can potential ly distinguish avianinfluenza
fromtypical non-avian humaninfluenzavirus[58]. Serologic
tests can be made very specific, but lengthy turnaround times
hamper their usein the event of a pandemic.

Molecular diagnosis of H5N1 based on viral RNA
detection by RT-PCR is potentialy the most sensitive test
and current real time methodology, as reported by Ng and
collaborators (2005) [59], can shorten the turnaround time over
the conventional RT-PCR assaysin order to meet the needs of
apandemic situations[57,60].

Reducing the likelihood of interspeciestransfer to combat
the emergence of new influenzavirusesin humans has been at
the center of currently available methodsfor pandemicinfluenza
control. In the case of H5N1, this has been attained through
the culling of infected poultry, which reduces the vira pool
available in the environment and reduces chances for its
transmission to humans. This approach proved to be effective
inseveral occasions, such asin 1997 in Hong Kong and in 2003
in The Netherlands, yet at the price of serious economic losses
[61]. Theuseof an H5N1 vaccinein poultry canbean dternative
solution. A recombinant adenovirus-based vaccine that
protected chickensfromalethal intranasal challengewith VN/
1203/04 H5N1 viruswasrecently proposed [62].

Any strategies to prevent avian influenza A (H5N1) in
humans in a nonpandemic setting should be adopted as
recommended by the WHO [48,63]. Patientswith H5N1 should
betreated in acombination of standard, contact, droplet, and
airborne isolation precautions. They should be housed alone
in a negative-pressure room or in asingle room with closed
door. If a single room is not available, patients should be
housed in designated multibed rooms or wards. The beds
should be at least 1m apart from each other and preferably
separated by a physical barrier. Health care workers should
use high-efficiency masks (NIOSH-certified N-95 or
equivalent), long-sdeeved cuffed gowns, face shield or eye
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goggles, and gloves. The number of health care workerswith
direct contact with the patients, aswell asvisitors, should be
limited. The health care workers or househol d contacts should
monitor temperature twice aday and report any febrile event
(temperature >38°C) and when thisoccur, they should undergo
appropriate diagnostic testing for HSN1 and, if confirmed,
should be treated immediately for 7 to 10 days. People that
travel to a high risk area should avoid direct contact with
chickens, ducks and geese, besides avoid touching feces or
surfaces contaminated with secretions. Travelersshould also
consult ahealth care center if they becomeill with respiratory
symptoms and fever within 10 days after returning from an
affected area[48, 63].

In a pandemic situation, contention and physical
containment approaches could be adopted. The monitoring
of travelers that arrive in a country, with quarantine
approaches, the closure of agglomerating places, such as
public transportation and schools, could be necessary actions
[48,63]. However, the best strategy to combat apandemic flu
is arapid and effective vaccine production. At the moment,
theimmunizationswith formalin-inactivated or live-attenuated
multivalent influenza virus's vaccine are methods available
only for preventing interpandemic influenza.

Inactivated influenza virus vaccine is used prior to the
influenza season. This vaccine is produced using one strain
of influenza B and two strains of subtypesH3N2 and HIN1 of
influenza A virus. This composition is determined annually
onthe basis of the antigenicity of influenzaviruses monitored
through the global World Health Organization surveillance
network. The standard medium for influenzavirus propagation
before itsinactivation and formulation for usein vaccinesis
fertilized chicken eggs. Thevirusesarereplicated to hightiters
in alantoic fluid and purified and concentrated by zonal
centrifugation or column chromatography and inactivated with
formdin or o-propialactone. Thisvaccinetakesabout 6 months
to be produced, which isalong timeto control afast-moving
flu pandemic [3]. In addition, the use of embryonated eggsis
a limited strategy to produce vaccine against highly
pathogenic flu virus, such as H5N1, because this virus can
kill the embryos before high levels of virus are achieved, as
observed with the H5N1 1997 Hong Kong virus[64].

A live-attenuated vaccine administered intranasally was
licensed in the United Statesin 2003, whereit has become an
optionfor healthy personsaged 5to 49 years[15]. Thisvaccine
is composed by three different live flu viruses that were
generated by cold attenuation. These viruses can replicate in
the nose and throat (lower temperature), but not in the lower
respiratory tract where temperature is higher [15,65]. This
approach can become more practical for prevention of a
possible avian influenza pandemic, since fertilized eggs are
not used for virus propagation. However, cold adaptation of
H5N1 influenza pandemic virus if possible, may take long,
what might render this approach cumbersome. Therefore, a
strategy by which attenuation can be achieved in a single
step by transfer of attenuating genes should be advantageous

to generate an effective vaccine in a pandemic situation.
Reverse genetics is the best strategy currently available to
attain this goal .

The strategies of reverse genetics (Figure 5) has been
employed to rapidly produce candidate vaccines against
pandemic flu viruses[66-68]. Briefly, thisapproach consistin
the assortment of the HA and NA genes of the pandemic
H5N1 influenzavirusstrain, previoudly cloned into plasmids,
withthe six remaining genesfromA/Puerto Rico 8/34 (HIN1),
a standard avirulent strain of influenza A virus, aso cloned
into plasmids. The eight plasmids are then transfected into
mammalian cells, generating the desired vaccinal reassortant
influenza virus strain [3]. Beforehand, the HA proteolytic
cleavage siteisremoved to render the vaccinal virusavirulant
whileretaining itsimmunogenicity before cloning of the six-
plasmid system. Recently, new systems have been devel oped
reducing the number of plasmids required for the reverse
geneticsstrategy, resulting in production of influenzaA virus
inVero cellswith high efficiency [69].

Other investigational approaches have been explored in
H5N1 vaccine devel opment, including immunization based in
the utilization of adenovirus vector [62], DNA vaccine
encoding aconserved nucleoprotein antigen [ 70], recombinant
HA produced in insect cells [71], virosomes incorporating
surface glycoproteins [72], and M2 protein conjugated with
the hepatitis B viruscore[73].

Antivira drugs, especially neuraminidaseinhibitors, could
significantly helpinthe control of afutureinfluenzapandemic
caused by H5N1 or other strains by reducing viral loads in
patients, reducing lower respiratory tract complications and
hospitalizations, as well as decreasing potential person-to-
person transmission. The use of these antiviral drugs can be
particularly important to protect health careworkersfrom H5SN1
infection. Thefirst antiviral drugs described against influenza
were the adamantanes, amantadine and rimantadine. These
compoundsare M2 ion channel blockersthat inhibit influenza
A replication at theuncoating step [74]. However, theefficacy
of such antiviral drugsislimited by the rapid emergence and
transmission of drug-resistance variants[75]. Influenzavirus
resistance to amantadine-rimantadine emerges in
approximately one third of treated patients [76] and is
sometimes present naturally, including in recent human
isolates of H5SN1 virus[74].

Neuraminidase (NA) inhibitors, such as zanamivir and
oseltamivir, were synthesized after the crystal structures of
influenza NA complexes with sidic acid and the sialic acid
derivative 2-deoxy-2,3-dehydro-N-acetyl-neuraminic acid were
determined [77,78]. Theseinhibitorsblock the active site of the
NA enzyme, inhibiting virus release from infected cells and
spread withintherespiratory tract [ 79]. Thisdrug can potentialy
offer protection against any influenzavirusthat might emerge
in humans, asthe NA enzymatic active site seemsto be highly
conserved among al influenzaviruses[80]. Studieshave shown
that either zanamivir or oseltamivir are effective against avian
influenza virus (H5N1) [81,82]. Therefore, they hold great
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Figure5. Schematic diagram of the reverse genetic strategy to produce candidate vaccines against pandemic flu viruses.
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potential for clinical use in a pandemic situation caused by
H5N1. Doses recommended for patients with confirmed or
strongly suspected H5N1 infection are: 75 mg oseltamivir
(availableasacapsuleof 75mg for ord use) for adultsor weight-
adjusted dosesfor children (30 mgfor < 15kg, 45 mgfor >15to
23 kg, 60mg for >23t0 40 kg and 75 mg for >40kg); or 10 mg of
zanamivir (available only for ora inhdation by means of a
diskhaler device) in adults and children > 7 years, twice daily
for 5 days [83]. In high risks exposure groups, such as health
care works, oseltamivir or zanamivir can be administered as
chemoprophylaxis at the same doses, oncedaily for 7-10 days
after thelast known exposure. Of note, oseltamivir prophylaxis
can safely be extended for up to 8 weeks[83].

Remarkably, emergence of resistance to these drugs is
uncommon [74]. However, recent studies have described
resistance to oseltamivir of H5N1 virus strains [84,85].
Osdltamivir-resistant HSN1 was found to have a tyrosine at
position 274 in their neuraminidase [85]. Ferretsinfected with
thisvirus had lower virustiter in tissues when compared with
ferrets infected with oseltamivir-sensitive H5N1 virus.
Osdtamivir-resistant HSN1 viruswasisol ated from two of eight
Vietnamese patients during oseltamivir treatment, and both
patientsdied of influenzaA infection, despiteearly initiation of
treatment [84]. These results suggest that resistance to
neuraminidaseinhibitors can indeed emerge during apandemic
of H5N1, indicating that association of other antiviral agents
should be considered for combination therapy of influenzaA
(H5N1) virusinfections.

In the initial phases of an influenza pandemic, before a
vaccineismadeavailable, antiviral drugswill likely be essential
to reduce spread [86]. The WHO hasastock of oseltamivir for
deployment to the area of the initial outbreak. Nevertheless,
stockpiling aneuraminidaseinhibitor should be of concernto
all countriesin preparation for an influenzaH5N 1 pandemic.

Concluding Remarks

The H5N1 is an avian influenza virus that has infected
wild birdsand poultry in several placesin theworld, becoming
a serious economic problem to many countries. This virus
has caused cases of serious and frequently fatal illness in
humans, but the transmission has been limited and virtually
alwayshasinvolved contact with infected birds. Severa lines
of evidence indicate that the threat of an HSN1 pandemic is
real and that careful planning should be done in order for
effective measures to be implemented to reduce the public
health impact of H5N1. Monitoring and rapid detection of
H5N1 is necessary to combat the spread of thisvirus. Recent
human isolates resistant to adamantanes and neuraminidase
inhibitors, as well as the difficulty for vaccine production
against H5N1 illustrate the need for more research about the
epidemiology and biology of HSN1 influenzavirus.
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