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INTRODUCTION: Avian Influenza

Avian influenza (Al) has been recognized as a lyigkthal
generalized viral disease of poultry since 1901985, a specific type of
influenza virus was identified as the causal agénthat was then called
fowl plague. It has since been found that Al visisause a wide range of
disease syndromes, ranging from severe to mildpmestic poultry.

A etiology

Al viruses are members of the family Orthomyxowaed The
influenza viruses that constitute this family al&ssified into types A, B
or C based on differences between their nucleoprated matrix protein
antigens. Al viruses belong to type A. Influenzauses are further
categorized into subtypes according to the antigénlse hemagglutinin
(H) and neuraminidase (N) projections on their atek. There are 16
hemagglutinin subtypes and 9 neuraminidase subtgpasfluenza a
viruses, and Al viruses have representatives inotilthese subtypes.
However, to date all highly pathogenic Al virushattcause generalized
rather than respiratory disease belong to eitherHb or H7 subtypes.
For example, the classical fowl plague virus is H7&hd the virus
responsible for the major epidemic in the eastaritdd States in 1983 84
was H5N2. However, not all H5 and H7 viruses aralent for poultry.
The pathogenicity of Al viruses is correlated te tibility of trypsin to
cleave the hemagglutinin molecule into two suburiligihly pathogenic
strains of H5 and H7 viruses have several amind agsidues at the
cleavage site. Trypsin sensitivity and amino aeidugncing can be used
diagnostically to determine whether or not an iwmavirus is potentially
pathogenic.

Natural hosts

Domestic fowl, ducks, geese, turkeys, guinea foguail and
pheasants are susceptible. Disease outbreaks owmstr frequently in
domestic fowl and turkeys. A particular isolate magpoduce severe
disease in turkeys but not in chickens or any otaan species.
Therefore, it would be impossible to generalizetbe host range for
HPAI, for it will likely vary with the isolate. Tl assumption is
supported by reports of farm outbreaks where ordingle avian species
of several species presanmt the farm became infected. Many species of
wild birds particularly waterbirds and seabirdgse also susceptible, but
infections in these birds are generally sub clinica

World Distribution



Al viruses are probably ubiquitous in wild waterds. Pathogenic
strains could emerge and cause disease in dorpestiicy in any country
at any time without warning. In fact, outbreaks @aecurred at irregular
intervals on all continents. The most serious apiden recent times was
in Hong Kong 1997-1998 and 2003, The Netherland¥328outh-Korea
2003.

Epidemiology

The immediate source of infection for domestic pryutan seldom
be ascertained, but most outbreaks probably sténtdirect or indirect
contact of domestic poultry with water birds. Maofythe strains that
circulate in wild birds are either non-pathogenicy@adly pathogenic for
poultry. However, a virulent strain may emerge @ithby genetic
mutation or by reassortment of less virulent sgafBcientific evidence
indicates that the former mechanism occurred in3i®B in the Eastern
United States.

Airborne transmission may occur if birds are insegoroximity
and with appropriate air movement. Birds are readiifected via
instillation of virus into the conjunctival sac, rea, or the trachea.
Preliminary field and laboratory evidence indicatbat virus can be
recovered from the yolk and albumen of eggs laithdays at the height of
the disease. The possibility of vertical transneissiis unresolved;
however, it is unlikely infected embryos could suev and hatch.
Attempts to hatch eggs in disease isolation cabiinei a broiler breeder
flock at the height of disease failed to resulany Al-infected chickens.
This does not mean that broken contaminated eggkl awt be the
source of virus to infect chicks after they hatclhe same incubator. The
hatching of eggs from a diseased flock would likieé/ associated with
considerable risk.



Influenza Epidemiology

Aquatic Birds
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Aquatic Mammals

Incubation Period
The incubation period is usually 3 to 7 days, delosm upon the
Isolate, the dose of inoculums, the species, ardathe bird.

Clinical signs
The clinical signs are very variable and are ficed by factors
such as the virulence of the infecting virus, speaffected, age, sex,
concurrent diseases and environment.
In virulent (or highly pathogenic) Al of the typeatitionally associated
with fowl plague, the disease appears suddenlyfiock and many birds
die either without premonitory signs or with mininsggns of depression,
inappetence, ruffled feathers and fever. Othersbsttbw weakness and a
staggering gait. Hens may at first lay soft-sheksms, but soon stop
laying. Sick birds often sit or stand in a semi-etose state with their
heads touching the ground. Combs and wattles aemnotig and
oedematous, and may have petechial or ecchymatioiieages at their
tips. Profuse watery diarrhoea is frequently presand birds are
excessively thirsty. Respiration may be labourederdorrhages may
occur on unfeathered areas of skin. The mortaditg waries from 50 to

100%.
In broilers, the signs of disease are frequentdg lebvious with

severe depression, inappetence, and a marked secireanortality being
the first abnormalities observed. oedema of thes faod neck and
neurological signs such as torticollis and ataxay @mlso be seen



Vaccination

Inactivated quality assured oil-emulsion vaccinesven been
demonstrated to be effective in reducing mortaptgventing disease, or
both, in chickens and turkeys . These vaccinesghiery may not prevent
infection in some individual birds, and if infecteduld shed virulent
virus. Nevertheles, the amount virus shed is camnalole less than that of
non-vaccinated and infected birds.
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It is imperative that the circulating antigenic aviinfluenza virus be
known and the vaccine represent this antigenidnsteince there is no
crossprotection among the 15 known HA subtypesed@@mbinant fowl
pOX Virus vaccine containing the gene that code#ii#® production of the
H5 antigen has recently been licensed in some geariut is not widely
used currently.

Pathology

Birds that die of peracute disease may show mingnads lesions,
consisting of dehydration and congestion of vis@@ré muscles.
In birds that die after a prolonged clinical coyrgeetechial and
ecchymotic haemorrhages occur throughout the bpalgicularly in the
larynx, trachea, proventriculus and epicardial &gl on serosal surfaces
adjacent to the sternum. There is extensive subeats oedema,
particularly around the head and hocks. The camasebe dehydrated.



Yellow or grey necrotic foci may be present in fpeen, liver, kidneys
and lungs. The air sace may contain an exudate.spleen may be
enlarged and haemorrhagic.

Al is characterized histologically by vascular diktances leading
to oedema, haemorrhages and perivascular cuffiagecgally in the
myocardium, spleen, lungs, brain and wattles.Nexfoti are present in
the lungs, liver and kidneys. Gliosis, vascularlipgcaion and neuronal
degeneration may be present in the brain.

Avian influenza in birds

Avian influenza is an infection caused by aviarrdpiinfluenza
(flu) viruses. These influenza viruses occur ndlyimong birds. Wild
birds worldwide carry the viruses in their intessn but usually do not
get sick from them. However, avian influenza isyveontagious among
birds and can make some domesticated birds, imguchickens, ducks,
and turkeys, very sick and kill them.
Infected birds shed influenza virus in their salimasal secretions, and
feces. Susceptible birds become infected when Hae contact with
contaminated secretions or excretions or with sedathat are
contaminated with secretions or excretions fromecatdd birds.
Domesticated birds may become infected with aviaffuenza virus
through direct contact with infected waterfowl dher infected poultry,
or through contact with surfaces (such as dirtagyes) or materials (such
as water or feed) that have been contaminatedthathvirus.
Infection with avian influenza viruses in domestioultry causes two
main forms of disease that are distinguished bydod high extremes of
virulence. The “low pathogenic” form may go undéséecand usually
causes only mild symptoms (such as ruffled feathes a drop in egg
production). However, the highly pathogenic formesmls more rapidly
through flocks of poultry. This form may cause dse that affects
multiple internal organs and has a mortality ratst tan reach 90-100%
often within 48 hours.

Human infection with avian influenza viruses

There are many different subtypes of type A infizeerviruses.
These subtypes differ because of changes in cepmteins on the
surface of the influenza A virus (hemagglutinin [He#nd neuraminidase
[NA] proteins). There are 16 known HA subtypes ghdknown NA
subtypes of influenza A viruses. Many different conations of HA and
NA proteins are possible. Each combination reprssen different
subtype. All known subtypes of influenza A virusas be found in birds.



Usually, “avian influenza virus” refers to influeamzA viruses found
chiefly in birds, but infections with these virusesn occur in humans.
The risk from avian influenza is generally low t@sh people, because
the viruses do not usually infect humans. Howegenfirmed cases of
human infection from several subtypes of avianuefiza infection have
been reported since 1997. Most cases of avianeinfa infection in
humans have resulted from contact with infected Itppu(e.qg.,
domesticated chicken, ducks, and turkeys) or sesfaontaminated with
secretion/excretions from infected birds. The sprehavian influenza
viruses from one ill person to another has beeorted very rarely, and
transmission has not been observed to continuenidleyne person.
“‘Human influenza virus” usually refers to those tsyles that spread
widely among humans. There are only three known ultypes of
influenza viruses (HIN1, HIN2, and H3N2) curremiculating among
humans. It is likely that some genetic parts ofent human influenza A
viruses came from birds originally. Influenza Auses are constantly
changing, and they might adapt over time to infeotl spread among
humans.

During an outbreak of avian influenza among poultingre is a possible
risk to people who have contact with infected biodsurfaces that have
been contaminated with secretions or excretions frdected birds.

Avian Influenza A (H5N1)

Influenza A (H5N1) virus — also called “H5N1 virus® is an
influenza A virus subtype that occurs mainly indsir is highly
contagious among birds, and can be deadly to th&MN1 virus does not
usually infect people, but infections with theseuses have occurred in
humans. Most of these cases have resulted fromeéaping direct or
close contact with H5N1-infected poultry or HS5NIntaminated
surfaces.

Human health risks during the HSN1 outbreak

Of the few avian influenza viruses that have crosbe species
barrier to infect humans, HS5N1 has caused the samgember of detected
cases of severe disease and death in humans. tuttent outbreaks in
Asia and Europe more than half of those infecteth e virus have
died. Most cases have occurred in previously healthidren and young
adults. However, it is possible that the only cazesently being reported
are those in the most severely ill people, and tthefull range of iliness
caused by the H5N1 virus has not yet been defiRedthe most current
information about avian influenza and cumulativeecaumbers



So far, the spread of H5N1 virus from person tosperhas been

limited and has not continued beyond one persomeh®less, because
all influenza viruses have the ability to chang®esstists are concerned
that H5N1 virus one day could be able to infect ansand spread easily
from one person to another. Because these virugesotl commonly
infect humans, there is little or no immune pratatiagainst them in the
human population. If HSN1 virus were to gain thepagty to spread
easily from person to person, an influenza pandéwacldwide outbreak
of disease) could begin. For more information alwofllenza pandemics,
see the CDC Pandemic Influenza website and Pan&&ngov.
No one can predict when a pandemic might occur. éd@n experts from
around the world are watching the H5N1 situatiomAsia and Europe
very closely and are preparing for the possibtligt the virus may begin
to spread more easily and widely from person taqer

H5N1 in Wild Birds

Migratory bird mortalities associated with HSN1 @one to mount
in western China. In Yushu cunty, Qinghai, the oedlx that began on
May 21, 2006, has killed 495 migratory birds. O%df migratory birds
have died in the Golog district; in the Naqu dcttm Tibet, over 1154
migratory birds have died since May 21. Finally, a little-noticed
report, a new outbreak of HPAI H5N1 began on Mayr2bhasa, Tibet,
where 28 migratory birds have died.

H5N1 in Poultry

Avian influenza of the H5 subtype was identifiedailgosling that
died in the Prince Edward Island province in Atlaif@anada on June 16.
The goose was one of four that died (the othere weposed of and not
tested) and was part of a small mixed flock of otheese, ducks, and
chickens. No other animals exhibited clinical sigm&l the dead goose
did not have any pathological signs of avian infizee infection when the
carcass was examined. The National Centre for §or&nimal Diseases
in Winnipeg could not confirm the detection of HY¥ the Atlantic
Veterinary College or any avian influenza in thder bird as of June 20,
2006, but further testing will be done followingws isolation. Prior to
depopulation, all serological and virological tagtiof the remaining
flock on the farm and of birds from an adjacentrfdras been negative.
Scientists speculate that only a small amount ddva pathogenicity
avian influenza virus was present in the index caganding that may be
incidental to the true cause of death.


http://www.cdc.gov/flu/avian/gen-info/pandemics.htm
http://www.cdc.gov/flu/pandemic/
http://www.pandemicflu.gov/

H5N1 in Humans
A 3l-year-old man was confirmed to have H5N1 in r&hen,

Guangdong province in southern China. Shenzhen ith® border with
Hong Kong and authorities there have stepped uprisgalong the
border. The source of the man's infection remanwear. He had visited
a wet market two weeks before his symptoms devdlopdhere he
bought a chicken that was served to five membefrgsofamily. None of
his family members or 98 other known contacts hagted positive for
H5N1.

Cases of human infections continue to be repontebhdonesia. At
least two new cases were reported this week. The ssovivor of the
Kubu Simbelang human cluster is being tested fasiibe neurological
involvement of the HS5N1 infection. In a report dbtd by the
Associated Press, the WHO concluded that the inthese at Kubu
Simbelang, a 40-year-old woman, was probably ief@dly exposure to
infected animals and the "six confirmed H5N1 cdi&ty acquired (the)
H5N1 virus through human-to-human transmission ftbenindex case ...
during close prolonged contact with her during thiee stages of her
iliness."

History of avian influenza

A highly pathogenic form of avian influenza was twmas "fowl
plague". It first appeared in Italy more than 1@ans ago (around 1878).
Pathogenic avian influenza was first recognizedhm United States in
1924-25. It occurred again in 1929. It was era@iddtoth times.

A major epidemic of highly pathogenic avian inflzaroccurred in
the northeastern United States in 1983-84. It towke than 2 years to
eradicate, at a cost of more than 70 million dellakpproximately 17
million birds had to be destroyed during the eration effort.

The United States has not had a major outbreak ighlyh
pathogenic avian influenza since 1986, although fp@ghogenic strains of
avian influenza virus are present and have caugedisant losses in the
poultry industry. Another major outbreak of highpathogenic avian
influenza would be disastrous to the American pguttdustry.

In 1996-97 a number of table-egg farms in Lancaater Lebanon
Counties, PA tested positive for H7N2 avian inflez@nThus far, the
avian influenza virus which has been detected bylegic means and/or
virus isolation has been characterized as nonpathodo chickens, but
the outbreak has had devastating effects on tha foaultry industry.
Between the first week of December 1996 and Jut®89%F nine flocks
were depopulated. The Pennsylvania Agricultural @gpent imposed a



guarantine on a 75-square-mile area restrictingamant of poultry or
poultry products into or off of operations in thea of the quarantine.

Clinical Signs

The severity of the disease ranges from inapp&naiid) to rapidly
fatal. Lethal strains of the virus can strike sackly, particularly in
young chickens, that there may be no clinical sigtieer than sudden
death.

Avian influenza viruses of low to moderate pathagéyn are
identified regularly in the United States in the ndstic poultry
populations. Avian influenza virus is reintrodudatb domestic poultry
by migratory waterfowl, which are carriers of timdluenza virus.

Clinical signs vary greatly and depend on manydiactncluding the
age and species of poultry affected, husbandrytipes; and the inherent
pathogenicity of the influenza virus strain.

Clinical signs may include:

1 - Ruffled feathers

2 - Soft-shelled eggs

3 - Depression and droopiness

4 - Sudden drop in egg production

5 - Loss of appetite

6 - Cyanosis (purplish-blue coloring) of wattleslamomb

7 - Edema and swelling of head, eyelids, comb,lesgtand hocks

8 - Diarrhea

9 - Blood-tinged discharge from nostrils

10 - Incoordination, including loss of ability tcalik and stand

11 - Pin-point hemorrhages (most easily seen offietteand shanks)

12 - Respiratory distress

13 - Increased death losses in a flock

14 - The clinical signs of avian influenza are $amito those of other
avian diseases.

15 - Avian influenza may be confused with infeagobronchitis,

infectious

16 - laryngotracheitis, fowl cholera, and the vasdorms of Newcastle
disease.

Typical history, signs, and lesions may be suggesif mild forms of
avian influenza. Confirmation of a diagnosis isdgrologic testing and
virus isolation and identification. Because virulestrains of avian
influenza are considered to be exotic to the Uni&dtes, they are
reportable to the USDA. Virulence level is evaldat®y virus isolation
and controlled laboratory challenge of experimeakatkens.



Postmortem Lesions

Lesions vary greatly depending on pathogenicityhef virus, age of
the bird, type of poultry, etc. Lesions may inclusieelling of the face
and area below the beak. Removing skin from theasar will show a
clear straw-colored fluid in the subcutaneous #ssu

Blood vessels are usually engorged. Hemorrhagebeaseen in the
trachea, proventriculus, beneath the lining ofglezard, and throughout
the intestines. The lining of the gizzard may ba&lgaemoved.

Other areas likely to show swelling and hemorrhagetude the
muscle along the breast bone as well as in thet,hgiazard fat, and
abdominal fat.

Young broilers may show signs of severe dehydratath other
lesions less pronounced or absent entirely.

Serotypes

There are many different strains (serotypes) ofatian influenza
virus. Some of the highly virulent strains evolviedm milder strains
following repeated chicken to chicken passages. dvian influenza
virus has been shown to mutate at an extremely ragh as it serially
infects poultry. Chickens are not the normal hostdvian influenza, so
the virus they pick up from other birds has a tewmgeto mutate and
become pathogenic. In 1994, an avian influenzareatbin Mexico
started out mildly, but mutated into a "killer" ug that decimated many
poultry flocks. This same scenario had occurredthe northeastern
United States in the mid-1980s. Today, extremedniosty precautions
prevent spread of the virus to the United Statelsrenghboring countries
in Central America. Current research efforts onaavinfluenza are
directed toward understanding why and how mildlyhpgenic viruses
become highly pathogenic.

Avian influenza viruses are subdivided into seretyfpased on their
hemagglutinin (H) and neuraminidase (N) surfacegans. The highly
pathogenic serotype of avian influenza responsible the 1983-84
outbreak in the United States and the 1994 outbreaklexico was
H5N2. Historically, serotypes including H5 and H& associated with
disease in poultry.

Transmission

1 - Infected birds shed the virus in fecal and oawsal discharges. Even
though recovered flocks shed less virus than dihicill flocks,
recovered flocks will intermittently shed and shibide considered
infected for life.



2 - Waterfowl (wild and domesticated) are the pmynaatural reservoir
of influenza viruses. Wild waterfowl usually do nshow clinical
signs, but they can excrete the virus for long quiiof time. In
addition, waterfowl can be infected with more thane type of
influenza virus. Detection is further complicategdthe fact that they
often do not develop a detectable antibody respafise exposure to
the virus.

3 - Influenza virus has been recovered from watel @arganic material
from lakes and ponds utilized by infected ducks-n@ngling of these
birds with range-reared flocks is a factor in smutreaks.

4 - The avian influenza virus can remain viableléog periods of time at
moderate temperatures, and can survive indefinitely frozen
material. As a result, the disease can be spreadigh improper
disposal of infected carcasses, manure, or polbjtgroducts.

5 - The disease also can be easily spread by peopleequipment
contaminated with avian influenza virus. Avian ughza viruses can
be transmitted on contaminated shoes, clothingesragg flats, egg
cases, vehicles, and other equipment. Any objecatéml on an
infected poultry farm must be considered contameidand should be
completely cleaned and disinfected before it is etb¥rom that
premises. Clothing worn on an infected farm shdnddaundered.

6 - Insects and rodents may mechanically carrywihes from infected to
susceptible poultry. Influenza virus has been tgoldrom turkey eggs
suggesting vertical transmission, although typyctike virus kills the
embryo. There is little or no evidence of egg-bamnfection of poults.
However, eggshell surfaces can be contaminated thehinfluenza
virus, and thus are a means of transmission.

7 - Avian influenza viruses have frequently beetated from clinically
normal, imported exotic birds. These infected biale a potential
threat to cage birds, wild birds, and poultry. L-lvied markets are a
reservoir of infection. Such markets serve as aalfqmoint for
gathering and housing many species of bird. Theséties are rarely
cleaned or disinfected.

Treatment

There is no effective treatment for avian influendawever, good
husbandry, proper nutrition, and broad spectrunbentics may reduce
losses from secondary infections. It must be rensgatbthat recovered
flocks continue to intermittently shed the virus.
All buildings should be cleaned and disinfectee@aén infected flock is
removed. The poultry litter or manure should be posted before
application to cultivated lands.



Prevention

A vaccination program, in conjunction with striatagantine, has been
used to control mild forms of the disease in conumaérchicken and
turkey flocks. With the more lethal forms of theselse, however, strict
guarantine and rapid depopulation of infected ffockmains the only
effective methods of stopping avian influenza. Huecess of such a
program depends, of course, on the full cooperadioe support of the
poultry and allied industries.

With the realization that there is a reservoirrdgfuenza virus in wild

waterfowl, every effort must be made to prevenedior indirect contact
between domestic poultry and wild waterfowl. Pess¢randling wild
game (especially waterfowl) must change clothespietaly and bathe
prior to entering poultry houses.
There is currently a serious and ongoing outbrdakv@an influenza in
Mexico. According to Mexican authorities, the highpathogenic
influenza virus has been eradicated. However, ascinvation is
widespread, it is difficult serologically to confir this report and
precautions should be continued.

It is very important to prevent the spread of tHisease into the
United States. It is very easy to spread aviaruarfza on clothing and
through human contact. Do not visit or go near poultry flocks in
Mexico unless proper biosecurity actions are taken.

Genetics (Genome of H5N1 )

The Influenza A virus genome is contained on egjhgle (non-
paired) RNA strands that code for ten proteins. 3égmented nature of
the genome allows for the exchange of entire gémdween different
viral strains when they cohabitate the same célkk dight RNA segments
are:


http://en.wikipedia.org/wiki/Strain_(biology)

Proteins and RNA’s of Influenza A Virus
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1 - HA encodes hemagglutinin (about 500 molecules of Qgi&nin
are needed to make one virion) "The extent of tdacinto host
organism is determined by HA. Influenza viruses brath the apical
surface of polarized epithelial cells (e.g. broatkepithelial cells) into
lumen of lungs and are therefore usually pneumatrdghe reason is
that HA is cleaved by tryptase clara which is iestd to lungs.
However HAs of H5 and H7 pantropic avian viruseBtgpes can be
cleaved by furin and subtilisin-type enzymes, altgyvthe virus to
grow in other organs than lungs."

2 - NA encodes neuraminidase (about 100 molecules ofaneunidase
are needed to make one virion).

3 - NP encodes nucleoprotein.

4 - M encodes two matrix proteins (the M1 and the M2)usyng
different reading frames from the same RNA segnfabhbut 3000
matrix protein molecules are needed to make onenjir

5 - NS encodes two distinct non-structural proteins bngislifferent
reading frames from the same RNA segment.

6 - PA encodes an RNA polymerase.

7 - PB1 encodes an RNA polymerase and PB1-F2 protein ¢eslu
apoptosis) by using different reading frames frdre same RNA
segment.

8 - PB2 encodes an RNA polymerase.
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The genome segments have common terminal sequemctkete ends
of the RNA strands are partially complementarypwaihg them to bond
to each other by hydrogen bonds. After transcnpfrom negative-sense
to positive-sense RNA the +RNA strands get theutall5' cap added by
cap snatching, which involves the viral protein NBihding to the
cellular pre-mRNAs. The cap is then cleaved frora ttellular pre-
MRNA using a second viral protein, PB2. The shdigoocap is then
added to the influenza +RNA strands, allowing itogessing as
messenger RNA by ribosomes. The +RNA strands alwesfor
synthesis of -RNA strands for new virions.

The RNA synthesis and its assembly with the nucigtem takes place in
the cell nucleus, the synthesis of proteins takasepin the cytoplasm.
The assembled virion cores leave the nucleus agdatei towards the
cell membrane, with patches of viral transmembrapeoteins

(hemagglutinin, neuraminidase and M2 proteins) amdinderlying layer
of the M1 protein, and bud through these patchelgasing finished
enveloped viruses into the extracellular fluid.

Virus

A virus is a submicroscopic particle that can infect teiscof a
biological organism. At the most basic level virsismnsist of genetic
material contained within a protective protein shelled a capsid, which
distinguishes them from other virus-like particlesch as prions and
viroids. The study of viruses is known as virolognd those who study
viruses are called virologists.
Viruses are similar to obligate intracellular pates as they lack the
means for self-reproduction outside a host cell, olike parasites,
which are living organisms, viruses are not trdiyea They infect a wide
variety of organisms, both eukaryotes (such as alsimnsects and
plants) and prokaryotes (such as bacteria). A viméecting bacteria is
known as aacteriophage which is used mainly in its shortened form
phage

It has been argued extensively whether virusediang organisms.
They are considered non-living by the majority ablogists as they do
not meet all the criteria of the generally acceptidinition of life.
Among other factors, viruses do not possess a mebrane or
metabolise on their own. A definitive answer idl ®lusive due to the
fact that some organisms considered to be livirigleixcharacteristics of
both living and non-living particles, as viruses do
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1918 virus

Avian (Bird) Flu
Where is it?

As far as | know (mid-October 2005) the avian ffudemic (H5N1)
has been confined to Asia where it has infectedyntards. Over 100
million birds have been killed but most were killbg their keepers
trying to control the epidemic, instead of the simiself. However, it
would be wrong to think the H5N1 is harmless tabir it's a bird killer.
Europeans are getting worried because the aviais flioving westward
(through Russia) carried by flocks of waterfowl.

How bad is it?

There have been slightly more than a hundred coefir cases of
H5N1 infection in people causing about 60 death$0% death rate.

All these cases are in Asia (Vietham, Thailand, Gadml and
Indonesia but many experts feel that China couldideng its avian flu
deaths because China has a "reputation" for ddimg).tMost of the
human cases have been linked directly to contaitt poultry infected
with H5N1.

There have been a few cases of what appears tarbanto-human
transmission but this is not clear. Even amongéhmases the spread did
not (has not) continued beyond one person. Thajtsod sign that these
particular cases are either not true human-to-hutm@arsmission or that
this strain of H5N1 is not terribly contagious.

Is there a drug for treatment?



Sort of. The current strain of HSN1 (killing b&énd some people
In Asia) is resistant to two antiviral medicatioc@mmonly used to fight
flu - amantadine and rimantadine. To other antivinaedications,
oseltanamavir (Tamiflu) and zanamavir, have nonbested but might
work. All these drugs are by prescription only andst be monitored by
a physician. (And, no, | cannot give you a presmipnor do | have any
of these drugs.)

What if it becomes a human-to-human epidemic?

At that point stop worrying about birds and stamriying about
people!
IF (that's a big "IF") it becomes a human epidenyicu should do
whatever you can to avoid the flu. Keep out of alewtotal isolation
would be best but is impractical), minimize contagth the moist
epithelial tissue (mouth, nose, eyes, "wet bit$"pter people and the
things they have touched (door knobs, railings, speretc.).
Importantly, wash your hands frequently (becausegannot avoid door
knobs, railings, pens, etc.). Carry towelettes aswthem.

How long does the virus last (on door knobs)?

The flu virus (particle) is easily destroyed. Sghti, especially the UV
part, and dry air will render the particles noreictious. (And, of course
soap will too.)
How long it takes to "kill" the virus depends upive specifics. An hour
or two should kill most flu viruses on door knolbsr(example). But it's
hard to say. These kinds of things are a statlgticgression, known as a
bell-shaped curve, so there are always a littkeoke¢r after many hours.

Where do viruses come from? Where do they get their
genes?

The origin of viruses is poorly understood, but tmesologists
(people who study viruses) agree that each virastgoted by copying a
few useful genes from their host cells. Virusesigmorant of any patent
or copyright laws, they just make a copy of whaytifind useful in the
host's genome and move on. Often that useful geimtimately involved
in the host's reproduction, food gathering, celnomunication or other
essential function of the cell. Over the generaigmuses mutate their
stolen genes and when a particularly useful mutatiomes along, the
virus will use it to further its own survival, udlyato the detriment of its
host. As the years and generations go by thessesraan even switch
over to other species, find new genes to copy hed tontinue evolving



in their own selfish way. Therefore, viruses wer®ng recombinant
genetics long before man had thought of it.

How do viruses reproduce?

All viruses reproduce by taking over the reprodeetnechanism of a
host cell, so the first thing a virus must do i$ g¢o a cell by passing
through the cell's membrane. They do this by mexdrtbeir receptor-
binding protein. These proteins are encoded in the viruses' geneti
material and they stick out from the surface of tlkon. They are
attached either to the capsid or part of the empeslaepending on the
type of virus. These proteins cause the virionital bo specific receptors
on the host cell in a manner similar to the waew #ts into a lock. This
interaction between the host cell's receptor agdritus' receptor-binding
protein is crucial and causes the "specificityndéction”. This specificity
usually limits a viruses' infection to specific ggpof cells and specific
animals (or plants or bacteria) depending on thesvi
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How do new strains come about?

They evolve! Molecular evolution (the evolution wiblecules) is a
fascinating area of evolution and of prime concéwnany scientist
wanting to understand viruses and how they sprgthdienetic material
can mutate, that is change its nucleic acids. Th&ations are random,
but their selection is not. "Selection" is anothard for how well they
survive and reproduce. Selection ensures that thations that increase
a virus' ability to survive and reproduce will bepresented in even
greater numbers in the next generation. Mutatioms the "fuel" for
evolution because they provide the genetic vamatin which selection
acts. This is simply Darwin's old theory of evotutiby means of natural
selection, but on a microscopic scale.

All influenza viruses (albrthomyxovirusgshave RNA as their genetic
material. When RNA is replicated it tends to hawvaererrors than when
DNA is replicated. These extra errors provide extratations upon
which selection may act. That means RNA virused {ast influenza
viruses but all RNA viruses) have a high mutatiaterand can evolve
quickly - faster than a DNA virus or even a DNA hamhOver time these
mutations accumulate and eventually the virus easinto a new strain.
This progressive accumulation of individual mutasies calledantigenic
drift , because the shape of the antigen (the viral prosowly drifts
into a different shape with each generation ofszifeventually they drift
so much that the original antibody can no longedhbo it. That means
you can become infected with this newly evolvedisirAll viruses show
antigenic drift, but RNA viruses mutate faster dwyt drift faster.
Antigenic drift is responsible for many of the Itizad outbreaks of
different strains of influenza, especially influang.

The RNA genome of an influenza virus is dividedieight different
segments numbered one through eight, with number loging the
smallest segment. (You might want to think of thasnthe virus' eight
"RNA chromosomes", but strictly speaking they dareh'romosomes.)
Each segment functions as an individual gene coftingne of the virus
proteins. Segment number four contains the genkdoragglutinin (HA)
and segment six encodes the gene for neuraminigd&e The other
segments and genes are important for other pattseofirion's structure
(capsid) or function (replication) but we need betconcerned with them
here.

Importantly, type A - but not B or C - undergo andkiof gene
swapping omgenetic reassortmento give it its proper name. If a cell is
simultaneously infected by two different strainstyge A influenza, the



offspring virions may contain mixtures of each paségenes! This really
complicates things and makes it very easy for exfka A to quickly
evolve newcombinations of HA and NA genes. To better understand
what | mean you need to learn a little bit about/lvee keep track of all
this reassortment. We know of 13 different kindsH# and 9 different
kinds of NA genes in type A influenza. All thesdfelient kinds have
evolved by antigenic drift as described earlieryAne virion can contain
only one HA and one NA. For example we might hamardluenza A
strain designated H1IN1. (We drop the "A"s at the nmake it clearer.)
Along comes another virus with different kinds oAtnd NA genes,
let's say it is H3N7. If these two different virmmfect the same cell at
the same time they may produce offspring not oitg themselves
(HIN1 and H3N7) but also with a mixed combinatibti 7 and H3N1).
Note that this is only a small sample of the margsgible new
combinations that might be made. All eight segmemdy take part in the
reassortment. These newly created mixed genomewveaye different
from their parents and (probably) have never beseeri" by your
iImmune system - or for that matter, anyone elsdss form of viral
evolution is calledantigenic shift, to differentiate it from antigenic drift
(which occurs slowly and without a change in th@eg@associations).
These new combinations present us with such a arstyain of virus that
our immune system has to start all over to make aetibodies to
combat it.

As if that weren't amazing enough, influenza A cafect other
mammals (other than humans) and even birds! ItRYHEnusual for a
virus to have such a wide host range, but influehzmehow manages
this trick. It probably has to do with the fact thhe virus gains entry
using receptors common to many species. That mearstrain of
influenza A may worry one species for decades aed suddenly jump
to a new species! This sudden jump, due to antggmft, can produce a
very serious epidemic.

In 1918 a strain of influenza A designated H1N2lekil over 20
million people worldwide. Forty years later, aftmnsiderable antigenic
drifting and shifting, a new type A had evolvedwtompletely different
looking HA and NA. It was called H2N2 and it ras itourse killing
thousands of people in the USA alone. In 1968arstiesignated H3N2
appeared. It had the same old NA but a slightly kRE&WH3) so it was a
partial antigenic shift and was milder in its setyerdn 1976 the dreaded
H1N1 made a brief and frightening comeback on atamyl base in the
USA. Although it was designated the same as theiigy of 1918, this
H1N1 was slightly different due to antigenic drift.



avian flu" likely to become a pandemic?

A pandemic would result only if the avian flu coyddss from one
human to another. Although the results (so far tlmdny knowledge)
cannot rule out that possibility, there is certaimb evidence that HSN1
can pass from human to humarand | would expect to have seen some
evidence of that by now. My opinion is based upos tesults of a few
lab tests reported by the Center for Disease Cbi(tihe experts) on
December 27th. Further data may change my mindsouar I'm not
worried and here's why.

All strains of influenza produce strain-specifictibndies in the people
who become infected with it. (Remember?) Peoplectefd with strain
H5N1 will have antibodies in their blood that bitlte H5N1 antigens.
We say they arseropositive if they have the specific antibodies. The
first person to die of the avian flu (complicatignbad contact with
chickens so we see clear evidence for a bird-todmuimk. (The first of
its kind!) Not surprisingly that boy had antibodiesH5N1 - not enough
to save his life but enough to show that he waspssitive. Now imagine
you were part of a family with a 3 year old boy feuhg from flu.
Considering the mess and awful hygiene that go#s efiildren of this
age, along with the supervision, attention and acimieeded to make the
child comfortable, it's easy to understand why fpeapthe family should
be at high risk of catching the flu. The good neésvihat none of the four
members of his family were seropositive, all foweraseronegativefor
H5N1. Therefore, they didn't catch avian flu frohe tboy even though
they would have been prime candidates.
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However, one of the 54 health care workers who dancentact with
the boy was seropositive for HSN1 and that persoesdot recall any
exposure to poultry. This might be taken as evidefor human-to-
human transmission of the virus! Or it might begialas evidence that the
health care worker can't remember when she haralledicken. The
interesting thing about antibodies and these testthat you usually
remain seropositive for many years, often all yider How many people
do you know who can swear that they've never todichechicken?
Besides, when they tested 63 people in the samghlb@ihood but
otherwise not involved with the boy, they found omeat was
seropositive. Although these numbers suffer frofack of statistical
rigor they hint that one might be seropositive froamdling an infected
chicken but not recalling it. Also, it's possibtelie seropositive without
being infected. Why would someone be seropositivthout being
infected? | don't know, but | do know that teskelthese can givialse
positive results. The tests can say you've been expodhe &irain when
in fact you have not. Alserology tests(asthese are called) have some
level of false positive rates and new tests (likis bne) often have very
high false positive rates.

HS5N1
Influenza A virus subtype H5N1

Aalso known asA(H5N1) or H5N1, is a subtype of the Influenza A
virus that is capable of causing illness in maniynah species, including
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humans. A bird-adapted strain of H5N1, callddPAI A(H5N1) for
"highly pathogenic avian influenza virus of typeoAsubtype H5N1", is
the causative agent of HS5N1 flu, commonly knowrfasan influenza"
or simply "bird flu", and is endemic in many birdgulations, especially
in Southeast Asia. One strain of HPAI A(H5N1) ofids lineage is
spreading globally. It is epizootic (an epidemic nonhumans) and
panzootic (a disease affecting animals of manyiepgespecially over a
wide area), killing tens of millions of birds angdwsring the culling of
hundreds of millions of other birds in an attemptcontrol its spread.
Most references in the media to "bird flu" and t6N4 are about this
specific strain.

HPAI A(H5N1) is an avian disease, and there is mmence of
efficient human-to-human transmission or of air@otmansmission of
HPAI A(H5N1) to humans. In almost all cases, thiodected with HSN1
have had extensive physical contact with infectedisb However, around
50% of humans known to have been infected witrcthreent Asian strain
of HPAI A(H5N1) have died from H5N1 flu, and H5NAad$the potential
to mutate or reassort into a strain capable otieffit human-to-human
transmission. In 2003, world-renowned virologist bed Webster
published an article titled "The world is teetering the edge of a
pandemic that could kill a large fraction of thenian population” in
American Scientistalling for adequate resources to fight what hes ses
a major world threat to possibly billions of livesOn September 29,
2005, David Nabarro, the newly-appointed SeniotéthNations System
Coordinator for Avian and Human Influenza, warnkd torld that an
outbreak of avian influenza could kill anywherevbe¢n 5 million and
150 million peoplé? Experts have identified key events (creating new
clades, infecting new species, spreading to nevasarenarking the
progression of an avian flu virus towards beconpagdemic, and many
of those key events have occurred more rapidly éxgected.

Due to the high lethality and virulence of humanAiR(H5N1), its
endemic presence, its increasingly large hostveseland its significant
ongoing mutations, the HS5N1 virus is the world'sgést current
pandemic threat, and billions of dollars are bespgnt researching HSN1
and preparing for a potential influenza pandemicledst 12 companies
and 17 governments are developing pre-pandemigeinfla vaccines in
28 different clinical trials that, if successfuloudd turn a deadly
pandemic infection into a nondeadly one. Full-sgateduction of a
vaccine that could prevent any iliness at all fridwa strain would require
at least three months after the virus's emergembedin, but it is hoped
that vaccine production could increase until ondiobi doses were
produced by one year after the initial identifioatiof the virus.
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Genetic structure and related subtypes

TheN in H5N1 stands for "Neuraminidase", as depictethis ribbon
diagram.
H5N1 is a subtype of the speclefiuenza A viruof thelnfluenzavirus A
genus of th@©rthomyxoviridadamily. It is a virus, a type of microscopic
intracellular parasite that infects cells in biakad organisms. Like all
other influenza A subtypes, the H5N1 subtype iRR&A virus. It has a
segmented genome of eight negative sense, sinmgiedst of RNA,
abbreviated as PB2, PB1, PA, HA, NP, NA, M and NS.
HA codes for hemagglutinin, an antigenic glycopiotéound on the
surface of the influenza viruses and is respong$dsleinding the virus to
the cell that is being infected. NA codes for neniradase, an antigenic
glycosylated enzyme found on the surface of th&uemza viruses. It
facilitates the release of progeny viruses froredtdd cells.

The hemagglutinin (HA) and neuraminidase (NA) RN#&asds
specify the structure of proteins that are most ioadlg relevant as
targets for antiviral drugs and antibodies. HAd NA are also used as the
basis for the naming of the different subtypesifienza A viruses. This
Is where théd andN come from irH5N1
Influenza A viruses are significant for their pdiahfor disease and
death in humans and other animals. Influenza Asvaubtypes that have
been confirmed in humans, in order of the numbekmdwn human
pandemic deaths that they have caused, include:

1 - H1NZ1:

Which caused Spanish FlU' and currently causes seasohaiman
flu. HIN1 is a subtype of the specibtdluenza A virus HIN1 has
mutated into various strains including tBpanish Flwstrain (now extinct
in the wild), rare and mildhumanflu strains, endemipig strains, and
various strains found ibirds
A variant of HIN1 was responsible for the Spanishpgandemic that
killed some 50 million to 100 million people worltie over about a year
in 1918 and 1919. A different variant exists in poppulations.
Controversy arose in October, 2005, after the Hlgd¢home was
published in the journakcience Many fear that this information could
be used for bioterrorism.

2 - H2NZ2:
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Which caused'Asian Flu". H2N2 is a subtype of the species
Influenza virus (sometimes callddrd flu virus). H2N2 has mutated into
various strains including the Asian Flu strain (nextinct in the wild),
H3N2, and various strains found Mbirds. It is suspected of causing a
human pandemic ih889

3 - H3N2:

Which caused'Hong Kong Flu" and currently causes seasonal
human flu.H3N2 is a subtype of the spedrdBienza A virus(sometimes
calledbird flu virus). H3N2 hasnutatedinto various strains including the
Hong Kong Flu strain (now extinct) and the annlial f
The annual flu (also called "seasonal flu" or "hanf&u™) kills an
estimated 36,000 people in the United States eaah yhe annual flu
vaccine is made by combining vaccines for the nevsions of HIN1
and H3N2 viruses that nature produces each yearddminant strain of
annual flu in January 2006 is H3N2. Measured rasc# to the standard
antiviral drugs amantadine and rimantadine in H3Md48 increased from
1% in 1994 to 12% in 2003 to 91% in 2005. "[Clonpamary human
H3N2 influenza viruses are now endemic in pigsaatgern China and
can reassort with avian H5N1 viruses in this inedate host.

4 - HS5NI
The world's major current pandemic threat.

5 - H7 N7

Which has unusuaoonoticpotential and killed one person. H7N7 is
a subtype of the specidsfluenza A virus(sometimes calledird flu
virus).
In 2003 in the Netherlands 89 people were confirmeedave the H7N7
influenza virus infection following an outbreak poultry on several
farms. One death was recorded. Antibodies weredaaonover half of
500 persons tested according to the final officeggort by the Dutch
government:
As at least 50% of the people exposed to infectedityy had H7
antibodies detectable with the modified assay ai$ wstimated that avian
influenza A/H7N7 virus infection occurred in at $£4.000, and perhaps
as many as 2000 people. The seroprevalence of tidodres in people
without contact with infected poultry, but with sl®household contact to
an infected poultry worker, was 59%. This sugg#sis the population at
risk for avian influenza was not limited to thoséhadirect contact to
infected poultry, and that person to person trassimn may have
occurred on a large scale.
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6 - HIN2

Which is currently endemic in humans and pigs eaugses seasonal
human flu . HIN2 is a subtype of the species Imfhze A virus
(sometimes called bird flu virus). It is currendpdemic in botthhuman
and pig populations.
H1N1, HIN2, and H3N2 are the only known InfluenzaiAis subtypes
currently circulating among humans.
The new A(H1N2) strain appears to have resulteoh flloe reassortment
of the genes of the currently circulating influedg&1N1) and A(H3N2)
subtypes. The hemagglutinin protein of the A(H1NRus is similar to
that of the currently circulating A(H1N1) virusesdathe neuraminidase
protein is similar to that of the current A(H3N2juses.

7 - HON2

Which has infected three peomteHong Kong. HONZ2 is a subtype
of the species Influenza A virus (sometimes cdilied flu virus). In 1999
and 2003, an HI9N2 influenza strain caused illn@esshiee people in
Hong Kong.
"HIN2 influenza viruses of domestic ducks have bez@stablished in
the domestic poultry of Asia. Phylogenetic and gattic analyses of the
HON2 viruses isolated from Hong Kong markets supffa®e distinct
sublineages. Among the chicken HINZ2 viruses, sithefgene segments
were apparently derived from an earlier chicken B9iéus isolated in
China, whereas the PB1 and PB2 genes are clodatgado those of the
H5N1 viruses and a quail HI9N2 virusA/quail/Hong K6G1/97
(Qa/HK/G1/97)suggesting that many of the 1997 atmck9 isolates in
the markets were reassortants."

8 - H7N2

Which has infected two people in U.S.A. H7N2 is a gpbtof the
species Influenza A virus (sometimes called bindvitus). One person in
New York in 2003 and one person in Virginia in 200@&re found to have
serologic evidence of infection with H7N2. Bothljutecovered.

In February 2004, an outbreak of low pathogenicamvinfluena
(LPAI) A (H7N2) was reported on 2 chicken farmsDelaware and in
four live bird markets in New Jersey supplied bg farms. In March
2004, surveillance samples from a flock of chicken#laryland tested
positive for LPAI H7NZ2. It is likely that this wake same strain.

An important factor contributing to rapid early spd of Al virus
infection among commercial poultry farms duringstroutbreak was
disposal of dead birds via rendering off-farm. Bessa of the highly
infectious nature of Al virus and the devastatirmpreomic impact of
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outbreaks, poultry farmers should consider carchssosal techniques
that do not require off-farm movement, such asdugomposting, or
incineration.

9 - H7N3

Which has infected two peopleH7N3 is a subtype of the species
Influanza A virus (sometimes called bird flu virus)
In North America, the presence of H7N3 was confirmed at several
poultry farms in British Columbia in February 20@% of April 2004, 18
farms had been quarantined to halt the spreadeo¥ithhis. Two cases of
humans infected with it have been confirmed in tlegfion. Symptoms
included conjunctivitis and mild influenza-like nkss. Both fully
recovered.
"The H7N3 strain was first detected in turkeys int&dn in 1963 and
made one of its last known appearances in pouitfyanada in April and
May 2004, according to the WHO and World Organgatior Animal
Health. An outbreak of the less virulent HSN2 strai bird flu in Taiwan
in 2004 led to the culling of hundreds of thousaofifowl."

10 - H10N7

Which has infected two people H10N7 is a subtyfthe species
Influenza A virus (sometimes called bird flu virul) 2004 in Egypt
H10N7 was reported for the first timein humans. It caused illness in
two one-year old infants, residents of Ismailligygt. One child’s father
Is apoultry merchant. The first reported HLON7bogiak in the US
occurred in Minnesota on two turkey farms in 197@ an a third in
1980. "The clinical signs ranged from severe, \&itinortality rate as
high as 31%, to subclinical. Antigenically indigiinshable viruses were
isolated from healthy mallards on a pond adjacethe turkey farms".

Properties of HSN1

H5NL1 is easily transmissible between birds fadiliiga a potential global
spread of H5N1. While H5N1 undergoes specific momet and

reassorting creating variations which infect spgaiet previously known
to carry the virus, not all of these variant foroas infect humans. H5N1
as an avian virus preferentially binds to whatlarewn as 2,3 galactose
receptors, which populate the avian respiratorgt thi@m the nose to the
lungs. These receptors are virtually absent in m&naccurring only in

and around the alveoli, structures deep in the duwbere oxygen is
passed to the blood. Therefore, the virus is natlyeaxpelled by

coughing and sneezing, the usual route of trangoniss

H5N1 is mainly spread by domestic poultry, botlotlgh the movements
of infected birds and poultry products and throdlgé use of infected
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poultry manure as fertilizer or feed. Humans witGNd have typically
caught it from chickens, which were in turn infettey other poultry or
waterfowl. Migrating waterfowl (wild ducks, geesadaswans) carry
H5N1, often without themselves becoming stck'” Many species of
birds and mammals can be infected with HPAI A(H5Ndt the role of
animals other than poultry and waterfowl as disegweading hosts is
unknown.

The Influenza Pandemic of
1918-1919

B 500 million people infected worldwide

B 20-40 million deaths worldwide
— ~b0 percent in people ages 20-40

B >500,000 deaths in United States
— 196,000 in October, 1918 alone

High mutation rate

Influenza viruses have a relatively high mutatioater that is
characteristic of RNA viruses. The segmentatiothefinfluenza genome
facilitates genetic recombination by segment reas@mt in hosts who
are infected with two different influenza virusaglae same time. HS5N1
viruses can reassort genes with other strains tlaihfect a host
organism, such as a pig, bird, or human, and min&bea form that can
pass easily among humans. This is one of many lhespaths to a
pandemic.

The ability of various influenza strains to shovesigs-selectivity is
largely due to variation in the hemagglutinin ger@snetic mutations in
the hemagglutinin gene that cause single amino swixbtitutions can
significantly alter the ability of viral hemagglatn proteins to bind to
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receptors on the surface of host cells. Such nauisitin avian H5N1
viruses can change virus strains from being iniefficat infecting human
cells to being as efficient in causing human infew as more common
human influenza virus typ&S! This doesn't mean that one amino acid
substitution can cause a pandemic, but it does riedrone amino acid
substitution can cause an avian flu virus thabispathogenic in humans
to become pathogenic in humans.
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Humans and H5N1

The earliest infections of humans by H5N1 coincigeth an epizootic
(an epidemic in nonhumans) of H5N1 influenza in glétong's poultry
population. This panzootic (a disease affectingnais of many species,
especially over a wide area) outbreak was stoppyethd killing of the
entire domestic poultry population within the teary.

Symptoms in humans:

Avian influenza hemagglutinin bind alpha 2-3 siadicid receptors
while human influenza hemagglutinin bind alpha 2dic acid receptors.
Usually other differences also exist. There is asno human form of
H5N1, so all humans who have caught it so far ltaxghtavian H5N1.
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Humans who catch a humanized Influenza A virusatiner words a
human flu virus of type A) usually have symptomattinclude fever,
cough, sore throat, muscle aches, conjunctivitid, an severe cases,
severe breathing problems and pneumonia that méagtéle The severity
of the infection will depend to a large part on dtate of the infected
person's immune system and if the victim has begosed to the strain
before, and is therefore partially immune. No onews if these or other
symptoms will be the symptoms of a humanized H9N1 f

Highly pathogenic H5N1 avian flu in a human is Yeorse, killing 50%
of humans that catch it. In one case, a boy witiNH®xperienced
diarrhea followed rapidly by a coma without devehgprespiratory or
flu-like symptoms.There have been studies of the levels of cytokines
humans infected by the H5N1 flu virus. Of particudancern is elevated
levels of tumor necrosis factor alpha (TNFa protein that is associated
with tissue destruction at sites of infection andreased production of
other cytokines. Flu virus-induced increases inléwel of cytokines is
also associated with flu symptoms including fewan)ls, vomiting and
headache. Tissue damage associated with pathofienicus infection
can ultimately result in death. The inflammatorsaade triggered by
H5N1 has been called a 'cytokine storm' by someadre of what seems
to be a positive feedback process of damage tddldg resulting from
immune system stimulation. HS5N1 type flu virus ioda higher levels of
cytokines than the more common flu virus types sak H1N1.

There is no highly effective treatment for H5N1, faut oseltamivir
(commercially marketed by Roche Bamiflu), can sometimes inhibit the
influenza virus from spreading inside the user'slyborhis drug has
become a focus for some governments and organizatiging to be seen
as making preparations for a possible H5N1 pande®@it April 20,
2006, Roche AG announced that a stockpile of tinnékon treatment
courses of Tamiflu is waiting at the disposal o€ tvorld Health
Organization to be used in case of a flu pandesggarately Roche
donated two million courses to the WHO for use @valoping nations
that may be affected by such a pandemic but laglathlity to purchase
large quantities of the druglowever, WHO expert Hassan al-Bushra has
said: "Even now, we remain unsure abodaimiflu's real effectiveness. As
for avaccine work cannot start on it until the emergence okw virus,
and we predict it would take six to nine monthsd&yelop it. For the
moment, we cannot by any means count on a potestcaine to prevent
the spread of a contagious influenza virus, whas®us precedents in
the past 90 years have been highly pathogenic".

Animal and lab studies suggest that Relenza (Zangmivhich is in
the same class of drugs as Tamiflu, may also leetfe against HSN1,
in a study performed on mice in 2000, "zanamivirsvaown to be
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efficacious in treating avian influenza viruses FE29NH6N1, and H5N1
transmissible to mammals" (Leneva 2001). Howevartlter paperde
Jong 2005 suggested that Zazamivir might not provide pribd@cin
humans from the current avian strain of H5N1 ifstgynic involvement
of influenza infection is suspected - as has régdrgen suggested by
some reports on avian H5N1 influenza in humans. &\ one knows
if zanamivir will be useful or not on a yet to exjgandemic strain of
H5N1, it might be useful to stockpile zanamivirvesll as oseltamivir in
the event of an H5N1 influenza pandemic. Neitheeltasivir nor
zanamivir can now be manufactured in quantitiest thauld be
meaningful once efficient human transmission starts

To prevent bird flu, let nature take its course

Very good Information about avian flu viruses ahdw we as
humans keep helping to spread this virus througipoultry farmiculture
techniques. If one wants to stop a potential Awarman Flu pandemic
one must also cease all poultry consumption.
The inexorable increase in avian influenza hystersa leading
governments locally and internationally to considwreasingly radical
measures to contain the perceived threat of a hypaademic.
The swift and lethal response of the Canadian Foesgection Agency to
the duck infected with a harmless H5 virus in BhtiColumbia is a good
example, and the recent discovery that people Heaen infected in
China can only exacerbate this situation. Thesesuarea include keeping
all domestic birds indoors, away from wild birdsjlimg flocks at the
first sign of even a harmless strain of flu; dragwetlands; culling wild
populations of birds and stockpiling masses of agpe drugs of
guestionable efficacy. But before we impose sudsttr methods, we
should heed the root cause of the problem.

Many strains of avian influenza circulate in wildds at low levels,
without causing iliness. Natural selection plays ianportant role in
regulating wildlife populations. A virus enters apgulation and removes
those that are unable to defend themselves fronatiiaek. Biological
diversity is the key to the population’s surviv@lnimals that survive
infection and reproduce will likely pass on theiesistant” or “tolerant”
genes to future generations. This does not alwaanthey are immune,
but they may be asymptomatic (carriers of the disgan the case of
avian influenza, for example, wild waterfowl (ducksd geese) have
undergone such a process. They are now carriergsidonot necessarily
show signs of the disease. Given time and suceeg&nerations, nature
has taken its course.



IMPORTANT QUESTIONS ABOUT AVIAN
INFLUENZA

(1) - What is avian influenza?

Avian influenza, or “bird flu”, is a contagious d@&se of animals

caused by viruses that normally infect only bird&l,aless commonly,
pigs. Avian influenza viruses are highly speciesesiic, but have, on
rare occasions, crossed the species barrier totinéemans.
In domestic poultry, infection with avian influenz@&ruses causes two
main forms of disease, distinguished by low andhhextremes of
virulence. The so-called “low pathogenic” form coomty causes only
mild symptoms (ruffled feathers, a drop in egg mcon) and may
easily go undetected. The highly pathogenic forfaisnore dramatic. It
spreads very rapidly through poultry flocks, causksease affecting
multiple internal organs, and has a mortality tbah approach 100%,
often within 48 hours.

(2) - Do migratory birds spread highly pathogenic aian
influenza viruses?

The role of migratory birds in the spread of highthogenic avian
influenza is not fully understood. Wild waterfowteaconsidered the
natural reservoir of all influenza A viruses. Thegve probably carried
influenza viruses, with no apparent harm, for ceatu They are known
to carry viruses of the H5 and H7 subtypes, butaligun the low
pathogenic form. Considerable circumstantial evigersuggests that
migratory birds can introduce low pathogenic H5 ad viruses to
poultry flocks, which then mutate to the highlypagenic form.

In the past, highly pathogenic viruses have beelatisd from migratory
birds on very rare occasions involving a few birdsyally found dead
within the flight range of a poultry outbreak. Thisding long suggested
that wild waterfowl are not agents for the onwa@hsmission of these
viruses.

Recent events make it likely that some migratorgd$iare now directly
spreading the H5N1 virus in its highly pathogemiot. Further spread to
new areas is expected.

(3) - Which viruses cause highly pathogenic disedse



Influenza A viruses have 16 H subtypes and 9 Nypdst Only
viruses of the H5 and H7 subtypes are known to eahe highly
pathogenic form of the disease. However, not alises of the H5 and
H7 subtypes are highly pathogenic and not all @alise severe disease in
poultry.

On present understanding, H5 and H7 viruses areduated to poultry
flocks in their low pathogenic form. When alloweddirculate in poultry
populations, the viruses can mutate, usually withfaw months, into the
highly pathogenic form. This is why the presencamH5 or H7 virus in
poultry is always cause for concern, even when itfigal signs of
infection are mild.

(4) - What is special about the current outbreaksn poultry?
The current outbreaks of highly pathogenic aviailuenza, which
began in South-East Asia in mid-2003, are the Erged most severe on
record. Never before in the history of this diselagee so many countries

been simultaneously affected, resulting in the tdsso many birds.

The causative agent, the H5N1 virus, has proveddoespecially
tenacious. Despite the death or destruction ofstimated 150 million
birds, the virus is now considered endemic in mpasts of Indonesia



and Viet Nam and in some parts of Cambodia, Chiregiland, and
possibly also the Lao People’s Democratic Repuliiontrol of the
disease in poultry is expected to take severakyear

The H5N1 virus is also of particular concern fornfan health, as
explained below.

(5) - Which countries have been affected by outbréa in
poultry?

From mid-December 2003 through early February 200dultry

outbreaks caused by the H5N1 virus were reportedigint Asian nations
(listed in order of reporting): the Republic of ke Viet Nam, Japan,
Thailand, Cambodia, Lao People’s Democratic Repultidonesia, and
China. Most of these countries had never beforemspced an outbreak
of highly pathogenic avian influenza in their higs.
In early August 2004, Malaysia reported its firsittoreak of H5N1 in
poultry, becoming the ninth Asian nation affect®lissia reported its
first HSN1 outbreak in poultry in late July 200%]lbwed by reports of
disease in adjacent parts of Kazakhstan in earbusu

(6) - What are the implications for human health?

The widespread persistence of HSN1 in poultry patoihs poses two
main risks for human health.
The first is the risk of direct infection when thieus passes from poultry
to humans, resulting in very severe disease. Ofdheavian influenza
viruses that have crossed the species barrieféotinumans, H5N1 has
caused the largest number of cases of severe diaadsleath in humans.
Unlike normal seasonal influenza, where infectiauses only mild
respiratory symptoms in most people, the diseaseseth by H5N1
follows an unusually aggressive clinical coursghwapid deterioration
and high fatality. Primary viral pneumonia and raalgan failure are
common. In the present outbreak, more than hatho$e infected with
the virus have died. Most cases have occurred avigusly healthy
children and young adults.
A second risk, of even greater concern, is thavihes — if given enough
opportunities — will change into a form that is Iy infectious for
humans and spreads easily from person to persam &ehange could
mark the start of a global outbreak (a pandemic).

(7) - Where have human cases occurred?



In the current outbreak, laboratory-confirmed humases have been
reported in four countries: Cambodia, Indonesiail@imd, and Viet Nam.
Hong Kong has experienced two outbreaks in the. past997, in the
first recorded instance of human infection with H5he virus infected
18 people and killed 6 of them. In early 2003, theus caused two
infections, with one death, in a Hong Kong familithwa recent travel
history to southern China.

(8) - How do people become infected?

Direct contact with infected poultry, or surfacesida objects
contaminated by their faeces, is presently constti¢he main route of
human infection. To date, most human cases havermectin rural or
periurban areas where many households keep smathpt@iocks, which
often roam freely, sometimes entering homes orispavutdoor areas
where children play. As infected birds shed largardities of virus in
their faeces, opportunities for exposure to infécttoppings or to
environments contaminated by the virus are abundarder such
conditions. Moreover, because many households i@ Agpend on
poultry for income and food, many families sellstaughter and consume
birds when signs of illness appear in a flock, #nsl practice has proved
difficult to change. Exposure is considered mdstl\i during slaughter,
defeathering, butchering, and preparation of ppditir cooking.

(9) - Is it safe to eat poultry and poultry producs?

Yes, though certain precautions should be followedcountries
currently experiencing outbreaks. In areas frethefdisease, poultry and
poultry products can be prepared and consumeduas flowing good
hygienic practices and proper cooKingvith no fear of acquiring
infection with the H5N1 virus.

In areas experiencing outbreaks, poultry and pppitoducts can also be
safely consumed provided these items are propedked andoroperly
handled during food preparatiomhe H5N1 virus is sensitive to heat.
Normal temperatures used for cooking®@n all parts of the food) will
kill the virus. Consumers need to be sure thapailts of the poultry are
fully cooked (no “pink” parts) and that eggs, taoe properly cooked (no
“runny” yolks).

Consumers should also be aware of the risk of erostamination.
Juices from raw poultry and poultry products shouéver be allowed,
during food preparation, to touch or mix with itematen raw. When
handling raw poultry or raw poultry products, persaonvolved in food
preparation should wash their hands thoroughly dedn and disinfect
surfaces in contact with the poultry products Saap hot water are
sufficient for this purpose.



In areas experiencing outbreaks in poultry, rawsegjgould not be used
in foods that will not be further heat-treatedfas example by cooking or
baking.

Avian influenza is not transmitted through cookewdd. To date, no
evidence indicates that anyone has become infefd#dwing the
consumption of properly cooked poultry or poultnpgucts, even when
these foods were contaminated with the H5N1 virus.

(10) - Does the virus spread easily from birds toumans?

No. Though more than 100 human cases have occurtéé current
outbreak, this is a small number compared withhilnge number of birds
affected and the numerous associated opporturididsuman exposure,
especially in areas where backyard flocks are comitas not presently
understood why some people, and not others, beauesed following
similar exposures.

(11) - What about the pandemic risk?

A pandemic can start when three conditions have eet: a new
influenza virus subtype emerges; it infects humasaysing serious
iliness; and it spreads easily and sustainably gnmmans. The H5N1
virus amply meets the first two conditions: it i:i@w virus for humans
(H5N1 viruses have never circulated widely amongpbe), and it has
infected more than 100 humans, killing over halitteém. No one will
have immunity should an H5N1-like pandemic viruseege.

All prerequisites for the start of a pandemic hthexefore been met save
one: the establishment of efficient and sustainesndn-to-human
transmission of the virus. The risk that the H5NLus will acquire this
ability will persist as long as opportunities fonrhan infections occur.
These opportunities, in turn, will persist as laggthe virus continues to
circulate in birds, and this situation could endi@resome years to come.

(12) - What changes are needed for H5N1 to become a

pandemic virus?

The virus can improve its transmissibility amongmans via two
principal mechanisms. The first is a “reassortmeewént, in which
genetic material is exchanged between human arah avtuses during
co-infection of a human or pig. Reassortment caasult in a fully
transmissible pandemic virus, announced by a suddege of cases with
explosive spread.

The second mechanism is a more gradual procesdaptiae mutation,
whereby the capability of the virus to bind to humeells increases
during subsequent infections of humans. Adaptivéatian, expressed



initially as small clusters of human cases with e@widence of human-
to-human transmission, would probably give the dedme time to take
defensive action.

(13) - What is the significance of limited human—tdhuman
transm- ission?

Though rare, instances of limited human-to-humamamission of
H5N1 and other avian influenza viruses have ocdumeassociation with
outbreaks in poultry and should not be a causalBmm. In no instance
has the virus spread beyond a first generatiorioseccontacts or caused
iliness in the general community. Data from thesmdents suggest that
transmission requires very close contact with lgoeitson. Such incidents
must be thoroughly investigated but — provideditivestigation indicates
that transmission from person to person is verytéidh— such incidents
will not change the WHO overall assessment of gredemic risk. There
have been a number of instances of avian influemzgtion occurring
among close family members. It is often impossitdedetermine if
human-to-human transmission has occurred sinciathidy members are
exposed to the same animal and environmental seasevell as to one
another.

(14) - How serious is the current pandemic risk?

The risk of pandemic influenza is serious. With Ht&N1 virus now
firmly entrenched in large parts of Asia, the rtelat more human cases
will occur will persist. Each additional human cageges the virus an
opportunity to improve its transmissibility in hung and thus develop
Into a pandemic strain. The recent spread of thesyto poultry and wild
birds in new areas further broadens opportunit@shiuman cases to
occur. While neither the timing nor the severitytlod next pandemic can
be predicted, the probability that a pandemic aaitur has increased.

(15) - Are there any other causes for concern?

» Domestic ducks can now excrete large quantitfdsighly pathogenic
virus without showing signs of illness, and are nasting as a “silent”
reservoir of the virus, perpetuating transmissmother birds. This adds
yet another layer of complexity to control effordmd removes the
warning signal for humans to avoid risky behaviours

* When compared with H5N1 viruses from 1997 andye2004, H5N1
viruses now circulating are more lethal to expentably infected mice



and to ferrets (a mammalian model) and survive dongn the
environment.

* H5N1 appears to have expanded its host rangecting and killing
mammalian species previously considered resistaninfiection with
avian influenza viruses.

* The behaviour of the virus in its natural resarweild waterfowl, may
be changing. The spring 2005 die-off of upward6,000 migratory birds
at a nature reserve in central China, caused byyhmpathogenic H5N1,
was highly unusual and probably unprecedentedhénpiast, only two
large die-offs in migratory birds, caused by higbathogenic viruses, are
known to have occurred: in South Africa in 1961 K39 and in Hong
Kong in the winter of 2002—-2003 (H5N1).

(16) - What are the most important warning signalsthat a

pandemic is about to start?

The most important warning signal comes when cltasté patients
with clinical symptoms of influenza, closely reldte time and place, are
detected, as this suggests human-to-human tranemisstaking place.
For similar reasons, the detection of cases intlhheabrkers caring for
H5N1 patients would suggest human-to-human trarssams Detection
of such events should be followed by immediatedfiglvestigation of
every possible case to confirm the diagnosis, ifletihe source, and
determine whether human-to-human transmissiondaroag.

Studies of viruses, conducted by specialized WHéreace laboratories,
can corroborate field investigations by spottingejee and other changes
in the virus indicative of an improved ability toféct humans. This is
why WHO repeatedly asks affected countries to skhareses with the
international research community.

(17) - What drugs are available for treatment?

Two drugs (in the neuraminidase inhibitors classgeltamivir
(commercially known as Tamiflu) and zanamivir (coarmally known
as Relenza) can reduce the severity and duratiotiness caused by
seasonal influenza. The efficacy of the neuramsedahibitors depends,
among others, on their early administration ( wit8 hours after
symptom onset). For cases of human infection wbBiNH the drugs may
improve prospects of survival, if administered gaolut clinical data are
limited. The H5N1 virus is expected to be suscégtilbo the
neuraminidase inhibitors. Antiviral resistance guraminidase inhibitors



has been clinically negligible so far but is likety be detected during
widespread use during a pandemic.

An older class of antiviral drugs, the M2 inhibgoamantadine and
rimantadine, could potentially be used against pand influenza, but
resistance to these drugs can develop rapidly lasdould significantly

limit their effectiveness against pandemic influmnSome currently
circulating H5N1 strains are fully resistant to shethe M2 inhibitors.
However, should a new virus emerge through reaseott the M2

inhibitors might be effective.

For the neuraminidase inhibitors, the main constsai- which are
substantial — involve limited production capacitgydaa price that is
prohibitively high for many countries. At presenamufacturing capacity,
which has recently quadrupled, it will take a dex#éol produce enough
oseltamivir to treat 20% of the world’s populatiorhe manufacturing
process for oseltamivir is complex and time-consignand is not easily
transferred to other facilities.

(18) - Can a pandemic be prevented?

No one knows with certainty. The best way to préwempandemic
would be to eliminate the virus from birds, buth@s become increasingly
doubtful if this can be achieved within the nedufa.

Following a donation by industry, WHO will have tackpile of antiviral

medications, sufficient for 3 million treatment cses, by early 2006.
Recent studies, based on mathematical modellinggesi that these
drugs could be used prophylactically near the stara pandemic to
reduce the risk that a fully transmissible virudl wmerge or at least to
delay its international spread, thus gaining timeaugment vaccine
supplies.

The success of this strategy, which has never te=ted, depends on
several assumptions about the early behavioupahaemic virus, which
cannot be known in advance. Success also dependexoeallent
surveillance and logistics capacity in the inifalbffected areas,
combined with an ability to enforce movement resions in and out of
the affected area. To increase the likelihood daaly intervention using
the WHO rapid-intervention stockpile of antiviralrugs will be
successful, surveillance in affected countries sedd improve,
particularly concerning the capacity to detect w@s of cases closely
related in time and place.



WHAT NEEDS TO BE DONE:

1 — What further studies are needed¢dine the genetic loci important
for virus transmission between species?

2 — What studies are neededitgermine whether changes in the viral
RNA polymerase play a role in virus transmission?

3 - What further studies are needediefine environmental factorsthat
contribute to virus transmission and how they imterwith genetic
factors?

4 — What studies can be done pwovide measures to predict
Intraspecieschanges in virus transmission?

5 - What further studies are neededdentify what measures, if any,
can alter intraspeciesvirus transmission and what the effects of these
measures?

6 - What studies are needed tietermine whether transmission
changescan be used to predict panademic risk?

GENETIC AND NON-GENETIC FACTORS AFFECTING
THE RESPONSE AND RESISTANCE OF AVIAN
INFLUENZA IN POULTRY

A — Geneic factors::
1 - Breeds (gene transferee) 2 - Strains

3 - Sex

B — Non genetic factors
1 - N. selection 2 - Nutrition

3 - Water Quality 4 — Density

C — Interact between (A &B):
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