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Emerging Infectious Disease (1): Avian Influenza

Shih-WenHung, MD; I-YinLin, MD; Tzong-Luen Wang, MD, PhD

Abstract

Avianinfluenzaisoneof thetwotterriblevirusinfections, and the other oneissevereacuterespira
tory syndrome (SARS) in early 21" century. Studies showed most avian influenzainfections of
human were directed invaded by thevirus(most HSN1 Strain) from poultry but some casereports
suspected theposs bility of human-to-humantransmission. Themost frightening possibility isthere-
assortment of thehigh pathol ogicavianinfluenzawithcommon humaninfluenzavirus. If thisoccurred,
anew virus pandemic, like Spanish flu, may come and cause millions of people die. The most
important effort isto hat further spread of epidemicsin poultry population. Culling theinfected and
suspected infected poultry widely isneeded. It isalso essential to have good hand hygiene, have
adequate generd precaution and educate peopl e to decrease the opportunity for exposureto poul-
try or their droppings. Health worker haveto wear enough precautioninthehospital. The scientists
must do their best to devel op vaccine against avian influenza as soon as possible.(Ann Disaster

Med. 2005;3 Suppl 2; S40-546)
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Introduction

“Avianinfluenza’ ishighly concerned by the
public sincethe outbreak of HSN1 subtypein
Hong Kongin 1997. A total of 18 casesof hu-
man influenzavirusinfection had beenidenti-
fiedand six of themdied.! TheHong Konggov-
ernment worked hardto control thediseaseand
killed millions of poultry. The outbreak was
under control since 1999 until two caseswere
reported in February 2003. At the sametime,
atota of 89 humaninfectionwith influenzaA
(H7N7), including 1 resultinginthedeath of a
Dutchveterinarian, occurred and decimated the
Dutchpoultry industry.23 Sincemid-December

2003, 8 Asian countries—Cambodia, China,
Indonesia, Japan, Laos, South K orea, Thailand,
and Vietnam—have reported outbreaks of
highly pathogenicavianinfluenzacaused by the
H5N1 strain among poultry and morethan 100
million poultry died.* Thenanother outbreak of
avianinfluenzaA infectioninhumanwasidenti-
fied in January 2004.° Throughout the year of
2004, 45 patients were infected by the H5N1
virusand 32 victims died.® According there-
port of world health organi zation, 44 caseshave
been detectedin 18 citiesand provincesof Viet-
nam and 19 of them have died from mid-De-
cember 2004 to 14 April 2005.
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Avian influenzawas concerned not only
about itshighmortality ratebut also therisk of
pandemic threat to human, like the influenza
pandemic during 1918-1919. Wetherein re-
viewed current knowledge about avian
influenza,includingthevirology, epidemiology,
diagnosisand management of thisdisease.

Classification

Influenzaviruswas classified asA, B and C
based on their nucleoprotein (NP) and matrix
(M1) protein.” All avianinfluenzavirusesbe-
longtoInfluenzaA virus. TypeA virushavebeen
isolated from awide range of species, includ-
ing humans, pigs, horses, sedls, ferrets, mink,
whales and birds. InfluenzaA virus can be di-
vided into subtypes by the surface
glycoproteins, hemagglutinin (HA) and
neuraminidase (NA). Todate, 15 different he-
magglutinin (H1-H15) and 9 neuraminidase
(N1-N9) proteins have been identified.? The
HA, NA subtypes circulated in human being
were limited, only H1, H2, H3 and N1, N2
presented. Incontrast, dmost dl virussubtypes
existinavian species.

Antigenic Variation

Theantigenicity of influenzaviruschangesgradu-
aly by point mutation (antigenicdrift) or drasti-
caly by geneticreassortment (antigenic shift).®
Antigenicdrift wasdriven by theimmunol ogi-
ca pressureamong virusand enforced replace-
ment of human influenzavirusvaccine strain
every several years.’® Antigenic shiftiscaused
by either direct transmission of nonhuman in-
fluenzavirusesto humansor the reassortment
of genesfromtwodifferentinfluenzavirusesthat
haveinfected asingle cell.** Pigsmay serveas
anintermediate host for thereassortment of hu-
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man and avianinfluenzaviruses® becausethey
couldbeinfected by both. Duringantigenicshift,
anew strain that most humans have no immu-
nity might occurred and could havethe poten-
tial to cause severe global outbreaks. So far,
theH5N 1 influenzavirusinfecting humanwas
mostly fromavianvirusantigen and thereisno
direct evidence of reassortment.

Severe influenza pandemics in hu-
man history

Therewereseverd influenzapandemicsin hu-
man history. Themost well-known and serious
oneisthe® Spanishflu” which occurred during
theyear of 1918t0 1919. The causativestrain
wasinfluenzavirusH1N1. It occurred during
theWorld War | and resultedin at lest 25t0 50
millions of people died. Most of them were
young soldiers and the amount was at |east
doublethe number of soldierskilled by theen-
emy on thewar field.* Some people think the
influenza stopped the World War 1. Other
pandemicsincludedtheAs aninfluenza (1957,
H2N2), Hong Kong flu (1968, H3N2) and
Russian flu (HIN1) and werelessletha than
the Spanishflu.

Transmission of Avian Influenza Virus
Transmission to poultry

All birdsarethought to be susceptibletoinfec-
tion with avianinfluenzaviruses. Wild water-
fowl and migrating bird popul ationsprovided
an extensive natural reservoir for influenzaA
virus.2 Their secretion, salivaor fecescontain
much virus. If they contact with domestic
poultry, the disease will spread. Furthermore,
their dropping or salivamay contaminateweter,
river, feed or even human shoes, and cause
widespread of poultry infection. Thesymptoms



of infected poultry may rangefrom mild upper
respiratory airway symptomsto rapid death.
Thehighly pathogenic avianinfluenza(HPAI)
could cause millions of poultry die and much
economicloss, likethePennsylvanianoutbreak
in 1983.2 The“wet market”, wherelive poul -
try was sold under crowded, isaso afocus of
diseasetransmission.** Asthetraveling poultry
leaves their breeding ground and start to
migrate, theinfluenzavirusmay travel fromone
country to another.* Thistraveling period was
compatiblewith the peak period between | ate
summer and early winter.

Transmission from poultry to human
Thereweresevera episodeof humaninfection
snce1997. TheH5N1 outbreak inHong Kong
in 1997 resulted in 18 peopleinfected and 6 of
them died. In 1999, HON2 viruswasisolated
from 2 childrenwith mildinfluenza-likesymp-
tomin Hong Kong and both arerecovered. In
2003, severd influenzaoutbreakswere noted.
InHong Kong, H5N 1 virusinfected two fam-
ily membersafter returningfrom Chinaand one
of them died. Also in Hong Kong, HON2 in-
fected onechild and thechild recovered. Inthe
Netherlands, H7N7 virus outbreak occurred
and 83 patients were infected. One of the 83
patientsdied, most of theothershavethesymp-
tomsof conjunctivitis. Thelargest outbreak of
H5N1 avian influenzarage in several Asian
countriesand tensof peoplediesince Jan 2004.
Therewas aso an outbreak of H7N7 virusin
British Columbia, Canadain 2004 and 5 pa-
tientswereinfected. Most of them only have
mild symptoms of conjunctivitis.”> One case
control study was performed as the outbreak
in Hong Kong in 1997. *¢ The result demon-
strated exposure to live poultry in the week
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beforethe onset of illnessasthe most risk fac-
tor of avianinfluenzavirusinfection. Neither
traveling, eating nor preparing poultry products
and recent exposure to persons with respira
tory illnessshowed significant associ ation.

Human-to-Human Transmission

So far, most reports suggested that human
H5N1 virusinfectionresulted fromdirect con-
tactwithinfectedbirdsor surfacescontaminated
withtheir secretions. However, someevidence
revealed the possibility of human-to-human
transmission. Dr. Brideges'’ noted that the
hedlth careworkerswho cared HSN 1 infected
people had asignificantly higher seropositive
rate than nonexposed ones (3.7 % v.s. 0.7%).
Limited human-to-humantransmissonisarea
sonableexplanation. IntheNetherlands, 3fam-
ily membersof farmworkerswereinfected dur-
ing the H7N7 outbreak in 2003.8 In 2004, a
11 year-old girl died of avianinfluenzaH5N 1.
Her mother and aunt then got infected after tak-
ing careof her and her mother at last died. Nei-
ther her mother nor her aunt had the history of
exposuretoinfected poultry. Human-to-human
infectionwashighly suspected.”®

Clinical presentation

M ost peopleinfectedwithavianinfluenzaH5N 1
in 1997 represented fever, sore throat and
cough. More serious symptomsinclude dysp-
nea secondary to virus pneumonia, acute res-
piratory distresssyndrome, multipleorganfail-
ureand death.** Some people presented with
gadirointestind symptoms, rend failureandpan-
cytopenia but all of them are not usually
predominant. Cytokinedysfunctionwasnoted
afterinfluenzavirusinfection.Aburstof cytokine
production after HSN1 might resultinmultiple

Ann Disaster Med Vol 3 Suppl 2 2005



A3 Avian Influenza

organfailure*

Intheepisodeof HSN1 virusinfectionin Viet-
nam in January 2004, 10 patients (mean age,
13.7 years) were reported” and nine of them
hadaclear history of direct contact withpoultry.
All patients presented with fever (temperature
38.5t040.0 “C), respiratory symptoms, and
clinicaly sgnificantlymphopenia(medianlym-
phocyte count, 700 per cubic millimeter). The
median platelet count was 75500 per cubic
millimeter and seven patientshavediarrhea Al
patientsshowed marked abnormalitieson chest
radiography. However, atypical presentation
with severe diarrheaand comawithout respi-
ratory tract symptomswasa soreported.” The
mortality rate washigh (80%). Other avianin-
fluenzavirus outbreak caused by non-H5N1
strain caused minor symptoms and most pa-
tientsonly symptomsof conjunctivitis.,

Laboratory diagnosis

L aboratory testingsareindi cated under thecon-

ditionslisted bel ow:*

1. Testing areindicated for hospitalized patients

with

(1) radiographically confirmed pneumonia,
acute respiratory distress syndrome, or
other severerespiratory illnessfor which
andternatediagnosishasnot been estab-
lishedand

(2) history of travel to acountry with docu-
mented HS5N 1 avian influenzawithin 10
daysof symptom onset

2. Testings should be considered on a case-

by-case basis in consultation with state and

local health departmentsfor hospitalized or

ambulatory patientswith

(1) temperature>38°C (>100.4) °F and

(2) oneor moreof thefollowings: cough, sore
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throat, shortness of breath and
(3) history of contact with domestic poultry
(eg, visited a poultry farm, household
raising poultry, or bird market) or a
known or suspected human caseof influ-
enza H5N1inan H5N1-affected coun-
try within 10 daysof symptom onset.
The nasopharyngeal aspirate obtained
within 3 daysof the onset of symptomsisthe
best specimen for influenzavirus detection.
The H5N1 influenza virus can be detected
by rapid antigen tests, virus culture and re-
verse transcriptase-polymerase chain reac-
tion (RT-PCR).*%

Treatment

Thecurrent HSN1 strainsareres stant toaman-
tadine and rimantadine but are susceptibleto
neuraminidase inhibitors (oseltamivir and
zanamivir).* Thesedrugsareeffectivefor pro-
phylaxisand trestment of influenzaA virusin-
fection and may play animportant rolein re-
ducing the severity and spread of infection dur-
ing thefirst stages of apandemic.22Within 48
hours after exposed to HSN 1 avian influenza
virus, osdtamivir shouldbeusedfor prophylaxis.

Prevention

Prevention isthe most important part of avian
influenzacontrol. Therearesevera methodsas
folows

Early identify HPAI disease in poultry
and cull them

Early recognizeavianinfluenzaisthefirst step
to prevent it. Speed is of the essence: the ear-
liertheofficid intervention, thefewer thenum-
ber of birdsthat will need to bekilled. Any ap-
proach adopted must ensure complete elimi-



nation of thevirus.*?’ Outbreak of HPAI should
be considered if there are reliable reports of
any poultry establishment experiencinganun-
usualy highmortality rate(e.g. >1%daily mor-
tality for 2 daysin commercial settingsand >
5% for village poultry farms) and where the
mortality isassociated with oneor moreof the
following signs: depression and respiratory
disease, swollen heads, cyanosis of the combs
or wattles, and possibly neurologica signsand
diarrhea. Culling theinfected poultry and de-
contaminate theinfected areaare themost &f-
fective waysto prevent spread of the disease.

General precaution

Itisvery important to keep away fromthepoul -
try or anything which may be contaminated by
theinfected poultry. Us ngprotectiveglovesand
washing hands with soap frequently can pre-
vent avianinfluenzaeffectively. Thevirushas
somecharactersindudinginactivationby 56 “C
in3hours, 60°C in 30 minutes, inactivation by
acid PH, oxidizing agents, sodium dodecy!
sulphate, lipid solvents, detergents, and bleach.
It can be easily inactived by 5 % bleach or
cooked the poultry.

Patient isolation

Itisimportant to isol ate suspected personsfor
14 daysafter onset of the symptoms, no matter
at home or in the hospital . | sol ation precau-
tionsfor patients hospitalized with suspected
or confirmedavianinfluenzaH5N 1 must bethe
same as severe acute respiratory syndrome,
whichinclude:®

(i) Standard precaution: strict hand hygienebe-
fore and after all patient contacts
(i1) Contact precautions: useglovesand gown
for all patient contact
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(iii) Eyeprotection: wear whenwithin 3feet (1m)
of the patient

(iv) Airborne precautions: placethe patient in
an airborneisolation room, usea fit-tested
respirator, at least asprotective asan NIOSH-
approved N-95filtering facepiecerespirator,
when entering theroom

Vaccine

Current inactivated trivalent human influenza
vaccine providesno protection against the H5
and H7 avian influenzastrains.* However, an
important rolefor the vaccineisto prevent co-
infection of seasona humaninfluenzaandavian
influenzain onehumanbody. Theco-infection
may increasetherisk of virusreassortment and
cresteanew highly contagiousvirus. Until now,
no H5 or H7 vaccinewasavailable.

Conclusion

Avianinfluenzaisoneof thetwoterriblevirus
infection besidessevere acuterespiratory syn-
drome(SARS) intheearly 21" century. SARS
pandemic seems subsided now but the avian
influenzai sdtill violainghuman. Until now, sud-
ies showed most avian influenzainfections of
humanweredirectedinvaded by thevirus(most
H5N1 stain) from poultry. Although somecase
reports suspected the possibility of human-to-
humantransmissionbut therewasnodirect evi-
dence to proveit. The high mortality rate of
HPAI infection needs to be concerned.
However, themost frightening possibility isthe
reassortment of the HPAI with common human
influenzavirus. If this happened, anew virus
pandemic, like Spanish flu, which caused mil-
lions of victims might occur. Themost impor-
tant thing isto halt further spread of epidemics
inpoultry population. Itisalsoessentia tohave
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good hand hygiene, haveadequategenerd pre-
caution and educate people to decrease the
opportunity for exposuring to poultry or their
droppings. Healthworker havetowear enough
precaution inthe hospital. The scientistsmust
dotheir best to develop vaccine against avian
influenzaassoon aspossible.

Reference

1. Center for Disease Control and
Prevention. Isolation of avianinfluenzaA
(H5N1) virusfrom humans-Hong Kong,
1997-1998. Morb Mortal Wkly Rep
1998;46:1245-7.

2. Van Kolfschooten F. Dutch veterinarian
becomesfirsvictimof avianinfluenza Lan-
cet 2003;361:1444.

3. Fouchier RA, Schneeberger PM,
Rozendad FW, etd. AvianinfluenzaAvirus
(H7N7) associated with human
conjunctivitis and a fatal case of acute
respiratory distresssyndrome. Proc Natl
Acad Sci U SA 2004;101:1356-61.

4. Trampuz A, Prabhu RM, Smith TF,
Baddour LM. Avianinfluenza: anew pan-
demic threat? Mayo Clin Proc 2004;79:
523-30.

. TranTH, NguyenTL, NguyenTD, et al.;
World Hesalth Organization I nternational
Avianlnfluenzal nvestigativeTeam.Avian
influenza A (H5N1) in 10 patientsin
Vietnam. N Engl JMed 2004;350:1179-
88.

6. Avianinfluenza-situation in Viet nam
availableat http://www.who.int/csr/dor/
2005 04 14/en/index.html, accessed on
March 14 2005

7. Horimoto T, Kawaokay. Pandemic threat
posed by avian influenzaA viruses. Clin

ol

Ann Disaster Med Vol 3 Suppl 2 2005

Microbiol Rev 2001;14:129-49.

8. Nicholson KG, Wood JM, Zambon M.
Influenza. Lancet 2003;362:1733-45

9. Murphy, B.R., and R.G. Webster. 1996.
Orthomyxoviruses, p.1364-1445.1nB. N.
Fields, D.M. Knipe, and P.M. Howley
(ed.), fieldsvirology, 3 ed. Lippincott-
Raven, Philadelphia, PA.

10. Austin FJ, Webster RG. Antigenicmapping
of an avian H1 influenza virus
haemaggl utinin and interrel ationshi psof
H1 virusesfrom humans, pigsand birds. J
Gen Virol 1986;67:983-92.

11. Webster RG, Laver WG, Air GM, Schild
GC. Molecular mechanismsof variaionin
influenzaviruses. Nature1982;296:115-21.

12. Fouchier RA, OsterhausAD, Brown [H.
Animal influenzavirussurveillance. Vac-
cine 2003;21:1754-57.

13. Eckroade, R.J., and L.A.S. Bachin.1987.
Avian influenza in Pennsylvania: the
beginning, p.22-32. In proceedings of the
second International SymposiumonAvian
Influenza.

14. Chan PK. Outbreak of avian influenzaA
(H5N1) virusinfectionin Hong Kong in
1997. Cli Infect Dis2002;34(supp 2): S58-
S64.

15. Avianinfluenzaand human health, avail-
able at http://www.who.int/gb/ebwha/
pdf_filesEB114/B114 6-en.pdf, accessed
on March 8 2004

16. MountsAW, Kwong H, lzurietaHS, et al.
Case-control study of risk factorsfor avian
influenzaA (H5N1) disease, Hong Kong,
1997. JInfect Dis 1999;180:505-8.

17. BridgesCB, LimW, Hu-Primmer J, et a.
Riskof influenzaA (H5N1) infectionamong
poultry workers, Hong Kong, 1997-1998.



Jinfect Dis.2002;185:1005-10.

18. Fouchier RA, Schneeberger PM,
Rozendad FW, et a. AvianinfluenzaA vi-
rus(H7N7) associated with humanconjunc-
tivitisand afatal case of acute respiratory
distress syndrome. Proc Natl Acad Sci U
SA 2004 Feb 3;101:1356-61.

19. Ungchusak K, Auewarakul P, Dowell SF,
et al. ProbablePerson-to-Person Transmis-
sonof AvianinfluenzaA (H5N1). New Engl
JMed 2005;352:333-40.

20. YuenKY, ChanPK, PerisM, etal. Clinica
featuresand rgpid vira diagnosisof human
disease associated with avian influenzaA
H5N1 virus. Lancet 1998;351:467-71.

21. To KF, Chan PK, Chan KF, et al.
Pathology of fatal human infection
associated with avian influenzaA H5N1
virus. JMed Virol 2001;63:242-6.

22. TranTH,Nguyen TL, Nguyen TD, et dl .;
World Health Organization International
Avian Influenzalnvestigative Team. Avian
influenza A (H5N1) in 10 patientsin
Vietnam. N Engl J Med 2004;350:1179-
88.

23. de Jong MD, Bach VC, Phan TQ, et al.
Fatal avianinfluenzaA (H5N1) inachild
presentingwithdiarrheafollowed by coma.
N Engl JMed 2005;352:686-91.

24. Centers for Disease Control and
Prevention. Outbreaksof avianinfluenzaA
(H5N1) inAsiaand interim recommenda-
tions for evaluation and reporting of sus-
pected cases-United states, 2004. MMWR
Morb Mortal WKly Rep 2004;53:97-100.

25. Nicholson KG, Wood JM, Zambon M.
Influenza. Lancet 2003;362:1733-45.

26. BridgesCB, WinquistAG, FukudaK, Cox
NJ, Singleton JA, Strikas RA; Advisory

Avian Influenza 46

CommitteeonmmunizationPractices. Pre-
ventionandcontrol of influenza: recommen-
dationsof theAdvisory Committeeon Im-
munization Practices (ACIP). MMWR
Recomm Rep. 2000 Apr 14;49(RR-3):1-
38; quiz CE1-7

27. http://www.wpro.who.int/avian%5Fflu/
docsg/public_hedth.asp

28. Centers for Disease Control and
Prevention. Avian influenza. Available at:
www.cdc.gov/flw/aviavindex.htm.accessd
on March 8 2004

29. Sampathkumar P, Temesgen Z, Smith TF,
ThompsonRL. SARS: epidemiology, clini-
ca presentation, management, andinfection
control measures. Mayo Clin Proc 2003;
78:882-90.

Ann Disaster Med Vol 3 Suppl 2 2005



