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Influenza & Avian Influenza

GeneralGeneral



Family: Orthomyxoviridae

Enveloped virions are 80 to 120 nm in diameter 
and 200 to 300 nm long and may be 
filamentous. 
They consist of spike-shaped surface proteins, a 
partially host-derived lipid-rich envelope, and 
matrix (M) proteins surrounding a helical 
segmented nucleocapsid (6 to 8 segments). 
The family contains five genera, classified by 
variations in nucleoprotein (NP and M) antigens: 
influenza A, influenza B, influenza C, 
thogotovirus, and isavirus. 



VIROLOGY: ORTHOMYXOVIRIDAE

Polymorphic: Round or Thread-Like
Diameter: 120 nanometers
RNA 7 - 8 Pieces: (A & B = 8; C = 7)

Lipoprotein envelop: Hemagglutinin (H 1 - 16) 
& Neuraminidase (N 1 - 9)
Three types: A, B, C



Genus: Influenzavirus A 

Consists of a single species: influenza A 
virus. 
Influenza A viruses are a major cause of 
influenza in humans. 
All past influenza pandemics have been 
caused by influenza A viruses. 





GenomeGenome
The multipartite genome is encapsidated, with 
each segment in a separate nucleocapsid. Eight 
different segments of negative-sense single-
stranded RNA are present; this allows for 
genetic reassortment in single cells infected with 
more than one virus and may result in multiple 
strains that are different from the initial ones 

(Voyles 2002).



GenomeGenome
The genome consists of 10 genes 
encoding for different proteins (eight 
structural proteins and two nonstructural 
proteins). These include the following: 
three transcriptases (PB2, PB1, and PA), 
two surface glycoproteins (hemagglutinin
[HA] and neuraminidase [NA]), two matrix 
proteins (M1 and M2), one nucleocapsid
protein (NP), and two nonstructural 
proteins (NS1 and NS2). 



Influenza virus particle

Fields Virology. Third edition. Lippincott Williams and Wilkins, Philadelphia 



Neuraminidase (N)
N1 – N9

SCHEMATIC STRUCTURE

Hemagglutinin (H)
H1 – H16

Ribonucleic acid
(RNA)



HemagglutininHemagglutinin & Neuraminidase& Neuraminidase

The virus envelope glycoproteins (HA and 
NA) are distributed evenly over the virion
surface, forming characteristic spike-
shaped structures. Antigenic variation in 
these proteins is used as part of the 
influenza A virus subtype definition (but 
not used for influenza B or C viruses). 



H1H1--H16, N1H16, N1--N9N9
Influenza A virus subtypes: 
There are 16 different HA antigens (H1 to 
H16) and nine different NA antigens (N1 to 
N9) for influenza A. Until recently, 15 HA 
types had been recognized, but a new 
type (H16) was isolated from black-
headed gulls caught in Sweden and the 
Netherlands in 1999 and reported in the 
literature in 2005 

(Fouchier 2005). 



H and N classification for Flu A

H1, 2, 3........16

N1, 2, 3.........9



INFLUENZA - WORLDWIDE

AN UNVARYING DISEASE CAUSED BY A VARYING VIRUS
Classification

Family         Orthomyxoviridae
Genus        Influenza virus

Influenza C virus
Type           Influenza virus: Type A & type B

Influenza C virus: Type C



HOST SPECIFICITY

Type A      Man (H1, H2, 
H3; N1, N2)
Animal (H1-H16,  
N1-N9)

Type B      Man
Type C Man



Human disease historically has been 
caused by three subtypes of HA (H1, H2, 
and H3) and two subtypes of NA (N1 and 
N2). H1 and H3 are the subtypes that 
currently cause seasonal influenza in 
human populations around the globe each 
year. 



More recently, human disease has been 
recognized to be caused by additional HA 
subtypes, including H5, H7, and H9. Such 
cases have predominantly been 
associated with exposure to infected birds. 
Person-to-person transmission has 
occurred in a few isolated situations. 



Reservoires
All known subtypes of influenza A can be 
found in birds, and wild aquatic birds are 
the major reservoir for influenza A viruses 
(Fouchier 2004).





Other mammalian hosts for influenza A 
Influenza A viruses have traditionally been 
known to cause disease in horses, pigs, 
whales, and seals. 



TYPE A IN ANIMALSTYPE A IN ANIMALS

AVIAN: CHICKEN, DUCK, GOOSE, QUAIL, TURKEY,

PET BIRDS, MIGRATORY   AQUATIC   BIRDS (H1-15; N1-9)

SWINE (H1, H3; N1, N2)

EQUINE (H3, H7; N7, N8) 

PHOCINE (SEAL) (H4, H7; N5, N7)

WHALE (H1, H13; N2, N3, N5)

MINKS (H10N4)

CAT, TIGER, STONE MARTEN, DOG, CIVET CAT (H5N1)



H5N1 influenza A has now been 
shown to infect cats, leopards, tigers, 
civets and possibly dogs 

(European Centre for Disease Prevention and Control Influenza Team 
2006: H5N1 infections in cats; Keawcharoen 2004; Kuiken 2004; Songserm
2006; Thanawongnuwech 2005; Webster 2006; Yingst 2006; and see Aug 
31, 2006, CIDRAP News story). 

http://www.cidrap.umn.edu/cidrap/content/influenza/avianflu/news/aug3106dog.html




A recent report involving cats 
experimentally infected with H5N1 
demonstrated that infected cats excreted 
the virus via the respiratory tract and the 
digestive tract, suggesting that in addition 
to the respiratory route, other routes of 
transmission may play a role in spread 
among mammalian hosts 
( Rimmelzwaan 2006). 



Cases of canine influenza caused by
H3N8 recently have been recognized in 
the United States; this subtype 
traditionally has been found in horses 
(Crawford 2005, Yoon 2005). 



Avian influenza 
The term "avian influenza" is used to 
describe influenza A subtypes that 
primarily affect chickens, turkeys, guinea 
fowls, migratory waterfowl, and other avian 
species. 
"Avian influenza" is an ecological 
classification that does not correspond 
exactly to other classification schemes. 



Outbreaks of influenza have been 
recognized in domestic poultry (chickens 
and turkeys) for many years. Avian 
influenza strains in domestic chickens and 
turkeys are classified according to disease 
severity, with two recognized forms: highly 
pathogenic avian influenza (HPAI), also 
known as fowl plague, and low-pathogenic 
avian influenza (LPAI). 



Avian influenza viruses that cause HPAI 
are highly virulent, and mortality rates in 
infected flocks often approach 100%. LPAI 
viruses are generally of lower virulence, 
but these viruses can serve as progenitors 
to HPAI viruses. All HPAI strains identified 
to date have involved H5 and H7 
subtypes. 



Human infections caused by avian strains 
have been associated with both HPAI and 
LPAI strains (H5, H7, and H9) 
(HHS 2005: Pandemic influenza plan). 

Evidence that HPAI strains arise from 
LPAI strains has led the World 
Organization for Animal Health (OIE) to 
classify all H5 or H7 strains as notifiable
(Alexander 2003, Capua 2004, OIE 2005). 



In the United States, currently only HPAI avian 
strains and reconstructed 1918 H1N1 strains are 
regulated as select agents 
The 1918 influenza pandemic strain (H1N1) 
appears to be of avian origin The pandemic 
strains of 1957-58 (H2N2) and 1968-69 (H3N2) 
both involved reassortment events between 
avian and human influenza strains. 
(CDC: Information about pandemic influenza viruses).



H5 subtypes
H5 subtypes can be found throughout the 
world and include both LPAI and HPAI 
strains. 
H5N1 is responsible for the current 
panzootic among domestic poultry and 
other birds in Asia, Europe, and Africa. 



Recent genetic characterization of 
H5N1 strains involved in the current 
panzootic has demonstrated two 
distinct phylogenetic clades
(Webster 2006; WHO Global Influenza Program Surveillance Network; 
WHO: Antigenic and genetic characteristics of H5N1 viruses and candidate 
H5N1 vaccine viruses developed for potential use as prepandemic
vaccines). 



CLADE 1 & CLADE 2CLADE 1 & CLADE 2

Clade 1 viruses have circulated primarily in 
Cambodia, Thailand, Cambodia and Vietnam. 
Clade 2 viruses have circulated primarily in 
China and Indonesia and have spread westward 
to the Middle East, Europe, and Africa. Six 
different subclades of clade 2 have been 
recognized; three of these are primarily 
responsible for recent human H5N1 cases. 



CladesClades & & SubcladesSubclades

CLADE 1
A/Vietnam/1194/2004 Clade 1
A/Vietnam/1203/2004 Clade 1

CLADE 2 (3 subclades) 
A/Indonesia/5/2005 Clade 2, subclade 1
A/Bar headed goose/Qinghai/1A/2005 Clade 2, subclade 2
A/Whooper swan/Mongolia/244/2005 Clade 2, subclade 2
A/turkey/Turkey/1/2005 Clade 2, subclade 2
A/Anhui/1/2005 Clade 2, subclade 3



The most recent wave of outbreaks in 
Thailand (in July 2006) has been caused 
by viruses closely related to those that 
caused outbreaks in Thailand in 2004-
2005 and to viruses recently circulating in 
southeast China 
(Chutinimitkul 2007). 



H7 and H9 subtypes H7 and H9 subtypes 

H7 includes HPAI and LPAI strains. 
H9 is only known to include LPAI strains. 
These subtypes have caused infections in 
humans on rare occasions 
(CDC: Avian influenza A viruses; NIAID: Timeline of human pandemics). 



Influenza A nomenclature 
Antigenic strain nomenclature is based on: 
(1) host of origin (if other than human), 
(2) geographic origin, 
(3) strain number, 
(4) year of isolation, and 
(5) HA and NA type. 
Examples (for human strains) include: A/Hong 
Kong/03/68[H3N2], A/swine/Iowa/15/30[H1N1]). 
As with other influenza A subtypes, standard 
nomenclature is used to name avian strains (eg, 
A/Chicken/HK/5/98 [H5N1]). 



WHO NOMENCLATURE

VIRUS TYPE DESIGNATION: A

THE HOST OF ORIGIN: sw, eq, av (not from human)

GEOGRAPHIC ORIGIN: Bangkok

LABORATORY STRAIN NO.: 1, 2, 3…….etc

YEAR OF ISOLATION: 1979, 1999, 01…..etc

SUBTYPE: H1N1, H3N2……etc

EXAMPLE: A/BANGKOK/1/1979 (H3N2)

Type Geographic Strain No. Year Subtype



WHY PANDEMIC?

ANTIGENIC SHIFT OCCURS, I.E. THE 
EMERGENCE IN HUMANS OF A NEW 
SUBTYPE OF INFLUENZA A, WHICH 
IS SEROLOGICALLY DISTINCT FROM 
EARLIER VIRUSES AND COULD NOT 
HAVE ARISEN FROM THESE VIRUSES 
BY MUTATION



A HIGH PROPORTION OF THE 
POPULATION LACKS IMMUNITY TO 
THE NEW VIRUS

THE NEW VIRUS SPREADS FROM 
PERSON TO PERSON, CAUSING 
DISEASE

THE NEW VIRUS SPREADS RAPIDLY 
BEYONG THE COMMUNITY IN WHICH 
IT WAS FIRST IDENTIFIED



Because avian viruses replicate 
poorly in humans and vice 
versa, pigs were proposed as 
the intermediate ‘‘mixing vesselmixing vessel’’
for the generation of 
reassortants.



The farming practices, bird 
markets and dense populations
of people, pigs and ducks in 
southern China would facilitate
interspecies transmission of 
virus into a porcine ‘mixing
vessel’ and might explain why
China has been the epicentre
of recent pandemics.



However, the finding of human-
avian reassortment viruses in 
pigs in Italy and in humans in 
the Netherlands indicates that a 
pandemic could also emerge as 
a result of genetic reassortment
in Europe or North America.



Direct transmission of avian
strains from chicken to humans
also occurs, as in the case of
the 1997 (H5N1) outbreaks in 
Hong Kong.





THREE CLINICAL PICTURES

THE TRADITIONAL INFLUENZA

FULMINANT INFLUENZA

COMPLICATED INFLUENZA





FULMINANT INFLUENZA

REPORT DURING PANDEMICS

THE FULMINANT FORM CAN AFFECT EVERYONE

PULMONARY MANIFESTATION

ANTIBIOTICS ARE INEFFECTIVE

INFLUENZA PNEUMONIA: FEVER, COUGH, CHEST PAIN,

DYSPNEA, CYANOSIS,

DEATH



INFLUENZA COMPLICATIONS

BACTERIAL COMPLICATIONS
BACTERIAL PNEUMONIA
CROUP
RESPIRATORY DISORDERS

DECOMPENSATION OF CHRONIC DISEASES
PULMONARY DISEASE
HEART DISEASE
RENAL INSUFFICIENCY
METABOLIC DISEASE





Pregnant women with influenza appear to be at 

increased risk of hospitalization Renal failure,

caused by myoglobinuria in influenza A infection

is an infrequent complication, occurring most

often in young adults



The major complications of Influenza

are respiratory and include bronchitis,

croup, bronchiolitis, pneumonia (viral 

and bacterial), lung abscess, empyema

and exacerbations of existing lung 

disease



Influenza infection causes 

serious complications in 

immunosuppressed patients,

including graft rejection and 

prolonged viral shedding



Exacerbation of cystic fibrosis:

influenza has been implicated in 4-13% of cases

Febrile convulsions in 20-50% of children 

hospitalized with influenza

Abdominal pain: among hospital admissions,

there may be a predominance of gastrointestinal

manifestations-abdominal pain, diarrhoea,

vomiting-that mimic appendicitis



Myalgia affecting the legs and back

occurs early on, whereas myositis (and

myoglobinuria with or without renal 

failure) is an infrequent complication

generally occurring during the 

recovery phase. Myositis mostly 

occurs with influenza B; typically, leg 

pain and muscle tenderness last 1-5

days



Reye’s syndrome: probably because 

of reduced salicylate use, recent 

trends in the USA and UK indicate

a decreased incidence of influenza-

related Reye’s syndrome



Deaths from Influenza 

1. Influenza-related deaths can result from pneumonia,
exacerbations of cardiopulmonary conditions, chronic
diseases.

2. Older adults account for >90%
of deaths attributed to pneumonia and influenza

3. Estimated rates of influenza-as pulmonary and
circulatory deaths/100,000 persons were 0.4--0.6
among persons aged 0--49 years, 7.5 among
persons a..years, and 98.3 among persons aged >65
years.



Group at increased risk for influenza-related 
complications and mortality

Over 60 years of age,
Residents of nursing home,
Persons with chronic disorders 
(pulmonary or  cardiovascular),
Persons with chronic metabolic, renal 
and hemoglobinopathies,
Immunocompromised hosts,
Children with long-term aspirin therapy,
Pregnants belong to high risk group





TREATMENT OF INFLUENZA
SYMPTOMATIC TREATMENTS

ISOLATION
BED REST
ANTIPYRETICS AND ANALGESICS; FLUID 
THERAPY

ANTIBIOTICS
PREVENTION OR TREATMENT OF SECONDARY 
BACTERIAL INFECTIONS

HOSPITALIZATION: INTENSIVE CARE UNIT FOR 
FULMINANT OR COMPLICATED FORMS



SPECIFIC CHEMOTHERAPY : ANTIVIRALS

AMANTADINE AND RIMANTADINE
M2 INHIBITOR: EARLY TREATMENT:
24 TO 48 HOURS AFTER THE ONSET OF 
SYMPTOMS
70-90% EFFECTIVE IN PREVENTING ONLY 
INFLUENZA  A
INHIBITION OF VIRAL REPLICATION
TOXIC SIDE EFFECTS FOR ELDERLY
RECOMMENDED FOR SPECIFIC CASES
PROPHYLACTIC TREATMENT 
THROUGHOUT THE EPIDEMIC



NEURAMINIDASE INHIBITORNEURAMINIDASE INHIBITOR

LICENSED BY USFDA : SEPTEMBER 
1999
ZANAMIVIR (RELENZA)
SPRAY TWICE /DAY
SHORTENING OF THE SYMPTOMS -
ONE OR TWO DAYS
COST : US$ 50.-



Oseltamivir - Neuraminidase Inhibitor
Zanamivir has been approved in 1999.

Zanamivir is approved for treating persons 
aged  > 7 yrs.

Oseltamivir is approved for treatment in 
persons aged  > 1 yrs.

Dosage: < 15 kg 30 mg x 2 > 15 -23 = 45 mg x 2

> 23 - 40 = 60 mg x 2 > 40 = 75 mg x 2

> 13 yrs - 75 mg x 2

In 2000, Oseltamivir was approved for 
chemoprophylaxis among persons > 13 yrs:

dosage 75 mg x 2.







PREVENTION 
OF

INFLUENZA

PREVENTION 
OF

INFLUENZA

TYPES OF VACCINE
KILLED: WHOLE VIRION, SUBUNIT, SPLIT

LIVE ATTENUATED



PREVENTION OF INFLUENZA

TYPES OF VACCINE

KILLED: Injectable
WHOLE VIRION
SUBUNIT
SPLIT
LIVE ATTENUATED Nasal spray











Timing of annual vaccination with inactivated influenza 
vaccine

1. Plan for the upcoming vaccination season
2. Northern hemisphere
October should focus their efforts primarily on persons at

increased risk for influenza complications and their contacts,

including health-care workers
Vaccination efforts for all groups should continue into 

December and beyond
3. Southern hemisphere before May/June



Simultaneous Administration of Other Vaccines, Including
Childhood Vaccines

Adult target groups for influenza and pneumococcal
polysaccharide vaccination overlap considerably who have not
previously been vaccinated with pneumococcal vaccine, health-

care providers should strongly consider the same time at 
different sites without increasing side effects

No studies regarding the simultaneous administration of 
inactivated influenza vaccine and other childhood vaccines
inactivated vaccines usually do not interfere with the immune 
response to other inactivated or live vaccines 



RECOMMENDATIONS FOR THE 
COMPOSITION OF INFLUENZA 

VIRUS VACCINES

NORTHERN HEMISPHERE WINTER:
(November 2003 - April 2004)

A/New Caledonia/20/99(H1N1)-like virus
A/California/7/04 (H3N2)- like virus
B/Shanghai/361/02- like virus



SOUTHERN HEMISPHERES WINTER 
(May 2005 - October 2005)
A/ New Caledonia/20/99 (H1N1)-like virus
A/ Wellington/1/04 (H3N2)-like virus
B/Shanghai/361/02-like virus

RECOMMENDATIONS FOR THE 
COMPOSITION OF INFLUENZA 

VIRUS VACCINES



Dosage
Influenza vaccine dosage, by age group

Age group Dose Number of doses Route

6-35 mos* 0.25 ml 1 or 2 ll Intramuscular
3-8 yrs 0.50 ml 1 or 2 ll Intramuscular
>9 yrs 0.50 ml 1 Intramuscular

* For age group 6 - 35 months: Split or subunit vaccine only



Influenza Vaccination Recommendation

1. Persons at increased risk for complications
2. Persons aged >65 years
3. Residents of nursing homes and other chronic-care

facilities
4. Adults and children who have chronic disorders of the

pulmonary or cardiovascular systems, including 
asthma

5. Adults and children who have required regular medical
follow-up or hospitalization during the preceding year
be chronic metabolic diseases renal dysfunction,
hemoglobinopathies, immunosuppression

6. Children and adolescents (aged 6 months -18 years)
who are receiving long-term aspirin therapy

7. Second or third trimester of pregnancy during the 
influenza season



Influenza Vaccination Recommendation

Persons who can transmit influenza to those at high risk
1. Physicians, nurses, and other personnel in both 
hospital and outpatient-care settings, including medical 
emergency Workers (e.g., paramedics and emergency 
medical technicians)
2. Employees of nursing homes and chronic-care facilities 
who have contact with patients or residents
3. Employees of assisted living and other residences for 
persons in groups at high risk
4. Persons who provide home care to persons in groups at 
high risk; and
5. Household contacts (including children) of persons in 
groups at high risk



Vaccination of Specific Populations
Pregnant women
Prefer to administer influenza vaccination the second

trimester to avoid a coincidental association with 
spontaneous abortion

Vaccines traditionally have been avoided during the first
trimester

Pregnant women who have conditions that increase their risk
for complications from influenza should be vaccinated before
the influenza season



Breastfeeding mothers
are breastfeeding or their infants.
Breastfeeding does not
and affect the immune response 
and in not a contraindication
for vaccination.



Travelers

Travel to the tropics;

Travel with organized tourist groups at any time of years;
or

Travel to the Southern Hemisphere during April - September.



Persons who should not be vaccinated with inactivated
influenza vaccine

1. Anaphylactic hypersensitivity to egg and other 
components of the influenza vaccine 

2. Prophylactic use of antiviral agents is an option for 
preventing influenza among such persons

3. Information regarding vaccine components in 
package inserts from each manufacturer

4. Acute febrile illness usually should not be 
vaccinated 

5. Minor illnesses with or without fever do not 
contraindicate



Reactions

Local Reactions Among adults
1. Soreness at the vaccination site (affecting 10%--64% of 

patients) that lasts <2 days
2. Mild and rarely interfere the person’s ability of conduct

usual daily activities
3. Adults with asthma, demonstrated that only body aches

Systemic reactions
1. Fever, malaise, myalgia, and other systemic symptoms can

occur after vaccination and most often affect persons who
have prior exposure to the influenza virus antigens in the
vaccine

2. These reactions begin 6-12 h after vaccination and can
persist for 1-2 days

3. Split-virus and subunit influenza vaccine is not associated 
with higher rates of systemic symptoms



Adverse Reactions 

Guillain-Barre Syndrome
1. The 1976 swine influenza vaccine was associated with an

increased frequency of Guillain-Barre syndrome (GBS)
2. Evidence for a causal relation of GBS with subsequent 

vaccines prepared from other influenza unclear
3. Investigations to date indicate no substantial increase in GBS

with influenza vaccines (other than the swine influenza
vaccine in 1976)



Effectiveness of  Inactivated Influenza Vaccine

1. The effectiveness of influenza vaccine depends 
primarily on the age and immunocompetence of the
vaccine recipient and degree of similarity between
the viruses in the vaccine and those in circulation

2. Adults Aged<65 years.
Approximately 70%--90%of healthy adults aged

<65 years decreased work absenteeism and decreased 
use of health-care resources, including use of antibiotics

3. Among children aged 1--15 years, inactivated 
influenza vaccine was 77%--91% protective
44%--49%, 74%--76% and 70%--81% effective against
influenza seroconversion among children aged
1--5, 6--10 and 11--15 years, respectively



Cost-Effectiveness 

Cost-Effectiveness of Influenza Vaccine
1. Reduce both health-care costs and productivity 

losses associated with influenza illness persons 
aged >65 years societal cost saving substantial 
reductions in hospitalization and death 

2. Adults aged <65 years have reported that 
vaccination reduce both direct medical costs and 
indirect costs from work absenteeism

3. Reductions of 34%--44% ….visits, 32%--45% in 
lost workdays 25% in antibiotic use for influenza-
associated illnesses



Timing of annual vaccination with inactivated 
influenza vaccine

1. Plan for the upcoming vaccination season

2. Northern hemisphere October should focus their 
efforts primarily on persons at increased risk for 
influenza complications and their contacts,
including health-care workers Vaccination efforts 
for all groups should continue into December and 
beyond

3. Southern hemisphere before May/June



Simultaneous Administration of Other Vaccines, Including
Childhood Vaccines

Adult target groups for influenza and pneumococcal
polysaccharide vaccination overlap considerably who have not
previously been vaccinated with pneumococcal vaccine, health-
care providers should strongly consider the same time at 
different sites without increasing side effects

No studies regarding the simultaneous administration of 
inactivated influenza vaccine and other childhood vaccines
inactivated vaccines usually do not interfere with the immune 
response to other inactivated or live vaccines 



AVIAN INFLUENZA AVIAN INFLUENZA AA





1. Fowl plague/ Chicken, Duck, Indonesia
1927 wild bird

2. Fowl plague/1934 Chicken, Duck Rostock, Germany
(H7N1)

3.  Virus “N” Chicken Germany
(Dinter strain N) 
(H10N7)

4.  Duck/Czech/56 Duckling Czechoslovakia
(H4N6)

5.  Duck/England/56 Duckling England
(H11N6)

6.  Chicken/Scotland/59 Chicken Scotland
(Smith strain) (H5N1)

7.  Tern/S. Africa/61 (H5N3) Tern South Africa

8.  Duck/Ukraine/1/63 (H3N8) Duckling USSR



9.  Turkey/Canada/63 (H7N6) Turkey Canada

10.  Turkey/England/63 (H7N6) Turkey England
(Wilmot strain)

11. Turkey/Massachusetts/65 Turkey USA
(H6N2)

12.  Quail Italy/1117/65 Quail Italy
(H10N8)

13.  Pheasant/ Italy/647/66 Pheasant Italy
(H10N2)

14.  Parrot/England/70 (H4N6) Parrot England

15.  Shearwater/Australia/1/72 Shearwater Barrier Reef, Australia
(H6N5) 



Influenza A/tern/South Africa/1/1961 (H5N3)

Outbreaks among common tern : South Africa
Common terns : Sterna hirundo – October – February

migration from the northern hemisphere to the coast of south 

Africa; some would stay all year long.

In 1961, with unknown reason, they still stayed until April, esp

from Port Elizabeth to Lambert’s Bay 



• From the beginning of April, many terns sick and died, 

starting from the South-West of Good Hope

• Between 2nd and 3rd week of April, approx. 1,200 - 1,500

terns were still  found along the coast

• On May 13, less than 50 birds were found alive

•Investigations revealed influenza A virus as the cause 

(H5N3) A/tern/South Africa/1/61 (H5N3)

•No human case was reported

Influenza A/tern/South Africa/1/1961 (H5N3)





Hong Kong 1997

• On 9th May 1997, a boy, 3-year old, came   to the 
medical clinic with the symptoms of fever, sore 
throat and cough. He was diagnosed as pharyngitis. 
After receiving medication with antibiotics without 
any improvement, he was admitted to the hospital.  
•On May 15th, his symptoms was more severe, he 
was then transferred to another hospital. He died on 
May 21.The laboratory report confirmed avian 
influenza A H5N1



• After May 9th, no more case of avian 
influenza was diagnosed until the second case 
was reported on November 6th.

• Upto January 19th, 1998, a total of 18 
patients were laboratory confirmed as avian 
Influenza A (H5N1). They were 8 males and 10 
females with the age from 1-60 years old. Six 
of them died.



• Genetic analysis of all 8 segments - PB2, 
PB1, PA, HA, NP, NA, M & NS revealed no 
genetic reassortment with human influenza 
A virus.

• For this reason, scientists believed that no 
human-to-human transmission could be 
anticipated.



Human Cases of Avian Flu, Hong Kong 1997/98

Sex Age (yr.) Duration Recov Death

1. M 3 11 May-21May 97 *

2. M 2 6 Nov-9 Nov 97 *

3. F 13 20 Nov-21 Nov 97 *

4. M 54 24 Nov-5 Dec 97 *

5. F 5 7 Dec-29 Dec 97 *

6. M 37 17 Nov-9 Dec 97 *

7. F 24 4 Dec 97-19 Jan 98 *

8. M 2 12 Dec-29 Dec 97 *

9. M 4 10 Dec-31 Dec 97 *

10. M 1 10 Dec-20 Dec 97 *



Sex Age (yr.) Date of Onset Recov Death

11. F 3 20 Dec-22 Dec 97 *

12. F 60 16 Dec-23 Dec 97 *

13. F 25 17 Dec 97-14 Jan 98 *

14. F 14 23 Dec 97-19 Jan 98 *

15. M 3 28 Dec 97-11 Jan 98 *

16. F 19 14 Dec 97-19 Jan 98 *

17. F 6 7 Dec-22 Dec 97 *

18. F 34 28 Dec 97-11 Jan 98 *

8 M/10 F                   May 97 - Jan 98 12 6

Human Cases of Avian Flu, Hong Kong 1997/98



Location distribution of 18 patients
• 3 cases from HK
• 6 cases from Kowloon
• 3 cases from Eastern New Territory
• 6 cases from Western New Territory 

• Seven cases had close contacts with 
chicken. After January 21, 1998, no more 
case was reported.
• Viruses isolated were sensitive to 
amantadine and rimantadine.  
• No preventive vaccine available.



Epidemiological Investigations

• By  the end of March to May 1997 there were 
3 outbreaks of bird flu in chicken farms in HK.
From one outbreak, two strains of influenza A 
H5N1 virus were isolated.

•At the kindergarten, there were sick chicken 
but no information whether or not they were 
bird flu.



Serological Investigations
no tested Ab to %

H5N1

Residence living nearby 63 1 1.6

Lab personnel 73 1 1.4

chicken farm workers 29 5 17.2

Pig farm workers 
and people living nearby 18 0

Contacts with index case 319 2 0.63

Family members 4 0

Medical personnel 54 1 1.9

Pupils, parents & personnel         261 1 0.4



1997: More than 1.4 million chickens were 
culled to stop the spread.

1999: Two more human cases of bird flu are 
confirmed in Hong Kong.

May 2001: Hong Kong authorities order the 
culling of more than a million chickens, quails,
pigeons and ducks to try to stop the spread of 
the disease. It spreads to nearby Macau 
anyway.



AVIAN INFLUENZA
OUTBREAKSOUTBREAKS

H5N1, H7N7 & H9N2 
2003



2003: Outbreaks of avian influenza 
in humans have caused limited disease.
An outbreak of H5N1 in Hong
Kong SAR in February 2003
caused 2 cases and 1 death.



Avian Flu A/H5N1, Human case 2003

• February 2003: A family from HK went to visit their 
relatives in Fujian, South China. The daughter, 8-
year old, died of the respiratory disease there. On 
the return trip, all three members felt ill. Father,
37-year old died at the Hospital in HK on February 
19 2003, but the boy, 8-year old, and mother 
recovered.

• Lab investigations showed that father and son had 
bird flu H5N1 but the mother had parainfluenza
virus infection



An outbreak of H7N7 avian influenza in the 
Netherlands caused the death of one 
veterinarian in April 2003 and mild illness 
in 83 humans.

Mild cases of avian influenza A(H9N2) in 
children occurred in Hong Kong  in 1999
(two cases) and in mid-December 2003
(one case).



History of AVIAN INFLUENZA H7N7

1979: Identified in migratory starlings (Sternus
vulgaris)Antigenically similar to FPV/Dutch/27 -
avirulent

1980: Isolated in Belgium from a flock of laying 
hens with a drop of egg productions, and a flock 
of broilers with respiratory disorders.

1985: Isolated from a poultry farm with high 
mortality in Victoria, Australia.Highly pathogenic 
fro chicken and turkeys but produced no clinical 
disease in duck. Also found in starlings and 
sparrows



1996: H gene of duck origin H7N7 caused 
conjunctivitis in human in UK and 
98.2% homology with H7N7 isolated from 
turkeys in Ireland in 1995.

Analysis of PB2, PB1, PA, NP, MN3
= Eurasian avian origin
= Highly pathogenic avian influenza (HPAI)

AVIAN INFLUENZA H7N7



2003: At the beginning of March 2003 an outbreak 
of highly pathogenic avian influenza (HPAI)
(A/H7N7) in several dutch poultry farms was 
reported.

11 March 2003: several workers exposed to 
A/H7N7 developed conjunctivitis. Some of them 
tested positive for H7N7.

26 March 2003: 247 persons with acute health 
problems among population exposed to infected 
poultry.

AVIAN INFLUENZA H7N7



247 persons:
65 (26.3%) have tested positive for A/H7N7
5 were influenza A/H3 positive
137 were influenza virus negative
40 results pending
194 had conjunctivitis

61 had conjunctival swab positive for H7N7

AVIAN INFLUENZA H7N7



HH77NN77 HumanHuman CaseCase
17 April 2003, a 57-year-old veterinarian died of  

HPAI H7N7 in Teefelen, the Netherlands.
2 April, he visited a bird flu-infected poultry farm
4 April , he had high fever and severe headache 
without additional symptom.
9 April, samples were collected and sent for lab 
tests.
11 April, he was admitted to a hospital because 
of suspected lung involvement.



HH77NN77 HumanHuman CaseCase
14 April, his renal function decreased and dialysis was 
started.
15 April, deterriorated, thorax X-Ray revealed bilat
insterstitial pneumonia. Doxycycline and ofloxacin were 
given. A bronchoalveolar lavage sent to a lab.
Throat swab isolation, presence of herpes simplex virus -
acyclovir.
He died on April 17, postmortem diagnosis of H7N7
avian flu.

No specific antiviral agents was given!



AVIANAVIAN FLU FLU ((HH99NN2)2)
HUMANHUMAN CASECASE

• First reported from Hong Kong in 1999
affected two girls (one and four years 
old) with full recovery.

• November 2003: A five-year old boy 
was admitted to a hospital in Hong 
Kong for two days with final 
confirmation of avian flu A (H9N2).



The Current Outbreak of H5N1 in Birds 
and Other Animals

An outbreak of HPAI caused by a strain of H5N1 
avian influenza started in Asia in the fall of 2003 
and spread in domestic poultry farms at an 
historically unprecedented rate. The outbreak 
tapered off in spring 2004 but in summer re-
emerged in several countries in Asia (including 
Cambodia, China, Lao People's Democratic 
Republic [PDR], Thailand, and Vietnam), where 
it is ongoing. 



The H5N1 strains currently causing outbreaks 
across Asia and elsewhere are genetically 
distinct from the strain isolated from humans in 
Hong Kong in 1997. Since January 2002, the 
predominant avian H5N1 strain in southern 
China has been genotype Z. Since its 
emergence, this strain has replaced other 
genotypes and has become the predominant 
genotype circulating in aquatic and terrestrial 
poultry in the region 
(Li 20040) 



Ongoing market surveillance in China 
demonstrates that a single sublineage of 
genotype Z (Fujian [FJ]-like) has emerged 
in poultry in China since late 2005 
(Smith 2006).

A 2006 study suggests that the H5N1 virus 
has been circulating in southern China for 
nearly a decade 
(Chen 2006). 



In the summer of 2005, H5N1 began expanding 
its geographic range beyond Asia; this trend has 
continued into 2007. 
In late July 2005, outbreaks of H5N1 in poultry 
were recognized in Russia, Kazakhstan, and 
Mongolia 
(WHO: Geographical spread of H5N1 avian influenza in birds).

In October 2005, H5N1 spread to Turkey and 
Europe, and numerous areas in the region have 
been affected since



• In February 2006, H5N1 was confirmed in 
a commercial poultry flock in northern 
Nigeria marking the first reports of the 
disease in poultry in Africa. Several other 
African nations have been affected since 
then (see table below). 

• (WHO: Avian influenza: situation [birds] in Nigeria),



The continuing spread of H5N1 appears to be 
related to two factors: spread through movement 
of poultry (legal as well as illegal) and spread 
through wild migratory birds
(FAO 2006: Should wild birds now be considered a permanent reservoir of 

the virus?; Liu 2005; Webster 2006). 

The current perspective is that wild birds may 
serve as the vector to transport H5N1 from 
infected areas to new geographic locations and 
then poultry amplify the virus to create the 
massive viral loads associated with outbreaks 
(FAO 2006: Evolution of highly pathogenic avian influenza type H5N1 in 
Europe: review of disease ecology, trends, and perspectives of spread 
autumn-winter 2006). 



Studies suggest that H5N1 can move from poultry to 
migratory birds and back again (ie, “relay transmission”), 
which may account for some of the continuing 
geographic spread 
(WHO 2006: Influenza research at the human and animal interface). 

A recent phylogeographic study suggests that the 
Chinese province of Guangdong is the source of multiple 
H5N1 strains spreading at both regional and 
international scales. Southeast Asia appears to be a 
regional “sink,” demonstrating bidirectional dispersal 
among localities within the region. H5N1 appears to be 
able to infect repeated cycles of host species across 
localities, regardless of the host species first infected in 
each locale. 
(Wallace 2007). 



As of August 2006, over 220 million birds 
have been killed by the virus or culled to 
prevent further spread (and the number 
keeps growing. Areas currently affected by 
H5N1 avian influenza in poultry or 
migratory birds are shown in the following 
table. 
(FAO: Caucasus, Balkins at high risk for deadly H5N1 virus), 



Countries Affected by H5N1 in Poultry and Wild Birds as of May 3, 2007
Information taken from FAO 2006: Should wild birds now be considered a permanent reservoir of
the virus? and current news reports

East Asia, Southeast Asia (12)

Cambodia
China
Hong Kong
Indonesia
Japan
Lao DPR
Malaysia
Myanmar
Mongolia
South Korea
Thailand
Vietnam
(After May 3, 2007 – Bangladesh)



Countries Affected by H5N1 in Poultry and Wild Birds as of May 3, 2007

Europe (23)
Albania
Austria
Bosnia-Herzegovina
Bulgaria
Croatia
Czech Republic
Denmark
England
France
Germany
Greece
Hungary

Italy
Poland
Romania
Russia (European Russia)
Scotland
Serbia
Slovakia
Slovenia
Spain
Sweden
Switzerland



Siberia, Central Asia, Middle East (18)

Countries Affected by H5N1 in Poultry and Wild Birds as of May 3, 2007

Afghanistan
Azerbaijan
Bangladesh
Cyprus
Georgia (former Soviet republic)
India
Iran
Iraq
Israel

Jordan
Kazakhstan
Kuwait
Pakistan
Palestine
Turkey
Ukraine
Russia (Siberia)
Saudi Arabia



Africa (9)

Burkina Faso
Cameroon
Djibouti
Egypt
Ghana
Ivory Coast
Niger
Nigeria
Sudan

Countries Affected by H5N1 in Poultry and Wild Birds as of May 3, 2007



Clinical Presentation for Different Groups of Patients in Asia
(WHO Writing Committee of the WHO Consultation on Human Influenza A/H5 2005; Chan 2002; Chotpitayasunondh 2004, Tran 2004, Yuen 1998).

Hong Kong
(N=18)Outcome or Measure
No./Total No. %

Fever (>38:C)

Headache

Myalgia

Diarrhea

Abdominal pain

Vomiting

Cough

Sputum

Sore throat

Rhinorrhea

Shortness of breath

Pulmonary infiltrates 

Lymphopenia

Thrombocytopenia

Increased aminotransferase levels

Development of respiratory failure

(usually with ARDS)*

17/18 94

4/18 22

2/18 11

3/18 17

3/18 17

6/18 33

12/18 67

Not Stated

4/12 33

7/12 58

1/18 6

11/18 61

Not Stated

11/18 61

8/19 44



Clinical Presentation for Different Groups of Patients in Asia

Outcome or Measure

Thailand, 2004

No./Total No. %

(N=17)

Fever (>38:C)

Headache

Myalgia

Diarrhea

Abdominal pain

Vomiting

Cough

Sputum

Sore throat

Rhinorrhea

Shortness of breath

Pulmonary infiltrates 

Lymphopenia

Thrombocytopenia

Increased aminotransferase levels

Development of respiratory failure

(usually with ARDS)*

17/17 100

Not Stated

9/17 53

7/17 41

4/17 24

4/17 24

16/17 94

13/17 76

12/17 71

9/17 53

13/17 76

17/17 100

7/12 58

4/12 33

8/12 67

13/17 76



Clinical Presentation for Different Groups of Patients in Asia
Vietnam, 2004

(N=10)

No./Total No. %Outcome or Measure

Fever (>38:C)

Headache

Myalgia

Diarrhea

Abdominal pain

Vomiting

Cough

Sputum

Sore throat

Rhinorrhea

Shortness of breath

Pulmonary infiltrates 

Lymphopenia

Thrombocytopenia

Increased aminotransferase levels

Development of respiratory failure

(usually with ARDS)*

10/10 100

Not Stated

0

7/10 70

Not Stated

NS

10/10 70

5/10 50

0

0

10/10 100

10/10 100

Not Stated

Not Stated

5/6 83

9/10 90



Clinical Presentation for Different Groups of Patients in Asia
Ho Chi Minh City, 
2005 (N=10)

No./Total No. %Outcome or Measure

10/10 100

1/10 10

2/10 20

NS

NS

1/10 10

10/10 100

3/10 30

0

0

10/10 100

10/10 100

8/10 80

8/10 80

7/10 70

7/10 70

Fever (>38:C)

Headache

Myalgia

Diarrhea

Abdominal pain

Vomiting

Cough

Sputum

Sore throat

Rhinorrhea

Shortness of breath

Pulmonary infiltrates 

Lymphopenia

Thrombocytopenia

Increased aminotransferase levels

Development of respiratory failure

(usually with ARDS)*



Clinical Presentation for Different Groups of Patients in Asia
Cambodia, 2005 
(N=4)

No./Total No. %Outcome or Measure

Fever (>38:C)

Headache

Myalgia

Diarrhea

Abdominal pain

Vomiting

Cough

Sputum

Sore throat

Rhinorrhea

Shortness of breath

Pulmonary infiltrates 

Lymphopenia

Thrombocytopenia

Increased aminotransferase levels

Development of respiratory failure

(usually with ARDS)*

4/4 100

4/4 100

NS

2/4 50

2/4 50

0

4/4 100

NS

<25

NS

NS

4/4 100

50

50

NS

4/4 100



**HighHigh levelslevels ofof inflammatoryinflammatory mediatorsmediators maymay
contributecontribute toto ARDSARDS andand multiorganmultiorgan failurefailure..



Physical characteristics of
influenza A viruses

Viruses remain infectious after 24 to 48
hours on nonporous environmental
surfaces and less than 12 hours on porous
surfaces (Note: The importance of fomites
in disease transmission has not been
determined.)

• (Bean 1982).



Influenza A viruses can persist for
extended periods of time in water One
study of subtype H3N6 found that virus
resuspended in Mississippi River water
was detected for up to 32 days at 4°C and
was undetectable after 4 days at 22°C 
Another study found that several avian
influenza viruses persisted in distilled
water for 207 days at 17°C and 102 days
at 28°C 
(WHO: Review of latest available evidence on risks to human health through potential
transmission of avian influenza [H5N1] through water and sewage. Webster 1978,
Stallknecht 1990).



Recent data from studies of H5N1 in
domestic ducks have shown that H5N1 can
survive in the environment for 6 days at
37ºC 
(WHO: Laboratory study of H5N1 viruses in domestic ducks).

Inactivation of the virus occurs under the
following conditions : temperatures of 56ºC 
for 3 hours or 60ºC or more for 30
minutes; acidic pH conditions; presence of
oxidizing agents such as sodium dodecyl
sulfate, lipid solvents, and B-propiolactone;
and exposure to disinfectants such as
formalin and iodine compounds.
(OIE 2002, PHS)



Laboratory Testing for Avian
Influenza in Humans

General Considerations
• Tests for influenza include: viral culture,

polymerase chain reaction (PCR), rapid antigen
testing, and immunofluorescence.

• Laboratory tests are widely used to identify
influenza virus at the genus level (influenza A/B)
or at the H-type level (H1, H3, and H5).

• H subtype-specific tests must be used to identify
potential avian strains, including H5N1.



The World Health Organization (WHO)
recommends forwarding all H5, H7, and
H9-positive isolates to a designated
influenza reference laboratory for
confirmation and N-typing
(WHO: Guidelines for global surveillance of influenza A/H5; WHO: Recommended
laboratory tests to identify avian influenza A virus in specimens from patients with an
influenza-like illness).

Serologic tests have been used to
diagnose infection retrospectively.



During a pandemic alert period for an avian
influenza virus, patients who meet certain
criteria (such as influenza symptoms and
recent travel to an area affected by a novel
strain) should be considered for laboratory
testing.
During a pandemic (involving an avian strain or
other strain), recommendations for laboratory
testing may be somewhat unique and
dependent upon factors such as:

(1) availability of reagents and laboratory surge capacity,
(2) the presence or absence of other influenza strains in the

community,
(3) level of influenza activity in the community, and
(4) treatment considerations.



The sensitivity and specificity of laboratory tests appears
to vary with the involved strain, which has implications
for avian influenza and other emerging influenza variants
(Weinberg 2005).

Laboratory tests are required for specific identification of
avian influenza. The most likely ways that an avian
influenza strain would be detected in the human
population are:
Outbreak investigations or investigation of unexplained
death in a previously healthy individual
Influenza surveillance with laboratory testing
Investigation of unusual laboratory findings
Testing of persons with influenza-like symptoms who
meet certain exposure criteria



Human Cases of Avian Influenza

Year Subtype No. of Cases Location Comments

1997 H5N1 18 (6 deaths) Hong Kong Cases were linked to an
outbreak of H5N1 in
poultry. Sustained
person-to-person
transmission did not occur
and the outbreak stopped
when all birds in the Hong
Kong commercial poultry
industry (about 1.4
million) were slaughtered.
(Yuen 1998).



Human Cases of Avian Influenza

Year Subtype No. of Cases Location Comments

1999 H9N2 2 (children
ages 4 yr, 13
mo)

Hong Kong Both case-patients had
been hospitalized with
influenza-like illness and
both recovered
uneventfully (No
additional cases of
person-to-person
transmission occurred.
Further investigation
demonstrated that H9N2
strains were circulating in
poultry in Hong Kong and
China, although the
viruses were not highly

pathogenic for birds.
(Peiris 1999, Uyeki 2002).



Human Cases of Avian Influenza

Year Subtype No. of Cases Location Comments

2002 H7N2 1 United States
(Virginia)

Evidence of infection was
found in one person in
Virginia following a poultry
outbreak.



Human Cases of Avian Influenza

Year Subtype No. of Cases Location Comments

2003 H5N1 2 (1 death) Hong Kong The 2 case-patients were
family members who had
recently traveled to China
A third family member
died while in China of an
undiagnosed respiratory
illness). No direct link
between these cases and
H5N1infection in poultry
was identified.
(CDC: Avian influenza infection
in humans).



Human Cases of Avian Influenza

Year Subtype No. of Cases Location Comments

2003 H7N7 89 (1 death) The
Netherlands

During an outbreak of
H7N7 avian influenza in
poultry, infection spread
to poultry workers and
their families in the area
Most patients had
conjunctivitis and several
complained of influenza-
like illness. The death
occurred in a 57-year-old
veterinarian. Subsequent
serologic testing
demonstrated that
additional case-patients
had asymptomatic
infection.
(Fouchier 2004, Koopmans
2004, Stegeman 2004).



Human Cases of Avian Influenza

Year Subtype No. of Cases Location Comments

2003 H7N2 1 New York The source of exposure
was not determined
(NIAID: Timeline of human
pandemics).



Human Cases of Avian Influenza

Year Subtype No. of Cases Location Comments

2003 H9N2 1 (child) Hong Kong The source of infection
remains unknown
(NIAID: Timeline of human
pandemics).



Human Cases of Avian Influenza

Year Subtype No. of Cases Location Comments

2003-
2007
(ongoing)

H5N1 More than
300, with a 
case-fatality
rate of over
50%,
according to
official WHO
numbers

Vietnam,
Thailand,
Cambodia,
Indonesia,
China,
Turkey, Iraq,
Azerbaijan,
Egypt,
Djibouti,
Nigeria, Lao
People's 
Democratic
Republic

Human cases are
associated with an
ongoing extensive
outbreak of avian
influenza in poultry
(WHO: Cumulative number of
confirmed human cases of avian
influenza A (H5N1).



Human Cases of Avian Influenza

Year Subtype No. of Cases Location Comments

2004 H7N3 2 Canada
(British
Columbia)

Two poultry workers
became ill during an
outbreak of H7N3 avian
influenza in poultry Both
had conjunctivitis.
(Health Canada 2004).



Human Cases of Avian Influenza

Year Subtype No. of Cases Location Comments

2004 H7N10 2 (infants) Egypt One child's father was a 
poultry merchant
(NIAID: Timeline of human
pandemics).

A serologic survey of 39 duck hunters and 68 wildlife professionals in Iowa
conducted in late 2004 and early 2005 found that one duck hunter and two
wildlife workers had serologic evidence of past infection to avian influenza virus
H11N9. All three had extensive exposure to wild ducks and geese
(Gill 2006).



Influenza & Avian Influenza Influenza & Avian Influenza Influenza & Avian Influenza 

EpidemiologyEpidemiology



H5N1 in Humans: Epidemiologic Features

WHO has officially recognized more than 300
human cases of H5N1 influenza; cases have
been reported from Azerbaijan, Cambodia,
China, Djibouti, Egypt, Indonesia, Iraq, Lao
People's Democratic Republic, Nigeria, Thailand,
Turkey, and Vietnam The case-fatality rate is
higher than 50% overall and higher than 70%
presently in Indonesia, according to WHO
numbers.
(WHO: Cumulative number of confirmed human cases of avian influenza A [H5N1];
WHO: Situation updates).



An epidemiologic report on 256 confirmed H5N1
influenza cases published by WHO in February
2007 demonstrated that the median age of
cases was 18 years and that 89% of infections
occurred in persons under 40 years of age
The overall case-fatality rate for this period was
60% and the median number of days from
symptom onset to death was 9 days.
(WHO: Update: Epidemiology of WHO-confirmed human cases of avian A[H5N1]

infection, 25 November 2003 - 24 November 2006).



Most recognized human cases have involved
direct contact with poultry Types of exposures
that have been identified to date include:
Slaughtering, plucking and preparing diseased
birds
Handling (or suckling) fighting cocks
Playing with poultry (particularly asymptomatic
ducks)
Consumption of duck blood and possibly
undercooked poultry
(WHO Writing Committee of the WHO Consultation on Human Influenza A/H5 2005).





Low perceived risk and high population
exposures to live chickens appear to be
factors that are contributing to the spread
of H5N1 from infected birds to humans
For example, a survey of households in an
area of rural Thailand affected by avian
influenza found that 74% of households
surveyed owned live poultry
(Fielding 2005, Olsen 2005: Poultry-handling practices during avian

influenza outbreak, Thailand).



A recently published report of a case-control
study from Vietnam found that the following risk
factors were independently associated with
H5N1 infection :

Preparing sick or dead poultry for consumption
in the 7 days before illness onset
Having sick or dead poultry in the household in
the 7 days before illness onset
Lack of an indoor water source
Another recent case report suggests that food
markets with live birds may be a source of
exposure for avian influenza
(Dinh 2006, Wang 2006).



Following recognition of a case of avian influenza in a 
rural village in southern Cambodia in 2005, investigators
conducted a retrospective survey of poultry deaths and a 
seroepidemiologic survey of villagers Of 194 households
in the area, interviews were completed for 163; 155 of
these households raised chickens or ducks and 42
households were likely to have had an outbreak of avian
influenza between January and March 2005 in their
poultry (based on high rates of illness and mortality
among chickens). Serologic testing of villagers
approximately 2 months after outbreaks in poultry did
not demonstrate any recent H5N1 infections, despite
close contact with birds likely to have been infected with
H5N1. These findings illustrate the following: (1) H5N1
was not easily transmitted from birds to humans and (2)
asymptomatic or mildly symptomatic human infections
did not occur.
(Vong 2006).



A survey of 257 poultry workers in Italy
regarding knowledge, attitudes, and
practices around avian influenza found
that workers in that area had a relatively
low perceived risk of avian influenza and
did not routinely practice biosecurity
measures (such as wearing protective
equipment and handwashing)
(Abbate 2006).



The first report of H5N1 disease in
humans contracted through exposure to
wild birds occurred in the spring of 2006.
The discovery was made in a cluster of
human cases in Azerbaijan; family
members denied any contact with ill
domestic poultry, but many wild swans
had died in the area and were thought to
have played a role. In August 2006, CDC
released a set of guidelines for conducting
surveillance on dead birds.
(Gilsdorf 2006, CDC: Interim guidance for states conducting avian mortality
surveillance for West Nile virus (WNV) and/or highly pathogenic H5N1 avian
influenza virus).



To date, sustained person-to-person transmission has
not been recognized, although probable person-to-
person spread was identified in Thailand involving
transmission from an ill child to her mother and aunt
and several other familial clusters have been recognized
(Ungchusak 2005, Olsen 2005: Family clustering of avian influenza A [H5N1]).

In May 2006, WHO reported an H5N1 influenza cluster
in Indonesia involving seven cases of person-to-person
transmission; one of the cases involved two generations
of transmission An Indonesian official recently put the
number of clusters in that country at 10, all involving
cases in blood relatives
(WHO: Avian influenza: Situation in Indonesia: CIDRAP News story, Update 14 and
May 24, 2006, and Jan 12, 2007).

http://www.cidrap.umn.edu/cidrap/content/influenza/avianflu/news/may2406cluster.html


Inefficient transmission of current H5N1 strains
may be related to lack of appropriate avian virus
cell receptors in the upper respiratory tracts of
humans and the inability of H5N1 strains to
recognize human cell receptors
(Shinya 2006).

A mutation allowing H5N1 avian influenza virus
to recognize human cell receptors could enhance
person-to-person transmission owing to the
potential for greater viral replication in the upper
respiratory tract.



Intensified surveillance in northern
Vietnam suggests that the local strains are
adapting to humans. These efforts have
identified less severe cases, more
infections in older adults, and a few family
clusters that suggest person-to-person
spread.
(WHO Writing Committee of the WHO Consultation on Human Influenza
A/H5 2005).



H5N1 in Humans: Clinical Features
Clinical Features
The incubation period for most patients
with H5N1 influenza is 2 to 4 days;
however, the range appears to be as long
as 8 days. A recent report summarized the
clinical presentations for different groups
of patients in Asia; the information is
presented in the table below.
(WHO Writing Committee of the WHO Consultation on Human Influenza
A/H5 2005).



A report of H5N1 influenza in eight patients from Eastern
Turkey found that the mean time between exposure and
illness onset was 5.0+1.3 days
(Oner 2006) .

At the time of presentation, all patients had fever and
seven had evidence of pneumonia. A number of the
cases had lymphopenia, leukopenia, and/or
thrombocytopenia at the time of admission. Initial
diagnostic testing for H5N1 was negative for all patients,
but repeat real-time PCR testing established the
diagnosis. Another report involving three Indonesian
clusters (eight cases) of clade 2 H5N1 infection found
that severe disease occurred in five patients and
relatively mild disease occurred in three (all mild cases
were in children)
(Kandun 2006).



Overall, the case-fatality rate for H5N1
influenza is higher than 50% (in Indonesia the
rate presently stands at more than 70%),
according to official WHO numbers. The high
case-fatality rate suggests that the
pathogenicity of H5N1 may be similar to (or
more severe than) the 1918 H1N1 pandemic
strain. Researchers have hypothesized that
cytokine storm (ie, overproduction of cytokines)
may have played an important role in the
pathogenesis of the 1918 pandemic strain.



A laboratory-based study involving H5N1 strains taken from
ill humans in Asia (during 1997 and 2004) and an
ordinary current H1N1 strain (circulating in Asia in
1998) found that all the H5N1 viruses caused human
alveolar cells and bronchial epithelial cells to secrete
significantly higher levels of various cytokines and
chemokines than did the ordinary virus
(Chan 2005).
Another recent study demonstrated a strong induction
of chemokines and their receptors in macrophages
infected by H5N1 and H9N2 avian influenza viruses
(Zhou 2006).
Finally, a recent case series reported from Vietnam
involving patients with H5N1 influenza showed that high
viral load and high chemokine and cytokine levels are
central to the pathogenesis of H5N1 influenza. These
findings support the role of cytokine storm in the
pathogenesis of H5N1.

(de Jong 2006).



Some patients have presented with
primarily gastrointestinal symptoms. In
addition, the case report of a 4-year-old
Vietnamese child with H5N1 avian
influenza who presented in 2004 with
encephalitis demonstrated the following
features.
(De Jong 2005: Fatal avian influenza A (H5N1) in a child presenting with
diarrhea followed by coma)



The child presented with a 2-day history of fever,
headache, vomiting, and severe diarrhea (approximately
10 episodes per day). The stools were watery without
blood or mucus.
Laboratory tests on admission were unremarkable and
chest x-ray was normal.
On the third day following initial presentation, the child
had a generalized convulsion and became comatose.
Respiratory failure developed and he died on the fifth day
after initial presentation. Acute encephalitis of unknown
origin was reported as the cause of death; no autopsy
was performed.
H5N1 influenza A virus was isolated from cerebrospinal
fluid, fecal, throat, and serum specimens.
The patient's 9-year-old sister had died 2 weeks earlier
from a similar clinical syndrome.



In general, asymptomatic or mild infections appear to be
uncommon for the H5N1, based on available

seroepidemiological data Exceptions are noted below. Vong 2006,

WHO Writing Committee of WHO Consultation on Human Influenza A/H5 2005.

Asymptomatic seroconversions were noted among some poultry
workers and healthcare workers in the 1997 outbreak in Hong Kong,
but that strain was different from later strains
In response to H5N1 outbreaks in poultry in South Korea in 2004,
follow-up serologic testing of more than 2,000 poultry workers found
nine workers over time with serologic evidence of infection but no
history of clinical illness
(CIDRAP News story, Sep 21, 2006).

However, the South Korean strain is genetically distinct from Thai
and Vietnamese strains and was found to have a low level of
pathogenicity in mice
(Lee 2005).

Relatively mild illness was noted in three of eight cases detected as
part of three case clusters in Indonesia
(Kandun 2006).
All of the mild cases were in children.
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