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ABSTRACT

Objective: 
Analyze the effectiveness of the bird flu prototype vaccine strain, against worldwide outbreaks of bird flu from 1997 to 2005.
Materials:
Computer with internet access 

Microsoft Word 

Microsoft Excel

Web sites (mentioned in bibliography)
Various Databases & Tools (reference Bibliography for website addresses)

· The Influenza sequence Database (ISD) for Flu Viruses sequence and Vaccine Information.

· National Center for Biotechnology Information (NCBI) Database and Programs.

· Nucleotides and Protein Sequences.

· BLAST

· FASTA

· CLUSTAL – W Multiple Sequence Alignment tool
Procedure: 
Identify H5N1 prototype strains for influenza vaccine recommended by WHO (A/Vietnam/1194/04, A/Vietnam/1203/04 and A/Hongkong/213/03). Investigate and document statistics on worldwide bird flu outbreaks. Locate the related nucleotide for each virus strain. Find sequences, which produce significant alignment. Find the effectiveness of the vaccine using pair–wise alignment. For years, 1997 to 2005 identify all H5N1 influenza viral sequences from Influenza Sequence Database also known as (ISD) and get their raw DNA sequence in FASTA formats. Using multiple sequence alignment program (CLUSTAL-W), compare viruses by arranging them into phylogenic trees. Determine if alternate candidate virus strain shares a higher degree of similarity to HA and NA proteins that occurred during the worldwide outbreaks of bird flu from 1997 to 2005. 
Results:

In my research, I was able to use the information provided by ISD database, to locate and tabulate the accession number for isolated viruses for serotype H5N1 for segments HA and NA for years 1997 to 2005.Table 1 depicts cumulative number of confirmed Human Cases of Avian Influenza reported to WHO. WHO collaborating centers and reference laboratories have developed several recombinant H5N1 prototype vaccine strains, including A/Vietnam/1194/04, A/Vietnam/1203/04 and A/Hongkong/213/03. NCBI’s BLAST program was used to find sequences, which produced significant alignment for the prototype vaccine strain A/Vietnam/1194/04 and A/Vietnam/1203/04. Table 4 shows how effective the prototype vaccine strain Vietnam A/1203/2004 is against different H5N1 viruses. Table5 shows how effective the prototype vaccine strain A/Vietnam/1194/04 is against different H5N1 viruses. Research was conducted to find if alternate candidate virus strain, could provide better protection for H5N1. I generated the polygenic tree for HA and NA antigens. FASTA format of the isolated virus strains from years 1997 to 2005 were fed to ClustalW program. It is clear from the trees that there is significant drift in HA and NA antigen. After analyzing the sequences, Influenza H5N1 (HA) Antigen Phylogenic Tree implies A/Combodia/JP62a168/2005 & A/Indonesia/5/05 could provide better protection. (Figure7). It is implied from the H5N1 (NA) Antigen Phylogenic tree that A/Thailand/676/2005 could be a good selection for this vaccine strain based on NA gene (Figure 6).
Conclusions: 
From the phylogenic trees using H5N1 virus strains occurring during 1997-2005, I was able to isolate another virus strain candidates that appears to be good or better match against Avian Influenza. My data indicates A/Combodia/JP52a/2005 & A/Indonesia/5/05 could simulate HA antibodies in a higher frequency and A/Thailand/676/2005 could simulate NA antibodies in higher frequency than A/Vietnam/1194/04, A/Vietnam/1203/04 and A/Hongkong/213/03 in prototype vaccine strain therefore could provide a better protection against the Bird Flu. Optimizing the phylogenic tree or choosing different viruses might produce slightly different results.
QUESTION
The purpose of this experiment is to study and analyze if Avian Influenza (H5N1) prototype vaccine strain is effective against viruses found based on sequence alignment and historic data from worldwide bird flu outbreaks during years 1997-2005.
HYPOTHESIS

Influenza viruses are inherently unstable and undergo antigenic change. I believe that there may be a different H5N1 prototype vaccine strain, which could simulate a higher antibody response to bird flu virus. 
REVIEW OF LITERATURE 
What is a virus? “A virus is a submicroscopic parasite that infects cells in biological organisms. Viruses are obligate intracellular parasites; they can reproduce only by invading and controlling other cells as they lack the cellular machinery for self-reproduction. Typically viruses carry a small amount of genetic material, either in the form of DNA or RNA, but not both, surrounded by some form of protective coat consisting of proteins, lipids, glycoprotein or a combination. The viral genome codes for the proteins that constitute this protective coat, as well as for those proteins required for viral reproduction that are not provided by the host cell. A preparation that contains an antigen, consisting of completely disease-causing organisms (killed or weakened) or parts of such organisms, that is used to confer immunity against the disease that the organisms cause. Vaccine preparations can be natural, synthetic or derived by recombinant DNA technology. Vector The agent (eg, plasmid or virus) used to carry new DNA into a cell. Virion an elementary viral particle consisting of genetic material and a protein covering.” (Wikipedia, 2001)
In other words, a virus is a very small organism that will give the infected person the flu or some other diseases. If the biggest virus were to be compared to bacteria, it would be almost as big as the smallest bacteria. A virus can be life threatening. 
So what is the difference between a virus and bacteria? Unlike bacteria, a virus needs a host to live on. Without one, it cannot survive. Another difference is their structure. Bacteria are complex compared to viruses. A typical bacterium has a rigid cell wall and a thin, rubbery cell membrane surrounding the cytoplasm, inside the cell. A bacterium contains all of the genetic information needed to make copies of itself. Bacteria also have ribosome, tools necessary for copying DNA so bacteria can reproduce. Some have thread like structures called flagella that they use to move. A virus on the other hand, may or may not have an outermost spiky layer called the envelope. All viruses have a protein coat and a core of genetic material, either DNA or RNA. They also have H (hemagglutinin) and N (neuraminidase) antigens. The Figure 1 explains their roles.
Flu is a contagious disease that is caused by the influenza virus. It attacks the respiratory tract in humans (nose, throat, and lungs). There are three types of influenza virus: A, B and C. Type A can infect humans, other mammals and birds and can spread fast and affect many people. Types B and C affect only humans and type C causes only a mild infection (Figure 2).
Influenza type A viruses are sub-typed into two categories based on proteins (H and N) on the surface of the virus. The virus uses the H protein molecule to latch on to the host's cell and uses the N protein molecule to spread the infection. Types A and B continue to evolve genetically, with continuing changes to the amino acid sequence of the H and N proteins.
Infection with influenza produces an immune response with the production of antibodies in the blood, which neutralize the virus. If the person encounters the same influenza virus, again while the antibodies are still present, the body is protected and the person should not develop the infection. However, these antibodies will not protect individuals against an influenza virus in which the surface proteins have undergone a significant change since the previous infection.

Current influenza vaccines contain either inactivated virus, treated so that it cannot cause infection, or virus components. Recent vaccines contain a mixture of two influenza A subtypes, H3N2 and H1N1, and one influenza B virus. (ClustalW; 2006). All viruses used in vaccine production are currently grown in chicken eggs or using DNA analysis.

Like humans and other species, birds are susceptible to flu. Avian influenza is the scientific name for Bird Flu. There are 15 types of bird, or avian, flu. The most contagious strains, which are usually fatal in birds, are H5 and H7.The type currently causing concern is the deadly strain H5N1, which can prove fatal to humans. It was believed earlier that Bird flu could only to infect birds until the first human cases were seen in Hong Kong in 1997.( Macken, C; 2001). H5N1 is the name associated with the version of avian influenza (bird flu) that is transmittable from birds to humans. Unlike normal influenza, the disease that is caused by H5N1 is deadly. Another risk is that virus can change its form and can become highly infectious and spread from human to human. That would start a global outbreak (a pandemic). (Kirindi V. Choif / Ken Hess. 2006)
As of 13 February 2006, the World Health Organization (WHO) had confirmed 169 cases of H5N1 in humans in Indonesia, Vietnam, Thailand, Cambodia, China, Turkey and Iraq, leading to 91 deaths. 
Jeffery K. Taubenberger, a molecular pathologist at the Armed Forces Institute of Pathology in Rockville, USA has said: "These H5N1 viruses might be acquiring the ability to adapt to humans, increasing their pandemic risk ... there is a suggestion there may be some parallel evolution going on." 

For the most part, humans have contracted the virus following very close contact with sick birds. There may have been examples of human-to-human transmission, but so far not in the form which could fuel a pandemic. Once the virus gained, the ability to pass easily between humans the results could be catastrophic. Worldwide, experts predict anything between two million and 50 million deaths. (BBC News, Feb2006)
What changes are needed for H5N1 to become a pandemic virus?
The virus can improve its transmissibility among humans via two principal mechanisms. The first is a “reassortment” event, in which genetic material is exchanged between human and avian viruses during co-infection of a human or pig. Reassortment could result in a fully transmissible pandemic virus, announced by a sudden surge of cases with explosive spread (Figure 4).
The second mechanism is a more gradual process of adaptive mutation, whereby the capability of the virus to bind to human cells increases during subsequent infections of humans. Adaptive mutation, expressed initially as small clusters of human cases with some evidence of human-to-human transmission, would probably give the world some time to take defensive action. (BBC News, Feb2006) (Figure 5).
“Research in the Netherlands and the USA has shown that while human influenza viruses are able to bind with receptors in the windpipe, H5N1 binds only much deeper inside the lungs. This makes it more difficult for the virus to infect humans, because the virus is less likely to reach the inner lungs than the windpipe. The H5N1 virus is also less likely to spread from human to human. Coughing and sneezing easily transmits viruses that have multiplied in the windpipe, but not those located deep in the lungs. If H5N1 manages to mutate so that it can replicate in the upper respiratory tract, a pandemic becomes more likely. Scientists are constantly monitoring the virus for this mutation. 

So should we be concerned? There have been many scares over the years that have not come to anything, and this could turn out to be one of those too, but it is worth taking some sensible precautions. Having a strong immune system has to be the first line of defense. Eating a good diet, taking exercise, getting plenty of sleep, and reducing stress can all lead to a stronger immune system that can fight more effectively against the bugs of this world and any dangerous mutations. “(Bird Flu Explained, 04/15/06)

Vaccines that are produced each year for seasonal influenza will not protect against pandemic influenza. WHO collaborating centers and reference laboratories have developed several recombinant H5N1 prototype vaccine strains, including A/Vietnam/1194/04, A/Vietnam/1203/04 and A/Hongkong/213/03. (National Center for Biotechnology Information; 2006)
MATERIALS:

Computer with internet access 

Microsoft Word 

Microsoft Excel

Web sites (mentioned in bibliography)

Various Databases & Tools (reference Bibliography for website addresses)

· The Influenza sequence Database (ISD) for Flu Viruses sequence and Vaccine Information.

· National Center for Biotechnology Information (NCBI) Database and Programs.

· Nucleotides and Protein Sequences.

· BLAST

· FASTA

· CLUSTAL – W Multiple Sequence Alignment tool

PROCEDURE

1. Research  understand the following terms and concepts influenza (or flu), Flu notation, Vaccine, Virus,  Proteins, DNA and DNA sequence, Sequence alignment, BLAST (Basic Local Alignment Search Tool), Genomics and  Bioinformatics.

2. Identify prototype vaccine strains for bird flu developed by WHO collaborating centers and reference laboratories for year 2005. 
3. Research and document the information on worldwide bird flu outbreaks (Ref Table 1).
4. The Influenza Sequence Database (ISD) contains information on specific vaccines and the DNA sequences they contain. By clicking on a virus strain A/Vietnam/1194/04-like virus” gets the ISD Nucleotide Record.

5. Copy and paste the raw DNA sequence of A/ Vietnam /1203/2004 (H5N1) - into BLAST select “blastn (nucleotide query) ".

6. Identify the viruses that produce significant alignment and tabulate the result (Ref Table 4).

7. Copy and paste the raw DNA sequence of A/Vietnam/1194/04 (H5N1) - into BLAST select “blastn (nucleotide query) ".

8. Identify the viruses that produce significant alignment and tabulate the result (Ref Table 5).
9. Using ISD database search for “H5N1”, Flu Species “HA” for Human. Isolate all viruses encountered in year 1997-2005. (Ref Table 2).
10. Using ISD database search for “H5N1”, Flu Species “NA” for Human. Isolate all viruses encountered in year 1997-2005. (Ref Table 3).
11. Get FASTA format for these viruses for HA and NA.

12. Using the multiple sequence alignment program, CLUSTAL-W, I compared the viruses by arranging them into Phylogenic trees For HA and NA (Figure 6 and 7).
13. Determine if an alternate candidate virus strain could be more effective than used in the prototype bird flu vaccine.
FLU NOTATIONS 
A/Moscow/10/99(H3N2)
A = type of virus with A the most virulent of A, B or C
Moscow = the place where the specific strain was first isolated
10 = the number of the specimen that it was isolated from
99 = the year in which it was isolated
H3 = indicating a specific surface protein, namely hemagglutinin3. There are 15 different hemagglutinin molecules, but only the first three appear to be found in human influenza viruses. H5 is usually associated with bird influenza viruses
N2 = neuraminidase2, indicating a specific surface protein. There are nine different neuraminidase molecules, but only the first three appear to be found in human influenza viruses.
RESULTS 

In this experiment, statistics on worldwide-confirmed Human Cases of Avian Influenza A (H5N1), reported to WHO as of April 2006 were tabulated. Clearly, the cases on bird flu are of concern. WHO collaborating centers and reference laboratories have developed several recombinant H5N1 prototype vaccine strains, including A/Vietnam/1194/04, A/Vietnam/1203/04 and A/Hongkong/213/03. NCBI’s BLAST program was used to find sequences, which produced significant alignment for the prototype vaccine strain A/Vietnam/1194/04 and A/Vietnam/1203/04. Table 4 shows how effective the prototype vaccine strain Vietnam A/1203/2004 is against different H5N1 viruses. The vaccine strain has six columns that did not align well. They are amino acids grouping 121, 181, 721, 901, 1441 and 1501.These figure shows us how closely related the actual vaccine are to different virus strain. Each grouping represented 60 amino acids. Table 5 shows how effective the prototype vaccine strain A/Vietnam/1194/04 is against different H5N1 viruses. They are amino acids grouping 121, 421, 601, 901, 1081, 1141, 1261, 1321, and 1561. Research was conducted to find if alternate candidate virus strain, could provide better protection for H5N1.
HA Antigens
Using ISD database I isolated all Influenza A H5N1 for HA segment virus that occurred between the years 1997 to 2005 capturing their accession number and DNA sequence. Refer to Table 3.FASTA format of the isolated virus strains were fed to ClustalW W program. After analyzing the result, I was able to produce a phylogenic tree Figure 1 Influenza A H5N1 (HA) Antigen Phylogenic Tree. As we, expected virus keeps on changing. It implies from the tree that A/Combodia/JP62a168/2005 & A/Indonesia/5/05 could provide better protection.

NA Antigens
Using ISD database I isolated nine Influenza A H5N1 viruses for NA segment that occurred between the years 1997 to 2005 capturing their accession number and DNA sequence. (Refer Table2). I got their FASTA format and fed all the sequences to ClustalW program. After analyzing the result, I was able to produce a phylogenic tree Figure 2 Influenza A H1N1 (NA) Antigen Phylogenic Tree. It implies from the tree that A/Thailand/676/2005 could provide better protection.
CONCLUSION
From the phylogenic trees using H5N1 virus strains occurring during 1997-2005, I was able to isolate another virus strain candidates that appears to be good or better match against Avian Influenza. My data indicates A/Combodia/JP52a/2005 & A/Indonesia/5/05 could simulate HA antibodies in a higher frequency and A/Thailand/676/2005 could simulate NA antibodies in higher frequency than A/Vietnam/1194/04, A/Vietnam/1203/04 and A/Hongkong/213/03 in prototype vaccine strain therefore could provide a better protection against the Bird Flu. Optimizing the phylogenic tree or choosing different viruses might produce slightly different results.
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Data Tables and Graphs

Table 1-Cumulative Number of Confirmed Human Cases of Avian Influenza A (H5N1) Reported to WHO 21 April 2006
	Country

 
	2003
	2004
	2005
	2006
	Total

	
	cases
	deaths
	cases
	deaths
	cases
	deaths
	cases
	deaths
	cases
	deaths

	Azerbaijan
	0
	0
	0
	0
	0
	0
	8
	5
	8
	5

	Cambodia
	0
	0
	0
	0
	4
	4
	2
	2
	6
	6

	China
	0
	0
	0
	0
	8
	5
	9
	7
	17
	12

	Egypt
	0
	0
	0
	0
	0
	0
	12
	4
	12
	4

	Indonesia
	0
	0
	0
	0
	17
	11
	15
	13
	32
	24

	Iraq
	0
	0
	0
	0
	0
	0
	2
	2
	2
	2

	Thailand
	0
	0
	17
	12
	5
	2
	0
	0
	22
	14

	Turkey
	0
	0
	0
	0
	0
	0
	12
	4
	12
	4

	Viet Nam
	3
	3
	29
	20
	61
	19
	0
	0
	93
	42

	Total
	3
	3
	46
	32
	95
	41
	60
	37
	204
	113


Total number of cases includes number of deaths. WHO reports only laboratory-confirmed cases.
[image: image1.png](O ttptllspandemictiinesy/plan/pdipantiZ006081 )

Fle Edt GoTo Favorles Help

Qv - ©- B B G LOseren Foroers @] Q-

TpsoftintemenExplorer;

e

ckress | €1 ttpfww. pandemicfu govlan/pek fpar 20060313,

> setect

o
A

Bl seve s coey 9 seern |

e ] | Adobe Reader 250

&

l

1S, OF Claues, of
across western Asia into Europe, the Middle East and Africa. This second clade
has killed over 60 percent of those it is known to have infected.

[Countries with avian influenza in animals
MHuman Deaths (cumulative)

Countries with Avian Influenza and
Cumulative Human Deaths

110
100
%0
80
0
60
50
40
30
20
10
o

€ attachments

Through March 8

Let me be very clear. Itis only a
matter of time before we discover
H5N1 in birds in America. The
migration patterns of the wild

fowl that carry the virus make its
appearance here almost inevitable.

The arrival of the first HSN1 bird

in America should not be cause
for alarm or panic. It does not
mean that a pandemic is at our
doorstep. It should, however,
motivate us to pick up the pace, to
renew pandemic preparations on
every front at every level.

+| asoxitooin

2cf12

O[=E]H m

Dawnloaded (08)

Unknawn Zone:

[>184





Figure 1.1-Bird Flu outbreaks around the world
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Figure 1.2 -  H5N1 cases 
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Table 2-NA Accession Numbers for Isolated Viruses
Accession is used to easily identify the virus strain. 

Segment represents if it is HA or NA.

Accession no       Flu notation                                    Segment    Length Year  Serotype

	ISDN122818
	A/Cambodia/JP52a/2005
	NA
	1365
	2005
	H5N1

	AB239126
	A/Hanoi/30408/2005
	NA
	1417
	2005
	H5N1

	ISDN125875
	A/Indonesia/5/05
	NA
	1328
	2005
	H5N1

	DQ360836
	A/Thailand/676/2005
	NA
	1374
	2005
	H5N1

	DQ372593
	A/Thailand/NK165/2005
	NA
	1372
	2005
	H5N1

	DQ094290
	A/Viet Nam/BL-014/2005
	NA
	1350
	2005
	H5N1

	DQ094291
	A/Viet Nam/DT-036/2005
	NA
	1350
	2005
	H5N1

	DQ094292
	A/Viet Nam/HG-207/2005
	NA
	1350
	2005
	H5N1

	DQ250163
	A/Vietnam/CL115/2005
	NA
	1350
	2005
	H5N1

	DQ250164
	A/Vietnam/CL119/2005
	NA
	1327
	2005
	H5N1

	DQ250165
	A/Vietnam/CL2009/2005
	NA
	1333
	2005
	H5N1

	ISDN119679
	A/Vietnam/HN30408/2005
	NA
	1350
	2005
	H5N1

	ISDN117783
	A/Vietnam/JP14/2005
	NA
	1350
	2005
	H5N1

	ISDN117782
	A/Vietnam/JP4207/2005
	NA
	1350
	2005
	H5N1

	AJ867075
	A/Hatay/2004
	NA
	1366
	2004
	H5N1

	ISDN110939
	A/Prachinburi/6231/2004
	NA
	1350
	2004
	H5N1

	AY555151
	A/Thailand/1-KAN-1/2004
	NA
	1391
	2004
	H5N1

	ISDN48790
	A/Thailand/16/2004
	NA
	1390
	2004
	H5N1

	AY555152
	A/Thailand/2-SP-33/2004
	NA
	1373
	2004
	H5N1

	ISDN48793
	A/Thailand/Chaiyaphum/622/2004
	NA
	1400
	2004
	H5N1

	AY535029
	A/Thailand/EKA2NF/2004
	NA
	52
	2004
	H5N1

	AY786079
	A/Thailand/Kamphaengphet-Nontaburi/04
	NA
	857
	2004
	H5N1

	ISDN48791
	A/Thailand/Kan353/2004
	NA
	1400
	2004
	H5N1

	AY679513
	A/Thailand/LFPN-2004/2004
	NA
	1350
	2004
	H5N1

	ISDN48792
	A/Thailand/SP83/2004
	NA
	1400
	2004
	H5N1

	AY651445
	A/Viet Nam/1194/2004
	NA
	1350
	2004
	H5N1

	AY526746
	A/Viet Nam/1196/04
	NA
	575
	2004
	H5N1

	AY651447
	A/Viet Nam/1203/2004
	NA
	1350
	2004
	H5N1

	AY818141
	A/Viet Nam/1203/2004
	NA
	1350
	2004
	H5N1

	AY651446
	A/Viet Nam/3046/2004
	NA
	1350
	2004
	H5N1

	AY651448
	A/Viet Nam/3062/2004
	NA
	1350
	2004
	H5N1

	AY720948
	A/Viet Nam/DN-33/2004
	NA
	574
	2004
	H5N1

	DQ094286
	A/Viet Nam/HG-178/2004
	NA
	1350
	2004
	H5N1

	ISDN38703
	A/Vietnam/1194/2004
	NA
	1350
	2004
	H5N1

	ISDN38704
	A/Vietnam/1203/2004
	NA
	1350
	2004
	H5N1

	DQ250159
	A/Vietnam/CL01/2004
	NA
	1350
	2004
	H5N1

	DQ250162
	A/Vietnam/CL100/2004
	NA
	1350
	2004
	H5N1

	DQ250160
	A/Vietnam/CL26/2004
	NA
	1325
	2004
	H5N1

	DQ250161
	A/Vietnam/CL36/2004
	NA
	1350
	2004
	H5N1

	ISDN69610
	A/Vietnam/JP178/2004
	NA
	1350
	2004
	H5N1

	AY575881
	A/Hong Kong/212/03
	NA
	1415
	2003
	H5N1

	AB212056
	A/Hong Kong/213/03
	NA
	1458
	2003
	H5N1

	ISDN48789
	A/Hong Kong/213/2003
	NA
	1406
	2003
	H5N1

	AY575882
	A/Hong Kong/213/2003
	NA
	1332
	2003
	H5N1

	AF102661
	A/Hong Kong/97/98
	NA
	1350
	1998
	H5N1

	AF036357
	A/Hong Kong/156/97
	NA
	1399
	1997
	H5N1

	AF046089
	A/Hong Kong/156/97
	NA
	1370
	1997
	H5N1

	AF028708
	A/Hong Kong/156/97
	NA
	1388
	1997
	H5N1

	AF084271
	A/Hong Kong/481/97
	NA
	1353
	1997
	H5N1

	AF102663
	A/Hong Kong/481/97
	NA
	1350
	1997
	H5N1

	AF102656
	A/Hong Kong/482/97
	NA
	1350
	1997
	H5N1

	AF084272
	A/Hong Kong/482/97
	NA
	1353
	1997
	H5N1

	AF084273
	A/Hong Kong/483/97
	NA
	1353
	1997
	H5N1

	AF102668
	A/Hong Kong/483/97
	NA
	1350
	1997
	H5N1

	AF084274
	A/Hong Kong/485/97
	NA
	1353
	1997
	H5N1

	AF102664
	A/Hong Kong/485/97
	NA
	1350
	1997
	H5N1

	AF084275
	A/Hong Kong/486/97
	NA
	1353
	1997
	H5N1

	AF102658
	A/Hong Kong/486/97
	NA
	1350
	1997
	H5N1

	AF102657
	A/Hong Kong/488/97
	NA
	1350
	1997
	H5N1

	AF102665
	A/Hong Kong/491/97
	NA
	1350
	1997
	H5N1

	AF102666
	A/Hong Kong/503/97
	NA
	1350
	1997
	H5N1

	AF102659
	A/Hong Kong/507/97
	NA
	1350
	1997
	H5N1

	AF102669
	A/Hong Kong/514/97
	NA
	1350
	1997
	H5N1

	AF102660
	A/Hong Kong/516/97
	NA
	1350
	1997
	H5N1

	AF296752
	A/Hong Kong/516/97
	NA
	1351
	1997
	H5N1

	AF102667
	A/Hong Kong/532/97
	NA
	1350
	1997
	H5N1

	AF102662
	A/Hong Kong/538/97
	NA
	1350
	1997
	H5N1

	AF102670
	A/Hong Kong/542/97
	NA
	1350
	1997
	H5N1


Table 3- HA Accession Numbers for Isolated Viruses
	AB239125 
	A/Hanoi/30408/2005 
	HA
	1776 
	2005 
	H5N1  

	ISDN129400 
	A/Hanoi/30408/2005 
	HA
	1776 
	2005 
	H5N1  

	ISDN125873 
	A/Indonesia/5/05 
	HA
	1728 
	2005 
	H5N1  

	DQ372591 
	A/Thailand/NK165/2005 
	HA
	1713 
	2005 
	H5N1  

	ISDN119678 
	A/Vietnam/HN30408/2005 
	HA
	1704 
	2005 
	H5N1  

	ISDN117778 
	A/Vietnam/JP14/2005 
	HA
	1707 
	2005 
	H5N1  

	ISDN117777 
	A/Vietnam/JP4207/2005 
	HA
	1707 
	2005 
	H5N1  

	ISDN118371 
	A/Vietnam/JPHN30321/2005 
	HA
	1707 
	2005 
	H5N1  

	AJ715872 
	A/Hanoi/03/2004 
	HA
	1312 
	2004 
	H5N1  

	AJ867074 
	A/Hatay/2004 
	HA
	1707 
	2004 
	H5N1  

	ISDN110940 
	A/Prachinburi/6231/2004 
	HA
	1741 
	2004 
	H5N1  

	AY555150 
	A/Thailand/1-KAN-1/2004 
	HA
	1739 
	2004 
	H5N1  

	ISDN40341 
	A/Thailand/16/2004 
	HA
	1741 
	2004 
	H5N1  

	AY555153 
	A/Thailand/2-SP-33/2004 
	HA
	1740 
	2004 
	H5N1  

	ISDN49460 
	A/Thailand/Chaiyaphum/622/2004 
	HA
	1741 
	2004 
	H5N1  

	AY786078 
	A/Thailand/Kamphaengphet-Nontaburi/04 
	HA
	782 
	2004 
	H5N1  

	ISDN40918 
	A/Thailand/Kan353/2004 
	HA
	1741 
	2004 
	H5N1  

	AY679514 
	A/Thailand/LFPN-2004/2004 
	HA
	1704 
	2004 
	H5N1  

	ISDN40917 
	A/Thailand/SP83/2004 
	HA
	1741 
	2004 
	H5N1  

	AY651333 
	A/Viet Nam/1194/2004 
	HA
	1696 
	2004 
	H5N1  

	AY526745 
	A/Viet Nam/1196/04 
	HA
	303 
	2004 
	H5N1  

	AY651334 
	A/Viet Nam/1203/2004 
	HA
	1697 
	2004 
	H5N1  

	AY818135 
	A/Viet Nam/1203/2004 
	HA
	1707 
	2004 
	H5N1  

	AY651335 
	A/Viet Nam/3046/2004 
	HA
	1697 
	2004 
	H5N1  

	AY651336 
	A/Viet Nam/3062/2004 
	HA
	1684 
	2004 
	H5N1  

	AY720950 
	A/Viet Nam/DN-33/2004 
	HA
	1075 
	2004 
	H5N1  

	ISDN38686 
	A/Vietnam/1194/2004 
	HA
	1741 
	2004 
	H5N1  

	ISDN38687 
	A/Vietnam/1203/2004 
	HA
	1741 
	2004 
	H5N1  

	ISDN38688 
	A/Vietnam/1204/2004 
	HA
	1741 
	2004 
	H5N1  

	ISDN40278 
	A/Vietnam/3212/2004 
	HA
	1569 
	2004 
	H5N1  

	ISDN69608 
	A/Vietnam/JP178/2004 
	HA
	1707 
	2004 
	H5N1  

	AY575869 
	A/Hong Kong/212/03 
	HA
	1664 
	2003 
	H5N1  

	AB212054 
	A/Hong Kong/213/03 
	HA
	1779 
	2003 
	H5N1  

	ISDN38262 
	A/Hong Kong/213/2003 
	HA
	1750 
	2003 
	H5N1  

	AY575870 
	A/Hong Kong/213/2003 
	HA
	1593 
	2003 
	H5N1  

	AF102676 
	A/Hong Kong/97/98 
	HA
	1656 
	1998 
	H5N1  

	AF028709 
	A/Hong Kong/156/97 
	HA
	1741 
	1997 
	H5N1  

	AF046088 
	A/Hong Kong/156/97 
	HA
	1741 
	1997 
	H5N1  

	AF036356 
	A/Hong Kong/156/97 
	HA
	1690 
	1997 
	H5N1  

	AF084279 
	A/Hong Kong/481/97 
	HA
	1665 
	1997 
	H5N1  

	AF046096 
	A/Hong Kong/481/97 
	HA
	1741 
	1997 
	H5N1  

	AF046098 
	A/Hong Kong/482/97 
	HA
	1741 
	1997 
	H5N1  

	AF046097 
	A/Hong Kong/483/97 
	HA
	1741 
	1997 
	H5N1  

	AF084280 
	A/Hong Kong/483/97 
	HA
	1665 
	1997 
	H5N1  

	AF084532 
	A/Hong Kong/485/97 
	HA
	1665 
	1997 
	H5N1  

	AF102681 
	A/Hong Kong/485/97 
	HA
	1656 
	1997 
	H5N1  

	AF102671 
	A/Hong Kong/486/97 
	HA
	1656 
	1997 
	H5N1  

	AF084281 
	A/Hong Kong/486/97 
	HA
	1665 
	1997 
	H5N1  

	AF102672 
	A/Hong Kong/488/97 
	HA
	1656 
	1997 
	H5N1  

	AF102677 
	A/Hong Kong/491/97 
	HA
	1656 
	1997 
	H5N1  

	AF102679 
	A/Hong Kong/503/97 
	HA
	1656 
	1997 
	H5N1  

	AF102675 
	A/Hong Kong/507/97 
	HA
	1656 
	1997 
	H5N1  

	AF102682 
	A/Hong Kong/514/97 
	HA
	1656 
	1997 
	H5N1  

	AF102673 
	A/Hong Kong/516/97 
	HA
	1656 
	1997 
	H5N1  

	AF102680 
	A/Hong Kong/532/97 
	HA
	1656 
	1997 
	H5N1  

	AF102674 
	A/Hong Kong/538/97 
	HA
	1656 
	1997 
	H5N1  


Figure 1 - H and N antigen (Blast It, 2001)
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Figure 2 – Flu Types Credit (Blast It, 2001)
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Figure 3 – Antigens Credit (Blast It, 2001)
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         Figure 4 – Reassortment (Blast It, 2001)
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Figure 5 – Can H5N1 cause a Pandemic (Blast It, 2001)
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Figure 5.1 – Transmission from person to person.
[image: image9.png]



 Figure – 6 Influenza A H5N1 HA Antigen Phylogenic tree
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Figure – 7 Influenza A H5N1 NA Antigen Phylogenic tree
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Table- 4 A/ Vietnam /1203/2004 Vaccine Strain
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Table 5 A/Vietnam/1194/04 Vaccine Strain
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Figure 8  Picture of Harsh’s Science Fair Project at the Illinois Regional Science Fair
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