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The Influenza Virus and the 
2009 H 1 N 1 Outbreak 

Thomas. F. Gibbons, Ph.D. 

Chief, Laboratory Services Branch 

Clinical Research Division 

Wilford Hall Ambulatory Surgical Center 

The views expressed are those of the presenter and do not reflect the 

official policy of the Department of Defense or its Components 1 



Overview 

• "The Story" 

• Key aspects of the influenza virus 

• Laboratory techniques utilized to discover 
the 2009 H 1N1 influenza virus 

• Laboratory techniques instrumental to 
influenza surveillance/vaccine contents 
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Video depicting USAF ''Epi lab's'' discovery of 
H1N1 

April 1 2009 Video team comes to our 
lab to film a documentary on our role 
with respect to influenza surveillance 

http ://www.ndep.us/Tracking-the-Flu 

April 16 2009 "Found a weird flu virus 
today" ...... . 

3 
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and Short Topic Abstracts 
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'l.t;. CA t:'AAT <:' O,..,. ....... r-,;~ ... 1;-a ........ A 

Influenza virus is a segmented negative stranded RNA virus composed 
of 8 gene segments belonging to the Orthomyxoviridae family. Three types 
of influenza have been detected, A, B and C, two of which (A and B) are a 

http://www.safmls.org/society scope.html 
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Key aspects of the influenza virus 

Types of influenza 

A,B, and C (Epidemics =A &B) 
Pandemics = A only 

Shift and Drift 

2009 H1N1 

1918 = H1N1 
50,000,000 deaths 

1957 = H2N2 
1,000,000 deaths 

1968 = H3N2 
500,000 deaths 

Annual flu 
250,000 deaths 

H5N1 annual 
25- 75 

5 



Key aspects of the influenza virus 

Influenza Genome 

r . . . . r. ~ . . . 
1

1 
• • • • 

1

1 
• ~ • • • F . . . kbp 

segment 1 PB2 

segment 2 PB1 

segment 3 PA 

segment 4 cHA 

segment 5 NP 

segment 6 NA 

segment 7 l M _ 

segment 8 c NS 

J 2341 bp 

2341 bp 

2233 bp 

1778 bp 

____ f- 1565 bp 

L _ ·~-----~ 1413 

t : 1027 bp 

890 bp 

Influenza 
Virus 

Anatomy 

-Neuramlnld1se 
(Slalldase) 
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Key aspects of the influenza virus 

Nucleoprotei n 
(RNA) 

Lipid 
Enve~op e fll'"'•• '!t 

Figure 1 

http://www.ncbi.nlm.nih.gov/genomes/FLU/ 

Influenza 

' 

Influenza 
Virus 

Anatomy 

- Neura mi nldase 
(SiaHdase) 

H1emaggf utin ~n 
0 0. 5 I 1. 5 2 kbp 

2341 bp 

2341 bp 

2233 bp 

1778 bp 

1565 bp 

seg111ent 1 

segment 2 

segment 3 

s eg111ent 4 

s eg111ent 5 

s egll'IE'nt 6 1413 bp 7 
segll'IE'nt 7 "°' - ··== 1027 bp 

seg111ent 8 c-=•= 890 bp 



Key aspects of the influenza virus 

Influenza Life Cycle 

8 
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Key laboratory techniques utilized to discover 
the 2009 H1 N1 influenza virus 

• Lateral Flow assay 

• Culture 

• PCR Lipid 
Envelope L'ol 

• Sequencing 
Figure 1 

Influenza 
Virus 

Anatomy 

-Neuramlnldase 
(Sialldase) 

' Hemagglutlnln 

9 



Key laboratory techniques utilized to discover 
the 2009 H1 N1 influenza virus 

1n1l:lli.11JhL1tllUb11.1b.Ll~Llll11L1l~L1~ll11l,[l1~~11 
ACTCAATl'CXAXGCXGTl'GGU.V.G.UTJ't.U.CA>J.TTAGA>J.CGACAATI<GAG.U.CTIAAAX.U.UMGT!'GAXCAXCC 

m1mmrBlll•n1mt1L1L1~1111n11111 
CCCTCA>J.GCCGACATCCCXCACACACTTCAAGATCTCT!TGCTCGAAAGAACACCGATCTTCACGCTCTCATGGAXTGC 

dlltlllh1hllhLILLIL&1l.1Ll~111L~lb1b11.~.l.lh1l.11UIIlli1 
CTnOCTACA TlITCTCGAC.1.TAT AAXGCXCAXC'ITCTCGTl'CTCCTCGU.V.TGAMGXACTT!'GCA 1TTI<CATCACTCAA 

IHIBlllltD:IUllD~ll~IDlll~llll~llllDIUD:llU 
CTAMCAC.U.GACC.U.TCCTGTCJ.CCTCTGACT.U.CGCCA1TTTCCGA1TTGTGTTCACGCTCACCGTCCCCAGTCAGCG 

L1l~lli~ll:LrlLhb1m11 •• l~Lhhl1ll.1Lll1thllLILDl1l]1L 
AXGTGAAGAAXC'TCT ATCAXAMGT AAMAXXC.UCTXAGCGAT.U TGCT .UGGAXA TCCGC.UTGGTI'GTITCG.U. TTt 

n111m111111mtu11111m&11mJ11111u111L11m1LlUllh111 
AGGACTGCAGCGT ACACGCT1TGTCCAMA TCCCCTX>J.TCCG.U. TCGCGATCCA>J. T.U.TA TGGACACAGCAG1TA>J.C 

~D~Dlllll1lll1h.111.LL~tlltUIJLb111111IL111~llbl :1. 
TATCACA>J. TCTGAC.U.TG.U. TCCATGGAXAGTI<TCAGA>J.TCG.UCTIATGACTA TCCXXAATA TTCAG.U.G.U.GCAAX 

M~r1~D:~U:D~DlltllDID111tll:tltlllltH~D~t•lll 
TGTATAGUAGC1T.UGACGCAGA T M CA TTCCA TCGCGCCJ.MGAMTAGCACTCJ.G1TATTCTGCTGGTGCJ.CTTGCC 

1d1H~~11.L&11.~l1b.lhLl~1.11HWl~111U.lutlhl1l~.1l.1L1 Rm•:lliD1l:l~~ltlhl~11D1•1tU]~O.ll 
A TT AMCAGGGAGXA.u. TI<ll TGGAG1TAAAXTCG.U.TC.U.TI<CGAATXT ATC A GA TI<CTI<TCGA TTT ACTCXACAGTXG J.GTTCCATCGGXCTCATATAC.UCACGATCCGCCCTGTGACCACCGAAGTCGCA TTTGGCCTI<GTA TGTCCAACX!'GTCA 

1HIHHLll.IJIDhr1lltl~D~lhllll~1l.tHll :IU:lll:htllllLDmn 
ACAGATTCCXGACTCCCAGCATAGGTCTCATACGCA>J.TCGT.UC.UCAACC.U.TCCATT.U.T.U.CACATGAG.UCAGAA 

ldl~d :11J1~1.111Jml ·t1 ... IJ,bl.l 11lb111llil.1111l.11lllih1tl1 
CXAGTJ'tXCTCCTTCTTGTI<GTCTTGCTCGGGGXXXTCAXCTTXTCGATCT<iCTCCAATCGXTCXTTXCAGTCCAC.U.TT 

ID1L~J111 .. 1i111111111111111111111 1m1llBlllllllllllllllDlll:Ulll~lllllLll1IDlhlJllllD1il: 
TGCATTTXAGXCCAGAATTTCXXXXXXlOOOOOOOO TGGTTCTCGCCACCACTACAGCT.U.GGCTATCCAGCJ.MTGCCTCCATC.UGTC.U.CAXGCAGCCGACGCCATCGAGXTT 

A/New York/221/2003 H1 N1 A/South Australia/68/2000 H3N2 
NTexas/UR06-0012/2006 H1N1 A/New York/37/2003 H3N2 

I 
L A/New South Wales/26/2000/H1 N1 A/New York/92312006 H3N2 

----------- A/Washington/AF06/2007/H1 N1 A/Kansas/UR07-0047/2008/H3N2 

L Xi'r:~~~:~:Jg~~~~~~~6~~5N1 AJW~~~~:~~~O~~~~~~~~ ~11 N1 

A/South Australla/68/2000 H3N2 A/New York/221/2003 H1N1 
A/New yor/37/2003 H3N2 A/New South Wales/26/2000/ H1 N1 

A/New yorkJ923/2006 H3N2 ANiet Nam/1 203/2004 H5N1 
A/Kansas/UR07-0047/2008/H3N2 A/lndonesia/CDC595/2006/H5N1 

53. 5--------~----.----.------, 10.0--------~---~----,------, 

50 40 30 20 10 0 8 6 4 2 0 
Nucleotide Substitutions (x100) Nucleotide Substitutions (x100) 

10 
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Key laboratory techniques utilized to discover 
the 2009 H1 N1 influenza virus 

GACCAATCXTGTCACCTCTGACTAAGGGXATTTTAGGATTTGTGTTCACGCTCACCGTGCCCAGTGAGCGAGGACTGCAGCGTAGACGCTTTGTCCAAAATGCCCTXAATGG 
60 170 180 190 200 210 220 230 240 250 260 270 
GACCAATCTTGTCACCTCTGACT AAGGGAATTTT AGGA TTTGTGTTCACGCTCACCGTGCCCAGTGAGCGAGGACTGCAGCGif!WfiMiih•iifii5MM1AAATGG 
G .. U .. (1: ..Lc.U .. T•:'(T•}T•: .U .. (("T•:T(~ .. U .. ( TAAGGGGATTTTAGGATTTGTGTTCACGCTCACCGTGCCCAGTGAGCGAGGACTGCAGCGTAGACGCTTTGTCCAAAATGCCCTTAATGG 

Matrix Gene 

Hemagglutinin Gene 

GXGCTATAAACAXCAGXCTXCCXTTXCAGAAXXTACAXCCXXTCACAATXGGAXAXTGTCCAAAXTATGTXAXXAGXXCAAAATTXAGXXTGGXXACAGGAXTXAGGAAXATCCC XTC 
920 930 940 950 960 970 980 990 1000 1010 1020 103 0 

GTGCTATAAACACCAGCCTCCCATTTCAGAATATACATCCGATCACAATTGGAAAATGTCCAAAATATGTAAAAAGCACAAAATTGAGACT G1: 1:.u.1:.u.1:;1:;.u.TT.:.;.u_.:;1:;.u . .U.T.U.TC•'.:'CC TC 
G.lJ.1:;1:-T .. u .. T .. u .... u .... u .. 1: JJ.1;1: A•}T•:TT•:•: TTCCAGAACGTACACCCAGTCACAATAGGAGAGTGTCCAAAGTATGTCAGGAGTGCAAAATTAAGGATGGTTACAGGACTAAGGAACATCCCATC 

oltJil .. 111U..WM ltt. ..... .._m•-• 
.&llllllWlotw.lllilil~ --·--11~11 , . . Ulll&UlluaM zu•-.•111•11 
IUllAILl!!l_'ffl' ! ., •. llUttHIWft!fM-

~~u.uw. H8118aB:llUIUll 11 
1.1.lt'11.oJI ..t:.IM.UM. .. I •!Im.II~~-

"''··- ·-•lltallml 



Key laboratory techniques utilized to discover 
the 2009 H1 N1 influenza virus 

A/California/04/2009 (H 1N1) 

PB2: Swine 97.6°/o, Duck 97.2°/o, Human 96.8% 

PB1: Swine 97.0°/o, Turkey 96.6°/o 
What is the swine flu like? 

PA: Swine 96.0%, Human 95.8% 

HA: Swine 96.4%, Turkey 96.2% 

NP: Swine 97.8% 

blast analysis results for a recent 
"Swine Flu" 

NA: Swine 93.6°/o 

MA: Swine 98.2% 

NS: Swine 95.6°/o 

Blast results say "Swine" 

but it is infecting humans 

Blast comparison of first 500 nucleotides for each segment 
12 



Key laboratory techniques utilized to discover 
the 2009 H1 N1 influenza virus 

A/Washington/AF06/2007 (H1 N1) 

PB2: Human 99.8°/o 

PB1: Human 100% 

PA: Human 99.6% 

HA: Human 99.6% 

NP: Human 99.6% 

NA: Human 99.8% 

MA: Human 100°/o 

NS: Human 100°/o 

What is the human H1 N1 flu like? 

blast analysis results for one of the 
recent "Human Flu" 

Blast comparison of first 500 nucleotides for each segment 13 



Key laboratory techniques utilized to discover 
the 2009 H1 N1 influenza virus 

Gene by gene comparison of "Swine" H1 N1 with "Human" H1 N1 

A/Cal iforn ia/04/2009 0/o Homology A/Washington/AF06/2007 

PB2 82.7°/o PB2 

PB1 80.4°/o PB1 

PA 82.4°/o PA 

HA 75.9°/o HA 

NP 84.2°/o NP 

NA 78.0°/o NA 

MP 87.4°/o MP 

NS 81.7°/o NS 14 



Key laboratory techniques utilized to discover 
the 2009 H1 N1 influenza virus 

Phylogenetic Tree 

Out of the over 400 human H1 's USAFSAM 
sequenced this season no specimen has had less 
than a 98.2°/o homology with respect to the HA 1 
region of HA 

Swine H1 N1 has about 73°/o homology with 
respect to the current vaccine for H1 N1 (anything 
below 97°/o is a preliminary predictive factor for a 
strain that the vaccine will not protect against) 

A.SouthCarolina.2510.200 
A.Georgia.2712.2009 
A. Oklahoma.2508.2009 

I A.SouthDakota.2572.2009 
A.Texas.2564.2009 
A.SouthDakota.2606.2009 
A.SouthDakota.2609.2009 
A. Texas.2550.2009 
A.SouthDakota.2526.200! 
A.Texas.2497.2009 
A.Oklahoma.2528.2009 
A.Oklahoma.2696.2009 

A.Mississippi.2652.2009 
A. Iraq. 2626. 2009 

A.Japan.2610.2009 
A.SouthCarolina.2587.200 

A. Missouri .2548 
A. Brisbane. 59. 2007 
A.New Caledonia.20.1999 

A.Beijing .262.95 
~~~~~~~~~~~~~~~~~~~~~~ A. Cali~rnia.04.2009 4 

73°/o homology to A/Brisbane/59/2007 

20.7---.~~~~~~---r~~~~~~--.-~~~~~~-,-~~~~~~, 

20 15 10 5 0 15 

Amino Acid Substitutions (x1 00) 



Key laboratory techniques instrumental to 
influenza surveillance/vaccine contents 

• Contents of the annual Flu Vaccine 
- It is recommended that trivalent vaccines for use in 
the 2016-2017 northern hemisphere influenza 
season contain: 

-A/California/7/2009 (H1 N1 )pdm09-like virus; 

-A/Hong Kong/4801/2014 (H3N2)-like virus; 

- B/Brisbane/60/2008-like virus. 

- It is recommended that quadrivalent vaccines 
containing two influenza B viruses contain the above 
three viruses and a B/Phuket/3073/2013-like virus 

16 



Key laboratory techniques instrumental to 
influenza surveillance/vaccine contents 

I Host of originYgeogra phic location of first isolationJstrainl 

I number~year of isolation I 

A~New YorkJl11U2003l (H3N2) 

Af ch ickenll ndonesia~R 132-134J03 I 

I (By convention, the host of origin of human strains is not I 
lincludedj 

17 



Key laboratory techniques instrumental to 
influenza surveillance/vaccine contents 

• Shot Versus Flu Mist 

• How does Tamiflu work 

• Sequencing HA 

- Culture, HAI, PCR, Serology 

••• • t.tt• •• 
••• ··• . -•• 

18 
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Surveillance for a new 
Virus 

. .\.ll'iort11 Carolina/547512010: 98.2% o\·~all HAI amino scid homology 

\ "4 L (YaliI:-: to gh :.tamk ~d<i) 

P83S (.Dtolin.~ to s~i::) 

09'1\ (a.spank acid to ssparagii::) 

S203T (:-~: to tb'oo11-ii:: ) 

).!15-\" (m~o:di:: to Yalii::) 

13 21 \ " (1 sol:u.cii:: to val1n:) 

A 
D 

/ 

::r...a.: : !-:·: ::_:,..,::n.~·.-: =·~~.: <:.:-.::, 

~: ::~~-=~ zr.:-:.:..:: :t ..... C.a.::! :r-i - : ~i:'""~ 

~-a=·. : u..: ~:r- : : ;:: :-..:J :."'..L:..::. ':..:~ 

:.::-==-=~ i:.! :.: :.: :-::_: ~r-~: : :.: 
=-=:~::-~-:.:~ :T. : .:' 

47 

203 

321 

Built using first approach mode in Swiss Model. Utilized amino acids from 

vaccine strain and viewed in Swiss-PdbViewer with amino acids differing from 

vaccine strain color coded red 



2015· 2016 Report 4 Influenza A(H1Nl)pdm09 

HA Phytogenetic Analysis 
Figure 1 
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2015-2016 Report 4 Influenza A(H3N2) 

HA Phylogenetic Analysis 
Figure 2 
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