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Shorebirds,although other groups such s sabinds nd gulls alo serve as hosts.

nd

ransmision of AIV between Newfoundiand and Europe. These fndings,as wel as

IV sequences

dynamics, specialy i th context of global moverments.
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2000). The.

rod

(Frend et al. 201; 2009

ransform rom local to globslphenomena (Friend et al. 2001,

2006), Indecd,




112 Infuenca A strucure and geneics
005,
Influenza A, Influenza B, and Inflocnza , based
1989). i A
The virionis

enveloped,and spherica o pliomorphic n shape (Webste et al. 1992) The genome

PA,HA.NP,N
" 1992; Chen et al 2001,
HAmdNA, "
becn detectd i wild birds (Webstor e a. 1992; Olsen et al. 2006).
PBI, PA,NP), packaging (M1, N M) and
1992),
 replicate it




1113 Inflenza 4 evoluson

“There are two main mechanisms through which ATV diversify. The firs, referred

lacks proofreading ability (Gehing e . 1980; Both et al. 1983; Webster et al. 1992),

The second,

Webster et al. 1992) (Figure 1.1).

PB2, PBI, PA, NP and M scgments s recent, approximately 100-130 years ago,

compared to 516, 1097 and 1256 years ago fo the NS, NA, and HA segments,

Holmes 2010).

1989 Websier et a. 1992). Gene flow between the two lineages occurs but s infrequent

(Obesi 1008; Bahi e . 2009; Chen nd




Figure L1

han one virus,

functonality i the other segments.



K 008 i i
Jinkage,natual slection, and population
subdivision (Chen and Holmes 2010),

114 AIV in wild bird reservoirs
AIV are transmited and maintaned through the fecal-oral route, where the virus

nd

o oceur, Wikdbirds are thought 1 b the reservoirs ofll subtypes of AIV (Hinshaw et

Al 1980; Webste et al. 1992), and A1V have beenislatd from at east 105 spcics n 26
06). 1




habi

preerences, and geographic ranges (Stallknecht and Brown 2007)

LPAIV generaly show no apparen linicl signs (Webstr eral. 1992; Olsen ef

2008), bowever the

effet Conversly, poor body

AV infction (Flin and Franson 2009).

Uniike LPAIV infcton, HPAIV infcton ofen resuls nsignificant morbidity
and mortality o th infectedbid st (Wbt and Rt 1987). The irst AIV deteted in
wild binds was HPAIY slsted from the Common Ter (Serna hirundo)in South Afica

1966). Mechi e swith from LPAIV to

HPAIV

whichis




replication ouiside the respiatory and ntestinal tacts because of ncreased HA

2006; Alexander 2007).

Alexander 2007). HPAIV has been isoated prodominantly rom domesti gallinaceous

binds (chickens, ks : d there

HPAIV in poultry (Becker 1966; Alexander 2007) The HPAIV HSNI virusthat

. wildbird
200 HPAIV HSNI
2006) HPAN
2008),
NI
North 2007, possily through
Gibson 2010),

LLLS AIV in gulls and seabirds
A

by number,




and 2008, £3% of AIV survellance samples were collctd from dabbling ducks, which

(Pedersen et al. 2010). Due 10 tis, ourunderstanding of A1V in other specis,such as

scabirds and gull, i poor.

A

roups (Makarova e . 1999; Dugan e al. 2008; Kishida e l. 2008; Bahl e a. 2009),

avian reservir, gulls and sabindsar alo AIV hosts (Olsen et al. 2006). Prevalence of




(Olsen e . 2006: Krauss et al 2007; Munstr et al. 2007 I f al. 2008; Velarde ef o

2010). However, veryltle sampling effot i placed upon thse groups of bids,with

010). s particlarly
Austalia from

biypes, HI3 and 005
etal 2008), 006), bu

1988; Hanson e . 2008). Gull and shorebind viruss ar ofen grouped together
(Kawaoka r al. 1988; Hanson et al. 2008), and gull viruss have notbeen analyzed s an

independent group.



‘ locaton or seabirds and gulls

brecding sabindsincasten North Ameria (Gaston and Jones 1998), with ens of

1989) 7o’ insize)
1998; 008). Additonaly

Grecoland,Iecand,
hisory

Newfoundiand. These dense mixing aress may b important i th transmission of

discass,such s AIV between specis orhemispheric gene pools.

popuations (Druy 1973; Druy 19
Robertson et al. 2001; Vitch 2003). Species such a Great Black-backed Gull and

lokpocl and Tessier 1986; Roy 1986; Good 1995;




brecders and birds originating clscwhers (Pirotiand Good 1994; Good 1998). Some

199),

Hering Gull, Inperbor

Teeland Gl (L. glaucoides) and the occasional Ivory Gull (Pagophila eburned)also

Funhermore,
& "
Other
" )
Gull 1 - 2004
par
L i,




‘wide geographic range presents  unique opportunity (0 study ATV in these under-

movements

populations. Bricfy, Chapte 2 escrbes the major indings perainng to hostspecis,
b

Labrador.

atour curret understanding of A1V in gllspecies gobally.
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Chaper2

Influcnza A viruses in selected wild birds of Newfoundiand and Labrador, 2008-2010

21 Introduction

Influenza A

(Webste r al. 1992; Kawaoka e al. 2005). Inflaenza A viruses have dynamic

1992; Rambaut et o

o ccur,

2007 A1V

familcs,

2007). For instance, in the Urited Sates beteeen 2006-2008, 83% ofall AIV survellance




1982; Fouchier

etal, 2005).

haracteizaion of theviruss thathave been found. As  esut, ourcurrnt

ducks and shorcbinds,

Seabind specis,pariculaly inthe family Alcdac (Cairn e al. 1989). Additonally, it

1994,

idae (Brown 1985),

004

assemblage of gul specis is found in Newfoundland n winter, especialy in St John's.

(Drury 1973; Drury 1974; Blokpoeland Tessie 1986; Robertson el 2001). In addition




L nd

2002; Olsen nd

Larsson 2004), There i  perod durin th sping and fll when overwinteing and

2008)

008)

detecta diverse amay of influnza viuses.

areincluded.

22 Methods

221 Bird Sampling

A

(Downie et 1977; Wl T

. 2008) 1,and




“Table 2.1 Avian influenzascreening reslts fom seabinds breeding on Gull Island',

Newfoundand and Labrado,dring he summe of 2006

Species’ ol mumber  Posiive samples Monih
of samples ~RT-PCR _Isolation

Atlantc Puffin 3 T g Rogst

Leachis Storm Petrel 288 I 0 July- September

Black legged Kittvake 13 7 2 August

Great Back bocked Gull 169 6 s sy

American Hrring Gl 296 3 1 July

“Coordinates provided in Appendin 3
: Animal Health Divis
‘Canadian Cooperaive Wildife Healh Cenire,
* Scintificnames providedintext




005,

for ATV were banded. Fecal samples were colected from roosing st of ulls, with

Only mois,

species. e

collction.

222 Sample sreening and virus culure
‘Samplescreening and virus soltion were performed at the Animal Health

Labor RNA

(Quagen, Mississauga, Canada) witha cutoff threshold (CO) > 3.

n

Charles River, Norh Franki The eggs



223 RNA isolation and amplification of virus gene segmens

Roche, M Vinl
RNA Ioli 2 fihe deteted
o
TRlzol

sequence at the 3" ends of ll ATV segments, and the Superscipt 1 First Szand

publishe primers (Zou 1999; Phipps f . 2004; Bragstad e al. 2005; Chan et al. 2006,
Obenauer et al 2006; Lief . 2007; Koehlr et al. 2008; Qi e l. 2009) (Appendix 1)

per Capilary

Madison, W)




224 Sequence analyses

AST searches of

the GenBank sequence dtabase. (Altschul et a. 1997)

2.3, Results and Discussion

2.3.1 Sample collction
Common Mure, Thick-
biled Murre (U I L
oo
smithsonianis), Duck (4
i) al Jand Gull, Ring-

billed Gull (L. delawarensis), Black-headed Gull (Chrolcocphalus ridibunds), Mallards



(4. pltyrhynchos), Northem Pintils (4. Black Duck x Mallard
hybrids, and

Mallard

Newfoundiand,
John's, Newfoundiand
(Figure 2.1, Appendix 2).
Host. I
Prelminary AIV prevalence.
“The low numbers
i I
contast,
\ berof
s the

Gannet stands, Other locations, suchas Gul

acros e,
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ar lised in Appendix 6

Figure 2.1 Locations in Newfoundiand and Labrador rom which AV samples were
Joh's




AIV were identified only from Thick-billed Mure in 2007 and 2009, 1 Common Mure

" d

and AIV prevalence in these species will b disused i det below.

Further,atoal of

scale were likely tolimited o detectany AIV. Smilary,a total of 27 samples were

any

disucssed further (Table 22)

survey in 2006 (Table 2.1) The samples colectd in 2006 were screened a a different
faciliy using diffrent laboratory protocos. Therfore, the definiton of“posiive” and
“inconclusive” may b diferent from those inthisstudy (where  positive samples

cantains  C1<35, and inconclusive sample conains a Ct 35 but les than <40). Furth

afterresercening.




3. prevalence.

Common and Thick.

fcd Murrs ofllage groups were sampled from breeding.

locations.

\ billed Murre

Newfoundiand (Cairs e . 1989), therefore the only samples colected durig the

010), There

Tranquila e l.

T (al yean). No sampls were colectd durin the fll (Figure 2.2).
A total of four ATV were identifiedin murres,tree of which were from Thick-

Tranquil e al. 2010).
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Figure 22 ATV surveillance ffor and viras pevalence in Common and Thick-billed

he



008, C forover Thick-biled

st Thick-billed

Mares beween February and April, suggcsting  seasonal rend. There wee also

carcasses sampled in March 2009 (Figure 22).

colected fom
There low prevaence Thickbilled
wend
for AV i
potensand scasonal pesks in ATV prevaence.

2008, whereas

1977 and




Alaska (Ip e . 2008). Detction of viruscs from both Common Murres and Thick-billed

J and temporal samplin globaly

233 Seasonal,temporal and spataltrends in AV prevalence n guls

P Litle Bel Island, . from both
collecion, a
andsil

AWV e,

ocation

Newfoundiand, 4.1%,is well within the rangeof AIV prevaleace i gulls gobally (0.1%-

006 Krauss ral. 007 1p et al. 2008; Velarde

2010) 9%). i




Suveitance Eflort
American Herting Gul

Number o samples coected

100 7 2010

Jan Fab Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 23 AV
Labrad o 1V detected
ar indicated by numbers. “Otber gulls” ncludes Glaucons Gulls, leland Gulls, Ring-
billed Guls,

gl



thelow AIV

were detected insamplescollctd in the fl (September - Octobe). The AIV detectedin

I North America, most o the AIV prevously isolated from gulls were from

Jersey (Bao et al
2008).
3). Regardless, 00 AIV
dirctly from iough
The
wpling

simply infequent hoss of ALV n NL.

emporaly. These specis are vistors (0 . John' during the wnter morihs, and

were detectd in Great Black-backed Gulls.




2.4 Seasonal, temporal and spatial trends in AV prevalence n ducks

N

" Black Ducks, Mallard,

12.9%of (Olsen e . 2006). Theref

(11.25) (Olsen et al. 2006), and they arc one of the few duck specis from which iruses

(Kochler et al. 2008; Ramey e . 2010) and Japan (Li et al. 2004). There is currntly

19751980,




etal, 2006) Of the

etal. 2006,
of July 2010).
200,
VidiLake,
factorsrelaed
water, e ccology and

John's, Newfoundiand,

Tocations. n 2009, samples were only colected from American Black Ducks at Mundy

Pond.
A virses, with the exception o A/American Black
e, b,
Furthemor,
ppendis e, Amercan Black
b tovards
ermative i
Franson 2009,



235 Characteizaton of IV from Newfoundiand

with the

These vinuses
will b brefy discussed.

sequence
Al segments from A/Thick-billed
phylogeographic patems of A/Great Black-backed
The

M.NS and HA  however there




Virs 1D Subiype

Segment
P B PA WA NP

Figure 2.4

2007-2008. Wdenticl colours by column repesent sequencestht are 299% dentica, and

s vailble. Newfoundiand virusnames ar abbreviaed o the within-year sample 1D
‘where 031 s A/Thick-billed Murre Newfoundiand 031/2008(H1 IN2), 296 is A/Great
2 Bl

Duck/Newfoundiand’$12.2008(H2), 83 i A/American Black
Duack/Newfoundiand $36/2008(H2N6), 840 is A/American Black
Duck/Newfoundiand$402008(H2NG), 732 is A/American Black
Duck/Newfoundiand/732/2008(H3), 734 is A/American Black
Duck/Newfoundiand/734/2008(H3NS), 807 is A/American Black
Duack/Newfoundiand 807/2008(H4N4), 819 is A/American Black
DuckiNewfoundiand’$19/2008(H2NG), 826 s A/Amcrican Black
Duck/Newfoundland 8262008(H4).




ofPB2, B

the PB2, PBI, PA, NP, M, and NS included A/American Black
Duck/Newfoundland $402008(H2N4) and A/Amecican Black
Duck/Newfoundland'$36 2008(H2N4), A/American Black

Duck/Newfoundland'$19/2008(H2N6) and A/Ameican Black

duck vinuses can b located in Dobbin (2009).

2008), and t
Al
dynamics in Newfoundland woterfow],
24 Conclusion
» a
Thickbilled




AIV hostin NL.

004).
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Chapter 3

between these regions

31 Abstract

and within North America



32 Introduction

A
199 LPAIV 105 wild bird
2006).
006
b " s
2005) nflvenza
A
pandemics.
2008),
(Webste e al. 1992; Salomon and Webster 2009)
and Eurasian.
006)
2008; Wahl 2008

(Winker e a. 2007). Due o the ovelap of Ol World and New World migatory




ypothesized t be great in this area (1o e . 1995; Winker et al 2007; I e al. 2008;

blgren et al. 2008). I

bids,

Adanic.

2006; Krauss et . 2007; Munser e a. 2007; Velarde et al 2010); however, a recent

(Makarova e . 1999; Widjjaef a. 2004; Krauss et al. 2007; Munstr et al. 2007;

Dugan e . 2008; Kishida e . 2008).

Jones 1998) This,in additon o

1973; Drury 1974; Good 001

ransmision of viruss from one group ofguls 10 another.



with

idenifed 238 Great Black-backed Gulls tested to be AIV posiive between June 2008
and March 2009. The complete genome ofone virus tht coud be culturd was

ke segments, Finaly, bird-band rcum information fo this specics was analyzed, which

move viruses between America snd Eurasia

33 Methods

331 Bird sampling

Tesied
of avianinfluenza from June 2008 - March 2009, | sampled 18 chicks in Jun and July.

N, S2°46W), 12live

2009

St John's (47°3452°N, 52°4029°W). | swabbe the cloacalapenings (ife and dead

which was

Etobicoke, Canade).

S0°C within 24 ours of collcton.



3.2 Sumple screening and viras culure

MagMAX-96 Virsl RN e

Probe RT-PCR Kit (Qiagen, Missisouga, Canads) i a reation volume of 20 L.

North Franki
c Ees
3.3.3 RN isolation and amplification of virus gene segments
Roche, Mi ND Virsl
R DNA was

1) (Chun el

2006)and the Superscrip 11 First Srand Synthesis Systm for Reverse Transeriptase

PCR @1 Burlington, Canad

1) (Zou 1999; HofTmann ef . 2001 Pips ef a. 2004; Bragsiad e . 2005; Obenauer.
et al 2006; Li et al. 2007; Koehle e al. 2008; Qi e . 2009) PCR products were
PCR

Canada),



Zealand),

——
=
k. larly o
=

(Saitow and Nei 1987) with 10000 bostrap eplicats (Fesenscin 1985),alldone within

2007




and NA res,respectivly

(Larkin et al. 2007). The Inflocnza Resource Datbase (Bao et al. 2008) alignment ool

was employed todetermine the amin acid positions.

0. e

resultng tree was projected using a polarcrthographic projecton.

335 Bind band returns

bind), Thi ned 192810

Jly 2009 i banding effort nd encounorswerecategorized o the Avalon
Peniul (6743 N-AB 12N, S2046'W-$4°13°W), cenral Newfoundiand (47°S4N-
9PN, S4°LEW-STTIW), Burn Peninsul (46746 NAT'SHIN, 5472756701 W),
weser Newoundland (47°29NA9°36'N, 5T°34'W-58°27W), the Norther Peninsula
(9°3TN-SITTN, STH4W-S5°4W),and southom Labador (51°29'N-52'SYN,
SSPADW-ST'S'W), ArcGIS 9.3 (ESRI 2008) was used 1 bikd the map uing & polar

orthographic projecion.



34 Resuls

3.4.1. A1V prevalence n Great Black-backed Gulls

aken from

birds spending the winer in S Jobn's (1=12).

Adempts




34

preiously charactrized viruses
Great Black-
NPM, N HA) and A
® 3.1, Figure 3.2, Figure 3.3, Appendix 2). The NP, M,
3
Unlike the M,
New Jersy (CY042427), although it was also highly siilar o
32). These
PB2M,NP,
North 32
A Figure 32), The PBI
- “The PA segment

clade (Figure 3.1, Figure 32)



Figare 3.1 Phylogenetic anslyses of A/Great Black-backed

indicated. PBI, PA, NP, M and N

are s
an ateisk (*), Sale bars indicatethe umber of nuclotid substitutions pe it
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(Figure 3.26). The numbers | and 2 indicae invasions of Eurasian genes nto North

America.

i, South Americs, ible The island of
Newfoundland i dentifed by the pumber 3.




North America (Figure 3.4). The virus corrsponding o branch |

gene has not

and shorebinds in coastal Atanic North America.

3,38 clade 1), rathr than

338, clade 24). Thesix

I containa.

TheNA

than America or Eurasian gulls (Appendi 5).

3.4.3. Great Black backed Gull movement




in Portugal.

1975).

38 Discussion

The AV

AIV iolated from coastal Aantic North America,




Figure 3.5

and Labrador, Canada. Thecircles show the banding efort of Great Black-backed Gulls

Canada f




represent a direct aival from Eurasia.

that o viruses conaining this unique gene have becn detected.

Newfoundiand,

(Gasto et al. 2008) o the United States (Gustafson and Hildenbrand 1999). Grest Black-

ey do move:

large distances and have been rcorded asfu west s Greenland.



Canada,

A dynamics. Ths wil also ncrease our understanding of intercontnental genc

andor gene segments.
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42 Introduction

Inflenza A

(Webster et al. 1992; Kawaoka e al. 2005). Wil birds are beleved t b theprimary

A
1992; Kuike 2005, Influcnza A
PAIV), which
200, L1
2006),
A
1992; Olsen et a. 200
006). i

Larsson 2004). AIV sequences from gulls frequently form different clades from those



2006; Dugan et

have bocn characterized a5 gull-specific (Hinshaw e . 1982; Yamnikova ef . 2003;

Fouchicr e al. 2005).
nd
cographic orgins (Krauss e . 2007; Dugan et al. 2008).
for
p—
Jating PB1, P North
2009, AWV dymamics |
Eurasin and North i
AW, gl




43 Materials and Methods.

431 Virusiolaton and characterization

asks. Individual,

viraltransport media (VTM) (Remel, Lenexa, KS).

2007), Brefy, RN

IRN
manufacturer’ nstructons. cDNA was synhesized sing the M-MLY reverse
Carsbad,

bime PCR.



(Spackman et al 2002) using a Taghan (Qiagen, Valenca, California) asssy with

hreshold cutoff (CY) < 40, Virs isolation was carried out n o 11 day od SPF

(Charies River, North Frankii

forupto7 days,

described (Runstadie et al 2007,

(Chan

Transciptase PCR (Invitrogen) with RNA extracted from th alanoie lid. Twenty-

D @ou o01; L 004;

Phipps e . 2004; Bragstad e . 2005; Chan ef al. 2006; Obenaver f al. 2006; Kochier

et 2008, 2009

Resource Database under the acession numbers CYOTO87 - CYO70894

4.3.2 Sequence analyses




'BLAST (Altschul e . 1997); the most complet or most Fecent sequences were

dected
ewal

P’ The
Hi3and

1

lignments used o construct neghbour-oining trees (Saitou and Nei 1987) with 10000
bootstrap eplicats (Felsenstein 1985),ll done within MEGA 41 (Tamura e . 2007).

T analyses. A

scographic region




44 Results and Discussi

441 Hos, spatial and temporal rends n istorical gul AV identication

135

etween 1975 and 2009, Many other viruseshave been detected inor isolated from gulls,

2006; Kraus e al. 2007;

2007 Ip e . 2008; Parmey e . 2009; Pasick e al. 2010; Velarde e l. 2010). Future

virus evolution through space and time.

even i fll geographic epresentation i no present (Pons e . 2005) (Table 4.1). There

1984; amoik 2009

" n

have been targetedinthe Atlantic cosstofthe United States (Table 4.1) Most sequenced

Svinuses




Kamchatka,Japan, Cin, Grecnland, lecland, Spain, Portuga,

availablefrom gulls fom these egions of Eurasia. A single gull ATV from South

Afrca (Figure 4.1). South

binds, st

group of gulls,therein 1961 (Becker 1966)

vinus soltions ae lustered within speific time periods (Tsble 4.2). The majorty of

while on;

‘Volga River Delt, Russian Federation (Yarmaikova et al. 1989; Yamnikova et l

2009, i 16, in

European Black-headed Guls (Fouchier et al. 2005,

442 Subtype diversity and disributions

42),Ofthe 142 A1V with sequence data availble,many only have sequence information




Species

Number of viruses

“Ammerican Herrng Gull(Larus smithsoniani)
Black-headed Gull (Chrolcocephalus ridibundis)
Blacklegged Kitiwake (Risa ridactyla)
Brown-headed Gull (Chroicocephalus brumnicephalis)

Great Black-headed Gl (Larus ichthyeatis)
Hering Gull (Larus argentatu)

Kelp Gull (Larus dominicarus)

Laughing Gull (Larus aricll)

Litle Gull(Larus mimtus)

Medicrrancan Gull(Larus melanocephalus)
Ring:billed Gull (Larus delawarenis)
‘Sabine’s Gull (Larus sabin)

Staty-backed Gull (Larus schistisagus)
Stender-biled Gull(Chrofeocephalus gene)
Yellow-legged Gull (Larus michahells)
Vega Gull (Larus vegae mongolicus)
Unknown gl species

“Common and atn names follow he 10C guideines.






Toul (142) o 7



NA: PB2 (1=64), PBI (1-67), PA (1-66), NP (+75), M (n=78) and NS (n-71)
(Appendix ), and 51 viruss have complete enome sequences available. Nearly halfof

the Eurasian sequences are HPATV HSNI viruss (Appendix ).

AV from g,
and s, ™
L HI and 16,
6,
0081t
Ovenl
Hiows, whereas
3 pen
9 16 and N3, indicain that

thre s increased fitnessin gulls fo these subype combinations.






4.3 Phylogeography of ull A1V

nsights nto

(Figure been

(Figure 4.3).

similr to Eurasian eference sequences (Figure 4.3, group 1). o the contrary, he

speciicclades ae domsinated by ATV fom the 19805 (Figure 43, Table 4.3), wheress the

pto

with other ATV sequences. All bt two of the 71 gullviruss analyzed, Aflaughing



subtype (subiype A; Figure 43).

" Iy from

e years 1986-1959, My analyses show that there were two difernt virus ineages

(Figure 4.3, group 1 Table 4.3), and the other H13 viruses (Figure 4.3, group 2; Table
3 PANEM,

and NS). Two virusesar reasorted between these o groups, Alberring

but the full

PBI, PA,NP, M, NS

vinuss (Table 4.3) aresimila (Figure 4.4) and the H2 segmentsofthe group | viruses

(Table 4:3)are similar (Appendix 10). Alo,the 12 viuses in group | (Tabl 4.3) are:

Ameican gull

HA and NA, and perhaps NS, segments (Chen and Holimes 2010) Therefore, it s
1




gl viruses,

Table 43).

inthe 19805,

1959).The

Eurasian clade 1 (Figor 4.4)is more simila 0 two clades of Amercan viuses:one

1975, 19861985,

Eurasian clade 3. Holmes 2010)

2005), and few H16 H

dynamics of theseviruses very challenging.




Refrence sequencesare idenifcd in Apperdix 2 and All gll ATV sequences arc
dentifiedin the Appendix 6.
%



Table 43

(1986-19%9),
PBI, PA, NP, M, and NS segments

Name Subpe Vear Clade
[T
Ahering gullDE/GSS/1988(HINT) N o8 1
Albering gullDE/6T/1985(H2NS) HNS 9881
Alhering gullDE/652/1988(H2N) HNS o8 1
Abering gullDET03/1988(H2NS) NS 088 1
Ahering gullDE/GTO1985(H2N9) N s 1
Albering gullNJ402 1989(HSN3) HN3 1989 1
Ahering gullNJAO6/1989(HSN3) HNS 198 1
Aflaughing gullNJ276/1989(HGNS) HONS 1989 1
Aberting gull Newlersey SOSGHINY)  HIN3 1986 2
Albering gull DE47S/1986HIN2) HN 1o 2
Albering gullNJTS2 1986(HI3ND) HIN 106 2
Alaughing gullDERS3S/1987113N2) HIN2 1987 2
Aerring gulVDE/GGS/1983(HANG) HiNG 1988 2
Aaughing gullDE/SS4/1985(HI3N3) NS 108 2
Alhering gull DE/GEO0/1985(HI3NG) HIBNG 1988 2
Aherring gulUDE/TI2/1983(HIGN3) HINS 1988 2







Figure 4.

Bootstrap values are provided as percentages based upon 10000 repictes.



Eurasian groups (Figure 4.4).

444 Perasive iner-egional reassoroment ingall IV

Al
2008),
46). Tothe.
idenified,
2009).
B i,
Jagic seabir, 005
F 010), and Japan (.




Most gul viruses found in America contain segments with a mosaic

Ofthe27

PBI, PA, NP, M, NS) were

incomplete. Most notaby,only one H13 virus for which  complee genome sequence i

scqments

possibl thatsuch avirus il be found in Alaskan guls.



P, PA, NP, M, and NS). Light gy boe indicat clustring within an estblished

clade of . dark g

areincluded. Th viruses are ondered by year subtype.




45 Concluding Remarks

Hemisphere ar gratly lcking from the currnt data

“The origin of Eurasian segments in North Americahaslong been questoned, and

009).

carry AIV with unique subtypes and geographic reassortans (Makarova e . 1999;

Mack 006

necds to be placed upon gl n thislocation, and others.




46 References

Nlexande, .1 (2007). Amaveriew ofthe epiderniology of avian nflunza. Vacine
25:5637-5644

Alschul S.F, T. L. Madden, A. A Schiffr ). Zhan, Z Zbang, . Millrand D J.
Lipman (1997, Gapped BLAST and PSLBLAST: a ew generation of
prten dtabase sesrch programs. Noclee Acids Res. 25: 389-3402

B, 1., D, Vijaykrishna, . C. Holmes, G.J. D. Smith and Y. Guan (2009). Gene flow

Virology 390: 289297

Bao, Y.,P. Bolotov,D. Derovoy, B Kiyutin, L. Zaslavasky,T. Tatusova, . Ostll and
. Lipmnan 2008). The Influcnzaviu esource i the Natonal Centre for
Biotechnology nsiutefor Biotechnology Iformation. . Vil 82: 96-601

Becker, W. B. (1966

AfTenySouth Afrca/1961. . Hyg. 64: 309320

Bragstad, K., P. . Jorgensen, K. 1. Handberg, 5. Mellergaad, 5. Corbetond A

identifid in Danish Mallard ducks. Virs Res. 109: 181-190
Chun, €. H, K. L. Lin, Y. Chan, ¥ -L. Wang, Y.-T. Chi, H-L. Tu, H-K. Shich and W.-
T Lin (2006). Amplifction ofth enir genome of influenza A vius HINI

Virol Methods 136: 3843



Chen, R.and E. C. Holmes (2009)

subdivision n avian nfluenza viruses from wild birds. Virology 383: 156-
161

Chen, R.and E. C. Holmes 2010)

avian influcnzavirus. . Mol Evol. 70 98-105

Crawford, P.C, E. . Dubov, . L. Casteman, L Stephensan, . P. . Gibbs, L. Chen,
. Smith, R.C. Hill, P. Fer, 1. Ponpey, . A.Bright, M., Medin, . .
Group,C. M. Johmsan, . W, Olen,N. . o, A L Klimov, 1. M. Katzand
R.0. Donis (2005). Transmision ofcqine influcnza virs 0 dogs Science
310: 455485

Dugan, V. ., R, Chen, D, 1. Spir, N, Sngamalay, J Zaborsky,E. Ghedin, . Noling,
D.E. Swayne J. A Runstdie,G. M. Happ, D. A. Senne, R Wan, . .
Slemans . C. Holmes andJ. K. Tauhenberger (2009). The evolutionry
sencics and emergence of avia nfluenza A virses in wild bis. PLoS
Pathog. 4: 1000076 do: 10,137 ourmal 1000076

Felsenstcn, 1. (198

bootstap. Evolution 39: 783791
Fouchicr,R_A. M., V. Munser, A allensin, T. M. Bestebroer, . Herft, D. Smith, G.

F. Rimmelzwaan, B, Olen and A. D. M. E. Oserhaus (2005)

obianed from Black-headed Gulls.J. Virol. 79: 28142822

108



Fusaro, A, 1 Momne, G. Catoli, R. De Nardi A Sab M. Martin, L Capusa and C.

erregino (2009), Gene scgment esssoriment between Eurasian and
Amercancldes of avian inflocaza irs i Haly. Arch. Vil 155: 7-81

Gillmor, R, B Hilos,C. S Roselaar, D, Vincen, . 1 M. Wallce and M. G. Wilson
(1998). The Bidsofthe Wesem Pacarctic, Concise Editon Volume |
Snow, D. W, and C. M. Perin (eds). Oxford Universty Press, New York, U
SA 1008

Hanson, B. A, M. P.Lutrel, V. H. Gockjan L Niles, D, . Swayne, D, Sene and D.
E. Stalknecht (2008 I the occurcnnce o avia inflcnza virs in
Chardriformes secie nd ocationdependant? . Wild.Dis. 44:351.361

Hinshaw, V.5, G. M. Air A 1 Gibbs, B, Prescotan D, Karunakaran (1982,

influcnza A vinses in gul.J Vil 42: 865872

Hofman, . 1. Stcch, G, Y., R. G. Webster and D, R Perez (2001, Universal primer
et forthe ful-engthamplificaton ofall nflunza A vinuses, Arch. Vol
16 2752289

ik Gambarian, D.K. Lvov, N. F. Lonakina, V.

Munste, P Lexmond and R A, Fouchier 2009), AHI3 and AM16
infuenza viruses:differnt s ofone precursor (1 Russian). Vope:
Vinsol 4: 1018

19.H. S, P. L. Fln, 1. C. Franson, R.J. Dusck, . V. Derkson, R E Gl Jr,C. E. Fly, .
M.Pearce, R B. Lanctot, . M. Matsuoka, . B.Irons, . B. Fischer, R M.
Ones, M. R.Petesen, T. . Fondel, D. A, Rocque, J. C. Pdersen and . C.

109



fyways Virol 1. 5:71-81

Kawaoka, Y., T. M. Chambers, W. L. Sladen and R. G. Webster (1988). I the geoc pool

Virlogy 163:247:250

Kawaoka, Y. N. J. Cox, O, Hll, 5. Hongo,H..D. Klenk, R A. Lamb, . McCauley, P
Paee, . Rimstad and R G. Webser (2005), Orthomyniido. Virws
Taxonamy: Eihth Rport oftheItematiosl Commit o the Taxonomy

of Viruss.F M. M. A. Mayo, . Maniloft U

A Ball eds). Elsevier Academnic Pres, San Digo, US.A. 681-693.

Koehler, A V. J. M. Pearce, P. L. Fln, . . Franson and H. 5. Ip (2008). Genetic

bind: the Northern Pintil (4nas acuta). Mo, Eco. 17: 47544762

Kou,Z, . Li, . Yin,5. Guo, M. Wang, X. Goo, P, L, L. Tang, P. Lo,

Xin, . Dig, Y. H, Z Ren, . Cui, . Zha, Z. Zhung, . Tang, B, Yon, F
Lei and . Li 2009). The survey of SN s virus in wildbirds n 14
province of Chinafom 20042007, PLoS ONE &

692610137 joumal pone 0006926

Kiauss, $, C. A, Ober, 1 Frank, D, Walker K. Jone,P. el L. N, . . Pryor .

. Obenauer, . W Nacve, L. Wida, R J. Wby and R. G, Webser

00)

hange. PLGS Pathog, 3: €167.doi:10.




Kauiken, T.,D. Rimmelzwaan, G. van Riel, M. van Amerongen, M. Baars, R. A. M.

Fouchicr and. Avian HSNT il

306241

Lebarbenchon, C., .M. Chang, M. Gautie.Clee, . Thomas . Renaud nd . van
der Werf (2009, HON2 avian inflacnz vinus i« Meditrranean Gl . Mo
Genet Med 3:121-123

Lin, 14, K. Okazaki, G.R. Bai, W-M.Shi, A Mwcene and H. Kida (2004)

Macken, C. A, R.J. Webby and W. . Bruno (2006). Genotype tumover by reassortment
of repication complex gencsfrom avian influenza A virus . Gen. Virol. 87
w3288

Makarova, N. V., N. V. Kaverin, S Krauss, . Senne and R. G. Webste (1999)

America. . Gen. Virol. 80: 31673171

rosovich, M. N, A. 5. Gambaryan an H.-D. Klenk (2008). Recepor spcifcty of

Iflcaza, Klenk, D, M. N. Matrosovichand J Stcch. Basel(ds). Krger
Publishing, Zurich,Switzerand,134-155

Munste, V. 1. C. Baa,P. Lexmond, . aldenszom, A, Wallensien, T Fransson . F
Rimmelzvasn, . . P. Beyer, M. Schuten, B, Olen, A, D, M. . Oserhaus




prevalence of inflcnza A viruses in wild migratory birds. PLGS Pathog. 3
€61.doi10.1371jourmal ppa 0030061

Obenauer, . C., . Denson, P. K. Mehi Makatia, . B. Finkelstein, X X, .

Wang, . Ma, Y. Fan, K. M. Rakestaw, R. G. Webser, . Hoffnann, 5.

Kesuss, J. Zheng, Z. Zhang and C. W. Nacve (2006). L

ansysis ofavian infloaza isolates.Scince 31: 1576 - 1580

Olsen, B, V. J. Munste, A. Wallnsten, . Waldensrom, A.D. M. E. Otehaus and .
A M. Fouchicr 2006). Global patterns of influcaza A virus in wild birds.
Science 312: 384.388

Olsen, K. M.and H. L 004). Gulls of

ChristopherHelm Publishing Lid, London. 609 pp

Parmley, J,S. Laie ad F. A. Leighton (209). Canads'sncr.gency wikd bird nflcnza
survey. . Zool.4: 409417

Pasick, 1, Y. Berhand,H. Keher, T, Hisanag, K. Handel J. Robison, D, Ojic F.

Kibenge, M. Fortin, R, King, A Hamel, D. Spir, J. Parmey, C. o0, .

Jenkins,A. Breaul, D, Caswel, C. Davie, J. Rodrigue, K. McAloney and F.

Canada 2005-2007. Avian Dis. $4: 40445

Pavwar, S, A, Chakrsbar, 5. Cherin,S. Pande, M. N Raut, B, Pa,S. Jadhay,

S. Kode, S, Korakar, V. Thite and A, Mishra 2010). An avian influenza

Vins Genes 10



American shorcbindisolaes. Virus Res. 148: 44-50

Phipps, L. ... C. Essen and 1. H. Brown (2004). Geneti subtypng of influcnza A

sequences withinthe HAZ coding region. J. Virol. Methods 122: 119-122

Pons, 1M, Crochet (2005).

Phylogenet. Evol.37: 686699

Qiu, B, W Lin, DX Peng, S-L. Hu, Y.-H. Tang and X.-F. L (2009). A reversc-

vinuses. 1. Vil Mcthods 155: 193-195

Rambaut, A, 0.G. Pybus, M. Nelson, C. Vibou, 1. K. Taubenbergerand E. C.
Holms (2008). The genomic and pidemiologicaldynamics o human
infucnza A virs, Nature 453 615-619

Roslays, 1. G, D. K. Lvov and . 5. Yamnikova (1984). The ncidence of influnza viras
infecton inbsckheaded guls (In Russin) Vopr. Virsol, 20 155157

Runsadier 1, G Happ, R D. Semons, M. Sheng, . Gundiach, M. Ptrl, D,
Senne, . Noling, D. L. Evers,A. Modrel, H. Huson, . Hill, T. Rothe,

Marrand ). K. Taubeaberger (2007). Using RRT-PCR analysis and virus

ducks st Minto Flas Refuge, Alasks, duing August 2005, Arch. Virol. 152
19011910



Saito, N. and M. Nei (1987). The nighbour-oining method: a new method for
reconstructng phylogenetc trees. Mol Biol. Evol. 4: 406-425

Jomon, R and R. G, Webster (2009). i1136: 402410

Spackman, ., D, A. Senne,T.J. Myers, L. L. Bulga, L. P. Garber, M. L. Prdue, K.
Lohman, LT, Daum and . L. Suarz (2002). Development of  Resl-Time:
Reverse Transcriptas PCR asey for ype A influcnza irus and the avian S
and H7 hemagglusinin subiypes.J. Clin Micrbio. 40 3256.3260

Tamura, K., J. Dudley, M. Ne and S Kumar (2007

Genetics Anslysis (MEGA) software version 4.0 Mol Bil. Evol 24: 1596-
1599

Velarde,

.. E. Calvn, D, Ojkic, L. K. Barkerand E. Nagy (2010). Avian influenza

Ontario, Canada. Avian Dis. $4:411-419
Wallensten, A, V. J. Munste,J. Elmberg, A. D. M. E. Osterhaus, R. A. M. Fouchier and

B. Olsen (200

Arch.Virol, 150: 1685-1692
Wang, G, D. Zhan, L. Li, . Lei, B. Li, D. L, . Xino, Y. Feng, 1. L B. Yang, Z
in,X. Song, X. Zhu, Y. Cong, . P, J. Wang . Liv,G. F. Gao snd Q. Zhu

(2008) SN avian inflacnza re-canergence o Lake Qinghai: phylogenctic

binds in virus crculation. J.Gen. Virol 89: 697702



Webster, R G.,W. J. Bean, O.T. Gorman, T. M. Chambers and Y. Kawaoka (1992)
Evoluton and ccology o nfluenza A viruses. Microbiol. Rev. 56 152-179
Winker, K. and D, D, Gibson (2010). The Asi-to-America inflx of avian inflenza wild

bind Bosts is ange. Avian Dis. 4 477482

Yamnikova,S. 5. A.S. Gambarysn, A.B. Tuzikov, N. V. Bovin, M. N. Matrosovih,
. Fedyakina, A. A. Grinev, V. M. Blinov, D. K. Lvov, D, L. Suarez and D.

E 2003,

influenza viruses isolated from Laridae and Anatidae. Avian Dis. 47: 1164-
1es
Yamnikova,S. 5. . 0. Kovtn, V. D, V. A. Aistov, G. A Krivonsov, G. M.

Rusanov, A.G. Koncchaii and D K. Lvov (1989). Crcultion of influcnza

Vopr. Vil 4: 426430
Yamnikova, .5, T. 0. Kovtn, V. D, L G. Shemyakin, . P. Semeaona, D. K.

Lvow,T. M. Chambrsand R G, Webstc (1989). Antgeic variation of HI3

inflocnzavinuss isolted i the USSR (In Rusian). Vopr. Virsol.S:568-

m

Clin. Microbiol. 35: 2623.2627
74 Donha, 1., J.Li, C. . Cardona,J. Millr and T. . Carpenter (2009). Invasions by

American clade. Emerg. Infect. Dis.15: 1040-1045



a diverse aray of avianinfluenza viuses (AIV). Fo wildbirds,sudies on AIV in

oL
frequency.
« 12007 Bahl
(Bai eral.
o




forthe movcment of Eurasian scgments in and no Norh Americ
Forseabits, ATV ave previousy been ot nly fom shearwaters in
Ausralia (Downi t . 1975; Downie e al, 1977, Thick il Mures (Urialomvic) i
Alaka 1 et 2008), and Common Murrs (U, algae) n Alaka (I t o 2008,
‘Swoden (Wallnsten e al. 2005) s Rusia (Sazonov ta. 197) Howeve,adiional
2006, A single

. Ahick-

from sea ducks. This sequence represcated the istcomplete AIV genome from a Thick-

biled M and oneof

fewseabird ATV overall with available sequence information (Chapter2).

America,



Black-backed Gl was charaterized, A/Great Black-backed

3. e

NP M, and

N nd HA), and \NA), Based upon

BLAST. the PB2, PBI, NP, M and N

‘Delaware Bay in 2006,

ciculatingin North America for some ycars. The characteizaton of his virus also

between identification of the HA sequence of A/Grea Black-backed

his

[ 1985-1989, Iase

pai nsetion,

Tast 10 years (Chapter 3).



have becn identifed s gullspecific (Hinshaw e . 1982; Yamnikova et al. 2003;

i 2008,
Inaddition,
\ I
Judes, forthe NP, M,
P P2, and P
u Volga River
Dl

PBILPALNP, M,




There was,however,

American gull viruses,regadless of hemaggluinin subtype (Chapter 4)

This has
. such
BN

200,

&
const (Chaptr 3,
his family of irds,

h nd

Sesbinds, could dramtically affctour understanding of AIV in wild irds. It has been

demonstrated that HPAIV HSNI has different dynamics than LPAIV (Webste e l

120



200, H3

and 16 in gull

virses have diffrent dynamics than AIV in waterfowl.

influcnza viruss in North America (Websier ef a. 1992). Newfoundland, pariclarly

that NL wterfowl AIV might have diffrent dynamics than thse from slong large

N John's
complete
vinuses, PB2, PBI, and PA I ree NP and

HA lincages, and four NA subtypes. Overal, th sequences were most simila 0 viruses

These AIV




52 Future Work

possible for weeks or days during an infecion.

fure d there

furthr deection, solation and haracteriztion of viruses would bencftour

a——

particulrly during the winer



Astudy of the AIV in Eurasan spcics, with known intecontinental and pelagic

Gulls ichahels),
from constal
‘ and Ivory Gull
eeland Gl (L. lovor
Furthr,
hosts may travel,

ALV into North America occurs,



53 References

lexander, . 1. (2007), Vaceine

25 5637-5644
Babl, 1, D, Vijaykrishna, . C. Holmes, G. 1. D. Smith and Y. Guan (2009). Gene low

Virology 390: 289297

Chen R and . C. Holmes (2009). Frequent i speies ansmisionand geogrphic
subivision i avian inflcnza virse from wild birds. Viroogy 383:156-
161

avian inflcnza vins. . Mol. Evol 70: 98105

. V.S, Hinshaw and W. G. Laver (1977). Ecology of influcnza - solation of

type A influcnza viruss from Australian pelagic birds. Aust. . Exp. Biol.
Med. Sci. 85 635-643

Downie, ). C, R G. Webste, . C. Shild, W. R. Dowdle and W. G, Laver (1973)

Shearwatr, Bull, World Health Organ, 49: 59-566

Dugan, V. G.,R. Chen, D. . Spir, N Jay, 1. Zaborsky, . Ghedin, . Noti

D. . Swayne,J. A, Runstadler, G. M. Happ, D. A. Sennc, R. Wang R. D.
Stemons, . C. Holmes and . K. Taubenberger (2008). The evolutonary
gencticsand emergence of avian influenza A viruses in wild bids. PLoS

Pathog. 4: 1000076 do: 10,137 journalppau'1000076



Fouchicr,R. A. M., V. Munser, A, Wallensten, T. M. Bestebroer, . Herfst, D. Smith,G.

F. Rimmelzwaan, B. Olsen and A. D. M. E. Osterhaus (2005).

obtainedfrom Black-headed Gull, J Viol 79 28142622

Gaston, A 1., D Brewer, A. W. Diamond, . J. Woodsworth and B. T. Cllns (2008).
Canadin Atlas of Bird Banding. Volume 2: Scabids, 19211995 Canadian
Wikdife ServiceSpecal Publication, O, Canada. 155 p

Gaston, A. . and 1. . Jones (1998). The Auks: Aleid  New

York, USA 385 pp

Hanson, B, A., M. P, Lutrel, V. H. Gockjian, L. Nile, D, E. Swayne, . Seae and D.
E. Stalknceht (2008). 1 the cccurennee of avian inflenza virs i
Chardriforms secie and location dependant? . Wi, Dis. 44:351-361

Hatchet, T, ., D. Walke, C.Johnson, A Baker, 5. P Pryor and . G. Webtcr (2004,
ooz A inse infrl Cadien ducks: extcnive easorment i e
3. Gen. Vil B5: 23272337

Hinshaw, V.S, G, M. A, A J. Gibbs, B. Prscottand . Karunakaran (1982)

influenza A viruses in gl J, Virol. 42: $65.872
Ip.H. S, P. L. Flin, J.C. Franson, R J. Dusek, D. V. Derkson, R . Gl J, C. E. Ely, ).

M. Peare, R B. Lanctot, S. M. Matsuoks,

B.lrons, J. B, Fischer, R. M.
Oates, M. . Petersen, . . Fondell, D. A. Roeque,J. C. Pedersen and T. C.




Ayways. Virol.1.5: 7181

Kawaoka, ., .M. Chambers, W. L. Sladen and R. G. Webster (1988). I the gene pool

Virology 163: 247250
Kraus, 5., C. A Obert ). Franks, D. Walker, K. Jones, P Seler, L. Niles, 5. P. Pyor, .
. Obenauer, C. W. Nacve, L. Widjaja, R.J. Webby and R. G. Webster

o0

hange. PLoS Pathog.

Obenaue, .., J. Denson, P, K. Meh, X, S, 5. Mukat, D, . Fikeltcn X Xu.J.
Wang, . Ma, Y. Fan, K. M. Rakestraw, R G. Webstr, . Hoffman, .
Krauss, J Zheng Z Zhang and C. W. Nacve (2006), Largo-cale squence
anlyis of avaninflucnzs slates.Scence 311 15761580

Olsen, B, V. J Munste, A. Wallnsien, | Waldenstrm, A, D. M. . Ostrhaus and .
A M. Fouchicr (2006). Global paters ofiflcnza A virs in wik birds,

Science 312: 384388

Peterson, A, T., B, W. Benz and M. Papes (2007, Highly pathogenic HSN avi

influcnza:cnry pathways into North American via bird migrtion. PLGS.

(ONE 2: 261 doi 10,1371 joumalpone 0000261
Sazonov, S5, D, K. Lvov, R. G, Webster, . V. Sokolova, N. A Braude and N. V.

Portyanko (1977). Isolation ofan influenza virus, similar 0 A/Port

(strain A/CommonMurreSakhalin/1/74) Arch. Virol, §3: 17



‘Wallensten, A., V. J. Munster, J. Emberg, A.D. M. E. Ostrhaus, R A. M. Fouchier snd

B. Olsen (200

Arch.Virol, 150: 1685-1692
‘Webster, R.G., W. J. Bean, O. . Gorman, . M. Chambers and Y. Kavwaoka (1992).
Evolution and ccology of influcnza A viruse. Microbiol. Rev. 6: 152-179

Webster R.G., 5 Krauss, . J. Evolsticnof

influcnza A viruses in wild birds . Wikd. Dis. 43: $1-56
Vamnikov, . ., A. . Gambaryan, A. B. Tuzikov, N. V. Bovin, M. N. Matrosovich, I
. Fedyakina, A. A Grinev, V. M. Blinov, D.K. Lyov, D, L. Susrcz and D.

E 003

influcnza viruses isolted from Laridae nd Anatidac. Avian Dis. 47: 1164-
168

Doha, H.,J. L, C. . Cardona,J. Millr and T. . [ b

American clade. Emerg. Infect. Dis, 15: 1040-1045.

27




Appendix 1

Alaska between Sept 2008-Aug 2010,

e

= = — -
T prs— "
iy i " ‘"“m‘”“‘ -
o oo »
S ——— "
[RRR—— ..‘
e s »
S ——— "
T .
s oo -
S —— -
[ — "
e — o
[RUSR—-— “
T —— “
[ n-— “
i SO .
[ —— "
N —— M
b —— M
- J—— "









- - AnccacaocceAcTe P
v i e — P
o rns—— o
- - exgTeRTAGaARTAC P
- o ToTsToAccETATECAGE: P
03 mM MgC:,
Biolabs), 124 0.5 U Platnum Tag DN

in  fnal volume of 25 ul 1x PCR Bufler (nvitogen).
1. Thermocycle condiions: 2 min at 94°C,fllowed by 40 cycles of 94°C for 305, 55°C
for 305, 72°C for 2min, ollowed by 72°C for 10min

2 for30s,52°C
for 305, 72°C for2min, followed by 72°C for 10min
3 g for 405, 60°C

for 405, 72°C for 405, followed by 72°C for 10min.
“Prmer used in sequencing of AGreat Black-backed
Gull Newfoundland 2962008(HI3N2) oy



References

L ChanCH, Lin KL, Chan Y, Wang YL, Chi YT, Tu HL, Shich HK, Liu WT

(2006) HINI and H3N2

sbtypes by reverse-anscrptsepolymerae cha reacton J. Vil Methods
163840

2 HoffimamnE, Siech1, Y. G, Webster RG, Prez DR (2001). Uiversal primer st
forthe fullengthsmpiication ofall nflcnza A viuses, Arch. Vil 1462275
0

3 LIOTW, Barel, Leung CYH, Chen H, Gusn Y, PeisJSM, Poon LLM 2007

ene sequencesfrom sl 16 hacmaglutininsubtypes. . Virol, Methods 142218-
m
4. Obenauer JC, Denson J, Mehta PK, Su X, Mukatira S, Finkeltein DB, Xu X,

Wang ), Ma J, Fan Y, Rakestraw KM, Webster RG, Hoffmann F, Kruuss S,

influenza isolates. Science 311:1576 - 1580

S Koeher AV, Pearce M, Fi

Franson JC, Ip HS (2008

Pinal (Anas acuta). Mol. Ecol. 1747544762

. 199)

varints. J. Clin, Microbiol, 352623-2627



Bragstad K, Jorgensen PH, Handberg KJ, Mellergaard S, Corbet S, Fomsgaard A

(200,
Mallard ducks, Virus Res 109:181-190

Phipps LP, Essen SC, Brown I (2004)

e HA2 coding region. ) Virol Methods 122:11-122
Dugan VG, Chen R, Spivo DI, Sgamlay N, Zaborsky 1, Ghodin E, NotingJ,
Swayne DE, Runstadir JA,Happ GM, Scnne DA, Wang R, Slemons RD,
Holms EC, Taubeabergee JK. (2008). Theevolutionary genctics and emergence
ofavian inflonza A viruses inwid birds. PLoS Pathog 41000076 do

10,137 joumalppa1000076

QiuB-F, Liu W-J, Peag D-X, Hu S-L, Tang Y-H, Liu X-F (2009). A revrse-

Virol Methods 155:193-195



w0 @S ETVeY
misiox> neHserssyomoTmEY.
vy,

sriztond s e
vy, OnumsDezs0
P EIE T —
swxzions [
crscon> T
Lssroond oYY
wouro0xd e —
avostera

sumsnan

T e p s p———pe—
Txpuddy



NS Y

(INtHRSSLLTZR Y

(N ovePETER Y
[ ——
Sy

HSKOK  RSNON  GSNORD  LSWORD  CSKOD  WSWOAD NG SheUSLLGQsI gy,




wouy  mwouy. mouy
SOU0KD 9050080 uoston> intszaQ Sy
wsen p——
wouy  wouy. oy,

w000 esasonnd 0K 00> 9RsenRD NSRS ST
womy  moms wouy  mwouy.

0K senosd 0K o0r0s NI LB

womng

w0 S -

onctrsR O
oy

P e—

Jr————

QT

LonctnponzrRRRaRIGY






5331 sadog sj dnosfin o v pas savuanbas,
pre—

i souanbos,

NSO Y
et

Eo—

Dss v eIy

s NIy



Appendis §

from which birds

were captured and fecal deposits collcted for AIV ssmpling

Tocation Name. Coondantes

Gull i, Wiless By Ecological Reserve 47 1534°N, S24626'W.
Great sland, Witess Bay Ecological Reserve 4T°10S8.90°N, 524828 55°W

Litie Bel Itand TIISCITN, STATW
Kellys lland TN, S IW
Cape St Mary's AEATUITN, S IW

; Baceslicusand ABTOITN, SEATIRGEW.
Middic Lawn sland ASTRIN, $5IT28W
Funk Iland AUSTAEN, SUILIW
Gannet sands SISE220N, SIS AW
RaobinHood Bay Landfil St Joh's AN, 21BN
Logy Bay, St Johw's ATITILASN, SEIIROSW
Quidi Vi Lake, St o' ATHIEN, AW
Mundy Pond,St.Joh's ATIRON, STUDIZW
Commonwesth Pond, St.Jon's A0S, 2a22W
Buron’s Pond, St Joh's TSN, STATRITW
“BUBbICTUS Navy Dok, St John's TN, SEAIS0AEW
Signal HilTral, St Joh's TS SN, STA0SS 217N

Fort Amberst Small Boat Harbour, . John's  4733S6.18°N, S24121.19°W
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Appendis 6
Phylogencic analysi of the NA gene of A/Great Black backed

Goll/Newfoundiand 296/2008(HIIN2) from Chapter 3
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Appendis’8

A and
theInflucnza Resource Database) (Chapter 4)
Region Gene Segment”

P2 Bl PA NP M NS
Amercan E L TR R R
Funsion (excluding HSNI) 16 15 4 23 2019
Furasian HSNI L T R TR TR}
Toul “ @ e 15 W T

Partial and complete sequences are ncluded.



Appendix 9

from gall speciesglobaly (Chapter 4).

NA TR wbiype
subtype
TI3 45 67 800N BB W56
— O T *
2 12 i 1
3o 36 1 n
4 4 [ 1
s 1 [ 1
6 1 2w
7 2
s 3 [N 2
9 3o [
? ' 3
Blank cels denoe he subiype as ot been deecied
Valles idicat thenumbser of viruses isolated
with the

exception o HSNI
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Appendix 10
Phylogeneti tree of K2 HA sequences rom gulls 2 sequences.

Tof Figure
43 and Table 43 Chapter 4).
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