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Sltrûrlry. To provide information on the mechanisrr ofpc4ntuation ofinfluenza

"lroro uloog oræ*o",t reservoirs in nature, virologrcal surveillance was carried

r"t it afu*uiutiog their breeding season in summer fron 1991 to 1994' Influoza

viruÀ were isolaæd mainly frorn fecal saoples ofdabbling ducks in their nesting

oUÀ io o*t"ut Ataska. TLe numbers of subtypes of 108 influerza virus isolatss

*À r uzur, rz H3N8,5s H4N6, I H7N3, I HSNZ I H10N2' 1l Hlowl' and
i iO f.fS. Ionu."o"" viruses were also isolated froowater sanples oftlelakes wheæ

tney *rt. gn* in Septetnber of 1994 whe,n the most ducks had left lor migration

to J,r"tn, .,riro.* were stin isolated from the lake water. Phylogenetic analysis of

the NP genes of tûe representative isolates rhowed that they b€long t9 th:
North Aàeri€n lineags ôf avian iofluæza viroses, suggesting that the majority of

the watedowls breeding h c€ntrat Alaska migr:ate to North America and not to

Asia. The prÊsent results support the notion tbat inûuenza viruses have be€n

maintaine,t iû waterfowl population by waær-borne transnission and æveald the
mechanism ofyear-by-yan perpetuation ofthevirusesin thelakeswberetheybteed'

Iûotbcdon

Siæs 1956 nrmerous influenza A viruses bave been isoktd froll a vari@ of
aviao sp@ies tll. A[ ofthedifferent subtypes ofinflumza A viruæs (tll to IIl4 andNl
to N9j are clrcutatlng in aquatic birds' particolady in mieratory vnaterlowls [11].
lYaærfowlsaæ,thereforgraledasamqiorreservoiroiinflumzaAvirusæinnatre [34]'

Influena A viruses of avian origin have been implicafed in outbreaks of
influsnza h maûmals, such as seals [12' 32, 33], n'hales [14], pigs [25], ninks [2{'
and horses [9! aswell asil domesticpoultries [3, l0]. These evidences indicatethata
vast influenza virus gene pool for future mammalian influenza exists in avial
sources. Since eâch pandemic of human influenza fint app.red in China [34], the
pos$ibility has beet raised that southem China is an influenza epicenter [2{. New
human pandemic strâiûs are believed to arise by genetic reassortment berrt €en
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hunan and non-human viruss [6,21,34.It has besn shorryô that H2N2 Asian aûd
H3N2 Hong Kong pandeldc influenza viruses are geûetic reassortatts betw€en
r1tulm sffirrman and avian origin [I6 24, 30], Antieptdc aod gBnetis analyses ofH3
iriuenza viruss isolated from nild ducks captured on the Asian Paciûc flyway in
Japan and donestic ducks in southern China have shown that the hemagglutinins
(HAs) ofthese viruses were closely related to those of the earliest human H3 viruses

I S,35]. Theseûnding indicated that the HA gene ofthe human pandenic strain' A/
Hong Kong/6S (H3N2) was derired from zuch an avian virus [19]. Therefore,
erpirtemiologicat surveitlance of avian influmza would provide information on the
next qridemice for otheranimal species, including human pndemics.

Waterfowls such as ducks ard geese in ttre northem hemisphere migraæ to
eouth in autuon, back to north in epring and breed in surmer in the nesting places
in northem territoriæ such asAlaska, Caladâ, or Sibffia. Extensive surveillance of
inûuenza in migratory waterfowls was canied out inmarshaling arear, whele they
were gathering in preparation ofmigration to soutb, in Canada from 1978 to 1983
[13]. However, little is known about how influenza viruss are maintained in duck
po'pulation in theirbreedingplaces.

It was suggest€d that some ducks (e.g. Northem pintail) should migrate ftom
Alaska throughAteutian Islands toAsia although the majority ofmigratory ducks
in Asia arê from Siberia [34. Distinct lineap of the genes of influe'l:za viruses
isolated ftom avia! species in differmt regions ofthe world (e.g. NorthAmerica and
Eurasia) were demomtrated [4 5, 7, 8, 1 5, 22]. Phylogenetic analysis ofthe genes of
influenza virus isolates, thersfore, would make it pos$ible to præunæ the flpvays of
the host birds.

To provide information how influenza viruseg are maintained in duck
population in thshbireeding areas a:rd the nechanism ofperpetuation ofthe viruæg
virological surveillance ofavian influenzasiasmndein Alaskafrom l99l to 194 and
phylogeiretic analyses ofthe genes oftle isolates were carrid out.

tl4ater'rals dmcftods

Sanryleallectùin

In eac.h July irom 1991 to 1994, 3 læ f€cal materials ofbirdg conprising 2 345 duckg mainly
mzllards (Anas pbtyrhyzchos) ûdpmt,.ils (Anas aalar,63 C.anadz gæ(Brnta cnadensts) 6
Tuudra swalrr (Cgærs colmblowsl,T ûrr.lire(elîùls alpba\and l0 Mew gults (Zanrs caurs|
were collect€d at 15 difersDt pdnis in Alaska ofthe United Srates (fig. I and Table l). In
1992-1994,81s/atosarnpleswerealsoælle*edfromIIdifû€rltpon&andlakeswÊreduc.ksaûd
geesewemnesting.In Septetnber 1994, afteralmost ducksnigrat€d to soutb,2l vatersamples of
BigMinto IaLevhere theviruseswtreisolated fromducks inlhesudm€rwerecollecæd" Samples
E€re put into cf,yotuÛes, the lids sealoq ând trûcsported nith dry ice to the Depaltment of
Vïoloryaad MolecolarBiolory, Sf JudeChildren's ResearchHospital, Memphis, Tennerseeand
theûx $or€dat -80 oC until assayed.

Vùusisohdon

Each fecal sample was put into phosphal€-buffered saline @BS; pH 7.2) cortaining antibiotics
(2000ûnitsofp€niciln! 4m pgofshsptom)rcin,zl0pgofçntamycinand2@rmitsofpolynlxinB
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t!. 1. Locarioo of 15 diffeftût poitrt8 whffÊ fæl matefials of $at€rfowk serc collected in
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D€rml) to sirts l0-2avo susp€dsion. The $8pêûlion wascentrifrgsd at2500rpmfor 20miautes.

èro" ÉrUif "fru rnp.*"t-t washoûrlated intoallâttoiccavitiesoftwo9-11-dayoldfertile
hen's eggs, The egge rere incubat€d at g5 'c for 2 to 3 tlays unlæs death of the embryo vas

a*e4,[et 1tre àA of the incubaùon period or upon embryo deatb the allantoic flûids were

testedforhemagglutinatirya.tiviry'
Watasampîæwerecoûc@tratedusingfomaliD-tr€atedcûick€û€rytbroryt€sasfollows:t'o

mt of yo fotrnalin-treated chick@ efythrocytes in 30 x PBS vras added to each 50 ml ofsater

sample and mixed. Alterhsrbation for I h Ê14 "C, nmples were centrifuged at 1500 rpB foÎ5

rnûnutes,Afteræmovingthesrrpernaan,02mlofP$ioontaidngantibioticsrvereaddedaadthe
erytlrosytes v€re r€susFlldeil- orc telrrh rl ofthoresuspended erythrocytes wasinject€d into

ALutoiccavity of2eggiper sample. Eacùuacoacentratedc,atrr sampleçæ alsoinoculat€d'

Ifutifcafiaroîirillat6

Ailhemagglutinatingageatsçereid@tifidiahernqgglutin.ption-inhihirionandneuraminidase-
inliUition teds '*ing spific antirera to the referencs st?ils of hfluenza viruses [l 261. The

antisera wels used asprsYiously plepaledand d€scrib€d llTl'

Phybgneic aalYsis ofthe N P 8err4

Phylogen*ic analysis was based on partial nucleotide sequences ofthe NP gsnes @ositions
1291-1430) ofirfiuelzavirures, detcrmhed by rererse transcription andPCR direc't sequencing
rrcingviral RNA asa t€rtplateand oligonucleorideprimss. S€quencôdata of€aoh g€ne' togptber
vitlsequenæsfromGenBan(wereanalyzedbyNeigbbor-joiningm*hodp3lueingacomputer
software, ODEN vecsion 1,1.1 (Yasuo Ina Nationeunstitute ofcerctics' Mishim4 Japan).
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Redb

Isolatîon of bfuenza A iruse s fromfe cal sonples of watertowb

To arsess if waærfowls harbor influenza A vinses at their breeding areaq we
colléct€d 3 120 fiesh lecal sarnples ofbirdsin difrerentareaEinAlaska' USAduring
their late breeding season from 1991 to l9!X. From thæe samples ' 205 hewg-
glutinatiog agsnts werÊ isolated. Of thæe, 108 were serologically identified as
influenza viruseg and the remainings as pârdmyxovirus€s. Most of tle influenza
virus isolates were obtained from fecai samples ofducks, while only 4 were irolated
from those ofgeese (Iable 1). These viruses were isolated mainly from the samples
collected in the centrat Alaska (i.e., pond in Nenana' Big Mitrto kle, and Mallard
Lakeon the Yukon flat), while the frequencies ofhfluenza virus isolation were vely
low in north and south Alaska. These results indicate that influelza viruses have
been Eaintaind in duck population in thernajor breedhg areas ofcentral Alaska.

Antigenîc classîficationof the înflusnza A virus isolates

As sho*n in Table 2, subtypes ofthe influenzavirusisolaæs from duckswere H3N8,
H8N2, Hl0N2, Hl0N7, and Hl0N9 in 1991, H4N6 and Hl0N7 in l99a H3N8,
H4N6, and H7N3 in 1993, and H2N3, H3N8, and H4N6 in 1994. In each of Big
Minto Lake and Heart Lake, iniuenza virusç ofdifferent subtypes were isolated at
the sarne tine (see footnoteof Table l). Additionally, ditrer€nt subtyp$ ofirflusza
yinu€r werc isolated in diferent years in the same lake (Big Minto Lake and
Mallard Lake), These results indicate that different subtypes ofinfluenza A viruses
co.cirsulate in duck population in their breeding areas.

Isobtion ofitJhrerva A virusesfrom lake water

To investigaæ the mecha:rism ofperpeoation ofthe viruses fronyearto year, virus
isolation was canied out from watersamples oftle lakes wherc duckswere nesdng
In 1 92, two viruses were isolated from the samples from differcnt lakes in Alask4
wheæ the same zubtypes of influeirza virus were isolated from ducks (fable 3). In
the summer of l99d 7 viruses were isolated from lake waær and out of tlese,2
samples contained l0L8 and lCPr EIDJ. per ml of water samples. In the autuûr of
1994, after nost ducks left for migration to sout, virus isolation was carried out
from tle water samples ofthe Big Minto Iake where the yiruses were fuolated in the
summer. Three viruses wer€ isolated ftom the water samples. These results support
thenotion that influemza viruseshave been mqihtained inwaterfowls bvwater-bome
transmission.

P hylogenetîc oaalyses of infuenza vtras imlatet

To iavestipte tle flyways of waterfowls carrying influenza viruses, phylogonetc
analyses oftheNP genes of 18 representative stnins wùich wereisolared in differgnt
years in the differmt lakes in Alaska rr?s performed. Figure 2 shows an evolutionary
lree constructed oû the basis of partial sequence8 of the NP gens together with



CæYFTHTZW NtStCîtÆ.Tq,/s drdb&Foqletueiûusb æenæ. Fegù.&n, '4tæ€4rtut dûid@ ffi. Lot du 01n71æ-AtlclæABet7&æv.

Duc'k inJluena viruss in Alalka

Tablel. tsohtionofirûuqrzavirures&otnfecalsamplesofrraterfowls
inAlastain 19f-1994

uït

Lcalioû SpÈdes Na ofsampleswithvinul
totalno. ofsamPlestested

lW

I*elloodrsp€nârd

Lake€heaey

Pott rlfarsh

Iltestqhe*rkgoon

I*eudgef
Fairbaola

N€ûaûs
DeltaJuû.{ion
DÊûsliNat'lPark
BigMiûrolake

lltal4rdIrke

H€artkls
Canvasbcrklrke
OoleilbDelta

PrudhoeBay

I}Ire
@or8
Gull
Dtlrk
Goose
Durk
Groæ
Cûll
Durk
Gooee
Dtrck
Duc&
Dmlto
Grll
Dû.k
Duce
Duck
Duck
Coose
Drck
Croose
Dur&
Dtrù
Dtt*
Ciooûs
Smn
Goose

fan
û89
0a
ofl33
0n
0,18

0[w2
rynn

W?9.'
cv185
tl
ù13)
u4

0/rJ6
0t7

t4bl65
ottl

ç1t49

ùtx m5
012

arv
0a

ul34
v2
ue
m16

ff41

s54

ots

$ta
at6
r4t85
0t9
715'
OB
olD
016

w

6t39

0n4
trI6
u6

Totnl r2lt63

No. ofeac,hanrigenicnrbtype ofiheisolate*isas folosc'3 HION? aûd I ÉI8N2'b 14H3N8'
.7HtoN7, I Hl0N2,aad I HlbM,d I H4N6ad I Hl0N?,'46H4N6t?InNE 6I{4N6atd
I t1?N3,t?IrlNqi2H3N8,t4H3N&andJ3H3N8,2H4].r6' I H2N3

those from GÊoBaûk. Although the sequence data ofthe recetrt holates in old world
sas not available, ths present approach is vâlid becsùse disdtct lineages betweer the
gerres of isolates from aviari species in North Anerica and Eurssia have b€€n
itomonstrated previoudy in several reports 14, 5,7,8,15, 221. The results ehoved
that the NP genes ofthe viruses isolated from ducks in Alaska belong to tle North
Americaû lineagg ofavian inûuenza viruses. These r€sults suggÊst that watsrfosls
carryins thes€ virûses migrate througb tbe Continent of North America to soutL
and not througb Aleutian Islands to Asia.
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Table2- Antig€nicc.haracl€riution ofinfuerzaA virusisolstes from fecal saorples
ofrvaterfowlsinÀlasksfrom l99l to 1994

Nurnberof inf,uenza A virus€s
isolatedinthefollowingpar TotalArtigenic

srbtype
1991 lg) 199.3 194

IUIS
I{3}rI8
IT4116
ImiB
HEIù
HIOI\Ê
HlON7
Hlorip

14
l

n
55

11
I

I
9
2

14
6
I

4l

I
I

t0
I

TobI t22l,an 108

Trble3. Isolationofinûueozavirusesfromwat€rsamplesoflakÊsiDAlaska
m19C2-1994

No. ofsampleswithvirus/
lotal no. ofsamples tesed

I"etion
199..2
grsmsr

t993
$rrm€r

tw
grlllner

lw
an!:mr

la&eHood/Spenard
IakèCheûey
Pott€iMarsh
Westch€sterLagoon
I,akeHaûg€r
Faùbûrks
BigMintokke
MallardT qke
Heartt-atê
Canvasbsrk Lake
CorvileDefts

TDI

0n
OB

trr0
U5
(y5
OB

1t4
OB
OA
cr/l
u4
w5

lbz

0n

7"n3
0n7

Total zra 0lx 7m

No. ofeacù aatigenic subtype ofthe isolates is as follows:' I H4Nq b I H4N6, "4lillN8 aÀd3
H4Ndj2 H3N8 and 1H7Iil:!

Dbcussion

Hinshaw et al. [3] demonstrated high incidgûc€ of infection of ducks in the
marshaling areas forthùmigratory flyway in Canada at the end ofbreeding sason.
They suggested that it was probably due to large numbers ofsusceptiblejuvenile
birds in the areas. The present surveillance study of waterfowls in Alaska revqls
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fig. 2. Phylogenaic ûee for aviet infludzâ A virus NP genes. Horizontal distsrces arê
proponio*t io rne mitimrrm number of nusleotide differeûcÊs required to joir nodes snd'sequences, 

Dots represat that tle FgueBces are identical with the nodes Yertical lines alg for

spaclngtranc.fesandltabsls. Virusesisolal€dûomrpaærfowls at their nesting points in Alaskaare

i" to*rs, tog"tner*itn the aame ofthe lake where lhery were isolated- Abbreviations forviruses are

found in Gôrmao et aL [E. Each ûee was branch€d into Old lÀtorld (Ol7) and Nonh American
(lùl) sublineageÊ

Drck inJluenza viruses iû Alaska
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that higb incidence ofvirus infection ofducks has already occuned in the breding
places ofducks. Continuous survÊillance ofinfluenza viruses in migratory birds in
Canada and USA showed that the frequency of virus isolation from migratory
ducks coming from northern territories in autumn was higb (more than 209lo of
juveniles), whereas those from soulh in spring was extremely low Qess tl'an 02570)
[3], suggesting that virwee are mainly supplisd when they migrate to south. The
pres€nt resulB suggest that fint amplification of the virus by juvenile birdi has
alrædy occurred in the breeding aras ofwaterfowls and tùe viruses rere brought 1o
southgrÂ ar€a by their migration,

Themechanisofperpetuation ofinflueirzavirusesin avianspeciesyearbyyear
has not been vell understood, Influ€nzaviruses s/erc i$olatsd from unconcentrated
lake waterrvh€n migratory duclc arcpr€s€nt [1 l].Inthe present study, high titen of
the viruseswere isolated fromwaær sarnples ofdifercnt lakes in the breeding areas
ofducks in northern high latitudes in s 'nnner 0,ake Hooq Mallard lake and Big
Miûto Lake). Furth€rmore, tle viruses ænrained viable in the lake water after that
almost ducks left for migration to south. It is possiblç that influsnza viruses ale
preserved in froz€n lake water during sinter urhen ducks are abssnt and that ducks
coming back from south are infected with these viruses in spring. Suvival of
influenza viruses in water is depeûdent on the virus strâin and the salinity, pH, and
temperature ofthe wat€r; at l7 oC some strains rûlain infectious forup to 207 days,
and at 4 'C they remain infectious for longer period 12& 291. The major breeding
areag of duckr in Alaska locaæd in high latitudes, 6968 degreer nortù" nar the
arctic regions. The lake waær in this area is cold enough for viruses to sureive for
longer period in autumn whsn ducks leave for migration to south. Therdorg
influena viruses could be preserved in the floæn lake water while ducks are absetrt

The phylogsnaic analysis ofthe NP genes ofinfluenzavirus isolaa from ducks
in Alaskasbowed thæall of thosearalyzed beloûged to theNorth American lineagc
(Fig. 2). Therefore, these viruses were not supposed to be the gene sources ofHong
Kong pandemic suainr. Alæmatively, Bean et al. [4] suggpsted that A/ducU
Hokkaidcl2lÆ2 (H3N8) which was isolated from a miptory duck captured on the
Asian Pacific flpvay in Japan bore ûe North American type HA gene. Th€re are
other major breeding areas ofwaterfowls iD west and soutl Alaska such as Yukon
Delt4 Sewald Peninsul4 and St. Lawrence Tslnnd. f[s possibility tlat waterfowls
in these areas nigraæ 1o Asia thlongh Aleutian Islands was retained. Phylogenetic
analysh ofvarious virus isolates from waterfowls may meke it pmsible to presume
lie migratory flyways of host bids carryinghfluenza viruses.
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