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SUMMARY, Perslsteûce ofSye avta! b0ueûza vlflses (ÂIVs) dedy€d &oo fou( FÀerfos.l
sp€cles tÂ l-oulsiaûa ald lepreëetuirg 6re hemaggluthlo ard reuÎaelûida$e $rbtyp€$ wa.s
deterEtned io distllled wate! at 17 C ?od 28 C. Infecdeity !,?s detemlûed over 60 days by
Elcrodte! erdpoiot dttatloo. oqe Afv w?s tested oyer 91 da!,s at 4 c.

Llneat te8r€ssloo models for these 'loses predlcred that an hldal corcerLadoû of 1 x
1Cr6 lolDrô/rDl \rater cluld reoai'I hfecrlve fo! up to 207 dz!'F at 17 C aqd up to 102 drfs at
28 C, Stgûûcaft dltreleæes Ltr elopes fo! AfV persl$eûce ûodels lpere deæcted betseeo
$eatmelrt tempelatureg aod amotg vinlses.

Results suggest *ut tiese rCruses are adaFed ro trarrsrr1Lslo8 on v'atedowl \dltedrg
babl(alg. Resula also sugg€st a porcfftal ltsk associated wllh !.arerlo\pl arld dolresdc poulùy
sbalilg a commot rirater source.

RISUMEN. Perslstencia de yllus de l!fluelza âvlar eo el aguz.
Se detemto6 la penlsleocla de clûco virus de lnÂÛelza avi?a proyedeût$ de cuâûo

especler de a!€6 acuâdcas eo el estado de Loulstala. Los virus reprereoaro! dûco subdpos
de hemoaglùttntra y reuroaûlûldasa y la peNlsteûcla fue deterelmdâ eo agua desdlada a
temperaturas de 17 C y 28 C, La lûfecdl'tdad se deteddr6 por mâ5 d€ 60 dfus Bedlarte
titulaci6n eû mlcloplaca. Ura de las cepas fue analtzada duraûte ûrs de 91 dtas a 4 C.

Los rnodelos de tegreslôt lilear pa|a e6tos vllur predlteron que urla corceftraciôo hldal
de 1 x 1@ DICCT"/mI de agua podria permaoecer lnfectante hasta por 207 dtts a f7 Cy baflr^
po! 102 dias a 28 C. S€ deæctarqll dlfereoclas sigdicaûtes eo las curras de persi]sreocla erffe
lâs teBperaûras de tra:amlento y eÂtte los ilrus.

Lo3 resultados suglerer que estos vllua e3!âû adaptados para la tratûsml6lôû ertle la po.
blacl6o de ayes acuftlca3. Los rerultados tarDblér! gugielen ur de6go potendal asoctado cot
las ave6 acuâdcas y las aves coe€lclalæ qug coEpanatr h elsEa fuerte de agua.

Âlthough fecal'oral trânsmisslon of avlan in-
f.uenza virus (AIv) witttin wtld rpatedowl pop-
ulatlors is thought to occur via conbûlDated
pâter (8,16,18), llttle is known about viral per-
sistence in thls medium. Repllcatlor of AMn
ducks occurs pdmartly tn the tntesthal tract
(20), e'ith hlgh concertratiois of infectious vi-
rus s.bed ln feces (7,21).'vebstel et aL (21)
reponed that expertmentally tnfeûed Muscoiy

cPreseot addres$: southea.Étem Coqperadve vild-
Ufe Dbease Study, college of vetertûary Medtche,
ûûlversity of Ceorgla, Âthels, Georilta 30602,

Dheôen ad&ess: New Mexico Cooperad!€ Fish aûd
wtldMe Research Udt, lisbery atrd vlldlfe scleoce
Departûent, New tleatco Stale UotrErsity, Ias Cluces,
New Mexico 84003.

d\aks (Calrlna noscbata) shed 6.4 g of fecal
materlal per hour wlth ân lnfecttvity of 1 x 10,'
meaû egg infectil€ dose (EIDJ/g. These birds
shed ân esiimaæd 1 x 10to EID$ of AfV wiùin
a 24-hr period.

Aviei lnfluenza !'lrus has been tsolated ftom
unconce*rated surface çate! iû Canada (9) and
Minnesoa (4), but virus has not been lsolæed
ftom lake *ater in areas devoid of ducts (6).
lnformadoû pertâining to perslsteoce of ÀMû
rpater ls Umlted & â slngle trial in whlch duck
feces, naturally idected dtb VducVMem-
pbis/546/74 (H3N6), ieaE t$ted in Mtssissippi
River çâer (21). The lnidâl concentatlon of 1
x 103.1 EIDro/ml lÀ,âs rcduced to 1 x 10{", EID,o/
ml after 32 days at 4 C and ç?s undetectable
after 4 d^ts ât 22 c.
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Perslstence ofAfv h ïraær is penilent to an
understanding of the natural reseffolr and ln
the preventior of poulry dlsease. Althoug! it
has been suggested thât AIVS ûay overwinter
in frozen lake water, the actual mechanisms of
persijtence of ÀIV in ç'ild duck populadons
have not been deined (7) . From the sandpolût
of poultry dlsease, cont mfuuted surface and
ground warerboth have been suggeôæd as long-
and shoft-ærm sources of AIv for do!]estlc tur-
keys (5). oblectlves of the pæsent study lrere
ro quantl$ the persislence of\paFrfowl lsolates
of AIv ln waær a8d to determine the effecB of
water temperamre aûd vfal strain on âIV per-
sislence.

MATEÙÂIS ÂND METEOIXI

Aylartofl|reûzavrrusê8. lti€Aws, isolatedftom
huqter-killed ducls ftoû cameroo Parlsh, Lôulsla!â,
serc uaed to e'/aluate peËi$etce, Th€se trcluded
a/ gadwzll/la/tl o/a7 (H3N8), À/blue-\rtnged learl
t-\/ 448a/87 (H4N6), A/Bonled dluck/lN3BM/87
(H6NZ), A/blue"s'loged teaylv188Bl87 (HX2N5),
ard V$ee!-rptûged teaylAli69crrl68 (H10M).

vlfuse8 Fele ptopagard i! g"day-old speclÂc-
pathogeB-&ee (sPF) chtcke! eggs. Asmlo-allantotc
fluid (AAI) $?6 hareested afie! 72 hr aod ûozeo ar
-70 C ùtùl needed. Àll vlral assays !!€re p€dormed
oD the thhd egg passage.

Bxp€riEertal Foc€dûr€s" ldecitve 4â! ças
ù$red and dtluted 150 Ltr slertle glass-ilteled di3-
dlled çâter (pH 7.3), Allquots of looqrlated qat€!
(1,5 nl) çere transfered tnro 2.5-ûl glass vlals, arhich
sere eeenly dlvlded ard plac€d ltr eoviroûneûtal
charnbe!3 at 17 C a.od 28 C urtil tested. selected teû-
peratures reptesett ttreaû *tffe! aûd sur]]o€t !ate!
telope.a!.res fsr cûa$al louislala Earsh habltats (13).
one vhus, Â/gleeo-ll/loged te lllA/figevl88
(H10M), \Er al6o t€eted ar 4 c.

diquots of ltroculaæd 14z1e! were sampled ove! a
60-day peliqd, q,ith a mhioum of 16 assati pe! rlrd
temperaft!€ ûeattrerl The single 4 C rlal vras p€!'
iormed ovei a 91 'day pedod vttb elght assays.

Infecdvlty ofÂIv \ras quantlied uslûg a olcÎodte!
eodpoht titrâdoû, as descrtbed below, and Ir ex-
pressed 10 udtr of oean dsrue-culture iDfective dose
(TCID-)lûl of ç?te!. Prlmary qrltûes of ddcken
eobryo tbroblasrs (CBFS) &oo 1 l-day-old SPF clJck"
en eggs (3) were used ln these assa's. Floal cell 5w'
F€nslor6 of3 )< 1d CEF/EI v€le prepared lo senrm'
fr€e Eagle's !ûlnlûùû esseûtla.l tnedtulo (MËM)
suppleûeoted retth aûttbtodcs (100 u pettdlltn G
a{d 100 pg st!Êptomyclo su|fatelol) aod 25 eM
HÉPES b!ffer.

The tdedtty of AIvs tû all yirus/teûtr e.atule treat-
meots vzs verlled from varer saûples oû days 27 aûd

47. Idective dssue-culture oedia froû \pell6 exfub-
ttlrg cttoparhlc eEect ot etdpolûr dÛadon6 rpete
resred by agar gel iû.!Âuoodllfuslo!1 (ÀcID) for the
pre3eûce of rype-A speciûc nucleopioleln (14). Ir
addtdor, tofecled tlssue{rl re ûedta ftom t61 plates
were used to ploÈagate a[ Aws tll gday-old sPF eggs,
h all cases, ÂIv q?s lsolated &oo tert plater, ald
subtyper were veitEed by heûagglutloadoa-lo}ltbt-
doo ald neuramlnldase.hl bidoo tesrs by the Na-
tiooal Veteliru1y Sen'lces labolatorles (NVSL), Sct-
etrce aod Technology, velsdnary s€lr'lces, APHIS,
USDA. AEes. loiea.

EDnpo|lt ilt ad@ ptocedûre- A 0.5-ml sample
of Alv-lnoculated çzrer vas dtluted 1:2 by addltio!
of 0.5 nl 2 x 6elu!1-ftee MBM. Froû lhlg polût, selial
lo-fold dtlutloos w€le Fepared tn geruo-flee MEM,

Each sell ofa 96-rtetl filclodrer plâte rgcetved 100
pl ofcell sljôpenslon and 50 pl ofthe appropriate rlrus
diludoû. All vells were suppleloe ed !,ith t0 pl of
MEM coûtatdrg 2.8 !€/ûl of hlgùly puliÂed tlt?ôio
(Ênal coûceBtlstios per weu oi 0,7 !rg,/Itl).

Plates *ere cqeered ard lnqrbated at 37 C uûder
5% COr fo! 96 br. Ei.mlnîlos for cyÎopaùlc elFect
was pedoffûed with ltght microscopy. To verify re-
sults, $ells of culûre plat$ wele stalûed n'fth 100 pl
of 10% bufeled fonrzlLo contalnlng 1% ctystal vtolet,
Stdû sas rerooved aft€r 2 h!, aod plaæs rÊ€le exam-
lned. Brdpolots \rere lecorded a.s 100% oorolar€r
destructloa stth TcIDr calculated as desclibed (15).

Stad8dca.l a@rysfË" All dala rtere lo&o tmûs"
foûled a-ûd aûallzed u$iog lhear leglesstoll aoalysts.
Dltrererces lû slope betweet llo€a! oodels wele €aal'
uated uslûg a tert for heteroggûeity of slop€- Âll anal"
j'se6 wele pedoroed ueiog ùe SErlsdcal A@lrsls S'5-
t€ttr (SAs) ceneml ttuear Mod€ls Itocedure (17).

BEIIT'LIII

At 17 C, infectMty vas detected *foughout
the 60-day sample period. At 28 c, tnfecdvtty
for three of five ÂIVs reached an uadetectable
level by day 60. Table 1 and rig. 1 presen llnear
regresslon models and e$imâtes of hall-life for
the 6ve Alvs tested at 17 c and 28 c. Â11 models
and all para.nerers (7-lnærcept ard slope) were
signlfica::r (P < 0.05). coencieûts of derermi-
nation (.@) values for these llnear models Énged
&om 0.66 ro 0.97.

DifereDces in slope were detected among
temperatnre treatments for all Àfvs (Table 1).
Diferences in slope were also zppâreff:rmong
test AIV6 at both 17 ç (r: 0.045) and 28 C (P
< 0.0û01).

The ,lPwlue for the liûear model forA/gÉen-
winged teaVLA,i 169clf/88 (n10M) at 4 C was
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Table 1. Ltoear legesstoû models fot pe1slsteæe of ûle ai'tar ltrfluelra vlruses lo rpat€!.
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\tkus strâit!

Temp€r'
anue
(c) Llo€a! ægressioo eodela

HaIf-ltfe
R2 (aays)

N gadsnalvwt1c/87
(rI3N8)

A/}j\le-vlnged reaVW44B/87
(H4N6)

A,/lronled duck/Lv38Ml87
(H6N2)

Â//blue-uùged teall1888/87
(H12N5)

À,/greer-FF'tûged teavw t69Gv /æ
(H1oN7)

17 !- s.Lr - A.031*
2A t= 534 - çWZ*

17 !-455 - 0.0281
2A ,- 4.72 - O.O1ste

77 !-4.55 - o.Oza/
2a i- 4.7A - O.o65tc"

77 Y= 4.54 - o.Mg,
2A !â 5.AO - 0.197t"'

17 r-5.6A - O.4Is
2a !:5.32 - o.59'f
4 r-4u - 0.004,'

0.83 9.71
0,85 3.27

0.70 6.27
o.97 {.01

0.7a 8.85
0.89 4.89

0.66 6.n
0.83 7.52

0.89 7.34
0.83 5.10

^/ = loglo TCIDTo; r = pelslstence io dâ'6! a6reltôks hdicate stgûifcant dlfelerces in slope b€twee! ûodels
tot 28 C ald'17 C a1:' P < 0.0001; " P- 0.0002i ..' P- 0.0152.

l ? c

Fl& I' llûear rege$gtoû Eodels for peÎststence of Êve AfVs ln vate! at 17 C ard 28 C.

2 6 C

I :-\.1 :

DAY
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Table 2. Estloâed duratloo qf l!fuvity i! da].s for 1 x 10é TCID'o of ûl/e avlao iDfluenza Ykusea lo \ratet
at l7 c a'ûdaB C.

2Ac % Reducdor^

409

Â/gadrnaU,/W17cl87 (H3N8)
A/blue-wllged tEaylâ,/448la/ (H4Nd)
A,/Eorded ducL/LV38M/87 (H6N2)
À/blue-\FtûgÉd teal,/LAl1888/E7 (H12N5)
A/greetr-virg€d reaVLVl69G\r/88 (H10M)

1d4

207
l / o

746

€0
98
N

t02

&oa
6r%
43*�
76%
tæa

Ât100 - (p€lsittetce lo dlys ai 28 C,/perslsteûce Iû daF ar 17 C)l x 10O.

0.15 (Table 1). The slope vas nor different ftoo
zero (P- 0.338).

For comparlson, duradon of infecùvitf for an
inltial corcefffâtion of 1 x 1tr TclDro,/ml \saær
was estlmated for each ÂfV at 17 C and 2A C
(Table 2). perststence ofinfecdvlty rled &om
126 to 2o7 &W at 17 C and from 30 to 102 dâ]s
at 28 C. Cofflderable r"dation was âPpffeft ln
the e*ent of the æmperatue effect zmong Aws.
Persistence of tnfecdvitF for virus strains al 28
C compaled with 17 C was reduced ftôm t0%
to 7.6%.Â14 c, tt is estlmâted thât 1 x 1trTcID'a/
ml wârer of tgreen-wlnged tÊ lfiA/1..69cvl
88 (H10t:f/) \ûould remaln tnfective for 1333
dâ1,1s.

DISCUSSION

Llnear regression models adequately ex-
plalned resulB in all cases E'ith coeficie s of
deternlMtion, lûdlcating that lodivtduâl models
âcco.ûr\t for 66% to 97% of observed varlâdon in
data. All models and all pammetert in these
models were signifcant (P < 0.05) , sugge$ing
that they can b€ used to re'allsdcally predtct
persl$ence of Afv utder experime al condl-
tioos.

Although data lndlcaæ long-term persls"
terce, the linear regres3lon Dodel for À/green-
wlngedte VrNL69GIrl88 (t110M) at 4 c was
nor slgdficant. Thls failure io ût a llnear model
to rhese data probabiy resulrcd fmm a {elatlvely
small sample slze (z - 8) coupled with a slight
cba::ç tn infectivity (slope) over tle 91-day test
period.

Dlfierences ln slope betweeuvkuses were de-
tected ât both 17 c ând 28 c. vadadons lo tem"
perature tolerance have beet repofied for dlf-
ferent Àfvs isolated from domestic poulry ( 12) .
Thes€ differences (oay help exttlain persi$etce
ofspedic AIv subtype comblnâtoDs withinwild
waterfowl pûpuladons.

Persistence estlmæes for test ÂIvr at both
tenperature treatmeots exceed the durâlion re-
poûed for Vduck/MemphtsÆ46/74 by w�eb-
stet et aL (21).lnfecdvity for 1 x 10ar EIDro/
ml of thts virus at 22 c ln Mlsslsslppi River sater
was undeæctâble after 4 dâys. Persbtence rials
for VducklMemphl s/546174 (zl) ineolved vl-
rus propagaled lt the intestites of experimen-
tally tnfeded ducks rather than idectlve AA!.
I'r additioû fecâl marerlal present in the water
rnay have created conditlons unfavorable to per-
si$eûce of this Ylnrs.

Dlferences ln results &om those reported fof
alduclr/Menphts,l96/74 QI) mây alôo relaÉ
to lnherent riation among AIv suatns. ThlE
possibtllty ls supported by obsenàdons ûâtAIvs
difer signi6c?ûdy in theb abitity to persist tn
vat€r at bolh L7 C aîd 28 C.

Results are compattble wlth observadoÀs of
prolongd tnfectivtty of the H5N2 vlfuses !e-
sporsible for the 198æ4 ÂIV epomitic iû
PennsyhEnla. Envlronmeûtal sampllng of
premises from which irfeded poultry had been
depopulated confirmed AfV persi$ence to 105
dat6 tn a liquid manure pit durlng rûlnter (2).

kolonged infeûivily in s,ater at æûrperâtures
re0.ectiag û.eld condltlons provides support for
severâl ploposed mechanisms for maloænarce
ofvirus ç,ithin waterfowl populations and their
bâbiaa. ReeulB for Vgreen-winged teaVlÂl
169cv/88 (H10M) at 4 c auggert tl|21 these
virus€s can ovenÀ/irter in &ozen or cold lâke
r*9te! in nofthem çaærfowl bâbttats. Vtfls,
therefore, may be al"allôle locally to ducks re-
rumlng to breeding areas duri-ûg spring.

ResuIB also support a mâinteûance c]'cle lû-
volving transmlsston wlthi! duck populations
oû the rfiûerlog grounds. Àltlough suscepd-
billty of flocks and prevalence of Arv are low
during the overwiffering pertod followitlg mi-
gration (6), high populâttot de$ty amotrg
wifterlng ducks maypro!'lde suficlent 'Iumbers
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ofsusceptlble indlvlduak to malntâin vlfls. this
ts supponed by isoladon of AIv during *'iûer
( 1 1,19) and by isoladons ofÂfV from adult birds
(1,9). The a tlabiltty and subsequent traas-
mission of AIV to suscepttble btrds during the
overs,,lnterlng peliod would be lûcreased by in,
fected btds shedding large quantitles of infec-
tlous vlrus (21), shedding virus for extended
periods of up ro 30 days (6) , and perslstence of
vlrus ln the enyironment for over 200 days.

Decreased persistence at higher vate! tem-
peratures, whlch vras obsereed ir the 2g C treal-
ment in the presem study, may âlso indirecdy
enhance surv'lrral ofvtuses during wlnter. High
temperâlures may llmlt tfsl]smisslon âEotg res"
ldenr specles on rhe wlntering grouû.d dùling
summer, This would lncrease the proportion of
susceptble birds ln the population when con-
dirions for ûansmisslon become favorable dur-
hg wlnter.

Persl$ence in the environment dufing the
overwinterllg period alsd provldes a means fol
ransmlssion of ÀfV âmong unassociaæd avian
specles and populârions using dlsdncrbut prox-
imal habltats. Receff research on AMn Charad-
rilformes (10) suggesB ûlat rhese i'iruses may
be mainulned in sepaste cycles in dl_6erent
â!'ian ordels.

The possibi.lity oflong-term kansmlssion b€-
trpggl r'ne\sociated populations has direo ap-
plication to prevention of disease in commer.
clal poultry. Besults from rhe present $udy and
other reporûs (5,8,16,18) confrm that domestlc
poultry should not be allowed to shÆe a com-
mon vater source wirh free-llying ducks. The
exletu ofAIV pe$istence in warcr under Dafural
condltions, how€ver, is not kno$n.
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