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SEROLOGIC EVIDENCE OF ARBOVIRUS INFECTIONS

IN HUMANS AND WILD ANIMALS IN ALASKA

Randall L. Zarnke,’ Charles H. Calisher,2 and JoAnne Kerschner2

AI3sTRA(:T: Blood samples ‘svere collected from huimatss and several species of frce-rattging wild aninsals in

Alaska. Sera ‘svere tested for antibot! to Jamesto’svis Catsyots (JC). sno’svshoe hare (SSII), Northswav (NOR),

Klamath (KLA), Sakhahin (SAK), Great Island (Gl), ant! Silver’svater (SIL) ‘s’irus. JC antibody ‘svas found in

54% of 121 huuman, 89% of 97 bison (Bison bison), 51% of 84 DalI sheep (Ovis dalli). 43% of 68 snowshoe

hare (Lepus anuericanus), and 3% of 33 arctic fox (Alopcx lagopus) sera. 551-I atutibody was fouutud in 42%

of 121 huuman, 89% of 97 bison, 41% of 84 DalI sheep. ant! 65% of 68 sno’svslsoe huarc scra. NOR atitibotly

‘svas found its 14% of 121 hutman, 94% of 97 bison, 84% of 84 DalI sheep, 43% of 69 caribou (Ran gifer

tarandus), 3% of 68 snowshoe hare, 48% of 64 grizzly bear (Ursus arctos), 3% of 33 arctic fox, and 78% of

27 moose (Alces alces) sera. KLA antibody was found in 5% of 121 human and 40% of 97 bison sera. SAK

antibody ‘svas fouund in 2% of 97 bison and 3% of :33 arctic fox sera. CI atltibod!y ‘svas found in 1 % of 97

bisoti sera. No SIL antibody ‘svas fount! in atty sera tested!. Tisuus the natuiral host ratsgcs of JC. SSH, NOR.

and KL,A viruses have been extended by itsfercttce frorsi the occuurrence of aistibody.

INTRODUCTION

Viruis isolations fron selected heisiatopha-

gous arthropods ant! selected mammals in Alas-

ka have revealed the presence of eight distinct

arbovirus serotypes. Northway viruis (family

Bun�-aviridae) was isolated from a variety of

species of Aedes and Culiseta mosqutitoes and

from tuindira re(!back voles (Clet/irionomys ru-

titus) (Calisher et al., 1974). Ritter ant! Feltz

(1974) reported the occurrence of snowshoe hare

virus (family Bunyaviridae) in stsowshoe hares

(Lepus arnericanus), varying lemmings (Di-

crostonyx rubricatus), tuindra redback voles,

Aedes sp. mosqusitoes, ant! blackflies (Simuliuni

sp.). Other viruis isolations incluide Silverwater

viruis (family Bunyaviritlae) frotn hare ticks

(Haernaph ysalis leporis-palustri.s), atid Great

Island viruts (family Reoviridae) and a viruis of

the Sakhahin serogrouup (family Butivaviridae)

from bird ticks (Ixodes signatus) collected from

the nests of common muirres (Uria aalge) (flit-

ter et a!., 1978). New Minto virus (family Rhab-

doviridae) was recovered from hare ticks (H.

leporis-palustris) (Ritter ant! Feltz, 1974),

Jamestown Canyon viruis (family Buunvaviridae)

‘ss’as isolated from mosqutitoes of the Aedes

punctor complex, anti Klamath virus (family

Rhabdoviridae) was isolated from tissues of 1)0th
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a tundra ‘s-ole (Microtu.s oeconontu.s) ant! a tuiti-

dra reciback vole (Ritter ant! Cahisher. unputbl.

tlata).

Finding suich a variety of viruses its mosquti-

toes, ticks, biting flies ant! small mnamnnsals

promptet! us to attempt a tletertTtinatioti of thue

prevalence of antibotlies to these viruses in isui-
marts and wildlife popuilatiotts its Alaska in or-

tIer to assess their potential significance. Results

of a limited serologic suirvev for antibodly to

these viruses are reporteth in this paper. with

cliscuussion of the possible significance of the re-

sults.

MATERIALS AND METHODS

Serum collections: Blootl samples from free- ratsg-

ing arctic fox, moose, caribou, grizzly bear, antI DalI

sheep were collectetl tluiritsg popuilatiots stuutlies (Fig.

1). Bison (Bison bison) samples were frotsi atsinsals

har’s-estet! by hunters. Stso’svshoe hares, rctlback voles,

red squtirrels ( Tamiasciurus liudsonicus). alit! com-

mon ravens (Corcmis corax) ‘svere collectet! by live-
trapping or shooting for the J)reseist stoutly. Humats
sera ‘svere front Eskiusso reintleer Iserdlers resident oti

Alaska’s ‘svest coast. Moose sera ‘s’s-crc collectetl duuring

1968, bear sera frotis 1973-1978, bison sera from

1975-1979, caribouu scra titiring 1978. arstl all otluers

during 1979. Sera ‘svcre separatet! from clots by as-

piratiots auth storetl at -20 C or colder utstil testetl.

Serologic tests: lit a preliminary suur’s’cy for atuti-

body to NOR ‘sims, sera from moose, carih)ou, bisons,

Dall sheep, aistl grizzly bear ‘s’s-crc testetl by a con-
stant ‘s-irus-seruum t!iluutiots nueutrahizatiott test (Pats-

tutwatana et a!., 1972). Serutiss antibod!v titers (if 1:16

or greater ‘sverc consit!eret! iistlicativc of past infec-

tion witis the virus. All stibseqtuenst tests for atutibodv

‘svere performetl by a seruutst tliluution-plaqtuc retluc-

tion neutralizations (Litst!sey et a!., 1976). Sera catus-

ing 90% or greater plaque re(Iuuctioti ‘sverc considered

indicative of past infectioms antI ‘svill hsercafter be re-

ferred! to as positive. Iltitruais scra were tcstctl as above
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Fn u ni: 1 . 1,eicatititus at xx huichu blood Sat55pIcS were ceillccted ut Alaska. A. :�rd’tic fox (ii = :3:3).13.(;nizzl�

bear (mu = 64). ( . I)a!l sluccp (o = 7). 1). Sno’svshot’ huare (mu = 68). red Sdluiirrt’I (it = 4). rctlback ‘setlc (it = 8).

d’oituittt)tt raveis ) mu = 15). F. Biscuit (n = 87). F. I)aII siut’cp (o = 77). C. Bisoms (n = 10). II. \Ioose (n = 3). J.
\lttttsc (n = 24). K. ( arii)eiti (it = 69). L. Humssan (it = 121).

except t hat fresh hutinsatu scrtinu xx as used to dhuluite

virus its eirdcr to cithuance tuctitralizatioiu )Chappcll ct

a!.. 1971).

‘iruse.s: \‘imust’s xx crc e)btaimsed frtitis tist’ reference
ceillcctieiiu of the \‘ector-Bortic l)iscascs 1)ivisiots.

( etutt’rs I eir I)iscase ( ;e�tml, Ft. ( olliius, ( ;tileirado

80322, t’S.A. ‘I’lst’ follo’svimug ‘s’iruiscs ‘svcrc tiscd itt tiscsc

tests: Jatust’sttcwiu ( � (J( ) (61 \-2235). stueiwsluot’

isart’ (SSI!) (h3urgtlorfer). Nortluwav (NOR) (0234).

Klamatlu ( K1,.A ) (NI- 1056). Sakhsaliiu (S.AK ) ( LEIV-

71 ( ;. (;rt’at Islaiud ((1 ) (( amuAr 4 1). atu(l Sil’st’rwatcr

(SIl,) (1:31).

RESULTS

Results of prehitisittary tests with NOR viruts

are l)re’s(’muto’tl in Table 1 - l’hut’sc rt’suilts I)ro’sitled!

T.stui.i: 1. Prcvalcmucc of amutibodics to \tirthu’sxav vi-

ruts itt scra of five SpecieS of xxild tusatsuisualsin Alaska.

toxi \� ‘xauiuuiu,’el Pre’s ci

lix,�ii 78 83

:.rI 6)) 1.3

;rii,is Is-cr 61 48

Dali .1 �‘�‘p -I-I 3(1

\ic,o’,,’ 27 7”

impetus for suibsequiemut testitug for aiutihothies to

NOR viruis atit! other arbovirtises, thte rcsuilts of

‘s’s’hsichs are pre’setstetl its Table 2. 1 Itititatus, hisotu,

snowshoe hares, ant! Dall sheep hat! tlue luighuest

anstibotly I)re\’aletices for several ‘s’irtises.Noise

of the sera testet! hat! antibody to SI L ‘sirius ant!

sera from ret!bac’k ‘soles. red sdluuirrels. amut! cotsi-

mots ravetus hat! no antibody to aiu�’ of the’ vi-

muses tested. Tltree arctic’ foxes 1sat1 aIutih)ot!v,

otse each to JC, NOR, ant! S.-�K viruses.

DISCUSSION

J (; amuth SSIT ‘s’iruises are aiutigetsicallv rclatctl

members of the Califorisia seroigroump. \‘ariouis

‘svilt!hife species serve as vertebrate luosts f(ir thsese

viruises, as dt’terminetl by ‘s’irums isolatiomu (110ff

et al., 1969: Issel, 197:3: Ritter e’t al., 1978) and,
or serological sur’s’evs (Hoff et aI.. 1969; Feltz

et a!., 1972: Issel et al., 1972; Issel. 197:3: Leduic’,

1979; Zarnke atut! Yuiill, 1981 ). The’ primsc’ipal

‘sectors for both ‘s’iruses appe’ar to be species of

.-�ede.s’ mstostiuuitoes (Suidlia et al., 1971) ‘s’siuic’ls art’

foutmstl its great abumndaisc’e oms tluc tundra auth

elsewhere’, albeit for relatively brief pcriotls

during thse year. Both SSH antI JC ‘sinuses have’
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T.-’sisi.E2. Rcsuuhts of scrtumss thiluutieits-plaqtie rc(Ittctie)tutucuitnalizatiotu tt’stsfor six arl)ei’sirttsesitt Alaska.

Six’cie’s

\,‘

tested

\iciiils-r ss il, cictjiio,ixto iicciic’a cci s irics ‘ , lrc’saic’isi’)

jd : SSit NOt) K l’s ‘�AK (; I

human 121 6334) Si 42) 7 14 63: 1) ()

Bison 97 56 (S9) S6 )S9 91:94 4.4: 2 :2 I I

i)ali slce’r’p S4 4:3 31 :34 4 I ii S-u (�‘ I?’ )

Siuuuss-slciue’hare ti� 29 4:3) .44 63 2 :3 () ()

.Sr-ti- fuux :3:3 I :3) Ii I :3� ) I :3 1)

Rase’uc 13 (1 ii ii (i () (I

Re’dhack xuule’ S (1 1 1) o () (

t)o’rlsquirrel 4 i) I) i) I) (I ii

#{149}J( : = Jaflue’Sti)sd cc ( �cuc� on, 55th sicosu slcuct’ care’: NOt) \i’rthuss a� . K 1. -S = Kiauuuatlu. �. SK Saklualiuu. (1 ( ri lslcuud
hSix tested

been implicated as causes of hutniats etic’ephla-

hitis (Fauuvel et a!., 1980; Gnitiistatl et al., 1982).

Irs Northi .Anieric’a, antihiody to virust-’s of the

California serogrouip has been fountl its hsuniatss

(Tlsonspsoti atitl Evans, 1965; Sudia et al.. 197 1 ).

sttowshoe hares (Zartske anti “i’uuill, 1981; Gnitit-

stat! et a!., 1982), bighorns sheep (�)cis canaden-

sis) (Traitser ant! Hatssots, 19(i9; Zantske’ antI

“t’utill. 1 98 1 ), ‘s’s’hsite-tailet! tleer ( O(Iocoileu.s t’ir-

ginianus) (Issel et al., 1972), easterts c’hsiprusumsks

(Taniias striatus) (Gauiltl et al., 1974). t’astt’rms

gray squiirrels (Sciurus carolinensis), easte’nts fox

squtirrels (Sciurus niger), eastern c’ottciistails

(Sylvilagus floridaii mis), southern f1�ing sq tim-
rels (GIauco�nzjs u’olan.s) (\Iouultots atsth Tisonsp-

son, 1971), white-footed deer mice (Perornys-

cus spp.) (Srihongse et al., 1980; Calisher,

unpubl. data), arctic ground squirrels (Citellus

undulatus) (McLean et a!., 1974), gok!en man-

tled ground squirrels (Citellus lateralis) (New-

house et a!., 1971), and hispid cotton rats (Sig-

modon hispidus) (Calisher, unpubl. data). In

the present study, high prevalences of antibody

to JC and SSH viruses were comparable to those

reported in earlier investigations. This is the first

report, however, of antibody to California sero-

group viruses in bison and arctic foxes. The red

fox ( Vulpes fulva) is apparently involved in the

natural epizootiology of LaCrosse viruts

(Amundson and Yuill, 1981), which is another

member of the California serogroup. The arctic

fox may fill a comparable econiche for JC viruts

in the arctic.

The high pre’s’alemsc’e of antibotlv to JC atst!

SSH viruises its biSots alit! Dall slseep suuggests

that tisese spet.’ies ma� play an iml)ontamst role

in the brief sutusimer amplification of these vi-

muses. Alternatively, they may be deatl-end Itosts

for JC atid SSH viruses butt particuularlv attrac’-

ti’s’e’ to t1W)sdluiitoes ‘s’s’htic’is tramssnsit tlsemit. Otuc

slsouuld not igtuore’ tlse 1)ossih)iht � tlsat t hi is ‘s’s as

ac’tuuallv cross-reac’titug alstii)o(lv ‘s’s’lsic’hu hsd(h l)(’(’it

protluic’etl follo’s’sitsg itsfed’tioiu h� anotlse’i’ ( ali-

fornia serogrouup virus. Expt’niiisetstal stuithit’s of

tlse dutratiotu alit! nsagtsituitlt’ of ‘s’irctssia amud ‘sin-

uule’nc’e of J(�, 551-I, atstl NOR for bisotu atu(I I)aII

slseep are ‘svarnatttetl if ‘s’se art’ to evaluate tlse

roles that tisese misamismitals I�1�Y in the’ (‘1)izooti-

olog�’ of these tlsre’t’ ‘sinuses.

Sitsc’e J( 2 atstl 551 1 ‘sinuses arc atstigt’muicaIl�

re’Iatetl to each othst’n, tise iscutnahizitsg amstii)odv

detected in these tests does not assist in making

a clear assessment of the etiologic agent causing

dt5tih)O(l’ic1)nodlutc’tioms. .Atstihotlv could he a m’c-

stilt of iisfec’tion by J( , SSI-1, on hot is ‘sinuses. In

fact. of 86 bisots ‘s’s’itls antibotly to JC ‘sinus, 17

had momsotvpic’ atttil)otlv to JC ‘s’inuis amstl 69 huatl

antibotlv to botls JC amid! SSH ‘s’inutse’s. .Altcnmsa-

tivelv, of 86 bisotu ‘s’sitls amutibotlv to SSII ‘sirius.

17 hia�l tssomtotvpic aistil)odly to SSI! ‘sinus atud

69 hat! atttibodv to) h)otls. Tue results ‘s’sithu DalI

siseep sena went’ msot mutc’hs thith’nt’tut. Of 8-4 spec-

imcns, 21 hat! mssotsotvpic’ atstibotlv to J( ‘sinus,

12 hat! tsuotsotvpic’ aistibodlv to 5511 ‘sirius, amud

22 had atttibotlv to both. It is clean, hso’s’se’vt’n,

that the high pre”s’alemsc’es arutl I)roatl naisge of

Species ‘s’siths atstibotlv to (ahifonnia senognou�)

viruses reflect an abundance of vectors, intense

virus trattstiiissiomt atstl a ‘s’s’itle sI)ed’tntlns of ve’n-

tel)rate isost species on ‘s’s’hsic’ls tise antisnopotl

‘sectors feetl. These nsa�’ l)e’ the nsost sigtsificamst

chutes to the puzzle’ posedl b�’ obvious anbo’s’intis

tnaintetiatsc’e its a bnie’f ampliftcat ion st’asomt.

Higher antibody prevalence to SSH viruts than

to J(� ‘s-inns itt Isanes (Table 2) ‘s’s’as msot us itself

remarkable.

.-\.tstibod!v to (ahifonisia serogroup ‘sinuses its

huunsans nt’flects 1)0th pne’setsc’t’ of tlut’ ‘s’intis(e’s)
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and exposure to the vector species. No clinically

identified disease has beeru tlefitsitely attributed

to JC or SSI-I ‘s’irus its Alaskan resiclemits.

NOR virus ‘svas first isolated frotsi mosquitoes

collectetl near North’svay, Alaska ant! from sen-

tinel rabbits locatet! near Fairbamsks (Calisher et

al., 1974). Suibsequient isolationss have beets from

mosqutitoes ant! tuttidra retlback voles from

Alaska’s Itsterior (flitter et al., 1978) atst! also

niosqutitoes from Northwest Territories, Catsa-

da (McLean et al., 1977). Serologic evidence for

NOR ‘sirius infectiotis its huimaiss amid fi’s’e species

of wilt! tssammals in Alberta luas been reported

(Zamnke amid \‘uill, 1981). NOR ‘s-iruis belongs to

the Buttsvamwera serogrouup. Nlembers of this

group have been isolated from equtimses amid car-

ibrni amid are knowus to cautse fatal diseases in

equiines (Hoff et aI., 1970; Hoff et a!., 1971;

Moultots amid Thompsoms, 1971; Berge, 1975).

In this stutdv, pre’s-alences of atstiboclv to NOR

‘s’iruis its huimans ant! snowshoe hares are cons-

parah)le to thsose reported ijre�’iouisly (Zarnke anti
\‘uill, 1981). The prevaletsces its large mammal

species (Tables 1, 2) are remarkable amid may

reflect their attracti’s’eness to species of Aedes

aiscl Culiseta mosqutitoes, the presutmec! pnin-

cipal ‘s’ectors of NOR virus. I)iscrepancies l)e-

tween prevalences for bisoms ant! Dall sheep as

presemstet! its Tables 1 antI 2 nstav be attributtetl
to thifferent methods ant! personisel in’s’ol’s-et! its

the two sur’s’evs. Since the type of serologic stir-

vev reportetl hiere pro’s’ides cuunsuilati’s’e rather

than point pre’s’aletsce, Iomsger lived matismals

(i.e., htuimams, bisots, and DalI sheep) may itsor-

ditsately influtence the resuilts.

KLA viruis was first isolatetl from tissues of a

moutistaims ‘s-ole (Microtus mon tan us) its Oregon

(Berge, 1975). It hsas also beets isolated frotsi two

species of ‘soles (Ch’thriononiy.s rutilus amstl Mi-

crot us oeconomnus). Ho’s’s’ever, little is ktso’s’s-mt of

the epizootiologv of this ‘smuts its Alaska. The

los’s’ amstibotlv pre’s-alences to KL.A ‘s’iruis theter-

mused its thse 1)reseuit study !o isot pro’s’it!e suf-

ficient data to tiraw uisefuul c’omsc’lusioiss. Ne’s’en-

thseless, thse ah)Seisc’e of aistihody its five species

of wild misammisals, some of wisic’h hsatl huigh

prevalemuc’es of amutibodies to buimtva’s’inuises, suig-

gests that this may be a virus not associated

with an arthropod vector.

SIL ‘s-inns is au apparetstl�’ muoispathuogetsic’ vi-

rums of smso’s’s’shsoe hares ‘s’s’hsic’hs is tramssusiittetl b�

ticks (Hoff et al., 1971; flitter et al., 1978). The

absemsce of amstilsot!v to this ‘sinus its smso’s’s’shoe

hares its the preseist stuttiv is some’svhat surpris-

ing, sitice the virus was pre’s’iotusly reportet! from

Alaska (Ritter et al., 1978). Most previous se-

rologic surveys of hares ha’s’e found evidence of

insfection ‘svith this virus, albeit at varying prey-

alences (Hoff et a!., 1969; Zarnke ant! mill,

1981). Omse stutdy reporteti a low pre’s’alence of

antibody to SIL ‘s-’irus as the hare popuilation

neared the peak of its 10-yr popuulation cycle

(Hoff et a!., 1969). Siusce thie hares in the present

stutly were from a populatiots its a near-peak

stage of its cycle, a parallel, althougls unex-

plamned, situation might have beets taking place.

In summary, this study has shown that hu-

mans ansd wild mammals in Alaska have beets

exposed to a number of arbo’s’iruses kno’svn to

occutr there and that high prevalences of amsti-

body occuir in certain species. Further, the

knowms natural host range of JC, SSH, NOR,

and KLA ha’s’e been extentlet! by inference from

antibody determinatiotss in a variety of wild

animals.
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