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ABSTRA(.’T: In a survey ofseven species of wmld

rodents (n 423) collected between October

1993 amid Marcim 1994 frommm time three principal

ecological i)iOmuueS of Nortim Carolina (USA), we

founol lmammtavinums antiiiodies in sevemm (2%) of

30 1 Peromy.scus spp. Harmtavirus antibodies

were o!etecteol in P leucopus and P riviniculatus

captuireol frommi mmuoummtaimu ammo! coastal island hi-
onmes. Tlmree mimice were positive for Sin Nommi-

l)re virus, wimile four others imad antihoo!ies to)
Seoul vinms or a reiateol agent. Two mimice sero-
logically 1)ositive for Simm Noimuhre virus were
collecteol frommm inside a private moummtaimi dom-

icile. We conclude timat time risk of human ex-

posture to imantaviruses in Nortim Carolimia re-

sembles tlmat for most o)timer areas of the comm-

tinental Ummiteol States.
Ko’rj word-u: Hammtavirus, Peromrjscus spp.,

Sin Nonmbre virus, Seouil virus, serological sur-
veyc zoomiotic o!iseases.

Sin Nommmbre virus (S NV) is a umiember of

a group of newly reco)gnized zoonotic han-

taviruses timat are enzo)otic in several North

Amimericaim sigmmmodoimtiume roolent species.

Time SNV was first io!emmtified following an

epio!eimmic of unexplaiimed adult respiratory

olistress syndrome timat occurred in resi-

olemmts of time Four Cormiers area (Utaim, Col-

orado), Arizoima, New Mexico) of time south-

westerim United States in May 1993 (Ni-

cimol et al., 1993). At timis writing, over 98

comm fi mmcd! cases of imantavi rus -related

unexpiaimieo! aduilt respiratory distress syn-

dromime, presently designated imanmtavirus

pulmmmormary syndlromlme (HPS), imave been

olocumimeimted from 21 states, resulting in

over 51 deatims frommm time olisease (Centers

for Disease Control and Prevention,

1994c). Time humiman case-fatality rate as-

so)ciated witim timese novel agents is higher

timan tlmat for all other known imantaviruses.

H antaviruses typically persist asynmptomat-

ically imm timeir natural rodent reservoirs

with chronic periods of virus shedding, de-

spite the presence of specific antibodies to

the agent. Most rodent-to-human trans-

mission of hantaviruses has occurred via

the respiratory route fromn virus-ladlen ro-

dent urine, feces, and salivary excretions

(Tsai, 1987). Aspects of time biology, epi-

demiology, and preventive measures for

timese agents have been recently reviewed

(Weigler, 1995).

The SNV and relateol hantaviruses exist

predominantly iim Peromyscus maniculatus

(deer mouse) througimout its range over

most of time United States, excluding the

Southeast (Childs et al., 1994). However,

additional cases of HPS imave occurred in

the USA outside timis imabitat range, includ-

ing one associated with a closely related

virus detected in cotton rats (Sigmodon

hispidus) in Florida (Centers for Disease

Control and Prevention, 1994a) and anoth-

em newly recognized imantavimus detected in

autopsy specimens from a HPS fatality in

Louisiana (Morzunov et al., 1995). Recent

investigations following a case o)f HPS that

occurred on Long Island, New York (USA)

in January 1994 (Centers for Disease Con-

trol and Prevention, 1994b) led to serolog-

ical and virological (Song et al., 1994) ev-

idence for a imantavirus closely related to

SNV apparently enzootic in certain New

York P leucopus (white-footed unouse)

populations as well. Thus, it appeared timat

both of these Peromyscus spp., witim timeir

combined habitats spanning most areas of

the continental United States, togetimer

play important roles in hantavirus epizo-

otiology. An additional case of HPS re-

cently was reported from a mountainous

area of Virginia in the mnid-At!antic region
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of time commtiimemmtal USA ecologically commtig-

ilOtis witim portiomms O)f Nortlm Carolina. Our

o)I)jectiVe was to oletemniine whether sero-

logical eviolemuce existed! for imantavimuses in

Nortim Carolina wilol rodents, immcluolimmg

symmupatric P iiian iculatus and P leucopus

populations ( Nowak, 1 991).

Roolents in timis survey were captured! by

use of live tral)s ( H . B . Simerman Live-Trap

Company, Tailaimassee, Florida) and grain

bait. Traps were pl�tceol approximately 1 hr

prio)r to summolowmm aimo! retrieved witimiim 2

imr folloxviumg suiumrise time next umiomning.

Trapping was olomme iii counties represent-

immg time timree I)m’i mmcil)al ecological I)iorfles

(umuo)umitain, i)ieolummo)imt, and coastal islammd)

of Nortim Carolimma. Timis included! time coun-

ties of Buimconiix’ (35#{176}45’N, 82#{176}30’\V),

Hendersomm (35#{176}25’N, 82#{176}33’W), Jackson

(35#{176}15’N, 83#{176}5’W), and Yancey (35#{176}50’N,

82#{176}15’\V) togetimer for time mo)untaiim hi-

cHime; Wake (35#{176}45’N, 78#{176}40’W) for time

I)iedlmumont biommme; ammo! Currituck (36#{176} ‘ N,
75#{176}47’W) for time coastal islandi bio)mlme. All

cal)tures were mmmad!e i)et\veeim October

1993 audI Marcim I 994. Amminmal tra�)ping

and imanolliumg was pem’forimmeo! imummmaumely

unoler conolitiouis courmpliant witim time pro-

visions of federally recommmmemmded stan-

darols (Simaw, 1988).

Captureol rodlemmts were amiestimetizeo! us-

ing immetimoxyfiuramme (Pittnman-Moore, Mun-

oleleium, Illinois, USA) to efiect via time open

drop ummetimod (Bany, 1972), bled via caroliac

punchire, eutimanizeol i)y cervical olislocatioum,
ammd timen frozen at -70 C for future viro-

lo)gical studies. Bloxxi! was imeparimmizeol to

maxuumze time vo)lunme for testing, givemu the

sumiall aummoummmt of’ blood available fhr some

species, frozen at -20 C, amid trammsporteol to

time laboratory for testing witlmin 9() days fol-

lowing r(x!ent capture. Hantavirus antibody

testimig was performimeol in laboratories o)f

time Special Patimogens Brancim of time Na-

tional Cemuter for limfectious Diseases, U.S.

Centers fbr Disease Control and Preven-

tio)n, Atlanta, Georgia (USA). Heparinizedi

whole 1)100)01 specimens were testeol for

Imnnmuimoglohumhmm C (IgG) antibodies to

SNV usiumg a recommmbinant viral imucleocap-

TABLE 1. Distributioum i)y sex and species of North
Carolina wild rodemmt captumres for hammtavinms testimmg.
October 1993 to March 1994.

Species Male
Fu-

male
Fotal

(%)‘

Mus museums 15 16 31 (7%)

Al icrotus pennsylvanieu.s 7 7 14 (3%)

?ulicrotus pinetoruni 29 18 47 (11%)

Ormjzomys palustri.s 5 5 10 (2%)

Peronu,.scu.s spp� 136 120 256 (61%)

Peroint,.ucu.u leucopus 25 20 45 (11%)

Signmodon lli.spi(lus 8 12 20 (5%)

Totals 225 198 423 (100%)

.1 Total captured (1�r’’11t of total rodent captimres).

I) Either P ((‘UC(J�)IlS 0! P ;,m(llmieulatus in nmomm,mtaiim reg#{252}nms

svhere l)otlm species (‘0-eXist and are phemmotvpicallv simmmilar.

siol protein enzynme limmked im uiiummosori)emmt

assay (ELISA), iii parallel witim separate

ELISAs emmmploymng time lieterolo)gous anti-

gens of Seoul (SEOV) and Prospect Hill

imantaviruses, as d!escril)ed by Feidmmmanmm et

al. ( 1993). Time ELISAs were performmmed iii

standardized 4-fold dilutions frommm 1:100

through 1:6400, where titers of � I :400

were co)imsidleredl I)�sitive.

Sera were o)btaunedl froumi 423 roo!ents

(seven sPecies) captured froumm time tlmree

surveyeo! I)iomes (Table 1 ) during time

study l)eriO(l. In time nioumntain bioumme, P

maniculatus and P leucopus were reported

as Peromyscus sp. because o)f their over-

lapping olistrihutions ammd close pimemmotypic

siummilarities in timat region. Peromyscus

maniculatus does not occur iim otimer areas

of Nortim Carolina, in wimicim case specific

identity was possible. Antiboolies to imaim-

taviruses were detectedl imm seven Peromys-

cus spp. captured on six different trap-

nights, iimcludling three SNV-positive and!

four SEOV-positive mice (Fig. 1). Two of

these positive specimens (one SNV, one

SEOV) originated! from a coastal islammol hi-

onme where P leucopus is time only resid!ent

species of Peromyscus. Time remaiimimmg five

positive specimens (two) SNV, timree

SEOV) were Perontyscus spp. captureo! in

three of four counties sampled fromim time

mountain bionme. No positive rodemits were

detecteol fromn time pieolunont bioumme, but
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FIGURE 1. Hantavirus test results from wild-captiured rodents (n = 423) by ecological hiome of North

Carolina, USA, October 1993 to Marcim 1994. Abbreviations: SN\’, Simm Nombre virus; SEOV� Seouml vinms.

time small sample size liunited our power to

detect infected rodent populations, if they

occurred timere.

Unlike published results from other

states following time 1993 epidemic o)f HPS

(Childs et al., 1994), time prevalence of

SNV antibodies in Peromyscus spp. in time

present survey was extremnely low, with

o)nly three (1%) of 301 Peromyscus spp.

seropositive. However, two S NV-positive

mice in time mmioummtaimm biomne origumated

fronm inside a private uno)untain resiolence;

timums HPS could occur in Nortii Carolina.

Both hantavimus-positive coastal P leuco-

pus captures originated within 100 m of

private imouseholds. \Ve lmave observed timat

Peromyscus spp. occasionally uimo�ve iumto

structures surroundimmg imuman Imabitat in

North Carolina. The finding of SEOV-pos-

itive Peromyscus spp. was not anticipated

since it imas beeim previously known only

frouim Rattus Spp. (Tsai et al., 1985). This

result could be evidence for a newly-rec-

ognized host for SEOV, or perhaps anti-

genic cross-reactivity witim as yet unde-

scribed imantaviruses pre-existing in time re-

gion. Yamada et al. (1995) have umo)ted oc-

casional serological cross-reactivities to time

nucleo)capsid protein of SEOV in P man-

iculatu.s experimentally irmfected witim SNV

anol in wild captured! specimens. Previous

efforts to sequeimce genomic imaimtavirus

RNA recovered from tissues of seroposi-

tive rodents Imave been successful (Elliott

et ai., 1994) and may Imelp to clarify these

ambiguities. On time basis of available nu-

cleic acid seoiuence data, the zoonotic

SNV-related agents described to date ap-

pear to be more closely related to Prospect

Hill virus and Puuunula virus timamm to

SEOV or to prototypic Hantaamm virus of

the Asian continemmt (Spiropoumlo et al.,

1994).

mm sumlimary, we observed serologic cv-

idemmce for SNV infection among P mani-

culatus and P leucopus in mountain and

coastal island biomimes of North Carolina.

This supports time hypothesis timat both ro-

dent species can act as reservoirs for zoo-

notic imantaviruses, at least in eastern

regions of the United! States (Sonmg et al.,

1994). Advances mm molecular technology,

aloimg with heightened scientific interest in

time nmovel agents, will undoubtedly help to

recognize and characterize additional han-

tavirus variants in other rodent species

acro)ss time Nortim American coimtinent. Im-

proved awareness that many of these novel

agents can present significant zoonotic

health hazards simould strengthen time im-

portance of persormal protective measures

for individuals exposed to Peromyscus spp.
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and their excreta (Centers for Disease

Control and Prevention, 1993), thereby

helping to prevent further hantavirus

lated morbidity and mortality.

We gratefully acknowledge S. Salek and

K. Wekesa for helping to provide speci-

mens, and M. Martin and G. Oronoz-Per-

ez for technical assistance. This work was

supported by time State of North Carolina.
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