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1Note added in press:  The first fatal human hantavirus case in Oklahoma (Texas County) was confirmed by the
Centers for Disease Control in late November 2001.
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We conducted a statewide survey of Oklahoma small mammals to test for antibod-
ies against rodent-borne viral diseases. Four rodent species had antibody to Sin
Nombre virus (SNV), the primary causative agent of hantavirus pulmonary syn-
drome (HPS), and two species had antibody to Whitewater Arroyo virus, an
arenavirus associated with human fatalities. The rodent reservoirs for other HPS-
causing North American hantaviruses also occur within the state. This 13-month
seroepidemiologic survey assayed 26 species of small mammals belonging to 14
genera collected from 14 locales in 8 of the 9 major physiognomic regions of Okla-
homa. Of 686 captures, 5.25% were SNV-seropositive. The SNV-seropositive spe-
cies were Peromyscus maniculatus, P. gossypinus, P. leucopus, and Sigmodon
hispidus. Of the peromyscines, 8.4% of captures were SNV-seropositive. Four lo-
calities exhibited two or more seropositive species. We found high capture and
SNV-seropositive rates for the white-footed mouse, P. leucopus: 25% of all cap-
tures, 67.7% of all peromyscine captures, and 44.4% of all seropositive individuals.
P. leucopus has been associated with HPS cases caused by New York hantavirus
and by Monongahela hantavirus in Pennsylvania. Health professionals and those
at risk for occupational exposure should be aware that pathogenic rodent-borne
viruses occur within the state. © 2001 Oklahoma Academy of Science1

INTRODUCTION

Sin Nombre virus (SNV) is the primary etio-
logical agent of hantavirus pulmonary syn-
drome (HPS) in North America (1,2). From
the outset of the 1993 outbreak in the Four
Corners region of the Southwestern United
States through April 16, 2001, the Centers for
Disease Control and Prevention (CDC) has

reported 283 cases of HPS, with a human
case fatality rate of 38% (3). The incidence
of HPS remains highest in the Four Corners
states. However, since January 1, 1994, there
have been 203 cases in 31 states, with a case
fatality rate of 30%. The only known HPS
case (non-fatal) in Oklahoma occurred in the
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fall of 1996 (4). This person lived in Texas
County in the northwest Panhandle region
of the state and apparently was exposed
while working in the cab of an abandoned
truck infested with rodent nests. The six
states contiguous to Oklahoma have re-
corded numerous HPS cases (3): New
Mexico, 41; Colorado, 25; Kansas, 14; Texas,
13; Arkansas, 0; Missouri, 0; and nearby
Louisiana has recorded a single case.

Present evidence suggests that coevo-
lution of rodent reservoir hosts and hanta-
viral species has resulted in host specificity
(2,5,6). Eleven North American hantaviruses
have been described (1,2). Five of these have
been associated with HPS (1): SNV (primary
reservoir host is the deer mouse, Peromyscus
maniculatus); Monon-gahela (associated with
the white-footed mouse, P. leucopus); New
York virus (NY;  primary reservoir host is
the white-footed mouse, P. leucopus); Black
Creek Canal virus (BCC; primary host is the
cotton rat, Sig-modon hispidus); and Bayou
virus (BAY; primary host is the rice rat,
Oryzomys palustris). Other North American
hantaviruses, all of unknown pathogenicity,
have been associated with various rodent
reservoirs: Mule-shoe (MULE; S. hispidus);
El Moro Canyon (ELMC; the western har-
vest mouse, Reithrodontomys megalotis);

Monongahela (which has also been associ-
ated with the deer mouse); Blue River
(white-footed mouse); Prospect Hill (PH;
meadow vole, Microtus pennsylvanicus); Isla
Vista (ISLA; California vole, Microtus
californicus); and Bloodland Lake (prairie
vole, M. ochragaster).

With respect to biogeography, Okla-
homa is one of the most diverse states, on
the basis of  land forms and relative land
area, in the continental United States. Varia-
tion in topography and geology, elevation,
botany, and precipitation results in nine to
twelve ecological biozones, or physiognomic
regions depending on author (7,8). These
biozones vary from the high-elevation
piñon-juniper mesas of the northwest Pan-
handle to the low-elevation cypress-oak
swamplands in the far southeast, from the
mesquite savannas of the extreme southwest
to the hardwood forests of the Ozark Pla-
teau in the northeast. These natural commu-
nities contain an abundance of rodent spe-
cies, with the diversity, and density of some
species, being greater in the grassland habi-
tats in the western half of the state. Of those
sigmodontine rodents listed above which are
associated with hantaviruses, all occur
within Oklahoma. Furthermore, Oklahoma
not only contains the western-most popula-

Figure 1. Oklahoma counties and physiognomic regions. Numbers indicate nine physiog-
nomic regions according to Caire and co-workers (7). Shaded counties indicate trapping
locales. SNV indicates locales where rodents showing antibody to Sin Nombre virus were
trapped, and WWAV indicates locales where rodents showing antibody to Whitewater Ar-
royo virus were trapped (a seropositive white-footed mouse was captured in Murray County
in 1993; see text for discussion).
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tions of some eastern rodent species and the
eastern-most populations of some western
rodent species but also many southern ro-
dent species have expanded their ranges
northward in Oklahoma during the recent
historic past (7). The purpose of this study
was to conduct a survey of rodents for the
presence of antibody to SNV and to
Whitewater Arroyo virus (WWAV), a New
World arenavirus, given Oklahoma’s physi-
ognomic diversity, the large number of ro-
dent species occurring within the state that
have been associated elsewhere with North
American hantaviruses, and the higher oc-
currence of HPS in most adjoining states.

MATERIAL and METHODS

The preponderance of HPS cases has been
reported primarily from areas of relatively
high elevation and is associated with grass-
land habitats exhibiting relatively high di-
versity and density of rodent species. The
key objective of this study was to sample
rodent populations from the state’s nine
major physiognomic regions (Fig. 1) to de-
termine the potential risk of HPS across
Oklahoma. Possible study locales at state
parks, wildlife management areas, nature
conservancy areas, and university research
stations/field sites in each biozone were
identified and permissions to work there
acquired. Small mammal collecting permits
were obtained from the Oklahoma Depart-
ment of Wildlife Conservation. Trapping
was conducted on an opportunistic basis
with the goal of one trapping session per
month beginning in July 1998 and ending in
July of 1999.
Field Collections: Field collection protocols
for rodents were approved by the Univer-
sity of Oklahoma Health Sciences Center
(OUHSC) Institutional Animal Care and Use
Committee. The majority of specimens were
live-captured using Sherman 3x3.5x9” fold-
ing galvanized aluminum traps. Snap traps
were used initially to collect voucher speci-
mens and for endoparasitological studies of
co-morbidity. Because this project was de-
signed as a preliminary statewide survey, a
mark-release-recapture method of determin-
ing population sizes (9) was not used. A trap-
ping locale was defined as a spatially coher-

ent constellation of trapping sites. At each
study locale, trapping was conducted in a
variety of habitat types, designated as sites,
distinguished by differing botanical assem-
blages. The term locality is used to refer to a
locale that was trapped on several occasions
but each time composed of different trap-
ping sites or to an aggregate of locales with
an essentially common botanical assem-
blage. Most trap sites occurred along road-
sides, in grazed areas, in wildlife manage-
ment areas and state parks, and were con-
sidered to be disturbed communities. At
each trap site, botanical specimens were col-
lected and keyed to species. These plant
specimens are curated, and a list of plant taxa
for each site is on file, at the University of
Central Oklahoma. Traps were set in late
afternoon or early evening, baited with
rolled oats, and collected early the follow-
ing morning for processing of captured ani-
mals. Trapping was carried out on succes-
sive nights over a 2-4 d period. During cold
weather, cotton balls were put in the traps
for use as insulation by trapped rodents.
Pairs of traps were spaced approximately 10
m apart along grid lines approximately 200
m long. From 250-600 traps were set each
night at the various locales, depending on
the number of sites per locale. Initially, all
captures were released at the original cap-
ture site, but as the study progressed most
of the captures were sacrificed using the ac-
cepted technique of cervical dislocation (10-
12). The sacrificed specimens were frozen
and stored at the OUHSC for the duration
of the field project and now have been trans-
ferred to the Natural Science Research Labo-
ratory at the Museum of Texas Tech Univer-
sity. Standardized procedures regarding
humane capture, processing, and bleeding
as well as human safety precautions were
employed (see 2,11). Data collected for each
specimen included species, age (adult, sub-
adult), sex, morphometrics (ear length, tail
length, etc.), and reproductive status (scro-
tal, pregnant, lactating, etc.). Captured ro-
dents were bled via the retro-orbital sinus.
Handling and orbital sinus bleeding are not
associated negatively with survival for
peromyscines (13). Several drops of blood,
about 0.5-1.0 mL, were collected into
cryovials by using heparinized hematocrit
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capillary tubes. Blood specimens were stored
on wet ice while processing animals in the
field and on wet or dry ice during transpor-
tation until they could be curated in cold
storage facilities at the OUHSC.

Laboratory Procedures: Blood specimens
were shipped to the Arthropod-Borne and
Infectious Diseases Laboratory at Colorado
State University where enzyme-linked
immunosorbent assays (ELISA) were con-
ducted as described by Mills and co-work-
ers (2). Because antibodies to other North
American hantaviruses are cross-reactive
with SNV antigen, ELISA detects but does
not distinguish infections caused by closely
related hantaviruses (2). Blood samples were
screened at 1:100 for IgG antibody to SNV
and by immunofluorescence for antibody to
WWAV, an arenavirus found in North
American woodrats (14) and of interest be-
cause of the pathogenicity of many South
American arenaviruses and the recent asso-
ciation of WWAV with human fatalities in
California (discussed below). Antibody-

positive samples were titrated to determine
end points.

RESULTS

During the 13-month study period, the field
team sampled small mammal populations
at 14 distinct collection locales in eight of the
nine physiognomic regions (Fig. 1). Lake
Arcadia was sampled on three separate oc-
casions because of the high hantavirus ac-
tivity found there from the project’s incep-
tion (52.8% of all SNV seropositives during
the study). At the Lake Arcadia locales, dif-
ferent sites were sampled on each trip. Mul-
tiple locales in the Ozark Plateau region were
sampled in the extreme northeastern part of
the state and are referred to as the “NE Okla-
homa” locality in Table 1. This table lists the
locales, county, physiognomic zone, collec-
tion dates, GPS coordinates, and trap
nights/capture ratio for each locale. As
noted above, within each locale trapping
was conducted at several sites, with vary-
ing degrees of anthropogenic disturbance.

No. Locale/Site Name County Physiognomic Regiona Dates GPSb Trap nights
(Capture ratio) c

1 Lake Arcadia Oklahoma Post Oak/Blackjack Uplands (6) mid July 1998 N35º39' W97º 22' 320 (7.19%)
2 Lake Murray Love Post Oak/Blackjack Uplands (6) late July 1998 N34º01' W97º 03' 450 (2.22%)
3 Black Mesa SPd Cimarron Piñon-Juniper Mesas (1) ear. Aug. 1998 N36º51' W102º 53' 582 (10.83%)
4 Alabaster Caverns SP Woodward Short-Grass Plains (2) mid Sep. 1998 N36º41' W99º 08' 450 (1.56%)
5 Tall Grass Prairie

         Reserve Osage Tall-Grass Prairie/Rolling Hills (5) late Sep. 1998 N36º50' W96º 25' 695 (22.01%)
6 Sequoyah SP Cherokee Oak-Hickory Ozark Plateau (9) mid Oct. 1998 N35º54' W95º 14' 500 (17.8%)
7 Hollis/Red River Harmon Mesquite-Grass Plains (4) mid Nov. 1998 N34º35' W99º 54' 1190 (5.29%)
8 Lake Arcadia Oklahoma Post Oak/Blackjack Uplands (6) mid Jan. 1999 N35º39' W97º 22' 450 (5.33%)
9 Little River Refuge McCurtain Cypress-Oak Floodplains (7) mid Feb. 1999 N33º58' W94º 42' 990 (1.11%)
10 Lake Arcadia Oklahoma Post Oak/Blackjack Uplands (6) late May 1999 N35º39' W97º 22' 558 (7.71%)
11 Great Plains SP Kiowa Mixed-Grass Plains/Wichita Mts. (3) ear. June 1999 N34º44' W98º 59' 409 (2.20%)
12 Selman/Alabaster SP Harper Short-Grass Plains (2) mid June 1999 N36º41' W99º 09' 1340 (2.02%)
13 Lake Texoma Marshall Post Oak/Blackjack Uplands (6) late June 1999 N33º55' W96º 45' 1157 (9.77%)
14 Multiple NE Locales: Ottawa Oak-Hickory Ozark Plateau (9) mid July 1999 2081 (2.45%)

     Twin Bridges SP Ottawa N36º49' W94º 43'
     Bicentennial SP Ottawa N36º57' W94º 43'
     Josephine Smith SP Ottawa N36º56' W99º 44'
     Lake Eucha SP Delaware N36º21' W94º 49'

Total trap nights 11172
Overall capture ratio 6.14%

aBased on Caire and co-workers (7), the numbers in parentheses refer to the physiognomic zones in Fig. 1
bGPS = Global positioning system coordinates
cCapture ratio = captures/trap nights
dSP = State Park.

TABLE 1.  Collection locales.
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Trap nights for the 13-month study totaled
11,172 with a capture:trap nights ratio of
6.1%.

Table 2 lists the 686 small mammal cap-
tures by locale and species. We trapped 26
small mammal species representing 14 gen-
era during the study period. The vast ma-
jority of captures belonged to Neotoma spp.,
Peromyscus spp. and S. hispidus. At one
highly disturbed site, 40 specimens of Mus
musculus were captured. In fact, the sig-
modontine genera Peromyscus and Sigmodon
accounted for more than three-quarters of
all captures, with about two-thirds of all cap-

tures from two species, the white-footed
mouse (25%) and the cotton rat (41%).
Whereas only about 25% of the species cap-
tured yielded ample sample sizes (N > 20),
the coverage was broad for these rodent gen-
era occurring within Oklahoma and which
have been associated in adjacent states with
hantaviruses and arenaviruses: (a) all four
Neotoma spp.; (b) seven of eight Peromyscus
spp.; (c) three of four Reithrodontomys spp.;
and (d) both Microtus spp. During the study
period, no specimens of Ochrotomys,
Baiomys, or Onychomys were captured al-
though these genera are found in the state.

Collection Locale Numbersa

Species (N = 26) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Species
 Total

Blarina hylophaga 2 1 3
Chaetodipus hispidus 1 4 2 1 1 9
Cryptotis parva 1 1
Dipodomys ordii 8 8
Geomys bursarius 1 1 2
Microtus ochrogaster 6 6
M. pinetorum 1 1
Mus musculus 40 4 44
Neotoma albigula 2 2
N. floridana 1 6 5 1 3 1 2 2 21
N. mexicana 2 2
N. micropus 1 12 13
Oryzomys palustrisb 1 1b
Perognathus flavescens 2 2
Peromyscus attwateri 3 1 3 2 9
P. boylii 3 3
P. difficilis 3 3
P. gossypinus 5 2 8 15
P. leucopus 8 2 41 1 16 21 11 10 23 5 3 13 16 170
P. maniculatus 1 2 5 1 10 5 13 1 7 45
P. truei 6 6
Reithrodontomys
                 fulvescens 1 2 10 10 2 4 3 2 34
R. humulis 1 1
R. montanus 1 1
Sigmodon hispidus 14 3 2 2 107 53 19 1 1 11 10 50 11 284
Spermophilus variegatus 1 1

Total captures by locale 23 10 63 7 153 89 63 24 11 43 9 27 113 51 686

aNumbers in Table 1;
bCaught at the OU Biological Station at Lake Texoma during the study period by Michael Kennedy. This

individual is not included in numbers of total captures but demonstrates the presence of this reservoir for
Bayou hantavirus at one of the locales sampled.

TABLE 2.  Small mammal captures.
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Of the 686 total captures, 36 (5.25%)
were seropositive for SNV. These SNV-se-
ropositive specimens were captured at five
different localities (Fig. 1). At locales with
SNV-seropositives, the prevalence for a spe-
cies varied from 4% to 50% (although the
sample size was small at many locales). Table
3 lists the seropositives by locale for both
SNV and WWAV. Four species had antibody
which is reactive to SNV antigen (Table 4):
(a) the cotton mouse, P. gossypinus (13.3% of
all captures seropositive); (b) the white-
footed mouse (8.2% seropositive); (c) the
deer mouse (11.1% seropositive); and (d) the
cotton rat (5.3%). Of the five different locali-
ties with seropositive rodents, four had two
or more seropositive species, and the Tall
Grass Prairie Preserve had all four seroposi-
tive species. White-footed mice and cotton
rats accounted for 66% of all captures, and
both of these species were trapped at 13 of
14 locales. Seropositives from these two spe-
cies occurred at five locales each, and to-
gether they accounted for 80.6% of all SNV-
seropositives.

Table 5 lists the percentage of all cap-
tures for the three principal seropositive spe-
cies that accounted for 94% of all sero-posi-
tives (white-footed mice, deer mice, cotton
rats) at locales with seropositive individu-
als. Figure 2 is a graphic depiction of this
information. Of these three seropositive spe-

cies, the deer mouse was the least often cap-
tured at most locales. The only exceptions
were Lake Arcadia (1/99) and Selman Caves
(Harper County)/Alabaster Caverns (6/99).
Table 6 summarizes the captures of these
same three species at Lake Arcadia, the only
locality sampled on multiple occasions dur-
ing the study period. Although the numbers
were low during the January trapping ses-
sion, both the highest capture ratio and the
highest percentage seropositive for the deer
mouse occurred during that month.

Overall, Peromyscus spp. accounted for
58.3% (N = 21) of all SNV-seropositives. Of
these, 90.5% were adults, and 85.7% were
males. The cotton rat accounted for 41.7%
(N = 15) of SNV-seropositives; all seroposi-
tives were adults, and 46.7% were males.

DISCUSSION

Capture Success: Capture success varied by
collection locale, from 1.1% to 22% (Table 1).
Although many factors such as natural
cycles in rodent populations affect capture
success, during the two summers when trap-
ping was carried out in this study, most of
the state suffered from an exceptional
drought and heat wave. Drickamer and co-
workers (15) conducted an experimental
study that uncovered both extrinsic and in-
trinsic factors affecting trap-response hetero-

Figure 2. Percentage of captures for the three primary species showing antibody to Sin
Nombre virus in five capture locales. The Lake Arcadia locale was trapped on three sepa-
rate occasions, with traps placed at different sites at each trapping session. LA1: Lake Arcadia,
July 1998;TG: Tall Grass Prairie Reserve; RR: Hollis/Red River; LA2: LakeArcadia, January
1999; LA3: Lake Arcadia, May 1999; AC2: Selman Caves (Harper County)/Alabaster Cav-
erns, June 1999; OUBS: Oklahoma University Biological Station at Lake Texoma.
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geneity for the adult house mouse, Mus
musculus. Specifically, humidity, tempera-
ture, and animal’s sex affected trapping re-
sponse. Lewellen and Vessey (16) also con-
ducted an experimental study that sug-
gested Sherman live traps do not trap rep-
resentative populations, especially in win-
ter, and may result in undercounts for
Peromyscus sp. In our Oklahoma study, of the
four sites with the highest capture success
(Black Mesa State Park [SP]—10.8%; Tall
Grass Prairie Reserve—22%; Sequoyah SP—
17.8%; and OU Biological Station—9.8%),
usually only a single species predominated.
At Black Mesa SP, the white-footed mouse
accounted for 65.1% of all captures; at the
Tall Grass Prairie Preserve and Sequoyah SP,
the cotton rat accounted for 69.9% and 59.6%
of captures, respectively; at the OU Biologi-
cal Station, cotton rats and house mice to-

gether accounted for 79.7% of all captures
(Table 2).

Most studies have reported high over-
all capture numbers for adult males (17).
This has been attributed to the larger home
ranges for males. For sigmodontines (75%
of all captures in this study), more males
(53%) than females were captured. However,
this result is largely due to the Peromyscus
spp. with 57% of captures being males (N =
132) versus 49% of cotton rats being males
(N = 139). These differences are not signifi-
cant (X 2 = 3.64, 1 df, P = 0.056) for male ver-
sus female captures of sigmodontines.

Most previous studies also have shown
relatively high SNV-seropositive rates for the
western harvest mouse, R. megalotis (5,17,
18,19). This species is associated with ELMC
(20), and antibody to ELMC is cross-reactive
to SNV. In Oklahoma, the western harvest

Locale Name & Number Species             Captures
    (# sero+)/% sero+
SNV WWAV

Lake Arcadia (1) Peromyscus leucopus 8(4)/50
Sigmodon hispidus 14(3)/21.4

Black Mesa State Park (3) Neotoma albigula 2(1)/50

Tall Grass Prairie Preserve (5) Peromyscus gossypinus 5(2)/40
Peromyscus leucopus 16(2)/12.5
Peromyscus maniculatus 5(1)/20
Sigmodon hispidus 107(4)/3.7

Harmon County/Red River (7) Peromyscus leucopus 11(1)/9.1
(Hollis area) Sigmodon hispidus 19(2)/10.5

Neotoma micropus 12(9)/75

Lake Arcadia (8) Peromyscus leucopus 10(1)/10
Peromyscus maniculatus 10(3)/30

Lake Arcadia (10) Peromyscus leucopus 23(6)/26.1
Sigmodon hispidus 11(2)/18.2

Woodward County (12) Peromyscus maniculatus 13(1)/7.7
(Selman/Alabaster Caverns area) Sigmodon hispidus 10(2)/20

OU Biological Station (13) Sigmodon hispidus 50(2)/4.0

Total seropositives N = 36 N  = 10

TABLE 3.  Locales with seropositive (sero+) specimens.
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mouse occurs only in the northwestern Pan-
handle. Three of the four Reithrodontomys
spp. occurring in Oklahoma were captured
in this study, but no western harvest mice
individuals were caught during trapping in
the Panhandle region.

Many species of the piñon-juniper
peromyscine guild were not captured in
high numbers, but we only trapped on a
single occasion in that locality. Given the se-
ropositive rates reported elsewhere (5,21-23)
for the brush mouse (P. boylii) and the piñon
mouse (P. truei), these two species are of
great interest. Similarly, the rice rat (O.
palustris) is also of great interest given its

TABLE 4. Species with seropositive (sero+) specimens.

Species % of all % M:F Captures # Locales # Locales w/
captures sero+ (% M)  captured at sero+

Peromyscus gossypinus 2.2 13.3 8:7 (53.3) 3 1
Peromyscus leucopus 24.8 8.2 95:75 (55.9) 13 5
Peromyscus maniculatus 6.6 11.1 29:16 (64.4) 9 3
Sigmodon hispidus 41.4 5.3 139:145 (48.9) 13 5

TABLE 5. Percentage of white-footed mice, deer mice, and cotton rats at seven locales.

Collection Localesa
Species 1 5 7 8 10 12 13

Peromyscus leucopus 34.8 10.5 17.5 41.7 53.5 11.1 11.5
Peromyscus maniculatus 4.4 3.3 1.6 41.7 11.6 48.2 1.0
Sigmodon hispidus 60.9 69.9 30.2 4.2 25.6 37.0 44.3

aNumbers correspond to locales in Table 1; Locale # 1,8, and 10 are the Lake Arcadia locality where numerous
distinct sites where sampled on three separate trapping sessions.

TABLE 6. Summary of seropositive (sero+) species for the Lake Arcadia locale.

Species July 1998 January 1999 May 1999
captures % sero+ captures % sero+ captures % sero+

Peromyscus
   leucopus 8 50 10 10 23 26.1
Peromyscus
   maniculatus 1 0 10 30 5 0
Sigmodon
   hispidus 14 21.4 1 0 11 18.2

association with the HPS-causing BAY vi-
rus (24,25) in Texas and Louisiana. The rice
rat occurs in southern, eastern, and north-
eastern Oklahoma, apparently expanding its
range in recent decades, although it does not
appear to occur in high numbers. During
this study, a single specimen was captured
by Michael Kennedy at the OU Biological
Station at Lake Texhoma. This specimen has
been submitted for testing.
Capture Locales: All of the trapping sites in
our study occurred in what we considered
to be disturbed habitat (roadside ditches,
state parks, wildlife management areas,
wheat/grain fields, grazed ranchland, etc.).
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mice accounting for 42.2% of 4,549 captures
and seroprevalence of 11.8% over a 20-yr
period for certain locations in California and
the Channel Islands. Otteson and co-work-
ers (18) found that deer mice accounted for
50.2% of 1,867 total captures, with 12.5% se-
ropositive in northeastern California and
Nevada. Graham and Chomel (32) found
about 13-15% seropositives for deer mice on
the Channel Islands, with large variation
among sites and island populations. For the
period of 1988-1997, Bennett and co-work-
ers  (17) reported four seropositive sigmo-
dontine species from Orange and San Diego
Counties in southern California, with deer
mice representing 40.1% of captures and
9.1% of the 948 deer mice being seropositive.
At Fort Lewis and Molina in Western Colo-
rado, deer mice accounted for 85.5% and
63.1%, respectively, of all captures, with 9.6%
and 9.4% seropositive, respectively (22).
Antibody prevalence in deer mice has been
reported to increase with altitude (5,19).

Previous studies have indicated that
larger and older males are more likely to be
seropositive (5,17,18,21-23,26,32). To many
authorities, this evidence has suggested
horizontal transmission of hantaviruses for
several species (9,17,33), related perhaps to
intraspecific encounters (22,34) due to over-
lapping home ranges. In this study of Okla-
homa rodents, 85.7% (18 of 21) of the serop-
ositive peromyscines were males, whereas
47% (7 of 15) of the S. hispidus seropositives
were male. These results are significant for
seropositive captures by sex for the two gen-
era (X 2 = 6.29, 1 df, P = 0.012).

In comparison to previous reports on
peromyscines, our study is unique in the
capture frequency and seropositivity of
white-footed mice vis-à-vis deer mice. Both
species are geographically widespread in the
continental United States. The former pre-
dominates in the Upper Midwest and east-
ern United States, whereas the latter pre-
dominates in the western United States. For
example, in a comprehensive study of nine
biotic communities and numerous sites in
several southwestern states, Mills and co-
workers (5) caught 3,069 small mammals,
with 42,831 trap nights and a capture ratio
of 7.2%, and found that deer mice were the
most commonly captured species, with 31%

It is difficult to find areas in Oklahoma that
are not disturbed to one degree or another.
Boone and co-workers (26) found that se-
ronegative rodents tended to occur in habi-
tats characterized by low elevation, level to-
pography, and low vegetation productivity
and species variability. Bennett and co-work-
ers (17) found, based on trapping records for
the period 1984-1992 in Orange and San Di-
ego Counties of southern California, that
deer mice and western harvest mice were
collected more often in disturbed (ruderal)
habitats dominated by introduced weeds
and ornamental shrubs, grassland and sage-
scrub habitats, or grassland/sage-scrub/
chaparral ecotones. M’Closkey (27) found
that deer mice and western harvest mice
preferred disturbed, early succession habi-
tats or open, patchy habitats with low shrub
heights. Bennett and co-workers (17) found
that, in Los Angeles County, the deer mouse
was associated with sparse vegetation and
boulder deposits.
SNV Seropositivity: SNV-seropositive
specimens were collected at five distinct lo-
calities in this study. Four of these localities
had at least two seropositive species, and the
Tall Grass Prairie Preserve had all four spe-
cies shown to have antibody during the
study period. The 36 seropositive individu-
als (Table 4) in this study are from species
previously found to be seropositive in other
studies: white-footed mice, cotton mice, cot-
ton rats and deer mice.

The white-footed mouse is associated
with the HPS-causing NY hantavirus in the
northeastern United States (28) and with
HPS-causing Monongahela hantavirus in
Pennsylvania (29). This species also has been
found to be seropositive in North Carolina
(30). At Molina in western Colorado, one of
two white-footed mice captured was serop-
ositive (22). Glass and co-workers (31) col-
lected and tested 1500 small mammals in
Florida, reporting a single cotton mouse and
123 cotton rats with antibody to SNV. The
cotton rats also had antibody to BCC virus.
Deer mice usually are the most common
species with relatively high seropositive
rates and therefore are considered the prin-
cipal vertebrate host for this virus species.
Jay and co-workers (19) reported seroposi-
tives for five peromyscine species, with deer
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of total captures. Weigler and co-workers
(30) reported four seropositives from 301
Peromyscus spp. collected in North Carolina.
Two of these were white-footed mice from a
coastal island biome, and two were from a
mountain biome where deer mice and white-
footed mice were sympatric.

In our study, white-footed mice repre-
sented 25% of all captures, 67.7% of all
peromyscine captures, and 44.4% of all se-
ropositive individuals. Deer mice accounted
for only 6.6% of all captures, 17.9% of all
peromyscines captured, and 13.9% of all
seropositives. In Oklahoma, the white-
footed mouse shows distinctive pelage
changes from east to west (7). Using micro-
satellite markers, Schmidt (35) confirmed
that two white-footed mouse cytotypes ex-
ist in Oklahoma and that the well-docu-
mented hybrid zone in central Oklahoma
demonstrates introgression of the north-
western alleles into the southwestern ge-
nome. Morzunov and co-workers (36) dis-
cussed the geographic distribution of four
mitochondrial DNA haplotypes of white-
footed mice in relation to the hantavirus spe-
cies borne by this mouse species. These au-
thors also substantiated a stable hybrid zone
in central Oklahoma among the northwest-
ern and southwestern karyotypes. Mor-
zunov and co-workers conducted phyloge-
netic analyses of white-footed mice and
hantaviral species, including a specimen
collected by the CDC from Murray County
in 1993. (Immediately following the Four
Corners outbreak, a study of rodents from
several western states recorded a single
SNV-seropositive white-footed mouse from
Murray County in south-central Oklahoma
[Centers for Disease Control and Prevention
memo to J.M. Crutcher of the Oklahoma
State Department of Health]). Morzunov
and co-workers concluded that the NY vi-
rus borne by the white-footed mouse in the
northeastern United States belonged to a
monophyletic group that included the deer
mouse-borne SNV and Monongahela vi-
ruses while the Oklahoma virus lineage, for
which they proposed the name Blue River
virus, formed an ancestral branch within the
SNV clade with a virus borne by Indiana
populations of white-footed mice.

The Lake Arcadia locality was an area

exhibiting high rodent prevalence for SNV
in this study. Focal areas with high hanta-
virus prevalence, as well as cyclical patterns
for seroprevalence, have been noted at sev-
eral sites, for several rodent species, and for
numerous hantaviruses (21,31,33). The Lake
Arcadia locality accounted for more than
half of all seropositives in this study, with
individuals of three rodent species showing
antibody to SNV. Otteson and co-workers
(18) found that antibody prevalence among
deer mice remained a constant 25-27% at one
site over a multi-month period but that there
were no seropositives at other sites over
similar time periods. Bennett and co-work-
ers (17) reported seropositive specimens in
all months but noted a gradual increase in
antibody prevalence in deer mice from De-
cember to June. Although the total number
of rodents collected at Lake Arcadia was
small (N = 90) and the study period was rela-
tively short, deer mice captures at this local-
ity fluctuated widely, with both higher cap-
ture frequencies and higher seropositivity in
winter when seropositivity is least for the
sympatric white-footed mice and cotton rats
at this site.
Whitewater Arroyo Virus: The recent report
(37,38) of human fatalities in California as-
sociated with WWAV is of particular con-
cern. In this study, we found two of the four
woodrat species in the state seropositive for
WWAV: the white-throated woodrat (Neo-
toma albigula at Black Mesa SP) and the
southern plains woodrat (N. micropus in
Harmon County). Recently, based upon a
longitudinal study from 1995-1999, Calisher
and co-workers (39) reported that three
woodrat species in southeastern Colorado
(N. albigula, N. mexicana, and N. micropus) had
antibody to WWAV. Fulhorst and co-work-
ers (40) recently reported that WWAV is
widely distributed throughout the western
United States, including Oklahoma, in as-
sociation with Neotoma rodents.
Conclusions: When the first Europeans tra-
versed Oklahoma Territory from the eastern,
forested mountains, they next encountered
grasslands before entering a wide belt of tim-
ber that “crossed” the plains from north to
south. Called the “crosstimbers” (8), the for-
ests of this grassland-forest  mosaic that bi-
sected the state were dominated by short-
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post oak (Quercus stellata) and blackjack oak
(Q. marilandica). Based on the 13-month sur-
vey reported here, zoonotic hantaviruses
occur at the very least in rodents inhabiting
the crosstimbers and western plains of Okla-
homa (Fig. 1). Our sample sizes in the east-
ern part of the state did not permit an ad-
equate appraisal of that region. Although
most hantavirus studies cited above summa-
rized longitudinal projects, the results of our
preliminary survey do confirm many aspects
of sigmodontine ecology as related to the
natural history of SNV-associated hanta-vi-
ruses. The seroprevalence among Oklahoma
peromyscines was 8.4%, which is similar to
studies in the western United States, and to
that reported for Kansas (41). Nevertheless,
the presence of SNV-related hantaviruses as
well as a Whitewater Arroyo-related arena-
virus in Oklahoma needs to be confirmed
by polymerase chain reaction (PCR) assays.

The salient findings of this study relate
to the preponderance of white-footed mice
both with regard to captures and to SNV-
seroprevalence. Given the issues of host
specificity (for both hantaviruses and
arenaviruses), threshold density [density-
dependent prevalence of infection (22)] and
cross-species spillover into non-reservoir
species (5), the results reported here offer
preliminary insight into, and suggest prom-
ise for future studies of, the natural history
of hantaviruses borne by the white-footed
mouse, the deer mouse, and the cotton rat
in Oklahoma. Because of the occurrence of
the MULE virus in Texas cotton rats and the
reported cocirculation of multiple hanta-vi-
rus species, it would be of interest to exam-
ine hantavirus epidemiology in this rodent
species (42). The hybrid zones for white-
footed mice present opportunities for inves-
tigating cross-species viral transmission,
reassortment, or recombination of hantavi-
ruses (43). Future studies also should focus
on the natural history of the rice rat and its
BAY virus to compare with those long-term
studies of peromyscine-borne SNV in the
western United States. As reported here and
in several other studies (44), because SNV-
seropositive rodents may be associated with
anthropogenic disturbance, it is important
to quantify habitat-structure attributes rel-
evant to hantavirus ecology (45) and to test

the hypothesis that ectoparasites potentially
play a transmission role in the landscape
epidemiology of hantaviruses (46). With re-
gard to woodrats associated with WWAV
(14), Caire and co-authors (7) have identi-
fied Oklahoma sites where the eastern
woodrat (N. floridana), hybridizes with the
western southern plains woodrat (N. micro-
pus). A study at such sites could yield valu-
able information on the natural history of
arenaviruses in the state.

For rodent-borne hantaviruses and
arenaviruses, since there is no specific treat-
ment available, developing effective preven-
tion measures is dependent on knowledge
of the ecology and epizootiology of the res-
ervoir species (2). Detailed, longitudinal,
ecologic surveillance studies can provide a
better definition of potential disease-en-
demic areas than can a human-based sur-
veillance system (9). Differences in SNV
seroprevalence in rodent populations in dif-
ferent habitats have been documented and
may help predict the variable disease risk
to humans (2,9,47).

However desirable it may be to opera-
tionalize an active rodent-borne virus sur-
veillance system in the state, the fact remains
that such programs are both expensive and
labor-intensive.

A recent survey (48) of Oklahoma pest-
control technicians found that whereas these
workers were knowledgeable of an occupa-
tional risk for HPS and desired more infor-
mation, they were less aware that HPS had
occurred in Oklahoma and perceived
hantaviruses primarily as a threat restricted
to the southwestern United States. It is im-
portant for public health and primary
health-care professionals, educators, field
biologists, and others at risk of occupational
as well as peridomestic exposure in Okla-
homa to be aware of the presence of rodent-
borne viruses across the state. The first HPS
case in New England (Vermont) was re-
ported in July, 2001 (49). Like most patients
(75%) with documented exposure to rodents,
this case appears to represent peridomestic
exposure. Information on reservoir ecology,
diagnosis, treatment, prevention, and con-
trol are readily accessible in electronic (e.g.,
CDC web site) or print (1,50) versions.
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