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ABSTRACT Potosi (POT) virus, a recently characterized Bunyamwera serogroup virus, was discov-
ered when it was isolated from Aedes albopictus collected at a waste-tire site in Potosi, Washington
County, Missouri, during 1989. During the following year, POT virus was not isolated from 39,048
mosquitoes, including 17,519 Ae. albopictus, collected in Washington County. In 1991, mosquito collec-
tions from South Carolina, Ohio, and Michigan yielded 8 strains of POT virus: 6 from Coquillettidia
perturbans and one each from Culex restuans and Psorophora columbiae. Additional collections of Ae.
albopictus from several states during 1990-93 failed to yield further isolates of POT virus. In 1994, POT
virus was isolated from Ae. albopictus and Anopheles punctipennis in North Carolina and from Aa.
albopictus in lllinois. These represent the first virus isolations of any type fuom Ae. albopictus in those
states. Thus far, POT virus has been isolated from 5 mosquito species in different genera in 6 states. The
known geographic range of POT virus, based on virus isolations, has been extended from Missouri to
the upper Midwest and the Atlantic seaboard. Potential vector relationships and possible transmission
cycles of POT virus are discussed.

INTRODUCTION

Potosi (POD virus was first isolated ftom Ae-
des albopictzs (Skuse) collected in Potosi,
Washington County, Missouri, in August and
September 1989 (Francy et al. 1990, Mitchell et
al. 1990). This previously uncharacterized Bun-
yamwera (BUN) serogroup virus has since been
shown to have a wider distribution. Our labo-
ratory has isolated POT virus ftom Ae. albopic-
tzs collected in North Carolina (Harrison et al.
1995) and trlinois (Centers for Disease Control
and Prevention [CDC], unpublished data) and
from other mosquito species collected in Ohio
(Nasci et al. 1993), North Carolina, South Car-
olina, and Michigan (CDC, unpublished data).
Also, Mclean et al. (1995) found neutralizing
antibody against POT vims in deer sera from
Missouri, Iowa, Arkansas, and Colorado. Our
previously unpublished findings concerning vi-
rus isolations from mosquitoes, plus the results
of intensive follow-up entomologic studies in
Washington County, Missouri, during the sum-
mer of 199O, are reported here to add to the
limited body of knowledge concerning the ecol-
ogy and distribution of POT virus.

MATERIALS AND METHODS

Mosquitoes were collected in Washington
County, Missouri, during 3 periods in 1990, the
year following that in which the original isola-
tions were made. Collections were made during
June 11-16, July 27-August l, and September
7-13, 1990, at 22 sites, although collections

were concentrated in and around the waste-tire
site that had previously yielded POT-infected
Ae. albopictus. Mosquitoes were collected by
CDC light traps baited with dry ice, by duplex
cone traps (Freier and Francy l99l) baited with
dry ice, and by using small aerial sweep nets
and mechanical aspirators to collect specimens
attracted to the investigators. To optimize col-
lection of Ae. albopictus, the CDC light traps
were baited and set in the afternoon 3--4 h before
sunset and were retrieved the following morning
l-2h after sunrise. Duplex cone traps, designed
specifically for collecting Ae. albopictur, were
used only at the waste-tire site. These were bait-
ed early in the morning and operated throughout
the daylight hours.

Some mosquito collections, or supernatants
ftom triturated mosquito pools, were submitted
to our laboratory for testing by vector control
personnel conducting arbovirus surveillance,
sometimes in the course of outbreak investiga-
tions. Other collections were submitted by col-
laborators as part of our ongoing effort to test
Ae. albopictus from different areas of the United
States for field-acquired arbovirus infections
(Mitchell et al. 1992). collection methods for
the mosquitoes from Ohio (Nasci et al. 1993)
and North Carolina (Harrison et al. 1995) have
been described. Mosquitoes from South Carolina
and Michigan were collected by CDC light traps
baited with dry ice. The mosquitoes from Illi-
nois were collected by CDC light traps baited
with dry ice and by gravid traps (Haramis et al.,
unpublished data).
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Specimens from Michigan, collected in the
course of eastern equine encephalitis (EEE) sur-
veillance activities, were identified and sent to
us as supernatants from triturated mosquito
pools. In all other cases, whole mosquitoes were
placed in stoppered shell vials, transported on
dry ice to the laboratory in Fort Collins, and
stored in mechanical freezers at -70oC for vary-
ing lengths of time before further processing and
testing. Mosquitoes were thawed and identified
with the aid of a dissecting microscope placed
on a chill table at about 4'C. Mosquitoes were
pooled by species in groups of up to l0O spec-
imens. Only female mosquitoes were routinely
tested except in the case of Ae. albopictus,
where both sexes were tested. Mosquito pools
were triturated in 2 ml of BA-l diluent (1 x
Ml99 containing Hanks' balanced salt solution,
0.05 M Tris (pH 7.6), l%o bovine serum albumin,
0.35 g/liter sodium bicarbonate, 100 units/ml
penicillin, 100 pglml streptomycin, I pglml
Fungizone, and l0 mg/liter phenol red) by using
cold mortars and pestles. Suspensions were cen-
trifuged in Eppendorftubes at 14,000 rpm for 2
min. Supernatants were poured into l-dram
screw-cap vials and stored at -70oC until tested.

Specimens were tested for virus in Vero cell
culture grown in 6-well plates. Specimens were
inoculated in 0.1-ml quantities in 2 wells each
and adsorbed for I h at 37"C. Then the cells
were overlaid with l%o Noble agar in Ml99 +
2Vo fetal bovine serum, 2.0 g NaHCO' l5O gl
liter of DEAE-dextran, and 1:40,000 neutral red
plus lOO units/ml penicillin, 100 pglml strepto-
mycin, 25O 1t"g gentamicin/ml, and 4.5 pg Fun-
gizone/ml. Cell cultures were incubated at 37"C
and examined for l0 days for plaques.

Virus-positive cell cultures were harvested in
2 ml of BA-1 and frozen at -70'C until passed
into fluid cultures of Vero cells in 25-cm2 flasks.
When early cytopathic effects were noted, in-
fected cells were scraped from the surface of the
flask and resuspended in phosphate-buffered sa-
line (pH 7.4) containing 5Vo fetal bovine serum.
Twelve-well spot slides were prepared, air-dried,
and flxed in cold acetone. These were tested in
an indirect fluorescent antibody assay (Wulff
and Lange 1975) against a battery of National
Institutes of Health- and CDC-hyperimmune as-
citic grouping fluids. Usually, viral type-specific
monoclonal antibodies against common or sus-
pected viruses also were included in the test to
definitively identify isolates at this stage. Oth-
erwise, antigenically grouped viral isolates were
tested by neutralization (N) assay in Vero cell
culture against reference polyclonal immune re-
agents prepared against specific members of the
antigenic group. Homologous N titers were pre-

determined for reference reagents used in the
identifying N tests.

Additionally, hyperimmune (4 injections) an-
tisera were prepared for 2 representative Cache
Valley (CV) and one representative POT virus
isolates from Michigan and one POT virus iso-
late from South Carolina. All of these isolates,
and antibodies to them, were cross-tested in N
tests using prototype POT and CV viruses and
their respective antibodies. This was done after
using antibodies, with predetermined homolo-
gous N titers, to the 6 North American BUN
serogroup viruses for preliminary identification.

RESULTS

Missouri: During follow-up studies in Wash-
ington County, Missouri, in 1990, we collected
and tested 27,948 mosquitoes in 1,301 pools
(Table 1). Potosi virus was not isolated from
these mosquitoes; however, 3 strains of other vi-
ruses were recovered. Flanders (FLA) virus
(strain MO90-14O9) was isolated from Culex
restuans Theobald collected on July 28, 1990.
Two virus strains (MO9O-2219 and MO90-2320)
isolated from Culex erraticus (Dyar and Knab)
collected on September 10 and 11, 1990, reacted
with a rhabdovirus grouping fluid in the IFA as-
say; however, these strains have not been defin-
itively identified. Our 1990 Washington County
collections also contained 124 Culicoides spp.
and 12 Simuliidae. These were tested in 15 and
4 pools, respectively, with negative results.

Included in the above collections were 9,301
Ae. albopictus consisting of 9,109 females and
192 males. Temporally, 63.4Vo of these were col-
lected during September 7-13, 1990, approxi-
mately the same period during which POT- vi-
rus-infected specimens had been collected the
previous year at the waste-tire site. During Sep-
tember 199O,9l%o of our Ae. albopictus collec-
tion came from the same waste-tire site. We also
tested mosquitoes collected by M. L. Niebylski
at the waste-tire site during 1990. These con-
sisted of 11,100 specimens, including 4,515 Ae.
albopictus females and 3,7Q3 males (Niebylski
19921). All I I,100 specimens were tested in 229
pools in Vero cell culture with negative results.

South Carolina.' During the summer of 1991,
the U.S. Navy, Disease Vector Ecology and
Control Center (DVECC), Jacksonville, Florida,
collected mosquitoes in Florida and South Car-
olina for arboviral encephalitis surveillance
(Cope et al., unpublished data). We assisted their
efforts by testing 2,738 mosquitoes from Florida

tNiebylski, M. L. 1992. Bionomics of Aedes al-
bopictus (Skuse) in Potosi, Missouri. Ph.D. disserta-
tion. University of Notre Dame, Notre Dame, IN.
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Table 1. Mosquitoes collected in Washington County, Missouri, by CDC personnel during 1990
and tested for virus.

Species
No.

specimens No. poolq
No. pools
positive

Aedes albopictus
Ae. canadensis
Ae. epactius
Ae. vexans
Ae. tris e riatus -henders oni
Ae. spp.
Anopheles barberi
An. crucians
An. punctipennis
An. quadrimaculatus
An. spp.
C o quill e tt idi a p e rturban s
Culex erraticus
Cx. quinquefasciatus
Cx. restuans
Cx. salinarius
Cx. territans
Cx. (Mel.) spp.
Cx. (Cux.) spp.
Cx. spp.
Culiseta inornata
Cs. melanura
O rthopodomyia s i gnifu ra
Or. spp.
Psorophora ciliata
Ps. columbiae
Ps. cyanescens
Ps. ferox
Ps. howardii
Ps. spp.
U ranotae nia s apphirina

Total

9,301
66

1,463
2,418
5,343

353
2

80
512
689

t5
476

4,335
277
250
422

2 l
527

1,064
10
3

36
2
3
5

15
23

208
15

I
1 3

27,948

248
9

64
t07
177
32
2

t9
70
73
3

57
to4
35
25
5 l
t3
45
94

J

I
T4

1
I
3
J

8
29
5
I
4

1,301

2l

12

I Probable Rhabdovirus, identifi cation pending.
2 Flanders virus.

and 8,531 from South Carolina by plaque assay
in Vero cell culture. Coincidental to the arboviral
encephalitis surveillance objectives, we isolated
a strain of POT virus (SC91-22O2) from a pool
of Psorophora columbiae (Dyar and Knab) col-
Iected on July 8, 1991, at the Naval Weapons
Station in Charleston Counry (Table 2).

Ohio: An epizootic of EEE occurred in
Wayne and Holmes counties, Ohio, during Au-
gust and September, 1991 (Nasci et al. 1993).
Five strains of a BUN serogroup virus were iso-
lated from pools of Coquillettidia perturbans
(Walker) collected on July 23, 199I, from 3
CDC light traps baited with dry ice. Trap loca-
tions were in Wayne County within 2 km of the
Killbuck marsh basin. The 5 viral strains
(OH91-3832, -4134, -4138, -4240, and -4241')

were subsequently identified by N test as POT
virus (Table 2).

Michigan: During the summer of 1991, mos-
quitoes collected in southern Michigan as part
of an EEE investigation were sent to us for viral
assay (Walker et al., unpublished data). During
the following fall and winter, we tested 4,372
mosquitoes in an attempt to determine which
species were involved in transmitting EEE virus
during the epizootic. Seven virus strains were
isolated and identified. Tlvo of these, MI92-62
from Cq. perturbans and MI92-68 from Cx. res-
tuans, were POT virus isolated from pools of
mosquitoes collected on August 26, 1991, in
Jackson County, Michigan (Thble 2).

Prompted by the finding of POT virus in C4.
perturbans from both Michigan and Ohio, we
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Table 2. Potosi virus strains isolated from mosquitoes collected in 6 states during 1989-94.

State County Species Date collected

Missouri

South Carolina
Ohio
Michigan

North Carolina

Illinois

Washington
Washington
Charleston
Wayne
Jackson
Jackson
Anson
Thansylvania

Jasper

Aedes albopictus
Ae. albopictus
Psorophora columbiae
C o quil le ttidia p e rtur b ans
Cq. perturbans
Culex restuans
Ae. albopictus
Anopheles punctipennis

Ae. albopictus

Aug.-Sep. 1989
Aug. 1989
Jul. 1991
Jul. 1991
A u g . 1 9 9 1
A u g . 1 9 9 1
Jnl. 1994
Jul. 1994

Sep. 1994
rMininum infection ratel1.000 tested for months indicated.
'�Refened to as BUN serogroup virus by Nasci et al. (1993).

reidentified 18 strains of BUN serogroup virus
isolated from this species in Michigan in 1981
and identified as CV virus by Calisher et al.
(1986) prior to the discovery and characteriza-
tion of POT virus. Identification of the virus
strains was confirmed as CV virus in all cases
and no further strain of POT virus was found.

North Carolina: We tested 4,169 mosquitoes,
mainly Ae. albopictus, collected from waste-tire
sites in Union and Anson counties, North Car-
olina, during 1994. One pool of Ae. albopictus
collected in Anson County on July 27, 1994,
yielded a strain of POT virus (NC94-658) (Har-
rison et al. 1995) (Table 2). Also, during a sur-
vey for California encephalitis vectors, a strain
of POT virus (NC95-227) was isolated from a
pool of 48 Anopheles punctipennls (Say) col-
lected in Transylvania County on July 20,1994

(CDC and North Carolina Department of Envi-
ronmental Health and Natural Resources
INCDEHNRI, unpublished data). A total of 446
specimens of An. punctipennis was collected and
tested.

Illinois: During 1994, the Division of Envi-
ronmental Health, Illinois Department of Public
Health, submitted mosquitoes collected at waste-
tire sites to us for viral assay. Collections from
Jasper County, Illinois, contained 2,275 Ae. al-
bopictus, 5OO Aedes triseriatus (Say),44O Aedes
atropalpus (Coquillett), and 28 additional spec-
imens in 7 other taxa (CDC, unpublished data).
Two strains of POT virus (IL94-1899 andlL94-
7921) were isolated from pools of Ae. albopictus
collected on September 22, 1994, at the waste-
tire site in Jasper County (Table 2).

Assuming that Ae. albopictus may be a vector

State

Table 3. Aedes albopictas tested for virus by CDC during 1987-94.

1987 1988 1989 1990 l99l

Alabama
Arkansas
Florida
Illinois
Indiana
Louisiana
Mississippi
Missouri
North Carolina
Ohio
South Carolina
Tennessee
Totals

351
429
953

4,372
l 5

3

1,769
6.r59

36r
72

13,7204

1,693

17,519

r,234
9,9041

78

750

J

rr,969

5,581
1 , 8 1 1

2
1.735 14,t53 19,212

69

7.461
I Fourteen strains of EEE virus and one strain of KEY virus isolated (Mitchell et al 1992).
'�One strain of KEY virus isolated (CDC, unpublished data).
3 Two strains of POT virus isolated (CDC, unpublished data).
4 Sixteen strains of POT virus isolated (Francy et al. 1990, Mitchell et al. 1990).
5 One strain of POT virus isolated (Hanison et al. 1995).
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Table 2. Extended.

No. strains
M.I.R.l isolated Reference

0.4-8.9
5 .8
o.7
0.5
2.O
3.9
1 .9
2.2

0.9

Francy et al. (1990)
Mitchell et al. (1990)
CDC, unpublished data
Nasci et al. (1993)
CDC, unpublished data
CDC, unpublished data
Harison et al. (1995)
CDC and NCDEHNR.

unpublished data
CDC, unpublished data

of POT virus in nature, we examined all of our
data concerning the testing of field-collected
specimens of this species from the United States
during 1987-94. During this period we tested
77,223 specimens from 12 states (Table 3). As
indicated above, POT virus was isolated from
Ae. albopictus collected in Missouri in 1989
(Francy et al. 1990, Mitchell et al. 1990) and
North Carolina (Harrison et al. 1995) and Illi-
nois (CDC, unpublished data) in 1994. Other vi-
ruses have been isolated from Ae. albopictus as
well. We isolated EEE and Keystone (KEY) vi-
ruses from Ae. albopictus collected in Florida in
1991, and the Texas State Department of Health
isolated Tensaw virus from Ae. albopictus col-
lected in Texas in 1991 (Mitchell et al. 1992).
More recently, we isolated another strain of
KEY virus (FL93-2972) from a pool of Ae. al-
bopictus collected in Orange County, Florida, on
August 4, 1993 (CDC, unpublished data).

Table 3. Extended.

1994 Totals

DISCUSSION

Despite testing 39,048 mosquitoes, including
17,519 Ae. albopictu.s, from Washington County,
Missouri, where POT virus had been discovered
the previous year, that virus was not isolated
from our 1990 collections. In 1991, mosquito
collections from South Carolina, Ohio, and
Michigan yielded 8 strains of POT virus, 6 from
Cq- perturbans and one each from Cx. restuans
and Ps. columbiae. Additional collections of Ae.
albopictus from several states during 1990-93
failed to yield further isolates of POT virus.
However, in 1994, POT virus was isolated from
Ae. albopictus in North Carolina and Illinois,
representing the first virus isolations of any type
from this species in those states, and POT virus
was isolated from An. punctipennis in North
Carolina.

These disparate findings of POT virus in 5
mosquito species in 5 different genera, extension
of the known geographic range of POT virus
from Missouri to the upper Midwest and the At-
lantic seaboard, and our failure to isolate POT
virus from mosquitoes collected at the original
collection site in the year following its discovery
indicate that much remains to be learned about
the transmission cycle and endemicity of this vi-
rus. Thus far, Ae. albopictus is the only arthro-
pod species shown to be a competent experi-
mental vector; no other species has been tested
(Mitchell et al. 1990, Heard et al. 1991). These
studies on vector competence include limited ex-
perimental data examining the question of
whether vertical transmission of POT virus by
Ae. albopictu,s occurs. The results indicate that
vertical transmission of POT virus by Ae. albo-
pictus is unlikely to occur with high frequency,
if at all.

The finding of POT virus in Ae. albopictus in
Missouri, North Carolina, and lllinois, coupled
with the demonstrated competence of Ae. albo-
pictus as an experimental vector, suggests that
this mosquito is transmitting the virus in nature.
Certainly, Ae. albopictus must be feeding fre-
quently on the vertebrate host(s) that become vi-
remic following infection with POT virus. Sav-
age et al. (1993) and Niebylski et al. (1994)
showed that populations of Ae. albopictus in the
United States have catholic feeding habits. Col-
lectively, these researchers found that 827o of
429 Ae. albopictus collected in Missouri, Flori-
da, Indiana, Illinois, and Louisiana had fed on
mammals. The remainder had fed on birds (87o),
other taxa (17o) including reptiles, or hosts that
could not be determined (9Vo) because of insuf-
ficient quantities of blood or for other reasons.
Among a sample of 172 Ae. albopictus collected
at the Potosi waste-tire site during August-Sep-

10
6
I
52

3,3772

3,124

979

7,480

46

2,8333

1,086
r28
684

3,966s
3 1 1

9,054

46
r,234

18,862
9,728

516
3 ,810

128
35,797
3,966
1,293

72
1,771

77,223
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tember 1989 and June-September 1990, 9 mam-
malian turxa were identified as hosts (Savage et
al. 1993). The 3 hosts fed upon most frequently
at the waste-tire site where infected Ae. albopic-
tus were originally collected were rabbit
(l5.7vo), deer (9.3Vo), and dog (8.7Vo). A high
percentage (2l.8Ea) of the mammal-positive
samples could not be identified to a lower taxon.

Among other mosquito species found to be
infected with POT virus, C4. perturbans is con-
sidered to be a general feedel but in many sit-
uations it feeds mainly on mammals, including
deer, other ruminants, and rabbit (Edman 1971,
Tempelis 1975). Psorophora columbiae and An.
punctipennis are mammalophilic (Edman 1971,
Tempelis 1975). Tempelis (1975) found that
over 70Vo (7r = 500) of Cx. restuans from Min-
nesota and Illinois had fed on passerine birds;
however, this species also feeds on mammals
(Murphey et al. 1967). Mclean et al. (1996)
found N antibody against POT virus in deer
from Missouri, Iowa, Arkansas, and Colorado.
Thus far, available evidence points to a POT vi-
rus transmission cycle involving deer, Ae. albo-
pictus, and other mammalophilic mosquitoes.
Critical studies on the viremic response of deer
to POT virus infection currently are underway
at the University of Notre Dame (R. G. Mclean,
personal communication).

In North America, BUN serogroup viruses
have been isolated only from mosquitoes, with
the exception of Lokern (LOK) and Main Drain
(MD) viruses, which also have been isolated
from Culicoides species (Karabatsos 1985).
Both LOK and MD viruses replicate in hares,
and MD virus also replicates in rabbits as does
CV virus (Calisher et al. 1986). Since the dis-
covery of POT virus, relatively few Culicoides
have been tested from areas where the virus is
known to occur. Although the weight of evi-
dence suggests that POT virus is vectored by
mammalophilic mosquito species, the possible
involvement of other arthropods such as Cr,l/i-
coides cannot be ruled out. Further studies on
the role of Ae. albopictus in the transmission
cycle of POT virus, and other arboviruses with
which it has been associated in nature in the
United States or for which it has been shown to
be a competent experimental vector (Mitchell
1991), are clearly warranted. Vector competence
studies should also be conducted with the other
mosquito species from which POT virus has
been recovered in order to better assess their
roles as vectors.
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