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ABSTRACT More than 30,000 mosquitoes in 22 species or species groups were collected from the
Florida Keys, Monroe County, FL, USA, in dry ice-baited light and gravid traps. Dry ice-baited traps
collected more mosquitoes than did gravid traps. West Nile virus was detected in pools of Anopheles
atropos Dyar & Knab, Deinocerites cancer Theobald, and Ochlerotatus taeniorhynchus (Wiedemann).
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WEST NILE VIRUS (WN) appeared in the Florida Keys,
Monroe County, FL, late in 2001. The Þrst conÞrmed
human case was reported in August in an elderly
womanfromSarasotawhohadvisited theFloridaKeys
in July 2001. Additional human cases were soon con-
Þrmed in the Florida Keys. Public health and mos-
quito control personnel were taken by surprise, be-
cause thedistributionofWNwas thought tobe limited
to northern Florida (http://www9.myßorida.com/
Disease_ctrl/epi/htopics/arbo/index.htm). An in-
tense mosquito surveillance effort was initiated to
determine what mosquito species might be serving as
the vector(s) of WN in the Florida Keys.

Materials and Methods

Collections were made with carbon dioxide-baited
ABC traps and manure or grass infusion-baited gravid
traps from September to December 2001. Collections
weremade fromBig Pine Key, Cross Key, Grassy Key,
Indian Key, Key Largo, Key West, Lignumvitae Key,
Long Key, No Name Key, Plantation Key, Sugarloaf
Key, Stock Island, Vaca Key, and Windley Key. Traps
were deployed in mid- to late afternoon. Mosquitoes

were collected the following morning, taken to the
laboratory, and placed in a freezer. Sorting and iden-
tiÞcation were done on a chill table, after which spec-
imens were stored at �75�C. Mosquitoes were pooled
by species, location, and collection date in groups of
up to 50 individuals and shipped on dry ice to either
the Florida Department of Health Laboratory in
Tampa or the CDC Division of Vector-borne Infec-
tious Diseases Laboratory in Ft. Collins, CO. Pools of
specimens sent to Tampa were homogenized in 1 ml
cell culture diluent using a Qiagen Mixer Mill. This
medium was removed and replaced by 1 ml lysis
buffer and homogenization repeated. RNA was ex-
tracted from the lysate and assayed forWNby reverse
transcriptase-polymerase chain reaction (PCR) (RT-
PCR) in an ABI Prism 7700 Sequence Detection sys-
tem using TaqMan reagents. Primers and probe se-
quences were from Lanciotti et al. (2000). The cell
culture diluentwas centrifuged, passed through a pre-
treated 0.22 micron sterilizing Þlter, and inoculated
onto conßuent monolayers of VERO cell culture in
25 cm2 ßasks. Cultures were observed periodically for
14dpostinoculation.RNAwasextracted fromcultures
exhibiting a cytopathic effect and was assayed by RT-
PCR as described above. Pools of specimens sent to
Ft. Collins were tested for virus by VERO cell plaque
assay (Beaty et al. 1989). Virus isolateswere identiÞed
as WN by RT-PCR assay (Lanciotti et al. 2000).

Mosquito collections from Cross Key, Indian Key,
Key Largo, Lignumvitae Key, and Windley Key were
madewithABC traps and gravid traps operated on the
same night at substantially the same location. These
data were analyzed by a two-tailed paired sample
t-test (� � 0.05) to determinewhich trappingmethod
collected more mosquitoes.
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Results and Discussion

Over 30,000 mosquitoes in 22 species or species
groups were collected during September through
December 2001 (Table 1). WN was detected in pools
of Anopheles atropos Dyar and Knab, Deinocerites can-
cer Theobald, and Ochlerotatus taeniorhynchus
(Wiedemann) (Table 2). All positive mosquito pools
were captured in CO2-baited traps. More mosquitoes
were collected inABC traps than in gravid traps for all
species analyzed (t � 4.21, df � 162, P � 0.00004)
(Table 3).

Deinocerites cancer Theobald feeds primarily on
birds (Edman 1974), although it occasionally will bite
humans (Haeger and Phinizee 1959). Another Deino-
cerites species, De. pseudes Dyar and Knab, has been
found naturally infected with Saint Louis encephalitis
(SLE) virus and Venezuelan equine encephalitis
(VEE) virus and is an efÞcient laboratory vector of
VEE (Grayson et al. 1967, Tempelis andGalindo 1970,
Grayson and Galindo 1972, Martin et al. 1972). How-
ever, De. cancer has a delayed blood-feeding behavior
that may lessen its potential role as a disease vector
(OÕMeara and Mook 1990).

Ochlerotatus taeniorhynchus (Wiedemann) feeds
primarily onmammals, but also feeds onbirds (Edman
1971, OÕMeara and Edman 1975). This species has
been found naturally infected with SLE and Ever-
glades (EVE) viruses (Hodapp et al. 1966, Chamber-
lain et al. 1969, Sudia et al. 1969), but is relatively
refractory to infection with WN (Turell et al. 2001a).
Nevertheless, in the Florida Keys Oc. taeniorhynchus
is themost abundantmosquito species,where asmany
as 15,000 individuals may be collected during a single
trap-night (Hribar 2002).

Anopheles atropos Dyar and Knab will feed on both
avian and mammalian hosts, but most frequently se-
lectsmammals (Cupp and Stokes 1973). It is known to
bite humans (Komp 1926, GrifÞtts 1927).

Carbon dioxide-baited light traps typically collect
more mosquitoes than do gravid traps (Nayar et al.
2001), but most Culex spp. females collected in the
light traps are unfed nullipars, making the collection
of large numbers of mosquitoes necessary for virus
surveillance (Reisen and Pfuntner 1987). Gravid traps
often collect small numbers of mosquitoes but these
specimens may be better suited for virus surveillance
work because the females have ingested and digested
at least one blood meal.

Interestingly, no Culex spp. were found infected
withWNduring this study.Culex spp.mosquitoeshave
been incriminated as vectors of WN in other parts of
the United States, and because of their life cycles and
association with SLE are believed to be important
potential vectors of WN (Turell et al. 2001b). Culex
quinquefasciatus Say and Cx. nigripalpus Theobald
are common around residences in the Florida Keys
(Hribar et al. 2001), and therefore remain of public
health concern. Mosquito collections are continuing
throughout the Florida Keys.
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Table 1. Mosquito pools collected in Monroe County, Florida,
2001

Species
Number
of pools

Positive
pools

Aedes aegypti Linnaeus 93 0
Ae. vexans (Meigen) 1 0
Anopheles atropos Dyar & Knab 110 3
An. crucians complex 17 0
An. spp. 7 0
Culex atratus Theobald 3 0
Cx. bahamensis Dyar & Knab 15 0
Cx. erraticus (Dyar & Knab) 3 0
Cx. nigripalpus Theobald 214 0
Cx. peccator Dyar & Knab 2 0
Cx. quinquefasciatus Say 187 0
Cx. spp. 58 0
Deinocerites cancer Theobald 246 2
Ochlerotatus infirmatus (Dyar & Knab) 57 0
Oc. taeniorhynchus (Wiedemann) 325 2
Oc. thelcter (Dyar) 1 0
Oc. tortilis (Theobald) 48 0
Oc. triseriatus (Say) 8 0
Psorophora columbiae (Dyar & Knab) 9 0
Ps. johnstonii (Grabham) 2 0
Ps. spp. 2 0
Uranotaenia lowii Theobald 14 0
Total pools 1,422 7

Table 2. Mosquitoes positive for West Nile virus in Monroe
County, Florida

Species Island
Date

collected
Number
in pool

An. atropos Big Pine Key 9/26/01 4
Cross Key 10/8/01 5
Key West 12/10/01 23

De. cancer Key West 10/23/01 1
Sugarloaf Key 11/26/01 1

Oc. taeniorhynchus Grassy Key 10/3/01 30
Stock Island 9/25/01 40

Table 3. Mosquitoes collected by carbon dioxide-baited light
traps and gravid traps on Cross Key, Indian Key, Key Largo,
Lignumvitae Key, and Windley Key, Monroe County, Florida

Species
CO2-baited
light trap

Gravid trap

Ae. aegypti 32 0
An. atropos 1,877 2
Cx. nigripalpus 470 86
De. cancer 41 1
Oc. infirmatus 3 0
Oc. taeniorhynchus 6,608 6
Oc. triseriatus 31 0
Ur. lowii 12 7
Total 9,074 102
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Wells and Danny Jones (Florida Department of Environ-
mental Protection, Division of Recreation and Parks).
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