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West Nile (WN) virus, a mosquito-transmitted virus native to Africa, Asia, and
Europe, was isolated from two species of mosquitoes, Culex pipiens and Aedes
vexans, and from brain tissues of 28 American crows, Corvus brachyrhynchos,
and one Cooper’s hawk, Accipiter cooperii, in Connecticut. A portion of the genome
of virus isolates from four different hosts was sequenced and analyzed by com-
parative phylogenetic analysis. Our isolates from Connecticut were similar to one
another and most closely related to two WN isolates from Romania (2.8 and 3.6
percent difference). If established in North America, WN virus will likely have severe
effects on human health and on the health of populations of birds.

An outbreak of arboviral encephalitis associ-
ated with mosquitoes was recognized in late
August 1999 to be occurring in New York
City (J). St. Louis encephalitis virus (SLE)
was identified initially as the causative agent,
but a Kunjin/WN-like virus was later report-
ed to be the likely etiologic agent (2). We
began trapping mosquitoes for the testing of
viruses on 5 September 1999 (3). Traps were
placed first in the field in Greenwich, Con-
necticut, a town located about 18 miles (29
km) northeast of Bronx county, New York
City. They were placed in the adjacent town
of Stamford on 9 September 1999, and in the
following weeks, mosquito traps were placed
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in 12 additional towns in Fairfield County,
Connecticut.

American crows, Corvus brachyrhynchos
(4), were reported dying in Fairfield County,
Connecticut, in the second week of September
1999. One crow was collected from Westport,
Connecticut, on 13 September 1999 and was
tested for virus. Subsequently, 30 additional
dead crows from 18 additional towns in Fair-
field and New Haven Counties and a Cooper’s
hawk, Accipiter cooperii, from the town of East
Haven in New Haven County, were tested for
virus. We report isolations of WN virus in the
New World from two species of mosquitoes,
American crows, and a Cooper’s hawk.

A total of 1361 mosquitoes was collected
and tested for virus by 14 October 1999 from
Greenwich and Stamford, Connecticut, and
2037 additional mosquitoes were captured and
tested from the other 12 towns sampled in Fair-
field County (5). Virus was isolated from one
pool of 12 Culex pipiens (Fig. 1) and one pool of
six Aedes vexans collected the evening of 14
September 1999 at the Innis Arden Country
Club located in the southern parts of both
Greenwich and Stamford, Connecticut. Cell ly-
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sate antigen from both isolates reacted in an
enzyme-linked immunosorbent assay (ELISA)
with mouse antisera to SLE but not with antisera
to species in the Togaviridae or Bunyaviridae
(6). Titers to SLE mouse antisera were 1:320.

Virus was isolated from brain tissue of the
dead crow collected from Westport, Connect-
icut, on 13 September 1999 (7). This bird had
histopathologic evidence of encephalitis
characterized by perivascular cuffs of mono-
nuclear cells, predominately lymphocytes,
and multifocal neuronal satellitosis and neu-
ronophagia, consistent with viral encephali-
tis. Cell lysate antigen was prepared and
found to react in an ELISA at a titer of 1: 640
with mouse immune antisera to SLE (6).

Virus isolations were made from 27 of 30
additional crows that died in Fairfield and New
Haven Counties, Connecticut, in September
through 12 October 1999 (8), and from the
brain of a Cooper’s hawk (9). Crows died in
Connecticut along a 62-mile (100-km) corridor
from Greenwich on the New York border east-
ward to Madison, Connecticut, in towns bor-
dering directly on Long Island Sound or inland
by about 15 miles (24 km). The gross lesions in
the crows consisted of subdural hemorrhage or
coelomic hemorrhage, or both, and, in about
one-third of the birds, emaciation and occasion-
al fecal staining of feathers (suggestive of sei-
zure activity). Microscopically, these crows had
evidence of multifocal viral encephalitis. Cell
lysate antigen from all isolates reacted in an
ELISA at titers of =1:320 with mouse immune
antisera to SLE. None reacted with the refer-
ence antisera to the other species of viruses
tested (6).

A portion of the genome of virus isolates
from four different hosts, de. vexans (isolate
2738, GenBank accession AF206517), Cr.
pipiens (isolate 2741, GenBank accession
AF206518), the crow from Westport (isolate
86814, GenBank accession AF206519), and the
Cooper’s hawk (isolate 86815, GenBank acces-
sion AF206520), was sequenced and analyzed
genetically by comparative phylogenetic analy-
sis (maximum likelihood, maximum parsimony,
and neighbor joining) with PAUP 4b1 (10). The
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5% CO,. Cells were examined for cytopathologic effect
for up to 7 days after inoculation.

C. G. Sibley and B. L. Monroe Jr., Distribution and
Taxonomy of Birds of the World (Yale Univ. Press,
New Haven, CT, 1990). Common and scientific
names of birds are used in accordance with those
listed in this book.

Total numbers of mosquitoes by species that were
collected in 14 towns in Fairfield County, CT, and
tested for virus from 6 September through 14 Octo-
ber 1999: Ae. vexans, 1688; Ae. cinereus, 172; Ae.
trivittatus, 131; Ae. taeniorhynchus, 123; Ae. sollici-
tans, 109; Ae. cantator, 63; Ae. triseriatus, 28; Ae.
Japonicus, 19; Ae. canadensis, 1; Anopheles puncti-
pennis, 82; An. quadrimaculatus, 4; An. walkeri, 2;
Coquillettidia perturbans, 15; Culex pipiens, 744; Cx.
restuans, 27; Cx. erraticus, 4; Cx. territans, 1; Culiseta
melanura, 76; Cs. morsitans, 1; Psorophora ferox, 4;
and Uranotaenia sapphirina, 104.

. M. Z. Ansari, R. E. Shope, S. Malik, /. Clin. Lab. Anal. 7,

230 {1993). Isolates were tested initially in an ELISA
against reference antibodies to six viruses, in three
families, isolated from mosquitoes in North America.
The antibodies were prepared in mice and provided
by the World Health Organization Center for Arbo-
virus Research and Reference, Yale Arbovirus Re-
search Unit, Department of Epidemiology and Public
Health, Yale University School of Medicine. The an-
tibodies were to Eastern Equine Encephalomyelitis,
Highlands ), Cache Valley, LaCrosse, Jamestown Can-
yon, and St. Louis Encephalitis viruses.

- Most dead birds were collected by state or town per- i

sonnel in Connecticut and sent to the Pathobiology
Department at the University of Connecticut, Storrs,
where they were examined for postmortem and nutri-
tional condition, gross lesions, and microscopic evidence
indicative of encephalitis. Brain tissue from birds with
presumed encephalitis were frozen at —70°C and then
sent to the Connecticut Agricultural Experiment Sta-
tion, New Haven, for virus testing. Corresponding brain
sections were processed for histologic examination. A
10% suspension of each sampled brain tissue was pre-
pared in 1.5 ml of phosphate-buffered saline by tritu-
rating with a mortar and pestle (3). Two to seven tissue
samples from each brain were tested for virus. Alundum
was added to facilitate homogenization of tissue. Sus-
pensions were centrifuged at 520g for 10 min. The
supematant of each sample was then passed through a
0.22-pm filter before inoculation of a 100-pl sample
onto a monolayer of Vero cells. Cells were grown and
examined for cytopathologic effect (3). Isolates were
initially tested against reference antibodies (6).
Connecticut towns from which dead crows were col-
lected and virus isolated from brain tissues (number
of isolates in parentheses): Bridgeport (n = 1), Darien
(n = 1), Fairfield (n = 4), Greenwich (n = 3), Hamden
(n = 1), Madison (n = 1), Milford (n = 1), New
Canaan (n = 1), New Haven (n = 3), North Haven
(n = 1), Norwalk (n = 1), Redding (n = 1), Stamford
(n = 5), Stratford (n = 1), Weston (n = 1), Westport
(n = 1), and Woodbridge (n = 1).

. The Cooper’s hawk was observed alive on the

ground on 25 September 1999 and was described
as having difficulty standing, spinning in circles,
and having seizures. It died 11 hours after being
found. Gross pathology of the brain showed exten-
sive hemorrhage.

D. L Swofford, PAUP: Phylogenetic Analysis Using Parsi-
mony Users Manual (lllincis Natural History Survey,
Champaign, 1993). Data were analyzed by PAUP 4b.1
with maximum parsimony, maximum likelihood, and
neighbor-joining analysis. The data set was identical for
all analyses. A total of 933 characters was used, including
insertions created during (Clustal X ) alignment. All char-
acters were unordered and had equal weight; all sites
were assumed to evolve at the same rate. Four hundred
and forty-six characters were constant, 281 characters
were parsimony-uninformative, and 206 characters were
parsimony-informative. Gaps were treated as missing.
For maximum parsimony analysis, the best tree found =
754; number of trees retained = 1. The branch and
bound method of search was used to guarantee finding
the shortest tree (or trees). For the bootstrap analysis,
500 replicates were run with the maximum parsimony
method. Maximum likelihood analysis settings corre-
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T1:

12.

sponded to the Felsenstein model. Transition/transver-
sion ratio = 2 (k = 3.88125); molecular clock was not
enforced; trees with approximate likelihoods of 5% or
further from the target score were rejected without
additional iteration; “MulTrees” option was in effect;
topological constraints were not enforced. Score for best
tree found by maximum likelihood analysis =
4278.24084; number of trees retained = 1. Trees were
run as unrooted. Passage 2 of each virus isolate was
grown in Vero cells (3) at 37°C. Infected cells were
scraped from the bottom of the flask, centrifuged at
4500g for 10 min, and the superatant was discarded.
RNA was extracted from the pellet using the Rneasy
mini protocol (Qiagen), eluting the column twice with
40 pl of ribonuclease-free water. Two microliters of each
eluate were used in a 50-p.l reverse transcription—poly-
merase chain reaction (RT-PCR) with the GeneAmp EZ
rTth RNA PCR kit (Perkin-Elmer). Primers WN-233F-
GACTGAAGAGGGCAATGTTGAGC and WN-1189R-
GCAATAACTGCGGACYTCTGC used in the reaction were
designed to specifically amplify WN and Kunjin viruses
based on an alignment of six flavivirus isolates listed in
GenBank [SLE virus capsid, membrane, envelope: acces-
sion M16614; Japanese encephalitis virus polyprotein:
accession M73710; Kunjin virus gene for polyprotein:
accession DO0246; Nigerian WN virus complete ge-
nome: accession M12294; Romania WN virus strain
RO97-50 polyprotein gene, partial, accession AF130362;
Romania WN virus strain 96-1030 polyprotein gene,
accession AF130363]. PCR products were purified with
the QlAquick PCR Purification Kit (Qiagen) and submit-
ted to the Keck Biotechnology Center at Yale University,
New Haven, CT, for sequencing. Sequences were aligned
with Clustalx 1.648 [J. D. Thompson, D. G. Higgins, T. J.
Gibson, Nucleic Acids Res. 22, 4673 (1994)].
Supplemental web material is available at www.
sciencemag.org/feature/data/1046471.shL

T. F. Tsai et al., Lancet 352, 767 (1998); H. M. Savage
et al., Am. J. Trop Med. Hyg. 61, 600 (1999).

13,
14.

15.

16.

19.
20.

21,
22

23.
24
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F.-X. Berthet et al., /. Gen. Virol. 78, 2293 (1997).
K. C. Smithburn et al., Am. J. Trop. Med. 20, 471 \uu
(1940).
C. G. Hayes, in The Arboviruses: Epidemiology and
Ecology, T. P. Monath, Ed. (CRC, Boca Raton, FL,
1989), vol. 5, chap. 49. -
Z. Hubalek and ). Halouzka, Emerg. Infect. Dis. 5, 643 i
(1999).

. C.B. Philip and J. E. Smadel, Proc. Soc. Exp. Biol. Med.
53, 49 (1943).

- R. M. Taylor et al., Am. J. Trop. Med. Hyg, 5, 579
(1956). -
M. Kitaoka, Jap. Med. J. 3, 77 (1950).

T. H. Work, H. S. Hurlbut, R. M. Taylor, Am. J. Trop.

Med. Hyg. 4, 872 (1955).

. Proc. Soc. Exp. Biol. Med. 84, 719 (1953).

Cells were fixed at 4°C in a 2.5% (v/v) glutaralde- "

hyde-2% paraformaldehyde solution containing

0.1% (w/v) CaCl, and 1% (w/v) sucrose in 100 mM

Na cacodylate buffer (pH 7.4), postfixed in 1% (w/v)

OsO,, dehydrated through an ethanol and acetone

series, and embedded in an LX-112-Araldite mixture. =

Thin sections were poststained with 5% (w/v) uranyl

acetate in 50% (v/v) methanol followed by Reynold’s

lead citrate and examined in a Zeiss EM 10C electron

microscope at an accelerating voltage of 80 kV. Virus

particles measured 35 to 40 nm. o ..

R. S. Lanciotti et al., Science 286, 2333 (1999).
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