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sate antigen fro111 both isolates reacted in an 
enzyme-linked ilnmunosorbent assay (ELISA) 
~vitll mouse antisera to SLE but not with antisera 
to species in the Togaviridae or Bunyaviiidae 
(6). Titers to SLE mouse antisera were 1 : 320. 

Cooper's Hawk in Connecticut Virus ~ v a s  isolated from brain tissue of the 
dead crow collected frorn Westport; Connect- 

John F. Anderson,'" Theodore G. Andreadis,'* icut, on 13 September 1999 (7). This bird had 

Charles R. Vossbrinck,'* Shirley Tirrell,3 Edward M. Wakem,4 histopathologic evidence of encephalitis 
Richard A. F r e n ~ h , ~  Antonio E. Garmendia,4 characterized by perivascular cuffs of mono- 

nuclear cells, predominately lympliocytes; 
Herbert J. Van Kruiningen4 and multifocal neuronal satellitosis and neu- 

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 cooper;;, 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- in 12 additional towns in Fairfield County, 
ated with mosquitoes was recognized in late Connecticut. 
August 1999 to be occurring in New York American crows, Corvw bvnchj'~.h~'ncllos 
City (1). St. Louis encephalitis virus (SLE) (4); were reported dying in Fairfield County, 
\vas identified initially as the causative agent; Connecticut, in the second ~veek of September 
but a Kunjin:LST-like virus was later report- 1999. One cro~v \vas collected from Westport, 
ed to be the likely etiologic agent (2). We Connecticut; on 13 September 1999 and Tvas 
began trapping mosquitoes for the testing of tested for vims. Subsequently, 30 additional 
viruses on 5 September 1999 (3). Traps were dead cro\vs frorn 18 additional towns in Fair- 
placed first in the field in Green\vich; Con- field and New Haven Counties and a Cooper's 
necticut, a to~vn located about 18 miles (29 hawk; Accipitei- cooperii, from the to\\n of East 
km) northeast of Bronx county, New York Haven in New Haven County, were tested for 
City. They were placed in the adjacent town vims. We report isolations of \+I! virus in the 
of Stamford on 9 September 1999; and in the New World ftorn two species of mosquitoes, 
following weeks, mosquito traps were placed American crows, and a Cooper's hawk. 

A total of 1361 mosquitoes was collected 
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and tested for virus by 14 October 1999 from 
Greenwich and Stamford, Connecticut, and 
2037 additional mosquitoes were captured and 
tested frorn the other 12 towns sampled in Fair- 
field County (5).  Virus was isolated from one 
pool of 12 Czilex pipiei~s (Fig. 1) and one pool of 
six Aedes ve.uuns collected the evening of 14 
September 1999 at the Innis Arden Counby 
Club located in the southem parts of both 
Greenwich and Stamford, Connecticut. Cell ly- 

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 inade frorn 27 of 30 
additional crows that died in Fairfield and New 
Haven Counties, Connecticut, in September 
thsough 12 October 1999 (4, and fro111 t l~e 
brain of a Cooper's hawk (9). Crows died in 
Connecticut along a 62-mile (100-lun) corridor 
from Greenwich on the N e ~ v  York border east- 
\yard to I\/Iadison, Connecticut, in towns bor- 
dering directly on Long Island So~md or inland 
by about 15 miles (24 km). The gross lesions in 
the crows consisted of subdural hemorrhage or 
coeloinic 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 cronrs had 
evidence of multifocal viral encephalitis. Cell 
lysate antigen from all isolates reacted in an 
ELISA at titers of 2 1 : 320 ~vith mouse imnune 
antisera to SLE. None reacted ~vith the refer- 
ence antisera to the other species of viruses 
tested (6). 

A portion of the genome of kius isolates 
from four different hosts; Ae. ves?ns (isolate 
2738, Genl3ank accession AF206517), Cx. 
pipiells (isolate 2741, GenBank accession 
.4F2065 1 &), the cro\v from Westport (isolate 
868 14; GenBank accession .4F2065 19); and the 
Cooper's ha~vk (isolate 868 15; GenBank acces- 
sion AF206520), Tvas sequenced and analyzed 
genetically by comnpasative phylogenetic analy- 
sis (maximum likelihood, maximum parsimony, 
and neighbor joining) with PAUP 4bl (1 0). The 
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four isolates were nearly identical in the 921- 
base pair region of the genome sequenced (1 I). 
The four isolates differed at three nucleotides 
located at 322, 620, and 662 base positions 
upstream (3') from the end of the WN223F 
primer. While our isolates differed at these three 
base positions, the crow isolate (868 14) differed 
from the Romanian WN 130362, Romanian 
WN 130363, Kunjin, Nigerian WN, Japanese 
encephalitis, and SLE viruses by 26, 33, 101, 
176, 297, and 333 base positions, respectively. 
The Romanian WN isolates differed from each 
other at 41 base positions (4.5%). Our data 
suggest that the isolates from Connecticut are 
closely related to the Romanian WN 130362 
isolate (2.8% difference) and less so to the Ro- 
manian WN 130363 isolate (3.6% difference). 

The earlier study examining sequences from 
brain tissues of humans who died of encepha- 
litis in New York City (2) identified the virus as 
a KunginIWN-like virus. Their sequences were 
compared only with the WN isolate from Ni- 
geria. The isolates from Romania were not 
included in this previous analysis. We conclude 
that our isolates from two species of mosqui- 
toes, 28 American crows, and a Cooper's hawk 
are WN virus and are closely related to the WN 
virus isolates from Romania (Fig. 2). 

A recent epidemic of neurological infections 

Fig. 1. Electron micrograph of West Nile virus. 
Vero cell isolation from Culex pipiens (isolate 
2741). Magnification, X210.000 (22). 

caused by WN virus occurred in Bucharest, 
Romania, and the lower Danube Valley of 
southeastern Europe in 1996 (12). The mosquito 
isolate WN 130362 from Romania had similar 
sequences for the relatively short regions ana- 
lyzed for isolates from Senegal and Kenya (12). 
It is possible that our isolates, which are closely 
related to this Romanian isolate and cause neu- 
rological disease in birds and in humans (1, 2), 
may have a similar origin. However, heteroge- 
neity and dispersion by birds of WN virus are so 
extensive in Africa that strains are unrelated to 
geographical region (13). 

WN virus was initially isolated in Decem- 
ber 1937 from the blood of a mildly febrile 
woman living in Omogo, the West Nile dis- 
trict, Northern Province of Uganda (14). This 
virus is now documented to be the most 
widely distributed flavivirus and occurs in 
many parts of Africa, Asia, and Europe (15, 
16). WN virus was unknown previously in 
the New World. 

Mosquitoes are the primary vectors of this 
virus. Experimental transmission of WN virus 
was first shown with Aedes albopictus (17). 
Subsequently, it was isolated from field-caught 
Culex mosquitoes in the Nile Delta of Egypt 
(18). At least 43 species have been shown to be 
naturally infected (15,16). Cx. pipiens, which is 
a competent vector (19,20) and from which we 
isolated WN virus, is considered to be one of the 
principal vectors in Europe (16) and possibly to 
be a reservoir for the virus during winter in 
Egypt (18). The other species of mosquito from 
which we isolated this virus, Ae. vexans, has 
been identified harboring WN virus in Senegal 
and in Russia (16). Our isolations of WN virus 
from Cx. pipiens and from birds confirm the 
presence of competent vectors in the United 
States. 

Birds were initially documented to harbor 
WN virus in the Nile Delta (21). The virus was 
isolated from two rock pigeons, Columba livia, 
and a carrion crow, Corvus corone. Several bird 
species are now recognized to be likely reser- 
voirs (15, 16). Canion crows and house spar- 
rows, Passer domesticus, were shown to circu- 
late virus at relatively high titers for at least 4 
days (20). Our isolation of WN virus from birds 

Fig. 2. Bootstrap analy- St. Louis encephalitis MI 6614 
sis majority rule (70%) 
consensus tree (500 Japanese encephalitis M73710 
replicates) calculated b,, magmum ,,acimo- 4 West Nile Nigeria MI2294 

r& analysis of 'four iso- 7 Kunjin DO0246 
lates from Connecticut 
with other members West Nile Romania AF130363 
of the Japanese en- 
ce~halitis erou~. Max- r- West Nile Romania AF130362 
im'um lik2ihobd and 
neighbor-joining anal- * Aedes vexans AF206517 

yses yielded identical Culex pipiens AF206518 
tree topologies, sug- 
gesting a high degree American Crow AF206519 
of support for these 
relationships. L Cooper's Hawk AF20652O 

and the presence of house sparrows and species 
of Corvus, which are likely capable of circulat- 
ing this v i m  at relatively high titers, suggest to 
us that WN virus is likely to become established 
in the avian fauna of the United States. 

WN virus has been reported to cause dis- 
ease and death in Egyptian birds. This virus 
was isolated from the brain, spleen, and se- 
rum of a naturally infected young sick rock 
pigeon (21), and in laboratory experiments, 
all carrion crows and many house sparrows 
died after exposure to infected mosquitoes 
(20). Many carrion crows, however, survived 
infection in nature as shown by the relatively 
high percentage of immune birds after the 
peak of the transmission season (20). Our 
finding of WN virus in the brain tissue of 
dead American crows and a Cooper's hawk 
in Connecticut suggests that this virus also 
causes the death of North American birds. 

Our isolation of WN virus from mosqui- 
toes and birds conclusively documented the 
presence of this virus in Connecticut during 
September and October 1999. If established 
in North America, WN virus likely will con- 
tinue to have severe effects on human health 
and on avian populations, such as American 
crows and raptors, which heretofore have 
never been exposed to this virus. 

Note added in prooJ We became aware of 
the manuscript of Lanciotti et al. (23) after we 
had submitted our paper. We believe the two 
manuscripts complement one another. The re- 
port of Lanciotti et al. is consistent with our data 
that virus isolates from mosquitoes and from 
dead birds in the northeastern United States are 
WN virus and responsible for the outbreak of 
encephalitis in humans in New York While 
both groups reported similar relatedness of 
North American isolates to the mosquito isolate 
from Romania (AF 1 30362), Lanciotti et al. doc- 
umented a previously unreported isolate of WN 
v i m  (AF205882) from Israel to be nearly iden- 
tical to their isolates from New York, Connect- 
icut, and New Jersey. We did not have access to 
the sequence of this isolate because it was not 
listed with GenBank. 
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Origin of the West Nile Virus 
Responsible for an Outbreak of 

Ence~halitis in the 
I 

Northeastern United States 
lected and virus isolated from brain tissues (number 
of isolates in parentheses): Bridgeport (n = I ) ,  Darien 
(n = I ) ,  Fairfield (n = 41, Greenwich (n = 3). Hamden 

R. S. Lanciotti,'" J. T. Roehrig,' V. Deubel,' J. Smith,3 M. Parker,3 
in  = 1). Madison in = 1). Milford in = 1). New K. Steelen3 B. Crisem3 K. E. ~ 0 l p e . l  M. B. Crabtree.' 
~anaan ' (n  = I ) ,  N&J ~ a v e n  (n = 3): ~ o r t h ' H a v e n  
(n = I), Norwalk (n = l ) ,  Redding (n = I), Stamford 

J. H. ~ c h e r r e t , ~  R. A. J. S. ~ a c ~ e n z i e , ~  C. B. crbpp,' 
(n = 5), Stratford (n = 11, Weston (n = I), Westport B. Panigrah~,~  E. O ~ t l u n d , ~  B. S ~ h r n i t t , ~  M. Ma lk ins~n ,~  C. Banet,6 
(n = I ) ,  and Woodbridge (n = 1). 

9. The Cooper's hawk was observed alive on the 
ground on 25 Se~tember  1999 and was described 
as having difficu'lty standing, spinning in circles, 
and having seizures. I t  died 11 hours after being 
found. Gross pathology o f  the brain showed exten- 
sive hemorrhage. 
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with maximum parsimony, maximum likelihood, and 
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and forty-six characters were constant, 281 characters 
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For maximum parsimony analysis, the best tree found = 
754; number of trees retained = 1. The branch and 

J ~ t i i s s m a n , ~  N. Komar,' H. M. Savage,' W. S t ~ n e , ~  
T. McNamara,' D. 1. Gubler' 

In late summer 1999, an outbreak of human encephalitis occurred in the north- 
eastern United States that was concurrent with extensive mortality jn crows 
(Confus species) as well as the deaths of several exotic birds at a zoological park 
in the same area. Complete genome sequencing of a flavivirus isolated from the 
brain of a dead Chilean flamingo (Phoenicopterus chilensis), together with partial 
sequence analysis of envelope glycoprotein (E-glycoprotein) genes amplified from 
several other species including mosquitoes and two fatal human cases, revealed 
that West Nile (WN) virus circulated in natural transmission cycles and was 
responsible for the human disease. Antigenic mapping with E-glycoprotein-specific 
monoclonal antibodies and E-glycoprotein phylogenetic analysis confirmed these 
viruses as WN. This North American WN virus was most closely related to a WN 
virus isolated from a dead goose in Israel in 1998. 

bound method of search was used to guarantee finding late A~~~~~ and early septelnber 1999, consistent with an arboviral etiology. Sero- 
the shortest tree (or trees). For the bootstrap analysis 
500 replicates were run with the maximum parsimon); iiew York City and sui~ounding areas expe- logical evidence from this outbreak iinplicat- 
method. Maximum likelihood analysis settings corre- rienced an outbreak of human encephalitis ed a flavivirus as the etiologic agent. Concur- 
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