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The evolution of West Nile virus (WNV) has resulted in
the emergence of WNV variants that have a significant
pathogenicity for humans, horses, and birds. WNV ap-
peared in North America in New York City in 1999 and
has since spread throughout the continent into the
Caribbean and Mexico and is now pelieved to be enzo-
otic in much of the United States and southern Canada.
Crows, the blue jay, chickadees, hawks, and owls appear
to be the most susceptible to WNV disease, although
mortality has been reported in nearly 200 species of
birds. Disease in companion birds is rare. WNV disease
in birds is rapidly fatal and signs, if they occur, are
predominately of the central nervous system. Charac-
{eristic necropsy findings in birds are intraosseous hem-
orrhage of the calvaria, an encephalitis, myocarditis,
and pancreatitis. Infection can be confirmed by PCR,
antigen detection, and virus isolation. Chickens and
turkeys are refractory to WNV disease, and chickens
have been used to monitor WNV activity Domestic
geese appear to be relatively susceptible to WNV dis-
ease. Outbreaks of WNV in Europe, srael, and the
United States bave resulted in 2 significant number of
cases of meningitis, encephalitis, and acute flaccid pa-
ralysis in people. Encephalitis has also been 2 common
sequella to WNV infection in horses in Europe, ‘North
America, and Africa. WNV disease occurs sporadically
in many other species of mammals and has been re-
ported to cause significant mortality in 2 commercial
operation of alligators. © 2004 Elsevier Inc. All rights
reserved.
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st Nile virus (WNV) is an RNA virus

that is a member of the family Flaviviri-

dae, genus Flavivirus. Within the Flavivi-

rus genus, WNV is classified in the Japanese en-
cephalitis virus serocomplex. 1t is a single-
stranded positive-sense RNA  virus with
approximately 12,000 nucleotides. 1t has 2 30- to
35-mm icosahedral core that is enclosed with 2
host cell-derived envelope containing two viral
membrane glycoproteins (E and M). The total
width of the enveloped virus is 45 to b0 nm.

Closely related yiruses include the Japanese €n-
cephalitis, St. Louis encephalitis, and Murray Val-
ley encephalitis viruses.] WNV is not2 single virus,
but a continuum of closely related viruses, whose
pathogenicity to birds and other vertebrates vary
significantly and are constantly changing.
strains can be divided into twO lineages. Lineage 1
can be further divided into three clades (1a, 1b,
and 1c). Closely related variants within clade 1 are
responsible for outbreaks of disease in humans,
horses, and/or birds in North Africa, Israel, Eu-
rope; and North America. Clade 1b includes the
Kunjin virus that is widespread in Australia and
appears 10 be active in Papua New Guinea and
Irian Jaya, and clade 1c has only been isolated in
India. Viruses from clades 1b and lc cause little
human or animal disease. WNV lineage 2 is con-
fined predominately to Central and Southern Af-
rica, and while sporadically causing human and
animal disease; it is a relatively nonpathogenic
virus.?

Since 1994 epidemics and epizootics of WNV
disease havé occurred in Northern Africa, France,
Romania, Italy, Russia and Israel® A strain of
WNV essentially identical to the strain found in
Israel was first identified in New York City, New
York in 19992 By the time of this writing, it has
spread widely and has been identified in the ma-
jority of the States in the United States, several
provinces in Canada, multiple islands in the Ga-
ribbean, and Mexico.*? It is expected that it will
continue to expand its range into Central and
South America in the coming years. The recent
outbreaks of WNV in Europe€. Israel, and the
United States are atypical of West Nile virus out
breaks in the past in that the recent outbreaks
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mosquitoes, eg, Aedes vexan and OChlerotatus spp.,
that will feeq both on birds and Mmammals. Man,
horses, ang other mammals are dead-end hosts
for WNV, a4 they do not develop a sufficient vire-
mia to allow mosquito infection, WNV also infects
reptiles and amphibians, anq 1s possible thar
Some of thege Species may  develop adequate
blood concentrations of viry to permit mosquito
infection.10,12
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Number "

gommon Name Latin Name that Died
American Crow Corvus brachyrhynchos 5
Fish crow C. Ossifragus 1
Black-billed magpie Pica pica 2
Chilean flamingo Phoenicopterus chilensis 5
Black-crowned night heron Nycticorax nycticorax nycticorax 1
Guanay cormorant Phalacrocorax Bougainvillei 3
Laughing gull Larus atricilla 2
Bronze-winged duck Anas specularis 2
Mallard duck A. platyrhynchos 1
Himalayan Impeyan pheasant Lophophorus impeyanus 2
Blyth’s tragopan Tragopan blythi 1
Northern bald eagle Haliaeetus leucocephalus alascanus 1
Snowy owl Nyctea scandiaca 1

Data from Steele et al.*®

ongoing outbreak. For an updated list of species tions have not been shown to decline significantly.
confirmed to have been infected with WNV, see Experimentally, three of three black-billed mag-
http// www.nwhc.usgu.gov/ research/ west_nile/ pies (Pica hudsonia) died when infected with
wnovaffected.html. WNV. The impact WNV will have on these birds in
the wild still remains to be determined.’*
Passerines Other Passerines. Observations made by bird
watchers suggest that WNV has had 2 significant
local impact on the population of black-capped
chickadees (Poecile atricapilla) in the northeastern
and midwestern portions of the United States.?!
Experimental infections and field observations
suggest that the house finch, house Sparrow, and
common grackle (Quiscalus quiscula) are also sus-
ceptible to WNV infection and disease, but mor-
tality in these species will be significantly less than
that seen in the American crow and blue jay.'*
Locally, WNV has been observed to be 2 signifi-
cant cause of mortality in Eastern bluebirds (Sialia
sialis), American robins (Turdus migraton’us) and
other thrushes, American cardinals (Cardinalis
cardinalis), and ruby-throated hummingbirds
(Archilochus colubris). Estimates of the impact of
WNV on small passerine species, especially those
wintering in the tropics, will be difficult to deter-
mine as nesting bird surveys are not widely done
in the United States and Canada.

Corvidae. The family Corvidae contains the
CTOWS, Tavens, jays, magpies, and nutcrackers. Sig-
nificant losses of American crows (Corvus brachy-
rhynchus) have been documented in the north-
eastern United States.!*'? Experimentally, the
American crow has been shown to be highly sus-
ceptible to WNV infection and disease. Fish crow
(C. ossifragus) deaths from WNV infection have
also been documented, but this species js less
susceptible to disease than the American crow.*
Although thousands of American crows are
known to have died in the first 3 years of the WNV
outbreak in the United States, an overall signifi-
cant impact on numbers of this species has not
been documented.? Additionally, as WNV spread
into the southern and western United States, CYOW
die-offs have not been observed to a similar ex-
tent.

Another member of the Corvidae that has been
highly susceptible to WNYV infection and disease 18
the blue jay (Cyancocitta cristata). WNV disease has
been observed in the blue jay throughout its
range. Again, although it is known that many blue The initial outbreak of WNV in New York in-
jays have died with WNV disease, overall popula- cduded two laughing gulls (Larus atricilla), and

Gulls, Flamingos, and Pelicans
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experimental infectiong with ring-billed gulls (Lg-
rus delawarensis) showed them to be susceptible to
disease.14.18 Outbreaks in gulls have not,

During the summer of 2003, thousands of
deaths occurred in white pelicans (Pelecanus eryth-

Hawks and Owls

The WNV outbreak that occurred in the mid-
western United States during the summer of 2002

Companion Birds

The aviculture community collectively held it
breath as WNv SWept across the southern United

e€ven in those housed outdoors. Documented
cases of WNV have occurred in at least one blue
and gold macaw (Arg ararauna), cockatiel (Nym-
Phicus hollandz'cus), budgerigar (Melopsittacus und-
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uatus), lorikeet ( Trichoglossus SPP), green-cheeked
Amazon pParrot (Amazong vinidigenalis), and two
conures (Aratinga Sp.).23.24 A study conducted in

duce disease in these birds. 14
Most smaller species of cage bird are housed in
doors and would be considered a Jow risk for

Clinical Findings in Wild ang
Companion Birds with West Nile Virug
Disease

The clinical signs of WNV disease in birds vary
from an unexpected death, o nonspecific signs,
to those of a progressive neurological disorder.
Typically, the duration of the disease is a few

Communication, 2001).

In the first described outbreak in the United
States, neurological signs including, ataxia, trem-
ors, abnormal head Posture, circling, and convyl-
sions were Predominate presenting signs. Eyi.
dence of ocular disease including anisocoria and
impaired vision were also reported. 15

During this same outbreak, great horneq owls
that survived infection for several days developed
a continuous “bobbling” of the head that would
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