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ABSTRACT: Carcasses from 346 raptors found between August 2001 and December 2004 were
tested for West Nile virus (WNV) using virus isolation and immunohistochemistry; 40 were
positive for WNV by one or both methods. Of these 40 birds, 35 had histologic lesions compatible
with WNV infection, one had lesions possibly attributable to WNV, and four had no histologic
evidence of WNV. The most common histologic lesions associated with WNV infection were
myocardial inflammation, necrosis, and fibrosis; skeletal muscle degeneration, inflammation, and
fibrosis; and lymphoplasmacytic encephalitis. Other lesions included hepatitis, lymphoid depletion
in spleen and bursa, splenic and hepatic hemosiderosis, pancreatitis, and ganglioneuritis. Gross
lesions included calvarial and leptomeningeal hemorrhage, myocardial pallor, and splenomegaly.
Red-tailed hawks (Buteo jamaicensis) (10/56), sharp-shinned hawks (Accipiter striatus) (8/40), and
Cooper’s hawks (Accipiter cooperii) (10/103) were most commonly affected. Also affected were
red-shouldered hawks (Buteo lineatus) (2/43), an osprey (Pandion haliaetus) (1/5), barred owls
(Strix varia) (4/27), a great horned owl (Bubo virginianus) (1/18), and eastern screech owls
(Megascops asio) (4/42). Although birds were examined throughout the year, positive cases
occurred only during the summer and late fall (June–December). Yearly WNV mortality rates
ranged from 7–15% over the four years of the study. This study indicates trends in infection rates
of WNV in raptorial species over a significant time period and supports the available information
regarding pathology of WNV infection in Strigiformes and Falconiformes. Although many species
tested were positive for WNV infection, severity of lesions varied among species.
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INTRODUCTION

West Nile virus (WNV) was first docu-
mented in the United States in 1999 when
it was associated with an outbreak in New
York that resulted in the death of hun-
dreds of wild birds (Steele et al., 2000).
Since that time, WNV has spread across
the United States, causing the deaths of
thousands of wild birds, as well as some
captive species (Steele et al., 2000; Kra-
mer and Bernard, 2001; Ludwig et al.,
2002). Although the majority of these
birds have been passerines, especially
corvids, many other taxonomic groups of
birds have been affected, including several
species of hawks and owls (Steele et al.,
2000; Ellis et al., 2005; CDC, 2006). In
addition to a few individual reports of
WNV in raptors (Anderson et al., 1999;
Garmendia et al., 2000), pathologic

findings from natural infections have been
previously described in 13 owls from
Michigan (Fitzgerald et al., 2003), as well
as 11 Cooper’s hawks (Accipiter cooperii),
11 red-tailed hawks (Buteo jamaicensis),
25 great-horned owls (Bubo virginianus),
and 12 goshawks (Accipiter gentilis) from
Minnesota (Wunschmann et al., 2004,
2005). Clinical disease has been described
in 40 raptors from Virginia representing
nine species (Joyner et al., 2006). A final
study described pathologic findings in
both naturally and experimentally infected
raptors including American kestrels (Falco
sparverius), golden eagles (Aquila chry-
saetos), red-tailed hawks, barn owls (Tyto
alba), and great-horned owls (Nemeth. et
al., 2006a).

This study describes the gross pathology
and histopathological and immunohisto-
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chemical findings associated with WNV
infection in eight species of raptors.
Results are compared over four years to
identify trends in WNV infection rates in
these species in Georgia.

MATERIALS AND METHODS

State and local health departments in
Georgia voluntarily submitted dead raptors
for WNV testing to the Southeastern Co-
operative Wildlife Disease Study, College of
Veterinary Medicine, The University of Geor-
gia. Between August 2001 and December
2004, 346 raptors were examined. Age and
sex were recorded if known, and body
condition was assessed. Age was recorded as
juvenile or adult and was based on presence of
a bursa and/or morphologic characteristics
(eye color, feather color). Complete necropsies
were performed on all birds. Except in cases
where scavenging, trauma, or decomposition
prevented collection of one or more samples,
brain, heart, and cloacal swab samples from
each bird were placed in BA-1 media for virus
isolation (Gibbs et al., 2005). Samples of heart,
liver, kidney, lung, spleen, gonad, adrenal,
trachea, crop, ventriculus, proventriculus, in-
testine, pancreas, bursa of Fabricius, skeletal
muscle, and brain were placed in 10%
formalin for routine histopathology and im-
munohistochemistry. Additional tissues such
as skin, eyes, and bone marrow were collected
as deemed necessary.

Histopathology

Formalin-fixed tissues were processed and
embedded in paraffin within 48 hours. Hema-
toxylin and eosin (HE) stained slides were
examined and all histologic changes were
noted, including those considered incidental.

Immunohistochemistry

Immunohistochemistry (IHC) was per-
formed as previously described (Gottdenker
et al., 2003). Briefly, a streptavidin-biotin
alkaline phosphatase staining system was used.
The primary antibody was a rabbit polyclonal
used at a 1:500 dilution (BioReliance, Rock-
ville, Maryland, USA). Fast red chromagen
was used for labeling.

Virus isolation and identification of virus

A cloacal swab and 3 mm3 samples of brain
stem and heart were aseptically obtained and
placed in separate 1.5 ml microcentrifuge
tubes containing 0.5 ml BA-1 medium. Tissues

were stored at 4 C prior to testing (,24 hr).
Tissues were macerated with a plastic tissue
grinder in BA-1 and centrifuged at 7,200 3 G
for 5 min. Virus isolation and RT-PCR for
identification were performed as previously
described (Gottdenker et al., 2003).

RESULTS

Forty of the 346 (11.5%) birds exam-
ined were WNV positive; five of these
were positive by virus isolation, eleven by
IHC, and 24 were positive by both
methods. In 2001 (August through De-
cember), 7% (5/72) of the submitted
raptors were WNV positive, and in 2002,
2003, and 2004 (January through Decem-
ber), 15% (21/138), 11% (10/94), and 10%

(4/42) were positive, respectively. Al-
though birds were submitted throughout
the year (Fig. 1), WNV positive birds were
identified only during the months of June
(1), July (3), August (17), September (9),
October (8), November (1), and Decem-
ber (1).

Regarding sex and age, 24/192 females
(12.5%), 12/116 males (10.3%), and 4/38
birds of unknown sex (11%) were positive
for WNV, as were 28/202 juveniles
(13.9%), 8/64 adults (13%), and 4/80 birds
of unknown age (5%). Both Strigiformes
and Falconiformes were represented with
10/56 red-tailed hawks (18%), 8/40 sharp-
shinned hawks (Accipiter striatus) (20%),
10/103 Cooper’s hawks (9.7%), 2/43 red-
shouldered hawks (Buteo lineatus) (5%),
1/5 ospreys (Pandion haliaetus) (20%),
4/27 barred owls (Strix varia) (15%), 4/42
eastern screech owls (Megascops asio)
(10%), and 1/18 great-horned owls (6%)
testing positive for WNV. Six barns owls,
four broad-winged hawks (Buteo platyp-
terus), one American kestrel, and one
Mississippi kite (Ictinia mississippiensis)
were negative for WNV.

Gross pathology

Eighteen of the 40 birds with WNV
infection were emaciated, 12 were thin,
and 10 were in good body condition. Nine
had calvarial hemorrhages, four had lep-
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tomeningeal hemorrhage or congestion,
10 had multifocal to coalescing areas of
myocardial pallor, four had enlarged
spleens, and two had diffusely mottled
kidneys. Of the 10 birds with gross cardiac
lesions, only one of nine owls had visible
lesions, whereas nine of 31 hawks had
lesions.

Several birds had traumatic injuries,
including bruises, fractures, hemorrhage,
and penetrating wounds. Many birds also
had gastrointestinal parasites, although
this was considered incidental.

Histopathology

A variety of histologic lesions consistent
with WNV infection were identified (Ta-
ble 1, Fig. 2). Myocardial lesions, which
included inflammation, necrosis, and fi-
brosis, were highly variable in severity.
Inflammatory lesions ranged from scat-
tered mononuclear cells in the myocardial
interstitium to multiple foci of lympho-
plasmacytic cells infiltrating the myocar-
dium and sometimes pericardium, to
almost complete replacement of the myo-
cardium by mononuclear cells. Myocardial
necrosis and fibrosis also ranged from
focal to widespread.

Although histologic lesions (n57) were
more prevalent than gross lesions (n51) in
the hearts of the WNV-positive owls,
lesions were mild in all seven birds. Hawks
tended to have more extensive lesions with
severe inflammation or fibrosis in 13/31
birds.

Within skeletal muscle, myofiber de-

generation was a consistent finding with
varying degrees of concurrent lympho-
plasmacytic inflammation and fibrosis.
Changes in skeletal muscle were not as
severe as those observed in cardiac
muscle.

Encephalitic lesions typically consisted
of lymphoplasmacytic perivascular cuffing.
Gliosis and neuronal necrosis were often
present but were rarely prominent. Le-
sions were highly variable, both among
and between species, ranging from focal
and/or very mild to severe and diffuse. All
areas of the brain were affected, although
not in every bird. Lymphoplasmacytic
meningitis was commonly noted, although
it was typically mild, even in birds with
severe encephalitis. Similar to the findings
in heart, only two of nine owls had
histologic lesions in brain, and lesions
were very mild in both birds. Gang-
lioneuritis occurred in about a third of
the infected birds. In most birds, lesions
involved ganglia and nerves in the pro-
ventriculus and ventriculus, but in one
bird inflammation was mild, focal, and
confined to the cervical ganglion.

Splenic changes were generally more
subtle than in other organs and consisted
of multiple small foci of necrotic or
apoptotic lymphoid cells. Hemosiderin
commonly was seen in splenic macro-
phages, and smudging of sheathed arter-
ioles was rarely noted. Bursal changes
were consistent with atrophy, which could
have been physiologic or pathologic.

Pancreatic lesions were mild and con-

FIGURE 1. Number of WNV positive birds vs. number of birds submitted by month and year.
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sisted of small, focal to multifocal aggre-
gates of lymphocytes with or without
plasma cells between exocrine glands.
Liver lesions tended to be periportal to
multifocal and were most often lympho-
plasmacytic. Granulomatous and hetero-
philic lesions were also noted but were
considered background as they were often
associated with intralesional larvae. Di-
lated sinusoids and hepatocellular vacuo-
lation were sometimes noted, and hemo-
siderin was not an uncommon finding with

deposits in both Kupffer cells and macro-
phages.

Lung lesions were identified in some
birds and typically consisted of mild
increases in the numbers of lymphocytes
and plasma cells, often around bronch-
ioles. Multifocal areas of necrosis were
present in the lungs from one bird.

Immunohistochemistry

Of the 29 positive birds for WNV by
virus isolation, 24 were also positive by

TABLE 1. Histologic lesions observed in West Nile virus-positive raptors.a

Organ affected/lesion (n5number
affected/number examined) Description Number affected

Heart (n537/40)
Myocarditis Lymphoplasmacytic to histiocytic 30
Pericarditis 5
Necrosis 16
Fibrosis 9

Brain (n525/38)
Encephalitis Lymphoplasmacytic 25
Meningitis 17

Spleen (n520/35)
Hemosiderosis 13
Atrophy 1
Necrosis/Apoptosis Lymphoid cells 10

Liver (n534/40)
Hepatitis Lymphoplasmacytic 23

Lymphoplasmacytic to granulomatous 9
Lymphoplasmacytic, some heterophils 10

Hemosiderosis Hepatocytes and Kupffer cells 10
Bursa (n517/24)

Atrophy 5
Apoptosis Lymphoid cells and epithelium 2

Skeletal muscle (n532/37)
Myositis Lymphoplasmacytic 13
Degeneration/necrosis 27

Autonomic nerves (n513/40)
Ganglioneuritis Proventriculus, ventriculus, cervical ganglion 11
Necrotic neurons Same as above 7

Pancreas (n59/25)
Pancreatitis Lymphoplasmacytic 8
Fibrosis 2
Apoptosis Lymphoid cells 2

Kidney (n516/40)
Acute tubular necrosis 7
Urates 2
Nephritis 9

a WNV positive species: Cooper’s hawk, red-shouldered hawk, red-tailed hawk, sharp-shinned hawk, barred owl, eastern
screech owl, and great-horned owl.
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IHC. Eleven birds were positive by IHC
alone. Immunohistochemistry identified
viral antigen in heart, kidney, liver, lung,
spleen, ventriculus, proventriculus, intes-
tine, bursa, adrenal, a large blood vessel,
cerebrum, cerebellum, brain stem, and
meninges (Table 2). Within these tissues,
viral antigen was identified in myocardial
fibers, cerebellar Purkinje cells and axonal
fibers, neurons of the cerebrum and brain
stem nuclei, various epithelial cells, fibro-
blasts, and phagocytic cells including
macrophages, microglia, and Kupffer cells
(Fig. 3). Viral antigen was not identified in

brain in any of the owls, although two
birds had encephalitic lesions.

DISCUSSION

Our study suggests that WNV infection
peaked in raptors in Georgia in 2002
followed by slight decreases in 2003 and
2004. Based on these four years of data, it
does not appear that WNV is or will
become a major cause of mortality in
raptors in Georgia. Ten percent is well
within previously published ranges (3–
30%) of mortality in raptors due to

FIGURE 2. A. Heart, Red-tailed hawk. Large numbers of lymphocytes, plasma cells, and macrophages
replace and separate myocardial fibers. HE. B. Heart, Sharp-shinned hawk. Numerous lymphocytes, plasma
cells, and macrophages replace and infiltrate myocardial fibers and extend into the pericardium. HE. C.
Ganglion, perirenal, Red-tailed hawk. Lymphocytes and plasma cells infiltrate this ganglion. HE. D. Liver,
Cooper’s hawk. Lymphocytes and plasma cells surround a portal vein. HE. E. Pancreas, Red-tailed hawk.
Lymphocytes dissect between pancreatic exocrine glands. HE. F. Cerebrum, Red-tailed hawk. Thick
lymphoplasmacytic cuffs surround vessels, and there are increased numbers of glial cells. HE.
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infectious diseases (Fix and Barrows,
1990; Work and Hale, 1996; Deem et al.,
1998; Morishita et al., 1998). However,
true population effects are difficult to

assess because accurate population num-
bers are rarely available, and there is an
inherent sampling bias in any study such
as this one, that rely on submissions from

FIGURE 3. A. Heart, Red-tailed hawk. Immunostaining demonstrates viral antigen in myocardial fibers
and infiltrating monocytes. Fast red chromagen, hematoxylin counterstain. B. Cerebrum, Red-tailed hawk.
Immunostaining demonstrates abundant viral antigen in neurons and glial cells. Fast red chromagen,
hematoxylin counterstain. C. Cerebellum, Red-tailed hawk. Purkinje cells, axonal/dendritic fibers, and glial
cells contain viral antigen. Fast red chromagen, hematoxylin counterstain. D. Liver, Red-tailed hawk. Viral-
laden Kupffer cells are scattered throughout the liver. Fast red chromagen, hematoxylin counterstain.

TABLE 2. Immunohistochemistry results by tissue for West Nile virus-positive raptors.

Speciesa

Tissueb

Virus
isolationcHt Li Lu Kd Sp CR CB BS PV V In SM

COH 4/10 6/10 3/10 2/10 1/8 3/10 2/9 3/8 2/8 0/8 3/9 3/6 6/10
RSH 2/2 0/2 0/2 0/2 0/2 2/2 1/2 1/1 1/2 0/2 0/2 0/0 2/2
RTH 6/10 2/10 4/10 7/10 2/7 5/9 7/9 2/6 5/8 3/8 3/7 3/7 10/10
SSH 6/8 4/8 4/8 5/8 1/8 1/7 1/7 1/7 2/7 1/6 0/7 3/4 6/8
Osprey 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 1/1 0/1 0/1 1/1
BO 1/4 1/4 1/4 1/4 1/4 0/4 0/2 0/2 1/2 1/2 0/3 0/1 3/4
ESO 2/4 0/4 1/4 2/4 3/4 0/4 0/3 0/4 0/2 0/2 1/2 0/1 0/4
GHO 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 1/1 1/1 0/1 0/1 1/1
Total 21/40 13/40 13/40 17/40 8/35 11/38 11/34 7/30 12/31 7/30 7/32 9/21 29/40

a COH 5 Cooper’s hawk, RSH 5 red-shouldered hawk, RTH 5 red-tailed hawk, SSH 5 sharp-shinned hawk,
BO 5 barred owl, ESO 5 eastern screech owl, GHO 5 great-horned owl.

b Ht 5 heart, Li 5 liver, Lu 5 lung, Kd 5 kidney, Sp 5 spleen, CR 5 cerebrum, CB 5 cerebellum, BS 5 brainstem,
PV 5 proventriculus, V 5 ventriculus, In 5 intestine, SM 5 skeletal muscle; total positive/total tested.

c Tissues positive: brain, heart, and/or cloacal swab.
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the public. One important point is that
many WNV positive raptors also had
concurrent lesions. Six birds had signifi-
cant gross lesions that were not attribut-
able to WNV infection, and in four birds,
trauma appeared to be the immediate
cause of death. Therefore, it is important
from a public health standpoint to realize
that birds with traumatic injuries or other
diseases might also have concurrent WNV
infection that could have contributed to
death, either directly or indirectly, or
simply might have been an incidental
finding.

The detection of WNV infection in
raptors consistently paralleled the mos-
quito transmission season (D. Mead, pers.
comm.), with the majority of raptor cases
occurring August through October. This
timeline also parallels reports of clinical
cases of WNV in raptors in Virginia
(Joyner et al., 2006). Although previous
reports have occasionally identified WNV-
positive raptors during the winter (Ander-
son et al., 1999; Garmendia et al., 2000),
no WNV-positive raptors were identified
in this study during the winter or early
spring.

Of the four raptor species in which
WNV was not detected, all birds were
submitted during the WNV transmission
season. Barns owls were submitted in July,
August, September, and October; broad-
winged hawks in July, August, and Sep-
tember, and the Mississippi kite and
American kestrel in August. However,
because these bird species were not well
represented in our study (barn owls
[n56], broad-winged hawks [n54], Amer-
ican kestrel [n51], and Mississippi kite
[n51]), it is difficult to draw conclusions
about their susceptibility to WNV. All four
of these species are included in the
Centers for Disease Control’s WNV avian
mortality database (CDC, 2006); however,
this database does not provide information
on numbers of birds tested or found to be
WNV positive for each species. Barn owls
were included in a study of an outbreak of
WNV in Ontario, Canada. Although 10

barn owls were present in the susceptible
population, none of these owls died and
eight of 10 had antibodies to WNV
following the outbreak (Gancz et al.,
2004). In addition, experimental infection
of two barn owls failed to elicit clinical
signs and resulted in relatively low viremia
and shedding levels in combination with
a relative lack of gross and histopathologic
lesions compared to other raptor species
(Nemeth et al., 2006a). This information
in combination with the data in this study
suggest that barn owls might be relatively
resistant to WNV-associated mortality,
although serologic data indicate that they
are susceptible to infection. American
kestrels experimentally inoculated with
WNV via needle or mosquito developed
lesions typical of WNV infection, includ-
ing myocarditis and encephalitis (Nemeth
et al., 2006a), indicating that this species is
susceptible to infection. Eastern screech
owls have not been reported as a suscep-
tible species, and the Ontario study in-
cluded 36 susceptible birds with no
observed mortality and 72% seroconver-
sion following the outbreak (Gancz et al.,
2004). A pathologic study of WNV in owls
included a single eastern screech owl out
of 82 owls that died (Gancz et al., 2006).
Interestingly, all four of the WNV-positive
eastern screech owls in this study were
very young birds. Two were fledglings and
the remaining two had minimal evidence
of involution in the bursa of Fabricius,
indicating that they were young juveniles.
Most previous studies have not indicated
age-related differences in susceptibility to
or mortality associated with WNV infec-
tion; this is likely due to the difficulty of
determining age in wild birds. However,
for some domestic bird species, birds of
younger age appear to be more severely
affected by WNV infection (Turell et al.,
2000; Langevin et al., 2001; Turell et al.,
2001, 2002; Austin et al., 2004). Although
previous evidence has not indicated high
susceptibility of eastern screech owls,
experimental infection of juvenile eastern
screech owls resulted in viremia in all
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subcutaneously inoculated birds, and two
of five birds developed clinical signs
(Nemeth et al., 2006b). Adult birds were
not included in the study. Two other
studies include age information for affect-
ed owls, although not specifically for
screech owls. The Ontario study found
that although age was not a significant risk
factor for exposure to WNV, birds older
than one year of age were more likely to
experience mortality due to WNV infec-
tion (Gancz et al., 2004). A second study
also found that of 25 great-horned owls
positive for WNV, the majority were
greater than one year of age (Wunsch-
mann et al., 2005). However, the effects of
bias must again be considered here
because WNV-infected fledglings and
adults might have different probability of
detection due to behavior differences.

Previous reports have demonstrated
that lesions and severity of lesions are
variable among species of raptors with
WNV infection (Anderson et al., 1999;
Garmendia et al., 2000; Steele et al., 2000;
Wunschmann et al., 2004, 2005; Gancz et
al., 2006; Nemeth et al., 2006a). This study
supports and expands the findings from
previous reports. As previously reported
(Wunschmann et al., 2005), owls in this
study tended to be less severely affected
by WNV than hawks. Owls had fewer and
milder gross and histologic lesions, and
viral antigen was less prevalent than in
affected hawks. Among owl species, gross
and histopathologic lesions have also been
shown to vary considerably (Gancz et al.,
2006), but species that had the most
severe lesions (northern species such as
the snowy owl) were not included in the
present study.

Among the hawks, red-tailed hawks,
red-shouldered hawks, and sharp-shinned
hawks were severely affected by WNV
infection. Hearts from the majority of
birds of these species had grossly visible
lesions, moderate to severe histologic
lesions, and viral antigen detectable by
IHC. Although a relatively large number
of Cooper’s hawks were affected, lesions

in these birds were generally milder than
in the three previously described species.

Although antigen distribution was gen-
eralized in most hawk species, the red-
shouldered hawks rarely had viral antigen
in tissues other than heart or brain.
However, because only two WNV-positive
birds of this species were examined, it is
uncertain whether this is a real trend.
With the exception of red-shouldered
hawks, kidney, liver, and lung were useful
for detecting WNV antigen in hawks.
Heart was the best tissue for IHC in all
species, and brain was relatively insensi-
tive except in red-tailed, red-shouldered,
and Cooper’s hawks.

Gross lesions were far less common
than histologic lesions, with the most
common gross lesion being calvarial hem-
orrhage. Myocardial necrosis was highly
variable, with most birds having either no
grossly visible necrosis or severe necrosis
involving most of the heart. Splenomegaly
was noted occasionally but was not a con-
sistent finding. Many birds were emaciat-
ed, but the significance of this is not
known. Birds could either be emaciated as
a result of disease, or emaciation could
have made these birds more susceptible to
disease. In at least one case, there was
extensive fibrosis within the heart, in-
dicating a more chronic disease process
which would support the idea of emacia-
tion secondary to disease. On the other
hand, the majority of WNV-positive rap-
tors (and the majority of raptors sub-
mitted) were juveniles, and previous
studies have indicated that starvation is
a common cause of morbidity/mortality in
raptors, especially within the first year of
life, probably due to poor hunting skills
(Cooper, 1973; Morishita et al., 1998).
Therefore, it is possible that body condi-
tion and WNV infection are simply
concurrent findings. Although the major-
ity of birds affected with WNV in this
study were juveniles, juveniles were also
submitted far more commonly than adults.

This study indicates that WNV is
primarily myocardiotropic and neurotrop-
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ic in raptors with the most common
histologic lesions being myocarditis/myo-
cardial necrosis and nonsuppurative me-
ningoencephalitis. Within brain lesions,
WNV antigen was detected by IHC in
neurons of the cerebrum and brainstem
nuclei, cerebellar Purkinje cells, and glial
cells as well as within infiltrating lympho-
cytes and gitter cells. In cardiac lesions,
WNV antigen was detected by IHC in
myocardial fibers and infiltrating lympho-
cytes and histiocytes. Other histologic
lesions that were consistent with WNV
infection in our study but occurred less
frequently were pancreatitis, meningitis,
ganglioneuritis, pericarditis, hepatitis (pri-
marily lymphoplasmacytic but sometimes
containing macrophages and/or hetero-
phils), and lymphoid depletion in the
spleen and bursa, often with apoptotic
cells. Splenic and/or hepatic hemosidero-
sis was commonly seen, but this is a non-
specific finding that is common in sick
birds.

Antigen to WNV was detected by IHC
in virtually all tissues. However, a promi-
nent finding was the detection of antigen
within macrophage-type cells in many
organs. This finding is consistent with
results in nonraptorial species and might
be suggestive of pathogenesis. Macro-
phages produce a variety of inflammatory
mediators such as tumor necrosis factor
and interleukin 1 that can cause tissue
damage. Macrophages might also serve to
transport viruses to other tissues. The
finding of apoptotic cells in multiple
organs might also provide some clue to
pathogenesis, and is consistent with in vivo
findings in mice where the WNV capsid
induced inflammation and apoptosis via
the caspase-9 pathway (Yang et al., 2002).

Although these results are generally
consistent with those in other studies
(Steele et al., 2000; Swayne et al., 2000)
and provide some basic information, many
questions remain regarding pathogenesis,
species susceptibility, host-related factors
of disease, and potential population im-
pacts of WNV on raptors.
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