


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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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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