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ludovicianus migrans): Pathology, Epidemiology, and Immunization
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ABSTRACT: An outbreak of West Nile virus
(WNV) infection occurred at a captive breeding
facility for the endangered eastern loggerhead
shrike (Lanius ludovicianus migrans) in August
2002. Within 10 d, five birds died; two were
found dead, and the others died shortly after
showing neurologic signs. West Nile virus was
detected in all organs examined using immu-
nohistochemistry, and its viral genome was am-
plified from brain and kidney samples using re-
verse transcription–polymerase chain reaction.
None of the remaining birds in the colony had
antibodies against WNV, which suggests a mor-
tality rate of 100%. After vaccination with a
commercial equine WNV vaccine 31 of 37
(84%) of the birds had WNV neutralizing an-
tibodies.

Key words: Eastern loggerhead shrike, fla-
viviridae, immunization, immunohistochemis-
try, Lanius ludovicianus migrans, RT-PCR,
West Nile virus.

The eastern loggerhead shrike (Lanius
ludovicianus migrans) (ELS) is the migra-
tory northern subspecies of the loggerhead
shrike (L. ludovicianus) found throughout
the United States. A severe population de-
cline, starting in the 1950s, has reduced its
range and numbers massively, and it is be-
lieved that there are only approximately
100 pairs remaining in the wild in North
America. In 1997 and 1998, two captive
populations were established in Canada, at
the Avian Science and Conservation Cen-
ter at McGill University, Montreal, Que-
bec, and at the Toronto Zoo, Toronto, On-
tario. The first breeding occurred in 1998,
and the total captive population in Canada
is currently approximately 90 birds.

West Nile virus (WNV) is a flavivirus
maintained in a mosquito-bird cycle. West

Nile virus was first found in North Amer-
ica in New York City in 1999 (Lanciotti et
al., 1999), and it has since spread to most
of the continent. Evidence of WNV was
first found in Ontario in the summer of
2001 (Drebot et al., 2003). During 2002,
WNV activity was documented in the To-
ronto area by mid-July (based on dead
corvid surveillance), and the virus was first
detected on the Toronto Zoo grounds on
August 17 (Ølberg et al., 2004).

We here describe an outbreak of WNV
in a captive group of ELS, including path-
ologic and serologic findings. Further-
more, we describe the effect of a vacci-
nation program in the captive population.

In the summer of 2002, 43 birds were
housed at the Toronto Zoo ELS breeding
facility (438499280N, 798119090W). The
majority of the birds had access to outdoor
aviaries beginning in mid-April. From 29
August to 7 September, five shrikes were
found dead or died shortly after showing
clinical signs. Clinical signs were recorded,
and supportive therapy was provided as
needed. After the first two deaths, the re-
maining shrikes were confined to indoor
quarters, to prevent exposure to mosqui-
toes.

Dead birds underwent a complete post-
mortem examination, and tissues were col-
lected for histopathology and virology.
Representative samples of all major organs
were collected in 10% buffered formalin,
processed routinely for histopathology,
sectioned at 6 mm, and stained with he-
matoxylin and eosin. A second set of slides
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was prepared for immunohistochemistry at
the Histopathology Section, Animal
Health Laboratory, Laboratory Services
Division, University of Guelph, Guelph,
Ontario. In brief, tissue sections were de-
paraffinized and rehydrated, treated with
3% hydrogen peroxide to block endoge-
nous tissue peroxidases, and subsequently
treated with proteinase K (DAKO Cyto-
mation, Inc., Mississaugua, Ontario, Can-
ada) for 12 min at 21 C. After a 15-min
incubation with universal blocker (DAKO
Cytomation), sections were incubated with
rabbit polyclonal anti-WNV antiserum (Dr.
Hana Weingartl, Canadian Food Inspec-
tion Agency, Winnipeg, Manitoba) diluted
1:400 for 30 min at 21 C. Goat anti–rabbit
immunoglobulin conjugated to a horserad-
ish peroxidase–labeled polymer (EnVision
HRP; DAKO Cytomation) was used as the
secondary antibody, with a 30-min incu-
bation at 21 C. Nova Red (Vector Labo-
ratories Canada Inc., Burlington, Ontario,
Canada) was used as chromogen, and tis-
sues were counterstained with Harris He-
matoxylin (Fisher Scientific, Toronto, On-
tario, Canada). For negative controls, non-
immune rabbit serum was substituted for
WNV antiserum.

Approximately 6 mm3 pieces of brain,
kidney, and spleen were collected asepti-
cally, pooled, and homogenized for 60 sec
in a grinding solution (Medical Analysis
Systems, Camarillo, California, USA).
VecTesty (Medical Analysis Systems), an
antigen capture wicking assay for WNV,
was subsequently used on these homoge-
nates, according to the manufacturer’s in-
structions.

Brain and kidney samples from all birds
were collected aseptically and analyzed for
the presence of WNV RNA by real-time
TaqMant reverse transcription–polymer-
ase chain reaction (RT-PCR) assays, as de-
scribed by Lanciotti et al. (2000). In brief,
RNA was extracted from 150–200 ml of tis-
sue homogenates using QIAamp viral
RNA kits (Qiagen Inc., Mississauga, On-
tario, Canada). A final volume of 70 ml of
eluted RNA was stored at 280 C until

used. Five microliters of RNA was com-
bined with the appropriate primers and
probes in buffer using the TaqMant RT-
PCR ready-mix kit (PE Applied Biosys-
tems, Foster City, California, USA). Sam-
ples were subjected to 40 amplification cy-
cles in an ABI Prism 7700 Sequence De-
tection System instrument (PE Applied
Biosystems), according to the manufactur-
er’s protocol for TaqMant RT-PCR cycling
conditions. All tissue extracts were
screened with a primer and probe set spe-
cific to the 39 non-translated region of the
viral genome, and positive extracts were
further tested by carrying out an additional
TaqMant RT-PCR using primers designed
to amplify a portion of the ENV gene
(Lanciotti et al., 2000). Tissues were con-
sidered to be positive only if positive re-
sults were obtained using both primer and
probe sets.

In January 2003, the surviving birds
were manually restrained, and 0.25 ml of
blood was obtained from the right jugular
vein and immediately placed in lithium-
heparinized plasma separator tubes (Mi-
crotainert; Becton Dickinson and Co.,
Franklin Lakes, New Jersey, USA). After
collection, the plasma was separated by
centrifugation and frozen. The birds were
then vaccinated intramuscularly with 0.5
ml of an inactivated WNV vaccine (Fort
Dodge Animal Health, Wyeth Pharmaceu-
ticals, Markham, Ontario). The vaccine
was given in two doses, half on either side
of the pectoral muscle. Two boosters were
given 3 and 6 wk later. A week after the
second booster, blood was obtained again.

The plasma samples were analyzed for
WNV neutralizing antibodies at the Nation-
al Microbiology Laboratory (Winnipeg,
Manitoba, Canada) using an in-house
plaque-reduction neutralization test
(PRNT), as described elsewhere (Weingartl
et al., 2003). A known amount of virus (e.g.,
100 plaque-forming units) was incubated
for 90 min at 37 C with increasing dilutions
of test sera. After this adsorption, 100 ml of
the virus-serum mixture was added to a ful-
ly confluent Vero cell (C1008; ATCC, Ma-
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nassas, Virginia, USA) monolayer (in six-
well tissue-culture plates) and incubated for
1 hr at 37 C. After the infection, 3 ml of
an agar overlay was applied to each well,
and the plates were incubated at 37 C in
5% CO2 for 72 hr. A second agar overlay
that contained vital dye neutral red was
added, and the presence or absence of
plaques was noted after an additional 18 hr
of incubation. By determining the final di-
lution of serum that led to a 90% reduction
in plaque formation, an end-point titer for
neutralization activity was calculated.

Clinical signs were observed in two of
the five affected shrikes. One was found to
be lethargic and recumbent on the bottom
of its cage; it died when handled. Another
shrike was also found on the bottom of its
cage. It showed lethargy and posterior pa-
resis. This bird was given supplemental
nutrition and fluid therapy and was placed
in a warm incubator supplemented with
oxygen. It was found dead the next morn-
ing.

There were no obvious demographic
trends in the affected birds. The age
ranged from 2.5 mo to 5 yr, and three fe-
males and two males were affected.

Pronounced splenomegaly (5/5),
marked pulmonary congestion (5/5), and
variable congestion of the heart (4/5) and
liver (3/5) were evident at the time of gross
necropsy. Microscopic lesions included
massive splenic coagulation necrosis with
fibrin deposition (5/5) and pulmonary con-
gestion (5/5), edema (4/5), and fibrin de-
position (4/5). There was mild multifocal
pancreatic necrosis (5/5), mild perivascular
nonsuppurative hepatitis with scattered
single-cell necrosis (5/5), moderate scat-
tered intestinal crypt necrosis (3/5), non-
suppurative myocarditis (2/5), and mild
nonsuppurative encephalitis (1/5). In two
of the birds, severe fungal pneumonia
caused by organisms morphologically con-
sistent with an Aspergillus sp. was seen;
this was interpreted as a terminal event on
the basis of the minimal host reaction.

Immunohistochemistry demonstrated
the presence of WNV antigen in all tissues

examined (Table 1). Spleen, intestine, and
lung consistently had very high levels of
antigen, as evidenced by widespread and
intense staining, whereas lower levels were
present in liver, kidney, proventriculus,
heart, skin, and gonad. Little viral antigen
was evident in ventriculus, pancreas, and
brain.

In all cases, the VecTest assay was pos-
itive (clear color change of the wick) on
tissue homogenates. All five birds tested
positive for WNV RNA by RT-PCR.

Before vaccination, no antibody was de-
tected by PRNT in the 37 birds tested.
After vaccination, six birds (16%) had no
detectable antibody, whereas 31 had an in-
creased titer ranging from 20 to 2,560
(Fig. 1). The majority of birds (65%) had
a titer between 40 and 320. In one bird,
insufficient sample volume precluded the
PRNT analysis.

The plasma samples were initially ana-
lyzed for WNV IgG antibodies using an
indirect enzyme-linked immunosorbent
assay (ELISA) that incorporated a horse-
radish peroxidase–conjugated goat anti–
wild bird immunoglobulin (Ebel et al.,
2002). The ELISA failed to detect WNV
antibody–positive serum samples collected
from vaccinated birds, presumably be-
cause of the inability of the goat anti-bird
conjugate to recognize shrike immuno-
globulin.

Multiple North American bird species
appear to be sensitive to infection with
WNV (Komar et al., 2003), but the out-
come of infection varies. If it can be as-
sumed that exposed birds will either die or
produce neutralizing antibodies, the mor-
tality rate in this outbreak was 100%,
which indicates that the ELS is highly sus-
ceptible to WNV. Similar, very high mor-
tality rates have been reported in experi-
mentally infected corvids, as well as cer-
tain passerines and charadriiformes (Work
et al., 1955; Hubálek and Halouzka, 1996;
Komar et al., 2003). In contrast, little or
no mortality has been reported in several
other species (Komar et al., 2001, 2003).

In four of the five affected shrikes the
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FIGURE 1. Distribution of West Nile virus (WNV)

plaque-reduction neutralization test antibody titers in
eastern loggerhead shrikes after vaccination with a
commercial equine WNV vaccine (n537).

lesions were extremely acute, character-
ized by necrosis and minimal mononuclear
infiltration, and high levels of viral antigen
were present even if no overt necrosis of
infected cells was evident. Essentially all
organs were infected, as has been de-
scribed in a variety of species (Steele et
al., 2000; Komar et al., 2003).

After the death of the first two birds on
29 August, all remaining birds were moved
indoors, where they were housed individ-
ually, on 30 August. Hence, for the three
last birds to die, the period from infection
to death must have been at least 1, 3, and
8 days, respectively. This corresponds to
findings by Komar et al. (2003) in other
species experimentally infected with WNV.
The relatively protracted course of the dis-
ease in the fifth bird corresponds well with
the more chronic nature of lesions ob-
served in this individual, including mod-
erate nonsuppurative myocarditis and mild
nonsuppurative encephalitis; these reac-
tions were not evident in the first four
birds to die. Furthermore, the immuno-
histochemical staining result was markedly
lower in this bird (Table 1).

The very high concentration of virus in
the gastrointestinal and urinary tracts and
the lung, as demonstrated by immunohis-
tochemistry, suggests that virus is likely
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shed in excreta and oroprahyngeal fluids in
the ELS, as has been demonstrated in
multiple other species (Komar et al.,
2003). Contact transmission of WNV has
been reported in several bird species
maintained under laboratory conditions
(McLean et al., 2002; Komar et al., 2003)
and may occur when ELS are housed to-
gether. Furthermore, as a carnivore, the
ELS may be susceptible to WNV infection
if it consumes infected prey (Komar et al.,
2003).

After vaccination, WNV neutralizing an-
tibodies were demonstrated in 84% of the
birds, which suggests that vaccination may
protect ELS against WNV infection. The
protective antibody level is largely un-
known, but, in experimentally infected
rock doves (Columba livia), titers ranged
from 10 to 640, 2–9 wk after inoculation
(Komar et al., 2003). Because ELS ap-
pears to be exquisitely susceptible to
WNV, vaccination may be an important
tool in the preservation of the species, at
least in captivity.

We thank the staff at the Toronto Zoo
for handling of and care for the shrikes,
and the Histopathology Section, Animal
Health Laboratory, Laboratory Services
Division, University of Guelph, Guelph,
Ontario, for carrying out the immunohis-
tochemistry.
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