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ABSTRACT: A large commercial flock of Hun-
garian partridge (Perdix perdix) experienced el-
evated mortality associated with a wasting dis-
ease in May 1998. Postmortem examination of
females consistently revealed a distended crop
and abnormal gray-white tissue infiltrating the
wall of the crop and thoracic esophagus. Neo-
plasia in male partridge was observed in the
liver. Microscopic examination of the crop and
thoracic esophagus revealed transmural masses
of immature lymphocytes with frequent mitotic
figures. Similar cells were observed in the liver
of affected males. Virus particles consistent in
size and morphology with reticuloendotheliosis
virions were observed in neoplastic lymphoid
cells via electron microscopy. Reticuloendothe-
liosis virus was isolated from each of four blood
samples. This disease has not previously been
reported in Hungarian partridges. Hungarian
partridge may represent a potential reservoir of
infection for other gamebirds, including prairie
chickens.

Key words: Case report, neoplasia, Perdix
perdix, reticuloendotheliosis.

Reticuloendotheliosis is a neoplastic dis-
ease caused by a group of retroviruses that
are unrelated antigenically, morphological-
ly, or structurally to avian leukosis viruses
(Witter, 1997). Multiple strains of reticu-
loendotheliosis virus (REV) exist but all
belong to a single serotype. Reticuloen-
dotheliosis virus has a world-wide distri-
bution and serologic surveys conducted in
several countries have detected antibodies
against this virus in 3.3–25% of chicken
flocks (Bagust, 1993). One virus in the
group, strain REV-T which has been iso-
lated from turkeys, is a replication-defec-
tive transforming virus containing a viral
transforming oncogene (v-rel) that causes
acute neoplasia (Witter, 1997). All other
REVs examined to date are nondefective
and cause lymphomas after a long latent
period and/or immunosuppression com-
bined with stunting. Nondefective REVs

and their natural hosts include duck infec-
tious anemia virus, chick syncytial virus,
and spleen necrosis virus of ducks (Witter,
1997).

The Hungarian partridge (Perdix per-
dix) is also known as gray partridge, Eu-
ropean partridge, and English partridge
(Potts, 1986). This game bird has been
widely and successfully introduced from
Europe and can be found on the northern
plains and prairie regions of the North
American continent (Aebisher, 1997). Par-
tridge from the commercial aviculture en-
terprise described in this report were
raised to provide feathers for fishing lures
and for food.

Reticuloendotheliosis has been reported
in game birds. Neoplastic lesions were de-
scribed in subcutaneous tissue and internal
organs of captive greater prairie chickens
(Tympanuchus cupido pinnatus) (Drew et
al., 1998), Attwater’s prairie chickens
(Tympanuchus cupido attwateri) (Drew et
al., 1998), and ring-necked pheasants
(Phasianus colchicus) (Dren, 1983). In ad-
dition, nodules along the digestive tract
combined with neoplastic lesions in other
internal organs have been reported in Jap-
anese quail (Coturnix coturnix japonica)
(Schat et al., 1976). This paper describes
the first documented case of reticuloen-
dotheliosis in Hungarian partridge.

In May 1998, two captive male Hungar-
ian partridges were submitted to Iowa
State University (Ames, Iowa, USA) for di-
agnostic assistance. The problem was per-
sistent mortality within the breeding flock
and affected partridges tended to lose
weight and waste away prior to death. Sub-
sequent investigation and examination of
additional birds at the breeding farm in-
dicated that more females were affected
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FIGURE 1. Female Hungarian partridge with
markedly distended crop.

FIGURE 2. Diffuse and dense transmural infiltra-
tion of immature lymphocytes in the thoracic esoph-
agus. A focal area of necrosis is present on the ulcer-
ated mucosal surface (arrow). Neoplastic cells are
present between smooth muscle bundles of the mus-
cularis externa near the serosal surface. HE. Bar �
116 �m.

than males. Female partridges continued
to eat and drink water but became pro-
gressively emaciated and developed mark-
edly enlarged crops that eventually would
drag on the floor of their cage.

The breeding flock consisted of 1,600
pairs of Hungarian partridge with one
male and one female in a cage. The top of
each cage consisted of a sheet metal roof
and the back of the cage had a solid wood-
en wall and floor where nesting occurred.
The front, sides, and remainder of the
floor were made of wire mesh. All male
and female partridges were slightly more
than 1 yr old. Approximately 12 hens
(0.75% of all hens) died from this wasting
disease within the preceding 12 mo. Mor-
tality among male birds was rare and was
not associated with an enlarged crop.

Postmortem examinations were per-
formed on four male and six female par-
tridges. The liver and spleen of male birds
was slightly enlarged and pale. The crop
of female partridges was markedly dis-
tended by mucus, feed, and water (Fig. 1).
The thoracic esophageal wall between the
crop and the proventriculus was thickened
and gray-white in color. There was no ev-
idence of any obstruction distal to the tho-
racic esophagus.

Microscopic examination of formalin-
fixed crop and thoracic esophagus from fe-
male partridges revealed nodular to dif-
fuse, dense transmural infiltration of im-
mature lymphocytes that extended from
the tunica propria immediately beneath

the surface epithelium through all layers
of the crop wall to the loose adventitial
connective tissue external to the smooth
muscle layers of the muscularis externa
(Fig. 2). Mucosal stratified squamous epi-
thelium was focally ulcerated, and ulcers
were covered by necrotic cell debris en-
meshed in fibrin. Immature lymphocytes
diffusely distributed in the lamina propria
were enmeshed within and surrounded by
stromal connective tissue fibers. Nodular
lesions in the lamina propria were devoid
of connective tissue stromal fibers and
consisted entirely of neoplastic immature
lymphoid cells. These cells had large
round to oval vesicular nuclei with prom-
inent chromatin clumps adjacent to the in-
ner surface of the nuclear envelope (Fig.
3). Each cell had moderate to abundant
pale basophilic cytoplasm. Mitotic figures
were numerous and an occasional cell was
undergoing lysis. Hepatic tissue from male
partridges contained wide bands of neo-
plastic cells morphologically indistinguish-
able from those in the crop of female par-
tridges. These cells infiltrated the connec-
tive tissue stroma surrounding central
veins and portal triads. Histologic exami-
nation was limited to macroscopically ab-
normal tissues so the existence of neoplas-
tic cells in other tissues is unknown.
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FIGURE 3. Lymphoblasts with large round to oval
vesicular nuclei. Toluidine blue. Bar � 24 �m.

FIGURE 4. Electron micrograph of mature retic-
uloendotheliosis virions. A uniform space is present
between the viral core and the viral envelope. A bud-
ding virus particle consisting of electron dense nucle-
ocapsid material at the end of a delicate stalk is
shown in sagittal section (arrow). Uranyl acetate and
Sato’s lead stain. Bar � 157 nm.

Transmission electron microscopy was
used to examine neoplastic cells in the
crop wall. Crop fixed in 10% neutral buff-
ered formalin was rinsed (3 times, 15 min
each step) and placed into 2% parafor-
maldehyde, 2% glutaraldehyde in phos-
phate buffered saline (PBS: pH 7.2). Sam-
ples were rinsed in PBS (3 times, 15 min
each rinse) and post-fixed with 1% osmi-
um tetroxide in PBS for 1.5 hr at room
temperature. Samples were washed in
PBS, dehydrated in a graded ethanol se-
ries, substituted into pure acetone, infil-
trated and embedded using Embed 812
epoxy resin (Electron Microscopy Scienc-
es, Ft. Washington, Pennsylvania, USA),
and polymerized at 70 C for 48 hr. Thick
and ultra-thin sections were made using a
Reichert Ultracut S ultramicrotome (Sci-
scope, Iowa City, Iowa). Thick sections
(1.5 �m) were stained with 1% toluidine
blue stain and images captured using a
Leitz Orthoplan light microscope (Sci-
scope). Ultra-thin sections (60–90 nm)
were collected onto copper grids and
counter-stained using 5% uranyl acetate in

50% methanol for 20 min followed by
Sato’s lead stain for 10 min. Negative im-
ages were made using a JEOL 1200EX
scanning and transmission electron micro-
scope (Japan Electron Optics Laborato-
ries, Akishima, Japan) and were scanned
using a UMAX Powerlook 3000 scanner
(UMAX, Data Systems, Inc., Hsinchu, Tai-
wan) for further image processing.

Virus particles were observed within tu-
mor cells from the wall of the crop and
thoracic esophagus (Fig. 4). These parti-
cles were round, approximately 110–120
nm in diameter, and had a uniform space
between the outer edge of the electron-
dense core and the inner edge of the viral
envelope. Some cores had a polygonal
shape and, in some sections, regularly
spaced small electron-dense structures
suggestive of peplomers were observed in
association with the viral envelope. These
particles were consistent in size and mor-
phology with previously published descrip-
tions of REV (Kang et al., 1975).

Attempts were made to isolate Marek’s
disease virus (MDV), exogenous avian leu-
kosis virus (ALV), and REV at the Avian
Disease and Oncology Laboratory (ADOL;
East Lansing, Michigan, USA) from hep-
arinized blood samples taken from four fe-
male tumor-bearing Hungarian partridges.
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For MDV isolations about 106 buffy coat
cells were inoculated onto secondary
monolayer cultures of duck embryo fibro-
blasts (DEF) or line 0 chicken embryo fi-
broblasts (resistant to subgroup E endog-
enous viruses). The embryos were from
breeders maintained at the ADOL that
tested negative for exogenous avian retro-
viruses and other common pathogens. The
DEF cultures were examined for herpes-
virus plaques after 8 and 13 days. The line
0 cell cultures were used for ALV and
REV isolation. Following a culture period
of 8 days, part of the line 0 cultures were
evaluated for ALV group specific antigen
(gp27) by enzyme linked immunosorbent
assay (Fadly and Witter, 1998). The re-
maining line 0 cultures were stained with
monoclonal antibody 11A25 against REV
by indirect immunofluorescence. Antibody
11A25 is produced at the ADOL. A sec-
ond passage of supernatant fluids from the
line 0 cultures was done and also stained
for REV antigens. Reticuloendotheliosis
virus was isolated from all four blood sam-
ples. Marek’s disease virus and exogenous
ALV were not isolated from any of the
samples.

A consistent feature of reticuloendothe-
liosis in female Hungarian partridges in
this outbreak was the presence of neoplas-
tic immature lymphocytes within the wall
of the crop and thoracic esophagus. Lym-
phoid neoplasia in the walls of the crop,
proventriculus, and intestines have previ-
ously been reported in quail (Carlson et
al., 1974) and pheasants (Dren et al.,
1983). Reticuloendotheliosis virus infec-
tion has been associated with bursal and
nonbursal lymphomas (Witter, 1997). Bur-
sal lymphomas are of B-cell origin, as in-
dicated by the presence of surface IgM,
develop after a long latent period, and may
be found in the bursa of Fabricius. Non-
bursal lymphomas are believed to be of T-
cell origin, have a latent period as short as
6 wk, are not associated with bursal le-
sions, and may be accompanied by en-
larged peripheral nerves infiltrated by
large lymphoid cells (Witter et al., 1986).

The mechanism of oncogenesis for bursal
and nonbursal lymphomas is by insertion
of the REV provirus into the target cell
genome and activation of c-myc (Witter,
1997). Both B and T lymphocytes can be
target cells for neoplastic transformation
(Sasaki and Koyama, 1989; Schat et al.,
1992).

It is noteworthy that all blood samples
from female partridge with neoplasia in
the crop and esophagus were viremic for
REV at the same time. If chickens become
infected by contact with REV in the en-
vironment (such as virions shed in feces),
viremia is very short followed by serocon-
version and only rarely do tumors develop
(Witter, 1997). Thus, it is difficult to find
viremic birds. On the other hand, if the
virus is transmitted congenitally, birds in-
fected as embryos usually remain viremic
for life, do not develop antibodies, and
shed virus in their feces. Congenital trans-
mission is more frequent in hens with low
antibody titers and tolerant hens frequent-
ly develop tumors and shed REV in the
albumin of nearly all eggs laid (Witter,
1997). Congenital transmission probably
accounts for the high prevalence of vire-
mia in the female Hungarian partridge de-
scribed in this report.

Wasting disease was not observed in this
flock prior to 1994 when an outbreak of
avian pox occurred. The flock was subse-
quently immunized with a commercial
quailpox vaccine and later revaccinated
with a commercial fowlpox vaccine. Trans-
mission of REV via contaminated fowlpox
vaccines has been documented in turkeys
and chickens (Fadly et al., 1996; Fadley
and Witter, 1997). Field and vaccine
strains of fowlpox viruses from Australia,
Europe, and the United States have been
shown to carry sequences of the REV ge-
nome integrated into the fowlpox virus
DNA (Hertig et al., 1997). Some pox vi-
ruses carry near full-length REV provirus
sequences which can generate fully infec-
tious virions when the contaminated pox
virus is injected into susceptible chickens.
Chickens infected by this mechanism de-
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velop an active antibody response against
REV. Reticuloendotheliosis may have been
introduced into the partridge flock by
mosquitoes carrying a field strain of avian
pox virus containing an REV provirus or
from a contaminated fowlpox vaccine.

Hungarian partridge may represent a
potential reservoir of infection for other
upland game birds. These birds share hab-
itat on farmlands and grassy fields of the
northern plains with the greater prairie
chicken, sharp-tailed grouse (Tympanu-
chus phasianellus), bobwhite quail (Coli-
nus virginianus), ring-necked pheasant,
and wild turkeys (Meleagris gallopavo) (Al-
len et al., 1983). Horizontal transmission
of REV may occur following dissemination
of infectious virus in feces of infected birds
(Witter, 1997) or by blood-sucking insects,
such as mosquitoes (Bagust, 1993). The
susceptibility of prairie chickens, pheas-
ants, and turkeys to REV has been report-
ed (Dren, 1983; Witter, 1997; Drew et al.,
1998).
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