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ABSTRA( ‘F: Reticuloendotheliosis in captive greater (Tympanuchus cupido pin natus) and Attwa-
ter’s (T cupido attwateri) prairie chickens is reported for the first time. Between September 1993

amid August 1994, two adult female wild-caught greater prairie chickens housed at Texas A&M

University (College Station, Texas, USA) were observed with multiple subcutaneous nodules. Both

birds were euthanatized. Complete necropsy examinations revealed lesions limited to the skin of

each bird. Histopathologic examination of lesions revealed pleomorphic lymphoreticular cells

suggestive of reticuloendotheliosis and reticuloendotheliosis virus (REV) was demonstrated in

tumor tissue by poly�iierase chain reaction and virus isolation. Between September 1994 and June
1995, five additional greater prairie chickens and two Attwater’s prairie chickens were euthana-

tized or found (lead with evidence of lymphoreticular neoplasia in multiple organ systems. Initial

testing of the captive flock in December 1994 for evidence of viremia and antibody to reticu-

loendotheliosis virus revealed over 50% of the tested birds were viremic, but none developed

antibodies. Subsequent testing between January 1995 and January 1996 indicated that once in-
fected with reticuloendotheliosis virus, Attwater’s prairie chickens tended to remain outwardly

health� despite persistent viremia compared to infected greater prairie chickens which had higher
morbidity amid mortality rates within 60 to 90 days after initial detection of viremia and did not

usually develop persistent viremia. Antibodies to REV were detected in only three captive greater

praine chickens and only in 1995. Six of the nine birds that were euthanatized or found dead
due to reticuloendotheliosis developed viremia prior to death; three birds were not tested prior

to death. Testing of free-ranging greater and Attwater’s prairie chickens for reticuloendotheliosis

is recommended prior to translocation or release.

Key words: Attxvater’s prairie chicken, captivity, greater prairie chicken, reticuloendotheliosis,

reticuloendotheliosis virus, Tyinpanuchus cupido atttvateri, Tympanuchus cupido pinnatus.

INTRODUCTION

Prairie chickens (Tyinpanuchus cupido)

were once widely distributed throughout

the United States (Aldrich, 1963; Johns-

gard, 1983). However, characteristics that

make grasslands prime habitat for prairie

chickens also make them prime habitat for

human exploitation. Throughout this cen-

tury, much of the native prairie has been

converted to agricultural and urban use.

As a result, the remaining prairie covers

only a small fraction of its original expanse

and has become severely fragmented.

Concomitant with this loss has been deg-

radation of the remaining prairie due to

overgrazing and brush invasion. This has

lead to the dramatic reduction in the num-

bers and distribution of prairie grouse (Al-

drich, 1963; Johnsgard and Wood, 1968;

Johnsgard, 1983).

Of the three subspecies of prairie chick-

ens, in North America the greater prairie

chicken (T cupido pinnatus) (GPC) has

the largest extant population (Johnsgard,

1983). Although some populations have

been reduced or even eliminated, this sub-

species continues to thrive in many of the

central plains states, where population es-

timates are still in the hundreds of

thousands.

The heath hen (T cupido cupido) orig-

inally inhabited the scrub oak plains of the
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Atlantic coast of the USA from Maine to

Virginia, and possibly the Carolinas (Gross,

1963). However, as colonization ofthe east

coast progressed, populations of the heath

hen rapidly disappeared. Although conser-

vation measures were enacted at the turn

of the 20th century, the subspecies was ex-

tirpated by 1932 (Gross, 1963).

The plight of the Attwater’s prairie

chicken (T cupido attwateri) is similar to

that of the heath hen. An estimated one

million Attwater’s prairie chickens (APC)

once inhabited 2.4 million ha of tall grass

prairie habitat on the coastal areas of Texas

and Louisiana (USA) (Lehman, 1941). By

1967, only 1,070 birds occupied 12 coun-

ties in Texas and in 1967 the subspecies

was placed on the Federal Endangered

Species List (Lawrence and Silvy, 1980).

To date, human induced habitat loss and

fragmentation have further reduced this

subspecies to three small, isolated popu-

lations totaling <70 birds (U.S. Fish and

Wildlife Service, unpubl. data).

Due to small population sizes, the APC

maintains an increased risk of excessive in-

breeding and loss of genetic variability due

to random genetic drift. Such events can

lead to inbreeding depression and a re-

duced ability to respond to changing en-

vironmental conditions, thus promoting

the extinction process or, at the very least,

inhibiting recovery efforts (Gilpin and

Soule, 1986). An effective management

and conservation plan for this subspecies,

therefore, requires an adequate under-

standing of their population genetic struc-

ture, limiting factors, and an assessment of

the feasibility of captive propagation.

Reticuloendotheliosis (RE) is a neoplas-

tic disease of gallinaceous birds caused by

a retrovirus, reticuloendotheliosis virus

(REV) (Witter, 1991). In poultry, RE caus-

es an acute disease in young birds and

chronic neoplasia in adult birds (Witter,

1991). Transmission occurs by horizontal,

vertical and, possibly hematophagous in-

sect vectors (Jordan, 1990; Witter, 1991).

Natural hosts for REV include domestic

chickens, turkeys, ducks, geese, and Japa-

nese quail; pheasants and guinea fowl have

been experimentally infected (Dren et a!.

1983; Witter, 1991). Other than two wild
turkeys (Meleagris gallopavo) (Ley et a!.,

1989; Hayes et al., 1992), RE has not been

reported in free-ranging gallinaceous birds

in the United States. The purpose of this

paper is to document the first known oc-

currence of RE in captive prairie chickens.

MATERIALS AND METhODS

A breeding flock of GPC was started at Texas

A&M University in April 1992 to establish cap-
tive rearing techniques that could be applied to
APC. Twenty adult birds were captured on
booming grounds in Kansas (USA), and three
juvenile birds were acquired from a captive
flock in Minnesota (USA). The birds were

housed in large outdoor pens and breeding ac-

tivity, egg laying and chick production began in
spring of 1993.

In 1994, 23 eggs were taken from nests of

two wild APC hens and placed in an incubator
at Texas A&M University. Twenty-two eggs
hatched and these birds were retained to mi-
tiate the APC captive breeding program at Tex-

as A&M University.
At the Texas A&M University facility, adult

birds were housed separately by subspecies, in

groups in large outdoor pens covered with ny-
lon mesh and chicken wire. During the breed-
ing season, adult birds were kept in pairs, trios

or small groups in individual pens by subspe-
cies. Eggs were collected at regular intervals
and incubated at 37.5 C and 65 to 70% relative

humidity. Chicks were removed from the in-
cubator after internal pipping and placed into
a brooder for 24 to 48 hr. Groups of chicks
were kept in small pens which gradually in-

creased in size in relation to growth rate, phys-
ical size and age. Chicks were moved outdoors

near the time of fledging and kept in various
sized groups until the next breeding season.

Adult birds were fed either a custom pre-
pared game bird diet (Producers Cooperative,
Bryan, Texas, USA) or a commercial pheasant
ration (Mazuri Pheasant Breeder, PMI Feeds,
St. Louis, Missouri, USA) ad libitum and chicks
were fed commercial pheasant starter (Mazun

Pheasant Starter, or Grower and Developer,
PMI Feeds, St. Louis, Missouri, USA) begin-
ning at 3 to 4 days of age. The grasses and forbs
within each pen was utilized by adult birds.

Chicks were offered live field-caught insects
and commercially reared crickets and meal-
worms (Rainbow Mealworms, Compton, Cali-
fornia, USA) starting at 1 day of age. Fresh wa-
ter was provided daily in large shallow bowls.
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Complete necropsies were done on prairie

chickens that were found dead amid in suitable

condition or euthanatized during this study. Se-

lected tissues amid lesions were submitted for
bacterial culture or placed in 10% buffered for-
maIm. Fornialin fixed tissues were sectioned

and stained with hematoxylin amid eosin for his-

topathological exaiiinatioii.

Infection with REV was confirmed by virus

isolation fromi tumor tissue, previously frozen

at -70 C. Tissue samples were inoculated on
chicken enihrvo fibroblasts (Regional Poultry

Research Laboratory line 0; Crittenden et al.
1987); 7 to 9 days later cell lysates were assayed

for avian leukosis virus and REV by enzyme-

linked imniunosorbant assay (ELISA) following

methods of Ciii et al. (1986, 1988). Reticuloen-

dotheliosis vinis DNA was detected in tissue

using the polynierase chain reaction (PCR) re-

agents and methods of Aly et al. (1993).

Screening of captive birds at Texas A&M

University for evidence of infection with, or an-

tibodies to, REV was done at regular intervals
beginning in Deceniber 1994. Blood samples

were collected by jugular venipuncture, placed

in heparinized tubes (Capiject; Terumo Medi-

cal Corporation, Elkton, Maryland, USA) and

refrigerated until testing was done 48 to 72 hr
later. Plasma samples were tested for REV by

PCR and xinis isolation as described previously
for tunior tissue, amid for antibodies to REV by

virus neutralization tests as described by Witter
(1989). Blood samples were collected in Feb-

ruary 1995 from 35 APC and 75 GPC in cap-

tivity at Fossil Rim Wildlife Center (Glenrose,

Texas, USA), Houston Zoological Gardens

(Houston, Texas, USA) amid the Dakota Zoo

(Bismark, South Dakota, USA). Plasma samples

from these birds were tested for REV by PCR

and virus isolation amid amitibodies to REV by

virus neutralization as described above.

To determine the source of REV for the cap-
tive flock at Texas A&M University, six free-

ranging wild turkeys, 14 captive Japanese quail

and a bantam chicken hen that had direct or

indirect contact with the prairie chickens were
bled amid tested as described above. Serum col-

lected at the time of capture from seven of the

20 wild-caught GPC was tested for evidence of

antibodies to REV by virus neutralization.

Frozen serum and plasma from 25 APC amid

45 bobwhite quail (Colinu.s uirginianus) col-

lected between 1987 to 1993 from the APC

National Wildlife Refuge (Eagle Lake, Texas,

USA) were tested by virus isolation and virus

mieutralization to determine the prevalence of

infection and antibodies in wild birds. In March

1995, two wild adult male APC captured on the

refuge were bled and tested as described

above.

FIculu.: 1 . N-hmmltiple firmu to flmmctmmammt k’siomms (Imme

to reticmmloemulotheliosis on tla’ lmca(l of a fi’mmmak’ ��ild-

cammglmt greater prairie chickemm ( i’r�miipaiaiu/mu.s eupido

/)i?l?l(ltIiS).

RESULTS

The index case of RE occurred in Sep-

tember 1993. A wild-caught adult female

GPC developed firm subcutaneous facial

lesions, approximately 1 cm diameter, in-

volving the upper lids and adjacent sldn of

both eyes. The provisional clinical diag-

nosis was avian poxvirus infection. Histo-

pathologic examination of a formalin-fixed

biopsy of the eyelid revealed lymphoretic-

ular aggregates with dense infiltration of

the dermis by a pleomorphic population of

lymphoreticular cells. No evidence of pox-

virus infection was found.

Over the next 6 mo, this l)ird and a sec-

ond wild-caught adult female GPC devel-

oped multiple firm to fluctuant lesions, 1

to 3 cm diameter, on the face, legs, and

feet (Fig. 1, 2). The lesions in both birds

gradually increased in size, occasionally

became ulcerated and eventually inter-

fered with vision and prehension. The two

birds were euthanatized on 26 August

1994 and submitted for complete necrop-

sy. Gross necropsy revealed lesions limited

to the skin in each bird. Histopathologic

examination of the lesions from both birds

were similar and consisted of lvmphocytic-

histiocytic proliferative and infiltrative le-

sions of the skin and subcutis. Pronounced

tumor cell pleomorphism with gradation

from small, round lymphoid cells through
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FI:ulu.: 2. �slmmltiple firmim to flimct,mammt lesiomis of

retiemiloemalotlmeliosis omi the legs �(n(l feet of a femnale

�vild-cammglmt gre.Ltt’r psuic clmickemi (Tm,iimja’iriuclui.s

(uJ)id() /)it1?1(!tli,’� ).

plump, cytoplasm-replete, histocyte-like

cells (Fig. 3) to elongated, slightly fusiform

cells (Fig. 4) was suggestive of lesions of

RE infection observed in other species (Li

et a!., 1983; Witter, 1991). Reticuloendo-

theliosis virus was isolated and viral anti-

gen was identified I)y PCR and ELISA in

tumors from 1)0th birds. Neither of these

two birds was tested for REV before eu-

thanasia.

Between September 1994 and June

1995, seven additional birds (two APC and

five GPC) died or were euthanatized with

lesions suggestive of RE (Table 1). All ex-

cept one bird were <14-mo-old at the

time of death. In these birds, the neoplas-

tic lesions were multifocal, but were more

common in the liver and spleen. Histo-

pathologic examination of the neoplastic

tissue revealed lymphoreticular prolifera-

tion in multiple sites and organs that was

compatible with RE. Six of these seven

birds were tested and were positive by vi-

rus isolation (luring flock testing 2 to 16

wk prior to death; the remaining bird was

not tested prior to (leath (Table 1).

#{149}pI. -

‘� 2

,1 � P4�

E

,� �. ‘�.

4

�.‘..- 0’
.�,

� I:’�.� t�

FIGU RI: :3. Pleommmorphic cell types froum a lesion

of reticimloendotheliosis on a greater P�#{176}ne n’hickemi

(Ttjmpan tielt us eupido pin oatus) ranging from small,

roimmid. lvmimphoid cells (upper left) to plimmmmp (�(�lls of

a general histiocvtic type (lower right) to elongated

fusiform cells. Bar = 25 p.m.

Although not all birds in the flock at

Texas A&M University were sampled each

time, several trends in virus isolation and

detection of antibody were identified (Ta-

ble 2, 3). Once infected with REV, as de-

termined by a positive PCR test, most

birds became viremic, based on virus iso-

lation, within 60 days. The clinical signs

and course of the disease appeared to vary

between APC and GPC. Once infected

with REV, APC appeared outwardly

healthy despite persistent viremia. Infect-

ed GPC had higher morbidity and mor-

tality rates within 60 to 90 days after initial

detection of viremia and (lid not usually

develop persistent viremia. Antibodies
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were detected in only three GPC from the

captive flock; all three birds hatched in

1994 and were positive in 1995 (Table 2,

3).

Serological testing and virus isolation

from captive and wild birds in other loca-

tions were generally negative. None of the

APC or GPC from any of the captive

breeding facilities other than Texas A&M

University were infected with or had an-

tihodies to REV. However, the source of

the REV for the captive flock at Texas

A&M University was not determined. Ten

of 14 quail and the bantam chicken hen

were positive for REV antibodies, but vi-

rus was not isolated from these birds. Ev-

idence of prior infection with, or exposure

to, REV was not found in the seven sam-

ples from the original 20 wild-caught or

captive-bred GPC.

Testing of frozen serum and plasma

from APC and bobwhite quail from the

APC National Wildlife Refuge yielded no

evidence of REV infection or antibody.

One of the two wild APC trapped in

March 1995 was positive for antibody to

REV, but no evidence ofviremia or clinical

disease was found.

DISCUSSION

The diagnosis of REV in APC and GPC

represents the first report of this disease

in grouse. Although the disease was found

in captive birds, the possibility that wild

populations of prairie grouse are infected

with REV is of concern, since REV was

associated with morbidity and mortality in

at least nine captive birds between 1994

and 1995.

Due to the nature of the lesions, persis-

tent viremia and lack of antibodies, infec-

tion of prairie chickens with RE most

closely resembles chronic lymphoid

plasia associated with an immune-tolerant

infection as reported in young chickens

and turkeys (Jordan, 1990; \Vitter, 1991).

After exposure, chickens and turkeys can

develop a variety of immunological re-

sponses which may be dependent on the

strain of REV and/or the presence of ma-

ternal antibody (Witter, 1991). Some birds

overcome the infection and develop anti-

bodies, although the role of antibodies in

protection from subsequent infections is

unknown. Adult poultry exposed to the vi-

rus tend to develop transient viremia fol-

lowed by development of antibodies. Most

young birds that become infected (10 not

develop antibodies and die of acute neo-

plasia within a few weeks of age (Jordan,

1990). Chronic lymphoid neoplasia devel-

ops in birds that do not develop antibodies

and become persistently infected with the

virus. Age-related resistance to infection

with REV also has been demonstrated

(Witter, 1991). Horizontal infection occurs

readily in recently hatched chicks and

poults; many of these chicks develop per-
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TABI.E I. Signalment amid lesiomms in captive male (M) and femnale (F) greater (CPC) and Attsvater�i (APC)

prairie chickens with reticuloemidotheliosis at Texas A&M University (College Station, Texas, USA), 1994-95.

Virus

Deatlm date Source’ Subs1xcies Age Sex Lesions isolatummm

8-26-94 ssild (;P(: >3 yr F multiple skin nodules on face,

feet

+h

8-26-94 wild (;P(� >3 yr F multiple skin nodules on face,

feet

+I�

9-24-94 captive (PC 6 mo M single skin nodimle on face; multi-

ple nodules on lung, liver,
spleen

+

2-26-95 captive AP( 10 II�() M mmmltiple nodules imi pharvnx,
spleen, gastro-intestinal tract

NIY

5-10-95 captive AP( 13 � F multiple nodules in esophagus,

liver, gastro-intestinal tract

+

5-14-95 captive CPC 1 1 � M nodules in lung, liver +

5- 1 7-95 captive (P( : 1 1 mo M nodules in spleemi +

6-07-95 wild c;P(: >4 yr F nodtmles in spleemi +

6-07-95 captive GP( 12 nio F nodules in liver +

Texas A&M University facility.

788 JOURNAL OF WILDLIFE DISEASES, VOL. 34, NO. 4, OCTOBER 1998

\Vikl = wild caught jim Kansas (USA): captive = hatcimed at

Virus isolated frommmtummmor at mmecropsv.

ND = test miot domme.

sistent viremia without antibody produc-

tion and are probably immune-tolerant

(Witter, 1991), similar to what is described

for APC in this study.

Multiple routes of transmission of REV

in domestic poultry have been document-

ed. Direct contact with infective virus in

feces, ocular and nasal secretions, and lit-

ter are the primary modes of transmission

in domestic chickens and turkeys (Peter-

son and Levine, 1971; Paul et a!., 1977;

Bagust et a!., 1981; Witter and Johnson,

1985). Vertical transmission has been doc-

umented in turkeys, chickens, and ducks,

particularly in infected immune-tolerant

birds (McDougall et a!., 1980; Bagust et

al., 1981; Motha and Egerton, 1987; Wit-

ter, 1991) but the role of vertical trans-

mission and the source of the virus is de-

bated (Witter and Salter, 1989). The role

of hematophagous insects in the transmis-

sion of REV is unclear (Motha et a!., 1983;

Witter, 1991).

Avian pox vaccines contaminated with

REV have been shown to induce RE lym-

phoma in broiler breeder chickens (Fadly

et al., 1996). None of the prairie chickens

in the captive rearing facility, the quail at

TABLE 2. Results of three diagnostic tests for reticuloendotheliosis virus in captive Attwater�i prairie chickens

at Texas A&M University (College Station, Texas, USA).

Test Age

l)ec

94

Feb

95

Mar
95

Jun

95

Jun

95

July

95

Sep

95

Oct

95

Nov

95

Polvmnerase

chain reaction

Adult

1lY95

7/141)

-.-� -

-

-

-

0/18

1/2

0/3

-

-

7/9

-

7/9

0/16

2/2

:3/16

Virus isolatiomm Adult

l-1Y95

8/14

-

9/11

-

1/3

-

-

-

-

-

-

-

-

-

6/9

0/16

8/8

0/16

Virus

neutralization

Adult

11Y95

0/14

-

0/11

-

0/3

- - - - - - -

HY95 = Imatched in 1995. Adtmlt = Imatched prior to 1995.

1) Numnber positive birds/total number of birds tested.

No data collected.
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TARI.I: 3. Results of three diagnostic tests for reticuloendothehiosis virus in captive creater prairie chickens

at Texas A&NI University (College Statiomi, Texas, USA).

Test Age

Dec

94

Feb

95

Mar

95

Jun

95

Jun

95

July

95

Sep

95

Oct

95

Nov

95

Polvnmerase

chain reaction

Adult

11194

11195

1/2b

0/1

�c

-

�

-

-

#{149}

4/4

0/1

-

2/4

5/10

-

0/2

2/5

0/25

0/2

2/5

0/1

0/2

0/3

0/2

0/3

0/1

Virus isolation Adumlt

11194

11195

1/2

0/1

-

5/11

1/13

-

0/4

2/12

-

-

-

-

-

-

-

-

-

-

-

-

-

0/2

0/3

-

0/2

0/3

0/1

\inims

mmetmtralizatiomi

Adult

11194

11195

0/2

0/1

-

0/Il

2/13

-

0/4

0/12

-

-

-

-

-

-

-

0/2

1/5

0/25

-

-

-

-

-

-

-

-

-

1IY94 = Imatulmed in 1994. 11195 = hatched in 1995. Adult = hatched prior to 1995.

Nmmmnla’r positive birds/total nmmmnber of birds tested.

No (lata collecte(1.

the poultry farm or the bantam chicken

hen that were in direct or indirect contact

with the prairie chickens had been vacci-

nated against avian pox. Therefore, a con-

taminated vaccine was not the source of

the REV here. However, during the winter

months of 1994-1995, an outbreak of avi-

an poxvirus occurred in the captive prairie

chicken flock at Texas A&M and several

birds developed cutaneous lesions on the

face and feet. Several of these lesions were

initially suspected to be due to RE; how-

ever, the poxvirus etiology was established

by histopathology of lesions at biopsy or

necropsy. Avian poxvirus could have orig-

mated from wild birds in the vicinity of the

pens and been transmitted by hemato-

phagous insects. The potential link be-

tween avian poxvirus and REV in captive

prairie chickens is unclear and requires

further study.

The source of the REV for the captive

flock at Texas A&M University was not de-

termined. Although 10 of 14 quail and the

bantam chicken hen were positive for

REV antibodies, virus was not isolated

from these birds. The quail were housed

at a poultry research facility located about

1 km from the prairie chicken facility. Al-

though an individual involved in the daily

care of the quail occasionally assisted with

care of the prairie chickens, no direct link

between the quail and the prairie chickens

could be established. Since no evidence of

prior infection with, or exposure to, REV

was found in the seven samples from the

original 20 wild-caught or captive-bred

GPC, the infection was probably acquired

after the birds were in captivity at Texas

A&M University. A survey of wild birds in

the vicinity of the prairie chicken pens is

needed to determine if REV is present

and whether these species could act as a

reservoir for transmission of REV to the

prairie chickens. Since the prairie chicken

pens at Texas A&M University are located

within 100 m of a small stream, mosquitos

may be the vectors between wild birds and

captive prairie chickens. Further research

to determine routes and methods of trans-

mission to prairie chickens is needed. The

effectiveness of a testing and culling pro-

gram for maintaining a disease-free flock

must be evaluated. Given the valuable ge-

netic status of captive APC, methods to

hatch and rear non-infected or immune

chicks from persistently infected adults is

needed.

In wild APC, the lack of evidence for

exposure and infection with REV raises

the question of the status and importance

of RE in APC. We recommend that free-

ranging populations of gallinaceous birds,

including GPC and APC, should be tested

for evidence of exposure to REV using the

PCR test to define host range, prevalence
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of infection, and potential for spread of the

disease during capture and release pro-

grams. If the wild populations of GPC and

APC are free of the disease, the possibility

of introducing the disease, particularly

from released captive-reared prairie chick-

ens, to wild populations of prairie chickens

is high and potentially devastating. We rec-

ommend that all captive GPC and APC

that are to be released should be screened

for REV at least once monthly for 3 mo

prior to their release using the PCR test.
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