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A REVIEW OF MARBLE SPLEEN DISEASE OF
RING-NECKED PHEASANTS

Scott D. Fitzgerald and Willie M. Reed

Department of Veterinary Pathobiology, School of Veterinary Medicine,
Animal Disease Diagnostic Laboratory, Purdue University,

West Lafayette, Indiana 47907, USA

ABSTRACT: Marble spleen disease (MSD) is a contagious disease of captive-reared ring-necked
pheasants (Phasianus colchicus) characterized by variable mortality and high morbidity. The
etiologic agent is a type 1l avian adenovirus closely related to hemorrhagic enteritis virus of turkeys
and splenomegaly virus of chickens. Gross lesions of MSD consist of enlargement and mottling of
the spleen and pulmonary edema. Microscopic alterations are most pronounced in the spleen and
are characterized by reticuloendothelial (RE) cell hyperplasia and lymphoid necrosis. Intranuclear
viral inclusions occur within hyperplastic RE cells. Serologic detection of MSD is routinely ac-
complished using an agar gel precipitin test. Oral vaccination with hemorrhagic enteritis virus or
avirulent strains of MSD virus is effective in preventing MSD. There is no specific treatment
available for MSD but supportive care, strict sanitation and good management practices are helpful

in reducing mortalities and limiting the spread of an epizootic.
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INTRODUCTION

Marble spleen disease (MSD) is one of
the most important viral diseases affecting
ring-necked pheasants (Phasianus colchi-
cus). Although the first report of MSD ap-
peared <25 yr ago (Mandelli et al., 1966),
the disease is now recognized worldwide
in captive pheasants. MSD is closely relat-
ed to two diseases of domestic poultry,
hemorrhagic enteritis of turkeys and
splenomegaly of chickens. The purpose of
this paper is to provide a current review
of the present literature on MSD.

DISTRIBUTION

MSD has been a significant cause of
mortality in pheasants since the first doc-
umented outbreak occurred in Italy dur-
ing 1966 (Mandelli et al., 1966). Subse-
quent outbreaks of MSD have been
reported throughout the United States in-
cluding Connecticut, Pennsylvania, Vir-
ginia, Michigan and California (Mayeda
et al., 1982). Documented outbreaks
worldwide have been reported from Can-
ada (Carlson et al., 1973), England (By-
grave and Pattison, 1973), Spain (Lu-

Marble spleen disease, ring-necked pheasant, Phasianus colchicus, type 1l avian

cientes et al., 1984), German Democratic
Republic (Bergmann and Muller, 1982),
Poland (Szankowska et al., 1982), Hungary
(Sztojkov et al., 1978), Bulgaria (Stoikov
and Nikiforov, 1983), Czechloslovakia
(Rachac and Marjankova, 1983) and Aus-
tralia (Tham and Theis, 1988).

The only reported serologic survey of
wild birds for antibody against MSD and
HE viruses (Domermuth et al., 1977a)
failed to detect any individuals positive for
the MSD virus. This survey was conducted
on birds collected in Virginia, Florida and
Texas. Six hundred eighteen birds, repre-
senting 42 species, were tested for anti-
body using an agar gel precipitin assay.
The higher population-density of confine-
ment-reared birds may account for the
prevalence of MSD in captive pheasants
and explain why there are no reports of
MSD lesions or antibodies in wild birds;
this is an issue which requires further in-
vestigation.

CLINICAL SIGNS AND PATHOLOGY

In naturally occurring MSD, young adult
pheasants between 3 and 8 mo of age are
usually affected (Tham and Theis, 1988).
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FIGURE 1

Respiratory distress, occasionally accom-
panied by nasal discharge, is often the only
sign preceding death. Mortality rates in
naturally occurring epizootics vary from 5
to 20% and the course of disease is 10 days
to several weeks (Carlson et al., 1973;
Domermuth et al., 1979; Mayeda et al.,
1982). The detection of antibody in con-
valescent flocks indicates a higher morbid-
ity (Jarkowski and Wyand, 1972).

The spleen and lung frequently have
gross lesions in birds infected with MSD
virus. The spleen becomes enlarged two to
three its times normal size (Wyand et al.,
1972). There are gray confluent areas of
necrosis which give the spleen its typical
marbled appearance (Fig. 1). The lung is
severely edematous and congested result-
ing in anoxia and eventual death (Bygrave
and Pattison, 1973). Occasionally petechi-
al hemorrhages are present on the epicar-
dium (Wvyand et al., 1972). Another infre-
quently reported lesion is enlargement of
the liver (Bygrave and Pattison, 1973).

Histologic lesions occur primarily in the
spleen and lung (Wyand et al., 1972). The
spleen is infiltrated with heterophils and
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Enlarged and mottled spleens from pheasants with marble spleen disease.

there is depletion and necrosis of lymphoid
follicles. Hyaline deposits occur in the
sinusoids, around the lymphoid follicles and
perivascularly (Wyand et al., 1972). There
is reticuloendothelial (RE) cell hyperplasia
(Fig. 2), with individual RE cell degen-
eration and necrosis. RE cell degeneration
is due to viral replication and formation
of intranuclear inclusions. Inclusions are
large eosinophilic bodies within greatly
enlarged nuclei with marginated chro-
matin (Fig. 3). In experimentally repro-
duced cases of MSD the splenic inclusions
are present for a relatively short period,
usually from 3 to 5 days postinoculation
(Hitis et al., 1975a, b). The presence of
intranuclear inclusions in association with
splenic mottling and enlargement is pa-
thognomonic for MSD (Wyand et al,
1972).

Pulmonary pathology is characterized
by exudation of red blood cells and fibrin
in atria and tertiary bronchi (Bygrave and
Pattison, 1973). There are multiple foci of
coagulative necrosis of epithelial cells. Oc-
casional intranuclear inclusions are present
within RE cells (Carlson et al., 1973;
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FIGURE2. Normal and infected spleens of ring-necked pheasants. A. Normal spleen with normal lymphoid
follicle and thin sheath of reticuloendothelial cells surrounding vessels. B. Lymphoid necrosis and hyperplastic
coalescing reticuloendothelial cells seen in marble spleen disease. H&E.

FIGURE 3. Splenic reticuloendothelial cells of ring-necked pheasant with enlarged nuclei (arrows) and
marginated chromatin due to intranuclear inclusions of marble spleen disease virus. H&E.
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FIGURE 4.

Electron micrograph: Splenic reticuloendothelial cell from a pheasant with marble spleen

disease with enlarged nucleus, marginated chromatin and intranuclear nonenveloped viral particles.

Wyand et al., 1972), similar to those pre-
viously described in the spleen. Pulmonary
changes are usually absent in experimen-
tally-reproduced cases of MSD (Ilitis et al.,
1975a; Fadly et al., 1988), questioning the
role of MSD virus in the development of
pulmonary lesions.

Other reported lesions in natural MSD
epizootics occur in the liver and include
sinusoidal congestion, centrilobular necro-
sis and formation of intranuclear inclu-
sions within Kupffer cells (Carlson et al.,
1973). Hepatic lesions, with the exception
of intranuclear inclusions, have not been
reproduced experimentally. Occasionally,
in naturally occurring MSD cases, inclu-
sions are found within RE cells of the pro-
ventriculus, bursa of Fabricius, and bone
marrow (Carlson et al., 1973; Ilitis et al.,
1975a).

ETIOLOGY

Ultrastructurally, splenic RE cell intra-
nuclear inclusions contain numerous non-
enveloped spherical viral particles rang-
ing in size from 70 to 90 nm in diameter
(Figs. 4, 5), which is consistent with avian
adenovirus morphology (Ilitis et al., 1977).

The viral particles lie mainly within the
nuclear membrane, with a few in close
proximity outside the membrane (Ilitis and
Wyand, 1974). The virus has been purified
using chloroform extraction and centrif-
ugation on a cesium chloride cushion and
Koch’s postulates have been fulfilled with
the virus, thus establishing it as the caus-
ative agent for MSD (Ilitis et al., 1977).
Adenoviruses are responsible for many
diseases of birds including quail bronchitis,
inclusion body hepatitis of chickens and
turkey viral hepatitis (Winterfield, 1984).
The viruses which cause these diseases are
classified as type I avian adenoviruses.
Another group of avian adenoviruses, clas-
sified as type I1, includes those which cause
hemorrhagic enteritis of turkeys (HE),
splenomegaly of chickens and MSD of
pheasants (Domermuth and Gross, 1984).
Type I and type II avian adenoviruses
are serologically distinct groups. Type I
adenoviruses are further divided into 12
different serotypes (Winterfield, 1984).
Conversely, type Il adenoviruses are se-
rologically indistinguishable from each
other (Domermuth and Gross, 1984). There
are major differences between type I and
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FIGURE 5.

Electron micrograph: Close-up of nonenveloped, 70 to 90 nm marble spleen disease viral

particles within an intranuclear inclusion of a reticuloendothelial cell from a pheasant.

type II adenoviruses, including differences
in mode of transmission, age at which they
infect the bird, and adaptability to in vitro
culture techniques. Type I adenoviruses
are transmitted both vertically and hori-
zontally, they are most pathogenic to birds
<1-mo-old and they are readily propa-
gated in standard monolayer cell cultures
(Winterfield, 1984). Type II adenoviruses
are transmitted horizontally by direct con-
tact, they are pathogenic to birds >1-mo-
old and they are propagated in vitro only
by using specific cell lines (Domermuth
and Gross, 1984).

The type II avian adenoviruses are dif-
ficult to propagate in vitro. For many years
researchers failed in their attempts to rep-
licate the MSD virus in cell-culture systems
such as chicken embryo fibroblasts, chick-
en or pheasant kidney cells or turkey em-
bryos. Lines of lymphoblastic cells derived
from turkey liver and transformed by
Marek’s disease virus are the only known
in vitro cell lines in which type II adeno-
viruses will replicate (Nazerian and Fadly,
1982). The cell line most susceptible to
viral infection, designated MDTC-RP19,
is unusual in that it grows only in suspen-

sion, rather than in more typical mono-
layer. Another unusual finding is that type
IT adenoviruses replicate only within lym-
phoblastic cells which have B-cell (bursal
origin) markers, while similarly trans-
formed lymphoblastic cells which have
T-cell (thymus origin) markers will not
permit virus replication. Due to the spe-
cialized cell culture requirements of type
II avian adenoviruses, naturally occurring
cases are not generally confirmed by virus
isolation.

Because of the similarity in ultrastruc-
tural characteristics, antigenicity, and
splenic lesions produced by HE, MSD and
splenomegaly virus of chickens, separation
into distinct viruses has been based pri-
marily on species infectivity. Only re-
cently have the type II avian adenoviruses
from chickens, pheasants and turkeys been
shown to be genetically distinct (Zhang and
Nagaraja, 1988). The DNA from field iso-
lates of HE virus, MSD virus, and spleno-
megaly virus of chickens was digested with
five restriction endonucleases. Marked dif-
ferences were demonstrated to exist in the
DNA cleavage patterns for these three vi-
ruses.
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SEROLOGIC DETECTION

Detection of antibodies against MSD vi-
rus was first accomplished by means of an
agar gel precipitin (AGP) assay (Jarkowski
and Wyand, 1972), which is still the stan-
dard method used at present. AGP can
detect MSD virus antigen in splenic tissue
or MSD antibody in serum. More recently,
an enzyme-linked immunosorbency assay
(ELISA) was developed to detect antibody
against MSD virus and other type II avian
adenoviruses (Ilanconescu et al., 1984).
ELISA is a significantly more sensitive as-
say than AGP, as much as 300 times more
sensitive in detecting passively acquired
antibody (Van der Hurk, 1986). ELISA
can also quantitate the level of antibody;
unfortunately this assay is not presently
available in commercial kits nor through
diagnostic laboratories. Neither assay is able
to distinguish between the antibodies pro-
duced against various type II avian ade-
noviruses.

PREVENTION

Because of the antigenic similarity be-
tween MSD and HE viruses, both have
been very effectively utilized in the de-
velopment of vaccines for both MSD and
HE. Inoculation of MSD virus into turkey
poults results in splenic enlargement but
no mortality. The resultant antibodies
formed against MSD virus are protective
against subsequent infection by HE virus
(Domermuth et al., 1977b). The reverse is
also true; when HE virus is inoculated into
young pheasants they develop splenomeg-
aly but no mortality and are protected
against future infection with MSD virus
(Domermuth et al., 1979). Additionally,
avirulent strains of MSD virus have been
developed by propagation in turkeys. Both
types of live-virus splenic-homogenate
vaccines, those containing HE virus or
avirulent MSD virus, have been adminis-
tered through the drinking water to con-
finement-reared pheasants during the last
decade with favorable results. The vaccine
is administered after 4 wk of age to avoid
maternal antibody, but before 6 wk of age

if possible. Recently, a cell culture prop-
agated avirulent HE virus has been re-
ported to provide excellent protection
against infection by MSD virus (Fadly et
al., 1988).

PRACTICAL CONSIDERATIONS

There is no treatment for MSD at pres-
ent. General supportive care, strict sani-
tation and prophylactic treatment with an-
tibiotics to prevent secondary infections,
isolation of infected birds to prevent fur-
ther spread of the virus and reducing bird
density are helpful in minimizing mortal-
ity during an outbreak. Concurrent para-
sitism by Syngamus trachea (gapeworm)
and Heterakis sp. (cecal worm), as well as
“feather picking” have all been suggested
as factors which may prolong the course
or aid in the spread of MSD during an
outbreak (Mayeda et al., 1982). Routine
parasite control and the use of “spectacles”
or other anti-pecking devices may help to
minimize losses. Once an epizootic has oc-
curred in a facility, there may be an annual
reoccurrence (Carlson et al., 1973; Do-
mermuth et al., 1979; Mayeda et al., 1982);
therefore regular vaccination after recov-
ery from a confirmed MSD occurrence is
advisable.

Sudden mortality in captive pheasants,
coupled with splenic marbling and en-
largement, should immediately suggest to
gamebird personnel the possibility of MSD.
Local diagnostic laboratories can quickly
confirm the disease by histopathology or
AGP assay. In spite of the lack of known
outbreaks among wild pheasants, field bi-
ologists and wildlife personnel should be
familiar with the clinical and pathologic
manifestations of MSD.
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