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In the chicken, Marek's disease virus (MDV) induces a
demyelinating peripheral neuropathy that, early in the
course of the disease, is histopathologically indistin-
guishable from that seen in the Landry-Guifflain-Barre
syndrome in man. A continuing role for a productive
infection in the pathogenesis of this disease is unlikely,
since neither MDV nor MDV antigens can be charac-
teristicaily detected in nerves or spinal ganglia examined
at necropsy. The authors investigated the possible role
of a latent viral infection by explanting and maintain-
ing in vitro the sciatic nerves and spinal ganglia from dis-
eased birds. In these tissues, viral specific products were
induced and detected by immunofluorescence and ul-
trastructural methods early after explanation in well-

DESPITE years of study, the pathogenetic mecha-
nisms operating in postinfectious demyelinating dis-
eases of the peripheral and central nervous systems re-
main speculative. Among peripheral nervous system
diseases of this type, the Landry-Guillain-Barre syn-
drome (LGBS) is presently defined as a paralytic, de-
myelinating disorder frequently preceded by infection
with common viruses.I Most prevalent amongst these
agents are herpesviruses, particularly the Epstein-
Barr virus (EBV).23 Marek's disease virus (MDV), an
avian herpesvirus which can be considered the chicken
counterpart to EBV, induces a paralytic, demyelinat-
ing peripheral neuropathy in chickens. Early lesions
are histopathologically indistinguishable from those
seen in the LGBS of man.3 4 Because of these similari-
ties, MD provides an attractive, and as yet unexploited
model for the study of demyelinating disease of infec-
tious origin.
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isolated Schwann cells, satellite cells, and lymphocytes.
Later, virus was detected in fibroblasts, macrophages,
and neoplastic lymphoblastoid cells. Neurons and my-
elinating Schwann celis, in contrast, did not replicate
the agent. Specific cell-mediated and humoral immune
responses to chicken peripheral nerve and peripheral
nerve myelin were demonstrated early in the course of
the disease. When considered relative to potential
pathogenetic mechanisms, these results suggest that
Marek's disease neuropathy is initiated by the establish-
ment of a latent viral infection in neuronal supporting
cells. A specific immune response to viral-induced anti-
gens on these cells could, in turn, result in subsequent
demyelination. (Am J Pathol 1981, 103:309-320)

Central to our understanding of MD (and the
LGBS) are the mechanisms underlying the massive
lymphocytic infiltration and demyelination of periph-
eral nerves. Replication of MDV in myelinating
Schwann cells with resultant cell destruction and de-
myelination is unlikely, since neither MDV nor MDV
antigens can be characteristically detected in Schwann
cells of affected nerves (reviewed by Payne et al5).
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Since herpesviruses are the classic examples of agents
that induce latent infections,6 it seemed possible that a
latent infection of Schwann cells, either alone or in
conjunction with an immune response, might play a

role in the pathogenesis of the disease. In the simplest
case, a latent infection of myelinating Schwann cells
could alter cellular metabolism and result in primary
demyelination. However, an immunologic compo-

nent was considered more likely, since ultrastructural
studies have indicated that demyelination does not oc-

cur in the absence of infiltrating mononuclear cells.4
We first studied the potential role of latent infec-

tions by explanting the sciatic nerves and spinal gan-

glia from diseased birds and maintaining them on

monolayers of susceptible cells. This procedure in-
duces active replication of latent herpesviruses, and
the presence of virus is scored by the appearance of
specific cytopathic effects (CPE) on the monolayers.
In addition, the neural cells producing virus can be
identified by immunohistochemical and ultrastruc-
tural methods. We then assessed a potential immuno-
logic contribution by testing for humoral and cell-
mediated immunity to components of peripheral
nerves. We report here the results of these studies, and
discuss them in the context of mechanisms underlying
this demyelinating disease.

Materials and Methods

Chickens

Specific-pathogen-free Single Comb White Leg-
horn chickens (line 15 x 7 and s-strain) were hatched
in our laboratories from eggs obtained from the Re-
gional Poultry Research Laboratory, USDA, East
Lansing, Michigan, and the Division of Avian and
Aquatic Animal Medicine, New York State College of
Veterinary Medicine, Ithaca, New York. To prevent
accidental infections, we housed infected and unin-
fected chickens in separate buildings. We monitored
the flocks routinely for MDV infection serologically
by employing indirect immunofluorescence tests spe-

cific for MDV antigens, and virologically by testing
for CPE in primary chick kidney (CK) cultures made
from birds randomly selected from the flock.

Viruses: Methods of Propagation and Assay

A classic, neurovirulent strain of MDV, JM 3379,
was obtained from the Regional Poultry Research
Laboratory. This virus was passaged three times in
primary CK cultures and was then maintained in vivo
throughout the remainder of the study by serial blood
inoculations from infected, syngeneic donor chickens.

Viral titrations were performed on secondary CK cells
grown in plastic flasks (Falcon Plastics, Oxnard,
Calif; 25 sq cm growth area) and maintained in mini-
mal essential medium (MEM) supplemented with IOWo
fetal calf serum (Sterile Systems, Inc., Logan, Utah),
5% tryptose phosphate broth, and 10% lactalbumin
hydrolysate. After allowing an aliquot of the pooled,
infected blood cells to cocultivate for a 24-hour
period, the CK monolayer was then washed free of
blood cells, and an agarose overlay was substituted for
the liquid medium.7 Focus-forming units (FFU) were
counted after 10 days.

Stocks of herpes simplex virus (Maclntyre strain)
were replicated in rabbit skin cells and possessed a titer
of about 1 x 108 plaque-forming units (PFU)/ml.

Inoculation of Chickens

One-day-old chickens were inoculated intraperito-
neally with a 2-ml aliquot of pooled, whole blood ob-
tained from infected, syngeneic chickens inoculated in
the same manner 6 weeks earlier. Each inoculum con-
tained 340-500 FFU of MDV.

Cocultivation of Tissues

Immediately after removal from chickens, relevant
tissues were finely chopped and incubated on conflu-
ent CK monolayers at 39 C. The monolayers were ex-
amined for MDV-specific CPE daily from 3 to 9 days
after inoculation.

Immunofluorescence Techniques

Pooled convalescent serum from MDV-infected
chickens served as the anti-MDV serum used in an in-
direct immunofluorescence test. Frozen sections of
appropriate tissues were fixed for 20 minutes in ace-
tone at room temperature, air-dried, reacted for 30
minutes with anti-MDV serum, washed four times in
phosphate-buffered saline (PBS), pH 7.2, and stained
for 45 minutes with fluorescein-isothiocyanate-con-
jugated rabbit antichicken IgG (Cappel Labs, Coch-
ranville, Pa). After another PBS wash, the tissues
were mounted with elvanol and examined with a Leitz
fluorescence microscope.

Specificity of the method was established in the fol-
lowing ways: 1) uninfected tissues and CK tissue cul-
tures infected with Newcastle disease virus (NDV) did
not fluoresce; 2) infected tissues did not fluoresce
when treated with normal serum or anti-NDV serum;
3) bursas of Fabricius from MDV-infected birds dem-
onstrated positive immunofluorescence at 5 days, a
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time when active viral replication occurred but not at
14 days, when replication had ceased8 (M. L. Cook,
unpublished observations); 4) absorption of anti-
MDV serum with MDV-infected CK cells markedly
decreased the staining intensity of infected tissues.

Spinal Ganglia Organ Culture

Chickens were sacrificed by cervical dislocation,
and the spinal ganglia were aseptically removed and
chopped into small pieces. Ganglia were maintained
on collagen-coated tissue culture plates (Costar
Corp., Cambridge, Mass) at 39 C with the use of
MEM supplemented with 50%Vo fetal calf serum and
1.207o dextrose.9 Fresh medium was added to the cul-
tured nervous tissue every 2 days.

Microscopic Techniques

Tissues fixed in neutral-buffered formalin were

processed for light microscopy by the standard meth-
ods described earlier.'0 Since it was necessary to per-
form other tests and manipulations on the same tis-
sues to be examined ultrastructurally, infected birds
were not perfused with fixative. Tissue found to con-

tain substantial amounts of viral-specific antigen fol-
lowing in vitro cultivation were selected for study by
electron microscopy.

Experimental Allergic Neuritis (EAN)

EAN was induced as described by Petek and Quag-
lio." Roosters 4 weeks of age and older were injected
intraperitoneally with 0.5 ml of diphtheria, pertussis,
tetanus toxoids vaccine (Wyeth Laboratories, Mari-
etta, Pa) followed 24 hours later by an intradermal in-
jection of 0.2 ml of a 1:1 homogenate containing 10%7o
rabbit peripheral nerve and Freund's complete adju-
vant (Difco Labs, Detroit, Mich).

Skin Testing

Normal birds or those with EAN or MD were tested
for specific cell-mediated immunity to a 10% suspen-

sion of normal chicken nerve in pyrogen-free PBS
(Flow Labs, Inglewood, Calif) by injecting 0.05 ml of
the suspension into one wattle.'2 The same volume of
PBS was injected into the other wattle as a negative
control. Both wattles were biopsied at the site of inoc-
ulation 48 hours later. The tissue was fixed in neutral
formalin and deep-cut cross-sections were processed
and examined by light microscopy.

Purification of Myelin and Detection of
Antimyelin IgG Antibodies

Myelin was isolated and purified from normal
chicken peripheral nerve by an adaptation of the
method described by Wolfgram and Kotorri.'3 Purity
of the preparation was determined by electron-micro-
scopic examination.

Peripheral nerve and dorsal ganglia from MDV-in-
fected chickens and birds with EAN were tested for
tissue-bound antimyelin IgG antibodies using an indi-
rect immunofluorescence technique. To preserve mye-
lin, cryostat-cut frozen sections were fixed in 90%Vo eth-
anol at 4 C for 15 minutes. They were then air-dried,
stained for 45 minutes with fluorescein-isothiocya-
nate-conjugated rabbit antichicken IgG, and washed
four times in PBS. Peripheral nerves from uninfected
chickens provided negative controls. Specificity of the
fluorescein conjugate against purified chicken IgG
was established with the use of an Ouchterlony tech-
nique. 14

Serums from chickens with MD or EAN were as-
sayed for IgG antibodies reacting with myelin sheaths
by the indirect immunofluorescence test described
previously. Specificity of the method was determined
in the following ways: 1) the reaction ofMD and EAN
test serums with normal chicken peripheral nerve re-
sulted in the specific staining of myelin sheaths; 2)
control chicken serums did not stain normal chicken
peripheral nerve; 3) test serum that had been preab-
sorbed with normal chicken peripheral nerve or with
myelin purified from normal chicken peripheral nerve
no longer stained the target tissue.

Results

Latent Infections

Recovery ofMDVFrom Tissues Cocultivated
on CK Monolayers
To determine which tissues contained virus, sam-

ples of blood, kidney, sciatic nerve, and dorsal ganglia
from diseased birds were taken at 5, 11, 18, 25, and 35
days after infection and cocultivated on chicken kid-
ney cell monolayers. The results summarized in Table
1 indicate that a viremia was detected at Day 5 and per-
sisted throughout the 35-day period. Virus was recov-
ered from the kidney tissue at all time points and from
sciatic nerve and dorsal ganglia starting at 11 days
after infection. MDV was cocultivated from 75%0 of
the samples of nervous tissue taken at 18 days and
from all tissues at Days 25 and 35. No virus was recov-
ered from identical samples of homogenized tissues, a
result consistent with the infection being a latent one.

Vol. 103 * No. 2
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Table 1-Recovery of Marek's Disease Virus From
Tissues Cocultivated on CK Monolayers

Tissues Days after infection

Cocultivated 5 11 18 25 35

Blood 4/4* 2/4 4/4 4/4 4/4
Kidney 0/4 4/4 4/4 4/4 4/4
Sciatic nerve 0/4 1/4 3/4 4/4 4/4
Dorsal ganglia 0/4 1/4 3/4 4/4 4/4

* Tissues positive/tissues tested (4 birds/group). Foci first ap-
peared after 5-6 days of cocultivation. Details concerning methods
are given in the text.

A histologic examination of the nervous tissues re-
vealed a lymphocytic infiltration of dorsal ganglia by
11 days after infection, followed by similar lesions in
the sciatic nerves at Day 18 and later. This paralleled
the virologic findings. Since it has been well estab-
lished that peripheral blood lymphocytes harbor a la-
tent infection with MDV,15 it was not possible in this
experiment to establish whether virus was induced
from the invading mononuclear cells or came from pa-
renchymal cells of nerve and ganglia. In an effort to
resolve this issue, a timed immunofluorescence and ul-
trastructural study of dorsal ganglia from infected
birds maintained in organ culture was initiated.

Demonstration of Viral Specific Products in
Organ Cultures of Spinal Ganglia
Immunofluorescence Microscopy: To localize indi-

vidual cells that reactivated latent MDV following
transfer to organ culture, we explanted and main-
tained the spinal ganglia of 4-6-week-old infected

AJP * May 1981

chickens on collagen-coated tissue culture plates and,
at various intervals, tested for viral-specific antigens
by immunofluorescence methods. MDV antigens
were detected in a variety of well-isolated cells begin-
ning as early as 2 days of cultivation and were ex-
pressed in the maximum number of cells after 3-4 days
in culture (Figure 1). Although most cells containing
viral antigens could not be positively identified, satel-
lite cells were an exception. Thus, as Figure 1 indi-
cates, isolated satellite cells were found to express viral
antigens. As a control experiment, ganglia from unin-
fected chickens were explanted and cocultivated with
peripheral blood lymphocytes taken from MDV-in-
fected birds. After 2 and 3 days of cultivation, viral
antigens could be detected in the added lymphocytes,
but not in any cells populating the ganglia.

Electron Microscopy: Extensive electron-micro-
scopic examinations revealed MDV capsids and nucle-
ocapsids in well-isolated nonmyelinating Schwann
cells and in lymphocytes after the tissues had been in
organ culture for 2 or more days. The Schwann cells
enclosed axons and were surrounded by an intact
basement lamina (Figure 2). In addition, nucleocap-
sids were found in satellite cells (Figure 3), confirming
the results of immunofluorescence studies. After 3-5
days in culture, viral capsids were also detected in lym-
phoblastoid "Marek's disease cells" (considered to be
neoplastic and characteristic for this disease) and in fi-
broblasts and macrophages. In this and the immuno-
fluorescence studies, no viral-specific products were
ever detected in neurons or in myelinating Schwann
cells.

Figure 1-Photomicrograph of fluore-
scent antibody-labeled Marek's dis-
ease antigens in well-isolated cells of a
dorsal ganglion. The tissue was ex-
planted from an MDV-infected chicken
and maintained in organ culture for 3
days. MDV antigens are present in vari-
ous cell types, including satellite cells

-} _ (arrow). Neurons (N) are not involved., ~~~~~~~~( x 440)
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Figure 2-Electron micrograph of a nonmyelinating Schwann cell in a dorsal root ganglion from a MDV-infected chicken. The ganglion was ex-
planted and maintained for 4 days in organ culture. Viral capsids and nucleocapsids are present in the nucleus (arrows). The Schwann cell en-
closes an axon (Ax) and is surrounded by an intact basement lamina (BL). (x 20,000)

Viability of Neurons and Myelinating
Schwann Cells
To establish whether our failure to observe signs of

viral infection in neurons and myelinating Schwann
cells was due either to poor viability or the inability of
these cells to support productive viral infection under
these conditions, we explanted age-matched control
ganglia and infected them in vitro with herpes simplex

virus. As shown in Figure 4, herpes simplex virions
and capsids were readily demonstrated in the nuclei of
neurons after 3-5 days in organ culture. Thus, the
neurons were still viable and capable of supporting vi-
ral replication. An extensive ultrastructural study of
myelinating Schwann cells in the herpes-simplex-in-
fected ganglia revealed viral capsids in the cytoplasm
of only a single cell. Productive infection in these cells
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Figure 3-Electron micrograph of a satellite cell in a dorsal root ganglion explanted from an MDV-infected chicken and maintained for 5 daysin organ culture. Viral capsids are present in the nucleus (arrows). The cytoplasm of the contiguous neuron is also seen. (x 18,000)

is, therefore, rare. In contrast, many nonmyelinating Immunology
Schwann cells in these ganglia contained virions and Demonstration of Cell-Mediated Immunity tonucleocapsids. Although this experiment does not Normal Chicken Peripheral Nerve in MD and EANpermit us to conclude unequivocally that the myelinat-
ing Schwann cells were viable in explants, their mor- Initially, experiments were designed to determine
phologic integrity remained intact, strongly suggest- whether diseased birds mounted a specific cellular im-
ing that they were alive, but refractory to infection. mune response to normal chicken peripheral nerve.

AJP * May 1981
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Figure 4-Electron micrograph of a
herpes-simplex-virus-infected neuron
in a dorsal root ganglion from a chicken.
The ganglion had been removed and in-
fected with virus 3 days previously and
then maintained in organ culture. Note
the capsids and nucleocapsids in the
nucleus (N) and numerous virions in the
cytoplasm (arrows). (x 32,000)

To first establish the validity of the in vivo "wattle
test" to be employed, we induced EAN in two age
groups of chickens and applied the test to these birds
as a positive control. Chickens were tested for de-
layed-type hypersensitivity to l OWo normal chicken pe-
ripheral nerve homogenate in PBS by intradermal in-
oculation of the wattle. The injection of an equal vol-
ume of PBS in the opposite wattle failed to produce a
histologic reaction at 48 hours in any of the birds
tested.

Histologic EAN was confirmed by the detection of
microscopic sciatic nerve lesions in 6 of 8 birds 23 days
after the injection of homogenized rabbit peripheral
nerve in Freund's complete adjuvant. A positive de-
layed-type hypersensitivity reaction consisting of a
lymphocytic perivascular inflammation (Figure 5a)
was elicited 48 hours after inoculation in all 8 of the
7-week-old birds with EAN tested and in 7 of 8 of the
12-16-week-old chickens tested 21 days after the in-
duction of EAN.

In studies of MD, birds were tested at 7 and 12-16
weeks after infection. As is shown in Table 2, 11 of 13
birds at 7 weeks after infection demonstrated a typical
delayed type hypersensitivity reaction 48 hours after
inoculation, again consisting of a pronounced lym-
phocytic perivascular inflammation (Figure 5b).
There was no correlation between the extent of in-
flammation seen in the wattle test and the number or
intensity of microscopic nerve lesions in each diseased
bird. A light and electron-microscopic study revealed
active demyelination in these nerves examined at 7

weeks after infection. In contrast to the results at 7
weeks, only one of 8 chickens at 12-16 weeks after in-
fection demonstrated delayed type hypersensitivity to
chicken peripheral nerve. The intensity and number of
sciatic nerve lesions in this group of birds was moder-
ate in comparison to those at 7 weeks after infection,
suggesting that some regression of nerve lesions had
occurred. Finally, delayed-type hypersensitivity to
chicken peripheral nerve was not seen in any age-
matched control bird given an identical injection of
peripheral nerve homogenate. As shown in Figure 5c,
the only histologic reaction observed in the wattles of
control birds was that of edema and occasional collec-
tions of histiocytes.

Detection of Serum- and Tissue-Bound Antimyelin
IgG Antibodies in Birds With MD or EAN
We next initiated studies of humoral immunity in

MD by testing the serums and sciatic nerves of
5-7-week-old birds with MD for the presence of anti-
myelin IgG antibodies. EAN was again induced in
age-matched control chickens to serve as a positive
control. The test took two forms, both utilizing the
indirect immunofluorescence method. First, we tested
sections of sciatic nerves from birds with EAN or MD
in situ for tissue-bound antimyelin IgG antibodies by
allowing them to react with fluorescein-isothiocya-
nate-conjugated rabbit antichicken IgG and then ex-
amining the sections for the staining of myelin
sheaths. Secondly, we tested serums from birds with
MD or EAN for antimyelin IgG antibodies by permit-

Vol. 103 * No. 2
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Figure 5-Photomicrographs of wattle
tests for delayed-type hypersensitivity
to peripheral nerve in birds with EAN
and Marek's disease. In all cases, biop-
sies on wattles were performed 48
hours after intradermal injection of a
10% suspension of peripheral nerve.
A-Positive reaction in a bird tested 21
days after induction of EAN. An infiltra-
tion of lymphocytes is present in the
dermis. (H&E, x 150) B-Positive
reaction in a bird tested 7 weeks after
infection with MDV. As in Figure 5a, an
infiltration of lymphocytes can be seen
in the dermis. (H&E, x 150) C-
Negative reaction in a hatch-mate to
the bird described in Figure 5b. Edema
is present in the area of injection. (H&E,
x 150)

4 , a~ i i . -~'4-ig' ..... x..
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ting serial dilutions of the test serums to react with sec-
tions of normal chicken peripheral nerve.
The results of this study are summarized in Table 3,

and specificity controls were as described in the Mate-
rials and Methods section. Antimyelin antibodies
were detected in situ in 3 of 9MD derived nerves and in
5 of 6 EAN-derived nerves. When antibodies in se-
rums were studied (1: 10 dilution or greater considered
positive), 7 of 9 serums from MD birds (Figure 6) and
6 of 6 serums from EAN birds were positive. In addi-
tion, a direct correlation was found between the anti-
myelin IgG serum titer and the amount of tissue-
bound antimyelin antibodies detected in situ in nerves.
Thus, only the 3 of 9 MDV-infected birds tested whose
serum antimyelin IgG was detectable at a 1:40 dilution
or greater demonstrated antimyelin IgG in the sciatic

nerves. Antimyelin IgG antibodies were found in all of
the EAN serums tested at a dilution of 1:40 or greater.
It should also be noted that there was no clear relation-
ship between the level of serum or tissue bound anti-
myelin IgG and the intensity of the nerve lesions in
either MD or EAN. Finally, the antimyelin IgG anti-
bodies detected in MD and EAN were specific for pe-
ripheral nerve myelin and did not stain central nervous
system myelin or various other control organs in an in-
direct immunofluorescence test.

Discussion

We have shown here that inoculation of chickens
with MDV results in the establishment of a latent viral
infection in nonneuronal cells populating peripheral
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Table 2-Delayed-Type Hypersensitivity to Chicken
Peripheral Nerve in Birds With MD

No. birds
Age of birds No. positive/ tested/
at testing MDV-infected birds control birds

7 weeks 11/13 018

12-16 weeks 1/8 0W8

Biopsies of the wattles were performed 48 hours after the injec-
tion of 10% chicken peripheral nerve in PBS and examined by light
microscopy for a delayed-type hypersensitivity reaction. Further
details concerning the methods are given in the text.

nerves and ganglia. In addition, specific-cell-medi-
ated and humoral immune responses to peripheral
nerve and myelin were demonstrated early in the
course of the disease. These latter results are consis-
tent with the suggestion that hypersensitivity to com-
ponents of peripheral nerve (eg, myelin) plays an im-
portant role in the pathogenesis of this disease.
As general evidence for the latent infection, virus

and viral-specific products were detected in spinal
ganglia and sciatic nerves from diseased birds that
were explanted and maintained in vitro, but not in tis-
sues examined at the time of explant. The ultrastruc-
tural observations further indicated that the latent in-
fection was selective with respect to neural cell type.
Thus virus could be detected in satellite and nonmyeli-
nating Schwann cells, but not in neurons and myeli-
nating Schwann cells. The isolated location and pauc-
ity of supporting cells containing MDV capsids and
antigens after 2 days of "induction" in culture, the fail-
ure to detect viral products in nonlymphoid cells 2 to 3
days after in vitro infection of control ganglia, and the
extended replication cycle of this virus give substantial
support to our suggestion that satellite and nonmyeli-
nating Schwann cells harbor a latent viral genome.
Presently, the only technique which might give more
definitive information is in situ molecular hybridiza-
tion. However, our experiments in this area have not
been rewarding, since we have not been able to pre-
pare a nucleocapsid preparation sufficiently free of
cellular DNA sequences, and a sufficient level of sen-
sitivity has not been reached (J. S. Pepose, unpub-
lished observations). In this regard, it should be noted
that the method also lacks sufficient sensitivity for de-
tection of herpes simplex virus genomes in latently in-
fected neurons6 (D. Galloway and J. McDougall, per-
sonal communication) and in lymphocytes latently in-
fected with EB virus.16

Clearly, viral infection of the nerve is followed by a
specific cellular immune response to peripheral nerve,
and a humoral immune response to peripheral nerve
myelin. The wattle tests employing syngeneic antigens
are consistent with an earlier report indicating that

myelin from horse sciatic nerve evokes a similar re-
sponse."7 Parallel findings have been reported in
EAN'8l9'20 and the LGBS,2' where protein component
P2 of peripheral nerve myelin was used as the test anti-
gen. A central role for cell mediated immunity (CMI)
in the pathogenesis of MD is strongly implicated by
two additional findings. First, thymectomy has been
reported to reduce the incidence of disease,5 and sec-
ondly, nerve lesions are populated predominantly by
T lymphocytes.22 Mechanisms underlying the anergic
reaction and nerve lesion regression observed late in
the course of the disease may be interrelated and in-
volve the generation of suppressor T cells.23 These
cells could theoretically suppress specific CMI to
nerve antigens such as myelin, as reported in studies of
experimental allergic encephalomyelitis (EAE),24 or
induce a nonspecific suppression ofCMI. Generalized
impairment of CMI in MD has been illustrated by de-
lays in the rejection of skin allografts,25 transplantable
MD lymphomas,26 and Rous sarcomas,27 particularly
in tumor-bearing chickens. An in vitro correlate of
CMI, the mitogenic responsiveness of splenic lympho-
cytes, is also markedly depressed in MD28.29 and has
been recently attributed to a population of suppressor
macrophages.30
IgG antibodies directed against peripheral nerve

myelin reported here have also been found in the
LGBS31,32 and EAN.33 However, the role played by
antibody in the disease is unclear. In our experiments,
no correlation existed between antimyelin antibodies
in the nerves of MDV-infected birds and the intensity
of the nerve lesions. In addition, others have shown
that bursectomy produced either no effect34 or actu-
ally enhanced MD,3536 and passive transfer ofMD se-
rum into naive birds both delayed and lessened the in-
tensity of peripheral nerve lesions when the chickens
were subsequently exposed to MDV.37 Of course,
these latter results could be explained by neutraliza-
tion of infectivity by antiviral antibody present. It is

Table 3-Detection of Serum and Tissue-Bound
IgG Antibodies Directed Against Peripheral Nerve
Myelin in MD and EAN

Test for antimyelin IgG in No. positive/No. tested
MD nerves 3/9
EAN nerves 5/6
Normal chicken nerves 0/9
MD serums 7/9
EAN serums 6/6
Normal chicken serums 0/9

Specific staining of the myelin sheaths of normal chicken nerve in
an indirect immunofluorescence test using test serum at dilutions
of 1:10 or greater was considered positive. Specificity of the reaction
was determined by absorption with myelin derived from normal
chicken peripheral nerve. Further details concerning the methods
are given in the text.
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Figure 6-Photomicrograph of sciatic
nerve from a normal chicken stained by
indirect immunofluorescent methods
involving serum from a bird with
Marek's disease (primary reagent) and
fluorescene-labeled rabbit antichicken
IgG (secondary reagent). Myelin sheaths
are selectively stained in this micro-
graph. Controls establishing specificity
are described in the text. (x 700)

. iII .r,a_ Ie1
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also possible that the antimyelin antibodies have a
protective effect. Such a phenomenon has been dem-
onstrated in passively transferred EAE38 and in EAN.1
When the cell types harboring latent virus and the

specific immune responses to nerve components are
considered, the following working hypothesis for the
pathogenesis ofMD seems most reasonable. A persis-
tent cell-associated viremia disseminates to peripheral
nerve by means of peripheral blood lymphocytes, re-
sulting in a latent infection of nonmyelinating
Schwann cells and satellite cells. As a consequence of
the latent infections, a viral-induced antigen is ex-
pressed on the cell membrane, and it can be detected
by reactive lymphocytes. A cellular immune response
directed against viral antigens on neuronal supporting
cells may release factors, such as lymphotoxins and
proteolytic enzymes, that disrupt the integrity of a few
myelin sheaths. Such nonspecific "bystander" demye-
lination has been reported following the release of my-
elinolytic proteases from activated macrophages.39'40
Myelin derived from such disintegrating sheaths, to-
gether with viral antigens (which may act as adju-
vants), could then sensitize the host against myelin and
set the stage for an autoimmune demyelinating pro-
cess characterized by the selective destruction of mye-
lin lamellas without primary damage to Schwann
cells.41 A mediator in this specific-cell-mediated im-
mune reaction to myelin may be similar to the soluble
EAE-producing factor demonstrated in the superna-
tants of cultured lymphocytes derived from animals
with EAE.42.43

Obviously, the phenomenon central to these consid-
erations is the presence of the viral-induced antigen in
the Schwann cell or satellite cell membrane. Although
not yet described in these cells, Ross has presented
convincing evidence for a viral-induced membrane an-
tigen in lymphocytes latently infected with MDV,44
and an antigen with similar properties is known to oc-
cur on lymphocytes that are latently infected with Ep-
stein-Barr virus.45 Neither of these antigens can be de-
tected by standard immunofluorescence methods, but
they are demonstrated by their reaction with sensitized
lymphocytes from infected hosts.

Further incisive studies of MD are likely to be im-
munologic in nature and will involve the passive trans-
fer of cells and serums. While histopathologic effects
from the passive transfer of serums and an evaluation
of the cellular membrane components against which
the antibodies are directed at various times during the
course of the disease are straightforward, studies in-
volving cellular immunity are not. Thus, while it has
been possible for us to induce EAN in naive animals
by the transfer of lymphocytes from symptomatic
EAN donors,46'4' a similar experiment in MD48 is diffi-
cult to interpret, because, although MD was pro-
duced, the transfused lymphocytes harbor latent
MDV and thereby simultaneously transfer the infec-
tion. As an alternative approach, the development of
an in vitro test of CMI to peripheral nerve myelin and
myelin components in an avian system would be use-
ful.

AJP - May 1981
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