
INFECTION AND IMMUNITY, Nov. 1973, p. 715-724
Copyright 0 1973 American Society for Microbiology

Vol. 8, No. 5
Printed in U.SA.

Pathogenesis of Marek's Disease in Old
Chickens: Lesion Regression as the Basis for

Age-Related Resistance
J. M. SHARMA, R. L. WITTER, AND B. R. BURMESTER

Agricultural Research Station, Regional Poultry Research Laboratory, East Lansing, Michigan 48823

Received for publication 25 June 1973

Chickens of various age levels, free from prior infection, were simultaneously
exposed to Marek's disease virus, and the response of each age group was
recorded. Four- and 20-week-old chickens of lines 15x7 and CM (commercial
source) had substantial resistance to mortality and gross lesions. In contrast, in
line 7, which was tested at 1-day, 2-, 4-, 8-, 12- and 16-week age levels, 4-week-old
chickens were fully susceptible to clinical Marek's disease (MD), although
resistance was demonstrated at 8-week and older age levels. Genetically resistant
chickens of line 6 maintained their resistance at all age levels tested. Patho-
genesis of MD was compared in 12-week-old and 1-day-old chickens of line
15x7. Within the 1-day-old group, 23% of the chickens died because of MD,
whereas there were no deaths in the 12-week-old group. Both groups developed
viremia although duration, incidence, and levels of virus in the 1-day-old group
were higher than in the 12-week-old group. Although initially the 12-week-old
group responded by producing higher levels of antibody, the long term incidence
of agar gel precipitin, immunofluorescent, and virus neutralization antibody in
the two groups was similar. Gross and microscopic lesions of MD developed in
both groups, but lesions regressed in the 12-week-old group and persisted in the
1-day-old group. It was concluded that age resistance to MD was expressed
through lesion regression.

Marek's disease (MD), a lymphoid neoplasm
of chickens, has recently been shown to be
caused by a cell-associated herpesvirus (9, 15,
25). Since herpesviruses are also being impli-
cated in certain human neoplasms (13, 14, 20),
Marek's disease virus (MDV) has a special
appeal for the field of viral oncology, not only
because the discovery of MDV has provided a
distinct proof for the oncogenic potentials of the
*herpesvirus group, but also because the MDV-
chicken system can serve as a model for obtain-
ing useful information on related human neo-
plasms. This model is unique for experimenta-
tion because MDV readily induces a rapidly
progressing, often fatal, malignant neoplasm in
its natural host. Also, under certain conditions,
chickens show a high degree of resistance to
MD, thus providing a model for studying the
phenomenon of resistance to this neoplasm with
potential benefits for related systems.

In general, resistance to MD is of three kinds:
(i) genetic, (ii) age related, and (iii) vaccine
induced. Of these, age-related resistance is
perhaps least understood.

First experimental evidence for age-related
resistance was provided by Sevoian and Cham-
berlain (22) and subsequently by Biggs and
Payne (3). However, interpretation of some of
this earlier work was difficult because the infec-
tion status of older chickens before experimen-
tal challenge was not clearly established. Free-
dom from prior infection seems important be-
cause epidemiological studies have shown that
mild strains of MDV are endemic in most
chicken flocks (2, 31) and that these strains can
impart protection against subsequent challenge
with virulent virus (21, 32). It was only recently
that existence of age-related resistance was
firmly established by experiments that ex-
cluded prior infection of experimental chickens
(1, 28, 29).

In another publication, Witter et al. (29)
reported that 20- to 22-week-old chickens, free
of prior MDV exposure, were refractory to
inoculation with up to 10' chick tumor-inducing
doses of MDV. Since older chickens were sus-
ceptible to infection with MDV and had micro-
scopic lesions at termination, we postulated
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that their resistance may have been based on
lesion regression.

Objectives of this report were: (i) to extend
earlier studies and confirm the existence of
age-related resistance in various lines of
chickens including a genetically resistant line;
and (ii) to compare the pathogenesis of MD in
old (resistant) and young (susceptible) chickens
in order to elucidate the mechanism through
which age resistance is mediated.

MATERIALS AND METHODS
MDV. Stocks of cell-associated preparations of the

JM strain of MDV were held at -196 C in sealed glass
ampoules. The JM-19 clone, isolated by Purchase et
al. (19), and uncloned JM virus (30) were propagated
and assayed in duck embryo fibroblast (DEF) cul-
tures as previously described (24) and were at the 20th
and the 6th serial cell culture passage levels, respec-
tively, at the time of use.

Cell-free virus used in the virus neutralization (VN)
test was prepared by inoculating 1-day-old line 100
chickens with the JM-l9 clone and processing their
feather tips 3 to 4 weeks later according to the
procedures outlined earlier (24). Cell-free virus stocks,
held at -70 C, were assayed (6, 24) in primary
cultures of chicken kidney cells (23).

Chickens. Four strains of Single Comb White
Leghorn chickens were used: (i) inbred line 6; (ii)
inbred line 7; (iii) a cross between lines 15 and 7,
referred to here as line 15x7 (10); and (iv) chickens
from a commercial source (Klager's Hatchery. Bridge-
water, Mich.), referred to here as line CM (kindly
supplied by L. R. Champion, Michigan State Univ.).
Day-old chicks of inbred line 6 have been shown to
resist clinical MD even upon challenge with massive
doses of MDV (22a, 24). Lines 6, 7, and 15x7 are being
maintained at this laboratory. Unvaccinated parent
stocks of all four lines survived a natural exposure
to MDV, hence their progeny was presumed to have
maternal MD antibodies at hatching. Chickens were
either used at 1 day of age or were maintained until a
desirable age in vinyl canopy isolators (26) supplied
with filtered air positive pressure (FAPP). Before
using chickens from FAPP isolators, tests were done
to ensure freedom from inadvertent infection with
MDV. To do this, 15% of chickens in each isolator
were blood-sampled and tested for viremia and agar
gel precipitin (AGP) antibody. In addition, on occa-
sion, 10 to 15% of the chickens were killed and ex-
amined for gross and microscopic lesions of MD.
Only the groups of chickens that were negative by all
tests were considered in the data. In a given experi-
ment, subsequent to virus exposure, chickens of
various ages were usually moved to a common, freshly
disinfected, concrete-floor pen (13.4 m2) with clean
litter. Different age groups in a common pen were
physically separated by wire-mesh partitions (29).
Chickens dying within 10 days of birth were excluded
from the data.

Viremia. Heparinized blood samples were removed
either by venipuncture or cardiac puncture. The buffy
coat cells, separated by the albumin flotation method

(16), were inoculated in duplicate DEF cell cultures,
and foci of infection were scored 10 to 14 days later.
Plasma fractions were saved at -20 C for antibody
analysis.

Serology. All plasma samples were heat-inac-
tivated for 30 min at 56 C.

The agar gel precipitin test was done according to
conventional procedures (8) with slight modifications
(24). The indirect immunofluorescent (IF) and VN
tests have been described (18, 24). In the AGP and IF
tests, antibody titer corresponded to the reciprocal of
highest plasma dilution giving a positive reaction.
The VN antibody titer was the reciprocal of the
highest plasma dilution that reduced the virus titer by
at least 50%.
Age resistance in four lines of chickens. Three

experiments were conducted. In experiments 1 and 2,
predominantly female chickens of lines 15x7 and CM
were used. Three age groups, 1-day-, 4-week-, and
20-week-old groups were simultaneously exposed to
MDV either by inoculation (experiment 1) or by
contact with MDV-infected donors (experiment 2).
Each treatment group consisted of 29 to 40 chickens.
In experiment 1, each chicken was inoculated intra-
abdominally with 4 x 10' plaque-forming units (PFU)
of uncloned virus and held for 12 weeks in a floor pen.
Based on an earlier observation that older chickens
were resistant to up to 10' chick tumor-inducing doses
of MDV (29), it was assumed that the resistance of
older chickens was not dose dependent, hence similar
virus dose levels were used for all age levels in a given
experiment without making adjustments with respect
to body weight of the recipient. In experiment 2,
contact exposure was accomplished by forcing the air
from an isolator with MDV-infected donor chickens
into three adjacent isolators, each with a single age
group of recipient chickens. Two-week-old donors
consisted of 60 15x7 and 25 line 7 chickens each
inoculated at 1 day of age with approximately 1,000
PFU of uncloned MDV. After 3 weeks of forced air
exposure, surviving donors were killed and checked
for gross lesions of MD. Total incidence ofMD based
on mortality and gross lesions in donor chickens was
96%. Recipient chickens from three isolators were
moved to the floor pen along with the chickens of
experiment 1. In each experiment, uninoculated con-
trols, 5 to 8 per age group, were held either in separate
vinyl canopy FAPP isolators or in Horsfall-Bauer
units (26). Chickens dying 10 days after birth were
necropsied, and if gross lesions were absent, sections
of vagus nerve, brachial and sciatic plexuses, and
gonads were examined histologically. At termination
12 weeks postinoculation (PI), all exposed and unex-
posed chickens were examined for gross lesions of MD.
Statistical analyses were done by the chi-square test.

In experiment 3, six age groups (see Fig. 2) of
chickens of lines 6 and 7 were simultaneously inocu-
lated intra-abdominally with 9.5 x 104 PFU of JM-19
clone per chicken and then held in a common floor
pen for 13 weeks. Each treatment group consisted of 7
to 12 chickens. Controls of both lines in each age
group, 3 to 5 per lot, were held in Horsfall-Bauer units
until the end of the experiment. At termination,
surviving chickens in each group were blood-sampled
and tested for AGP antibody. All chickens that either
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died or were killed at termination were necropsied
and, if gross lesions were absent, histological sections
of nerves and gonads were taken. Microscope exami-
nation was not done on control groups.

Pathogenesis of MD in 1-day-old and 12-week-
old chickens of line 15x7. Each of 78 1-day-old and
76 12-week-old chickens of lines 15x7 were simultane-
ously inoculated with approximately 600 PFU of
uncloned MDV and housed in a common floor pen.
Uninoculated controls consisted of 22 1-day-old and
18 12-week-old 15x7 chickens held in separate FAPP
isolators. At 1, 2, 3, 4, 6, 8, 10, 12, 16, and 20 weeks PI,
six chickens were randomly selected from each inocu-
lated age group. Random selection was accomplished
as follows. Before entering the pen, six wingband
numbers were randomly selected from the list of
surviving chickens. These chickens with the selected
wingbands were then picked out. At 1, 4, 8, 12, and 20
weeks, three control chickens from each age group
were also sampled. All sampled chickens were indi-
vidually tested for viremia, AGP antibody, and gross
pathology. At certain time intervals (see Fig. 5 and
Table 2), sampled chickens were also assayed for IF
and VN antibody. Sections of both vagi, right and left
brachial and sciatic plexuses, and gonads were ex-
amined by microscope. Microscopic nerve lesions
were scored as 1+, 2+, 3+, or 4+ depending upon the
intensity of cellular infiltration. A 1+ lesion consisted
of a small number of lymphoid cells either diffused
through the neurites or aggregated into a focus,
whereas in a 4+ lesion, the lymphoid cell infiltration
was massive, often resulting in distortion of the
structure of the nerve. The scores of 2+ and 3+
represented intermediate stages of involvement. Fre-
quently, various nerves in the same chicken had
different lesion scores. In such cases, the highest score
was recorded. In a group of chickens, lesion score
values were averaged to obtain mean lesion scores.

RESULTS

All through the experiments, uninoculated
controls remained free of detectable MD as in-
dicated by the absence of viremia, antibody, or
microscopic lesions.
Age-related resistance in four lines of

chickens. In experiment 1, in which 15x7 and
CM line chickens of 1-day, 4-weeks, and 20-
weeks of age were exposed by inoculation,
resistance to MD was apparent at 4 weeks of age
(Fig. la), although results were statistically
significant only in line 15x7 (P < .01). In both
lines, the incidence of MD in 20-week-old
chickens was approximately 11% of that in
simultaneously exposed 1-day-old chickens.
Since the incidence ofMD in 1-day-old chickens
of line 15x7 was very high (98%), age resistance
was more apparent in this line than in line CM,
which was found to be relatively resistant to
MD.

In contact-exposed groups in experiment 2
(Fig. lb), incidence ofMD in day-old chicks was
lower in both lines than in experiment 1.

0

0

AGE (WEEKS) AT EXPOSURE
FIG. 1. Relative resistance at different ages of lines

15x7 and CM chickens simultaneously exposed to
MDV by inoculation (a) and contact (b) exposure.

Age-related resistance of 15x7 chickens was
again well marked. Four-week-old and 20-week-
old groups developed an incidence of 3% and
5%, respectively, in contrast with a 63% inci-
dence in 1-day-old groups. Since the incidence
of MD in contact-exposed line CM chickens was
low in all age groups, resistance of older
chickens was not apparent by this exposure
route.

In experiment 3, response to MDV inocula-
tion of six different age groups of lines 6 and 7
chickens was studied (Fig. 2a-c). At termina-
tion, AGP antibody was demonstrated in all age
groups of both lines indicating presence ofMDV
infection. Line 6 chickens failed to develop
mortality or gross lesions at all age levels tested,
thus confirming the resistance of this line to
inoculation with virulent MDV (24). One of
eight 12-week-old line 6 chickens had micro-
scopic nerve lesions consisting of localized infil-
tration by a homogeneous population of small
and medium lymphocytes. Specificity of such
mild lesions to MD is questionable because
similar lesions may be found sporadically in
uninoculated controls (22a). Unlike decreased
incidence of MD in 4-week-old chickens of lines
15x7 and CM, in line 7 incidence of mortality
and gross lesions was higher in the 4-week-old
group than in the 1-day- and 2-week-old groups.
There was a marked resistance of 8-, 12- and
16-week-old groups of line 7 to mortality and
gross lesions. However, a high incidence of
microscopic lesions was present in all age
groups (Fig. 2c), thus confirming our earlier ob-
servations (29) that age resistance is more
pronounced at the level of mortality and gross
lymphoma formation than at the level of micro-
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FIG. 2. Relative resistance at different ages of lines
6 and 7 chickens simultaneously inoculated with
MDV.

scopic lesions.
Pathogenesis of MD in 1-day-old and 12-

week-old chickens of line 15x7. (i) Mortality.
Cumulative MD mortality is shown in Fig. 3. In
the 1-day-old group, 18 chickens died between
the 3rd and 15th weeks PI. There were no
MD-specific deaths in the 12-week-old
chickens.

(ii) Viremia. In 12-week-old chickens, vi-
remia was detectable at 1 week PI. The inci-
dence of viremia in this group increased until
the 3rd week and then declined so that by the
6th week no chickens were viremic (Table 1). In
the younger group, although viremia was not
detected until the 3rd week of inoculation, the
incidence was much higher than in the older
chickens and viremia persisted until the 16th
week PI. In viremic chickens, levels of virus
expressed as numbers of PFU per 107 white
blood cells was consistently higher in the
younger birds than in simultaneously tested
older chickens (Table 1).

(iii) AGP antibody. AGP antibody appeared
2 weeks earlier in the older group than in the

J16
cr. I~~~~~~~~~~-0day-old
0

2 12-_lweek-old
122

4-

2 3 4 5 6 7 8 9 10 112 13 14 15 r 17 18 920

WEEKS POST-INOCULATION

FIG. 3. Cumulative mortality among 78 1-day-old
and 76 12-week-old chickens of line 15x7 simultane-
ously inoculated with MDV. Numbers on the vertic.al
axis refer to actual number of MD-specific deaths.

TABLE 1. Incidence and levels of viremia in 1-day-old
and 12-week-old chickens of line 15x7 simultaneously

inoculated with MDV

1-day-old group 12-wk-old group
Weeks Mean titer Mean titer

poWsatinokc- PAi (PU17No oi (F/0ulaton iveno.white blood tive/no. white bloodtested cells) tested wcells)
1 0/6 0 1/6 1
2 0/6 0 2/6 2
3 6/6 26 4/6 4
4 5/5 26 1/5 12
6 4/6 27 0/6 0
8 5/5 12 0/6 0
10 5/5 3 0/6 0
12 2/5 13 0/6 0
16 2/6 16 0/6 0
20 0/4 0 0/6 0

younger group (Fig. 4). Although this antibody
persisted in both groups with a comparable
incidence (Fig. 4a), mean titers differed in the
two groups (Fig. 4b). In the older chickens,
antibody titers reached a sharp peak'at 3 weeks
PI. This peak subsided, and the levels of anti-
body in the older chickens sampled after 6
weeks PI were generally quite low. In contrast,
mean titers in the younger chickens rose gradu-
ally, and at 6 weeks PI and later the titers were
higher than in the older group. For unexplaina-
ble reasons, in the 1-day-old group, maternal
antibody was readily detectable by the VN
(Table 2) and IF tests (Fig. 5) but not by the
AGP test (Fig. 4).

(iv) IF antibody. All chickens of the 1-day-
old group tested at 1 week PI had IF'antibody
(Fig. 5a). This antibody, apparently passively
acquired, disappeared by the 3rd week. There-
after, the incidence of IF antibody in this group
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FIG. 4. Incidence (a) and mean titers of positive

samples (b) of AGP antibody in 1-day-old and 12-
week-old chickens of line 15x7 simultaneously inocu-
lated with MDV.

was 100%. In the older chickens, the incidence
of IF antibody, first detectable as early as 1
week PI, was also quite high through the entire
duration of the experiment. Aithough initially
the older chickens had higher IF antibody titers,
once active antibody developed in the younger
chickens, the mean titers in the two groups were
similar (Fig. 5b).

(v) VN antibody. Results on VN antibody in
the two groups of chickens are given in Table 2.
Passive antibody in the 1-day-old group per-
sisted until approximately 4 weeks PI. At 6
weeks PI, none of the five younger chickens
tested had detectable antibody. Active anti-
body was demonstrated in one of six birds at 8
weeks. Four of eight chickens examined after 8
weeks had this antibody; two chickens had a
titer of > 1: 400. In the older chickens, the
incidence of VN antibody was generally quite
high. It is noteworthy that active VN antibody
could be readily demonstrated in the highly
susceptible age group (1-day-old group).

(vi) Pathology. Gross lesions consisting
mainly of peripheral nerve enlargements were
detected in both age groups at approximately 4
weeks PI (Fig. 6a). Because of the neurotropic
nature of the virus strain used, visceral lesions
were very rare and were restricted to the gonads.
In the younger chickens, gross lesions were
detected in 17 to 60% of test chickens through
the entire observation period. In the older
chickens, after a high incidence of 50% at 4
weeks, the incidence of gross lesions dropped
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FIG. 5. Incidence (a) and mean titers of positive
samples (b) of IF antibody in 1-day-old and 12-week-
old chickens of line 15x7 simultaneously inoculated
with MDV.

sharply. All older chickens tested at 8, 12, 16,
and 20 weeks lacked detectable gross lesions of
MD. Initial appearance and subsequent disap-
pearance suggested that gross lesions may have
regressed in the older chickens. As mentioned
previously, none of the older chickens died of
MD.
The lesion-regression pattern was obvious,

especially when the incidence of microscopic
lesions in the two age groups was compared
(Fig. 6b). In the younger chickens, microscopic
lesions became detectable at 3 weeks PI, and at
4 weeks and later, lesions were present in nearly
100% of the chickens examined. In the older
chickens, microscopic lesions were present in
60% of the chickens at 1 week PI and the
incidence reached over 80% within the next 2
weeks. Thereafter, the percentage of older
chickens with microscopic lesions declined
steadily, reaching 17% by the 10th week and
persisting at a low level thereafter.
The incidence of proliferative nerve lesions

was evaluated in both groups (Table 3). Briefly,
a proliferative lesion, A-type as described by
Payne and Biggs (17), was characterized by the
presence of small and medium lymphocytes
mixed with blast cells and MD cells (Fig. 7a, b)
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TABLE 2. Chronological development of virus-neutralizing antibody in 1-day-old and 12-week-old chickens of
line 15x7 simultaneously inoculated with MDV

1-day-old group 12-week-old group
Weeks post- Ttr ieinoculation No. positive! Titer" No. positive/ Titer

no. tested 50 100 200 4W no tested 50 |0 | 200 > 4)

2 4/4 4b 4/4 3
4 1/6 1 6/6 5
6 0/5 2/3 1 1
8 1/6 1 3/6 2 1
12 3/4 1 2 3/4 2 1
20 1/4 1 1/4 1 1 1

a Reciprocal of highest plasma dilution that reduced the virus titer by at least 50%.
b Number of chickens with antibody titers indicated.
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FIG. 6. Incidence of gross (a) and microscopic (b)
lesions ofMD in 1-day-old and 12-week-old chickens
of line 15x7 simultaneously inoculated with MDV.

(17), and plasma cells were rare. In a nonprolif-
erative lesion that responded to B- or C-type
lesions of Payne and Biggs (17), small and
medium lymphocytes predominated and
plasma cells were frequently observed, whereas
both blast cells and MD cells were rare (Fig.
8-10). In a given chicken, all sections of nerves
were examined, and if both proliferative and
nonproliferative areas were present at different
sites of the same nerve or in different nerves of
the same chicken, the lesion was scored in the
category that was most predominant.

In the older chickens, proliferative nerve
lesions were observed only through 4 weeks
(Table 3). In the older birds, the lesions were
initially marked and, in some cases, infiltrating
cells more or less completely obliterated the
neurites (Table 3, Fig. 7a, b). However, these
lesions seemed to subside, and after the 6th
week the mean lesion score values were gener-

ally quite low (Table 3). It appeared that a shift
from a proliferative to a nonproliferative lesion
(Fig. 8, 9) corresponded well with the onset of
regression as measured by other criteria (Fig.
6b). In many cases, nonproliferative, presum-
ably regressing lesions consisted of a focal
accumulation of lymphoid cells (Fig. 11).

In the younger chickens, proliferative lesions
and relatively high mean lesions scores were
recorded through the entire observation period
(Fig. 12). Several chickens tested after the 8th
week had nonproliferative lesions (Table 3; Fig.
10, 13), thus indicating that some lesions in the
younger age group may also have regressed.

DISCUSSION
These studies have demonstrated that in

chickens of line 15x7, age-related resistance to
MD was expressed through lesion regression.
Payne and Biggs (17) noted that in a certain
proportion of infected chickens, lymph-prolifer-
ative lesions in nerves and viscera may regress.
Indeed, spontaneous natural recovery from clin-
ical MD presumably accompanied by lesion
regression has been observed by others (F. G.
Aigster, M.S. thesis, Univ. of Georgia, 1968;
R. L. Witter, unpublished data). The factors
responsible for recovery from natural or experi-
mentally induced MD have not been investi-
gated, and it is hoped that occurrence of lesion
regression in age-related resistance will provide
an experimental model for studying such fac-
tors.

It has been postulated that early events in
MD infection influence the eventual outcome of
disease, and there is extensive experimental
evidence that in young chickens, presence of
passive MD antibody at the time of exposure
inhibits or delays the development of clinical
disease (5, 8, 11, 12, 27; G. H. Burgoyne and R.
L. Witter, submitted for publication). In our
studies, chickens of 4 weeks of age or older
generally lacked detectable evidence of mater-
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TABLE 3. Mean lesion scores and proliferative nerve lesions among chickens diagnosed as positive forMD by
histopathological examination

1-day-old group 12-week-old group

Weeks post- No. of chickens with pro No. of chickens
inoculation with micro- Mean lesion lNferative with micro- Mean lesion lNferative

scopic nerve score | lerive scopic nerve score' lI

1 No lesions 0.0 0 3 1.7 3
2 No lesions 0.0 0 4 2.8 4
3 4 2.0 2 5 3.0 5
4 6 2.8 6 4 3.2 3
6 5 3.0 5 4 2.2 0
8 4 2.5 4 3 1.0 0
10 6 2.3 3 1 1.0 0
12 5 2.2 2 1 1.0 0
16 5 2.2 3 2 1.5 0
20 4 1.8 2 1 2.0 0

a Four to six chickens were examined at each interval.
° Microscopic nerve lesions were scored as 1+, 2+, 3+, or 4+ depending upon the intensity of involvement.

Numbers in this column represent the mean lesion scores of all chickens in a group.
c A proliferative lesion was characterized by the presence of blast cells and MD cells.
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E;%IG. 7. (a) Massive Iymphoid cell infiltration in a
peripheral nerve 3 weeks after inoculation with MDV.
Line 15x7 chickens inoculated at 12 weeks of age.
Hematoxylin and eosin. x148. (b) Higher magnifica-
tion of a section of the nerve shown in (a). Note the
presence of small and medium lymphocytes mixed
with blast cells andMD cells. Hematoxylin and eosin.
x350.

nal antibody, hence the observed resistance of
older chickens cannot be attributed to the
inhibitory effects of pre-existing antibody.
We compared antibody development in the

old chickens with that in simultaneously inocu-
lated 1-day-old chicks. Since older chickens
were immunologically mature at the time of
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FIG. 8. Nonproliferative lesion in a peripheral
nerve 16 weeks after inoculation with MDV. Note
scarcity of blast type and MD cells. Line 15x7
chicken inoculated at 12 weeks of age. Hematoxylin
and eosin. x592.
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FIG. 9. Nonproliferative lesion in a peripheral
nerve 8 weeks after inoculation with MDV. Line 15x7
chicken inoculated at 12 weeks of age. Hematoxylin
and eosin. x350.

infection, they appeared to mount a faster and
higher antibody response than did the 1-day-old
group. Although the effects of this initial anti-
body response were not assessed, it was clear
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i4 -t~~~iFIG 10 NonprolifEra'tiv lesion in aperipheral

nerve 12 weeks after inoculation with MDV. Note
presence of plasma cells. Line 15x7 chicken inoculated
at 1 day of age. Hematoxylin and eosin. x350.

A~~~~~~~~~~~~

FIG. 11. Nonproliferative lesion in a peripheral
nerve 8 weeks after inoculation with MDV. Note focal
aggregation of lymphoid cells. Line 15x7 chicken
inoculated at 12 weeks of age. Hematoxylin and eosin.
x 148.

FIG. 12. Massive proliferative lesion in a periph-
eral nerve 16 weeks after inoculation with MDV. Line
15x7 chicken inoculated at 1 day of age. Hematoxylin
and eosin. x148.

that this active antibody did not prevent the
development of proliferative lesions. Overall
long-term incidence and titers of AGP, IF, and
VN antibodies revealed no striking differences
between the two groups to justify anti-viral
antibody as the basis for lesion regression. In
fact, after an initial elevated antibody response

FIG. 13. Nonproliferative lesion in a peripheral
nerve 12 weeks after inoculation with MDV. Line 15x7
chicken inoculated at 1 day of age. Hematoxylin and
eosin. x592.

in the older birds during the first few weeks of
infection, AGP and IF antibodies were at a
lower level in these birds than in the 1-day-old
group. Of interest was the comparable response
of VN antibody in the two groups. This anti-
body has been implicated in genetic resistance
to MD. Calnek (4) and subsequently Sharma
and Stone (24) found that genetically suscepti-
ble chickens that eventually died from MD
failed to produce detectable VN antibody as
compared with a high incidence of this antibody
in genetically resistant chickens. Although the
role of VN antibody in genetic resistance is not
yet fully settled (22a), our studies indicated that
VN antibody was not a major factor in age re-
sistance and consequently in lesion regression.
Humoral antibody, perhaps directed against
virus-induced tumor antigen(s), and the cellular
immune response must be examined to further
elucidate the mechanisms involved in age-
related resistance to MD.
The low-grade viremia present in 12-week-old

chickens in this study was also observed in
another study in genetically resistant chickens
of line 6 (24). It is of interest that in spite of the
similarity in quantities of circulating virus in
genetic and age-related resistance, the outcome
of cell-virus interactions in the two types of
resistance was fundamentally different. In older
chickens, virus induced proliferative lesions
leading to tumor formation; however, in geneti-
cally resistant chickens where proliferative le-
sions failed to develop (24), virus persisted
without apparent harm to the host. The basis
for this difference is not known since the condi-
tions under which MDV induces neoplastic
transformation of cells are not well understood.

In line 7, chickens exposed at 4 weeks of age
had a higher incidence of mortality and gross
lymphomas than did simultaneously exposed
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1-day-old chickens. The increased susceptibil-
ity of 4-week-old chickens apparently corre-
sponded with the disappearance of passive anti-
body in this line. It was of particular interest
that age resistance was well developed at 4
weeks of age in chickens of line 15x7 and was
apparent to some extent in chickens of line CM
but not in those of line 7. This reflects on the
influence of genetic constitution of the chicken
on development of age resistance. Further work
involving additional genetic stocks of chickens
is needed to confirm this observation.
One important facet of this work was to study

the effect of age on genetic resistance of line 6
chickens. Since these chickens were equally
resistant to clinical MD from 1 day through 16
weeks of age, it could not be determined
whether genetic resistance persisted through
the entire observation period or whether after
an initial protection provided by genetic consti-
tution, age-related resistance became operative.
Since 1-day-old chickens of line 6 were fully
resistant, it appears that their resistance was
expressed independently of age. However, line 6
chickens used in this study had matemal anti-
body at hatching, and the protective effect of
this antibody during early weeks of life may
have influenced their response.
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