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uMMAm' Using duck embryo fibroblasts (DEF), CPE agents were isolated from
chickens diagnosed clinicalIy and histologically to ITave Marek's disease (MD).

In monolayer cultures of DEF, the agents formed foci, consisting of refractile rounded
or shrunkeiT spindle cells and syncitial type, giant cells. In preparations stained \\, Ith
hematoxyline-Gosin, most of the cells in the foci showed typical Ilerpes type-intranu-
clear inclusions. Intracytoplasmic eosinophilic inclusions \\'CTC also seeil in these cells.
T'hc cells in these foci showed specific fluorcsence by the fluoresccnt antibody tech-
nique. Autoradiography using 'H-thymidinc showed that DNA synthesis occurred
in localized areas of the nuclei of the cells in these foci. Naked particles like those of
herpes virus and occasional particles witll an additional membrane were seen in thin
sections of these cells examined \\, ItIl an electron microscope. Typical naked particles
were also seeiT in ITegatively stained preparations of concentrated culture fluid. The
in orphogenesis and morphology of the \, irus were similar to those of herpes-type
viruses (HT\I). The agents \\, ere maintained in DEF cultures for 311 days. For
induction of CPE by the agents in the cell culture in DCulum containing intact cells
was required. :.!o evidence \\, as obtained that the agents had transforming activity.
Similar agents \\, erc also isolated from apparently healthy chickens and bantams. The
HT\I \\, as readily ^ccovcrccl after its inoculation into clay old chicks. However, the
DEF passaged-HT\' (Bikeit C strain) did 110t sho\\, any pathogcnicit}, to chickcns.
TITfectivity of HTV to various cultured mammalian cells \\. as not recognized.

NIOst of these characteristics of the HTV strains isolated are Identical \\, ith those of

herpes type viruses isolated from chicl<ens \\, Ith Marek's disease by previous in-
vestigators.

INTRODUCTION

Several investigators ITave isolated itcrpes type
(HTV) from chickens with Marek'svirus

I This \\. ork \\as presented at the 28th Gencral

meeting of the Japanese Cancer Association, 1< a-
naza\\ a, in October 1969 and at the 69th Meeting
of the Japanese Society of Veterinary Science,
Kanaga\\ a in April 1970
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disease (Chtirchill and Biggs, 1967; Solomon
et a1. , 1968; 1.1azerian at a1. , 1968; Churchill,
1968; Sharma at a1. , 1969; Yuasa or a1. , 1969;
Rispens at a1. , 1969). There ITow seem good
reasons for bclieving that a ITerpes virus of a
cell-associated type is the ctiological agent of
Marek's disease (Biggs et a1. , 1968). There
have been outbreaks of Marek's disease at the

Poultry Center of the Aoricultural Cooperative
Association of Kaibara in Hyogo Prefecture
since 1968. Since 1969 our laboratorv Ilas
established contact with the Poultry Center.
This disease is no\\, a major problem of the
poultry industry in Japan. This disease is also
interesting from the standpoint of oncogenesis
of avian herpes type virus as a model of an EB
virus, thought to be related \\, ith human cancer.

This paper reports the isolation and some
virological characteristics of the agents from
chickens in duck embryo fibroblasts.

otllcr materials at least I day after subculture to
permit attachment of the cells. The volume of

inoculum per bottle varied from 0.1 to 1.0 inI for
blood and from 0.2 to 1.0 inI for bone marro\\ and

kidney, cells (about 10' cellsjml). After 48 hours,
the cultures were washed 3 times \\, ith Hanks solu-

tioit to reino\, e excess blood cells. Subcultures

were made at 3-5 day, intervals by the Inethod
described above. \\, hen CPE \\, as detected in in-

rected DEF cultures, 0.5 inI of suspension of infected
cells (I-5 x 10' cells!inI) \\, as inoculated onto nonin-
fccted DEF. The morphology of unstained cells
\\as noted at each passage and coverslip preparations
obtained from selected passages \\, ere fixed witlT
Bouin's fluid or methanol and stained with hematoxv.

11n-eosin or Giemsa solution

AJATERIALS AND METHODS

I. 1110cii/inn o61,111ed11 o711 chitheii"

Chickeil blood collectecl in ITeparin (20 tinits 13cr
inI) was used for inoculation of ccll cultures
Bone marro\\. cells \\. ere dispersed ritechanicall}. \\It11
sterile scissors, an <1 the resulting suspension \\'as
aspirated \\, Ith a pipette and centrifuged for 5 itTin
at 1,000 rev!min. The sediment was then resus.
pended in growtlT medium. Kidney cells obtained
by trypsinization \\'ere also used as in DCulum.

2. Di, ck e, ,!61yo. fibiob/ast (DEF) elf/1141'e

Fibroblasts \\. ere prepared by the nTetlTod of
Solomon at a1. (1968) by trypsinizatioit of decapitated
12 to 13 day-old ducl< embryos. The suspension
\\'as diluted \\. ith growtl\ medium, transferred to
large prescription bottles aind incubated at 37 C
The growtl\ ritedium consisted of Earle's A{injinum
Essential Meditint (IVIEM) \\. ith 0.5 96 Iactalbumin
hydrolysate and 5 % calf serum and 100 units of
penicillin and 100 Ag of streptomycin per nTl. For
subcLilture, primary. culttires were dispersed with
0,025% trypsin in phosphate buffered saline and the
mixture was centrifLiged at about 400 x g for 5 min
Then the cells were resuspended in growth medium
and plated at a concentration of I x 10' cellsjml

Cultures \\. CTe in DCulated \\, itIt whole blood or

3. PIaqMe assoj, 111 cell culti, re

Monolayers of cultured DEF were prepared in
70 ntl prescription bottles and used on the day the},
became conftuent. After removal of the growth
medium, 02 in I \, o1umes of serial two fold dilutions

of the suspensioit of infected cells to be assayed were
in DCulated onto plates and incubated at 37 C for
241Trs. Tlteit infected cultures were overlaid with

itutricnt medium containing either 0.8 96 or I %
final concentration of Noble's agar (Difco). Five
days later thc cultures were again o\, erlaid with the
agar overlay itTodiunt containing 11100,000 neutral
red. Two plates \\, ere Lised for each dilution, and
titers in PIaque-forming tinits (PFU) \\. ere cal-
CUIated from the average of tlie counts for the two
plates o1\ tlle 8tl\ day after infection
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4. Coliceiiti'nil'o11 of agei, 13

Growth fluids \\. ere collected from infected CUI-

tures 48 hours after the appearance of cytopathic
effects and centrifuged for 60 min at 112,000xg
The pellets \\, ere then suspended in 1120 of the
original volume of PBS, frozen and thawed twice,
and clarified b}, low speed centrifLigation. Nega-
tively stained preparations of the resulting suspen-
sions \\. ere made for electron microscopy with 2%
potassium phosphotungstate, pH 7.0 and 0,0196,
sucrose in distilled \\. titer

BIKEN JOURNAL \701.13 No. 3 1970

5. Electi'o11 1111'crogiaphj,

Monolayers of infected and coiTtrol duck embryo
fibroblast cultures were scraped from the bottles and
the suspended cells \\. ere sedimented by centrifu-
gation at 1,000 revjmii, for 10 min. The resulting



pellet was fixed for I hr in I % glutaraldehyde, washed
well and fixed for 30 min in I % osmium tetroxide.
All specimens were dehydrated in ethyl alcohol,
embedded in EPOn 812, sectioned with an LKB
ultramicrotome, and stained with uranyl acetate and
lead citrate. Preparations were examined with a
Hitachi U B type electron microscope

6. Fluorescent antibody technique (FAT)

Direct FAT was done by the method of Naito et al.
(1969). Sera were obtained from chickens No. 72,
73 and 76 which contained no anti-RAV antibody or
CoFAL factor. The standard ammonium sulfate

method was used for separation of globulins from
these sera. After labeling with fluorescein isothiocy-
anate (FITC), unreacted dye was removed from the
crude conjugates by gel filtration on Sephadex G-25.
A fraction was separated by chromatography on
DBAE-cellulose, eluting with 0.005 M phosphate
buffer, pH 7.0, in 0.5 M NaCl.

wings (Fig. I). MD chickens were often
characterized by the presence of a swollen

7. Antor"dabgr@?hy of 'H-thymidi, ,e

Infected DEF showing typical cytopathic effects
were kept in medium containing 'H-thymidine
(5 PCIml, specific activity 5 c!'inM) for I hr. Then
the cells were fixed in Bouin's fluid for 2 hrs and

treated with 2', perchloric acid for 40 min tit 4 C.
Then autoradiography was carried out by the dipping
method using Sakura NR-M2 nuclear emulsion.
After 5 days exposure, the preparations were deve-
loped, fixed and stained with hematoxylin-eosin.

8. Assay of illectit!ity ill chickens by reco"ery of an^"s

The presence of the agent in DEF cultures, their
supernatants and extracts was tested by intra-ab-
do minal inoculation of specimens into day-old
chicks. The chicks were bled to death at intervals

Blood samples were inoculated onto DEF. These
DEF cultures were examined by hematoxylin-eosin
staining and the fluorescent antibody technique 15
days after the inoculation.

FIGURE I. A 100 day old chick (it0. 80) showing
typical poralysis of the legs and coings

RESULTS

I. Cltht'cal and ht'stologt'cal dadg"OSI's 91 MD
chttke"s

Thirty five chickens (about 100 day old)
showing typical clinical symptoms of MD
were bled to death and autopsied. The clinical
symptoms noted were paralysis of the legs or

FIGURE 2. Ouan@,, tumor i, , a 140 day old chzt/a (,, 0.
73)

I'
,

2

^

FIGURE 3. Section of @ tiert, e lesion of ch, tie 710.80
shoali"g a lymphoprol!fernti"e are". Stained with
hem"toxy!^, Leosi, I.

KATo, S. at al. Herpes type of, "s isolated in Marek's dt^ease
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FIGURE 4. Section of the ouan@" tumor of chick ito.
73 composed of inc"y lymphoid cells. Stained tinth
hem@toxy!in. eosi".

peripheral nerve and ovarian tumor (Fig. 2).
Fourteen chickens were further diagnosed as
showing typical histological symptoms of
MD, by the presence of lymphoid cells in-
ultrating the peripheral nerves (sciatic, brachial,
celiac and abdominal vague nerves) (Fig. 3).
The ovarian tumor also consisted of numerous

lymphoid cells (Fig. 4).

2. Rel@t, 'oresh, I, beta^ee" an^"s irohatz'0" and
003'dance of 17:1ectio" myth await Jewcosz'$ o37"s
in MD chickens

of anti-RAVl and RAV2The presence

antibody and CoFAL factor in the blood
samples obtained from the 14 MD chickens
was examined. As shown in Table I, anti-
RAVl antibody, anti-RAV2 antibody and
CoFAL factor were found in 4, 3 and 4 out
of 14 chickens respectively. CPE agents were
readily isolated from all the chickens using
either blood, bone marrow or kidney samples
regardless of the presence of anti-RAV antibody
and CoFAL factor. The failure to isolate

CPE agent from a blood sample from chicken
No. 71 was probably due to mishandling of
the sample.

TABLE I. Relatt'onship beta, !ee" o27"s ISOl@tt'on and eruz'dence of titlectt'on tufth cord" Jewkosz's anti, s
tit MD chicke"s

Chicken

No. 68

No. 69

No. 70

No. 71

No. 72

No. 73

No. 74

No. 76

No. 80

No. 81

No. 82

No. 83

No. 84

No. 85

3 . Character t'st, 'CS of CPE
The cytopathic effect was characterized by

the appearance of foci of refractile rounded or
shrunken cells (Fig. 7). These foci also

RAVl

Anti-RIF

+

+

+

+

RAV2

+

NT : Not tested.

coFAL

+

+

Blood
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Virus isolation

+

+

+

Bone marrow

+

+

+

+

+

+

+

+

+

+

+

NT

NT

+

+

+

+

+

NT

NT

NT

NT

NT

NT

+

+

+

+

Kidney

+

+

+

+

+

+

+

+

NT

NT

NT

NT

NT

NT



FIGURE 5. Gin"t cells with many it"cler^" a focus of
DEF 5 days after inoculation 00ith Bike" C str@in at
the 32, ,d passage 100el. Stained with he, "@toxy!i, I-

.

eos, ".

contained multinucleate giant cells (Fig. 5).
Cytopathic effects were detected about 3 days
after inoculation. Tissue culture transfer of

the cytopathic agent using cell free super natants
was unsuccessful. Therefore, the agent must
be transmitted from one culture to another with

cellular material. Infected cells were fixed with

Bouin's fluid and stained with hematoxylin-
eosin. The cells in the foci were seen to have

many eosinophilic, cytoplasmic inclusions as
well as herpes type nuclear inclusions, as
reported by Ono at a1. (1970) (Fig. 6). Neither
cytoplasmic nor nuclear inclusions were seen
in uninfected DEF cultures or in DEF cultures

inoculated with the super natant of the infected
DEF culture. The size and frequency of in-
cidence of multinucleate giant cells in foci
gradually increased in successive passages.

.
.

FIGURE 6. Herpes type nuclear titc1"3:0"s a, Id eosi, ,0-
phil^^ cytoplasmic i, acl"sio"s in a giant cell found i, I @
focus of DBF 5 days after inoculation tufth Bike, I B
strain at the 78th passage 100e!. Fixed coith Bowli, 's
nutd, stained cotth hem@toxy!fit-eosi".
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FIGURE 7. Foe@! ore@ of CPE 3 days ofte, titfectio
of DEF with Bike" C strain. The i, !Iected cells @
refractile and row, ded.

. .
.

I

, ,

,

' 6'0, , Iw

FIGURE 8. Micropl@q"es i, z DEF mono!@yep cultures
with @gay o0e, !@y, 8 doys @Ite, inocul@tio, , with Bike, z
C strain.
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These characteristics were similar in DEF in-

fected with all the strains isolated and passaged,
which are shown in Table I.

4. A"toy"offogr"?fry of aH-thymt'of I'"e
As reported previously (Ono at a1. , 1970),

there were various shaped accumulations of
silver grain in the nuclei of most of the cells
in the foci. Some nuclei which had not yet
developed inorphological changes detectable
by ordinary staining, already showed one or
a few aggregations of silver grains. In these
foci, there were few initotic figures or nuclei
showing diffuse distribution of silver grains,
indicating the normal S phase of the cell cycle.
These observations indicate that the cells in
the foci were not transformed cells and did not

multiply, but degenerated.

5. Association of the agent anath cells
Super natant medium removed from heavily

infected cultures at various passage levels up
to the 45th was freed from cells by 2 cycles of
centrifugation at 600 x g for 20 min. No
agent was found in the super natant by inocu-
Iation of cell cultures. No cell-free infectivity
for DEF cultures was observed for at least

30 days when an infected DEF suspension
capable of inducing CPE within 7 days was
disrupted by ultrasonic disintegration (150
Watts, 5 min. ) or rapid freezing and thawing
(3 cy. Its).

6. Electron microgr@phy
Virus particles were found in the nuclei of

cells from DEF cultures showing CPE (Fig. 9,
10, 11). These particles had a hexagonal

FIGURES 9.10. Electron microg, @ph of part of a
DEF ingfected with Bike" A strum. Viral particles
similar to herpes viruses are see". Some porticles
hotie aloelopes.

,. a.
,',.*

198

q,
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capsid with a diameter of about 100 in/4 and
a central core, about 65 in/4 in diameter.
Empty capsids were also present. A few
mature vinons were close to the nuclear me inb-

ranc and seemed to obtain an envelope by budd-
ing througlT this membrane. Enveloped
particles measured about 140 in/4 in diameter.
Virus particles were also observed in the
cytoplasm.

The extracellular particles examined by the
negative staining technique were similar to the
capsids of typical herpes type virions (Fig. 12,
13).

The intranuclear origin and inorphological
features of these particles suggested that they
were herpes type virus (HTV).

,*
^
.

~

@

FIGURES 12.13. Details of structure are see, I 3'7,
these neg@titlely stained porticles. NIIcleoc"psids
composed of ho"ogo c@psomeres are seen but 710 emuelopes
are visible

FIGURE 11 . Elect, 'o71 microgi'@?h of a degenerating
nucleus of DEF infrcted with Bike, , C styai, ,. Mony
naked herpes type virus port, 'cles ore see, ,. Notice the
hex@go"@I profile of the caps, 'd (arrows).

7. Pinq"e assay
The relationship between the concentration

of inoculum and the number of microfoci was

examined. As shown in Fig. 14, a linear
relationship was found between the number of
foci formed and the number of dilutions of the

inoculum of Biken C strain. The typical
in orphological appearance of the piaques is
shown in Fig. 8. The infectivity of HTV in
cultures at various passage levels was I ~ 3
x 104 FFU inI.

(:I^
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Thc incidence of isolation of virus was it Igh in
adult chickens and bantams. No virus was

obtained from pheasants or pigeons. Thc
characteristics of the CPE and the antigenicity
demonstrated by the FA technique with
fitiorcscent MD scrum (No. 73) of theseisolated
specimens \\, CTe similar

9. I'"$3dges of $11'n!', is of Ihe fige"Is
Ten strains of the agent \\, CTC passaged.

BikeiT A, B, C, D and E strains \\, erc isolated
from chickens N0 72.73,76.80 and 81 rcspec-
tively shown in Table 3, Biken A1, Bl and
Cl substrains \\, CTe separated from the original
strains at passage Ievcls 2.9 and 6, respectivcly.
These substrains were then passaged Inde-
pendently. Strains Ban-3 and Hlth-18 were

-2

8. 4/1e, "pts to JISolnte '11/1s 1101" Ihe b/Oof/ of
tinylOM$ bll'dS

obtainctl fronT 20Blood samplcs '\'CTC

chickcns of straiiT DC Kalb 161,11 adult bantam
chicl<cns, 6 adult pheasaiTts and 5 adult pigcons.
All these birds were apparcntly ITealthy. Each
blood sample was inoculatcd onto a DEF
culture, and obscrvcd for 30 clays. The ITtim-
bcr of birds \\, itIT vircmia is shown lit Table 2

-8

TABLE 2. T, .i"/s of WINS isolation flowi the
blood of uru. lows bzi. ds

TABLE 3. Ni, "Ibei. of passages of stynz'its ISO-
I"led (/une 2nd, 1970)

Chickens

Birds

Bantams

, (100 d"y ,Id)

a (140 d"y ,Id)

, ("dult)

a (adult)

SII ain

? ("dult)
Pheasants

a (, dult)

Pigeons (adult)

Biken-A

Bikcn-A1

Biken-B

Bil<cn-Bl

Biken-C

Bikcn-Cl

Biken-D

Bikcn-E

Ban-3

Hlth-18

Numbci.
of birds

examined

Number of

passagcs

75

73

20

21

73

75

52

52

24

24

Number of
birds \\. Ith

vircmia

10

10

8

3

200 Bii<EN JOURNAL V01. 13 No. 3 1970

+

6

3

Days

8

isolated from a bantanT and from an apparently
healthy chicken respectively. Strains Biken
A and Cl were passagcd the most (75 times,
for 311 days after their isolation). Biken B
and Bl strains were stocked in a deep frcezcr
at the passage levels shown in Table 3.

CoFAL tests were carried out on each strain

at several passage levels, but ITo incidence of
containinatioi\ with avian Ieucosis virus \\, as

observed.

311

311

71

71

311

311

264

264

137

137

a

o

11

o



10. I'll"1/1/1010gicd/ I'ethno, ishi;lis belt, lee, ! the
slidi, 15 1501tited

As sho\\, IT in Table +, the strains passaged all
sho\^ed specific fluorescence \\. it I\ 3 A/D sera
conjugated \\, ith FTTC. The fluorescence in
thcsc strains also appeared similar.

TABI, E +. Anta'gent'c I, ethno, ish^^ betz. ee" A
slim'MS. i's!'"u 311140i. escent A{D sern

Strain

Biken-A

Biken-B

Biken-C

Biken-D

Biken-E

Ban-3

Hith-18

DEF (noninfected)

irumunoHuorcsccitt antibudv

A, IDAIDA, ID
No. 72 No. 73 No. 76

+ ++

++J

+

+

+

+

+

11. Reco"ei'j! of HT, '1101/1 chick"is illoc!11nied
jolt/I Drf pnssnged-HTF

Cultured DEF infected \\, itIT DEF passaged-
HT\I (Bikei\ A1 strain) between the lotlt and
1311\ passage was Inoculated into I clay, old
chicks by the intra-abdominal route. 'Table 5
shows the frequency of recovery of HT\I from
the blood of these chicks. The chicks inoculated

\^itI\ HTV sho\\ed evidence of vircmia through-
out the PCriod of observation (from I \\ cck up to
10 \\ecks after. inoculation). However, HTV
\\, as ITot recovered from the blood of chicks

inoculated witl\ live cell-free inoculum during
a 7 \\, eek period after inoculation

12. Pathogenicity of DEF pininged-HTP to
chicke"s

DEF pus"gad-HT\, (Bik, n C strum) at th,
43rd passage level \\, as inoculated to I day, old
20 chickens (a \\Ihite Leghorn strain) intra-
perltoneally. As a positive control, blood

NT: Not tested

T'AUI. E 5. Itec, ","y of H7'PI, '0", b/,, d of chick, ", ,'"oci, /died rein, HTP (Bike" 41 win, },)

T

NT

I\;'F

\T

NT

Incculum

I 1'11clt x Petcrsoi, I-ITV-DEI. ' ,, ,
Iday OILl ("t thc 13tli passa!:c I'vel)

Super namnt of
HTV-DEF

(at thc 13th passagc ICvcl)

FTCezc-thawed
Pilch x Putci son

HTV-DEF
I day old (at Ihc 1311t passage level)

I \\'hitc Lcghorn H'I'V-D EF

I day, old (at the 10th passage I'vel)

I Hy-Linc I HTV-DEF

I (at the 12th passage ICYCl) II day old I

.I Sonicated
I I{v-Line HTV-DEF>:

I da\, old I
I (at the 12th passage level)

Chicl<uns

- 1'11clt x I'etci'son

I day old
a
>:

=,

~.

+

T

+

+

Agc (\\ ccks)

N

.,.

I -

2

a Numerator

b Denominator

Hv-Line

I day old

- ------- ^------- -

3

414

4

1111

212

Numbcr of chickens from whose blood HTV was recovcrcd

Number of chickens autopsicd at \, ariaus ages

3

ill+

012

212

6

Uninfcctcd
DEF

012

012

212 212 1/2

I

012

1112

8

012 112 2/2

9

012

10

012 012 112

12/12

212

12/14

KATo, S. er al. Heroes IJ!!, e wills Isolated in Maleh's driedse

1112

2/2

0110

201



sample taken from a typical MD chickeiT \\, hich
had been inoculated with chick passaged
virulent strain was also inoculated to I day old
20 chickens intraperitoneally. All these
chickens \\, ere observed for 140 days. As
shown in Table 6, chickens inoculated \\, ith
DEF passaged-HTV did not sho\\, any incl-
dence of MD, while chickens inoculated \\, ith
blood of MD chicken showed high incidence
of MD.

13. IMOczt/at10n of DEF pdsstzoed-HTP onto
cultm. ed mammal^^" cells

Human embryonal lung cells, humait em-
bryonal kidney cells, the FL and HeLa strains,
derived from human cells, the BSCl and
Vero strains, derived from simian cells, the
RK 13 strain, derived from rabbit cells, and
the BHK 21 strain, derived from hamster cells,

inoculated \\, ith DEF passaged-HTV
(Biken A and C strains) and observed for
40 days. These samples \\, ere also subjected
to the FA test. Neither CPE nor virus

antigen was observed in any of these cultures.

the A and B groups of avian Ieucosis viruses
(DulT and V. gt, 1969). Th, vi". I. ginl and
jinmunological characteristics of the strains
isolated \\, ere similar. A10st of these charac-
teristics were also identical with those of

herpes type virus of Marek's disease described
by previous authors (Churchill and Biggs,
1967; Solomon at a1. , 1968; Nazerian et al. ,
1968; Yuasa at a1. , 1969; Rispens eta1. , 1969).
However, the direct evidence that chick HTV
isolated by us is a causative agent of MD, has
not been obtained, since DEF passaged-HTV
tested has not shown any pathogenicity to
chickens. Probably this will be explained by
the attenuation of DEF passaged-chick HTV
(BikeiT C strain). As shown by Naito at al.
(1970), the virus seems highly contagious and
to prevent chickens from being infected with
HTV they must be kept in vinyl isolators.
Experiments on the pathogenicity of various
strains of HTV in chickens without anti-HTV

antibody in vinyl is Iators are in progress.

\\'ere

DISCUSSION

U^ing duck .inb"yo fibrobl"*ts (DEF), coll
associated herpes type virus (HTV) could be
isolated from chickens with A1arek's disease,
apparently healthy chickens and bantams.
DEF was used instead of chick kidney cells
because it is easy to cultivate and is resistant to

TABLE 6

I \\leek-Old I
Group I 0~2

I Inoculum

Pathogeniczty of DBF passaged-HTP (Bzke" C styaz'") 10 chicke"s

I day old
20 chicks

I day old
20 chicks
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a Numbers of chickens which died of A, ID were shown

b Numbers in parentheses sho\\. ed the number of chickens \\hich died of other than MD.

DEF passaged~ IHTV at 43rd

passage level

(0.2inI) I

Percentage
3~+ 5~67~89~10 11~12 13~14 15~20 Total of mortality

due to MD

202

o

BIKEN JOURNAL V01.13 No. 3 1970

o

(2)

o

o

5

o

4

o

2

o

3

(2)"

o

o

o

14

(2)

o o

(2)

70%

o%



Tite alitltors are indebted to Dr. S. Nil for Itis Itelp
in taking the photos shown in Figs. 9 and 10 and for
his Itelpful discussion. 'They also wish to than1< illr
T. Knito for technical tissistance \\illt electron inIC-

REFERENCES

Biggs, P. A, I. , A. E. Churchill, D. G. Rootes and R. C

Chubb. 1968. The etiology of I\latek's disease an
uricogenic herpes-type virus. The Gusta\, Stent
Symposium, \;irus-litduced jinmunopatholo, ,}.
perspectives in Virolog\ 6 : 211-237. Edited by
Niorris Pollard

Churchill, A. E. and I'. A, I. Biggs. 1967. Agent of
A'Iarek's disease in tissue culture. Naturc (Lon-
don) 215 : 528-530

Churchill, A. E. 1968. Herpes-type \, irus isolated in
cell culture front tumors of chicl<uns \\. Ith A, Iarek's

disease. Nat. Cancer Inst. 41 : 939-950

Duff, R. G. jind P. 1<. \logt. 1969. Characteristics
of t\\. o nc\\ avian ttimor \. irus subgroups. \/ITo-
logy 39 : 18-30

Naito, A, I. , 1<. Ono, S. 'rannbe and S. 1<nt0.1969

IrumunoH. tiorescent studies Lising fraction ated jin-
in unoglohulin of sera of fowls \\. ith A, latek's disease.

Biken I. 12 : 257-261

Nait0, I\I. , 1<. Ono, S. 'ranabc, T. Doi nitd S. 1<nto
1970. Detection in cliickei, and human sera of

antibody algalnst Iterpes type TITtis from a chicl<un
witl\ IVlarel<'s discasc and EB \, irus dcmonstrated

by the indirect jinmunofiuorcsccnce test. Biken
I. 13:205-212

Nanzerian, 1<., I. I. Solomon, R. L. \\'itter tiltd

B. R. Burmester. 1968. StLidies o1, tile etiology of

To graphy, and Director A. Nagai and others, 1<albara
Poultry Center of 1< aibara ACA of Hyogo Prefecture
for providing materials and for titeir cooperation

I\Tarek's disease. 11. Finding of a herpes virus in
cell cultLires. Proc. SOC. Exp. Biol. A, led. 127 :
177-182

On0,1<., S. 1<ato, N. I\^a and T. Doi. 1970. Auto-
radiograph!c and cytochemical studies on ITUclear
and cytoplasmic inclusions of ducl< entbryo fib-
roblasts infected \\, itIt herpes type \, irus isolated
from chickens with Marek's disease. Bil<eit I
13 : 53-57

Rispens, B. H. , I. Van Vloten and H. I. L. Maas
1969. Some virological and serologicnl obser-
vations on IVlarek's disease. Brit. \Jet. I. 125 :
445453

Scharma, I. M. , S. G. 1<enzy and A. Rissbergei
1969. Propagation and behaviorin chickenl*idncy
CLIlture of the agent associated \\. itI\ classical
it'jarek's disease. J. Nat. Cancer Inst. 43 : 907-
916

Soloi, .on, I. I. , R. L. \\'itter, 1<. Nazerian and B. T
Burmester. 1968. StLidies on the etiology of
ATarek's discuse. I. I'Topagation of the agent in
cell culturc Proc. SOC. Exptl. Biol. Med. 127
173-177

Yuasa, N. , H. 1<nwnmura, H. Tsubahara, T. I{onuchi
and Y. it0. 1969. Virological examination of
young chickens \\, ith lymphomatous lesions. Bull
Nat. Inst. Anim. I{ItIT. 59 : 9-13 (in Japanese)

K, \To, S. CT al. Hell, es type '11/1s Isolated 111 IPIu, 'eh's driedse 203




