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uMMARY Using duck embryo fibroblasts (DEF), CPE agents were isolated from
S chickens diagnosed clinically and histologically to have Marek’s disease (MD).
In monolayer cultures of DEF, the agents formed foci, consisting of refractile rounded
or shrunken spindle cells and syncitial type, giant cells. In preparations stained with
hematoxyline-eosin, most of the cells in the foci showed typical herpes type-intranu-
clear inclusions. Intracytoplasmic eosinophilic inclusions were also seen in these cells.
The cells in these foci showed specific fluoresence by the fluorescent antibody tech-
nique. Autoradiography using 3H-thymidine 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 with an additional membrane were seen in thin
sections of these cells examined with an electron microscope. Typical naked particles
were also seen in negatively stained preparations of concentrated culture fluid. The
morphogenesis and morphology of the virus were similar to those of herpes-type
viruses (H'TV). The agents were maintained in DEF cultures for 311 days. For
induction of CPE by the agents in the cell culture inoculum containing intact cells
was required. No evidence was obtained that the agents had transforming activity.
Similar agents were also isolated from apparently healthy chickens and bantams. The
HTYV was readily recovered after its inoculation into day old chicks. However, the
DEF passaged-HTV (Biken C strain) did not show any pathogenicity to chickens.
Infectivity of HTV to various cultured mammalian cells was not recognized.

Most of these characteristics of the HTV strains isolated are identical with those of
herpes type viruses isolated from chickens with Marek’s disease by previous in-
vestigators.

INTRODUCTION

Several investigators have isolated herpes type
virus (HTV) from chickens with Marek’s

1 This work was presented at the 28th General

meeting of the Japanese Cancer Association, Ka-
nazawa, in October 1969 and at the 69th Meeting
of the Japanese Society of Veterinary Science,
Kanagawa in April 1970.
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disease (Churchill and Biggs, 1967; Solomon
et al., 1968; Nazerian et al., 1968; Churchill,
1968; Sharma et al., 1969; Yuasa ct al., 1969;
Rispens et al., 1969). There now seem good
reasons for believing that a herpes virus of a
cell-associated type is the ctiological agent of
Marek’s disease (Biggs et al., 1968). There
have been outbreaks of Marek’s disease at the
Poultry Center of the Agricultural Cooperative
Association of Kaibara in Hyogo Prefecture
since 1968. Since 1969 our laboratory has
established contact with the Poultry Center.
This disease is now 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 with human cancer.

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

MATERIALS AND METHODS

1. Inoculum obtained from chickens

Chicken blood collected in heparin (20 units per
ml) was used for inoculation of ccll cultures.
Bone marrow cells were dispersed mechanically with
sterile scissors, and the resulting suspension was
aspirated with a pipette and centrifuged for 5 min
at 1,000 rev/min. The sediment was then resus-
pended in growth medium. Kidney cells obtained
by trypsinization were also used as inoculum.

2. Duck embryo fibroblast (DEF) culture

Fibroblasts were prepared by the method of
Solomon et al. (1968) by trypsinization of decapitated
12 to 13 day-old duck embryos. The suspension
was diluted with growth medium, transferred to
large prescription bottles and incubated at 37 C.
The growth medium consisted of Eagle’s Minimum
Essential Medium (MEM) with 0.59% lactalbumin
hydrolysate and 59, calf serum and 100 units of
penicillin and 100 pg of streptomycin per ml. For
subculture, primary cultures were dispersed with
0.0259, trypsin in phosphate buffered saline and the
mixture was centrifuged at about 400 x g for 5 min.
Then the cells were resuspended in growth medium
and plated at a concentration of 1x 108 cells/ml.

Cultures were inoculated with whole blood or
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other materials at least 1 day after subculture to
permit attachment of the cells. The volume of
inoculum per bottle varied from 0.1 to 1.0 ml for
blood and from 0.2 to 1.0 ml for bone marrow and
kidney cells (about 10% cells/ml). After 48 hours,
the cultures were washed 3 times with Hanks solu-
tion to remove excess blood cells. Subcultures
were made at 3-5 day intervals by the method
described above. When CPE was detected in in-
fected DEF cultures, 0.5 ml of suspension of infected
cells (15 x 10# cclls/ml) was inoculated onto nonin-
fected DEF. The morphology of unstained cells
was noted at each passage and coverslip preparations
obtained from selccted passages were fixed with
Bouin’s fluid or methanol and stained with hematoxy-
lin-eosin or Giemsa solution.

3. Plaque assay in cell culture

Monolayers of cultured DEF were prepared in
70 ml prescription bottles and used on the day they
became confluent. After removal of the growth
medium, 0.2 ml volumes of serial two fold dilutions
of the suspension of infected cells to be assayed were
inoculated onto plates and incubated at 37 C for
24 hrs. Then infected cultures were overlaid with
nutrient medium containing either 0.8% or 19
final concentration of Noble’s agar (Difco). Five
days later the cultures were again overlaid with the
agar overlay medium containing 1/100,000 neutral
red. Two plates were used for each dilution, and
titers in plaque-forming units (PFU) were cal-
culated from the average of the counts for the two
plates on the 8th day after infection.

4. Concentration of agents

Growth fluids were collected from infected cul-
tures 48 hours after the appearance of cytopathic
effects and centrifuged for 60 min at 112,000 x g.
The pellets were then suspended in 1/20 of the
original volume of PBS, frozen and thawed twice,
and clarified by low speed centrifugation. Nega-
tively stained preparations of the resulting suspen-
sions were made for electron microscopy with 29,
potassium phosphotungstate, pH 7.0 and 0.019,
sucrose in distilled water.

5.  Electron micrography

Monolayers of infected and control duck embryo
fibroblast cultures were scraped from the bottles and
the suspended cells were sedimented by centrifu-~
gation at 1,000 rev/min for 10 min. The resulting
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Ficure 14.  Dose-response curve. Serial two-fold
dilutions of cells were inoculated onto cultures. Each
point represents the mean of the focus counts of pairs

of plates.

8. Attempts to isolate virus from the blood of
vartous birds

Blood samples were obtained from 20
chickens of strain De Kalb 161, 11 adult bantam
chickens, 6 adult pheasants and 5 adult pigeons.
All these birds were apparently healthy. Each
blood sample was inoculated onto a DEF
culture, and observed for 30 days. The num-
ber of birds with viremia is shown in Table 2.

TABLE 2. Tvials of wirus isolation from the
blood of wvarious birds

Number Number of
Birds of birds birds with
examined viremia
2(100 day old) 10 4
ick

Chickens 4140 day old) 10 6
B @ (adult) 8 8
ANTAMS < adult) 3 1
- 2 (adult) 3 0
ReASANE 4 (adult) 3 0
Pigeons  (adult) 5 0
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The incidence of isolation of virus was high in
adult chickens and bantams. No virus was
obtained from pheasants or pigeons. The
characteristics of the CPE and the antigenicity
demonstrated by the FA technique with
fluorescent M D serum (No. 73) of these isolated
specimens were similar,

9. Passages of strains of the agents

Ten strains of the agent were passaged.
Biken A, B, C, D and E strains were isolated
from chickens No 72, 73, 76, 80 and 81 respec-
tively shown in Table 3, Biken Al, Bl and
C1 substrains were separated from the original
strains at passage levels 2, 9 and 6, respectively.
These substrains were then passaged inde-
pendently. Strains Ban-3 and H1th-18 were

TABLE 3. Number of passages of strains iso-
lated (June 2nd, 1970)

Number of

Strain passages Days
Biken-A 75 311
Biken-Al 73 311
Biken-B 20 71
Biken-B1 21 71
Biken-C 73 311
Biken-C1 75 311
Biken-D 52 264
Biken-E 52 264
Ban-3 24 137
Hlth-18 24 137

isolated from a bantam and from an apparently
healthy chicken respectively. Strains Biken
A and C1 were passaged the most (75 times,
for 311 days after their isolation). Biken B
and B1 strains were stocked in a deep freezer
at the passage levels shown in Table 3.

COFAL tests were carried out on each strain
at several passage levels, but no incidence of
contamination with avian leucosis virus was
observed.



10.  Imanunological relationships between the
strains isolated

As shown in Table 4, the strains passaged all
showed specific fluorescence with 3 MD sera
conjugated with FITC. The fluorescence in
these strains also appeared similar.

TaBLE 4.  Antigenic velationship between §
strains, using 3 fluorescent MD sera

Immunofluorescent antibody

Strain

MD MD MD
No.72 No.73 No. 76
Biken-A + + +
Biken-1B3 -+ + +
Biken-C 4+ 4 4+
Biken-D NT + +
Biken-E NT + +
Ban-3 NT + +
Hlth-18 NT + +

DEF (noninfected) — — —

NT: Not tested.

11, Recovery of HT'V from chickens inoculated
with DEF passaged-HTV

Cultured DEF infected with DEF passaged-
HTYV (Biken Al strain) between the 10th and
13th passage was inoculated into 1 day old
chicks by the intra-abdominal route. Table 5
shows the frequency of recovery of HTV from
the blood of these chicks. The chicks inoculated
with HT'V showed evidence of viremia through-
out the period of observation (from 1 week up to
10 weeks after inoculation). However, HTV
was not recovered from the blood of chicks
inoculated with live cell-free inoculum during
a 7 week period after inoculation.

12, Pathogenicity of DEI passaged-HTV to
chickens

DEF passaged-HTV (Biken C strain) at the
43rd passage level was inoculated to 1 day old
20 chickens (a White Leghorn strain) intra-

peritoneally. As a positive control, blood

TAaBLE 5. Recovery of HTV from blood of chickens inoculated with HTV (Biken Al strain).
Age (weeks)
Chickens 2 3 4 5 6 7 8 9 10
Inoculum
Pilch X Peterson | HTV-DEF P n o
1day eld (at the 13th passage level) 242022 4422 22 22 22 )2 2/2
= | Pilch % Peter Supernatant of
R “;d e f;son HTV-DEF — 01 04 02 072 02 172 272 — —
oy ay oid (at the 13th passage level)
. i Freeze-thawed
Fileh x Peterson HTV-DEF — 02 02 02 02 02 02 12 — 202
ay e (at the 13th passage level) |
White Leghorn HTV-DEF . - o 122 - e
1day old (at the 10th passage level)
Hy-Line HTV-DEF o o o — 12— — =
. 1day old (at the 12th passage level)
o
s . Sonicated
o, i
g fly-Line HTV-DEF e - 2 e
- ay o (at the 12th passage level)
Hy-Line Uninfected . - . - o
1day old DEF 0/10
a Numerator : Number of chickens from whose blood HTV was recovered.
b Denominator : Number of chickens autopsied at various ages.
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sample taken from a typical MD chicken which
had been inoculated with chick passaged
virulent strain was also inoculated to 1 day old
20 chickens intraperitoneally. All these
chickens were observed for 140 days. As
shown in Table 6, chickens inoculated with
DEF passaged-HTV did not show any inci-
dence of MD, while chickens inoculated with
blood of MD chicken showed high incidence
of MD.

13.  Inoculation of DEF passaged-HTV onto

cultured mammalian cells

Human embryonal lung cells, human em-
bryonal kidney cells, the FL and HeLa strains,
derived from human cells, the BSC1 and
Vero strains, derived from simian cells, the
RK 13 strain, derived from rabbit cells, and
the BHK 21 strain, derived from hamster cells,
were inoculated with DEF passaged-HTV
(Biken A and C strains) and observed for
40 days. These samples were also subjected
to the FA test. Neither CPE nor virus
antigen was observed in any of these cultures.

DISCUSSION

Using duck embryo fibroblasts (DEF), cell
associated herpes type virus (HTV) could be
isolated from chickens with Marek’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

the A and B groups of avian leucosis viruses
(Duff and Vogt, 1969). The virological and
immunological characteristics of the strains
isolated were similar. Most 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 et al., 1968; Nazerian et al.,
1968; Yuasa et al., 1969; Rispens et al., 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
(Biken C strain). As shown by Naito et al.
(1970), the virus seems highly contagious and
to prevent chickens from being infected with
HTYV they must be kept in vinyl isolators.
Experiments on the pathogenicity of various
strains of H'T'V in chickens without anti-HTV
antibody in vinyl islators are in progress.

ACKNOWLEDGEMENTS

T'his work was supported in part by a grant from the
Agricultural Cooperative Association (ACA) of
Hyogo Prefecture and was made possible through the
kind cooperation of Mr. S. Fuyjita (Head of the
Livestock Burcau), veterinarians (Dr. S. Ohta, Dr.
T. Komae and Dr. A. Ueda) and others of the ACA
of Hyogo Prefecture and Dr. Y. Kojima, National
Marketing Federation of ACA.

TABLE 6. Pathogenicity of DEF passaged-HTV (Biken C strain) to chickens

Wecek-old Percentage
Group 0~2 3~4 5~6 7~8 9~10 11~12 13~14 15~20 Total of mortality
Inoculum due to MD
1 day old | MD blood 0% 0 0 5 4 2 3 0 14 70%
20 chicks | (0.2 ml) (2)® (2)
DEF passaged-
1 day old | HTV at 43rd 0 0 0 0 0 0 0 0 0 0%
20 chicks | passage level (2) (2)
(0.2 ml)

a Numbers of chickens which died of MD were shown.

b Numbers in parentheses showed the number of chickens which died of other than MD.
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