
Title
Studies on Live Rubella Vaccine. I. Propagation
of Rubella Virus in Developing Chick Embryos and
Its Laboratory Characterization

Author(s) Okuno, Yoshiomi; Minekawa, Yoshiichi; Suzuki,
Norimoto et al.

Citation Biken journal : journal of Research Institute
for Microbial Diseases. 1968, 11(4), p. 235-241

Version Type VoR

URL https://doi.org/10.18910/82850

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir.library.osaka-u.ac.jp/

The University of Osaka



STUDIES ON LIVE RUBELLA VACCINE

I. PROPAGATION OF RUBEl, LA VIRUS IN DEVELOPING CHICK
EMBRYOS AND ITS LABORATOR\' CHARACTERIZATION

YOSH101\11 OKUNO, YOSHllCHI NITNEKA\\IA, NORI1\10TO SUZU-
Kl and killCHIAKI TAKAHASHl

Department of \'Irulogy, ResearclT institute for Microbial Diseases, Osaka Univers't. ., Y, d -
Kami, Suita, Osaka
(Received Sept. rube" 21,1968)

uMMARY A newly isolated strain of rubella virus \\, as serialIy cultivated for at
least 11 passages in the amniotic cavity of developing chick embr ,OS. The

strain adapted to I\en eggs differs in sensitivi^, to temperature from the on in al strai
whiclT has only been passaged several times in Gi\'H< (primary AfricaiT Teen monke
kidney) cells.

After one passage in Hl< (primary ITUman embryonic 1<idncy) cells, the straii\ \\, as
Inoculatcd into cynomolgus monkeys at the 6th and 11th passage levels and at both
levels it produced ITigh NT (neutralization) and Hl (ITemagglutination-inhibition)
antibody responses \\, Ithout causing any, apparent symptoms, althouglT at both passa e
levels a little virus was recovered from the throat of some monkeys.

BIKER JouR\AL \;o1. 11,235-241,1968

INTRODUCTION

Althougll rubella had been regarded as a mild
exanthematous viral disease (HiRo at n/., 1938)
of children, much attention has been payed to
its specific teratogenic character since the dis-
core, y by Gregg (GREcc, 1941) that it cous. d
the so-called congenital rubella syndrome.

But it was not until 1962 that its etiological
agent was first isolated (\YELLER at a/., 1962 and
PARKMAN at a/., 1962) using an interference
method (OKUNo at n/., 1956). Thereafter,
studies on biological characteristics of the
virus have rapidly progressed and development
of a safe and effective vaccine has beeiT generally
desired and intensiveIy investigated (PLOTKlx
at a1. , 1965, PARKMAN at a1. , 1966, ATEYER at a/.,
1966, HILLEMAN at a/., 1966, ATEYER at n/., 1968

and DU PAN at at. , 1968), especially after the
extensive epidemic in USA. in 1964 (SEVER
at a/., 1965) and the birth of many congenit-
ally matorm. d children (RUDOLPi{ at at. , 1965).

But appropriate tissue culture cells for its
serial passage for attenuation cannot be easily
found because its host range is relatively limit-
ed. \\'e have attempted to adapt newly
isolated strains to growtlt in developing chick
embryos.

lv'IATERIALS AND IVIETHODS

PiJi, S 011d Ce/A

a) Newly isolated rubella \, irus
In the spring of 1966 when a relatively large scale
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epidemic occurred in the Osaka district 3 interfering
agents could be isolated from the throat swab speci-
mens of patients clinicalIy diagnosed as having rubella
using the interference method in CAIK cells. These
agents \\. ere identified as rubella \, irus (R\I) by the
neutralization test \\. Ith anti-Baylor strain hyperIm-
inune rabbit serum.

For inoculation into developing chicl< embryos the
newly isolated strains \\. ere used at the 6tlT to 19th
passage levels in GMK cells at 36'C. Gi\{1< cells
were used for serial passages of the strains at the
second and later transfer levels to avoid containina-
tion \\, ith simian \, Iruses.

b) Rubella \, irus Baylor strain
This was supplied b}, Dr. 1<. Ka\\. akami, Depart-

merit of Pediatrics of Osaka Medical College, and

passaged at 36'C in BHK21!\\'12 cells. '
.) ECHO virus type 11 (ECHO-11)

The seed virus was supplied by Dr. T. Yamada,
Virus Laboratory of Osaka Public Health Institute,
and passaged and titrated in GINIK cells at 36'C

strain \\. ere inoculated into HK cells after 13 serial

passages in GMK cells, 2 passages in developing
chick embryos, one passage in Gl\"K cells and again
4 and 9 passages, respecti\, ely, in developing chick
erubr}, OS (Fig. 3). After about 10 days incubation
at 35'C, they were I\arvested by 3 cycles of freezing
and thawing in medium 199 containing 0,190 gelatin
as a stabilizer, 50 riml of Kanamycin, and 50 riml
of Streptomycin but no serum. After centrifugation
at 3,000 rpm for 30 min. at 4'C, the supernatants
were used as the two \, accine strains (designated as
ME6 and IVIEll) at total passage levels in develop-
ing chick embryos of 6 and 11. Their \, irus titers
\^ere 2.75 and 2.0 log In D, n!0.1 inI, respectively.

The purpose of passage of the vaccine strains In
HK cells \\. as to eliminate possible contaminating
RTF (resistanceinducing factor) (RUBix, 1960). The
CoFAL (complement fixation of avian Ieucosis) test
(HUEBNER at at. , 1964) became negative after passage
in HK cells

2. Rt, belln oil i's titiat, o11

This was carried out by the interference method
(PARKAiAN at a/., 1962) in GMK cells. One hundred
TCDsn (5096 tissue culture infectious dosis) of
ECHO-11 per tube were challenged about 10 days
after inoculation. The \, irus titer was expressed
as the 5096 interference dosis (InD, ,) per 0.1 inI.

3. Cti!ti"@troll of R, 111 de"e/ophig chick e, "byyos

a) Cultivation in the amniotic cavity
Fertilized domestic white Leghorn eggs of 7-8

days old \\, ere used for rubella virus cultivation.
Thev \\. ere inoculated with 0.1 in I of virus material
and incubated at 32'C for 7 days. Then the amnion
was extracted and each membrane was suspended
in 3 inI of PBS(-) (phosphate buffered saline \\. ithout
divalent cations) containing 0.116 \\,!v gelatine
(final dilution) and homogenized at 18,000 rpm for
3 min. After centrifugation at 3,000 rpm for 15 min.
at 4'C the super natant was used for the next passage
in fertile eggs

b) Culti\. ation on chorioallantoic membrane
The modified method of Burnet (SCOTT, 1956)

was used. The inoculum, the incubation conditions
and the method for ITarvesting were the same as
those described above

5. Are!, nan*at, 'o11 test (NT)

Volumes of 0.4 inI of serial 2-fold dilutions of
serum were mixed with an equal volume of 100
InD, 10.1 inI of Baylor strain and allo\^ed to react
at 36'C for I hour. Then 0.2 inI of each mixture
was inoculated into 2 tubes of CMK cells and al-
lowed to be adsorbed to the cells at 36'C for I hour
After addition of maintenance medium incubation
was continued at 36'C. On the 6th day, the sup-
ernatant fluid \\. as replaced by fresh medium con-
taming 100 TCD, , of ECHO-11 for challenge.
Three or 4 days later \\, hen the CPE (cytopathic
effect) caused by ECHO-11 \, irus in the control
cells was complete, Interference was evaluated and
the tube \\. ithout interference was judged as neutrali-
zation positive.

6. He"lagg/14n, IQti0, ,-111hib, troll test (H/)
This \\, as performed according to the modified

method of STEWART at o1. (1967) as showi}in Fig. I.
Red blood cells (rbc) of the Japanese quail \\, ere used
in the hemagglutination test (HA)

7. Tempe, .@hire sellsiti"ity tart of R,
Vaccine strain ME6, Baylor strain adapted to

BHK cells and Matsuura strain at the 4th passage
in CMK cells (M4) were inoculated into samples
of the same batch of GMK cells. After 10 days
incubation at 36'C they were harvested by 3 cycles
of freezing and thawing in serum-free medium 199
and the supernatants were centrifuged at 3,000 rpm

4. Pacei, Ie PI coal at1011

Two substrains of the newly Isolated Matsuura
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for 15 ITtin. at 4'C and put into small test tubes.
They were used as samples of seed virus for. testing
thermostabilitv at 50'C

8. Cj, ,!o, 1101girs 71,011heJ, 1110ci, /nilo, I eApei'1111e, lis

a) Inoculation
First the monkeys were tested to check that they

had no antibody for. ^ubell". Then 4Inonkeys \\. ei. e
in DCulated \\. ith \, accine straiiT ATE6 and about 2

weel<s later another + monkeys \\. ere in DCulated \\. ith
AlEll. Inoculation was done by injection \\. Itit a
single dose of 0.5 inI into the femoral muscle, and
a daily checl< \\, as made of the general status and
bo^, temperature of the animals.

b) Antibody response after inoculation
Blood \\. as taken from the femoral vein on ap-

propriate days after inoculation, and the Hl and NT
antibody titers in the sera \\. ei. e measui'ed.

c) \!irus recovery test
Throat swab specimens \\, CTC tai<en from tlte

monl<eys from the 7th to 16tlT days after inoculation
and treated by LISual methods for virus isolation
using GA{1< cells. The Inaterial \\, hicl\ showed no
interference with ECHO-11 during 3 passages in
CMK cells was judged lis sitowing ITegative recovery.

An!^, en Savior 511.1"
cells. BHK21/WIP
medium. E. Rip MEN

Supe r. , nic, I!. n

Serum
4-1u!d Ji!"lion with pH 9 0 BS

Addil:,; .I an equal v, I o125'
"Lid ,, J. h. U haulin
ish. ken 31 RT I, r 20 nun I

Lot, s p. *u c. n ! r!jugal;, n

Addi!1.1 of 5. '. quail ,bc
1510, d "I *'C 1.1 flure Ih, n I h. I

L. .r, ,;ee, ., nililu, ,11n n
Su, .'11/1, nl
18-!. I, k, .1111 11. ,I'd scrumj

S, ,:, I2lob ,!1,110ii

Alto"ed 10 ,,,. I .I HT in. I hr
A", ith, n of 0 33 , qu"I! ,.. in VAD 6 *

51n, " "! 4'C I, , 15 11, , or run, . ;,,.!". hill

'RT In. "I I'mp. ,.!",..

L, .., sp; ed re nir, I u, .11. n
Elh. , T". e n80 I. e. !in. "I

L. ., ,p; e d re nirilug. iron
" HA uru!. .; ."!;,*n

RESULTS

I. PI'o15ngnti'0" in de"e/DPI'"g chick e"167yos
As a preliminary study, one newly isolated

Kashihara strain at the 6th GAU< cell passage
was inoculated into the amniotic cavity of a
7 days old developing chick embryo. After
7 days incubation the amnion was hornogeni-
zed and found to ITave a slight interference
dosis in GMK cells.

Next the RV yields from various parts of
developing chick embryos incubated at various
temperatures were investigated. It was likely
that almost all the viruses were associated with

the amnion and did not appear in the amniotic
fluid. Cultivation was better at 30'C and 32'C

than at 35'C, but the death rate of eggs after
inoculation was higher at 30'C.

Fig. 2 represents the growth curve of R\; in
the chick amnion which reached a peak after
6 days incubation. Exp. I was performed by
inoculating RV into eggs of the same age O
days old) and harvesting the amnions on dif-

FIGURE I

fetent days, and Exp. 2 by In octilating R\I into
eggs of different ages O to 10 days old) and
harvesting on the same da), (from 10 to 16 days
old eggs). The two experiments show similar
curves and there is no difference in the sensi-

tivity of eggs of different ages to RV.
The virus titers given in Fig. 2 are those at

the 1st passage level in developing clTick
embryos. They gradually decreased through
the 2nd and 3rd passages and disappeared
completely during the 4tlT passage. The same
results were obtained \\, it IT a different strain,
1.1atsuura, and substrains at different passage
levels in Glv, H< cells.
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FUGURE 2 Gro\^tl\ of Rubella Virus in Chicl< Am-
nion at 30'C

The Kashihara strain \\. as used at the 6th GA, IK
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The chick embryo adapted strain could be
obtained by the passage method shown in
Fig. 3. The Matsuura strain at the 13th
passage in GNU< cells was cultivated once in
GMK cells after 2 passages in developing chick
embryos. In the subsequent serial passages in
chicl< amnion, the \, Irus titer was maintained
constant. \!irus titers varied from 0.5 to 2.67

log InD-, 10.1 inI throughout these passages.
The interfering agent was confirmed at intervals
of 2 or 3 passages to be R\; by NT with hyp-
Grimmtine rabbit serum.

Passage No

( 3.67)

( =2.50)

( 050)

E2GMKi ( 3.33)E2GMKi 3.33

( 2.33 )

( 2.67 )

( 1.0)

( 1.50)

( 1.33)

( 1.33)

( 0.75)

( 2.25 )

( 1.50)

FIGURE 3 Serial Passage of R\! A1atsuura Strain in
Developing Chicl< Embryos at 32'C

GNki3

Ei

E2

2. reinperntu, .e senszhbio, of Mr6
Two experiments were performed to inves-

tigate the temperature sensitivity of the vaccine
strain I\IE6. As controls Baylor strain adapted
to BHK cells and AT4 which seemed coinpar-
atIvely near to the wild type strain were used.
The results of the thermostability test at 50'C
are shown in Fig. 4. Contrary to expectation,
the Baylor straiiT was the most sensitive fol-
lowed by ME6. These two strains were ob~
viously different from A{4. The second
experiment was on growth rate in Gi\IK cells

No clear differencesat various temperatures.
between the three strains were seen. The

Baylor strain seems to be able to multiply at a
relatively wide range of temperatures.Virus Titer (log In050/0.1ml)
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FIGURE 4 Thermostability Test at 50'C

3. 1710c"kiti'o11 of oarciize $11'dins Into cy, 10-
"101gws 7110/1keys

It was confirmed by the Hl method that the
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monkeys purchased 2 \\, eeks previously ITad no
antibody, for rubella. The general conditions
of the monkeys \\, ere observed daily after in-
oculation, but the^ showed no particular signs
such as exanthema, enanthema, or catarrh.
No specific febrile curve could be obtained by
rectal thermal examination. However, they
showed good antibody responses to botlT ATE6
and MEll (Fig^. 5 and 6). In th. group
inoculated with ME6 botlT the Hl and NT

titers \\, ere found to have risen on the 11th day
after Inoculation, and in the group inoculated
with I\TETl one monkey, showed an Hl anti-
body responses on the lotlt day, and all of the
monkeys showed botlt Hl and NT responses
on the 13tl\ day.

Both antibody, titers were maximal on the
21st day, then decreased rather abruptly to tlIe

28th day, and subsequently remained steady
until at least the 8tlT week. There \\, ere almost

no differences between the responses of Hl
and NT. In the group inoculated witlt I\IE6
the antibody titers began to rise earlier and
reached ITigher levels but decreased more
rapidly than in the group inoculated with
IVIEll. There \\, as no difference in the titers

in the 7th to 8th \\, eek.

The virus recovery from the monkeys is
summarized in Table I. Some virus was

secreted in the throat on the 8th d^, in 2 mon-
keys inoculated with A, IE6 and on the 10th day
in one inoculated witl\ ^, IEll. The reisola-

tion materials became interference positive
from the 1st passage o1T in the ALE6 group and
from 2nd passage on in the IVIETl group.
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FIGURE 5 Hl and NT Antibody Responses in Cvnomolgus NIOnl<e}. s Inoculated witlT \'accine Strain A1E6.
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DISCUSSION

successfulThere ITave been no reports on

cultivation of R\I in developing chick embryos.
FucciLLo at a1. (1967) reported that some
strains of R\; could multiply in chicl< embryo
tissue culttire cells but not in chicken eggs
and showed only occasional growth. \\;e also
observed that plain passage \\, ithout dilution
of various substrains was unsuccessful and

their titers were lost completely after the 3rd
or 4tlt passage. But it was possible to adapt
R\' to developing chick embryos by one passage
in GNU< cells after two chickpassages in

embryos (Fig. 3). 11 seems probable that the
affinity of the substrains for developing chick
embryos were intensified in GNU< cells. The
reasoiT \\, hy a 10\\, temperature is better initially
is unkno\\, n. But after the 6th passage in

chick embryos (i. e. :VIE6), the optimum tern-
perature changed giving 12510g In05njO. I inI
at 30'C and 2.0 log InD, olO. I inI at 35'C, and
the difference in the titers at the two tempcra-
tures became less than originally.

The localization of RV in developing chick
embryos has not yet been investigated.

It is also not known what kinds of association

there are between the difference in temperature
sensitivity in vitro (Fig. 4) and the virulence in
vivo, namely the grade of attenuation.

\\;hen monkeys were inoculated \\, ith 0.5 inI
of either ATE6 or MEll at the virus titers of

2.75 and 2.0 log InD, ,10. I inI, respectively,
good antibody responses were evoked. The
relation between the 50% interference dosis
in vitro and the 507, infectious dosis of monkeys
should be examined. The antibody, titers of
the monkeys to both A, IE6 and ATEll (Figs.
5 and 6) \\, ere highest in the 3rd \\, eek after

inoculation, theIT decreased rapidly for I \\, eek,
and subsequently remained at quite I\Igh levels.
The rapid decrease was clearer in the group
inoculated \\, ith ATE6 than in that inoculated

witlT !\IEll, but there were almost no differ-
ences in the titers in the two groups after about
2 months. This may have some relation \\, ith
the decrease in Iglv'I (immunoglobulin A, I)
antibodies. This should be examined by
another method, together with the trends of
antibody titers after re-inoculation.

As \\, ith other live \, accines, the occurrence
of virus shedding from the vaccinee is not
desirable, especially in the case of live rubella
vaccine, when there is a possibility of contact
Infection of pregnant women. To test this
possibility \\, ith rubella virus, recovery, tests
were made on throat swabs of the monkeys
(Table I). The results show that there is
some virus excretion from both groups and the
possibility of contact infection. However, in
the group infected with MEll at a 111gher
passage there \\, as a tendency, toward a delay
in the day of onset of virus shedding and in the

number at whicll virusGNU< cell passage

recovery was detected. Therefore these pro-
blems \\, ill be overcome by further passage in
developing chick embryos.
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