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UMMARY  Further attenuation of live measles vaccine virus was achieved by adap-
S tation of measles virus to the choriallantoic membrane of chick embryo. A good
antibody response was observed in all children vaccinated with this virus. About
half the children vaccinated showed no clinical reactions.

INTRODUCTION

Live, attenuated measles vaccine of the Toyo-
shima strain adapted to the amniotic membrane
of chick embryos is not widely used because it
causes vaccination measles, with fever in espe-
cially high frequency (Okuno et al., 1960;
The Japanese Committee for the Study of
Measles Vaccine, 1963). Accrodingly this
measles was modified by the KL method
(Okuno et al.,, 1965a, 1965b; The Japanese
Committee for the Study of Measles Vaccine,
1965; Ueda et al., 1966). Killed measles

1. A summary of these results was reported at the
16th Annual Meeting of the Japanese Virologists
in Fukuoka, October, 1968.

vaccine (K) and live measles vaccine (L) were
licenced in 1966 in Japan. Children re-
ceiving KL showed good persistence of im-
munity against measles (Ueda et al,, 1969).

Studies were made on the possibility of using
live measles vaccine alone. Taniguchi and his
associates prepared live measles vaccine from
the chorioallantoic membrane of chick embroys
(CAM) and tested it in healthy children.
The clinical reactions of these children were
mild or undetectable, but the quantiation of
the vaccine virus was difficult (Taniguchi et al.,
1956).

This paper presents results on the adaptation
of measles virus to CAM and on the clinical
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use of the CAM adapted strain.

MATERIALS AND METHODS

1. Measles Virus
1) Toyoshima strain

Toyoshima strain isolated by Dr. K. Toyoshima
(1959) was adapted to the amniotic membrane of
chick embryos (Am) and was attenuated by 90 pas-
sages in Am.

2) Tanabe strain

Tanabe strain isolated by Dr. M. Mutai (Research
Institute of Yakult, Inc.) using primary monkey
kidney (MK) cell cultures was subjected to 3 passages
in MK cell cultures, 8 passages in primary human
embryonic kidney cell cultures and 90 passages in
Am.

Small scale clinical test on the Am-adapted Tanabe
strain revealed that clinical reactions and antibody
responses of children vaccinated with it were similar
to those caused with the Am-adapted Toyoshima
strain (unpublished data).

2. CAM

Seven-day old CAM in an artificial air sack was
used for propagation of attenuated measles virus.
Chick eggs free from avian leucosis virus were im-
ported from the Kimber Farm, USA.

3. Preparation of Test Vaccine

CAM was inoculated with 0.2 ml of the Toyo-
shima strain or Tanabe strain (10%% TCID5,/0.1 ml,
each). It was then incubated for 5 to 7 days at 36 C
and harvested and a 209, homogenate was made with
phosphate buffered saline. The supernatant fluid
obtained by low speed centrifugation of the homo-
genate was clarified by treatment with activated
charcoal. The clarified fluid was mixed with stabi-
lizer and antibiotics and was stored at —70 C. Be-
fore use as vaccine, the safety, identity, potency and
other qualities of the fluid were checked following
the national regulations on live measles vaccine.

4, Cells

Established human amnion (FL) cells were used
for titration of virus and neutralizing antibody.

5. Vaccination

Healthy children living at home with no history
of measles were vaccinated by inhalation of vaccine
for one min using a routine type compressor with a
specially devised nebulizer.
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6. Collection of Clinical Data

Parents were given a clinical questionnaire on the
day of vaccination and were asked to take the axillary
temperature one to four times daily (at 8, 13, 18 and
22 o’clock when their children had a fever) for 3
weeks. They were also asked to record other clinical
observations.

7. Serological Test

Blood specimens were taken from vaccinated
children on the day of vaccination and 4 weeks later.
The paired sera were tested simultaneously by the
overnight neutralization test (Toyoshima et al., 1965).
Children who were initially seropositive (with a
neutralizing antibody titer of over 2%) were not in-
cluded in the survey.

RESULTS

1. Adaptation of Toyoshima Strain to CAM

Studies were made on the possibility of
adapting the Toyoshima strain of attenuated
measles virus to CAM. The virus titers on
serial passages in CAM and antibody responses
of children receiving the strain passaged in
CAM are shown in Fig. 1. The virus titers
were 102:3 TCID,,/0.1 mlin the first 4 passages.
Then the titer dropped to 1015 TCID;,/0.1 mi
in the fifth passage and no cytopathogenic effect
of measles virus was detectable in FL cells after
the sixth passage.

Clinical tests on the strain after those or more
passages in CAM were made on groups of 5 to
10 children. With virus in the fifth passage
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Ficure 1. Virus titers of Toyoshima strain during
passages in CAM and the seroconversion rate of children
receiving Toyoshima strain passaged in CAM.
® ® uvirus titer in TCID 5/0.7 ml (logio)
O O percent seroconversion rate




the clinical reactions were milder than those due
to Am-adapted Toyoshima strain. No virus
was detected in FL cells after the sixth passage
but clinical tests were continued to the ninth
passage because CAM became edematous after
inoculation of measles virus. Using virus in
the seventh passage about half the children
vaccinated showed neither symptoms nor an
antibody response. With virus in the ninth
passage no children showed any response.

2. Adaptation of Tanabe Strain to CAM

Adaptation of Am-adapted Toyoshima strain
to CAM was not achieved, so Am-adapted, at-
tenuated Tanabe strain was used instead. The
virus titers on serial passages in CAM are shown
in Fig. 2. Virus titers were low in the first few
passages as with the Toyoshima strain.

After the sixth passage in CAM, the virus
harvested from CAM was back-inoculated into
the amniotic cavity of chick embroys. The
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virus was harvested from Am and again ino-
culated onto CAM, but the virus titer dropped
to 10985 TCID,/0.1 ml. So, virus in the
seventh passage in CAM was again back-
inoculated into the amniotic cavity. After the
second back-inoculation into the amniotic
cavity, the virus titers became higher than those
before back-inoculation into the amniotic
cavity. 'The third back-inoculation into the
amniotic cavity was done between the eleventh
and twelfth passage in CAM. 'The virus titers,
which had increased on back-inoculation into
the amniotic cavity, decreased during serial
passages in CAM till the twenty-third passage.
After the twenty-fourth passage the virus titers
became stable at the high value of about
1045 TCID,,/0.1 ml.

Two test vaccines were prepared with virus
in the fifteenth and thirty-second passages,
respectively, in CAM.

1 6 7 8 11 12
Am  Am Am

2324 32
Passage No. in CAM

Ficure 2. Virus titers of Tanabe strain during passages in CAM. Virus titer, expressed in TCIDy,[0.1 ml (logy).
Am, back-inoculation of CAM passaged virus into the amniotic cavity.
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3. Clinical Tests with Tanabe Strain in the
15th passage in CAM (CAM 19)

Vaccination was carried out in March, 1968.

1) Antibody response

The antibody responses of 11 of the 25
seronegative children were tested using paird
sera. 'The seroconversion rate was 11/11
(100%,). The neutralizing antibody titers
ranged between 275 and 2195, The geometric
mean antibody titer was 297,

2) Clinical reactions

The main clinical reactions due to the test
vaccine were a febrile reaction and rash.
Malaise and loss of appetite were observed in
children with high fever, but these symptoms
were in general mild. Catarrh symptoms were
negligible.

As shown in Table 1, all the children de-
veloped a fever of over 37.5C, but only 6 of the
25 children (24.09%,) had a fever of over 39.5C,
The mean incubation period was 8.9 days.
The mean maximal temperature of the children
with fever was 38.8C and the mean duration of
fever was 2.6 days. A mild rash was observed
in 10 of the 25 children (40.0%).

TasLE 1. Incidence of fever after vaccination
with CAM 15

telr\nd;:;izlre cllfi(l)('irzi %
>39.5 6 24.0
38.5-39.4 9 36.0
37.5-38.4 10 40.0
<37.4 0 0
Total 25 100

4, Clinical Test with Tanabe Strain in the
32nd passage in CAM (CAM 32)
Vaccination was carried out in July, 1968.
1) Antibody response
The antibody responses of 14 of the 17
seronegative children were tested using paired
sera. Seroconversion was observed in all the
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children. Their neutralizing antibody titers
ranged between 285 and 2!%5 and the geo-
metric mean titer was 284,

2) Clinical reactions

Results on development of a febrile reaction
are shown in Table 2. Nine of the 17 children
(52.9%) had no fever. Only 2 of the 17
children (11.89%) had a fever of over 39.5C.
The mean incubation period was 9.7 days.
The mean maximal temperature of the children
with fever was 38.6C and the mean duration of
the fever was 2.2 days. No children developed
a rash.

TaBLE 2. Incidence of fever after vaccination
with CAM 32

Maximal

temperature ciIi?c'{r(::i %
>39.5 2 11.8
38.5-39.4 4 23.6
37.5-38.4 2 11.8
<37.4 9 52.9
Total 17 100
DISCUSSION

Further attenuation of live, attenuated measles
vaccine virus has been achieved in other
countries (Schwarz, 1964; Smorodintsev et
al., 1965; Chumakov, 1967 ; Hilleman et al,,
1968). In Japan, Taniguchi et al. (1956)
observed much milder clinical reactions than
normal when they inoculated children with
live measles virus cultured in the chorioallantoic
cavity of chick embroys. However, unfor-
tunately the virus disappeared during serial
passages in the choricallantoic cavity.

We first used the method of Taniguchi et al.
in attempts to achieve further attenuation of
the Toyoshima strain of attenuated measles
virus. But cultivation of the measles virus in
the chorioallantoic cavity of chick embryos was
not achieved. Then, we attempted to ino-
culate measles virus directly onto the chorio-



allantoic membrane in an artificial air sack.
As described in the text, the T'oyoshima strain
of measles virus disappeared after the sixth
passage in CAM, though clinical reactions due
to the test vaccine in the fifth passage in CAM
were milder than those due to the original
Am-adapted vaccine.

On changing from the Toyoshima strain to
the Tanabe strain, we were able to continue
passage of measles virus in CAM. Back-
inoculation of the virus into the amniotic cavity
of chick embryos seemed to improve the cul-
tivation of the virus in CAM.

As shown in the text, the virus titers in CAM
became stable at a high level after the twenty-
fourth passage in CAM. This suggests that the
virus became completely adapted to CAM
after the twenty-fourth passage. From com-
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