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Studies on the Prophylaxis of Measles with Attenuated
Living Virus

111. Inoculation Tests in Man and Monkey with Chick
Embryo Passage Measles Virus

YosHioMi OKUNo, MICHIAKI TAKAHASHi, 1<UMAO TOYosHiMA, TOMOYosHi ,*
YAMAMURA, To SHIJi SUGAi, KANZEN NAKAMURA AND NOBUHARU KUNITA

Department of Virology, The Research 171$titt, te for Microbia!
Di$ease3, 03aka Uniterfity

(Receiued for publication, March 26, 1960)

SUMMARY

Intranasal inoculation of children with first generation chorioallantoic passa e measles
virus resulted in the occurrence of "vaccination measles" in about 1.4 of the cases. A
marked rise in antibody titer was found in these children. \\'ith virus of the second or
later generations, ' vaccination measles" was not observed, but there was a rise in antibod

These cases were immune against natural infectiontiter In some cases

In vaccination experiments on monkeys with the second generation chorioallantois passaged
virus by the inhalation and injection methods, a remarkable rise of antibod titer was observed
without any clinical manlIestation. Similar results were obtained with serialIy amnion
passed measles virus.

INTRODUCTION

Inoculation tests in man and monkey with chick embryo passaged measles
virus have been reported by Rake at a!. <1940-+3) and in our pievious paper
(1956). A reduction in virulence has been noted on chicl< embryo passaaed virus
and there was no danger of a typical infection on inoculation. Immunity against
challenging and natural infection has also been observed and it has been suggested
that prophylaxis of measles might be possible with living chick embryo passaged
virus. Rake at al. , however, obtained no constant positive results due to lack of
a method for evaluation of propagation of the virus in the chick embryo, and
their study was not carried to completion. A method of evaluation by interference
diagnosis was developed by the authors, but a virus of constant titer could not
be maintained because of the difficulty in isolation measles virus directl with the
chick embryo, and prolonged sellal passage and prophy!axis with chick embryo
material has not been entirely satisfactory.

A measles virus has been obtained by tissue culture, and chick embryo pas-
saged virus has readily become available. The first tests were conducted with
this living virus in man and in monkey by intranasal inoculation, and clinical
response and antibody formation were investigated. Virus passed throuuh the
chorioallantoic route more than twice no longer showed cytopathogenicity \\, hen
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back-in DCulatcd in FL cell tissue culture. This observation substantiated the
marked reduction in virulence towards man and monkey. However the capacity
of conferring immunity was retained. Inoculation of man with first passage virus
resulted in the appearance of some OF the symptoms of measles, that was the
so-called '\accination measles" in some of the cases and a marked increase in
antibody was observed.

By the method of intranasal insulation, the rise in antibody was irregular,
and by analogy with live influenza virus vaccine, with \\, hich a regular rise in
antibody was obtained by the intranasal inhalation method <0kuno and Naka-
inura, to be published), this inhalation method was used in monkeys. Although
the number of case was few, uniform results were obtained.

OKUNO F, T AL

I. I. fe"$1e$ airtt$ cum"ated in the CAOrzoa!!"it!o1c c"uzty

As described in the preceding paper, culture fluid of FL cells containing about -'
TclD. " Edmonston or Toyoshima strains of measles virtis was inoc111ated in the chorioa -
Iantoic cavity of 7 day embryonated eggs. Af rer 7 days incubation, the chorioa antoic
membranes and fluids were harvested, homogenized and centrifuged and the super natant was
used as the first egg chorioallantois passage itlateriai (ECL).

This material produced cytopathic changes in FL cell cultures during a prolonged obser-
vation period of 14 days and the presence of virus material was further confirmed by our
interference diagnosis method.

0.2 inI ajiquots of ECL were successively inoculated in the chorioallantoic cavity of 7
day developing chick embryos. Suspensions of chorioallantoic membrane and fluid were it e-
wise made and the supernatants were used as the second egg passage material (EA, ).

The third egg passage material was prepared in the same manner (EA*). After a
second passa, 'e, virus material exhibited no cytopathic effects when back-inoculatcd in FL
cells, and the presence of the measles agent was verified in every material by the inter-
ICrenCe test

2. Meds!e$ aji, ,r cult!, ated in the amniotic c@Dines of embryo7, ated chick eggs

The Toyoshima and Edmonston strains of measles vlrus have been serlally cultivated
in the amniotic cavities of 7 day developing chick embryos for many generations. The
virus material used lot passage consisted of a suspension of the amniotic membrane and fluid.
These materials invariably presented definite cytopathogenic effects in each generation, and
the interference tests were also positive in each case. The 16t!T passage of the Toyoshima
strain ( EA, "-Toyoshima) was employed for monkey. experiments

3. Complement fixation te$t
The details of theTests were carried out by a modification of KOImer s method

technique was just the same as described in our previous paper (Toyoshima at a!. 1959)

MATERIALS AND A, IETHODS

RESULTS

I. Vaccination exile}'nitent$ on childitn will! In egg cho?'ioallttn!of$ IaJ5age t, 1711$
19 children from various areas who had no history or measles were inoculated

intranasally, each with 0.5 in I of ECT-Edmonston.
5 cases became feverish about 7 days after inoculation with temperatures of

37'C to over 39'C. This was followed by the appearance of a few exanthems on



INOCULATION WITH MEASLES VIRUS IN 1.1AN MONKEYAND

the face. Howevcr their development on the body was ITardly seen. No catahrr
symptoms, such as a cough or discharge from the eyes \\. ere noticed and
Koplik neck \\, as ever seen. Taken together, these symptoms were presumed to
be similar to a mild clinical manifestation of measles, and \\, e designated them
as "vaccination measles". One other child showed only a transient slight fever,
and the other 13 cases presented no apparent symptoms. About one month after
Inoculation, blood samples were taken and the sera \\. ere tested for. complement
fixation antibodies.

The results are slimmarised in Table I. Children who developed any of the
symptoms described above, showed without exception a great increase in antibody
titer, and it was noteworthy that in 2 cases, in whom no clinical symptoms \\, ere
observed, a considerable rise or titer was also demonstrated. These antibody titers
were coinparable to those of thc children demonstrated in ou^ previous report
who recovered from a natural infection or measles (Toyoshima at a/. 1959).

Table I. Result of Infranasal Vaccination on Children with the First Generotion

Egg Chorioallanfois Passage Measles Virus of Edmonsfon Strain

In iliol

of

child

is

T. Y

S. N

H

K. K

T. K

Y. Y

A

IF

H. K

T. K

K. Y

M. K

M. K

M. N

1.5

T. T

Y. N

H. O

Age
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Vaccination

3

4

5

5

4

5

6

6

2

3

?

2

4

3

no

measles' '

+

+

+

+

+

+?

Complement fixing antibody

Before
vaccination

<4

<4

<4

<4

<4

<4

<4

<4

<4

<4

<4

<4

<4

<4

<4

<4

<4

<4

32

I month after
vaccination

+?

256

256

256

256

256

32

64

256

<4

<4

<4

<4

<4

<4

<4

<4

<4

<4

32

3

Uricerioin wheiher the clinical manifestations were due 10 vaccination

5
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Table 2. Comparison of Symptoms of "Vaccination

Measles" and Typical Measles

Symptoms

OKUNO ET AL.

Fever

Exanthem

: " Vaccination M eosles"

2. ,acci?kinoi! experiinen/J oil child?'811 run/I Ihe $8co"of and Ihii'd egg CAOi'ion!!an10ic
lidJfage 1111/1J

Vaccinations were made \\, ith the second and third chorioallantoic passage
virus <EC2-EC3-Edmonston). Blood samples \\, ere takeil immediately before and
one month after intranasal vaccination from 3 of the 6 children vaccinated, and

the antibody for measles virus \\, as titrated by the complement fixation test.
who have been vaccinatedThe blood of 3 or 8 children in another group

18ronchus; Eyel

Koplik fleck

Catarrh

19enerolly
\ moderate

An libody Response

, ( ,,., of, ) II ~ confined 10 face I
^-.--

Typical Measles

+

+

Table 3. Result of Infranasul VCccinofion on Children in a Welfare

Facility with second and third Generation Egg-Chorioollonfois
passed Measles Virus of Edmonston Strain

initial I VDCcinated I Clinical
of ! virus

symiomsmaterialchild

+

+

Y .M

M. 0.

T. T

S. M

IT

Y. I

S. M

+

+

EC=-Edmo"siC" I
,/

T .M.

I. K. I

,/

If

I EC, I-Edmonston

Complement fixing antibody '

,/

Immediately I hjI
before I

I vaccination I I

MY

s. s

Z. M

T. U

,/

,/

<4<4

<4

32<4

N. TN. T

N. T. N. T

N. T. N. T

If

If

,/

If

Voccinoied on July 18

infeclion with
measles which

prevailed about
30 days after

vaccination

F1

11

<4

<4

<4

N. T

N. T

N. T

N. T

N. T

+ 1311Vlll

+ 191Vllli

N. T

<4

<4

8

N. T

N. T

N. T

N. T

N. T

Not tested

+ 1111Vllll

+ 11 IVllll

+ 1181Vlll

+ 1181Vlll



INOCULATION \VITH MEASLES VIRUS IN 11.1AN

with EC3-Edmonston \\, as tested for antibody in the same \\, ay. \.\'bile in neithei'
group, symptoms atITibutable to vaccination were observed for more than one
month after inoculation, an increase in antibody titer \\, as detected in one case
In each group.

About 30 days after vaccination, a natural infection of measles took place in
that area. Out of 14 children who have been vaccinated, 6 developed measles
sho\\, ing typical symptoms. The other 8 children were relstant to the disease
irispite of frequent contact with infected children dunn, , the epidemic.

2 childi. en \\, ho sho\\, ed a positive antibody response by the serum test did not
develop measles, \\, hile 4 children in whom was observed presented
apparent symptoms.

3. ,acci?inito?! apei'jine"!r oil monko, r ruin! egg parJng, 111eaJl, J riniJ

4- pairs of ,,!!omo/gi{J monkeys \\, ere inoculated intranasally \\, ith second genera-
tion egg chorloallantois passed (EClmonston and Toyoshima strain) and
amnioil passed virus (EATJ mixed \\, ith EAT) and tissue culture fluid of Toyo-
shima strain vii. us rcspectively.

No monkeys sho\\ ed eithei. definite clinical manifest ions o1' changes in blood
cells.

The antibody response co measles vii'us was detcrmincd by thc complement
fixation test and it turnecl out that all the monkeys had a considerable titer cven
before inoculation and no decisive result was obtained.

In another experiment conducted later, the inhalation method, which had
been found to be superior to the intranasal instilation method in vaccination ex-
perlments \\, ith the Influenza virus, and the injection method were employed.
\ebulyzer was used for inhalation, by which about 0.1 inI of the material could
be gushed out in a minute.

30 ,, noriio!giff monkeys were tested for complement fixing antibody before use,
and 9 monkeys with no or little antibody were selected. 2 I>airs of monkeys, in
which no antibody for. measles was detected, were given the second genei'allon
chorioallantois passed virus (EC2-Toyoshima), one pair by the inhalation incthod
for' 5 min. and another pair. by intramuscular injection.

At the same time 5 other monkeys \\, ith a 10\\, complement fixing antibody
titer <4 x ) were vaccinated as follows. Second generation chorioallantois passed
virus (EC:2-Toyoshima) was given to 2 monkeys by inhalation and to I monkey by
injection. The remaining 2 monkeys were vaccinated with 16th generation amnion
passed <EAT"-Toyoshima) by inhalation and injection, I. espectively. All
monkeys were bled 16 days and I month after inoculation, and the antibody
response was examined by the complement fixing reaction.

Careful daily inspection of monkeys revealed no sign of illness for I month
after vaccination, and no decrease of appetite or body weight was observed
throughout the experimental period. Serolooical examination, however, showed a
remarkable rise in antibody titer in almost all monkeys.

As high as 256 x of the complement fixing titer was observed in the first group
even 16 days after vaccination. and this high level lasted for further two weeks.

A\D

,

MONKEY

no Increase

virus

119

virus
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This antibody response was doubtless induced by vaccination because of the
time of its appearance' No difference was observed between the result of vaccina-
tion by inhalation and by injection.

In another group of 5 monkeys, in which an appreciable antibody reaction
was detected, the results were somewhat variable with the material and method
of vaccination. 2 monkeys vaccinated with EC2 by inhalation, exhibited a high
level of antibodv after I month, and a small increase was noted in I monkey
which received injection of the same material.

Amniotic virus material induced a strong antibody response following either
its inhalation or injection into monkeys.

OKUNO ET AL

Number

Table 4. Vaccination Experiments on Monkeys with Egg Passed Measles Virus

monkey I

Voccinoied

virus

material

I EQ~ I

Route of

vaccination

2

3

4

If

inhalation

5

,/

If

Clinical

symptoms

6

Intramuscular

injection

,/

7

,/

Serum test for coinplemeni fixing antibody

immediately ' 16 days
before ; offer

vaccination I vaccination

,/

:^

I inhalation

t, l

8

,,

,I

EAT 1'~
TOYoshima

9

DISCUSSION

it was previously reported that measles virus passed through chicl< embryos
via the -allantoic route has almost no pathogenicity towards man and results show-
ing increased resistance against natural infection have been o btained by prophylac-
tic inoculation with this virus (Taniguchi 4 a1. , 1956). The so-called 1< amahora
phenomenon <Kamahora at a1. , 1955), characteristic giant cell formation and appea-
rance of inclusion bodies, was not observed following inoculation of this virus into
monkeys. In the present experiments also, virus passed more than twice in the
chorioallantois, no longer showed pathogenicity against FL cells or HeLa cells,
and no clinical manifectation was observed when it was inoculated intranasally
or subcutaneously in man and monkeys. There was however a rise in antibody

Intramuscular I
injection !

<4

I inhalation

<4

11

<4

I Intramuscular
I injection

256 256

I I month
after

vaccinolio n

<4

256

4

256

4

256

256

4

128

128

32

4

128

32

4

128

256

128

512

32

128

512
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titer and it is conceivable that the patho, ,enicitv was altered while the infectivity
and antigenicity \\'erc letained by chicl< embryo <chorioallantoic) culture or the
measles virus.

First - passage virus, -however, induced the so- called "vaccination measles' ' and
was not suited for use as a vaccine. A rise in antibody titer \\ith occurrencc of
"vaccination measles" was similar to that seen in natural infection and it is accord-

ingly supposed that a considerably solid immunity is produced. In vie\\, of the
side effects, however. it \\, as thouuht that material from the the second or later
chicl< embryo passage \vas better suited 101' prcparation or the vaccine. Onc defect
was, however, round 111 the vaccination experiment on children with these virus
materials. This was that not all cases showed an adequate rise in antibody after
inti. ariasal vaccination. Since a consistent effect can bc obtained by Intranasal
inhalation of living Influenza virus vaccine, it \\, as presumed that similar results
could be obtained with living attenuated measles vaccine if this method of inocula-
tion \\, as used. The effect or this vaccine was examined in monkeys, but the
results of the first experiment were indecisive as it \\, as found that all the first
8 animals used had high complement fixing antibody levels pi. ion. to vaccination.
Tests were then conducted in another group or 30 monkeys. The antibody level
was examined before vaccination in these animals and 9 monkeys with eithcr no
or' very 10\\, antibody level \\. ere selected. 1.1ving measles virus passed twice or
more developing chicl< embryo \\, as inoculated into 4 monkeys witll no antibody
by Inhalation or by Intramuscular injection and a marked risc in antibody titer
was observed without any clinical manifestations.

Although standardization of the quantity and quality of the virus and the
stora, 'e or the vaccine must be studied, it is believed that prophylaxis of me asle
might be possible by inhalation of living measles virus cultivatcd in the chick
embryos.

AND A, 10NKEY
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