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BIKEi. ;'s JouR\AL 3,293,300 (1960)

Studies on the Prophylaxis of Measles
with Attenuated Living Virus

IV. inoculation Tests in Children with Chick Embryo
Passage Measles Virus in 1960

YosHioXII OKUNo. To SHUI SUGAi, KUAiAO TOYosHiMA, NIICHiAKi TAKAHASHi,
TOMovOSHi YAMAMURA, SETCHiRO HATA, TAKASHi NilKi, KANZEN NAKAMDRA,

SHIGEHARU UEDA AND NOBUHARU KUNITA

Considci'ably Iargc scalc ficltl trials in an isolatecl \. illagc and a grouji of apariiiTcni 110uses were
can'iccl out with our egg-passagcd n. easlcs \, Irus. The inhalation 11tethocl was enlploycd Ihrougl, out.

Second and later gencraiioiT chorioallantoic passagcd \, Irus causccl no signs of illness, but ITo tini-
form antibody response was obtained. FLITthern, ore 11tc r'sult variecl markcdly lionl batclt to batch of
virus prepai'allon.

01t the contrary, modified measles virus obtaincd by passagc in the choi'ioalIanioic cavity after 26
scrial passages in the amniotic cavity producecl a higll level or measles antibody in nearly all Ihc \, ac-
cmaiccl children. \Iaccinaiioit, howc\. er, \\. as followcd by clinical responscs, that is "vaccination me as-
I'S, " as we reported previously. The symptoms or "vaccination measles" \\, ere a considci'ably high
fever ancl ^ash, but willT no symptoms of calahrr or Koplik spots, and the s} ntptoms were nTilder than
111OSc of typical me aslcs.

D, naniiie, !! of Firo/rig ,, Tile Refear, /I 111J!1/11/'10,
Allcrohia! DJ'J, aJ", Of aka Uni"er$10, , Of aka

(R, t, I",,//or 1116/1tn!1011, Ab, ember 30,1960)

Our previous papa. (Okuno at a/., 1960c) reported on inoculation tests in man
and monkeys with chick embryo passaged measles virus

The first generation of chorioallantois passaged virus material represented so-
called "vaccination measles " in some or the inoculated children witlT remarkable

antibody response
On the contrary, Ilo clinical symptoms were o1)served with second or later gener-

atioll virus material, IJeing followed IJy poor antiliody response.
TIT Inonkeys, I'DtlT the second chorioallantois passaged and 26th amniotic pas-

saged measles virus preparations elicited remarkable antibody responses without ap-
precial)Ie clinical manifestations when administered in a large dose by the inhalation
or the injection method.

Consequently in the present study, larger scale field trials were carried out with
chorioallantoic passaoed and Inodined amniotic passaged measles virus preparations.
\, Vhen a definite dose of modified amniotic passaged virus was givei} to children by
the inhalation method, nearly all children showed symptoms of "vaccination measles, "
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as reported in our previous paper (Okuno at a/., 1960c), and these were rollo\\, ed with-
out exception by a sti'orig antibody response.

A{ATERIALS A\D METHODS

I. Alerts!e$ "11'11J pusJ"ged in Ihe amniotic ce, ib, and ,11bJeq!, e"!b, in Ih, and"!oic cariO'

As CICSci'ibed in the previous paper (Okuno at a!., 1960b), the Toyoshima strain of riteasles \, irus
was CLIltivated serialIy in the amniotic ca\, 11y.

innoduction or passaged \, Irus material from each geneiationinio tissue cultures of FL cells, re-
SUIted in typical cvtopatltic cltanges indicati\, e of multiplication of the measles \, Irus. InfectivLty tilta-
tion or passaged virus was occasionally made using FL cells and a titer or 10~410.2 inI TclDso was
consistently obtained.

After the 26th passage, a new collateral serial cultivation in the chorioallantoic cavity \\. as also
attempted. In this passage, both the amniotic and chorioallantoic membrane were hat\, ested and
mixed with chorioallantoic fluid. The mixture \\'as homogenized and centrifuged at 3,000 rpnt for 15
minutes and the supemaiant was LISed for' serial passage. Tlle 6tlT generation thus chorioallantoic pas-
saded measles virus was used in the field tiial

\'irus derived from this new passage line also sho\\ed definite cyLopathic effects on FL cells, and
a titer of 10~4, '0.2 inI TclDso was obtained in occasional titrations.

The interference with mumps \ irus was also testecl in the allantoic cavity or chick embryos and
POSiti\'e I'esLilts \\'ere consistently obtained.

2. Af2a3/e$ ,. iruJICJs@"ed in Ihe chort'Dana"tic taui{y

As described previously. riteasles \. irus of 'Toyoshima strain was passaged in the chorioallantoic
ca\. ity or 7 day' eogs. The infected chorioallanioic nTembiane-fluid mixtures \\. ei'e homogenized and
centrifuded at 3,000 rpnT for 15 minutes and the SLIPernatant was Lised for the passage. As the \'irus
material thus IJassaged was noncytopathogenic for tissue culture cells after the second generation,
strict quantitati\'e measurement of the \ iiLis dose \\ as dimculi. The second and third genei'at ion pas-
saged \'litis wei'e employed in the field trials

3. 5'116!','15/07 ,"cci""!ion

An isolated \'illage and a groLip or apartment houses in a city were clTosen for the heICl trial
Cltildren ha\'ing no history or riteasles recei\'ed \'a. :cination \\'ith their parents' consent. These

children \\'ere between 6 months and nTore than 12 \, ears of age. After \, accination, house-to-!toLise
checks by ph\'SICians weie nlade for I'eactions.

4. Alethod of a"cti, !ajio"

The inhalation ritethod was exclusl\. ely employed for vaccination. as it it ad been pro\, ed in \. accina-
tioiT expel'iruents \\'ith attenuated living influenza \iius (Okuno at a!., 1960a) that this method was
simple and ga\. e a more tinifbrnt antibody I'esponse than the instillation method. In practice, the \'irus
suspension \\'as spray'ed out or a nebLilizer fitted with a compressor' at a speed or approximately O. I
inI per ntinute. The childieii bleatlTed this for a definite lime.

5. Se, o10gita! exami"all'on

Blood \\'as collected immediately after and one montl, after \, accination, and pairs of setuiiT were
tested by tlTe following serologycal reacttons

I) The compel, 12ntfxa!ion 12Jl
The coinplenTent fixation test was carried out as desci'Ibed previously (Toyoshima at a!., 1960)
jj) The net!!ran. =aji0" I, $1
Tlle same \, OILiitte or two-fold sertal dilutions of in acti\'ated serum and diluted \. irLis solution con-
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MEASLES, FIELD TRIALS \\11TH EGG PASSAGED MEASl, ES VIRUS
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Table I. Serial cultivation of measles virus in the amniotic and chorioollon*oic cavities
of embryonaled eggs.
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laining appioxiinatcly 100 TclD, " \VCre mixed and Incubated Tm' 1110ur at 1'00m tempcraiure. Tlte
mixttirc was intiodLiceclinto F1, cell CLIliurc and Ihc final reading for c\. topailiic chang" was madc
o11 Ihe 14th day

RESULTS

I. I'heri!1,110i! ,XIieii'men/$ on rhi!dini willI 211d o1' 31'd egg fitoi'loannn/off pus5nged '11/1J

Vaccination was carried out in an isolated villaoe where no epidemic or endemic
of Ineasles had occurred during the past re\\, years' 937 children \\, ere vaccinated
with the 2nd or 3rd egg chorioallantois I, assaged measles virus I)y tl}c inhalation
metllod Ibr 20 to 120 seconds. Sera or 166 childreiT \-\, ere examined for. the coinple-
merit fixation reaction, and unexpectedly 80 samples PIOved to ITavc measles antibody
(>4) prior to vaccination. Details of the epidemiolo. ical stucly \-\, ill IJe pulJlislTed in
this journal later. Or the cases having Ilo complement fixatioil antibody, 51 serum
specimens were collected I month alter vaccination and examined.

Thrce different natches of \, irus \\. ere employed Ibr vaccination. 'The first I, atch
\\, as the same that was LISed iiT the experiments on monkeys (Okuno ,/ ti!., 1960c),
and the other was produced later.

None of the children vaccinated sho\\ ed any clinical s\, inptoms witlT any virus
preparation.

Table 2. VCccination of Children with Chorioallon, Dig Passaged Measles Virus of Toyoshimo
Sir. i" (I"h. 1.1ion Methodj

Virus Preporolion

Posscge GeneroiionSeries

,

2 rid

Inhalation
Time

iseconds!

11

Tclol

" Each Figure expresses the complement fixing antibody liter in e. ch case

As shown in TalJle 2, \\. itIT the first IJatclt of virus, 5 of the 9 childi. en sho\\'ed a
good antiood\, response. The result was ITot so good as that in nTonkc}, s reported pre-
viously, perhaps liecause of the shorter inhalation time Lised. The other IJatch o1 virus
material evoked a poor antilJody response, only 8 out of 58 children giving a positive
serum test \\, itIT 10\\, antil)ody titer

2 rid

20

Number of Cases giving
An libody Response

IC. F. Tiler. 1141

3 rd

20

40 ~ 120

5

18,6464.128.256"I

Total

20

40 ~120

5

4

1444/6"I
3

188.8"I

o

14'I

Number of Cases

not giving Antibody
Response

IC. F. Titer , :41

4

4

8

38

3

2

7

50



A. IEASLES, FIELD TRl. \LS \VITH EGG PASSAGED A1EASLES \JRUS

2. 1/@ccii!ajioii ruin! am"folic and $116req!!elf/b, choit'on!!'11/01cpaJJaued menr!e5 un IIJ

Virus material of the 6th generation of tl\e chorioallantoic )assaoe line derived
from the 26th generation of amniotic passaue virus \\. as employed for. \, accination of
22 children in a group of apartment I\ouses.

These children \\. ere net\\, een 7 months and + \, ears 9 months, the avera. e aoe
being one year nine months. Followino vaccination, all but t^. o children develo ed
fever after an incul>ation period of 6 to 11 da}, s. The ntaximum fever range was 37.5
to 40' C, and the n\ean of tlTe maximunt fever. was 39.1 ' C. The duration or rev r \ ,
I to 6 days, the mean IJeing 2.8 da}, s.

A raslT was observed in 8 of the 19 children who had fever. This develo ed on
the face 2 or 3 days after the onset of fever, and later the trunks and extremities \, r

Table 3. Clinical Response in 22 Children Voccinoied with Modified Amniotic Possa ed M I
Virus.

Toyoshimo
Strain
71h FL

Possoge
--.-^----- -----

No. of
Children

Voccinoled

22 19

Chick egg

-, 26 Ih Amnio!IC -, 6Ih

Fossag e

No. of Child
with

"Vaccination
measles ' '

Mean doy
of

On sei of Fever
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87

Chick egg
Allanioic Passage

containing amniotic
me in bra n e

Table 4

Range o1

Fever

Mean

Age

37.5 ~ 40'C

Antibody Respcnse in Children Voccinoted with Modified Amniotic Passu e M I
Virus of Toycshima Strain

(6Ih o110ntoic passage of rer 26 Ih amniotic passage : inhalation methodj

Antibody Response

Neulr. Iizoiion
Titer

before offer

<4 8

<4 16

<4 16

<4 32

14 8

<4 128

<4 8

Age
CF. Titer

Iyrs. ! before o11er

I. 2%g <4 16L2

<4 64

I%2 I3 ,4 64

4. I 3912 <4 128

IV12 I
5 <4 8

' 1'126 <4 256

I%e I7 14 8

' %2

Iyrs. I

Case

Range of
Age

Iyrs. I

7'12 ~ 4 %2

Men n

Maximum of
Fever

-+

Children

Iby In hulaiionl

39.1'C

Range of
Duraiion of

Fev er

Idoysl

I~6

Id. us I I
6~11

2.8 I

Incubation
Period

Ave rag e
Duration of

Fever

Idoys!

Clinical

Signs

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

. .
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involved. The extent and number of these rashes, ITowever, was less titan JIT typica
measles. None of the vaccinated children showed catahrr symptoms, suclT as coughs
or hyper amia in the conjunctiva. NO Koplik spots were detected in children \\, ho
developed clinical symptoms. 7 pairs of serum specimens were tested I, y t re coinp e-
merit fixation and neutralization reactions. As shown in Table 4, an increase in anti-
body titer was observed in all cases by botlT serological tests.

DISCUSSION

In Qin' previous vaccination experiments, the first generation chorloa antois
passaged measles virus of Edmonston straii) was employed I, y the nasal insti ation
method and it was reported that some of the cases showed so-called vaccination
measles " the symptoms of which were considerably Inilder than those of t\, pica
measles. TIT the present study, virus material derived from 6th chorioallantois pas-
saoed measles virus of Toyoshima strain after 26 amniotic passages was tested I>y
the inhalation method. "Vaccination measles \\, ere observed in most cases with good
antibody response. The clinical signs and symptoms observed in the two experiments
were quite similar, no catahrr symptoms or FLOPlik spots being observed. Amerlcan
and Russian workers (Enders at a1. , 1960; Katz at a1. , 1960 a, b; Kernpe at o1. , 1960;
Black at a!., 1960; Lepo\v at o1. , 1960; Krugman at a/., 1960; Haggerty at a/., 1960;
Schwarz at a!., 1960; Hoekenga at a1. , 1960; DoIgin at a!., 1960; Sinorodintsev at a{.,
1960) recently reported that their attenuated vaccine preparation caused mild me a-
SIes-like symptoms in nearly all vacdnated children. These appeared to be similar to
our "vacdnation measles. " From these experiments, it was proved that measles virus
could be attenuated to some extent.

There seems to be no fear of contact infectioiT witlT our vaccination measles
or. of back-mutation of attenuated virus to the virulent type I, y passage through sus-
ceptil, Ie children. This can be assumed from the following evidences.

I) In the densely populated area \\, here the vaccination experiments were per-
formed, ITeither typical measles nor "vaccination nTeasles occured in non-vaccinate
subjects following vaccination.

Ii) In one family no sibling contact infection was observed. Although one child
who received vaccination represented "vaccination measles, another unvaccinate
child in the same family was quite ITealthy and had no antibody response.

in) Though the evidence is scanty, no measles virus could be isolated from t e
throat washing of 2 subjects \-\, ho represented "vaccination measles.

In contrast to the low occurrence of "vaccination measles in previous vaccina-

lion experiments (about one fourth of the cases) , it is striking that, in the present
study, nearly all the vaccinated children represented "vaccination measles. ' This
in 10ht be due, in some way, to a difference in the virus titer, but more probably to
a difference in the method of inoculation. In the present study, the inhalation rather
than the instillation method was exclusively used as it had been shown to be superior

OKU\O ET AL



in vacanation experiments with attenuated influenza \, irus.
In experiments \\, lIh the second and later aeneration chorioallantoic passaoe

measles virus, clinical signs and illness were scarcely observed, and ILO uniform anti-
body response could be obtained. An irisumcient virus dose is considered to be one of
the causes for a poor antibody response. As the chorioallantoic passaged virus is ITot
cytopathogenic for. tissue culture cells, \\. e are not able to make an exact infectivity
titration, as reported in the previous paper

it is therefore still tincertain \\, he ther there is any essential difference in virulence
between chorioallantois passaged and amnion passaoed measles viruses.

A1EASLES, FIELD TRIJ\LS \\'ITH EGG PASSAGED \IEASLES \-JRUS
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