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STUDIES ON LIVE MUNIPS VIRUS VACCINE

111. EVALUATION OF NEWLY DEVELOPED LIVE MUMPS VIRUS
VACCINE

KOICHI YAlvlANISHT, MICHIAKI TAKAHASHl, TAKASHl
KURll\IURA, SHIGEHARU UEDA, YOSHllCHI AllNEKAWA,
TAKEO OGINO, NORIINIOTO SUZUKI, 1<01CHI BABA and
YOSHIOMI OKUNO

Department of Virolog>,, Researcl\ Institute for NIIcrohial Disetiscs, OS"1<:1 University, Yamada-
1<nmi, Suita, OSak"
(Recei*. ed A, 1.1^ 30,1970)

BIKE\ lock\AL \!o1.13,157-161,1970

uMMARY The Crabe strain of mumps virus \\, as serialIy passaged in the amniotic
cavity of chick embryos. Virus samples at the 4th, 6tli, 9tlT and 15th passage

levels, respectively \\'ere Lised in Inoculation tests in children. After vaccination no
clinical manifestations were observed and all inoculated childreit showed an antibody
response. The geometric mean neutralizing antibody titer to all the respective
vaccine viruses except 4tl, passage \, irus \\, as approximately 5.7, the latter bcing 22.6.
Thc \, Irus could not bc Tclsolatcd anti no contact infection from the vaccinees was
noted.

INTRODUC'TIO\

The preceding paper (Yamanishi at a1. , 1970),
reported the biological characteristics of a newly
isolated mumps virus strain (designated Urabe)
and results of inoculation tests on cynomolgus
monkeys with it. Monkeys injected with
this mumps virus showed a good antibody

and no clinical reactions. Thisresponse

Crabe strain \\, as serialIy passaged in the am-
niotic cavity of developing chick embryos and
prepared as a live mumps virus \, accine. \\:e
used this strain at various passage levels in
field trials by the injection method. This
report describes the results of these field trials.

;\TATERIALS AND AIFTHODS

I . Plana, 'oil'o11 of o0cc, 'lie

Urabe strain virus \\, as litoculated into thc am-

niotic cavity of 7-. or 8-day-old chick embryos
After 5-6 days incubation at 35C, the amniotic Huid
\\'as harvested and centrifuged at 3,000 rev!min for
15 min at 4C. 'LITen the supematant \\. as ceiTtri-
fLiged again at 20,000 revjmin for I hr at 4C. The
pellet \\, as resuspcnded in phosphate buffered saline
(PBS) containing 0.5% gelatin

2. Pncc!'lidiioJi

Vatccinntioi, \\. as carried out on children \\. ith a

negative history. of mumps during 1969-1970 in
Nishinomiya City, Hyogo and Suita City, Osaka
Doses of 0.5 inI or 0.25 inI of the vaccine \\. ere

157



injected subcutaneously into itealthy children living
at IlDine. Blood specimens \\, ere collected IList be-
fore and four or SIX \\ eeks after vaccination. Serum

was innctivated by heating at 56C for 30 min before
the serum test

3. PiJi, S 1111'nilOii

Infecti\. it\, of vaccine \. irus \\. as titrated in HEK

(human embr>. on IC kidney) cells by tite hemadsor-
ption method. The titer \\ as read after 7 days in-
cubation at 37C

+. 012Qii Ci, /lilye of cy, 101,101g!I$ 7110, ,key letli*

The procedures used \\. ere as described previouslv
(Yamanishi er a1. , 1970)

5. Nei, 11'all*all'o11 (A1T) tari

Serum neutralizatioit tests were performed in
LLC-I\IK2 cell (established cell line of monkey.
1<idney cell) cultures, using the NIIyake strain, iso-
lated in our laboratory, in 1967 and serialIy passaged
since then in LLC-iVIK2 cells. Serial 2 fold dilu-

tions of sera were mixed \\, ith an equal \, o1ume of

virus containing 30-100 TclD, o10.1 inI. The mix-
ture \\. as incubated at 37C for I hr and then kept
overnight at 4C. Volumes of 0.2 n\I each mixture
\\. ere in DCulated into 3 LLC-\, IK2 cell tubes

Netitralizing antibody titers were read after foul
or five days incubatioiT at 37C by the hemadsorption
method

HEK cells. Cells \\ere incubated witlt Engic's
minimal essential medium containing 5 % calf serum
After 7 days, 11Te fluid was transferred to otlier HEK
cells and titese \\ere cultivated for I \\, eek. The

result was judged h>. tlle hemadsorption method
8. ConeciJ'o11 of blood Fanip/es 11 o111 $1'611, Ig DJ' Ihe

""cciiiee,

To test for colltact infection. children \\. CTC in-

jccted \\ it11 mumps \, accine and blood samples from
riteir siblings \\, ere collected 49 to 133 days after
vaccination and the i. ;T test \\ as performed on these
sanTDIes

6. He'll rigg/nil', 1,110i, 111hib!troll (H/) far/

To remove non-specific inhibitor, three \, o1umes
of 259', Kaolin (Difco)and one volume of phosphate
buffered saline (PBS) \\. ere added to one volume of

Inactivated serum. After standing at room tempera-

ture for 20 min. mixtures were centrifuged at 3,000
rev!min for 20 min. The supernatant \\, as mixed
with one volume of 10% suspension of chicken red
blood cells and kept at DC for I ITr and then clarified

by centrifLigation at 2,000 rev!nTilt for 20 milt
T\\'een-80 ether treated antigen was employed in the
Hl test. Sera \\. as mixed \\, ith 4 Linits of this antigen
and after standing at room temperature for 3 hr the
Hl titer \\, as read TITe micro-titer svstem \v;is

Lised in this I{I test

RESULTS

I. Biological chn, ', ICtei'is tics of the 10/11' zincci', IC

As shown in Table I, the ratio of virus titers
in HEK and CEF cells varied from I : 1,000
to I : I with serial passages of the virus in the
amniotic cavity.

Ho\\'ever, the virus yields from these four

till'MseS

TABLE I. Rn/, b, of GEFjHEK lib. o1 Ih,
1014i' tiQccz'"e till'uses

7. '11/1s I'eco"e, 'y I"I

Throat swab specimens were collected from 5
vaccinees on tl, e 4th, 6th, 9th and 14th day, after
\. accination and these materials \\. ere Inoculated onto

Vaccine
Vll'Us

U-Am-+

U-Am-6

U-Am-9

U-Am-15

Virus titer in Virus titer In
HEl< cells CEF cells

I, g, .10.1 inI I. g, ,/0.1 inI
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7.0

6.0

6.5

7.0
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TABI, E 2. Gi. orcths of the fom. ?;acci'ite 71n'uses
lit o1ga" ci, /lures of monkey testzs

Vaccine
Vll'Us ~,

+. O

3.5

4.5

7.0

CEF!HEK

U-Am-4 U-Am-6 U-Am-9 U-Am-15
(I. g, ,I (log, ,/ (log, ,I (log, ,I
0.1 inI) 0.1 inI) 0.1 in I) 0.1 inI)

input

ratio

titer-,

Day I

111,000

1/300

1/100

1/1

2

+

6

8

5.5

0.0

2.0

2.5

2.5

5.5

0.0

10

1.5

2.5

6.5

0.0

2.0

3.5

3.0

6.5

0.0

2.5

2.5

2.0



viruses in organ cultures of monkey testis were
similar (Table 2)

2. Serology'cal I'espo"re 111 c/!17di'ei!
The four kinds of Lirabc strain virus \\. erc

tested in field trials. First, U-Am-4 (Urabe
strain, 4 times passaged in amniotic cavity)
was injected subctitaneously into children. To
find the effective dose serial dilutions of tlTe

virus \\, erc tested. As sho\\. n in Table 3, NT
and Hl antibody developed in all children
Children \\ ho were injected with a dose of 21
106-0 TclD. ,, acqtiired higher antibocly titers
than childrei\ \\ ho were injected \\, ith a dose of
21/05-u TclD, , or 21/04-u TclD. ,

TABI, u 3. antibody, I'espo"se 10 U-, Iru-I $11'01'"

Then. U-Am-6 (Urabe strain. 6 times pas-
saged in chick amniotic cavity) virus \\, as tested
at doses of 21 10' ' 'TclD, and 21 105-0
TclD. . All children sho\^ed an \T antibody

and the geometric mean titer \\'asresponse

5.3. There \\'as no difference in the antibody
liters after the t\\o different doses (Table 4).

U-Am-9 (Urabe strain, 9 times passaged in
chick amniotic cavity) and U-Am-15 (Urabe
strain, 15 times passaged in chick amniotic
ca\, ity) also induced \T antibody in all vac-
cinated children. The geometric mean titers
of 1'<T antibody \\, CTe 9.2 and 7.7 respectively
and those of Hl antibody \\, erc both 10.0
(Tables 5 and 6). As sho\^n in Tables 5 and 6,

Virus titer

(TclD, ,!donc)

2xlO" "

2xlO' "

2I I(14.0

NT antibody r'sponsc

G. IVl. titer (range)Seroconvcrsiun ratc

22.6 (4-128)717

2412, 5.7 (2-16)

5.7 (2-8)616

TABI. E +

Virus titci.

(TclD, ,Id, *e)

AMIz'60dj, I'espo"se to U-Hm-6siloi"

NT antibody rcspunsc

Seroconvcrsion G. I\I. titci.

(^ "rig. )rate

5.3 (2-16)

5.3 (2-8)

2 x 10" o

2 X 105.0

G. I\I

TABI. I; 5

geolnctric mean

Virus titer

(TclD, ,Id. *,)

9/9

717

AMItbodj, I'espo"se 10 U--,"i-o stynz'"

Hl antibody ICsponsc

SurocoiTvcrsion ratc G. \'I. titci (rangc)

616 23.0 (5-80)

23123 10.0 (5-20)
515 10.0 (5-20)

10' "

there \\, as no difference in antibody, titers in-
duced by the \, arious virus dose of the vaccine.
No clinical reaction due to vaccination \\'erc

detected in any trial.

3. COM?, Iw?11'cdbi7i7y of U-Hill-I n, Id U-, 4?, I-O
snailis

Throat s\\. abs and saliva from 5 children
vaccinated \\. ith U-Am-4 strain were collected,

initials

I04.0

T. S

I:.\

H. S

K. S

H. A

A, 1.1\I

NT antibody responsc

befoi c artei.

<2 8

<2 8

<2 8

<2 16

<2 +

<2 16

Hl antibody responsc

before after

<5

<5

<5

<5

<5

<5

YAMAXISHi, 1<. tit et, Li'"e 1/11/'11ps '11/1s uricc, ', Ie

>

,

10

20

3

20
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TABI, E 6. Antt'body, response to U-am-15 sti. din

Virus titer

(TclD, ,Id. ,c)

10" O

'0, ,

but mumps virus could not be isolated from
these materials. AToreover 5 families of

children vaccinated with the U-Am-6 strain
were tested for contact infection and none of

the other children who were not vaccinated in

these families showed an NT antibody re-
sponse.

NT antibody response

Sei'OConVersion late G. I\I. titer (rangc)

6/6 7.5 (2-16)

414 8. 0 (8-8)

TABI. E 8

Family
\'o

Hl antibody response

Scroconversion rate G. M. titer (range)

12.3 (5-20)5/6

414 7.1 (5-20)

Coin"!un!'cab^^^11, of U-Am-6 $11.01'"

TABLE 7. I'll'lis reco"ei'y from 7;0cct'itees tm-
oculnied tct'Ih U-Am-4 strain

In I tials

T. T

T. T

To

To

K. O

K. T

H. T

N. T

Y. Y

T. Y

T. H

IVl. H

2

Initials

IVl. T

N. K

A. K

Nl. K

Y. T

a

b

Age
(Y, .)

Age
(Y, .)

2

6

4

I

a

b

b

4

2

a

9

I

,

Day after Inoculation

4

5

NT antibody litei

riftcibcfoi e

2<2

<2NE

16<2

<2NE

<2NE

8<2

8<2

<2NE

2<2

<2<2

2<2

<2NE

a

a

vaccinated child b : unvaccinated child NE : not examined

a

b

6

DISCUSSION

For some years we ITave heel\ studying the at-
tenuatioiT of mumps virus by serial passage in
chicl< amniotic cavity. In the present study,
virus at the 4 th to 15th passage level\\, as tested

a

b

6

5

2

2

5

2

9

a

b

14

160

Interval betw. Gen

blood coinples(day)

28

90

28

90

90

~3

73

133
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in field trials. :*:o clinical manifestations were

detected following vaccination in these trials.
Enders at a1. (1946) reported that after a single
egg-passage virus caused no clinical reactions
but evoked a satisfactory antibody response
when given by the oral spraying method. it

49

49

30

71



has been reported that nTurnps \, irus at tenu-
at101\ occurred after the 17th passage in chick
fibroblast cells (Buynak at a1. , 1966). In our
cxperiments, virus attenuation occurred after
only 4 passages in chick amniotic cavity. These
results suggest that mumps \, Irus can easily
be attenuated by passage in the chicl< amniotic
cavity as in chick fibroblast cells.

it 11as been reported that Immunogenicity
is considerably 10\^CTed after 10 additional
passages in chick fibroblast cells and so only a
narrow range of passage levels call be Lised for
production of effective vaccine (Buynak at al. ,
1966 and 1968). I{owever, in our experiments,
mumps virus \\, as not over-attenuated Lintil at
least the 15th passage in chick amniotic cavity
and there \\, as no difference in the antibody
responses to the four kinds of \, accine viruses.

The preceding report (Yamanishi at al. ,
1970), described nTarkers for attenuation of
mumps virus. Ll-Am-4, U-Am-6, U-Am-9 and
U-Am-15 viruses like the \\, ild strain grew in
orgait cultures of cynomolgus monk^, testis.
On thc o1hcr hand, after ITUmerous passages

in the chorioallantoic cavity \, irus grc\\, poorly
in organ cultures of nTonkey testis. Thus, an
attenuated strain could not be differentiated

from a wild strain by the biological characte-
ristics observed in our experiments, but inIgllt
be differentiated from aiT over-attenuated strain

\\, hich ITad beei\ passaged repeatedly in the
chorioallantoic cavity.

11T the present study, all vaccinees showed
antibody, responses against mumps virus, but
the antibody, level following \, accinatioiT \\'as
10\\'CT than that with natural mumps. \\'eibcl
at a1. (1968 and 1969) reportcd that the
antibody indLiced by \, accination \\ as 10\\, but
persisted for at least three years' Further
field trials and a foilo\\, up of the children \\, ho
rcceivcd the mumps vaccines are being planned.
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