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uMMARY To obtain an improved \, accinc, PIaquc cloning of mumps \, irus was
done in quail cmbryonic fibroblast cell (QEF) cultures. Among 6 SUIcctcd

clones, clone U-1005-9 of the ITcwly isolatecl nlurups virus, Urabe strain, \\, as chosen
as seed virus of \, accine preparatioi\ after clinical tests in ITealthy children. This
.I. ne I, "mad ^mall pingu, ^ on chitk ,inb"y, nit fib". hint colts (CEF) and ^I, ,wad
higher infcctivity titers in human embryonic 1<1dney cells (I{ET<) than in CEF CUI-
tures.

The effect of the passagc level of the clone in the amniotic cavity of chick embryos
(AA, I) and QEF on its jinmunogenicity in children was also tcsted. Its jinmuno-
genicity was 11igh after up to 20 passages in Am btit the antibody response to the
clone decreased after more than 16 passages in QEF.

The minimal effectivc dosc of \, ii'us to induce neutralizing antibody wars 5 x 102.0
TclD, . None of the vaccines used in clinical tcsts causcd clinical manifestations
in children.

INT'RODUC'TION

Previously we reported (Yamanishi or al. ,
1970b) results of field trials on live attenuated
mumps virus vaccine prepared from the Utahe
straiil after serial passage in ANl. No clTildrcn
iruccted \\, itIT the vaccinc showed aru, clinical
reactions and childrcn receiving vaccines prc-
pared from the Urabe straiiT at the 4th, 6th,
9th, or 1stI\ passage level showccl ait antibody,
rcsponsc.

However, the setoconversion rates of child-
Ten receiving the Urabe strain at the 21st and
26tlT passage levels werc only 86.0% and 75,091,
respccti\, ely (Yamanishi, 1971). Thesc results
suggested that the Urabe straiiT gradually lost
inlin unogenicity during serial passage In A1\T.
To salect clones having stable jinmunogenicity,
ITrcspcctive of their passage level in A1\'I,
PIaquc cloning of tlTC Urabc SITaii} at the 6th
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passagelevelinAA, I(U-1005) was donein quail
embryonic fibroblast cells (QEF).

This report describes some biological chara-
cteristics of the selected clones and results of

clinical tests on the vaccines prepared from
these clones.

MATERIALS AND METHODS

PI'1'11s '10/11'Jig ,111d PI'"p"I', 11,011 of t', ICCJJ, "

VirLis of the Urabu strain passaged 6 timcs in
AM (U-1005) \\, as inoculated onto QEl* in plastic
dishes of 60 mm diameter (Toyoshima \\, orks, Tokyo)
and incubated for two hr in an atmosphere of 5%
CO2 in air (CO, -incubator) at 37 C. After incuba-
tion the cells were washed once with phosphate
buffered saline and overlayed \\. ith 6 in I of medium
consisting of IVledium 199, 0.36y, skimmed milk
(Difco Lab. ) 0.0570 pancreatin (Nutritional Bio.
chemicals Co. ), 0.15% NaHCO, and 0.97, agarose.
Infected QEF cells were kept at 37 C in a Co, -in-
cubator and overlayed with 3 inlot the ritedium every
four days. The cells \\, CTe stained by adding 3 in I
of medium consisting 0.01 % ITeLitral red on the 8tlT
day after infection. F1aqucs of different sizes \\, cre
recognized on the following day and 6 clones of
different piaque sizes \\, ere selected. PIaque cloning
was carried out twice. The selected clones were

each passaged several times in AM or QEF
The method for preparation of vaccine from the

amniotic fluid was as described previously (Yama-
nishiet a1. , 1970b), while the method for its prepara-
tion from QEF was follows. Culture fluid free from

serum was harvested on the 5th day after infection
and clarified by centrifugation at 3,000 rpm for
30 min. The supernatant fluid \\, as LISed as test

4. ,tJCCl'Jini1'011

Vaccination \\, as carried oLit during 1971-1973 in
Suita City, Osaka, in healthy children living at home
with a negative history of mumps

A dose of 0.5 in I of vaccine was injected sub-
cutaneously. Blood specimens were collected just
before and four to six weeks after vaccination

Serum specimens \\, erc in activated by heating at
56 C for. 30 nTiiT bcforc thc netitr"Iizing test.

5. Nc!111,111*Ing (NY') 14.51

Neutralizing tests were done in microplates in-
stead of tubes. A, Iicroplates (Linbro Co. , New
Haven, Conn. , USA. ) \\, ere sterilized by UV-irradia-
tion for 15 min. Then 0025 inI of diluent (phDs.
phate buffered saline containing of 0.2% of gelatin
and 200 Aglml Kanamycin) was dropped into each
well with a 0,025 in I dropper (IVlicrotiter, Cook En-
gineering Co. , Alexandria, Va. , USA. ). Serum
specimens were serialIy diluted in this \\, ell with
0.025 inI-diluters \\, hich ITad been sterilized in a

flame before use. Then 0.025 inI of antigen, con-
taining riboLit 100 TclD, o of mumps \, irus (Miyake
strain) was dropped into eaclt \\, ell and the serum-
antigen mixture was shaken \\, ell. After incubation
for one hour at 37 C, the mixture was kept overnight
at 4 C. On the following day 0.1 inI of LLC-MK,
cells (about 2I 10'. 0 cellsjO. I inI) was added to the
serum-antigen mixture. The microplate \\. as in-
cubated at 37 C in the CO, -incubator. The culture
fluid was decanted on the 6th or 7th day, after in.
oculation and 0.05 inI of a 0.5% suspension of
chicken red blood cells was put into each well. The
microplates \\, ere kept at room temp for half an hr.
The neutralizing antibody titers \\, ere measured by
the hemadsorption pattern \\, hich was similar to
that in the Hl test.

vaccine

2. Pinq"e foil"at 1'011 oil club/e e, ,'61/1, o111'c jibrob/"st
,,//, (GEF)

The method of piaque formation o1} CEF \\, as the
same as that on QEF. Tlte PIaque size \\. as me as-
ured on the 10th day after infection. In this paper
large piaques are those of more than 4.0 mm diam
and smallplaques are those of less than 2.0 mm diam.

3. Plyirs till'ut, 'o11

infoctivit}, of virus \\. as titrated in }IEK and CLI,
by the hen\adsorption nlethod \\, it I\ chicken red
blood cells. TITe infectivity titer was rcad 7 days
litter infectioiT at 37 C.
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RESULT'S

I. BIO/oga'cal ch"Jarte, '23tics of six clones
Titration for virus infectivity was carried

out in HEK and CEF and PIaque assays were
done in CEF, using eaclt clone whiclT had been
passaged once in AAil after cloning.

As shown in Table I, the ratios of infectivity
titers obtained in HEK and CEF varied from

I : 10 to I : I. 01} the other ITand, titat of the
'I'-All-16 strain, \\, hicl} is known as a UVcr-



TABI, u I. GEFjHEK litei. Iano and pinqi, e $13e on GEF cells o1 six clones and 7'-all-/6 slidz'"

Virus clone

U-1005-I AM I"

U-1005-2 AM I

U-1005-3 Alv, I I

U-1005-9 t\A, I I

U-1005-16 AM I

U-1005-18 AM I

'I'-All-16"

" Urabe strain, clone I, purified by piaque isolation t\\ice in QEF and passaged once in AM
' To\\ata strain, passaged 16 times in tlte chorioallantoic cavit}' of chick embryos

Virus titer
in HEl< cells

log/0 .I in I

TABLE 2

6.5

6.5

6.5

6.5

6.5

6.5

3.5

Virus titer
in CEF cells

logjO. I inI

antibody, responses to six clones

Virus clone

U-1005-I AM I

U-1005-2 Alv, I I

U-1005-3 A1VI I

U-1005-9 AM I

U-1005-16 AM I

U-1005-18 AM I

5.5

6.5

6.5

6.0

6.0

6.5

6.0

CEFjHEK
ratio

No. of \, accinees

" Geometric mean titer

1110

111

1/1

113.3

113.3

111

30011

attenuated strain from field tests (Okun0,1969)
was 300: I.

The PIaque sizes of clones, U-1005-I, U-
1005-9, and U-1005-16 were small. On the
other hand, those of clones, U-1005-2, U-1005-
3 and U-1005-18 \\, ere Iargc. Clones form-
ing small PIaques on CEF showed higher in-
fectivit\, titers in HEK than in CEF. On the

contrary, all clones forming large PIaques on
CEF, except U-1005-2, showed lower Infoc-
tivity titers in HEK than in CEF.

2. Serologi'cal I'espo"ses of children to the six
clones

Thc six tcst \, accincs prepared from sclcctcd
clones of the Utahc strain \\, ere tested clinical Iy
in healthy children. No clinical manifestations
\^ere observed for 4 to 6 \\, eeks after vaccina-
tion. As shown in Tabic 2, thc scrocoiwer-

87

53

81

125

43

37

PIaque size
on CEF cells

Virus titer

TclDsuldose

5 Xi04. o

5 X 104. ,

5 x 105 ,

I X 105.0

5 x 104.0

5 X 104.0

small

large

large

small

slit"11

jargc

large

NT antibody response

Seroconv. rate (%)

38139 (974)

23124 (958)

28138 (737)

45146 (978)

23126 (885)

18124 (750)

SIon rates with the vaccines prepared from
clones U-1005-I, U-1005-2, and U-1005-9
unre 97.47, , 95.87, and 97.87, , uspull, ,Iy,
while those \\, ith clones, U-1005-3, and 1005-
18 wer. 73.09", and 75.07, , resp"ctiv, Iy.

The seroconversion rates were low with

vaccines prepared from all CIOes with large
PIaques of CEF except clone U-1005-2. On
the contrary, those with clones forming small
PIaques on CEF were high. However, the
antibody titers GIIcited by the six clones were
similar.

3. Pdssnge 100els 111 aM o1' QZF and Innii}, In/
46'ectit!e dose of CIO"e U-1005-9 zincci?Ie

Of thc six clones CIOnc U-1005-9 was chosen
as the seed strain of the ne\\, mumps virus

it \\, as then serial Iy passaged in A^, I.
Vaccincs PLCparcd at thc 1st, 5th, 10th, 1stI},

G. M. titer"

1:8. I

1:9.9

1:7.2

1:6.3

1:35

1:50

vaccine.
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and 20tll passage levels in AAil were tested Groups of children \\, ere IveiT doses of I I
clinicalIy on healthy children. 106-U, 5x106-0 Ixj05-U 5x104-U Ix104u

These vaccines caused no clinical manifest a- 5x103-n, Ix103-n, 5x102-O and Ix102-U
tions and all clicitcd good antibody responses TCD, , of vaccine U-1005-9 ANI I. Their
(T, b1. 3). serocoversion rates varied 100% to 71.47 .

To find the minimal effective dose, 0.5 inI of Only 10 of 14 children (71.4%) re. aving ,
serialIy diluted vaccine U-1005-9 A1\I I (1st dose of Ix 10'. 0 TclD, , showed an NT anti-
pus^^g, in AM) and U-1005-9 AM 5 (5th body response. Thus a dose of more than
passage in AN^ were injected in children. 5xlO' ' TclD, , of living virus is necessary

TABI, E 3. Antt'604, JESponse to clone U-/005-9 passaged in the anlitz'o11'c cawtJ, of chick embryos

Vaccine \, irus

U-1005-9 AM U

No. of \, accinees

U-1005-9 AN1 5

65

66

146

202

77

38

160

52

30

131

144

82

42

18

42

Virus titer

TclD, oldose

I x 106 o

5 x 105 o

I X 105.0

5 X 104.0

I X 1040

5 X 103.0

I x 103 o

5 x 102 o

I XI02. ,

I x 106. ,

I XI05. u

I X 104.0

5 X 1050

IX106. o

I X 1060

U-1005-9 AM 10

U-1005-9 AM 15

U-1005-9 AM 20

" Urabe strain, clone 9, purified by piaque isolation twice in QEF and passaged once in AM
" Geometric mean titer.

TABI, E '+. Anta'60dj, I'espo, Ise 10 clone U-/005-9 pinsa, ,ed lit qimi'/ e"!byj, onic 161'0b/usI ce/A

NT antibody response

G. M. titer"Se, oconv. rate (%)

31131 ( 100) I : 12.6

15115 ( 100) I: 6.6

52/55 (945) I: 6.3

98/99 (99 . co I : 106

34136 (944) I : 13.4

16/17 (941) I :13.0

64166 (97. 0) I :10.1

11/11 ( 100) I: 7.1

10/14 (714) I:80

40140 ( 100) 1:10.5

68168 ( 100) I: 9.6

27/28 (964) I: 9.1

20120 ( 100) I: 8.6

212 ( 100) I: 4.0

11/12 (917) I : 10.8

Vaccine virus

U-1005-9 QEF I"

U-1005-9 QEF 2

U-1005-9 QE1, 11

U-1005-9 QE1,16

U-1005-9 QEF 20

" Urabe strain, clone 9, purified by PIaque is o1atioiT twice in QEF and I, assaged once in QEF
* Geometric mealT titer.

No. of vaccinees

164

74

44

66

14

42
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Virus titer

TclDsu/dose

5 x 105 o

I X 106.0

5xlO, u

IXIO, .o

5 x 105 u

NT antibody response

Se"oconv. rate (%) G. M. titer"

18/18 ( 100) 1:11.3

20/20 ( 100) I: 5.9

28129 (966) I: 7.8

8/1 I (724) I: 3.7

8112 (667) I: 6.7



for a sufficient antibody, response. Children
injected \\, it11 doses of I x 106-0 Ix 105-0 or I I
104-0 TclD , of U-1005-9 AA'15 showed good
NT antibody responses.

As shown in Table 4, clone U-1005-9 \\, as
also serial Iy passaged in QEF and \, accines \\, ere
prepared at the 1st, 2nd, 11th, 16th and 20th
passage levels. The NT antibody responses
with \, accines at the 1st to 11th passage levels
were good. However, the seroconversioiT rates
with vaccines prepared from the strain after
16 and 20 passages in QEF \\, ere only 72,711
and 66,711, , respectively, even though vaccines
were 111Iected with a dose of more than 11
105.0 TclD

Vaccine viruses prepared at different passage
levels in ANT showed the same piaque sizes as
that of U-1005-9 ANI I. However, the vac-
cine virus prepared at the 20th passage in
QEF formetl Inrgc PIaqiics in CFF.

level A vaccine of the Jetyl Lynn strain (12th
passage in CEF) \\, as more jinmunogenic than
lord B recoin, (17th pus^, g. in CEF) but that
the former induced swelling of the parotid
glands in some \, accinees. \\'hen the latter
was further passaged 10 times in CEF, its
jinmunogenicity became lower (Buynak and
Hilleman, 1966; BLiynak at a1. , 1968).

As described above, mumps \, irus seems to be
easily attenuated by serial passages in A1\I
and becomes over-attenuated in the chorioal-

Iantoic cavity of chick Ginbyos or CEF.
Pinqu. .I. ning of th, Urub, st, ^in (U-1005)

in QEF \\, as done in attempt to select a suitable
straiit as an appropriate by, attenuated virus,
which did not lose jinmunogenicity during suc-

It was found that our formercessive passages.

mumps virus vaccine contained several variants
whicl\ produced large and small piaques in
CEF. As shown ill Tabic 3, tlic seroconvcr-
sioii rates of cliildrci\ givei\ clones forming
Iai'ge PIaqucs \\, CTClowcr than those giveil clones
forming small ones, except in the case of clone
U-1005-2. The over-attenuated strain (T-
All-16) f, "mad in, g, pinqu. , on CEF (T, bit
2), so large piaques probably increased during
successive passages in AM.

The antibody responses of children to vac-
cines prepared from clone U-1005-9 at the
1st, 5th, 10th, 15th and 20th passage levels
in A1\{ and at the 1st, 2nd, 11th, 16tl} and 20th
passage levels in QEF were compared. The
antibody, responses with ALT-passaged vac-
cines were satisfactory. However, when the
clone was further passaged more than 16 times
in QEF, the serocoiTversion rate gradually de-
creased (Table 4).

\\re reported that the wild strain showed a
higher titer in HEK than in CEF. On the
other hand, the Towata strain, which has been
passaged many times in the chorioallantoic
cavity of chick embryos and shown to be an
over-attenuated \, accine in clinical tests, gave
alow titer in HEK (Hosai at a1. , 1970; Yama-
nishi at a1. , 1970a) and formed large PIaques
(Table I). As shown in Table I, when titrated
in HEK and CEF, the six clones \\, ere inter-

DISCUSSION

Hosai at a1. (1970) reported that the Towata
strain of mumps virus became attenuated when
it was passaged in the chorioallantoic cavity
of chick embryos and then in A1\{. In field
trials with this mumps virus vaccine using the
inhalation method the seroconversion rate was

approximately 807, even with a large dose of
virus, while when this vaccine was Injected, the
seroconversion rate was only 509', (Okuno,
1969). So it seemed that this mumps virus
vaccine was over-attenuated.

To develop a live attenuated mump vaccine
with good jinmunogenicity, a newly isolated
mumps virus, the Urabe strain, was cultivated
in A1\{. Using vaccines prepared from the
strain at the 4th, 6th, 9th and 15th passage
levels, no clinical manifestations \\, ere observed
and the antibody response was satisfactory
(Yamanishi at a1. , 1970b). However, after
further passage of this strain in AM, \, accines
prepared at the 21st and 26th passage levels
gave seroconversion rates in children of only
86.01{, and 75.09. , "us pestively (Yamanishi,
1971). Buy", k at ,I. (1968) rep. rt, d that th. it

Y, \xi. \Nisiii. 1<. at nl. ",, Info " I"'"r 11,111,111$ Tufti', IC 165



mediate between the wild and over-attenuated
strain.

when clone U-1005-9 was passaged up to
20 times in AM, its piaque size was small and
stable. But when it was passaged up to 20
times in QEF, its PIaque size became large.

So, from the results of clinical tests and of
the biological characteristics of the strain, pas-
sage in the amniotic cavity seems mole suita-
ble than passage in QEF for pi. eparatioiT of
live attenuatecl mumps virus vaccine. But the
QEF passaged virus at between the 1st and
11th passages can also be used for vaccine.

Clone U-1005-2 formed large PIaques on
CEF and its infectivity ratio in HEK and CEF
was I : I. However, it induced a good anti-
b. dy re^ports. (T"b1" I, 2). If th" antib. dy
response of this clone is stable, a good vaccine
can be prepared from it. Clinical tests on this

clone are being carried out and results will be
reported elsewhere.

In these studies, we selected clone U-1005-9
for preparation of vaccine and the antibody
responses following vaccination became stable
after piaque cloning. This vaccine was name
"AM 9 " since it was obtained by passage of
clone 9 in the amniotic cavity.

As weibel at a1. (1967) reported, the titers
elicited o11 vaccination are lint so high as those
elicited on natural infection. So the pro^C-
tive efficacy by mumps vaccine should be estab-
lished by follow up studies.
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