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uMMARY A newly Isolated strain of mumps \, irus (named Urabe) \\, as serial Iy
cultivated in thc amniotic cavity of developing chick embryos. After only a

few passages in the amniotic cavity, tlIe \, irus showed a ITigher titer in HEl< (primary
human ,inhryoni. kidney) colts than in CEF (ditch *, inbryoni. fib". hint) .. Its and
growth of virus \\, as demonstrated in organ cultures of cynomolgus nTonke^ testis
and parotid gland.

On the contrary, after serial passages of another strain (Towata) in the chorioal-
iantoic cavity of embryonated ITen's eggs, it showed a higher titer in CEF cells than
in HEK cells and scarcely gre\\, in the organ culture system.

Both T-All-5 (Towata strain, passaged 5 times in the chorioallantcic cavity) and
U-Am-5 (Urabe strain, passaged 5 times in the amniotic cavity) \\. ere jinmunogenic
for monkeys. Higli antibody titers \\, ere obtained in monkeys by t\\'0 11Tjections at
a 77 day interval

INTRODUCTION

The preceding paper (Hosai at a1. , 1970)
reported that the Towata strain of mumps
virus is easily attenuated by serial passages in
the chorioallantoic cavity of developing chick
embryos after cultivation in the amniotic cavity.
Ho\\. ever, from field trials it seemed that virus
adapted to the chorioallantoic ca\, ity \\, as over-
attenuated, as the seroconversion rate In

I. Present address : Osaka Public Health Institute,
Virus Laboratorv

vaccinees was approximately 8070 even \\, Ith
a large dose of virus. witll this \, irus, the sero-
conversion rate \\ as also unsatisfactory using
the injection method (unpublished data).

To obtain an attenuated \, irus \\. ith an ap-
propriate jinmunogenicity, \\'e cultivated a
newly isolated strain of mumps virus serialIy
in the amniotic ca\, ity of developing chick
embryos. This report describes the biological
characteristics of this virus and results of

Inoculation tests in monkevs.
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MATERIALS AND METHODS

I. '11/4s strains

In the \\. inter of 1967, a strain of mumps virus was
isolated from the saliva of a child (named Urabe)
showing the typical clinical symptoms of mumps
The virus \\, as isolated using primary, human em-
bryonic kidney (HEK) cells and passaged once in
primary, green monkey kidney (Gl. {K) cells. The
strain \\, as named the Urabe strain and was passaged
further in the amniotic cavity (Am)

The To\^at a strain isolated by Dr. Hosai using
HEK cells \\, as passaged 5 times in the Am and then
in the chorioallantoic cavit\, (All) (cf. preceding re-
port)

These t^. 0 \, irus strains \\, ere tested after various

passage histories. The passage number is expressed
as a sumx after nit abbreviation of the type of cells
used. For example, Urabe strain virus passaged 5
times in the amniotic cavity is named U-Am-5, while
the Towata strain, passaged 30 times in the chorio-
allantoic cavi, , is named T-All-30

calf serum and penicillin and streptomycin
medium \\, as changed every two days

2. '11/1s titr@t, o71

Virus \\, as titrated by tlTe itemadsorption method
The titer \\, as read after 7 davs incubation at 32 C

(CEF cells) or 37 C (HEK cells). The \, irus titer is
expressed as the 50% tissue culture infectious dosis
(Tcl0, ,10.1 inI)

6. 1110ci, Intio, I of cy, 101,101g!13 I"o11keys

Two monkey's were injected subcutaneousl}. \\, ith
O. 5 inI of U-Am-5 \\, ith a titer of 10n un Tcl0, ,10.1 inI
Another t\\, o monkeys \\, ere iruected subcutaneousl}'
witlT 0.5 in10f T-All-5 with a titer of 10' 'TC10, ,10.1
inI in HEK cells. Blood samples were taken from
the femoral vein at intervals after inoculation and

their neutralizing antibody titers were measured

3. FIJIrs prep", atto, ,

Urabe strain virus \\, as inoculated into the amniotic

cavity of 7- or 8-day-old chick embryos. After 5-6
days incubation at 35 C, the amniotic fluid was hat'
vested and centrifuged at 3,000 revlmin for 15 min
at 4 C. Then the supernatant was centrifuged again
at 20,000 revjmin for I Itr at 4 C. The pellet was
resuspended in phosphate buffered saline (PBS) con-
taining 0.5% gelatin

4. Newt, ."libotio, , (ATT) test

The NT test was done as described previously
(Hosai at a1. , 1970)

5. 01g@,! earlti, yes of cy, ,o, 110!gi!s monkey testis @11d
parot, 'd gland

The testis or parotid gland of cynomolgus monkeys
was washed with PBS and cut into small pieces

These were incubated in an atmosphere of 5% CO2
in air at 37 C. Cultures were maintained with

Eagle's minimal essential medium containing 10 g. 'o

RESULTS

I . Groz, Ith of the tat!o sti. "znS of tel. adj','o113
"u, ribei. s of passages 111 HEK and CEF cells

The infectivity titers of the Urabe and
Towata strains in HEK and CEF cells are

shown in Table I. After only a few passages
in Am the Urabe strain showed higher titers in
HEK cells than in CEF cells, but its virus titer
in CEF cells increased with the number of

serial passages in Am. After further passages
in All the Towata strain gave low titers in
HEK cells.

Fig. I and 2 sho\\, the growth curves of the
Urabe and Towata strains in HEl< cells. U-

Am-5 and U-Am-11 strains grew well in HEK

The

TABLE I. GEFjHEK tt'ter ratt'o of the cartts
rifter Dart'ons passages
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Virus strain

and passage
history

U-HEK-I
GMK-I

U-Am-4

U-Am-8

U-Am-10

U-Am-14

U-Am-15

T-All-6

T-All-16

T-All-29

IVirus titer tvjrus titer I,in HEK incEF CEFj, co, ts I colts I HEK
I logjO. I in I ' loglO. I in I I

4. 0 I
7.0

8.5

6.5

6.0

7.0

6.0

3.5

1.0

2.5

ratio

+. O

6.0

4.5

6.0

8.0

60

6.0

6.0

31100

1/1000

1/300

1/100

10

300

100,000
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cells, but the T-All-16 and T-All-30 strains
gre\\, very badly.

2. Gloat!t/I of the tat!o snarli$ 111 o1gnii ci!/lines
of Cy"omo!glis ?no?Ikey terns and parotid gla"d

The growth of U-HEK-2, U-Am-5, U-Am-
14 and T-All-32 \\, ere compared in organ
cultures of the testis and parotid gland. The
titers of these strains inoculated were 105-0,
105-0 106-0 and 1050 TclD 10.1 inI, respec-
tively. Volumes of 0.2 inI of these virus
strains \\, ere dropped onto small pieces of tissue
and samples \\, ere collected every two days.
Then the fluid and tissue specimens \\, ere tit-
rated in HEl< cells (U-HEK-2 and U-Am-5
strum^) or in CEF colts (U-Am-14 and T~All-
32 strains). Replication of U-HEK-2 strain
occurred in organ cultures of the testis and
parotid gland. As shown Table 3, ITo growth
of the T-All-32 strain \\, as detected in the

testis and replication of U-Am-5 or U-Am-14
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TABLE 2. Grotcth of the taro st, 'dins after differ'e"t passage h, it o72'es In organ cultures of pylonkej,
porotz'd gland

30
HDu rs

40

Day

TABLE 3. Gi. o20th of U-HEK-2 rind T-all-
32 $17. at'Ms 271 organ cultures of monkey testt's

~~~~

50

2

4

6

8

\

Tissue

(I. gjO. I in I)

60

Day Tissue I Fluid I Tissue I Fluid(I, gjO. I inI),. gjO. I inI)U. gjO. I inI) (I. g/0.1 inI)

U-HEK-2

o

4.0

>5.5

4.5

U-HEK-2

2

4

6

8

Fluid

(I, g/0.1 in I)

0.5

1.5

25

3.0

o

3.5

>5.5

3.5

U-Am-5

<0 <0

1.5 <0

3.5 I <0

3.5 I <0

Fluid

(log/0.1 in I)

T-All-32

<0

o

4. O

2.5

U-Am-14

Fluid

(logjO. I in I)

<0

<0

<0

<0

YAMA>;ISHi, K. at a/. BIO!ogicnl ch@racteristi'CS of 7,111?,!ps an^us

<0

1.5

3.0

3.5

Tissue

(loglO. I in I)

T-All-32

<0

<0

0.5

<0

Fluid

(I, g/0.1 in I)

<0

<0

05

<0
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was far slower than that of U-HEK-2 in

cultures of parotid gland.

3. 1710cw/at10n 171to cvnomo!gws monkeys

Fig. 3 shows the neutralizing antibodv re-
sponses of monkeys. The neutralizing antibody
titers induced with the U-Am-5 strain were

higher than those with the T-All-5 strain and
reached a peal< on about the 20th day. Those
of the T-All-5 strain reached a peak about 10
days later than those of the U-Am-5 strain.
:.:o clinical reactions (swelling of parotid gland,
etc. ) were detected. Fig. 4 shows the persis-
tence of neutralizing antibody induced with the
T-All-5 strain. The effect of a second in-

jection of the T-All-5 strain after an interval
of 77 days was examined. Higher antibody
titers were found on the 9th days after the
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DISCUSSION

it has been reported that mumps virus adapted
to embryonated hen's eggs does not cause cli-
nical reactions in monkeys or in children
(Hanl. at ^I. , 1951, End, rs at ,I. , 1946). More
over, over-attenuation readily occurs on serial
pus, g. in CEF colts (Buyn, k at a1. , 1966).

\\Ie titrated two mumps \, irus strains in HEK
and CEF cells. Viral growth in HEl< cells
decreased with the number of serial passages in
the chorioallantoic cavity (Hosai at a1. , 1970)
and after numerous passages in the chorioal-
Iantoic cavity the strain grew very poorly in
HEl< cells. The virus titer in HEl< cells
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decreased and that in CEF cells increased \\. ith

the number of serial passages in the amniotic
cavity. This suggests that passage of mumps
virus in developing embryos is generally ac-
coinpanied by loss of susceptibility of the
virus for human cells and acquisition of sus-
CGptibility for chick cells.

Big"""I at a1. (1968) ^h, wad that mump,
virus could grow in organ cultures of rhesus
monkey testis. As shown in this report (Table
2, 3), the U-HEK-2 strain replicated \\, ell in
organ cultures of monkey testis and parotid
gland, \\, hereas after itumerous passages in the
chorioallantoic cavity it did not replicate.
These results seem relevant for attenation of

The antibody titers induced \\, ith live mumps
vaccines \\. ere lower than those observed in

P,

p--- <> - - -<0~ - _ _

I
I

I

20 30

?- - <3

Second injection

40

~~~-- - - <>-. ^;

virus

70

nattiral mumps infection (\\'eibe1,1967, Ennis,
1967). Eoni^ (1969) rep, mud that
children \\, Ith low levels of mumps antibody
were really Infected and SITowed a clinical
reaction. This is one of the most important
points ever noted about mumps virus vaccines.
In our experiments higher antibody titers \\, ere
obtained in monkeys by two doses of injec-
tions at a 77 day interval than by a single
inj, ction. Sh"amek (1969) al^0 "GPo"ted high
antibody, titers in guinea pigs after two linec-
tions. This method of inoculation is itow

under detailed investIgatioiT in our laboratory.
Field trials with attenuated viruses obtained

by, passage in the amniotic cavity are being
carried out and the result \\, ill be reported in
the next paper

80 90

YA\IANiSHi, K. at a/. Bi'o109'cal charnele, '!'$11'CS of 7,111", ps air!!s

some
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