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ASSAY OF POTENCY OF INACTIVATED MEASLES VIRUS VACCINE

BY THE ANTIBODY-COMBINING TEST"

KUMAO TOYOSHIMA', TATSUO KITAWAKl and KEIJI OTSU
Virus Laboratory, Osaka Public HealtlT Institute, OSal<a
(R".. tired itIa". I, 22,1966)

uMMARY The antibody-combining test was developed as an lit rutro test for
measuring the antigenic potency of Inactivated measles virus which stimulated

neutralizing antibody production I'M woo. The antibody-combining capacity varied
in parallel with the antigen dilution, and the effective antigeiT dose was calculated
by the Reed and A1uench method as the dilution of antigen \\, hich reduced the
neutralizing capacity of a given serum to I unit after absorption. This value \\, as
proportional to the dilutioiT of the serum employed for the test and the antigenic
potency lit woo, especially wheiT 3 or 6 units of antibody \\, ere employed for the test.
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INTRODUCTION

Aleasles virus Inactivated by ultraviolet irradi-
at101T still possesses the ability to combine with
neutralizing antibody (TOYosHiMA at a/., 1960).
On the other hand, an antibody-combining test
has been applied in the determination of the
antigenic potency of in activated polio virus vac-
cines (KRECH, 1960).

For antigen-fraction ation and \, accine-pro-
duction, methods should be rapid, cheap and
highly reproducible. Although the antigenic
activity of non-infectious measles antigen can
be determined by its ability to stimulate anti-
body production in guinea pigs (DE\\71TT and
NOOK, 1960; HILLEMAN at tt!., 1962; \\'arren
at tt1. , 1962) and in mice (KUNITA at a/., 1965 ;

I Titis study was supported by a grant from the
i\11nistr^ of Education

2 Present address : Department of Tumor \'iruses,
Research Institute for A, Iicrobial Diseases, Osaka
University, Kitaku, Osaka

TOYosHiA. IA at a/., 1965), these tests are not
very precise and take inuclT time. Hence,
attempts were made to develop a neutralizing
antibody-combining test as an in vitro method
for the determinatioit of the antigenic potencv
of measles virus vaccine.

MATERIALS AND A1ETHODS

I. PIi i's

The Toyoshima strain of measles \, irus growlT in
FL cell cultures \\. as employed for neutralization
tests

2. Pncc, ,, es

FormalIn-mactivated measles \, irus vaccines \\. cre

employed for the test. The sources of the \, accines
used are listed in Table I

3. 1,111,111, ,e sei 11n!

Hyper-immune serum was obtained from a rabbit
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TABLE I Sources of 107. mai^^ znOctaboted uriccz'"es employed for the antz'body-combz'"ing test

Lot

Ref. 11*

6S

N I**

No. 2**

No. 5**

ND : Not determined

* Previously reported by TOYosHiMA at a/. (1965)
* * Test lots of in activated measles virus vaccine, Measles Vaccine Research Association, Japan

Virus strain

Toyoshima

Tanabe

Tanabe

Tanabe

Sugiyama

TABLE 2 Neutral^^znO antt'body-combiht'"g test on lot 68

Tissue culture

Vaccine

FL

Monkey kidney

Monkey 1<idney

Monkey kidney

Monkey kidney

Serum

20

2~'

2~'

2~'

2~4

2-5

2~G

Remarks

800

Cont"o1 (Hank's BSS)

++++ ++++ ++++ ++++

++++ ++++ ++++ LLLL

++++ ++++ ++++

---+ ++++ ++++

++++ ++++

++++

-+++

Effective antigen
dose

Dialized against
PBS and then

Hank's BSS

CPE negative+ : CPE positive
Effective antigen dose : Antigen dilution \\, hich reduces neutralizing antibody to I unit, calculated by the
Reed-Muench method

1,600

Mouse* EDSO

Original dilution

42.43

ND

4, .,

42.85

41.85

3,200

jinmunized by 2 intravenous inoculations of con-
centrated measles virus on days O and 63, and 3
intramuscular inoculations of \, irus emulsified in

Freund's incomplete adjuvant on days 0,21 and 42
The neutralizing antibody titer of this serum was
I :19200 as measured by the standard neutralization
test. The serum \\. as heated at 56'C for 30 minutes,
diluted to I :400 and stored at -20'C

4. T'ssi, e cultt, I e

Test tube cultures of FL cells were employed for
virus titration and neutralization

5. Potency test ill uuo

21 5

.^. .

6,400

I

22 75

12,800

24.5

25,600

ND

' 20.33

104

++++ ++++

ND
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Potencies of \, accines were determined by the " 3
weel< test " using mice (TOYosHiMA at o1. , 1965) and
at least triplicate tests of each vaccine were made

before determination of the mouse ED ,.

RESULTS

Hit exa"!PIe of the antibody copyzbz'Mt'"g test
Twofold serialIv diluted vaccines were mixed

with twofold serialIy diluted serum in a check-
erboard manner and the mixtures were incu-

bated overnight at 4'C. The serum controls



contained Hanks' balanced salts solution

(Hanks' BSS) in place of vaccine and \\, ere
treated in the same manner. The mixtures

were mixed with an equal volume of active
virus containing approximately 100 TC05o
in 0.1 inI and incubated for a further I hour

Each of the final mix-at room temperature.
tures was inoculated into 4 FL cultures using
an in DCulum of 0.2 inI and incubated at 37'C

for observation. The effective antigen dose
was calculated by Reed and A'Iuench method
as the vaccine dilution whiclT reduced the neu-

tralizing antibody, titer of the added serum to
I unit against 100 TCD-, of active virus.

The results of a preliminary experiment with
lot 6S vaccine is illustrated in Table 2. The

in o100 potecny of this vaccine had not been
determined accurately, but it absorbed the neu-
tralizing antibody, effective11, even witlt the
lowest dilutioiT of serum employed (12 units of
neutralizing antibody, in 0.1 inI of serum-

vaccine mixture). A correlation \\, as noted
between the effective antigeiT dose and the
dilution of serum employed.

Collipnriso" of the ofectit!e tt, It, gen doses of 4
uricci}Ies a, !d the, 'I' ant!k'e"!c poleiiCieS 111 211.0

Four different vaccines were tested their

antibody-combining capacities by the same
procedure. Before the test, lots No. I, No. 2
and No. 5 vaccines \\, ere dialyzed at 4'C against
ph. ^phat, buffer, d online (PBS) for 2 days
and then against Hanks' BSS for a day to re-
move inerthiolate. \\11th all these vaccines

roughly proportional correlations \\, ere again
observed between the effective antigen dose
and the dilution of the test serum (Fig. I).
Hence the effective antigen doses with each
serum dilution were compared \\, ith the po-
tencies of these vaccines determined by the
mouse-potency, test (Fig. 2). The antibody-
combining capacities were \\, ell correlated with
the ability to stimulate antibody production in
mice, especially when 3 or 6 units of antibody
was employed for the absorption test.
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FIGURE I Antibody combining test of \, accines with
different dilutions of serum

A------ A I\0 .No. IA ---- - ---,

Ref. U. ---- . No. 2 x

DISCUSSIONS

,

A

A rapid and precise method is required to
determine the amount of antigen responsible
for the production of neutralizing antibody
during fraction ation of antigens and produc-
tion of vaccines. Although the hemaggluti-
nation test can be applied for this purposes,
this test is not a direct measure of the amount

of such antigen in addition to the disadvantage
that the hemagglutinating activity, is increased
by disrupting the virus particles (NORRBY,
1963 ; FUNAHASHi and KITA\\, AKi, 1963 ; KITA-
wAKi at a/., 1964).

Attempts \\, ere made to apply a neutralizing
antibody-combining test for the determination
of antigenic potency. Since the antibody-
combining capacity of Inactivated virus is paral-
lei to the virus dilution, the test \\, as applied
to 4 \, accines. Three of them, containing
inerthiolate as an antiseptic, \\, ere dialyzed be-
fore the test. The effective antigeiT doses

I I

800
32001600

Serum dilution

6400
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TOYosHiNA, 1<. at al. A, It, '60dj, -Coli, daring Test of Measles Vaccine 105



5

4

I~\

co
.

.
"

I : 6400*

A^,- X

I : 3200*
=3
.-

Q
co

.
"

.
>

32
"

on animals which show differences in antibody
response.

These results suggest the advantage of the
antibody-combining test as a rapid method for
evaluating the antigenic potentiality of macti-
vated measles virus. However, this test, like
the animal test (TOYosHiMA at a1. , 1965), does
not determine the efficacy of vaccine for prac-
tical use directly, but measures the antigen
concentration.

I
11

X

I, 1600*

I I2

(log. , E05, )
An tigen extinc tion limit

FIGURE 2 Comparison of effective antigen dose ill
anti'o and antigen extinction limit In ai"o
A No. I A Nos

O No. 2 x Ref. H

" Serum Dilution

A^

A I : 800

o
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determined by the antibody-combining test
was roughly proportional to the serum dilution
employed for the test. The effective antigen
doses of these vaccines were compared with
their abilities to stimulate antibody production
in mice and were found to be well correlated

witlt the latter, in spite of the change in volume
of the vaccines during dialysis. \\Ihen well-
standardized virus and antiserum of a suitable

dilution are applied in the antibody-combining
test, the quantity of antigen may be deter-
mined more exactly by this test than by tests

3
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