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The Determination of Antigenic Potency
of Poliomyelitis Vaccine by Measuring

its Antibody-Combining Capacity*
U. KRECH, M.D.1

A modification is described of the antibody-combining test originally introduced by
the author in 1955. The reaction between antigen and antibody has been shown to be type
specific, reproducible and relatively precise if the plaque technique is usedfor the titration
of infective virus. Though the data available at present suggest that the antibody-combining
capacity of a vaccine as titrated by this method parallels the antigenic activity measured
in vivo, more information is necessary to give conclusive evidence on the relation between
antigenic potencies titrated in vitro and in vivo.

Antigenic activity of non-infectious poliovirus can
be demonstrated after inoculation into human
subjects or animals by observing a rise in serum
antibody, or the development of resistance to
subsequent infection. Since these tests are expensive
and rather unprecise, efforts have been made to
develop an in vitro method for the determination of
antigenic potency of inactivated poliomyelitis vac-
cines. The test introduced in 1955 (Krech, 1955) is
based on observations originally made by Kraus
(1925) and confirmed by Schmidt & Scholz (1929)
working with tetanus. These authors found that
balanced tetanus toxin-antitoxin mixtures may
become toxic following the addition of tetanus
toxoid, provided that there is no antitoxin excess
and that the toxoid is antigenically active. A similar
reaction has been produced with viruses in animal
experiments (McKee & Hale, 1946) and in tissue
cultures. Following the adaptation of this system to
the in vitro titration of antigenic activity of non-
infectious poliovirus, the method has proved readily
reproduceable in several laboratories (Dulbecco &
Vogt, 1954; Rightsel et al., 1956; Gavallo & Haas,
1956; Salk, 1957; Benyesh-Melnick & Melnick,
1959). Efforts have been made to compare the
results of in vitro tests with those obtained in animal
experiments. The data available at the present time
support the concept that the same antigen is meas-
ured by the in vitro technique as is responsible for
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antibody production in vivo. Furthermore, the in
vitro technique has some advantages as far as repro-
ducibility, precision, cost and time are concerned.
Such a test may quickly yield precise data on the
antigenic activity of poliomyelitis vaccine prepara-
tions. The original method has been improved since
1955 and it may therefore be useful to give a des-
cription of the modified procedure for those who
wish to use such a test.

MATERIALS AND METHODS

Virus strains
Tissue culture fluids infected with poliovirus-

type 1 (Mahoney), type 2 (MEFI), and type 3
(Saukett) containing 107.5 to 1080- PFU per ml-
were kept in small aliquots at -20°C. For each
experiment a new tube was used and brought to the
desired dilution.

Immune sera

Immune sera were prepared by inoculation of mon-
keys with infectious tissue culture fluids containing
either type 1, 2 or 3 poliovirus. These sera had
approximately the same neutralizing activity as the
reference sera prepared by Wenner and co-workers
(1954). The sera were diluted to 1: 100 and kept in
small amounts at - 20°C until used.

Antigens
Antigens were heat-inactivated or formalin-in-

activated preparations. A trivalent heat-inactivated
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TABLE 1

DESIGN OF ANTIBODY-COMBINING TEST USING PLAQUE TECHNIQUE FOR VIRUS TITRATION

6 hours at 370 C 6 hours at 370 C
(1.0 ml of medium 199+1.0 ml of medium 199) for 118 hours at 4° C +1.0 ml of virus dilutiona for 18 hours at 407C

Virus dilution Inoculum Plaques counted
(3 days at 370 C)

104 -0.2 ml TC Confluent
10"S-5 -0.2 ml TC 100
10-' -0.2 ml TC 32
10-7'5 --0.2 ml TC 10

a A virus dilution is used for the experiments which will give approximately 100 PFU.

TABLE 2

DESIGN OF ANTIBODY-COMBINING TEST USING PLAQUE TECHNIQUE FOR SERUM TITRATION

(1.0 ml of medium 199+1.0 ml of serum dilutiona) for p6 hours at 340 C} + 1.0 ml of virus dilution 10- 5 for 611 hours at 374C

Serum dilution Inoculum Plaques counted
(3 days at 370 C)

1/100 -0.2 ml TC Neutral
1/400 -0.2 ml TC 0-5
1/1 600 -0.2 ml TC 25
1/6 400 -0.2 ml TC 100

a A serum dilution is used for the experiments which will neutralize approximately 100 PFU in an inoculum of 0.2 ml of the mixture.

TABLE 3

DESIGN OF ANTIBODY-COMBINING TEST USING PLAQUE TECHNIQUE FOR VACCINE TITRATION

6 hours at370OCl6husa 7
(1.0 ml of vaccine+1.0 ml of serum dilution 1/400) for +18 hours at 40 C +1.0 ml of virus dilution 10-5' for f 8 hours at 437 C

Vaccine Inoculum Plaques counted
(3 days at 370 C)

Undiluted -0.2 ml TC 40
1/2 -0.2 ml TC 18
1/4 -0.2 ml TC 9
1/8 -0.2 ml TC 4
1/16 -0.2 ml TC 3

TABLE 4

CONTROLS FOR ANTIBODY-COMBINING TEST USING PLAQUE TECHNIQUE

(1.0 ml of medium 199 + 1.0 ml of serum dilution 1/400) + 1.0 ml of virus dilution 104 5

and
1.0 ml of undiluted vaccine + 1.0 ml of medium 199) + 1.0 ml of medium 199

TABLE 5

DESIGN OF ANTIBODY-COMBINING TEST USING TUBE TECHNIQUE FOR VIRUS TITRATION

Serum dilution Vaccine dilution 105,, 1O1,1O-7 10' Logio of50% end-point

1/400 Undiluted 7.3
1/400 1/4 6.8
1/400 1/16 40 tubes for each mixture 5.4
None None 7.8
1/400 None 4.9
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preparation was used as a laboratory standard in
each experiment. This material was stored frozen
until used. Antigen dilutions were made in medium
199 (Morgan et al., 1950), which also served in
controls to replace the vaccine or serum dilutions.

Tissue culture
The tissue culture system developed by Dulbecco

& Vogt (1954) was used for the titration of infectious
virus. 0.2 ml of the respective mixtures was ino-
culated in each culture and the number of plaques
were counted after incubation for three days at
370C.

EXAMPLES OF ANTIBODY-COMBINING TESTS

Designs of antibody-combining tests using the
plaque technique are illustrated for virus titration
in Table 1, for serum titration in Table 2, for vaccine
titration in Table 3, and for controls in Table 4.
Table 5 shows the design using the tube technique
for virus titration.
The virus fluids to be used for the test are titrated

to contain approximately 100 PFU per inoculum.
Sufficient amounts of homologous immune serum
are used to reduce the number ofplaques when mixed
with the virus to 1-5 PFU per inoculum. Twofold
vaccine dilutions are mixed with the same immune
serum dilutions, and are incubated at 37°C for 6
hours, and at 4°C for 18 hours in rubber-stoppered
tubes. The homologous virus containing 100 PFU
per inoculum is then added to the vaccine serum
system. The tubes are incubated for another 6 hours
at 37°C and 18 hours at 4°C. The amount of free
virus of these mixtures is assayed by the plaque
technique. Four or more cultures are inoculated
with each mixture, using an inoculum of 0.2 ml of
the final vaccine antiserum mixture. If the tube
technique is used for the virus titration, the design
must be changed as illustrated in Table 6. In each
experiment virus, serum, and vaccine controls are

included, using medium 199 to substitute for the
missing component of the system.
From the results obtained using a monovalent

type 1 antigen preparation and testing it against
types 1, 2 and 3 immune sera, it can be seen that the
antigen combines only with the homologous type 2
antibody (Table 7). No activity can be demonstrated
with the heterologous antibody. It may therefore
be concluded that this reaction is type specific.
The results of a typical experiment are illustrated

in Table 8. Three vaccine preparations are tested
for type 2 antigenicity. Three dilutions of each

TABLE 6
TYPICAL RESULTS SHOWING

THE ANTIBODY-COMBINING CAPACITY OF A VACCINE
PREPARATION (TUBE TEST)

Type 1 | Type 2 Type 3

Antiserum dilution

+ undil. vaccine 6.8 6.9 6.6

+ 114 vaccine 6.4 6.5 5.8

+ 1/16 vaccine 5.3 5.2 5.0

Controls

Medium only 7.2 7.1 6.9

Antiserum dilution 4.0 4.2 3.8

vaccine are incubated with the immune serum before
the addition of the infectious indicator virus. A
control with each undiluted vaccine, without serum
or virus, is added to demonstrate that the vaccine
contains no infectious virus. The virus and serum
concentration in the mixture is controlled by a virus
titration with and without immune serum. A
relationship between the antigen concentration and
the number of plaques can be clearly observed. The
activity of a vaccine may be expressed by its potency
ratio to a standard vaccine. The results in this
experiment are expressed in terms of relative potency
to vaccine A. Experiments were undertaken to
answer the question whether or not the antibody-

TABLE 7
TYPE SPECIFICITY OF THE ANTIBODY-COMBINING TEST

Antiserum Antiserum Antiserum
Type 2 type 1, type 2, type 3,
antigen virus type 1 virus type 2 virus type 3

monovalent (average (average (average
plaque counts) plaque counts) plaque counts)

Undiluted 0 62 0

1:4 0 54 0

1:16 0 48 0

1: 64 0 11 0

Undiluted 0 0 0
vaccine,
no virus

Undiluted Virus type I Virus type 2 Virus type 3
vaccine,
no serum 106.5 107.' 101'5 107.5 106.5 107.5

C 10 C 8 C 12
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TABLE 8
ANTIGENIC POTENCY OF POLIOMYELITIS VACCINES
A, B AND C AS DETERMINED BY ANTIBODY-COMBINING

TEST

1Vaccine Average Potency
Vaccine Serum dilution | Virus plaque ratio to
_ __ ___ __ ~~~~counts vaccine A

Undiluted 51

1: 4 44
A

1:16 32

1: 64 4

None Undiluted None 0

Undiluted 62

1:4 52

B 1:16 48

1:64 15

None Undiluted None 0 4.0

Undiluted 43

1: 4 36

C 1:16 16

1: 64 2

None Undiluted None 0 0.25

Controls None None 10'-5 C

None 107.5 11

None 10J-5 2

None 2

TABLE 9
DETERIORATION OF A POLIOMYELITIS VACCINE

PREPARATION AT 400C DETERMINED BY ANTIBODY-
COMBINING TEST AND MOUSE-PROTECTION TEST

Activity lost at 400C (%)

Antibody- Mouse-protection
combining test test

20 days at 400C 0 0

42 days at 40°C 41 36

59 days at 40°C 63 58

82 days at 400C 83 94

combining capacity of a vaccine parallels its ability
to stimulate antibody production in vivo. The results
of a test, in which the deterioration of a vaccine
preparation took place at 40°C, are presented in
Table 9. This, and other experiments in which
formaldehyde or freeze-drying were used to destroy
the antigenic activity, indicated that the loss of
antigenic activity demonstrated in vivo can also be
shown by the antibody-combining test.

POSTSCRIPT, JANUARY 1960

Since this paper was submitted for publication,
B. Melen has demonstrated a statistically significant
correlation between antigenic potency of poliomye-
litis vaccine determined in vitro and results obtained
with the guinea-pig test (Arch. ges. Virusforsch.,
1959).

RtSUMt

La methode mise au point par I'auteur, dont une
modification est presentee dans cet article, permet de
titrer sur culture de tissu I'activite antigenique du vaccin
poliomyelitique inactive. Elle est fondee sur le fait que
le poliovirus inactive, antigeniquement actif, se combine a
I'antiserum homologue. Cette combinaison peut etre mise
en evidence par le titrage de virus infectants, en presence
d'un melange antigene-anticorps. L'activit6 du vaccin est
exprimee en fonction de la quantit6 de virus infectant qui
echappe a la neutralisation par l'antiserum.

La reaction entre l'antigene et I'anticorps s'est montr6e
specifique de type et reproductible. Elle est relativement
precise si l'on utilise la methode des plages pour le
titrage du virus infectant. 11 semble d'apres les r6sultats
obtenus jusqu'a maintenant, que la faculte d'un vaccin de
se combiner avec un antiserum correspondant exprime son
pouvoir de stimuler la formation d'anticorps dans l'orga-
nisme. Mais il y a lieu d'attendre de plus amples confirma-
tions pour conclure au parallelisme du titrage in vivo et
in vitro de l'activite du vaccin poliomyelitique inactive.
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