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The Concentration of Poliovirus Antigens
for D-antigen Determination*

J. D. VAN RAMSHORST I

A study was made of the concentration procedures which are necessary in order to
determine the D-antigen content of poliomyelitis vaccines by means of the gel-diffusion
method. The most suitable methods were considered to be the aluminium-phosphate method
developed by Fantes, and ultrafiltration. The AlPOj method was found to be superior in
precision to ultrafiltration, but the latter was more convenient for small samples. The
AIPO4 method usually gave about 10 %-20 % lower D-antigen values than the filtration
method, probably owing to incomplete elution of antigen from the precipitate.

A two-step concentration procedure involving AIPO4 precipitation followed by ultra-
filtration was employedfor determining the D-antigen content ofcombined and/or adsorbed
vaccines.

The importance of the different variables which occur in D-antigen determination by
these methods is discussed.

Poliomyelitis D antigens can be estimated in vitro
by gel-diffusion tests (Beale & Mason, 1962). Rather
high antigen concentrations are needed to produce
visible antigen-antibody precipitation lines in these
tests (van Ramshorst & Polak, 1966). It therefore
follows that a process of antigen concentration is
essential before the test can be made, and in some
cases the degree of concentration necessary may be as
much as 100-fold. The requirements for a concentra-
tion procedure can be summarized as follows:

1. The method should be simple, fast, and practi-
cable with relatively small volumes.

2. The antigen losses should be minimum and the
proportion of antigen recovered as constant as
possible.

3. The final concentrate should not contain any
foreign substances capable of influencing the results
of gel-diffusion tests.

In addition to the need for a procedure suitable
for concentrating ordinary vaccine, there is also a
need for procedures suitable for use with vaccines
to which an aluminium adjuvant has been added,
e.g., combined vaccines containing AI(OH)3 and
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AIPO4. The requirements for such a procedure are
similar to those outlined above.

In this paper an account is given of a study of
different methods of concentration and of the mea-
surement of D antigens in combined vaccines.

MATERIALS AND METHODS

The source of the poliomyelitis vaccine used was
described in a previous paper (van Ramshorst &
Polak, 1966) together with the method of determin-
ing the D-antigen content of a poliovirus preparation
by a gel-diffusion method. Briefly the method is as
follows.
The antigen and an antiserum diffuse into an

agar layer from wells in a hexagonal template above
the latter. In this double-diffusion system, the two
reactants form a precipitate, the position of which
relative to the well containing the antiserum de-
termines the concentration of the antigen if the anti-
serum concentration is kept constant. The distances
in the agar can be transformed into antigen con-
centrations by means of conversion tables. Details
of the D-antigen units used here (originally described
by Beale & Ungar, 1962) were given by van Rams-
horst & Polak (1966).
Concentration by ultracentrifugation

Ultracentrifugation was carried out in a Spinco
type-30 rotor according to the method of Beale &
Mason (1962).
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Concentration by adsorption on to aluminium
phosphate
The aluminium phosphate (AlPO4) used was the

washed precipitate obtained by centrifuging a
mixture of equivalent quantities of alum (sodium
aluminium sulfate) and trisodium phosphate. For
the preparation of 8 litres of AlPO4 suspension,
containing about 25 mg of AlPO4 per ml, 685 g of
Na3PO4.12H20 were dissolved in 6 litres of water
and 854 g of alum also in 6 litres of water. These
solutions were poured with constant stirring into
21 litres of water. The precipitate was centrifuged
down, washed once with the original volume of
saline, recentrifuged and resuspended in 8 litres of
saline. The pH was adjusted to 6.5 and the suspension
sterilized in 2-litre volumes by heating for 1 hour
at 100°C, shaking and immediately afterwards
heating for a further 45 minutes in the autoclave
at 1200C.
The AlPO4 was used for adsorption in accordance

with the technique described by Fantes (1962).
AlPO4 was added to the antigen-containing fluid to
give a final concentration of 0.25 mg/ml. The pH
was adjusted to about 5.0 with 10% acetic acid and
the mixture shaken for 2 hours and left overnight
in a refrigerator. At pH 5.0 the adsorbing capacity
of different AlPO4 suspensions showed very little
variation, although in more alkaline conditions
adsorption was often incomplete and varied from
suspension to suspension. The precipitate was
centrifuged down and the antigen eluted from the
precipitate by addition of a suitable small volume
of medium 199 and adjustment of the pH with 3%
NaOH to about 8.0. The mixture was shaken for
30 minutes and left overnight in the refrigerator
(overnight standing was not essential). The preci-
pitate was then centrifuged down and the super-
natant used for the gel-diffusion test.

Concentration by ultrafiltration
In some experiments membranes were prepared

in the laboratory by coating ceramic filters (e.g.,
Chamberland candles or balloon filters) with a layer
of an 8% solution of Parlodion (Mallinckrodt) in
glacial acetic acid. The membranes were coagulated
in water and washed until the acetic acid had been
removed. When large batches were required the
coated filters were sterilized by placing them for
24 hours in a 0.5%- % formol solution and after-
wards removing the formol by sucking a sufficient
quantity of sterile distilled water through the
filters.

For the routine concentration of smaller samples
for the D-antigen test, sterility was usually un-
necessary as the procedure was carried out in the
cold room and the residue used immediately after-
wards for the gel-diffusion test. Membrane filters
produced routinely by the Membranfilter-Gesell-
schaft (Sartorius-Werke, G6ttingen, Germany) were
used. Filters with a mean pore diameter of 10-50
m, were suitable. They were placed in the Coli 5
apparatus, produced by the same firm, which con-
sists of a metal funnel with the ultrafilter membrane
at the base on a porous plate. Filtration, aided by
suction, was continued until the membrane was
covered with a very thin layer of residual fluid (the
concentrate); 50 ml or 100 ml of fluid could be
concentrated within a few hours to about 0.5 ml
or 1 ml.

RESULTS

Concentration using polyethylene glycol

Carbowax, a highly polymerized ethylene glycol,
absorbs large amounts of water and can be used to
concentrate the antigen by placing vaccine, contained
in a dialysis bag, in a suspension of Carbowax
(Kohn, 1959). The procedure is simple and can be
continued until a very small residue is left; if suitable
membranes are used, there will be no losses, and
denaturation of antigens by chemicals, etc., is
unlikely to occur.
However, our experience of this procedure has

not been favourable. The antigens could be easily
concentrated but in gel-diffusion tests the precipita-
tion pattern showed abnormalities. This may be
due to the passage of small polyethylene molecules
through the dialysis membrane, which occurs with
some batches of Carbowax, giving the residue a
viscous appearance. The method must therefore be
considered unreliable for concentration of poliovirus
antigens although it might be used as the first step
of a two-stage procedure, followed by ultracentri-
fugation (Beale & Mason, 1962).

Concentration by ultracentrifugation
An experiment with a type-I vaccine gave a result

which was in very good agreement with that for an
AlPO4-concentrate of the same product. The values
found were 47 D-antigen units (AlPO4) and 50
D-antigen units' (ultracentrifuge). However, ultra-
centrifugation is not a convenient method if many
samples have to be analysed and certainly not if
large volumes have to be concentrated.
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Concentration using AIPC4
This method was found to be useful and the pro-

cess can be kept sterile if necessary. It has the dis-
advantages that elution with extremely small volumes
of eluting fluid is difficult and that large amounts of
vaccine are needed, particularly when a high degree
of concentration is aimed at.

Concentration by ultrafiltration
With suitable membranes, poliovirus or inactiv-

ated poliomyelitis vaccine can be concentrated easily
by ultrafiltration. The most important advantage of
this method lies in the fact that it can be adapted
without much difficulty to both small and large
volumes. The vaccine can be concentrated to a very
small residual volume, and up to 1000-fold con-

centration can readily be obtained in one step.
Moreover, the whole procedure can be carried out
under sterile conditions if necessary.

Comparison of concentration by AIP04 and by ultra-

filtration
The reproducibility of the concentration procedures.

The initial experiments were performed with type-l
vaccines. The results were encouraging as can be
seen from the upper part of Table 1, which shows
the results of D-antigen determination in vaccines
concentrated 2 or 3 times by the A1P04 method and,
in some cases, by ultrafiltration. The number of
D-antigen units per ml was determined by use of
the conversion tables given in a previous paper
(van Ramshorst & Polak, 1966).
The results of two further experiments are sum-

marized in the lower half of Table 1. The same

vaccine was concentrated by two methods twice
daily on three different days and the mean D-antigen
values of the concentrates are given together with
their standard deviations (SD).

Similar results for type-2 vaccines are summarized
in Table 2, and for type-3 vaccines in Table 3.

Statistical evaluation of the results. The six sys-

tematic experiments for which the D-antigen values,
according to the conversion tables, are given in the
lower parts of Tables 1, 2 and 3 were analysed
statistically.
A total of 6 antigens were used, two for each

type, and each antigen was concentrated in two ways

in duplicate on three different days. Each concen-

trate was tested by means of the D-antigen gel-
diffusion test as described by van Ramshorst &
Polak (1966), using six hexagons for each test. (In
a number of cases only five hexagons could be used.)

TABLE I
RESULTS OF CONCENTRATION EXPERIMENTS

WITH POLIOVIRUS TYPE-1 VACCINES

D-antigen units per ml of concentrate

Vaccine Concentration procedure

AIPO4 Ultrafiltration |Collodion

1055 E 34 29 30

1082 E 42 43 42 50

1116 E 28 30 33

1142/43 E 32 33

0020 type I a 18 20

RIT 168type a 30 30

015165 b 35 33

36 33

32 29 39 36

34 32 35 36

Mean 32.5 35.8

SD 2.1 1.9

126365 b 27.5 28 32 30

32 33

32 34

30 27.5

30 37.5

Mean 31.1 31.2

SD 2.7 3.4

a Type-I components of trivalent vaccine.
b Experiments for 015165 and 126365 given on the same hori-

zontal line were performed on the same day. This was not the
case for the experiments in the upper part of the table.

Vaccine concentrates processed on the same day
were tested on the same day.
The sums of the three measurements for each

hexagon (hexagon sums) were used for the analysis.
The variation between days (2 degrees of freedom),
between duplicate tests (3 degrees of freedom) and
between hexagons (the residual variation; 30 degrees
of freedom) was analysed for all six antigens (two
of each type) and each method of concentration.
In view of the occasional deviations from the
schedule mentioned above, the number of degrees
of freedom was slightly different in some cases. As
there were 6 antigens, each concentrated in 2 ways,
12 analyses of variance were performed, divided
into 2 groups: 6 analyses for the AIPO4 method and
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TABLE 2
RESULTS OF CONCENTRATION EXPERIMENTS WITH POLIOVIRUS TYPE-2

VACCINES

D-antigen units per ml of concentrate

Vaccine Concentration procedure

AIPO4 Ultrafiltration | Collodion

2044/45 E 1.5 3.7

2047/48 E 1.1 3.0 3.0 4.5 4.0 4.5 4.4

2049/50-3d 1.7 2.0

2049/50 E 2.2 1.5

2053/54 E 6.2 5.8 6.0 6.4 6.3 5.8 9.2 7.8

2051152 a 2.8 3.4

3.0 4.0

2.8 3.7 4.0 4.0
3.2 3.2 3.2 5.2

Mean 3.02 3.90

SD 0.28 0.77

2053/54 a 5.5 5.7

8.0 9.0

7.0 8.5

7.9 8.0

6.3 6.3 6.1 6.2

Mean 6.02 8.07

SD 0.34 0.67

a Experiments for 2051/52 and 2053/54 given on the same horizontal line were performed on the
same day. This was not the case for the experiments In the upper part of the table.

6 for the filter method. It was found that the differ-
ences between variances within each group were
not significant. For this reason the 6 separate
analyses for the AlPO4-method and the 6 for the
filter method were combined; these combined
results are summarized in Table 4.

It appears from these results that the residual
variances for the two methods (2.49 and 2.39) are
almost identical. The differences between duplicate
tests on the same day for the AlPO4 method were
very small, but the variance between duplicates for
the filter method was 6 times larger than the residual
variance (P <0.01). One observation differs very
considerably from the rest here. If this one is elimin-
ated, the results are as given in the last column of
the table. Even then, the variance between duplicate
tests remains significant (P <0.01).

The variance between days, tested against the
variance between duplicates, is significant, bothfor
AlPO4 method (P<0.01) and for the filter method
(P <0.05, corrected figures).

Table 5 shows the averages of the hexagon sums
for each antigen; it may be seen that the filtration
method gave lower hexagon sums for 4 of the
antigens but slightly higher sums for the remaining
2 antigens. It is therefore possible that the D-antigen
values in concentrates obtained by filtration are
higher than those obtained by the aluminium-
phosphate method, and further experiments were
done in order to examine this possibility.

Experiments to examine the differences between
the two concentration methods. It might be supposed
that D line distances measured for concentrates
obtained by ultrafiltration could not be converted
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TABLE 3
RESULTS OF CONCENTRATION EXPERIMENTS

WITH POLIOVIRUS TYPE-3 VACCINES

D-antigen units per ml of concentrate

Vaccine Concentration procedure

AIPO4 Ultrafiltration

3048 E 13 12

3049/50 E 12 11.5

0020/3 a 2 4

035165 b 13 14

11.5 12.5 10 12

13 12 10 16 11.5

12

Mean 12.7 11.9

SD 0.88 2.2

326365 b 13.4 13.7

15.5 15.0 18.5

13.5 15.0

13.4 13.0

18.5 19.5

16.0

Mean 14.4 16.5

SD 0.94 2.77

a Type3 component of a trivalent vaccine.
b Experiments for 035165 and 326365 given on the same

horizontal line have been performed on the same day. This was
not the case for the experiments in the upper part of the table.

into D-antigen units by use of the conversion tables
based on AlPO4-concentrated vaccines: the con-

centration procedure might cause changes in the
diffusion velocity of the antigen which in turn would
influence the regression line and the conversion
table.

This possibility was therefore examined by con-

centrating a sample of poliomyelitis type-I vaccine
three times by the AlPO4 procedure and three
times by ultrafiltration through a membrane filter.
In each case the antigens were concentrated 200-
fold. The six concentrated products were examined
in a D-antigen test undiluted and also diluted 1:2
(i.e., 100-fold concentration) and 1: 4 (i.e., 50-fold
concentration). All tests were done with 6 tem-
plates; the results are summarized in Table 6.
Experiments I-VI in this table were performed
independently on different days.

It was found that the filtration method gave higher
values, although the analysis of the data provided
no evidence that non-parallelism existed for the two
concentration methods. It is therefore probable that
the AlPO4 method of concentration does result in
an appreciable loss of antigen. Further confirmation
of this was sought by testing the same material after
each of two concentration processes. After the first
concentration the residue was diluted with Hanks'
buffer solution to the original volume and concen-
trated once more.

The results, given in Table 7, show that the AlPO4
method produces a definite loss of D antigen. This
loss is probably due to the fact that some antigen
cannot readily be eluted from the precipitate. The

TABLE 4

COMBINED RESULTS OF THE ANALYSES OF VARIANCE FOR SIX ANTIGENS,
CONCENTRATED BY TWO METHODS

AIP04 a Ultrafiltration a Ultrafiltration
Source of variation with correction a

! S DF s2 S DF s2 s DF st

Between days 119.41 11 10.88 316.77 13 24.37 309.87 13 23.84

Between duplicate tests 51.13 19 2.69 248.02 17 14.59 134.24 16 8.39

Residual 428.87 172 2.49 414.00 173 2.39 398.00 168 2.37

All sources 599.41 202 j 2.97 j 978.79 203 4.82 842.11 | 197 4.27

a S = sum of squares; DF = degrees of freedom; 82 = mean square.
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TABLE 5
AVERAGES OF HEXAGON SUMS FOR EACH ANTIGEN

T
Mean hexagon sums F rAverageType Antigen AIP04 Filter Difference difference

1 015165 102.63 101.40 + 1.23

1 0126365 102.64 103.26 -0.62

2 2051/52 103.50 100.88 + 2.62 + 1.31

2 2053154 95.82 92.21 + 3.61

3 035165 104.50 105.17 - 0.67

3 0326365 102.97 101.31 + 1.66

TABLE 6
EXPERIMENTS FOR COMPARING THE REGRESSION LINES OF TYPE-1 VACCINES

CONCENTRATED BY AIPO4 METHOD AND BY ULTRAFILTRATION

1 1 1 ~~~~~~~~D-line 1 D-antigen
M Experiment Concentration Mean Mean of units romMethod ! No. factor d(mm)ance 3experiments conversion

_~~~(mm table

200 31.3

I 100 34.4

50 37.3

200 31.1 31.2 16.5

AIPO4 II 100 34.2 34.4 15.6

50 37.3 37.3 16.4

200 31.1

III 100 34.7

50 37.3

200 29.8

IV 100 33.1

50 35.8

200 30.0 29.9 22.1

Filter V 100 33.2 32.9 22.1

50 36.0 35.7 22.8

200 29.8

VI 100 32.4

50 35.2
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TABLE 7
COMPARISON OF LOSS OF POLIOVIRUS ANTIGEN

AFTER REPEATED CONCENTRATION BY THE AIPO4 AND
ULTRAFILTRATION METHODS

Batch T Poliovirus [ Method | Concentration | D-antigen | Difference
type units

Mixture 1 Filter 1st 32.0
5

2nd 30.4

1174/75 1 AIPO0 1st 30.0
Fi rst 15
experiment 2nd 25.4

Filter 1st 26.2
5

2nd 25.0

1174/75 1 AIPO4 1st 28.0
Second 23
experiment 2nd 21.5

Filter 1st 22.0
2

2nd 21.5

2069 2 AIPO4 1st 4.7
15

2nd 4.0

Filter 1st 8.2
2

2nd 8.0

3080 3 AIPO4 1 st 6.5
15

2nd 5.5

Filter 1 st 8.5
0

2nd 8.8

possibility that antigen is not completely adsorbed
at pH 5.0 was excluded because the presence of
antigen in the supernatant fluid could not be de-
monstrated.

D-antigen estimation in adsorbed vaccines

The determination of the D-antigen contents of
adsorbed vaccines (usually combined prophylactics)
presents some special problems. These vaccines
usually contain aluminium phosphate or hydroxide
and/or pertussis vaccine, so that concentration
procedures of the types described above are impos-
sible: the poliovirus antigens have to be separated
both from the aluminium compound and from the
pertussis bacteria. Moreover, the concentration
factor has to be higher than with monovalent vac-
cines because each of the three types of poliovirus
is more dilute than in monovalent vaccine (each

virus is diluted with the other two types). As the
poliovirus antigens are partially adsorbed in these
vaccines it is also necesssary for them to be eluted.
The presence of other soluble antigens (diphtheria
and/or tetanus toxoid) does not influence the
D-antigen test.
The simplest concentration procedure for ad-

sorbed vaccines would be a modification of the
AlPO4 method. Addition of AIPO4 would not be
necessary as the vaccine itself contains AlPO4 in an
amount greater than is required for the normal
concentration procedure. Thus lowering the pH
of the vaccine to about 5.0 should result in complete
adsorption of the poliovirus antigens. The pre-
cipitate could then be centrifuged down and the
poliovirus antigens eluted in the usual way at pH 8.0.
This method was found in practice to have the dis-
advantage that the large amount of AlPO4 together
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with the presence of pertussis bacteria made elution
with small volumes of fluid (i.e., a high concentra-
tion factor) very difficult. This drawback was more

serious for type-2 and type-3 poliovirus antigens
which are present in combined vaccines in smaller
amounts than type-i antigen and require a higher
concentration factor. Table 8 gives results obtained
using this method with a randomly chosen series of
vaccines produced during a certain period. It may be
seen that good agreement exists between the type-i
values in the combined vaccines and those found in
the batches of poliomyelitis vaccine which have been
used for their preparation. There is a general ten-
dency for the combined vaccines to have slightly
lower D-antigen values than the poliovirus pools
owing to small losses during the concentration pro-

cedure (e.g., incomplete elution from the rather
large amount of precipitate).

In the case of the type-2 and type-3 antigens the
concentrations obtained in the eluate were low and
precipitation lines in the gel-diffusion test weak or

invisible. This difficulty could be overcome by
concentrating the antigens in a two-step procedure.
In the first step the pH of the vaccine was adjusted
to 5.0, the precipitate centrifuged off and the anti-
gens eluted from the precipitate at pH 8.0. A large
amount of eluting fluid (e.g., 50 ml for 200 ml of
vaccine) could be used, however, as the eluate was
further concentrated in a second step by ultra-
filtration (the membrane filtration procedure).

TABLE 8

TYPE-1 D-ANTIGEN CONTENT OF SOME DT-POLIO,
DPT-POLIO (AIPO.-ADSORBED) AND

CORRESPONDING TRIVALENT POLIOMYELITIS
VACCINES, AFTER ONE-STAGE CONCENTRATION

Trivalent FType-I Combined IType-I
poliomyelitis | D-antigen | vaccine | D-antigen

vaccine units _ _ _ units

0057 13 DPT-Polio 35 12

0058 30 DT-Polio 6 26

0060 18 DT-Polio 8 18

0061 27 DPT-Polio 34 26

0062 29 DT-Polio 9 24

0064 19 DPT-Polio 37 19

0065 22 DT-Polio 10 22

0066 19 DPT-Polio 38 17

0067 20 DPT-Polio 39 19

Table 9 presents some examples in which the two-
step procedure was used for combined vaccines.

DISCUSSION

For reliable estimation of poliovirus D antigens
by means of the gel-diffusion test, the procedure of
concentrating the antigens is very important. Care
should be taken to avoid processes which might

TABLE 9
TYPE-1, TYPE-2 AND TYPE-3 D-ANTIGEN CONTENTS OF DT-POLIO AND

DPT-POLIO VACCINES AND CORRESPONDING TRIVALENT POLIOMYELITIS VACCINES,
AFTER TWO-STAGE CONCENTRATION

Trivalent 1 D-antigen units [ Combined D-antigen units

vaccine Typel I Type2 vaccin Type I Type 2 Type 3

0081 23.5 0.7 2.0 DT-Polio 19 18.0 0.9 1.5

0083 18.0 1.2 1.6 DPT-Polio 47 22.5 1.6 1.4

0084 23.0 1.3 2.0 DPT-Polio 45 20.0 0.6 1.1

0085 20.3 1.7 2.1 DPT-Polio 46 24.5 1.6 2.4

0086 18.0 1.8 2.1 DT-Polio 20 20.0 2.0 1.2

0087 18.0 1.9 1.9 DPT-Polio 48 21.5 2.0 1.6

0091 16.5 0.9 2.5 DPT-Polio 49 14.4 0.8 2.5

0092 17.3 1.0 1.9 DPT-Polio 52 16.0 0.8 1.3

0093 15.3 1.0 2.3 DT-Polio 22 13.0 0.9 2.2

0094 16.5 1.0 2.1 DPT-Polio 53 14.2 0.8 1.9
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influence the diffusion of the reactants into the gel.
Thus Rubinstein (1954) noted that the presence of
salts and proteins influenced the position of the
precipitation band and similar findings were obtained
by Preer (1956). In our experiments a similar effect
was observed if the antigens were concentrated with
polyethylene glycol (Carbowax).

Concentration by means of AlPO4 or by ultra-
filtration appeared to be suitable. When the antigen
content of the resulting concentrates is measured
with the gel-diffusion test the total error is the sum
of that for the gel-diffusion test and from the con-
centration procedure itself. The first factor was
described in a preceding paper (van Ramshorst &
Polak, 1966) and did not exceed 10% when 12 hexa-
gons are used. A larger variation occurs between the
results of experiments in which an antigen is tested
after concentration on different occasions by the
same process; in this case the variations due to the
gel-diffusion test and those due to the concentration
procedure are added.
The confidence limits of the inter-day variation

of the aluminium-phosphate concentration method
may be derived from the analyses of variance
(Table 4). Transformation from hexagon sum to
D-antigen concentration involves the slope of
regression between the two. If the lowest coefficient
of regression, as found for virus-type-2 antigen (van
Ramshorst & Polak 1966) is applied, 95% factorial
confidence limits of 0.87-1.15 irrespective of virus type
are found. This means a variability of about 15 %.
The experiments described in this paper have

shown that the variability of the AlPO4 method is
smaller than that of the membrane filtration method.
On the other hand, the filtration method is more
convenient in practice when only small amounts of

material are available, and in many cases the dis-
advantage of a slightly reduced precision can be
accepted.
The distances between the precipitation lines

measured in the gel-diffusion test were often signi-
ficantly smaller in the case of antigens concentrated
by filtration, so that values found tended to be
slightly higher than when the A1P04 method was
used, if the distances were converted into D-antigen
units by using the conversion tables of van Rams-
horst & Polak (1966). These differences between the
methods can be explained by assuming that the
AlPO4 method gives a constant loss of antigen,
whereas with ultrafiltration the loss is smaller but
variable. The finding could also be explained if
conversion tables based on AlPO4-concentrated
vaccines were incorrect for vaccines concentrated
in a different way. However, this possibility was
found to be very unlikely since the appropriate
regression lines seemed to be parallel and, moreover,
repeated concentration by the AlPO4 method was
found to cause conspicuous losses.
The variations applicable to the determination

of D antigens in monovalent vaccines are also
relevant to the analysis of combined vaccines,
especially when the two-step method involving both
AlPO4-adsorption and ultrafiltration is employed.
Thus, each of the two procedures will cause some
decrease in precision and, moreover, the presence
of antigens from the other vaccine components
might have some influence on the regression lines.
The results obtained in using the process were,
however, very encouraging and suggest that the
objections are theoretical rather than practical and
that they will not influence the value of the test
method in practice.
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RtSUMJt

Pour determiner le contenu en antigenes D d'un
vaccin antipoliomyelitique, il est indispensable d'utiliser
des antigenes suflisamment concentr6s afin d'obtenir
des lignes de precipitation antig6ne-anticorps nettement
visibles lors de l'epreuve de diffusion sur gel. Les tech-

niques de concentration doivent etre rapides, fournir des
resultats reproductibles et elles ne doivent pas modifier
la vitesse de diffusion des antigenes. L'adsorption sur
phosphate d'aluminium, mise au point par Fantes, et
l'ultrafiltration sont 'a cet egard les deux methodes les
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plus avantageuses. L'ultracentrifugation peut egalement
etre utilisee, mais elle est d'un emploi plus difficile si
l'analyse porte sur des echantillons nombreux ou volu-
mineux. Quant aux procedes de concentration de I'anti-
gene par absorption par le Carbowax, ils entrainent des
variations de la vitesse de diffusion et leur emploi n'est
pas conseille.

Les resultats, apres adsorption sur phosphate d'alu-
minium, sont legerement superieurs a ceux obtenus par
filtration sur membranes; ce dernier procede a neanmoins
l'avantage de pouvoir etre employe quelle que soit la
taille de l'6chantillon. La variabilit6 des donnees fournies
par la methode d'adsorption sur phosphate d'aluminium
est de l'ordre de 15 %. Si l'ultrafiltration donne des
resultats dont la reproductibilite est moindre, elle permet
en revanche d'obtenir des quantit6s d'antigene 10-20%
superieures. La perte d'antigene observ6e apres adsorp-
tion sur phosphate d'aluminium semble due a une
6lution incompl6te 'a partir du pr6cipite; cette perte a
pu etre confirmee au cours d'une serie d'adsorptions
suivies d'elution.

La determination du contenu en antigenes D des
vaccins adsorb6s (gen6ralement des vaccins mixtes)
pose des problemes particuliers. Les m6thodes habi-
tuelles de concentration ne sont pas utilisables et il faut
recourir a une technique de concentration en deux
temps: abaissement du pH des vaccins a 5,0, centri-
fugation, et 6lution de I'antigene du pr6cipit6 au moyen
d'une quantite suffisante de liquide. L'eluat est ensuite
concentre par ultrafiltration. Les r6sultats obtenus
concordent avec ceux fournis par I'analyse des vaccins
antipoliomyelitiques intervenant dans la composition
des vaccins mixtes.

L'auteur examine les differents facteurs qu'il faut
considerer lors de 1'evaluation du contenu en antig6nes D
des vaccins monovalents ou mixtes. Chaque m6thode de
concentration a ses inconvenients, et la presence d'autres
antig6nes vaccinaux influence les donnees de 1'6preuve
de diffusion sur gel. Ces techniques sont neanmoins tres
prometteuses et les objections ont un caractere plus
theorique que pratique.
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