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SYNOPSIS

The Third International Reference Preparation of Cardiolipin
was produced (in a quantity of 2400 ml) at the WHO Serological
Reference Centre, Copenhagen, and assayed in 1957 against the
Second International Reference Preparation by four laboratories
in three countries. Complement-fixation and slide flocculation tests
were used. The new preparation was found acceptable, and its
establishment was authorized by the WHO Expert Committee on
Biological Standardization.

The average logl0 titres and results of analyses of variances are
shown. The variances were of the usual order of magnitude, and
the differences in titre between antigens containing the Second and
the Third International Reference Preparations varied from -0.004
to 0.059; only two of the differences exceeded the 5% limit of
significance.

The use of the Third International Reference Preparation in tests
for the acceptability of any new cardiolipin preparation is described.

The description given by Pangborn and co-workers (Pangborn, 1945,
1947, 1951; Pangborn et al., 1951) on the preparation of purified cardiolipin
and the purified lecithins raised the question whether it was now possible
to obtain a standard preparation for the antigens used in the serological
tests for syphilis and the other treponematoses.

It was soon seen that it was not possible to agree on one or several
standard antigens composed of cardiolipin, lecithin and cholesterol for
serological work; and it was therefore agreed that an attempt should be
made to ensure that the production of cardiolipins and lecithins would
result in preparations of the same serological reactivity.
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The first steps were taken on a national basis when the laboratory
division of the New York State Health Department, Albany, N.Y., on
21 December 1947 obtained a patent for the production of cardiolipin.
This was done in such a way that a laboratory could obtain a licence free
of charge provided it agreed to submit samples of its product to an accept-
ance test in the Albany laboratory.

Through co-operation between the World Health Organization's
Expert Committee on Venereal Infections and Treponematoses, especially
its Subcommittee on Serology and Laboratory Aspects, and the WHO
Expert Committee on Biological Standardization, it was agreed to solve
the control question by establishing reference preparations of the two
important items, cardiolipin and lecithin.' Health authorities in Member
States of the Organization could then be sure, from a certificate from the
producers or from tests in their own laboratories, that cardiolipins and
lecithins produced in national laboratories or for commercial purposes in
other States had a reactivity corresponding to that of the reference pre-
parations.

The first reference preparation was established (as provisional) by the
WHO Expert Committee on Biological Standardization in 1951 (World
Health Organization, 1952). The quantity was calculated for a period of
two years only, as the stability of the preparation was not too well known
at that time.

Close co-operation was maintained between the Albany laboratory, the
WHO Subcommittee on Serology and Laboratory Aspects, the WHO
Serological Reference Centre in Copenhagen, and the several laboratories
directed by members of the WHO Expert Advisory Panel on Venereal
Infections and Treponematoses to ensure that the first replacement had an
activity fully acceptable when measured by a variety of serological methods.

The first replacement (the second reference preparation) was established
in 1953. During 1954 it was found that cardiolipin in alcohol solution in
sealed ampoules was reasonably heat-stable, no significant reduction in
activity being observed after storage at +37°C for three months or at
+560C for two weeks. It was therefore concluded that it should be possible
to make the second replacement to cover at least five or six years.

The material for the second replacement was obtained from the WHO
Serological Reference Centre in Copenhagen. Two lots of cardiolipin, each
of which was found acceptable in local testing, were mixed and subjected
to international assay and finally accepted as the Third International
Reference Preparation of Cardiolipin in September 1958 (World Health
Organization, 1959).

Other steps were also taken by WHO to ensure the use of acceptable
cardiolipin (and lecithin) and to facilitate the production of these prepara-

1 The International Reference Preparation of Egg Lecithin and the International Standard of Human
Syphilitic Serum will be the subjects of future publications.
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tions. Among them may be mentioned the publication of a monograph
on cardiolipin by Pangborn and co-authors in 1951, followed by a second
edition in 1955, incorporating important modifications in laboratory
methods. An annex was also published to the International Pharmacopoeia
(World Health Organization, 1955), containing descriptions of cardiolipin
and lecithin and information on testing for purity and reactivity.

The Third International Reference Preparation of Cardiolipin consists
of 2400 ml of purified cardiolipin dissolved in absolute alcohol. It is
distributed in the following numbers of brown Pyrex ampoules: 360 am-
poules of 4 ml each, 77 ampoules of 8 ml each and 20 ampoules of 16 ml
each (each ampoule contains on an average 0.14 ml more than the
quantity indicated, to allow for the withdrawal of the amount shown).

The thermostability was found acceptable, as cardiolipin stored in
ampoules as above at 56°C over a period of 14 days could be used in
antigens, but with reduced reactivity; the difference (0.07) was significant,
but only 25 % of the difference between two dilutions in a usual testing-row
for sera.

International Collaborative Assay

The international collaborative assay on the proposed replacement for
the Second International Reference Preparation was undertaken in 1957
in the following laboratories: Faculte de Medecine et de Pharmacie,
Bordeaux, France; Statens Seruminstitut, Copenhagen, Denmark; Venereal
Disease Research Laboratory, Chamblee, Ga., USA; and New York State
Department of Health, Albany, N.Y., USA.

The antigens were prepared in duplicate: the reference antigen, con-
taining the Second International Reference Preparation of Cardiolipin,
the Second International Reference Preparation of Egg Lecithin, and
cholesterol (these two lots of antigen are hereafter referred to as IRP II (a)
and (b)); and the test antigen, containing the proposed new reference pre-
paration of cardiolipin, the International Reference Preparation of Egg
Lecithin, and cholesterol (these two lots of antigen are hereafter referred to
as IRP III (a) and (b)). These two antigens contained the same proportions
of their respective constituents.

Antigens for complement-fixation (CF) tests and for slide flocculation
tests were prepared for each laboratory.

Each laboratory tested 32 reactive sera, mostly from syphilitic patients,
and 200 non-reactive sera. The testing was carried out over an eight-day
period in order to reduce the important day-to-day component of the
standard error (SE), and the steps necessary to secure a non-biased reading
were arranged for.

The results were reported in detail to the WHO Serological Reference
Centre, Copenhagen, where the evaluation was done.
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Titres based upon log10 values were estimated following the Kairber
principle (1931). An analysis of variance was performed for each set of
results.

Results

The variances are shown in Table 1. (It should be noted that the num-
bers of the laboratories in the tables do not correspond to the order in
which the laboratories have been listed above.) As usual, it is seen that the

S2 interaction antigen/days is greater than the experimental error s The

variances for laboratory 1 (CF test), 2 (slide test) and 4 (both tests) were
of the same magnitude as those seen in previous comparisons between
antigens, while laboratory 3 showed lower variances than the other labo-
ratories and also in comparison with its own previous results.

TABLE 1. ANALYSIS OF VARIANCE USING SLIDE FLOCCULATION TEST
AND COMPLEMENT-FIXATION TEST IN THE COMPARISON

OF IRP II WITH IRP III

Experimental Interaction Variance
error antigen/days ratio

Laboratory S

2 degrees 2 degrees V2 = 2
s1 ~of s2of Sfreedom 2 freedom

Slide flocculation test

1 0.002569 69 0.006501 21 2.53 **

2 0.009169 66 0.063355 21 6.91 *

3 0.000762 72 0.000845 21 1.11

4 0.004390 69 0.018641 21 4.25

Complement-fixation test
1,

weakly reactive 0.005854 18 0.017144 15 2.93 *
1 ,

moderately reactive 0.000553 18 0.000474 15 0.86

2 0.041796 54 0.092369 21 2.21 *

3 0.000294 69 0.000367 21 1.25

4 0.000651 72 0.001410 21 2.17 **

* V2 exceeds the 5 % limit of significance.
** V2 exceeds the I % limit of significance.

* V2 exceeds the 0.1 % limit of significance.

It has been the experience in Copenhagen that sl and s2, during the

past four or five years, have been found to be of practically the same order
of magnitude in the comparison of acceptable preparations. Deviations were
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TABLE 2. AVERAGE SLIDE FLOCCULATION TEST RESULTS (ON ABOUT 30 SERA)
FOR DUPLICATE ANTIGENS CONTAINING IRP II AND IRP III

Laboratory
Antigen 1 2 3 4

IRP III (a) 0.7635 0.9042 1.1150 0.8158
IRP III (b) 0.7562 0.8377 1.1197 0.8498

IRP 11 (a) 0.7015 0.8842 1.1197 0.7575
IRP 11 (b) 0.7003 0.8214 1.1197 0.8109

Total average 0.7304 0.8619 1.1185 0.8085

IRP III (a)-(b) 0.0073 0.0665 -0.0047 -0.0340
IRP II (a)-(b) 0.0012 0.0628 0.0000 -0.0534

IRP lll-ll 0.0590 0.0182 -0.0024 0.0486
SE * 0.0145 0.0460 0.0051 0.0245

SE calculated from the s2 values in Table 1.

TABLE 3. AVERAGE COMPLEMENT-FIXATION TEST RESULTS (ON ABOUT 30 SERA)
FOR DUPLICATE ANTIGENS CONTAINING IRP II AND IRP III

42
Antigen

0.9811
0.9874

0.9512
0.9386

0.9646

-0.0063
0.0126

IRP 1ll-lI 0.0094 0.0384 -0.0037 0.0394
SE *** 0.0063 0.0596 0.0034 0.0066

* Results for two days (8 sera) and for 12 weakly reactive sera excluded.
** These deviations were significant. (SE here was 1.4 times the SE given in the last line of

the table).
*** SE calculated from the s2 values in Table 1.si2T

7

IRP Ill (a)
IRP IlIl (b)

IRP 11 (a)
IRP 11 (b)

Total average

IRP III (a)-(b)
IRP II (a)-(b)

(day 3-8) *
moderately
reactive
(12 sera)

0.6862
0.6529

0.6775
0.6429

0.6649

0.0333 **

0.0346 **

1.3415
1.3055

1.3416
1.2287

1.3043

0.0360
0.1129

3

1.2952
1.2927

1.3000
1.2952

1.2958

0.0025
0.0048

Laboratory



P. KRAG & M. W. BENTZON

TABLE 4. COMPARISON BETWEEN THE INTERNATIONAL REFERENCE
PREPARATIONS OF CARDIOLIPIN I, II AND III

Laboratory
Preparation Method

1 2 3 4

Il-l Slide test 0.119 -0.009 -0.304
CF test 0.002 -0.103 -0.078

111-11 Slide test 0.059 0.018 -0.002 0.049
CF test 0.009 0.038 -0.004 0.039

seen for antigens of different reactivity or of different degrees of deteriora-
tion due to storage.

The average results are shown in Tables 2 and 3. It is seen that the
four antigens have practically the same reactivity in each laboratory. The
difference from laboratory to laboratory is attributable largely to the
selection of sera for testing.

Significant differences between antigens were observed in two laboratories
only-Laboratory 1 (slide test, 0.059) and Laboratory 4 (CF test, 0.039)-
the other differences varying from -0.004 to +0.049.

The 800 non-reactive sera, 200 for each laboratory, showed slight
reactivity in 16 sera only; this reactivity was equal for all four antigens
or of the following types: IRP III (a) and (b): + or +; and IRP 11 (a)
and (b): +.

Table 4 shows the differences between three preparations (the First and
Second International Reference Preparations and the preposed new prepara-
tion), based upon results from the four laboratories, which took part in
the present assay and in the previous one; the differences do not exceed 0.30.

It will be seen that antigens containing IRP II were probably less reactive
than those containing IRP I, while IRP III antigens appear slightly more
reactive than the IRP II.

Conclusion

The participants in the assay agreed that the new cardiolipin preparation
was acceptable as a replacement for the Second International Reference
Preparation of Cardiolipin, and following the authorization given in 1956
by the WHO Expert Committee on Biological Standardization, the Third
International Reference Preparation of Cardiolipin was established in
1958 (World Health Organization, 1957, 1959).

The Third International Reference Preparation of Cardiolipin is intended
for comparison with cardiolipins produced in national laboratories or
procured from other countries. A new cardiolipin is acceptable for use in
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the serology of syphilis if, having passed the chemical tests (phosphorus,
nitrogen and iodine value), it shows the same reactivity as the International
Reference Preparation of Cardiolipin combined with International Refer-
ence Preparation of Lecithin and a good cholesterol. A valid com-
parison must include testing on reactive and non-reactive sera, such testing
to be performed over several days. It is recommended that the reactive
sera be tested in a dilution series closer than twofold and that each antigen
be tested in duplicate.
A difference between a new cardiolipin and the International Reference

Preparation can be accepted only if it is of the same magnitude as the
differences found between two cardiolipin antigens both composed of the
International Reference Preparations and in the same proportions.
A new cardiolipin is not acceptable if antigens containing it show greater

variability in results than is usual in the testing laboratory.

R1tSUMtR

La Troisieme Pr6paration internationale de ref6rence de Cardiolipine qui vient
d'etre etablie, a la suite d'6tudes comparatives avec la Deuxieme Preparation en voie
d'6puisement, est maintenant d6posee au Laboratoire international d'Etalons biolo-
giques, au Statens Seruminstitut, a Copenhague.

Les auteurs decrivent les 6preuves et analysent les resultats obtenus dans quatre
laboratoires de trois pays.

Cette preparation doit servir de reference pour l'evaluation des cardiolipines pro-
duites par les laboratoires nationaux ou provenant d'autres sources. Une cardiolipine
peut etre utilis6e dans les 6preuves serologiques de la syphilis, si, ayant satisfait aux
tests chimiques (phosphore, azote, indice d'iode), elle a la meme reactivite que la PrM-
paration intemationale de reference, combinee 'a la Preparation internationale de
ref6rence de Lcithine d'aeuf, et i un bon cholest6rol. La comparaison doit porter sur
des serums reagissants et non r6agissants, et s'etendre sur plusieurs jours. Les dilutions
de serums seront faites 'a raison inferieure i 2, et chaque antig6ne sera essaye deux fois.
Les diff6rences entre la cardiolipine a essayer et la Preparation de reference ne sont
toierables que si elles sont du meme ordre de grandeur que celles que l'on peut ren-
contrer entre deux antigenes composes des Pr6parations intemationales de reference,
combinees dans les memes proportions.
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