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SYNQPSIS

A comparative study was undertaken by the authors to determine
the most reliable of the serodiagnostic tests for syphilis in current
use in Japan. The criteria for the selection of sera, the way in which
the standard tests were chosen, and the statistical method used for
evaluating the results are described, and some of the detailed results
are given. Five tests-the VDRL test, the agglutination test, Ogata's
test, the Kahn test (with cardiolipin antigen), and Browning's test
modified by Taniguchi (with cardiolipin antigen)-were found to be
comparable in reliability to the Kolmer (Lederle) and VDRL
(Lederle) tests employed in the USA.

In Japan, although many different methods for the serodiagnosis of
syphilis had been in use for some years, it was not until 1946 that a com-
parative study of them was proposed. At the instigation of the Japanese
Committee for the Serological Diagnosis of Syphilis, investigations were
begun in 1947 to determine the most reliable tests. First, standards for
assessing the value of the various methods were set up, and then labor-
atory experiments were carried out to confirm the reliability of the tests based
upon these standards.

In the present article, a brief description is given of the study procedure
and of the results obtained.

Materials and Procedure

Materials

The ideal serodiagnostic test for syphilis would be one which always gave
positive reactions with syphilitic sera and negative reactions with non-
syphilitic sera. Therefore, in order to determine the relative value of
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serodiagnostic methods, percentage sensitivity and specificity must be
compared; the best test-the one with the highest sensitivity and specificity
-can then be selected.

The serological tests at present in use give positive reactions with most
sera from cases of secondary or tertiary syphilis; accordingly, such sera
dannot be used for comparisons of sensitivity. A test with high sensitivity,
however, will give positive reactions with sera from cases of primary syphilis,
even at the so-called " seronegative " stage, as well as with the sera of
latent or of clinically cured syphilis cases.

The following sera were therefore used as positive material in the study:
(1) sera from cases of primary syphilis (especially at the seronegative

stage);
(2) sera from cases of latent syphilis;
(3) sera from syphilis cases after completion of treatment.

With regard to specificity, it is known that the serological tests in
current use rarely give false-positive reactions with normal sera. Conse-
quently, to establish proof of the specificity of a method, tests with sera
which are likely to give false-positive reactions must be carried out.

The following sera were therefore used as negative material in the study
(1) sera from normal persons;
(2) sera from pregnant women;
(3) sera from cases of chronic disease, especially of the liver.
A relatively large number of false-positive reactions were observed in

the tests made with sera from cases of leprosy, particularly those of the
lepromatous type. Since there would be no point in lowering the sensitivity
of serological tests until they give no false-positive reactions with sera from
lepers, samples of such sera were not included. However, the results of
experiments did not show an appreciably higher percentage of false-positive
reactions with sera from tuberculosis patients than that obtained with sera
from other cases of chronic disease; samples of tuberculous sera were
therefore included.

It is essential that sera to be used in a comparative study of specificity
should be absolutely non-syphilitic. The selection of sera was therefore
based on the following criteria

1. The donor must have no history of syphilis or of any disease suggestive
of an involvement of syphilitic infection-for example, chancroid, gonor-
rhoea, or some other venereal disease-and should, preferably, also have
had no chance of contracting such infections.

2. The spouse of the donor must have no history of venereal disease.
3. The donor must have no past record of positive reaction to any type

of serological test.
4. The donor must not be a digamist.
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Procedure

In all cases where sera, either syphilitic or non-syphilitic, yielded diver-
gent reactions with different tests, the following steps were taken to determine
the correct result:

(I) the patients were re-examined clinically;
(2) the history of the patients and of their spouses was re-examined; and
(3) the serological tests were repeated.
When satisfactory results were not obtained in spite of the above-

mentioned investigations, the cases concerned were excluded from the data.
The tests were performed by various serologists at the National Institute

of Health, under identical conditions and on the same day. Each test was
carried out by the person most experienced in the particular technique.

Selection of standard tests. It has already been mentioned that the
purpose of this study was to determine the most reliable serological tests
for syphilis, and that, to accomplish this end, standards for comparison had
first to be established.

If an imaginary method giving 100% sensitivity is adopted as the
standard, it can be presumed that the percentage of positive reactions
obtained even with a very reliable test will sometimes be significantly lower
than that of the standard, depending on the type of serum used. On the
other hand, it would be equally pointless to adopt as the standard an
imaginary test giving negative reactions with all non-syphilitic sera.

Accordingly, in the preliminary experiments, the method (A) which
gave the greatest number of positive reactions to the syphilitic sera under
examination was taken as the standard for sensitivity, and the method (F)
which gave the smallest number of false-positive reactions was taken as the
standard for specificity (see table I). However, the standard method-
like the imaginary ideal method-should have both high sensitivity and
high specificity. In this respect, the standards first chosen proved to be
inadequate, since method A, which had the highest sensitivity, showed
significantly low specificity in comparison with method F, and method F,
which had the highest specificity, showed significantly low sensitivity in
comparison with the other methods (see table 1). Moreover, statistical
analysis of the results showed that, in the case of the syphilitic sera, methods
E and F differed significantly from method A, and that, in the case of the
non-syphilitic sera, methods E and A differed significantly from method F.

Methods A and F having proved unsuitable as standards,- a second
selection was made in the following way: In the case of the syphilitic sera,
all the methods were compared with method B-the next in sensitivity to
method A-and, in the case of the non-syphilitic sera, all were compared
with method D-the next in specificity to method F. Statistical analysis
showed that methods E and F gave significantly different results from
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TABLE I. SENSITIVITY AND SPECIFICITY OF TEST METHODS

method B (sensitivity), and that method A gave significantly different
results from method D (specificity). However, the differences between the
results obtained with either method B or method D and those obtained with
the remainder of the methods were not significant. It thus appeared that
B, C, or D should be adopted as the standard method, according to the
kind of serum being tested.
TABLE II. COMPARISON OF STANDARD METHODS WITH OTHER METHODS

Sera I

syphilitic

B

C

D

non-syphilitic

ED
D

B

C

E *

* Significantly different from standard

Reactions

Methods

(A) Syphilitic sera (171 -samples)

A 158 6

B 157 0

C 155 2

D 150 0 21

E 129 8 34

F 105 11 55

(B) Non-syphilitic sera (156 samples)

F 0 0 156

D 4 1 151

B 5 0 151

C 5 0 151

E 3 7 146

A 11 11 134

14

14

[3 Standard
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The standard methods are compared schematically with the other
methods in table II, the methods which gave significantly different results
being indicated in each case.

In the early days of serodiagnosis, it was believed that a serological
test with high sensitivity would give false-positive reactions, and that a
highly specific test would necessarily show low sensitivity. Nowadays,
however, as a result of improvements in serological testing and in antigen
preparation, reliable methods which are both highly sensitive and highly
specific for all kinds of sera are available. In fact, the tests are approaching
the ideal one, and it is therefore no longer necessary to select standards in
the way which has just been described. The method with the highest
sensitivity can be adopted as the standard for sensitivity, and that with the
highest specificity can be adopted as the standard for specificity.

,Statistical analysis. The purpose of the statistical analysis was to find
out whether there was any essential difference between the various serological
tests studied.

If, when two tests are compared, the proportion of positive and negative
reactions obtained with the same material is found to vary, it can be con-
cluded that the divergent results are due to some difference between the two
tests. The range of significant difference is determined by the method of
direct probability," 2 which may be explained briefly as follows:

It is assumed that the results shown in table lII (a) were obtained with
100 syphilitic sera tested by methods A and B. The hypothesis is then
postulated that the results are independent of the tests used, the methods
being assumed to be of equal sensitivity. The sum (P) of the probability
(P,) that the results shown in table III (a) will occur and the probability
(P2) that the more divergent results shown in table III (b) will occur is then
calculated, P1 and P2 being computed thus:

189 100 ! 100 ! 11!
P1 =

200! 99! 90! 10!
189! 100 100! 11!

P2 =

200! 100! 89! 11!
The sum (P) of the probabilities P1 and P2 is therefore

189! 100! 100! 11 ! 90
P=~~P1+P2= -- (i-v~~~--)I0.00847p=l + P2 = (1 -0004

200 ! 99 ! 90! 10! 0

X Barnard, G. A. (1947) Biometrika, 34, 123
2 Fisher, R. A. (1936) Statistical methods for research workers, 6th ed., Edinburgh, p. 100
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TABLE 1II. HYPOTHETICAL RESULTS OBTAINED FROM TESTING
100 SYPHILITIC SERA BY METHODS A AND B

(a) Probability I (b) Probability 2

Reactions
+ Total

Methods

A 99 1 100

B 90 10 100

Total 189 11 200

If P is small (for example, less than 1 %), it is unlikely that results such
as those shown in table III (a) will occur with two methods of equal sen-

sitivity. A greater probability exists, therefore, of methods A and B being
essentially different in sensitivity than of their being equal. However, the
adoption of such a conclusion involves a 1 % level of risk, because if methods
A and B were equal in sensitivity results such as those shown in table III
would be obtained once in a 100 times, given that the sum of probabilities
is 1%.

The method of direct probability was used to examine the differences
between the standards and variouis other serological tests. The difference
was considered to be significant when the level of risk was less than 1 %.
For the sake of simplicity, only positive or negative reactions were taken
into account in the calculations, although " doubtful " reactions were

obtained as well as positive or negative ones in some of the tests. Serologi-
cally speaking, a doubtful reaction is in a category of its own, and should be
treated in a different way from either a positive or a negative reaction. In

statistical analysis, however, the difference in the number of positive reac-

tions and the difference in the number of doubtful reactions have equal
importance. Accordingly, in order to obtain the result nearest to the
meaning of " doubtful reaction " in the serological sense, when a test gave a

doubtful reaction, 0.5 was added both to the number of positive reactions
and to the number of negative reactions.

Experimental Results

Employing the above-mentioned principles, the various serodiagnostic
tests for syphilis which had been in use in Japan were compared in a series
of eight experiments, and reliable tests were selected. The findings of the
seventh and eighth experiments are described here, in illustration.

Reactions
+ - Total

Methods

A 100 0 100

B 89 11 100

Total 189 1 1 200
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Results of seventh experiment

As it was necessary to find out whether the tests which had been found
to be the most reliable on the basis of the six previous experiments were
universally reliable, in the seventh experiment of the series these tests were
compared, by our own method, with the Kolmer (Lederle) and VDRL 3
(Lederle) tests, which are considered to be the most reliable tests in use in
the USA. The examination was carried out on 306 samples of sera: 119 from
cases of syphilis, 99 from pregnant women, 46 from cases of chronic disease,
and 42 from healthy individuals.

The results of the experiment are given in tables IV and V. The five
tests selected-the VDRL test, the agglutination test, Ogata's test, the
Kahn test (with cardiolipin antigen), and Browning's test modified by
Taniguchi (with cardiolipin antigen) 4-gave, with all kinds of sera, results
which were practically identical with each other and were, moreover,
comparable to those obtained with the Kolmer (Lederle), Kolmer (cardio-
lipin antigen prepared in Japan), and VDRL (Lederle) tests. The results of
the statistical analysis also showed no significant difference between the five
tests. The efficacy and reliability of our method for selecting the best
serological tests for the diagnosis of syphilis were thus demonstrated.

TABLE IV. SEVENTH EXPERIMENT: SENSITIVITY OF SEROLOGICAL TESTS
FOR SYPHILITIC SERA*

Reactions
+ i: _

Tests

Agglutination ............... 113 3 3

Ogata 114 0 5

Kolmer (Lederle) ** .114 0 5

VDRL t 113 0 6

Kolmer t . ... .... ..... 112 0 7

Kahn . .111 0 8

VDRL (Lederle) ** . 109 0 10

Browning (modified by Taniguchi) 105 8 6

* Of these sera, 3 were from cases of untreated primary syphilis; 3 of treated primary syphilis;
2 of treated secondary syphilis; 2 of treated tertiary syphilis; 23 of treated late syphilis; 9 of treated
congenital syphilis; and 77 of treated latent syphilis.

** Lederle antigens were sent from the USA.
t Cardiolipin-lecithin-cholesteroI antigen prepared in Japan

3Venereal Disease Research Laboratory, Chamblee, Ga., USA
4These tests are recommended in Standard methodsfor serological examinations, published by the Ministry

of Welfare, Tokyo, Japan.
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TABLE V. SEVENTH EXPERIMENT: SPECIFICITY OF SEROLOGICAL TESTS
FOR NON-SYPHILITIC SERA

Sera

Reac-
tions

Tests

Kahn.

VDRL (Lederle) *

Agglutination

Ogata

VDRL **... ..

Kolmer (Lederle) *

Kolmer **

Browning (modified
by Taniguchi)

Healthy
individuals

41 0 1

42 0 0

42 0 0

42 0 0

42 0 0

41 0 1

42 0 0

41 1 0

Pregnant Cases of chronic
women disease

99 ± 46 ± -

99 0 0 46 0 0 186

98 0 1 46 0 0 186

98 0 1 45 0 1 185

98 0 1 45 0 1 185

98 0 1 45 0 1 185

98 0 1 45 0 1 184

97 0 2 45 0 1 184

94 3 2 45 0 1 180

* Lederle antigens were sent from the USA.
** Cardiolipin-lecithin-cholesterol antigen prepared in Japan

Results of eighth experiment

In the eighth experiment, four of the tests examined in the seventh
experiment were compared with four other tests. The examination was

carried out on 302 samples of sera: 99 from cases of syphilis, 112 from

TABLE VI. EIGHTH EXPERIMENT: SENSITIVITY OF SEROLOGICAL TESTS
FOR SYPHILITIC SERA*

Reactions

Tests

VDRL.96 0 3

Agglutination .96 0 3

Ogata .93 0 6

Kahn .86 3 10

Murata** .80 6 9

Wassermann (Kitazato, cardiolipin) 74 0 25

Wassermann (Kitazato) .72 1 26

Precipitation (Kitazato) .68 3 28

* Of these sera, 1 was from a case of primary syphilis; 5 of secondary syphilis; 13 of late
syphilis; 11 of congenital syphilis; and 69 of latent syphilis. All cases were treated.

** Four of the samples of sera gave unreadable results; in two cases this was due to haemolysis.

Total

+

0

0

0

0

0

0

4

±

2

2

2

3

3

3
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TABLE VIl. EIGHTH EXPERIMENT: SPECIFICITY OF SEROLOGICAL TESTS
FOR NON-SYPHILITIC SERA

Sera Healthy
individuals

Reac-
tions! -

+
+

Tests

VDRL . .... 36 0 0

Agglutination 36 0 0

Ogata 36 0 0

Kahn 32 0 4

Murata * 33 0 0

Wassermann (Kita-
zato, cardiolipin). 36 0 0

Wassermann (Kita-
zato) 36 0 0

Precipitation (Kita-
zato) .... . . 36 0 0

* Eighteen of the samples of sera (3 from healthy individuals, 6 from pregnant women, and
9 from cases of chronic disease) gave unreadable results; in ten cases (3 from healthy individuals
and 7 from cases of chronic disease) this was due to haemolysis.

TABLE VIII. EIGHTH EXPERIMENT: RESULTS OF STATISTICAL ANALYSIS *

Sera Non-syphilitic
Syphilitic healthy natcases of

: Tests m - ] indi- pregnant chronic totalTests ~~~~~~~~viduals women disease

VDRL

Agglutination

Ogata

Kahn 2.38 5.8 <0.01 12 <0.01

Murata ** 0.457 - 3.2 25 0.02
(2) (3) (7) (10)

Wassermann (Kitazato, cardiolipin) <2.01

Wassermann (Kitazato) .<0.01

Precipitation (Kitazato) . <0.01

* The figures in each column represent the percentage of the level of risk when the difference
between the standard and the test was concluded to be significant.

** The figures in brackets indicate the number of samples of sera eliminated owing to
haemolysis.

Pregnant Cases of chronic Total
women disease

L_ ±i - ±_ + - +

112 0 0 55 0 0 203 0 0

112 0 0 55 0 0 203 0 0

111 1 0 55 0 0 202 1 0

97 6 9 52 1 2 181 7 15

100 4 2 46 0 0 179 4 2

110 2 0 55 0 0 201 2 0

112 0 0 55 0 0 203 0 0

112 0 0 55 0 0 203 0 0
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pregnant women, 55 from cases of chronic disease, and 36 from healthy
individuals.

The results of the experiment are given in tables VI and VII. With the
syphilitic sera, the sensitivity of ths VDRL test, the agglutination test, and
Ogata's test was more than 90%; with the non-syphilitic sera, there was
scarcely any difference in specificity between five of the methods examined:
VDRL test, agglutination test, Ogata's test, Kitazato's precipitation test,
and Kitazato's Wassermann test. Since the VDRL test and the agglutina-
tion test gave the best results with all kinds of sera, these two methods were
chosen as the standards.

The results of the statistical analysis are given in table VIII. The figures
represent the percentage of the level of risk in cases where the difference
between the standard and the test was found to be significant; absence of
figures indicates that no significant difference was found. The three tests
which did not give significantly different results with any of the sera when
compared with the standard-namely, the VDRL test, the agglutination
test, and Ogata's test-were judged to be superior to the remainder of the
tests.

Discussion

The evaluation method used in our comparative study needs some
further explanation.

First, it should be pointed out that the samples of sera used were not
selected at random but were collected from a special population group.
Consequently, even when a significant difference was found between two
serological tests, it is doubtful if the difference would be demonstrable in the
field. The efficacy of serodiagnostic tests for syphilis is shown in the results
obtained with sera likely to give false reactions. Therefore, in experiments
to select reliable tests, the sample sera should be taken from some special
group of the population which is likely to give such reactions.

Secondly, in this study, all the tests which showed no significant differ-
ence from the standard with any of the sera were defined as reliable.
However, to conclude immediately that these tests have the same sensitivity
and specificity might lead to error, since it is possible that they differ essen-
tially but the difference is too small to be detected in the type of experiment
carried out. Nevertheless, as the sera used in the study came from a group
likely to give false reactions, it is probable that there will be practically no
difference in the efficacy of the selected tests when used in the field.

There are two types of serodiagnostic tests for syphilis: complement-
fixation tests and precipitation tests. It has hitherto been claimed that
both types should be carried out when examining sera, on the grounds that
some syphilitic sera react positively to one type and negatively to the other.
In our study, however, no such phenomenon was observed; the reactions
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of the syphilitic sera were found to depend on the efficacy of the individual
test rather than on the type of test carried out. It therefore does not seem
to matter which type of test is used, provided that the test itself is reliable.

Throughout the study, it was noted that the cardiolipin-lecithin-
cholesterol antigen gave consistently good results, all the tests defined as
reliable being tests in which this antigen was used. The high sensitivity
and specificity of these tests may have been due to the use of highly purified
cardiolipin, lecithin, and cholesterol.
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R'SUM'
A l'instigation de la Commission japonaise pour le serodiagnostic de la syphilis. une

etude comparee a et entreprise en 1947, pour determiner quels etaient les tests de sero-
diagnostic les plus surs.

On a choisi comme serums positifs, pour evaluer la sensibilite des tests, des serums
provenant de cas primaires, de cas latents et de cas dont le traitement etait acheve; parmi
ces trois groupes on trouve toujours, en effet, des cas dont la seropositivite n'est mise en
evidence que par des tests tres sensibles. Pour estimer la specificite des epreuves, on a
choisi comme serums negatifs non seulement des serums provenant de sujets sains et
normaux, mais des serums donnant fr6quemment de fausses reactions positives, notam-
ment des serums de femmes enceintes ou de sujets atteints de certaines maladies chroni-
ques. Cinq des tests soumis A l'examen ont donne des resultats qui ne differaient pas entre
eux de faron statistiquement significative et qui etaient comparables A ceux des tests
Kolmer (antigene cardiolipide prepare au Japon), Kolmer (Lederle) et VDRL (Lederle),
ces deux derniers tests etant consideres comme les tests les plus surs en usage aux Etats-
Unis. Ces cinq tests sont les suivants: VDRL, agglutination, Ogata, Kahn, Browning
modifie par Taniguchi (tous avec antigene cardiolipide).

Autrefois, on estimait que les tests de haute sensibilite avaient tendance A donner de
fausses reactions positives et que les tests tres specifiques etaient peu sensibles. Aujour-
d'hui, A la suite de l'amelioration des epreuves et de celle des antigenes, on dispose de
methodes A la fois sensibles et specifiques pour toutes sortes de serums. On a pretendu de
meme autrefois que deux types de tests - fixation du complement et precipitation
devaient etre appliques A tous les serums, car on estimait que certains d'entre eux reagis-
saient positivement aux epreuves du premier groupe et negativement a celles du second,
ou inversement. Dans les etudes decrites par les auteurs, ce fait ne s'est pas produit. Les
reactions des serums syphilitiques d6pendaient des qualites intrinseques du test et non
du type de test applique. Les antigenes A base de cardiolipine-1&cithine-cholesteroI ont
donne constamment de bons re'sultats et les tests consideres comme sfurs comportaient cet
antigene. La sensibilite elevee de ces epreuves etait peut-etre due au degre de purete eleve
des antigenes utilises.
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