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serum, its optimum reactivity being in the same
range as the protein component. He stated that the
Reiter protein antigen was a lipopolysaccharide-
protein complex. De Bruijn (1956a) observed that a
Chamberland filter acted as a powerful adsorbent
for the Reiter protein antigen. As already mentioned,
he (1960) also found the nitrogen content of the
original antigen to be 45 itg per ml, and of his new
simplified antigen to be 59 K.g per ml.

Portella (1957b) reported several attempts by his
co-worker, Baker, to effect separation of possibly
different components of antigen by ultracentrifuga-
tion, but no appreciable qualitative differentiation
was found, indicating that uniformity characterized
the antigen. Cannefax & Garson (1959a) and
Cannefax (1963) demonstrated the particulate nature
of the Reiter protein antigen by filtration through
filters of known pore diameter, the particle sizes for
the most part being in the 100 m,u to 800 m,u range.
Six lots of antigen having the same titre had total
protein concentrations varying from 200 mg/100 ml
to 800 mg/100 ml, and carbohydrate concentrations
varying from 10 mg/100 ml to 60 mg/100 ml. The
protein was least soluble in the range ofpH 4.0 to 5.0
and ionic strength of 0.05 to 0.1. Serological activity
was destroyed at pH 2.0. The protein could be ad-
sorbed to diethyl aminoethyl cellulose (DEAE) and
could be eluted by varying pH and ionic strength.
Employing sucrose in density gradient migration
studies, the density of the serologically active and
inactive protein was demonstrated to be approxi-
mately 1.4. The reactive component and part of the
non-reactive component of the Reiter protein antigen
could be sedimented by centrifugation at approxi-
mately 30 000 RCF (relative centrifugal force).

Pillot & Faure (1959) and Pillot, Dupouey & Faure
(1960) demonstrated, by double diffusion precipita-
tion in gel medium, several antigenic constituents in
their protein antigen prepared from sonic-disinte-
grated treponemes and precipitated at pH 3.5. The
antigenic activity was contained in a mass five to six
times smaller than that of the treponemes from which
extracted. The antigen was a polydispersoid form

with three-fourths of the antigenic activity sedi-
mented after 1 hour's centrifugation at 20000 g.
All antigenic substances were detained by ultra-
filtration on a membrane having pores of 250 m,u
to 400 mit in diameter. Serological activity was
destroyed by heating for 1 hour at 100°C. After
freezing at -1 5°C and thawing, a considerable
portion of the antigen became insoluble. The puri-
fied antigen consisted of 12% nitrogen and 1.96%
phosphorus.

Ottolenghi & Spagnoli (1961) used continuous-
flow electrophoresis to separate fractions of ATPS.
Of the nine fractions found serologically active,
results showed that bands 1 and 3 possessed
the highest activity and, because they are rich in
protein, could be easily separated. The part sero-
logically reactive with syphilitic sera represented
54.76% of the whole antigen, while the part reactive
with Reiter antiserum represented 72.2% of the total
protein obtained by D'Alessandro. Further purifi-
cation of this antigen was considered useless because
of the high degree of reactivity (6.5 ,ug and 2 ,ug,
respectively) of the most active fractions able to fix
complement in the presence of syphilis and of Reiter
treponeme sera. The average minimum reactive
quantity of all the fractions was 20 ,ug for human
syphilitic serum and 13.6 ,ug for rabbit anti-Reiter
serum. Stevens (1964b) reported that paper-strip
electrophoresis of Reiter protein antigen fractions
indicated heterogeneous protein material with the
major portion immobile. Immunodiffusion tests of
antigen fractions in the Ouchterlony procedure
provided evidence of more than one antigen-antibody
system. Stock Reiter protein antigen placed on a
Sephadex G-200 column was eluted with phosphate-
buffered saline, pH 7.2; each 2.0-ml fraction was
analysed and it was found that the most active
material was collected immediately after the column
void volume. The greatest specific activity with
largest particles and the changes in activity were not
proportional to changes in outside diameter. The
outside diameter at 260 m,u suggested the presence
of nucleoprotein in stock antigen.

18. REITER PROTEIN FRACTION AS ANTIGEN: II

VARIABILITY OF COMPLEMENT-FIXATION METHODS

Delacretaz & Frenk (1961) stated that during
recent years numerous antigens destined for comple-
ment-fixation tests had been prepared from Reiter

and Nichols pathogenic treponemes. The modes of
preparation of the antigens and the test techniques
varied considerably, resulting in differences in the
test sensitivities.
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Kolmer technique
D'Alessandro & Dardanoni (1953) required a

sensitive technique of complement fixation, avoiding
excess complement and prolonging the fixation time
overnight at a low temperature, in order to reveal
properly the in vitro antigenicity of the treponemal
protein antigen. To fulfil those requirements, they
used the Kolmner technique with 2 units of comple-
ment, with primary incubation overnight at 2°C and
with secondary incubation for 25 minutes in a 37°C
water-bath. The test was called the complement-
fixation test with ATPS antigen. Pisu & Mastromatteo
(1955) used the Kolmer-Boerner technique with
cattle red blood cells for theATPS antigen. Shortening
the cold incubation period to less than the usual
12 hours resulted in a diminution of sensitivity.
Daguet, Pillot & Faure (1958) employed the Kolmer
technique and the technique of Osler, Strauss,
& Mayer (1952) with the ATPS antigen of de Bruijn.

One-fifth volume Kolmer technique
Cannefax & Garson (1957) used the one-fifth

volume Kolmer technique (see Kolmer, 1942b)
without modification and with 2 exact units of
complement, and designated their test as the Reiter
protein complement-fixation (RPCF) test. The one-
fifth volume Kolmer technique was also used by
Censuales & Garofalo (1959) and by Kjellander,
Sievers & Vogelsang (1959, 1961), the latter also
calling it the RPCF test. Patton & Gaurie (1961)
performed the RPCF test with the one-fifth volume
Kolmer technique with 2 exact units of complement.

TPCFtechnique
Rein et al. (1957), Wheeler, Brandon & Curtis

(1958), and Miller, Boak & Carpenter (1958) used
the Reiter protein antigen in a one-fifth volume
Kolmer technique with 1.5 exact units of comple-
ment, as employed by Portnoy & Magnuson (1955)
in the TPCF test and referred to it as the RPCF test.
Miller, Boak & Carpenter considered 3+ and 4+
reactions reactive and ± to 2+ reactions weakly
reactive.

50 % end-point techniques
Rein et al. (1957) also used the Reiter protein

antigen in the Kent technique (see United States
Public Health Service, 1959b) employing three 50%
units of complement. Studies indicated that the
results obtained with the latter technique were more
reproducible and easier to read, with the elimination
of many anti-complementary and partially anti-

complementary reactions, and that the level of
sensitivity was comparable to that of the Kolmer
technique. Both testing procedures were referred to
as RPCF tests. Kiraly (1960b) also used a 50%
haemolytic end-point complement-fixation method
for the RPCF test.
De Bruijn (1958a) described a simple, highly

standardized routine complement-fixation test
equalling the Kolmer in sensitivity that could be
used with Reiter protein antigen. Reagents for the
technique included Veronal-buffered saline contain-
ing magnesium and calcium ions, an optimal
haemolysin dilution, and preserved complement
spectrophotometrically titrated in terms of 50%
haemolytic units. Bekker (1959) used three different
techniques of complement-fixation in a study with
Reiter protein antigen: (a) technique of de Bruijn
(1958a); (b) one-fifth volume Kolmer technique
with 1.5 exact units of complement (see Portnoy
& Magnuson, 1955); (c) Kolmer technique with 2 full
units of complement (United States Public Health
Service, 1959a). Both Kolmer techniques were
modified. The specificity obtained with all three
techniques was approximately the same, 97.4%,
97.6 %, and 97.9 %, respectively, and the comparable
sensitivities were 98.0 %, 98.9% and 94.3 %. All
three techniques were referred to as RPCF tests.

KRP technique
Harris (1958) reported that complement-fixation

procedures using Reiter protein antigen entered in
the SERA study (United States Public Health
Service, -1959b) had represented five modifications of
the one-fifth volume Kolmer test and one 50%
end-point technique. Bossak et al. (1958) noted that
RPCF had been designated as an identification of
all complement-fixation tests using extracts of the
Reiter treponemes as antigens in a WHO document
in 1957.1 Those authors described a modified
one-fifth volume Kolmer technique using Reiter
protein antigen and 2 exact units ofcomplement, and
referred to the technique as the KRP, or Kolmer test
with Reiter protein antigen. That method was
selected as the technique of choice for Reiter protein
antigen, since the Kolmer test was the most widely
used method of complement-fixation and the most
familiar to the majority of laboratories in the United
States of America. An additional tube was added
to the complement titration between the 1: 33 and
1: 50 dilutions so that a 1: 42 titre of complement

1 Unpublished working document WHO/TPI/5 of 15
October 1957.
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could be obtained. That technique appeared in
Serologic testsfor syphilis; 1959 manual(United States
Public Health Service, 1959a) and was also used by
Pariser (1960), Bemer, King & Reich (1960), and
Bissett et al. (1961), all of whom referred to it as the
RPCF. The last-named authors added optimal
amounts of calcium ion to the saline.

Stout (1961) and Stout, Wallace & Harris (1962)
stated that the one-fifth volume Kolmer test with
Reiter protein antigen (KRP)-see Serologic tests
for syphilis; 1959 manual (United States Public
Health Service, 1959a)--was the most practical and
economical of the treponemal test procedures for
use in public health and clinical laboratories. Tests
using Reiter protein antigen were first entered in the
United States Public Health Service Serologic
Evaluation Study in 1959 by 26 State laboratories;
in 1960 by 36 State laboratories; and in 1961 by
37 State laboratories. The majority of those were
using the one-fifth volume Kolmer technique as
described in Serologic testsfor syphilis; 1959 manual.
In addition, a number of laboratories were evalua-
ting, or contemplating the evaluation of, the test
performance of the KRP test, and instruction in
test performance has been included in serological
workshops sponsored by State health departments
during the past few years. In 1964, a revised edition
of the Serologic tests for syphilis manual was pub-
lished (United States Public Health Service, 1964),
and it presents the technique of the KRP test with
slight modifications.

Other techniques
Foster, Nicol & Stone (1958) performed the RPCF

test with the Wassermann technique employed at
St. Thomas's Hospital, London; Wilkinson &
Johnston (1959) and Sequeira (1959) used the
Whitechapel Wassermann technique for performing
RPCF tests. Mirdamadi (1959) described a rapid
complement-fixation test, completed in 30 minutes
with great economy of time, material, and personnel.
Cardiolipin-lecithin or Reiter protein antigens could
be used in that method. A flat-bottomed test-tube
with a glass bead at the bottom was utilized and it
was subjected -to shaking or incubating at 35°C for
10 minutes after addition of each reagent. Kent et al.
(1962) used a modified small-volume (0.75 ml) test
procedure as the RPCF test, and Ferreira (1953-60)
described the complement-fixation technique of
Arlindo de Assis using cardiolipin and Reiter protein
antigen. Mizuoka (1962) did a comparative study on
the sensitivity and specificity of a modified RPCF

test (Ogata's method based on antigen-dilution
principle) and the Ogata complement-fixation test
with cardiolipin antigen, and showed that the two
systems are independent of each other. He found
that the principle of optimal proportions between
antigen and antibody applies to the RPCF test if the
antigen-dilution method is used. The RPCF using
Ogata's antigen-dilution method was more sensitive
than the standard RPCF with the Kolmer one-fifth
volume technique.

Discussion
In a discussion following the paper of Brown,

Price & Simpson (1960), Simpson stated that there
were differences between the results of the KRP
and RPCF tests on the same specimens in a long-
term syphilis study (Tuskeegee), and that to distin-
guish those tests, certainly during the early phase,
they needed a distinction of the test names. He added
that of seven Reiter treponemal antigen tests entered
in the SERA study (United States Public Health
Service, 1959b), only two were performed by exactly
the same procedure and one used a completely
different antigen. Consequently, confusion would
result if all these tests were referred to as RPCF tests.
Olansky stated in a discussion following the paper of
Olansky & McCormick (1960) that, with regard to
the RPCF and TPI, many people had found a close
correlation between the two tests, but the difficulty
was that all RPCF tests were not the same. The
important thing was that the protein fraction antigen
should be used; yet many procedures were called
RPCF which employed other fractions of the Reiter
treponeme.

REPRODUCIBILITY OF TESTS

Antigen variation
Falcone, Morman & Harris (1959) stated that the

Reiter protein antigens prepared by commercial
manufacturers were found to vary in specificity and
reactivity and, to ensure reproducibility of test
results, those antigens should be standardized to a
common reactivity level. Wheeler & Grenier (1959)
found that several commercial antigens, used as
directed, did not give uniform standardization
patterns with the same reactive control serum.
In spite, however, of the marked variations in
standardization patterns of several antigens, the
differences in reactivity of individual test sera
were less marked than expected.
Magath (1960) stated that the inconsistency of all

the treponemal tests on repetition had been a difficult
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problem for all investigators, and the variability of
the antigens used resulted in the abandonment of
some tests that had been described in the literature
as competent. Zenyoji, Saijo & Taira (1964) found
that a false-positive reaction to the RPCF test might
be induced with different antigens and techniques.
The effect of using different antigens was marked in
specimens from pregnant women, and the effect of
using different techniques was observed in cases of
tuberculosis. Both factors had an equally pro-
nounced effect in specimens from cancer patients.
The domestically produced RPCF antigen (Japan)
showed a higher sensitivity than Organon's antigen
from the Netherlands, while false-positive reactions
were seen more frequently with the former antigen.

Test procedure variation
It was stated by Harris (1958) and Brown &

Bunch (1959) and in the SERA study (United States
Public Health Service, 1959b) that the similarity and
reproducibility of results in six different laboratories
with various Reiter protein antigen tests in the
SERA study (five representing modifications of the
one-fifth volume Kolmer test and one a 50% end-
point test) indicated the value of the routine per-
formance of a form of the Reiter protein test as a
serological aid to diagnosis. Rein et al. (1957) per-
formed comparative studies with the one-fifth
volume Kolmer (United States Public Health Service,
1959a) and the Kent 50% end-point techniques
(United States Public Health Service, 1959b) on
identical specimens and indicated that the results
obtained with the latter were more reproducible.
Zenyoji, Saijo & Taira (1964) compared three me-
-thods for the RPCF test and obtained the best
sensitivity with a modified Kolmer method, followed
by the Ogata overnight method and the lowest
sensitivity with the Ogata 1-hour method. The
-frequency of false-positive reactions also occurred
in this order. The majority of latent and fully treated
vcases gave positive reactions with Kolmer and Ogata
-overnight methods, but negative with the 1-hour
method.

Inter-laboratory variation

Miller et al. (1961) and Peterson et al. (1960)
reported on specimens tested with the RPCF in four
laboratories, each laboratory repeating the test
twice on separate days if the initial result differed
from results of other laboratories. Of the results
obtained in any individual laboratory, 87 %-90%
were in agreement with those obtained in at least

two of the other laboratories. The University of
California at Los Angeles laboratory tested 636 spe-
cimens twice with 94.2% total agreement, 92.4%
of the reactive specimens agreeing and 95.2% of the
non-reactive specimens agreeing. Discrepancies on
the two testings in the four laboratories ranged from
35% to 68%. Although the presence of minimum
RPCF antibody might be responsible, technical
errors and slight variations in the sensitivity of the
tests could not be excluded. Foster, Nicol & Stone
(1959) reported on parallel testing of 132 sera with
Sequeira; results agreed on 99 sera. They suggested
that the RPCF test was a good routine test for
treponemal disease since it was a simple and re-
producible technique. Pariser (1960) reported the
testing of 500 specimens in parallel with the Venereal
Disease Experimental Laboratory, in which 99%
agreement of the RPCF test results was obtained.

Inter-State evaluation study
Stout, Wallace & Harris (1962), in a review of the

results of State public health laboratories in the
United States Public Health Service Syphilis Serology
Evaluation Study, found the performance of new
test procedures improved from year to year as the
laboratories obtained more experience 'with the
technique. In 1959, 50% of the laboratories had
satisfactory reproducibility on duplicate serum
specimens with the KRP test, and in 1960, 74.4%
were satisfactory. In 1959, 53.9% of the laboratories
had satisfactory agreement of test results with the
control laboratory, and in 1960, 80% were satis-
factory.

Intra-laboratory variation

Miller, Boak & Carpenter (1958) tested 87 sera
at least three times on different days with the RPCF
test, 83, or 95.4 %, being in agreement. The four sera
not in agreement were from patients with histories
of syphilis. The satisfactory reproducibility of the
RPCF test results compared favourably with the
97.4% reproducibility of the TPI test results obtained
by Boak, Miller & Carpenter (1954), the TPI being
performed at least twice on each specimen. Wheeler,
Van Gorr & Curtis (1954) obtained satisfactory
reproducibility of the TPI test in 96% of repeat tests
using the same frozen specimens.

Daguet, Pillot & Faure (1958) stated that the
reproducibility with Reiter antigens was analogous
to all complement-fixation reactions subject to the
variations of the haemolytic system used. The
variations might range from one to two dilutions
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of serum and sometimes three dilutions. Foster,
Nicol & Stone (1959) performed two to five repeat
tests on 192 sera in which the diagnosis was not
absolutely straightforward and in which relatively
little antibody was probably present. Variable
results were observed in 37 specimens.

Berner, King & Reich (1960) found a variability
rate of 9.5% among the RPCF, Kolmer, and Kahn
tests on successive specimens. They concluded that
there was too much variability in the results of the
RPCF tests for this procedure to be used as the sole
or ultimate criterion in the serodiagnosis of syphilis.
Lynch, Kimball & Kernan (1960) tested sera, after
storage at -20°C, taken from students following
smallpox vaccinations. The RPCF was weakly
reactive on one person only and, when the specimen
was retested at a later date, it was non-reactive.
Bisset et al. (1961) tested four groups of sera on two
different days with the RPCF test. Reproducibility
varied from 97% to 88 % between the two testings,
and was 75% when a third testing was performed
on specimens in one group.

Stout (1964) stated that dehydrated control sera
with established reactivity patterns for syphilis
serology tests using cardiolipin and Reiter protein
antigens (included in the current manual of serologic
tests for syphilis; United States Public Health
Service, 1964) are available to all State public health
laboratories in the USA for use as reference controls
for the tests employed.

Inhibitor in serum and spinal fluid
Miller et al. (1961) and Peterson et al. (1960) re-

ported that 35 serum specimens which had been
non-reactive when first examined were reactive or
weakly reactive on two subsequent examinations.
They stated that an inhibitor was responsible for
the 30% false non-reactives in that group of RPCF
reactors and that the inhibitor was susceptible to
the actions of freezing, thawing, and reinactivation
of those sera, as shown by the change from non-
reactive to reactive in 31 of the 35 specimens. Nine
of those had non-reactive TPI results. The specimens
were usually more reactive on the third examination
than on the second. In a group of 26 patients, stated
to be false non-reactives because the TPI was
reactive, and in 3 patients with non-reactive RPCF
and TPI, stated to be false non-reactives since they
had had syphilis in the past, there was no reversal in
the RPCF reactivity. Forty-four specimens from
normal persons were retested and in no instance did
they become reactive on the second examination.

They concluded that a single non-reactive RPCF test
was of no value, and that all specimens failing to
react with the RPCF antigen should be tested a
second time.

Peterson et al. (1960) found 8 of 39 spinal fluid
specimens gave reactive Kolmer and non-reactive
RPCF tests on the first testing. After freezing,
thawing, and reinactivating, two of those became
reactive in the RPCF test. They suggested that there
was an inhibitor present in spinal fluid similar to
that found in sera and they thought that the Kolmer
antigen was more satisfactory than the RPCF antigen
for testing spinal fluid specimens.
Bossak et al. (1961, 1962) investigated the possi-

bility of an inhibiting substance in human serum,
and the removal or inactivation of that substance in
relation to the reactivity level and reproducibility of
tests using Reiter protein antigens. They investigated
three absorbing substances, zymosan, bentonite and
sheep red blood cells, storing the sera at 6°C to 10°C
for 1 week, and at -20°C for 24 hours, for 1 week
and for 1 month, and testing the sera at dilutions
of 1: 5 and 1: 25. The sera were tested with the
VDRL slide test and the Kolmer test with cardio-
lipin-lecithin and Reiter protein antigens. They
found that only a small number of the specimens
tested became more reactive after any method of
treatment and the increase in reactivity was usually
observed in all three tests. The reactivity level was
affected most in the group of darkfield-positive
primary syphilis patients. They felt that the routine
use of any of those methods would be impracticable,
considering the delays in testing and reporting and
the small number of specimens affected.

EVALUATION OF TESTS

Agreement with TPI and other tests

Bekker (1957) demonstrated that the RPCF test
had a greater degree of disagreement with the TPI
than did the TPA test and was less specific and more
sensitive than the TPI test. Gastinel et al. (1957)
found the ATPS valuable as it was more sensitive
than pallida antigen or the ordinary antigens but less
sensitive than the TPI test. Benazet et al. (1957)
reported that reactions with the ATPS were very
specific but low in sensitivity when compared with
STS and TPI reactions. Bossak et al. (1958) found
the KRP test slightly less reactive, and the TPCF
test slightly more reactive than the TPI on 1567 sera.
The agreement between the KRP and TPI tests was

4
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85.6% while the agreement between the TPCF and
TPI tests was 84.1 %.

Miller, Boak & Carpenter (1958), Miller et al.
(1961) and Peterson et al. (1960) used the TPI test as
the basis for comparison of results of the RPCF tests
performed in four different laboratories, the RPCF
and TPI results correlating from 86.8% to 88.9%.
However, a disadvantage of the RPCF test, which
often occurred in complement-fixation procedures,
was the anti-complementary reactions. Comparison
of TPI, RPCF, and STS results demonstrated
better correlation of TPI and RPCF than TPI or
RPCF versus Kolmer or VDRL tests, reflecting the
large number of BFP reactions obtained with stan-
dard procedures. A higher proportion of weakly
reactive RPCF specimens gave reactive TPI results
than did either VDRL or Kolmer weakly reactive
specimens, indicating the relatively higher sensitivity
of the RPCF tests. A statistical analysis by means
of the X2 method revealed no significant difference
between the RPCF and TPI tests in sensitivity or
specificity.

Wheeler, Brandon & Curtis (1958) performed
checkerboard titrations on Reiter protein antigen
and TPCF antigen with a TPCF-reactive serum.
The Reiter protein antigen had a titre of 1: 1280,
and the TPCF antigen had a titre of 1: 40 to 1: 20.
The result suggested that the Reiter protein antigen
was at least 25 times as active as the TPCF antigen.
On testing sera, no non-speciflic reactions were noted
with either antigen. Variations in antigen sensitivity
were noted when weakly reactive sera were tested,
indicating that Reiter protein antigen was probably
more active serologically than the TPCF antigen.

Pavlatou, Marselou & Triantaphylli (1958) found
the complement-fixation test with Reiter antigen
superior to that with lipoidal antigens in specificity.
On the basis of TPI tests, the Reiter tests gave 8.25%
false reactive results, while the lipoidal antigens gave
33.18% false reactions. From the point of view
of sensitivity, the Reiter test was inferior to the
TPI by 4.28% and to the lipid reactions by 3.16% in
cases of long-standing syphilis submitted to rigorous
treatment. Vaisman & Hamelin (1958a, 1958b)
compared ATPS antigen tests and classical sero-
logical tests with the TPI test on 4000 sera and found
that the ATPS antigen lacked sensitivity on 4.9%
of sera while the classical tests defaulted in 9.4% of
the cases. As to specificity; the ATPS antigen gave
2.7% BFP reactions and the lipoidal antigens 6.65 %.
The ATPS had better sensitivity and specificity than
lipoidal antigens but could not be substituted com-

pletely for the classical serology nor could it be
valued as highly as the TPI test. Bekker (1959)
found 95.3% agreement, reactive and non-reactive,
between the RPCF and TPI tests. Censuales &
Garofalo (1959) stated' hat the one-fifth volume
Kolmer test with ATPS antigen agreed with the
TPI and FTA tests in 82 of 100 sera tested, and was
less reactive in 16 sera.

Szersnovicz & Isenhart (1960) compared ATPS
antigen having a titre of 1: 10 with several other
Reiter treponemal antigens and cardiolipin-lecithin
antigen and found ATPS low in sensitivity.
Wilkinson & Johnston (1959) used the TPI as a

basis for comparison of RPCF and TWR (trepo-
nemal Wassermann reaction) tests on 1046 sera.
The RPCF was more sensitive than the TWR,
Wassermann, or PPR (Price precipitation reaction)
but gave non-reactive results in 23 sera with reactive
TPI results, 17 from treated patients. The RPCF
test had a specificity of 97% in terms of the TPI.
The high specificity of the RPCF test supported the
view of D'Alessandro & Dardanoni (1953) that a
group-specific antigen might be shared in common
by the virulent T. pallidum and cultivated strains.
Edelson (1960) stated that in the detection of early
syphilis the RPCF and VDRL tests " behave " in
essentially the same manner, the TPI test becoming
positive more slowly but gradually coinciding with
the other two tests; in late syphilitics the RPCF
eventually reverts to negativity in the same propor-
tion as does the VDRL test, the TPI reverting more
slowly; and, in the non-syphilitic, the RPCF test
roughly parallels the TPI test.

Bissett et al. (1961) found that the VDRL and
RPCF tests agreed in 97% of 200 specimens sub-
mitted for routine testing. In another group of
specimens, all reactive to the VDRL test, there was
66% agreement between the two tests. On 148
specimens from prenatal patients received for TPI
testing, the VDRL and RPCF agreed on 62% of the
specimens. On 227 selected cases submitted for TPI
testing because of reactive STS and no clinical or
historical evidence of syphilis and no treatment, the
VDRL and RPCF agreed on 52% of the specimens.
Basing the sensitivity and specificity of the RPCF on
TPI results, the specificity was 98% and the sensi-
tivity on prenatal specimens was 64%, and on the
group of questionable BFP reactors, 73 %. On sera
with discrepant VDRL and RPCF results, 74% had
non-reactive RPCF and reactive TPI tests, the
RPCF test showing a lack of sensitivity which made
it an unsatisfactory replacement for the TPI test.
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Kjellander, Sievers & Vogelsang (1961) tested 529
sera with the RPCF and TPI and found the number
of sera giving inconclusive results to be higher with
the RPCF (7.6%) than with the TPI (1.5 %). In
patients with evidence of syphilis the reactivity of the
TPI test was 85.3% and the RPCF, 82.6%. The
RPCF reacted earlier than the TPI in cases of
primary syphilis, while the TPI seemed to remain
reactive longer in cases of old syphilis.

tsermely et al. (1962) tested 80 healthy donors
and 220 patients in different stages of syphilis with
FTA and cardiolipin and Reiter protein complement-
fixation tests. They found that: (a) in primary, the
FTA appeared reactive first; (b) in secondary, all
tests were in agreement; (c) in late and latent, the
FTA was reactive in 90% of patients and the
complement-fixation tests were reactive in 82%; and
(d) the FTA and RPCF had 92% agreement. Tomi-
zawa et al. (1962) compared Reiter protein antigen
with cardiolipin antigen on 1000 human sera,
discrepant results being checked by the TPI test.
The results of the RPCF and the TPI paralleled each
other, suggesting that the RPCF test is effective in
excluding BFP reactions. Canazza & Zamperlin
(1963) found that 161 of 5300 sera gave reactivity
with the VDRL test and the complement-fixation
test with cardiolipin and Reiter protein antigen.
They ran both qualitative and quantitative tests and
compared results. The lack of relationship between
the values of the two techniques and the necessity of
routine quantitative tests were pointed out. In the
letters to the editor of the New England Journal of
Medicine Brown (1963) wrote that he had recently
seen two patients with non-reactive TPI and reactive
reagin and RPCF tests. Fiumara (1963b) replied
that it is not unusual to find patients with reactive
RPCF and non-reactive TPI, particularly in early
syphilis, in which the RPCF is more sensitive. He
stated that a diagnosis of BFP reactions should not
be made without benefit of at least two different
treponemal tests because: (a) the sensitivity of each
test varies in different stages of syphilis; (b) both
tests are available; and (c) the prognosis of a
chronic BFP reaction is such that a confirmatory
treponemal test is advisable.
Brown et al. (1963) studied oral propionyl ery-

thromycin in the treatment of early syphilis. The
battery of tests performed at the Venereal Disease
Research Laboratory of the United States Public
Health Service afforded opportunity for a com-
parison of treponemal and non-treponemal antigen
tests in early syphilis. In 260 patients with pre-

viously untreated primary syphilis, the non-reactivity
rates were: FTA, 24.2%; TPCF5O, 25;4%; VDRL,
27.7%, and the KRP, 51.5%. The wide disparity
between KRP and VDRL and the KRP and FITA
was maintained for several months following treat-
ment, but gradually diminished until one year or
more following treatment, when the seronegativity
rates for these three tests fell within a 4% range.
The TPCF5o maintained reactivity for a longer period
of time following treatment. The serological pattern
in secondary syphilis was similar to primary, but
with all tests reverting to non-reactive much more
slowly. The KRP test was non-reactive in 6.7% of
179 patients with untreated secondary syphilis and
had remained or reverted to non-reactive in more
than 25% by the third month after treatment. The
seronegativity of the other three tests at this period
ranged from 0.0% to 1.3%. The data emphasized
that a non-reactive KRP test does not mean syphilis
is absent. KirAly, Jobbagy & Mecher (1965) exam-
ined 447 problem sera with FTA-50, TPI, VDRL,
and complement-fixation tests with cardiolipin,
Reiter protein, and T. pallidum protein antigens.
The reactivity rate of the tests were: TPCF, 53.5%;
FTA-50, 50.1 %; cardiolipin complement-fixation,
49.0%; VDRL, 42.5%; and, RPCF, 39.6%. The
RPCF had the lowest percentage agreement with
the TPI, being 73.2 %.

Harris et al. (1960) compared the TPI, FTA,
KRP, and VDRL tests on cerebrospinal fluid speci-
mens, all four tests agreeing on 82% of the specimens.
There was as much disagreement among the three
treponemal tests as between the treponemal and
non-treponemal tests. That may reflect differing test
reactivity levels as well as detection of different anti-
bodies. More study would be needed to ascertain
whether the presence of treponemal antibodies
indicated actively destructive or invasive luetic pro-
cesses, past or present, in the CNS areas or merely
immune tissue responses. The FTA was the most
reactive test and the KRP test the least reactive of
the treponemal tests on cerebrospinal fluid specimens.
The KRP test had the highest agreement-96%
with the TPI test. Chistoni & Sabatini (1961a, 1961b)
studied the behaviour of cerebrospinal fluid in a
group of 10 neurosyphilitic patients over a period of
time and with different schedules of specific therapy.
Serological tests included the Wassermann test with
cardiolipin and treponemal antigens, MKR, citochol,
and TPI tests. The decrease in reactivity of the
various tests differed. The reactivity of the TPI and
the high values of gamma-globulins were the most
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persistent features. There was not a good agreement
between the Wassermann with treponemal antigen
and the TPI tests.

Sensitivity and specificity in diagnostic categories
Pisu & Mastromatteo (1955) reported a complete

lack of non-specific reactions with ATPS antigen and
a more elevated quality of sensitivity of ATPS over
suspensions of the Reiter treponemes. Cannefax &
Garson (1957) obtained the following reactivities on
previously diagnosed syphilitics: TPI, 75.42%;
RPCF, 82.61 %; and TPCF, 86.8 %. The RPCF and
TPCF were more sensitive than the TPI in primary
and secondary syphilis, and all were similar follow-
ing secondary syphilis. On presumably non-
syphilitic sera, the RPCF test had a specificity of
98.86% in relation to 100% with the TPI and TPCF
tests. Preliminary data indicated that the RPCF test
approximated the relative sensitivity afforded by the
TPCF test. Muraschi & Miller (1957) found a good
correlation between results of TPI and RPCF tests
on syphilitic, normal, and BFP sera. The prelimi-
nary study suggested the RPCF test was specific for
treponemal antibody and non-reactive with reagin
in syphilitic serum.
Rein et al. (1957) concluded that the sensitivity

of RPCF tests on patients with a definite diagnosis
of treated early and late syphilis, including con-
genital syphilis, compared favourably with that
obtained with TPI, TPIA, and TPCF tests. In 99
patients diagnosed as BFP reactors, there was in no
instance any reactivity obtained with the RPCF test.
De Bruijn (1957a, 1957b) and de Bruijn & Bekker
(1957) tested syphilitic and non-syphilitic individuals
and found the RPCF test lower in specificity than the
TPI but better than the STS tests. In 4 of 307 sera,
the TPI was reactive and the RPCF test non-reactive,
and in those there were signs of syphilitic infection
in 3 patients, the RPCF being undersensitive. Of 20
sera with TPI-non-reactive and RPCF-reactive, there
was no indication of present syphilis infection,
5 being treated syphilis cases, 6 with incomplete data,
and 7 probably false reactiveRPCF reactions. Miller,
Boak & Carpenter (1958) found that the RPCF test
had 100% specificity and agreed with the TPI test in
-a group of patients with non-reactive TPI and STS
tests. In a group with no history of syphilis, with
reactive STS and non-reactive TPI tests, the RPCF
had a specificity of 97.8% based on TPI results.
Another group with treated syphilis, or patients with
reactive STS and TPI tests, the RPCF test had
96.3% sensitivity based on the TPI test.

Daguet (1957) and Daguet, Pillot & Faure (1958)
stated that the specificity of ATPS antigen was
superior to cardiolipin-lecithin antigens and less than
the TPI test. There was no significant difference
between antigens of whole treponemes or purified
protein extracts. Sensitivity in very early syphilis
was inferior to cardiolipin-lecithin antigens in com-
plement-fixation tests but superior to the Kline. In
latent, late, and treated syphilis, sensitivity was
equivalent to lipid reactions but less than the TPI
test. Foster, Nicol & Stone (1958) showed that the
RPCF test was more sensitive and more specific than
the standard Wassermann. Schwimmer (1958), on
selected cases of syphilis and private prenatal cases
with an expected low incidence of syphilis, found
that the RPCF test had no advantage over reagin
tests in regard to sensitivity; that the RPCF test gave
0% false reactives, or 0.2% if anti-complementary
reactions were considered to represent a false reac-
tion; and that RPCF tests represented an extremely
valuable and practical test that might eventually be
used as a routine testing procedure. Portnoy (1958)
reported the following reactivities for the TPJ,
RPCF, and TPCFro tests, respectively: primary,
untreated, 35.0%, 59.0%, 63.2%; secondary, un-
treated, 98.0%, 96.5 %, 98.8 %; primary and second-
ary, treated, 35.6 %, 28.9 %, 57.8 %; late with clinical
manifestations, treated, 98.4 %, 90.2 %, 85.2 %;
CNS, asymptomatic, and unspecified, treated, 99.1 %,
97.2%, 93.6 %; and aortitis, cardiovascular unspeci-
fied, latent, treated, 86.7 %, 77.8 %, 77.8 %. Kostant
(1958) and Kostant & Kelcec (1958) stated that the
RPCF compared favourably with the TPCF test in
sensitivity and that the specificity of the RPCF
was 100%.
DeGroat & Miyao (1958), in a study of the RPCF

and Kolmer tests, showed that the RPCF test gave
no BFP reactions and justified the conclusion that
the RPCF would prove of inestimable value in
clarifying the status of cases where a BFP reaction
might be suspected. It appeared that the specificity
of the RPCF was genuine and was unrelated to
sensitivity and that the sensitivity was about 20%
less than that of the cardiolipin-lecithin complement-
fixation test.

Benazet et al. (1958) prepared an ATPS-type
antigen by cryolysis and one by ultrasonic disintegra-
tion of the Reiter treponemes. Classification
according to the frequency of reactivity during the
course of syphilis showed the TPI test to be the most
sensitive, followed by the ultrasonic ATPS, Reiter
treponemes suspended in phenol saline, cryolysis
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ATPS, cardiolipin-lecithin antigen, TPCF and
cryolysis Nichols T. pallidum antigen. They found
that the results of the ultrasonic ATPS agreed best
with the TPI test. On non-syphilitic sera there were
less than 1% reactives with the ultrasonic ATPS and
cryolysis Nichols antigens and the cardiolipin-
lecithin antigens had more than 5% reactive, all
other tests being completely non-reactive. The
sensitivity and specificity of antigens-from the Reiter
treponeme were superior to classical serology, and
the ATPS extracts were judged to be a little superior
to the phenolized suspensions of the Reiter trepo-
nemes.
Simpson (1958) compared results of six Reiter

protein tests and six TPI tests on three syphilitic
and three non-syphilitic diagnostic categories in the
SERA study (United States Public Health Service,
1959b). If each group were considered as a whole and
the average results used for comparative purposes, it
would appear from the data that the Reiter protein
test was more sensitive than the TPI test, in both
treated and untreated early syphilis, and only
slightly less sensitive than the TPI in treated late
syphilis. Among presumably normal specimens,
there was practically no difference in the two tests.
When diseases other than syphilis and leprosy
groups were considered, it appeared that the Reiter
protein test was less specific than the TPI test.
Bekker (1958, 1959, 1960) and de Bruijn (1961b)

found that on syphilitic patients under treatment the
sensitivity of the RPCF test was 96.3% and that of
the TPI test was 92.9 %, showing the RPCF to be at
least as sensitive as the TPI test. On non-syphilitic
patients having false cardiolipin-lecithin antigen
reactions, the specificity of the RPCF test was
97.7% and that of the TPI was 99.7 %, showing the
specificity of the RPCF test to be slightly lower than
that of the TPI. The sensitivity of the RPCF was
greatly influenced by the complement-fixation tech-
nique in use. The lowest sensitivity was obtained
with the regular Kolmer technique and the highest
sensitivity with the one-fifth volume Kolmer test
with 1.5 exact units of complement. They stated
that the RPCF test was reliable and specific in the
serology of treponemal infections, and that the
protein fraction of the lipopolysaccharide-protein
antigen complex determined its specificity.
Dorph-Petersen 1 reported on the evaluation of the

RPCF test on 921 sera submitted for TPI testing
mainly for differential diagnosis between latent

I Unpublished working document WHO/VDT/SERO/90
of 2 September 1959.

syphilis and BFP reactions. In this investigation, the
RPCF test showed a specificity considerably above
that of lipid serological tests but he could not endorse
the claim that it had the same validity as the TPI
test as the RPCF had given false reactions in 21
cases. An increase in sensitivity had led to an
increased number of BFP reactions and could not be
considered an indisputable improvement. He con-
cluded that, although the RPCF test had high
sensitivity and specificity, in neither respect did it
reach the level of the TPI test.

Kjellander, Sievers & Vogelsang (1959), comparing
the RPCF test with the TPI test, found that the
sensitivities in syphilitic sera corresponded favour-
ably, but that the specificity of the RPCF was less in
sera from patients without evidence of syphilis.
Kjellander, Sievers & Vogelsang (1962) tested 728
sera from patients in different stages of syphilis and
sera giving inconclusive results in the serological
tests for syphilis. The RPCF was reactive on 314 of
402 TPI-reactive sera (78.1 %); it was the only
reactive test on 43 sera, 16 of these from patients
with syphilis; and 7.6% of the RPCF reactions were
considered false positive. The frequency of false
positive reactors with STS (18.1 %) was more than
twice that with the RPCF. Reactivity in patients
with untreated syphilis was: TPI, 93.3%; RPCF,
83.6%; and STS, 73.9%; and in patients with
treated syphilis: TPI, 69.4%; RPCF, 58.8%; and
STS, 42.2%. These results indicate that the RPCF
reverts to non-reactive more rapidly than the TPI
and that STS turns non-reactive earlier than the
RPCF after adequate treatment. It is evident that
while the RPCF cannot replace the TPI, it can be
considered a valuable complement to the STS.

Sequeira (1959) presented material about patients
on whom dates and amounts of treatment were
known. In addition to having high specificity, the
RPCF test had a sensitivity greater than that of
routine STS but less than that of TPI tests, being
most marked in patients with late and treated
syphilis. The frequency of false reactives in the whole
series of 4502 sera was not greater than 0.55% and
was almost certainly lower. Fiumara et al. (1959)
and Fiumara (1960a, 1960b) observed that the
RPCF test was more sensitive in early syphilis,
where it was not particularly needed, and less so in
latent and late syphilis, where a more sensitive test
was needed, whereas the TPI was less sensitive in
early and more so in late syphilis. The average
ranges of sensitivity of the Hinton, RPCF, and TPI
tests were as follows: primary syphilis, 70%, 65%,
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50%; secondary syphilis, 100%, 98 %, 95 %o; latent
syphilis, 100%, 95%, approximately 100%; and late
syphilis, 75%, 85%, 98 %. Any or all of those
procedures might vary from their assigned sensiti-
vities in an individual case. A patient with late
secondary syphilis had a greater chance of having
reactive RPCF and TPI tests than one in the early
secondary stage. Results of the treponemal test
might not show the same level of sensitivity with
different techniques or when different laboratories
performed those tests, even on the same blood
sample.
Bauer & Pinke (1960) demonstrated that 90%

of specimens from patients with no diagnosis of
syphilis yielded a non-reactive RPCF test. On a
comparison of the reactivity of VDRL, Kolmer, and
RPCF in all syphilis groups, it was noted that the
VDRL was the most sensitive and the RPCF was
the least sensitive of the tests. Because the RPCF
antigen had been derived from a treponeme, it was
believed to be more specific than the Kline, VDRL,
Kolmer, Kahn, and Hinton tests. Kiraly (1960a,
1960b) demonstrated a specificity of 98.8% for the
RPCF test. The RPCF and the TPI had an over-all
agreement of 87 %. The RPCF test was non-
reactive in 3 latent and 3 CNS cases, all weakly or
strongly reactive to the TPI test, but of 24 BFP cases
the RPCF test was reactive in only one. He used
two Reiter protein antigens, one lyophilized and one
liquid, and obtained identical results. He concluded
that the RPCF was highly specific and sensitive.
Cordero (1960) stated that the RPCF and KRP were
practically identical, and their specificity approached
99.4%. He concluded that the treponemal antigen
tests were important in problem cases, and that of
these, the RPCF and KRP were the simplest and
approached the specificity of the TPI test.
Montgomery, Suhrland & Knox (1960a, 1960b)

compared VDRL, FTA, and RPCF tests in various
stages of syphilis before and after treatment. The
FTA test was more sensitive in primary syphilis than
the VDRL and RPCF tests. They concluded that
the RPCF test appeared the least reliable in the
evaluation of early syphilis. In presumed non-
syphilitic patients, the frequency of reactive RPCF
tests appeared about equal to that of either the FTA
or the VDRL test. Fluctuations with the qualitative
RPCF test occurred between reactive and non-
reactive during the follow-up period after treatment.
Olansky & McCormick (1960) compared the VDRL,
KRP, and FTA tests on 189 sera. There was com-
plete agreement in 132 sera. In 20 sera, the VDRL

was non-reactive, with the other tests reactive, giving
compatible results with the expectancy in old
syphilis, treated or untreated. In 5 sera the VDRL
and KRP tests were non-reactive and the FTA test
was reactive, which was also compatible with the
usual course of old syphilis. In 17 patients with
reactive VDRL and non-reactive KRP and FTA
tests, BFP reactions were presumed since none of
the patients was in the category of very early
syphilis. Nine patients with reactive VDRL and
FTA and non-reactive KRP tests might be inter-
preted as having false non-reactive KRP tests, but
further study of the patients would be necessary.
In 6 sera with VDRL and KRP tests reactive and
the FTA test non-reactive, it appeared superficially
that the FTA results were false non-reactive, but it
was stated that the technical results on the FTA
might not be valid. Two of those were TPI-non-
reactive.

Berner, King & Reich (1960) evaluated the
RPCF, Kolmer cardiolipin, and Kahn tests on
10292 routine sera in their clinic. Most cases of
syphilis were detected by all three tests, with the
largest number of BFP reactions detected by the
lipoidal tests. Of the BFP reactors, 11 had reactive
RPCF tests, suggesting that perhaps all the non-
specific lipoidal components were not removed from
the antigen or that some patients actually had
undiagnosed syphilis. They calculated the specificity,
sensitivity, and BFP rate respectively of each test
and combined tests as follows: RPCF test, 99.8%,
75.0%, 27.5%; Kolmer test, 99.9%, 95.3%, 62.5%;
and RPCF and Kolmer tests, 99.7%, 70.0%, 7.5%.
In view of the many false reactive results with the
RPCF, in their personal experience, they believed
that the unqualified acceptance of RPCF test results
was not warranted: the results should be checked
further with the TPI test. Patton & Gaurie (1961)
tested 680 VDRL-reactive sera with the RPCF
and Kolmer tests. The over-all reactivity rate of
the Kolmer was 68% and of the RPCF, 65%; the
specificity for the Kolmer was 53% and for the
RPCF, 85 %; and the sensitivity for the Kolmer was
77% and for the RPCF, 81 %. They concluded that
the VDRL is over-sensitive, but that when a positive
result is confirmed by a positive RPCF there are
less than 5 chances in 100 that the reaction is in
error. The low rate of false positive reactions of
the RPCF test closely approaches that of the TPI.

Vukas, Cerne & Nonveiller (1961) reported
comparative results of the RPCF, TPI, and Trepo-
nina tests, and STS on 153 blood specimens. All of
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34 non-syphilitic controls and 28 BFP reactors were
non-reactive with RPCF, TPI, and Treponina,
indicating 100% specificity with these tests. The
results of the RPCF on 36 cases of treated early
syphilis indicated a long persistence of antibodies
for the protein antigen. These antibodies appeared
in primary syphilis before reagins and immobilizing
antibodies. Of 55 cases of treated late syphilis,
51 were reactive with RPCF, 55 with TPI, 39 by
Treponina, 41 by Wassermann, 46 by MKR, and
43 by VDRL. In late syphilis, the RPCF test ap-
proached the sensitivity of the TPI test and was
superior to Treponina and STS. They stated that
the RPCF test can be easily accomplished routinely
in small laboratories and is suitable for mass testing.
Montemurri & Bruno (1962) reported the results
of 1871 sera tested with the complement-fixation
test using ATPS antigen. The antigen showed high
sensitivity and specificity. The authors recommended
that this antigen should be employed in routine
serum testing.
Medina et al. (1961), testing 71 syphilitic sera,

found the RPCF equally as sensitive as the VDRL
and Kolmer. It produced a greater percentage of
negatives 1 to 11 years after penicillin treatment,
which the authors interpreted as indicative of the true
percentage of cures. In treated cases of early and
late yaws, the RPCF was the first test to become
negative. In 18 cases of pinta, the RPCF test gave
the highest percentage of non-reactivity or the lowest
number of BFPs. They concluded that the RPCF
is highly sensitive and specific, and that it should be
used along with the VDRL and Kolmer tests on
those occasions when the epidemiological and
clinical findings may not be definitive and the VDRL
and the Kolmer results do not permit clarification
of the situation. Medina (1964) stated that in the
generalized stage of pinta, serum is always positive
with the VDRL, Kolmer, and Reiter treponeme
tests, but the cerebrospinal fluid is negative for
complement-fixation and flocculation tests.

Nicholas (1962) treated early syphilis patients with
a single injection of 2 400 000 units of benzathine
penicillin G and tested them with the VDRL and
RPCF tests. These two tests showed 83.7% agree-
ment with significant differences of only 2.3 %. The
sero-negativity rate at the end of 10 months was
100% for those with seroreactive primary syphilis,
55% for the patients with secondary disease, and
64% for the combined group. Eighteen to 21 months
after treatment, 75% of the patients with secondary
syphilis and 79% of the total group were sero-non-

reactive. Putkonen, Jokinen & Forstrom (1963)
studied sera from treated neurosyphilis patients with
six or seven tests, including the RPCF. The results
showed that the TPI was the most sensitive (98 %),
followed by the RPCF (93 %), VDRL (84 %),
Kolmer (82 %), Kahn (61 %), cholesterolized Wasser-
mann (27 %), and Wassermann (19 %). In the group
of asymptomatic neurosyphilis, 80% of cases were
RPCF reactors, as against 94% in other neuro-
syphilis groups. Patients whose treatment started
9 years or more before testing included 78% of
RPCF reactors, whereas those with shorter follow-
up periods had 93% reactors. In a series of 2077
serum specimens, Zenyoji, Saijo & Taira (1963)
found that the agreement among the RPCF, VDRL
slide, and cardiolipin complement-fixation tests
was 92.4%. The RPCF had reactivity of 93.4% in
latent syphilis and 94.7% in congenital syphilis.
An RPCF-like reaction was observed in 8.6% of
cases in pregnancy, in 12.3% in tuberculosis, and
in 13.0% in cancer.
Daguet (1964) stated that tests using Reiter pro-

tein antigen have high sensitivity and specificity
superior to the Kolmer with cardiolipin antigen.
Daguet & Pilot (1962) performed the RPCF and
immunofluorescence tests on 11 sera considered
BFP reactors. Three were reactive with the FTA
and one with the RPCF. These findings confirm the
specificity of the Reiter antigen and demonstrate
that the group-protein is not the only antibody
responsible for the immunofluorescence reaction.
Greaves (1962) reported on 13 primary and 16
secondary cases of syphilis; these patients were
tested with the VDRL, KRP, FTA, and TPCF6o tests.
The KRP was non-reactive in 9 primary and 3 se-
condary cases. One year after treatment with ery-
thromycin the KRP was non-reactive in 9 of 10 prim-
ary cases and 3 out of 7 secondary cases. Frot (1963)
stated that of several treponemal tests, only the
RPCF and FTA enjoy widespread use, and that their
sensitivity and specificity compare favourably with
the PTI; the RPCF antibody appears relatively late,
reducing the value of the RPCF test in primary
syphilis; and the RPCF and FTA are recommended
for clarification of BFPs. Wilkinson (1963) found in
untreated primary syphilis that the FTA and RPCF
were roughly equal and more sensitive than cardio-
lipin complement-fixation test; in treated primary
cases the RPCF was more sensitive than the FTA; in
treated secondary, late symptomatic, and congenital
syphilis, the FTA and RPCF were equally sensitive;
and in untreated latent cases, the FTA was less
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sensitive than the RPCF. In cases with a reactive
TPI, the reactivity in the FTA was 88%; RPCF,
89%; and cardiolipin test, 78%. In cases where the
TPI was non-reactive, the FTA was reactive in 2%,
the RPCF in 7.7%, and cardiolipin in 51 %. Kent
et al. (1962) found the RPCF test to be slightly more
sensitive than the RFTA (Reiter fluorescence tre-
ponemal antibody) and FTA II tests, although it
yielded somewhat more " non-specific" reactions.
Green (1961) reported a patient having neuro-

pathic joint disease with reactive results in the stan-
dard Wassermann, PPRC, cardiolipin Wassermann,
and TPI tests. In view of the serological test results,
it was assumed that these neuropathic joints were

due to syphilis. Evans & Summerly (1964) reported
on a patient with treated early syphilis who developed
a pseudo-chancre redux; the standard serological
tests and the TPI, RPCF, and FTA tests were all
non-reactive, which was unexpected. Bazex, Sal-
vador & Dupre (1964) reported a case of reinfection
primary syphilis within 3 months of treatment for
secondary syphilis. The serological tests (RPCF,
Kolmer cardiolipin, Kline, and VDRL), were all
strongly reactive at both times. Labouchei Nicolas
& Fritz (1964) discussed a case of congenital syphilis
in an infant that led to discovery of syphilis in the
parents. All had reactive Kline, Kolmer, and Reiter
tests.

19. REITER PROTEIN FRACrION AS ANTIGEN: III

USE OF RErTER PROTEIN TESTS

Confirmatory test
De Bruijn (1956b, 1957a, 1957b) considered that

the protein fraction of the Reiter treponeme would
obviate the false reactions that were occasionally
encountered but would not differentiate yaws from
syphilis. He indicated that the complement-fixation
test with Reiter protein antigen was a valuable
verification procedure which could be performed in
every routine laboratory whenever a discrepancy was
observed between the results obtained with the
standard serological tests and clinical data. Dardanoni
& Censuales (1958) stated that results obtained by
American and Italian workers showed Reiter
protein antigen to be endowed with sensitivity and
specificity of such a degree that it might be compared
favourably with the more complex and costly
serological tests using the pathogenic T. pallidum as
antigen. The use of the purified protein antigen
showed real progress over the use of treponemal
suspensions as antigens.
Daguet, Pilot & Faure (1958) demonstrated that

antibodies to the Reiter treponemes were different
from the Wassermann reagin and immobilizing
antibodies, and thought it convenient to use Reiter
protein and cardiolipin-lecithin antigens compara-
tively as they presented no technical difficulty. In
practice, it was necessary to use the Reiter protein
antigen for thorough examination of serum,
particularly in difficult diagnostic problems. They
found no significant difference in reactivity of the
protein extracts of delipidized Reiter treponemes or
the ATPS antigen from de Bruijn. Fleischmajer

(1958) avoided the technical difficulties of using live
T. pallidum in the TPI test by substituting tests
employing antigens of dead T. pallidum, and, more
recently, tested with extracts from T. pallidum and
the Reiter treponemes which represented a specific
treponemal group substance. The treponemal tests
were particularly indicated in patients with reactive
routine lipoidal serology tests where the anamnestic
and clinical studies were in disagreement with the
diagnosis of syphilis and, consequently, suggestive of
a BFP reaction. Realmuto & Censuales (1959) tested
a group of voluntary blood donors and confirmed the
reactive results with complement-fixation tests using
Reiter protein antigen. They deemed the test with
Reiter protein antigen very useful for that purpose as
it had sensitivity and specificity very similar to the
TPI test.

Kostant & Kelcec (1958), Kostant (1958), and
Kostant, Landy & Kelcec (1961) stated that with
further confirmation of the excellent sensitivity and
specificity of the RPCF test it was likely that the
test might be widely adopted for mass serological
testing. The RPCF test advantages were: inexpensive
antigen, simplicity of performance, and suitability
for mass testing. The cost of the antigen from
cultured treponemes was reduced 100-fold from the
TPCF antigen. They recommended that where
investigations on BFP reactions were inconclusive,
the TPCF, TPIA, TPI, or RPCF procedures should
be performed. A further use for treponemal tests was
in late symptomatic syphilis, where STS might be
non-reactive and treponemal tests reactive.

Foster, Nicol & Stone (1958, 1959) stated that the
RPCF test was very suitable for routine use in the


