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one was a baby with congenital syphilis. The con-
clusion was that, although the Sp.A.R. (Spirochdten-'
Agglutinations-Reaktion) had a high degree of speci-
ficity and sensitivity, it was not infallible; it was a
worthy addition to cerebrospinal fluid tests and
required only 0.2 ml to perform.

Potel (1955) stated that the PR and agglutination
reaction detected the same antibody, which differed
from the antibodies detected in the cardiolipin-
lecithin and TPI tests. Mutermilch & Delaville
(1955) found the agglutination reaction of Roemer &
Schlipkoter highly specific and sensitive with cerebro-
spinal fluid. Hippius, Kunz & Wende (1957) tested
the cerebrospinal fluid for its capacity to agglutinate
suspensions of Reiter treponemes. Reactions were
obtained in only 33 of 59 patients with CNS syphi-
lis; and 15 patients not suffering from neurosyphilis
showed reactions. Bottcher & Hippius (1959)
regarded the treponemal agglutination test as a
valuable addition in the diagnosis of CNS syphilis,
but warned against over-estimation of the sensitivity
of that or any other individual test. Berlinghoff
(1961) stated that the test of Roemer & Schlipkoter
was a very satisfactory cerebrospinal fluid test.
Matz & Schmalbach (1962) found the spirochaetal
agglutination reaction on cerebrospinal fluid had
a sensitivity of 90% on specimens from selected
patients with clinically verified syphilis mainly
involving the nervous system. They stated that the
spirochaetal agglutination reaction is an anamnestic
reaction which permits serological demonstration
of persisting antibodies of protein nature even if the
lipoid reactions are non-reactive.

ROEMER & SCHLIPKOTER TEST FOR SERA

Roemer & Schlipkoter (1955) developed a simple
and rapid Reiter treponemal agglutination test with
serum, employing the antigen described for their
cerebrospinal fluid agglutination test. The sera were
tested unheated; the tests were incubated for 3 hours
at 37°C; and a titre of 1: 50 or greater was considered
reactive. Of 1250 sera tested, there were from 1% to
1.5% non-specific reactions. Roemer & Schlipkoter

(1958) reported modifications in their earlier test
procedure: primarily the heating of sera at 56'C
for 30 minutes and a change in salt concentration.
The sera from 12 181 persons were studied for their
capacity to agglutinate Reiter treponemes and for
their reactivity with lipid antigens. The sensitivity
in detecting syphilis was somewhat higher for the
agglutination reaction, but agglutination antibodies
were rarely detected in treated congenital syphilis.
The figure for BFP reactions amounted to 1.05%,
but the majority of those reactions disappeared
when the serum was heated additionally at 62°C for
30 minutes, whereas heating rarely abolished the
reactivity of syphilitic sera.

Poetschke & Killisch (1959) agglutinated living
Reiter treponemes with homologous rabbit immune
serum, but not with anti-Nichols or human syphilitic
serum. On the other hand, processed Reiter trepo-
nemes, used as antigen for the agglutination reaction
of Roemer & Schlipkoter, were agglutinated by the
anti-Nichols and human syphilitic sera also. Quali-
tative differences were observed in the type of agglu-
tination, the Reiter treponemal antibody agglutinat-
ing as solid floccules, while syphilitic serum from
rabbits and humans agglutinated as light floccules
that were easily broken up. Conraths (1960, 1961)
performed the agglutination test of Roemer &
Schlipkoter on 2000 patients with no evidence of
clinical syphilis and found 208 reactive sera. In
65 cases of untreated syphilis, the agglutination test
gave high titres in the early syphilis group, but
results were not good in the group with old syphilis.
Titres of less than 1:100 were obtained in 23 of 40
cases of late latent or tertiary syphilis, and the test
was not considered sufficiently sensitive in detecting
cases of old syphilis. Some 2% of non-syphilitic sera
gave titres of 1: 100. Matz & Schmalbach (1962)
found the spirochaetal agglutination reaction of
serum had a sensitivity of 70%, thus equal in value
to the pallida complement-fixation test of 71 %, and
that these were the only two tests that detected 20%
of verified syphilis cases. The sensitivity of these tests
is higher than cardiolipin-complement-fixation, Was-
sermann, MKR II, and citochol reactions.

16. ULTRASONIC DISINTEGRATED TREPONEMES AS SEROLOGICAL ANTIGENS

DEVELOPMENT OF NEW PALLIGEN ANTIGEN AND TEST

Fuhner (1952) and Fuhner & Gaehtgens (1954)
collaborated in preparing a Palligen antigen from a

new strain of Reiter treponemes obtained from
Magnuson & Thayer, the old strain used by Gaeht-
gens having been lost during the Second World War.
The new antigen equalled the old one and was an
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aqueous suspension of ballast substances of cultured
Reiter treponemes fragmented by ultrasonic waves.
An advantage of the new antigen was that it was no
longer " mixture-labile " and could be diluted
rapidly or slowly without difficulty. The dilutions of
the antigen were more stable than the dilutions of the
older antigens, and could be kept for days without
excessive sedimentation or flocculation. The test was
simpler than, and as sensitive as, the Kolmer test,
and had a non-specific rate of less than 0.5 %. The
pallida-reaction (PR) demonstrated an antibody
against treponemal protein. The largest number of
isolated PR results occurred in primary, latent, and
CNS syphilis. In 125 cases where the PR was the
only reactive result, 118 were syphilitic and 7 were
BFP reactions. In most cases where the PR was
non-reactive and the lipoid tests were reactive, the
PR called attention to possible non-specific reactions
with the lipoid tests. In treated cases the PR per-
sisted as long as the TPI. In children of treated
syphilitic mothers, the PR was non-reactive and the
lipoid tests reactive, showing only passive trans-
mission of lipoidal antibodies from the mothers.
Fischer (1961) reviewed, and evaluated critically,
the PR and other current tests for syphilis in use in
Germany. He considered the PR falsely named
since it does not use pathogenic T. pallidum but the
closely related, though not identical, Reiter tre-
poneme.

CHARACTERISTICS OF THE PALLIGEN ANTIGEN

Fromm (1953, 1954a, 1954b, 1955a, 1955b)
centrifuged Gaehtgens antigen to show the effects
of fractionation on sero-reactivity. The more
revolutions per minute, the greater the loss of
reactivity, although some reactivity remained in the
supernatant fluid, even at 15 000 rev/min or 25 000 g.
There was a loss of opalescence, and no cellular
elements were seen microscopically in the supernatant
fluid. The antigen filtered through cellulose and cot-
ton did not lose activity; filtration through paper
reduced efficacy of the antigen one or two grades; and
filtration through Seitz EK No. 3 and EKS filter
pads did not allow any active substance to pass.
The centrifugation and filtration studies demon-
strated that the activity of PR antigen depended on
the presence of treponemes or parts of treponemes,
and that the optimum phenol content of 0.3% only
reinforced the reaction. The new pallida antigens,
prepared by the intensive homogenization by the
ultrasonic procedure of Fuhner, showed increased

sensitivity, no anti-complementary reactivity, and
improved stability. This antigen contained 60%-
75% protein, approximately 15% lipids, and total
nitrogen between 9% and 12%. Seventeen amino-
acids were identified by qualitative bidimensional
paper chromatography. According to temperature
resistance tests, thermolabile portions of the trepo-
nemal antigen contained most of the reactive sub-
stance. The resulting increase in total antigen
surface reduced the zone of auto-inhibition, and,
likewise, reduced the amount of complement needed
for the test. The pallida antigen constituted a
complex, complete antigen, and mainly reacted with
treponemal specific antibodies.

USE OF THE NEW PALLIDA ANTIGEN: SERUM

Schlirf & Seidenstucker (1954), on several
thousand blood specimens, determined that the PR
was equal to the cardiolipin tests in specificity and
was a valuable addition to the serological battery of
tests. Henze (1954) stated that the PR had a broader
spectrum of activity than the Wassermann test,
particularly in primary, secondary, and latent
syphilis, with non-specific reactions less than 0.5 %.
He concluded that the PR, Kolmer cardiolipin-
lecithin test, and MKR II were all of value in
eliminating non-specific reactions occurring with
the Wassermann, citochol, and other tests. Joest
(1955) found that the PR gave non-specific reactions
in only 1.4% of cases. Gropper (1955) found in
3.1 % of cases that the PR was the only reactive
test, while in one clinically diagnosed case the PR
was the only non-reactive test. The PR tended to
remain reactive, even in satisfactorily treated cases,
and could not be used as a test of cure. In two
recent cases of syphilis, the PR was the first test to
become reactive, followed closely by the MKR II.

Ruge, Knothe & Otten (1957, 1958) stated that
the new pallida antigen was a worthy contribution
to syphilis diagnosis, and that repeated isolated
reactive PR tests spoke with greater probability in
favour of the existence of a syphilitic process. They
obtained 0.3% BFP reactions. They stated that it
was not right to reject the PR on the basis of earlier
findings, as the old pallida antigen was not com-
parable with the new antigen. Palligen evidently
contained at least one treponemal-specific antigen,
predominantly protein. Dickman (1958) quoted a
personal communication from Ruge to the effect
that most of the antigens available in Europe were
prepared from treponemes cultivated in liquid or
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agar-containing media and disintegrated with ultra-
sonic waves. One part of the antigen represented an
albumin fraction. It was Ruge's opinion that the
antigens prepared from liquid media were generally
more satisfactory, as their anti-complementary
properties were rather low, and a negligible number
of non-specific reactions was encountered.
Vaisman & Hamelin (1958a, 1958b, 1961) and

Vaisman, Hamelin & Prudhomme (1958) found the
sensitivity of ultrasonic Reiter treponemal antigen
to be 88.4% and specificity to be 93.4% when
compared to TPI reactivity. They stated that the
antigen did not give complete satisfaction from the
practical and immunological points of view, as
Reiter treponemes differed from T. pallidum mark-
edly in virulence, morphology and cultural charac-
teristics. Hartl (1958) found the frequency of BFP
reactions with PR was 1.62%. Bube (1958) examined
1343 cases of syphilis with seven tests, the VDRL
having the highest sensitivity (97.4%) and the PR
being the most sensitive of the complement-fixation
tests (68.2 %). He stated that the sensitivity could be
increased by using larger amounts of serum. Pillot,
Nadal & Bordier (1958) used the ultrasonic Reiter
treponemal antigen in a modified Kolmer test, using
1.5 units of complement, antigen at a dilution of
1: 80, and incubating for 3 hours in the refrigerator.
The test was highly specific and disagreed with the
TPI in only one instance.
Fromm & Meyer-Rohn (1959) and Meyer-Rohn

& Fromm (1959) stated that determination of
sensitivity and specificity of tests for syphilis could
proceed only from clinically definite disease, an
individual test not being a sufficiently certain
criterion for the evaluation of other tests with
different kinds of reaction mechanisms, as no
biological test was 100% sensitive. High sensitivity
was shown by TPI and PR. The PR could be
performed routinely in any serological laboratory,
the TPI only in specialized laboratories. A note-
worthy feature of the PR test was that it had
the lowest non-specificity of tests-0.5 %/-while the
TPI had 1.9%. Nicolau & Danila (1959) found the
pallida antigen to have a sensitivity of 80%, with
4.15% non-specific results. They (1962) reported
the sensitivity of the VDRL and the Bordet-
Wassermann with pallida antigen to be 79.76% and
79.49 %, respectively, and the non-specificity of these
tests to be 5.71 % and 4.47% on the basis of testing
1099 sera.

Lesinski, Hoffman & Zajac (1959), in four
treated patients with symptoms of active syphilis,

found the TPI reactive and the classical tests and the
PR non-reactive. Linser & Langer (1960) con-
sidered the new Palligen antigen an improvement
over the old. In their experience, early syphilis was
adequately detected by PR and MKRI II. Kern
(1960) tested sera with PR and classical serological
tests, and estimated that 0.4% gave BFP reactions
which required additional testing with TPI. Bazex
& Salvador (1960) found 83.6% total agreement
among cardiolipin-lecithin antigen, PR, and TPI
tests. A few cases with PR-reactive and TPI-
non-reactive were shown to be old syphilitics, the
Reiter treponemal antibodies persisting longer than
TPI antibodies. The ultrasonic antigen was superior
in homogeneity and sensitivity to Gaehtgens's
pallida antigen. By carefully adjusting the titre of
complement, which was possible despite the relatively
high anti-complementary power of the treponemal
antigen, and by using graduated pipettes instead of
droppers to measure reagents, the Kolmer com-
plement-fixation test was performed in an accurate
and a reproducible manner. Berlinghoff (1958, 1961)
defined specific serological tests for syphilis as
those that detect an antibody specifically against
T. pallidum, and he considered PR and the agglutina-
tion test of Roemer & Schlipkoter in that category.
He stated: " Meinicke prefers to call the PR the
' spirochaetal-protein reaction ' in order to avoid
constantly reported confusions ", meaning the test
with Reiter treponeme homogenized by ultrasonic
waves. He agreed with Meinicke that PR very
probably detected a group-specific treponemal
protein antibody, and the test was completely
satisfactory in his experience. Oh a comparison of
various tests with the TPI, the PR had the fewest
number ofBFP reactions.

Nicoli & Deme (1960) diagnosed treponematoses
in Africans with lipoidal (Kline, VDRL, Kolmer)
and treponemal tests (RPCF with ultrasonate antigen
and " plain " treponemal extraction). In one series
both types of tests were reactive in 75 %, Reiter tests
reactive and lipoidal tests weakly reactive in 12%,
Reiter tests reactive and lipoidal tests non-reactive
in 2%, and lipoidal tests reactive and Reiter tests
non-reactive in 10%. They concluded that trepo-
nemal tests generally were more specific than lipoidal
tests and that when both were reactive a treponemal
infection was almost certain; that if treatment caused
a fall in titre this pointed strongly to a treponema-
tosis; that presumed false positives were nearly
always associated with low titres; and that false
positive reactions were relatively uncommon. Ridet
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& Oddou (1951), working in French West Africa,
used classical tests and complement-fixation with an
ultrasonic Reiter treponemal antigen of the Institut
Pasteur. The Reiter test had 1+ isolated reactions
in 16.5% of doubtful cases, and, considering that
the Reiter test was never reactive alone in proved
cases of treponematosis, it was deduced that the
16.5% represented BFP reactions. In 13.5% of
doubtful cases, the Reiter test agreed with the other
tests, and there the Reiter test constituted one more
element in favour of the diagnosis. In the remaining
70% of doubtful cases, no conclusions could be
drawn from the Reiter test; if non-reactive, it could
be due to lack of sensitivity, and if reactive, it could
be BFP. The follow-up study after treatment of
some cases showed: (a) the Reiter test was generally
the first to become non-reactive and never remained
reactive alone; (b) ini certain cases with non-reactive
Reiter tests before treatment this test became reactive
at the first follow-up testing; (c) in some cases with
more than one follow-up testing the Reiter test
showed oscillation, although the classical tests
remained reactive (presenting another argument in
favour of the lability of the antiprotein antibody);
(d) the antiprotein antibody appeared later than the
reagin and disappeared earlier in untreated, as well
as treated, treponematoses; and (e) in all doubtful
serologies the Reiter rarely permitted a solution and
could not replace the TPI in those cases.

Ribi & Storck (1961) found the PR as sensitive
and specific as the VDRL test, but it could not com-
pare with the TPI or immunofluorescence tests in
that regard. The PR was reactive relatively often in
primary syphilis. Pambor (1961) tested five cases of
reinfection syphilis with a battery of tests. The PR,
flocculation, and Wassermann tests with cardiolipin-
lecithin antigens were the first to show the reinfec-
tions. The TPI remained reactive in four cases in the
interval between infections. Fuchs (1961) studied
644 individuals with PR, TPI, and STS. PR had a
specificity of 94% and a sensitivity of 44.4%. Con-
sidering the unsatisfactory sensitivity, the exclusive
use of the treponemal protein reaction was not
recommended. Only in addition to lipoidal reactions
did the treponemal protein reaction increase the
completeness of the " serological general aspect "
and contribute to the reliability of diagnostic
procedures.
Mikol (1961) regarded the PR test of Gaehtgens

and other tests using the Reiter treponeme as antigen
as not universally specific, but capable of detecting
both yaws and syphilis. Pautrizel, Bonnardot &

Szersnovicz (1957) performed tests using as antigen
the Reiter treponeme disintegrated with ultrasonic
waves. The antibodies to that antigen appeared
before the immobilizing antibodies and reagin, and
were found in neonates from syphilitic mothers.
After treatment, they disappeared rapidly, whereas
reagin was still found for a time. However, in
treatment of old syphilis, those antibodies were the
last to disappear. German & Bory (1961) utilized
pallida antigen in complement-deviation reactions
and found it gave excellent results with appropriate
techniques. Its specificity was superior to that of lipid
antigens. They stated that it seemed necessary to use
treponemal antigens if one wanted to acquire a
precise idea of the humoral state of the subject in
relation to syphilis. They proposed a complement-
fixation test that was simple to perform, possessed
good sensitivity, had a fixation time of 1 hour at
37°C, and had a total volume of 2 ml. According
to Delacr6taz & Frenk (1961), the RPCF (pallida)
test is simple to perform, and with a purified antigen
and adequate technique it may someday equal the
TPI in specificity and sensitivity. Prohazka (1962)
stated that since the so-called "full .spirochaete
antigens " (palligen) contain all antigenic compounds,
including the lipid compound, they are not suitable
for differential diagnosis in cases of false-positive
reactions and sero-resistance.
Morenz & Koster (1962) investigated the applic-

ability of Kolmer's technique in the pallida com-
plement-fixation test and showed that the same
sensitivity and specificity can be expected as with
the usual single-dose fixation according to Gaehtgens
and Fuihner, when the pallida antigen is diluted
1: 5 with Veronal buffer solution. Advantages of
the Kolmer technique are that both cardiolipin and
treponemal antigens can be tested in parallel, and
that one dose of complement and one serum control
only are required for both systems.

Orhel (1963) obtained the following reactivity on
541 luetic sera: TPI, 89.6%; Kolmer, 42.3%;
VDRL, 71.7%; and Pallida-reaction, 57.4%. On
500 negative controls they were able to record only
0.8% non-specific reactions with the Kolmer with
cardiolipin, whereas the proportion with the PR was
4.8% and with the VDRL, 7.2 %. Rosner &
Hryniewiecka (1964) tested 205 luetic sera and
found the PR to be reactive in all cases of primary,
secondary symptomatic, and cardiovascular syphilis.
A number of non-reactive results were obtained in
cases of tertiary syphilis of the skin and mucous
membranes, as well as in late congenital syphilis.
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USE OF THE NEW PALLIDA ANTIGEN: SPINAL FLUID

Pautrizel, Bonnardot & Szersnovicz (1957) found
antibodies to PR in spinal fluid in CNS syphilis.

MISCELLANEOUS ULTRASONATE ANTIGENS

Szersnovicz & Isenhart (1960) tested three ultra-
sonate antigens of Reiter treponeme: (a) pallida in
0.3 % phenol saline at 1: 2 dilution; (b) treponemal
antigen in 0.3% phenol saline at 1: 10 dilution,
prepared at the Institut Alfred Fournier; and
(c) treponemal antigen in buffer stabilized with
glycerol at I : 80 dilution, prepared at the Institut
Pasteur. In a Kolmer-type complement-fixation test
all the antigens were anti-complementary at 37'C
incubation for 1 hour and at 6°C for 18 hours. The
Institut Pasteur antigen was superior to the others
in sensitivity. Some transient false reactions were
noticed in the antigen from the Institut Alfred
Fournier. Pallida antigen yielded the greatest
number of false non-reactive results in weakly
reactive sera. It was concluded that an ultrasonate
of treponemes in a buffered medium with glycerol
added would constitute a great improvement over
the quality of antigens available. Tampieri (1962)
tested 9026 sera with a protein antigen prepared by
ultrasonic disintegration of the Reiter treponeme
with added glycerol. He felt this antigen had greater
sensitivity and specificity than traditional antigens,
justifying its use in the serology of syphilis.

ANTIBODIES IN THE PALLIDA-REACTION

Jeney, Nsoka & Biro (1956, 1957a, 1957b) investi-
gated the lipoidal fraction of the Reiter treponeme
in pallida antigen and found a reactive lipid to be
present and to react with reagin. That should be kept
in mind, especially if the PR was weakly reactive and
the Wassermann was weakly reactive or non-reactive.
With some Wassermann-reactive sera, the PR was

non-reactive. Proportions of antigen-antibody were
varied to produce zonal reactions, and in strongly
reactive Wassermann specimens the reagin inhibited
the combining of the PR antigen-antibody complex.
The sera were absorbed with Wassermann antigen to
eliminate non-specific reactions. They considered the
PR test easy to perform, and it enabled detection of
an antibody different from reagin, which, although
not entirely specific for T. pallidum, acted upon the
antigen of a strain of treponemes closely related to
T.pallidum. Hippius (1954) tried to determine whether
Wassermann and treponemal antibodies were sepa-
rately detectable. Seventeen human sera with
strongly reactive Wassermann tests gave only 4
reactive and 4 weakly reactive PR tests, proving
antigen differences. The 4 reactive sera were
absorbed with pallida antigen and gave non-reactive
PR and weakly reactive Wassermann results. The
weakening of the Wassermann reaction was attri-
buted to removal of the treponemal antibody
showing existence of partial antigenic relationship.
Ruge (1962) studied the antibody: complement-

fixation ratio, using both cardiolipin and pallida
antigen and found this to be 2: 1, i.e., two parts of
antibody, both antilipoidal and ant treponemal, are
bound by one part of complement, according to the
law of mass action. He tested sera unabsorbed and
absorbed with VDRL antigen. Generally, the titre
with pallida antigen remained the same after absorp-
tion as before. The behaviour of the pallida antigen
supports the assumption of Faure & Pilot (1960) that
the lipoidal component of the Reiter antigen is rather
inert. Burkhardt (1962) did a comparative evaluation
of the micro-complement titration and serum titra-
tion on syphilitic sera and found that the validity of
both methods depends on the antigen used. More
positive reactions were obtained with pallida antigen
in the serum titre method, and more reactions were
obtained with the cardiolipin antigen using the com-
plement titre method.

17. REITER PROTEIN FRACTION AS ANTIGEN: I

BACKGROUND AND DEVELOPMENT OF THE REITER
PROTEIN ANTIGEN

D'Alessandro & De Blasi (1941) observed that
adsorption of syphilitic serum with lipoid antigen
removed the antibody reactive with this antigen but
did not affect its ability to react with Palligen antigen.
The adsorption of syphilitic serum with Palligen

deprived the serum of both antibodies. They con-
cluded that two antigens were present in the Reiter
treponeme, one a specific treponemal antigen, and
the other of a lipoidal nature. D'Alessandro (1946)
reviewed the literature on the reaction of Palligen
with an antibody different from reagin, and stated
that the new serology of syphilis should be based on
qualitative analysis of the various antibodies pro-


