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in the T. pallidum and Reiter treponeme. D'Ales-
sandro & Dardanoni (1958) reported on an attempt
to exhaust progressively the antibody content of an
anti-T.pallidum immune serum by repeated absorp-
tion with killed pathogenic treponeme suspensions.
The preliminary results showed that the only antibody
which was partially removed was the immobilizing
antibody. This was in sharp contrast with the be-
haviour ofthe cultured Reiter treponeme suspensions,
which, employed in similar amounts, were able easily
to remove antibodies reacting yvith Reiter protein
antigen from antisera.

Turner & Hollander (1957) stated that the Reiter
treponemes did not appear to be closely related anti-
genically to pathogenic treponemes. It seemed prob-
able to Hardy & Nell (1957) that the heat-labile
trypsin-digestible antigen of pathogenic T. pallidum
corresponded to the protein antigen of the Reiter
treponeme, and possible that the heat-stable antigen
of Reiter treponeme represented the comparable
specific polysaccharide of T. pallidum. Dardanoni
& Censuales (1957) and Cannefax & Garson (1959)
prepared Reiter protein and T. pallidum protein
antigens by cryolysis. Experimental evidence indi-
cated that the protein antigens of the Reiter trepo-
neme and T. pallidum had a common component,
and that in the protein antigen complex of T. pal-
lidum one or more additional components were
present. They suggested that the specific antigen
could be located near the surface of the treponeme,
while the common group antigen was more deeply
situated and was only set free by methods of disinte-
gration used in the preparation of protein antigens.
Cordero (1960) stated that TPCP (Treponena pal-
lidum cryolysis protein) and cryolysis Reiter protein
antigens were immunologically and serologically
identical. De Bruijn (1959) considered that the
absence of an antibody against Reiter treponeme
polysaccharide antigen in human syphilitic sera and
its presence in anti-Reiter protein antigen sera
indicated that one of the differences between virulent
T. pallidum and the avirulent Reiter treponeme was
localized in the polysaccharide fractions. Gastinel

et al. (1960) performed experiments with ultrasonic
T. pallidum and Reiter treponemal antigens and
showed that the mosaic of antigens in the T. pal-
lidum and Reiter treponeme was not identical.

Pillot, Dupouey & Faure (1960), by studying the
cross-reactions of T. pailidum and Reiter treponeme
in complement-fixation and gel precipitin tests,
demonstrated that the common antigen between the
two organisms was limited to a unique protein
antigen. Tomizawa et al. (1962) prepared antigens
from the Nichols strain of T. pallidum and from the
Reiter treponemes and analysed these by the Ouch-
terlony technique. The results showed that both
treponemes shared a common antigen, and that the
Nichols strain contained another antigen not present
in the Reiter treponeme.
With fluorescent antibody techniques, Deacon

& Hunter (1962) noted reciprocal cross-reactions
with T. pallidum, Reiter treponeme, and T. zuelzerae.
T. microdentium reacted only with its own antibody,
but T. microdentium antiserum reacted with all four
treponemes. This was interpreted to mean that
T. pallidum, Reiter treponeme, and T. zuelierae had
a common surface antigen, but that in T. micro-
dentium the common antigen was in a subsurface
position. All the conjugated antisera were absorbed
with Reiter treponeme, removing all cross-reactivity
and all reactivity to the Reiter treponeme. Absorp-
tion of conjugated Reiter treponeme antiserum with
T. pallidum and T. zuelzerae removed the common
group antibody, leaving a specific Reiter treponemal
antibody fraction. The antigen absorbing a common
antibody component from each conjugate could be
associated with the Reiter protein antigen of the
RPCF (Reiter protein complement-fixation) test.
When human syphilitic sera were absorbed with
Reiter treponeme, the FTA (fluorescent treponemal
antibody) titre with T. pallidum as antigen was
lowered, all reactivity in FTA with Reiter treponeme
was removed, and the TPI and TPCF (Treponema
pallidum complement-fixation) tests remained reac-
tive, but the RPCF test became non-reactive.

12. RELATED ANTIBODIES IN SYPHILIS

ANTIBODY PRODUCTION

Kolmer, Kast & Lynch (1941a) absorbed syphi-
litic sera with Kahn antigen, removing the reagin
but not the treponemal antibody. Absorption of

human syphilitic serum with a suspension of Reiter
treponemes removed the treponemal antibody but
not the reagin. In their opinion, there was no
relation between specific treponemal antibody and
Wassermann reagin in human syphilitic serum.
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They believed that infection with T. pallidum pro-
duced very little, if any, immune antibody for trepo-
nemes, but that an antibody-like substance or reagin
produced by the tissues was responsible for the
Wassermann and flocculation reactions. Wasser-
mann reactions with antigens of cultured trepo-
nemes were due, in part, to a fixation of complement
by lipids in the treponeme and, in part, to fixation
by non-lipoidal antigenic components. It was main-
tained that a specific antigen in the treponeme had
produced very little, if any, agglutination or com-
plement-fixation antibody in syphilis. Kolmer
(1942c) stated that tests with Reiter and Kazan
strains were not as specific as Wassermann reactions
because of the presence in normal serum of natural
treponemal antibody which also reacted with
S. macrodentium and S. microdentium and other
treponemes.

Christiansen (1963) stated that, since pathogenic
treponemes seem to contain protein which is closely
related to proteins in non-pathogenic treponemes
such as Reiter treponeme and T. zuelzerae, biologic
false-positive (BFP) serum reactions may be ex-
pected when treponemal antigens are used in which
the non-polysaccharide parts of the treponemes
determine the outcome of the reaction. Non-
specific reactions may occur when antibodies
directed against the protein determinant participate
in the test. It is thus conceivable-albeit non
proven-that commensal organisms such as T. micro-
dentium, T. calligyrum, and T. refringens, although
living on the surfaces of the host, may under special
conditions induce the formation of enough antibody
to cause low-grade reactions in tests such as the
fluorescent antibody reaction.

D'Alessandro, Oddo & Dardanoni (1950) and
D'Alessandro (1958) suggested that the presence of
antibodies against specific treponemal protein might
be an expression of activity of infection, and main-
tained that the isolation of a lipoid antigen in Reiter
treponeme, simulating cardiolipin-lecithin antigen,
supported the theory that the Wassermann antibody
was elicited as a response to the lipoid antigen
present in infectious T. pallidum. Eagle & Hogan
(1940) stated that the primary serum change in
syphilis was the development of antibodies to the
infectious agent, T. pallidum.

MULTIPLICITY OF ANTIBODIES

Beck (1939) postulated that human syphilitic
serum contained two different antibodies, Wasser-
mann reagin and a specific treponemal antibody of

complex structure. Eagle & Hogan (1940) suggested
that the so-called Wassermann reagin and trepo-
nemal antibodies, instead of being independent
substances with different immunological back-
grounds, were actually one and the same thing.
Absorption experiments indicated that the Wasser-
mann reagin was not distinct from the treponemal
antibody, as absorption of sera with lipoid antigen
removed the reagin reactivity only, whereas absorp-
tion with Palligen removed reactivity to both the
lipoid and treponemal antigens. Eagle and Germuth
(1948) found that suspensions of living cultures of
the Reiter treponeme did not absorb reagin from
syphilitic serum, leading them to believe that
syphilitic serum contained at least two distinct
antibodies, one lipoidal and the other capable of
reacting with some, but not all, cultivated tre-
ponemes. Gelperin (1951) confirmed the findings of
Beck and Kolmer by absorbing syphilitic serum with
the K fraction of Reiter treponeme and showing
that the antibody which reacted with the Reiter
treponeme was distinct from that which reacted with
beef-heart antigen.
D'Alessandro & Oddo (1946) showed the presence

in syphilitic serum of three distinct antibodies to
Reiter treponeme, TCL, TCS, and L. D'Alessandro
(1954) concluded from an analysis of statistical data
that the immobilizing antibody was the most fre-
quently reactive, followed by the lipoidal and the
group treponeme antibodies. According to Foster,
Nicol & Stone (1959>, serological tests for syphilis
(STS), RPCF, and TPI tests all depend upon the
presence in the serum of different antibodies which
neither appear nor disappear at exactly the same
time. Bekker (1958) concluded that antibodies
reacting in the RPCF test were different from those
reacting with cardiolipin-lecithin antigen and with
the antigens extracted from T. pallidum. Portnoy
et al. (1963) stressed that studies had indicated the
multiplicity of antibodies in syphilis, and suggested
the probability that reagin, TPCF antibody, RPCF
antibody, and immobilizing antibody are separate
and distinct. McLeod & Garson (1962) conducted
studies concerning the relationship of TPCF anti-
body to three other antibodies in syphilitic serum
and found that there is no relationship between this
and the RPCF antibody. They found no decline in
RPCF titre after syphilitic serum had been absorbed
with TPCF antigen, and that rabbits injected with
TPCF antigen had no increase in RPCF titre.
According to Puccinelli (1951), it had been pos-

sible to demonstrate the presence in secondary
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syphilitic serum of the antibodies for the protein,
polysaccharide, and lipoid antigens in the Reiter
treponeme. This serum absorbed with lipoidal anti-
gen gave non-reactive lipid tests and reactive TCS
and TCL antigen tests. After absorption with TCS
antigen the serum had non-reactive lipoid and TCS
antigen tests and reactive TCL tests. After a final
serum absorption with TCL antigen all three tests
were non-reactive. It was not possible to demon-
strate the presence of the antibody to the TCS
antigen in the absence of the TCL antibody-a fact
which convinced Puccinelli & Pezzi (1949) that the
TCL antibody was always present when the TCS
antibody was present.

D'Alessandro & Del Carpio (1958a, 1958b)
demonstrated an antibody to the Reiter treponemal
polysaccharide antigen which they considered to
have good specificity and sensitivity. De Bruijn
(1961a) noted that in some BFP reactions obtained
with RPCF tests, several sera had antibodies against
the Reiter treponemal polysaccharide antigen. This
antibody occurred more frequently in syphilitic than
in non-syphilitic sera, with an incidence of only 5.9%
in syphilitic sera. He concluded that the presence of
this antibody was not a consequence of syphilitic
infection. Dupouey (1963c) thought that two anti-
bodies peculiar to Reiter treponeme shown by agar-
gel diffusion may correspond to precipitating anti-
bodies and not to complement-fixation antibodies.
He stated that antibodies exist against one of the
antigenic constituents of the Reiter-treponeme-
T. phagedenis group in certain syphilitic sera and
many normal sera of different species.
Deacon's (1962) studies indicated that treponemes

share antigens in common and antibodies to these
antigens appear to be identical or similar in beha-
viour. For this reason, the Reiter antigen comple-
ment-fixation test detects the common or group
antibody, the same type of antibody discovered by
the FTA test in normal sera. Gillespie & Brown
(1964) stated that the treponemal tests do no more
than inform of the immunological status of the
patient and do not answer the question whether or
not he has syphilis. To understand and properly
interpret results of treponemal testing, the concept
of a multiplicity of antibodies arising during the
course of syphilis and knowledge of the temporal
relationship between them are necessary.

BIOCHEMICAL CHARACTERISTICS OF ANTIBODIES

Eagle & Hogan (1940) found no significant
difference in the rate of destruction of treponemal

antibodies and Wassermann reagin at 63°C. De
Bruijn (1956a) was unable to get a visible antigen-
antibody complex by mixing Reiter protein antigen
with human syphilitic serum under several condi-
tions. He adsorbed the Reiter protein antibody to
Reiter protein antigen by mixing antigen and
syphilitic serum in equal volumes and filtering
through a Chamberland filter (L3) which acted as a
powerful adsorbent for the Reiter protein antigen.
It was shown by complement-fixation tests that the
Reiter protein antibody had been adsorbed from
the serum, but that the cardiolipin-lecithin antibody
had not been adsorbed.

Puccinelli (1952) presented comprehensive data on
different antibodies. TL, TS, L, and flocculation
antibodies differed from each other and were partly
characterized by distinctive chemical, physical, and
biological features. Electrophoretic investigation
established that there were four antibody globulins,
all intermediate between the slow beta-globulins and
the fast gamma-globulins, confirming their antibody
nature. The molecular weights differed, TL being
low, approximately 35 000 or less; TS 6etween
75000 and 150 000; and antilipid antibodies both
considerably higher, approximately 990 000 for
flocculation and even higher for L complement-
fixation antibody. The heat-resistance of the anti-
bodies differed widely. TL antibody was highly
resistant to heat, being serologically active after
20 minutes at 72°C, 10 minutes at 74°C, or 2 minutes
at 78°C. L antibody lost serological activity after
15 or 20 minutes at 64°C. The other two antibodies
occupied intermediate positions between TL and L.
Precipitation with electrolytes and dialysis with
distilled water or sodium chloride solutions showed
a uniform precipitation for the four antibody glo-
biulins. TL proved much more resistant to treatment
of serum with alcohol or phenol and to aging than
the other antibodies. Those data showed that cer-
tain dissimilarities existed between the different
diagnostic antibodies according to the characters of
the respective globulins, and that such differences
were more evident in the body of the colloidal
micella than in its electrical surface condition.
Biological data suggested that L antibody should be
regarded as a large globulin of complex structure
not far modified from normal globulin. Its nearly
physiological constitution allowed it to seep through
a physiological membrane, such as placenta. TL
antibody was much smaller and showed a greater
degree of modification from normal than L. In spite
of its smaller volume, it did not seep passively
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through the placenta because it was too " hetero-
genized" in comparison with normal globulin. Its
presence in serum was not detected, or only excep-
tionally detected, through any alteration in proteido-
poiesis, and its presence when syphilitic infection
was absent must be regarded as evidence of a group
reaction to some other kind of treponematosis.

Linser & Langer (1960) stated that, whereas the
various lipoid antibodies had been found in beta-
globulins, the treponemal antibodies were in the
gamma-globulins. Portnoy et al. (1963) employed
continuous-flow paper electrophoresis to fractionate
five human sera obtained from two patients with
early syphilis, two persons presumed non-syphilitic,
and one BFP reactor. In primary syphilis, the anti-
body detected by RPCF was confined to the gamma-3
globulin zone; in secondary, the Reiter antibody was
found in all gamma-globulin fractions as well as in an
interzone between beta- and gamma-globulins; and,
in the normal donors and the BFP case there was no
RPCF activity.

Ottolenghi (1960) isolated beta-lipoproteins from
sera of syphilitic patients in various stages of disease
which turned out to be important carriers of floccula-
tion and complement-fixation antibodies in tests with
cardiolipin-lecithin antigens, as well as with Trepo-
nina antigen. 280 ,ug of beta-lipoprotein fraction
gave reactivity with cardiolipin-lecithin-complement-
fixation antigen, 592,g with Treponina antigen, and
only 120 ,yg with VDRL antigen. In the beta-lipo-
protein fraction of serum, the concentration of anti-
lipid antibody surpassed that of antitreponemal
antibody. This fraction may lack flocculation and
complement-fixation antibodies in very early primary
syphilis and reach a maximum in secondary syphilis
in which, at times, 205 ,ug, 200 ,ug, and 20 itg of beta-
lipoprotein fraction were shown to give reactive
tests, respectively, with cardiolipin-lecithin-comple-
ment-fixation, Treponina, and VDRL antigens.
When the beta-lipoprotein was removed from sera,
398 jig of the total protein were required to fix
complement with Treponina antigen, while with
cardiolipin-lecithin antigen it was necessary to use
653 -pg. It was confirmed in all sera that the anti-
lipid antibody prevailed in the beta-lipoprotein
fraction and that the antitreponemal antibody pre-
dominated in the delipoproteinated serum.

Ovcinnikov 1 quoted Reznikova: " For a quanti-
tative study of antibodies in syphilitic serum, two

1 Unpublished working document WHO/TPI/12 of
8 November 1960, annex 5, pp. 46-52.

antigens were fixed on discs of chromatographic
paper, one antigen from apathogenic T. pallidum and
one cardiolipin-lecithin antigen. The patient's serum
was added to the fixed antigens and in the attained
complex the antibodies were studied by nitrogen
determination by the micro-method of Kjeldahl.
The method gives a possibility of measuring a
minimal content of antibodies . .

ANTIBODIES IN SYPHILrITC STAGES AND FOLLOWING
TREATMENT

Puccinelli & Oddo (1946) reported that in primary
syphilis (syphiloma) the specific treponemal anti-
bodies generally appeared earlier than L antibodies,
the L antibodies giving zonal reactions. The pre-
sence of TCS antibody was doubtful. All three
antibodies occurred in early secondary syphilis. In
congenital syphilis the TCS antibody was lacking.
Puccinelli & Pezzi (1949) concluded: (a) the presence
of TCL, TCS, and L antibodies was indicative of
active syphilis with or without manifestations;
(b) L antibody alone might be found in congenital
syphilis in 20% to 25% of the cases, and in other
patients with L antibody only the diagnosis of
syphilis should be made with reserve; (c) the pre-
sence of treponemal antibodies only was practically
a rule in the so-called preserological period of
primary syphilis, was highly frequent in latent
syphilis, and called for reserve in making a con-
clusion of cure or complete latency; and (d) TCS
antibody had inferior clinical importance to TCL
antibody, as it showed a tendency to delayed
appearance, to small quantitative formation, and to
quick disappearance, especially under treatment.
Puccinelli & Vivarelli (1950) studied congenital
syphilitics. If only L antibody was present at birth
and without clinical signs, L could disappear in a few
days without therapy. Syphilitic babies with non-
reactive serological tests at birth, which later
became reactive, behaved similarly to individuals
with acquired primary syphilis as far as the order of
appearance of the three antibodies-first TCL, then
TCS, and lastly L antibody. Mikol (1958) discussed
the presence of L, TCL, and TCS antibodies in
syphilitic serum, their times of appearance, and
techniques for their detection.

Puccinelli (1946a, 1946b) observed that at the
beginning of treatment there was frequently an
increase in the reactivity of both treponemal and
lipoidal antibodies attributed to a kind of sero-
logical Herxheimer reaction. The two antibodies
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rarely disappeared at the same time; in primary, as a
rule, the treponemal antibody disappeared first, and
the reverse was true of secondary syphilis. In cases
of old syphilis, TCL was always the first to dis-
appear, but L might remain for a long period.
Puccinelli (1953) described six cases of latent
syphilis in which only TCL antibody appeared.
Those patients had received more or less adequate
treatment and had no clinical symptom for a long
period. After various periods, they all developed
manifestations of late syphilis, showing the speci-
ficity of isolated protein antibody as an indicator of
persisting treponemal infection.

Puccinelli (1951, 1952) excellently summarized
experimental results on antibodies in syphilis re-
ported in the Italian literature. In late secondary
and tertiary syphilis the absence of complement-
fixation L antibody, and sometimes ofTCS antibody,
was not rare, whereas flocculation antilipid anti-
bodies were seldom absent and TCL antibody was
always present. In neurosyphilis, TCL was always
present in both blood and spinal fluid, whereas L
and flocculation antibodies were often absent. TCS
antibody was often present, even in subjects who had
prolonged and effective treatment. The last finding,
in view of the easy disappearance of TCS under
specific treatment, even if poor and irregular,
indicated a serious clinical condition and failure of
treatment. False reactives were exceptional with
protein and polysaccharide antigens. The presence
of TCL or TCS-type globulins in the absence of
syphilitic infection required a careful search for
another kind of spirochaetosis in the patient.

Rizzi (1951) found a preponderance of treponemic
antibodies over lipoidal antibodies in cases under
treatment. Codeca (1953) stated that isolated TCL
antibody in the sera of cured syphilitic patients had
an eminently practical importance, as it was of
diagnostic and prognostic significance with regard to
the disease and constituted cause for alarm. The
protein antibody persisted, as a rule, in patients
poorly, tardily, or inadequately treated. Brown et
al. (1963) noted that a change in the one-fifth volume
Kolmer test with Reiter protein antigen (KRP) from
non-reactive to reactive following treatment was
usually a precursor of relapse or reinfection, some-
times preceding, but usually substantiating an
increase in VDRL titre. Cluzel (1963) described the

behaviour of various kinds of tests when treatment
was given during the primary stage (3-6 months after
infection) as follows: the lipoid antibodies become
non-reactive in 1-3 months: the Reiter treponeme
antibodies in 5-6 months; the FTA in 6 months;
and the TPI in 12-18 months. Mezzadra (1962)
discussed a case of concurrent streptobacillosis and
syphilis with delayed appearance of antibodies to
several serological tests, including ones using Reiter
protein antigens, with a normal time of appearance
of immobilizing antibodies.

ANTIBODIES IN ANIMAL SERA

Pozzo (1953) perfoimed a serological study of
sera of various animal species with antigens nor-
mally used in the diagnosis of luetic infection, sus-
pensions of Reiter treponeme, heated suspensions of
Reiter treponeme, heart-extract complement-fixa-
tion antigen, cardiolipin-lecithin antigen, MKR II,
and citochol antigens. He demonstrated that sera of
seven domestic animal species frequently gave
reactive results with lipoidal and treponemal antigens
with no definite pattern of reactivity within a spe-
cies. Dogs and hens reacted with all the antigens.
The problem of the aspecific reactivities of the
treponemal antigens appeared to be more confused
in certain cases by the possibility of group reactions
linked to the presence of pathogenic or saprophytic
spirochaetes, not at all rare in some animal species.
The aspecific reactions with non-treponemal antigens
were attributed to " animal reactive factor" not
defined in character or nature. Bosse (1963), testing
58 dogs with various diseases, found 10 reactive with
Gaehtgens's spirochaetal protein reaction, two of
these being TPI-non-reactive. There were only a few
weakly reactive results for lipoidal antigens. Lepto-
spirosis caused most of the BFP reactions. Three of
the dogs with reactive-Gaehtgens's tests had hard-
pad disease. Kent et al. (1964c) tested normal
bovine and porcine sera that were " Wassermann-
positive ": all 6 bovine sera were reactive with
cardiolipin and TPI tests, but only 1 was reactive
with Reiter protein antigen; 2 of the porcine sera
were TPI-reactive, 4 were cardiolipin-reactive, and
all 6 were Reiter-protein non-reactive. These results
raised the question of the nature and origin of the
treponemal antibodies.
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