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gel medium showed at least five antigens present. The
purified polysaccharide did not fix complement with
serum of syphilitic patients, but human or animal

normal serum which agglutinated Reiter treponemes
also agglutinated polysaccharide-sensitized red blood
cells.

11. RELATION TO OTHER TREPONEMES

NOGUCHI AND KRO6 TEPONEMES

Kast & Kolmer (1929) could not culture Noguchi
treponemes or Spirochaeta microdentium in " nor-
mosal " medium described by Reiter, indicating that
Reiter's cultures were not identical with Noguchi
treponemes. Kroo & Schultze (1929) and Plaut &
Kassowitz (1930) found that strain K22 of Kroo
and R36 of Reiter possessed different antigenic
properties.

KAZAN AND MOUTH TREPONEMES

Beck (1939) demonstrated complete serological
identity of the Kazan and Reiter strains in aggluti-
nation, complement-fixation, and absorption tests.
Dardanoni & Zaffiro (1953b) illustrated a close sero-
logical relationship between Reiter and Kazan strains
with treponemal suspension, protein, and polysaccha-
ride antigens prepared from these treponemes. They
felt there was complete serological identity between
the two strains. D'Alessandro & Dardanoni (1958)
reported that Reiter protein antigen reacted with
immune serum obtained from rabbits inoculated with
Kazan strain.

Kolmer, Kast & Lynch (1941a), finding reactions
in syphilitic and non-syphilitic sera with antigens of
cultured Nichols, Noguchi, Kroo, Reiter, and S. micro-
dentium and S. macrodentium organisms, stated
the reactions were ofgroup character. Since S. micro-
dentium and S. macrodentium were commonly present
in the mouth, the question arose whether the reactions
in syphilitics observed with antigens of Reiter trepo-
nemes and other alleged cultures of T. pallidum might
not be group reactions due to complement-fixation
antibody present in such a large percentage of non-
syphilitic sera for the antigens of S. microdentium and
S. macrodentium. Kolmer, Kast & Lynch (1941b)
adsorbed human syphilitic serum with suspensions of
Reiter treponemes and removed almost all agglutinin
for Reiter treponeme; however, the agglutinins for
Nichols, Noguchi, Kro6, and the oral treponemes
were not reduced. Syphilitic sera did not show appre-
ciably larger amounts of agglutinins for the six strains
of treponemes than did normal sera, which furnished
support to the opinion that reactive complement-

fixation tests with treponemal antigens were largely
due to natural treponemal antibodies. Poetschke &
Killisch (1959) conjugated T. pallidum and Reiter tre-
poneme antisera with fluorescein isocyanate. Both
conjugates stained T.pallidum and Reiter treponemes,
indicating a common antigen, but neither conjugate
stained Borrelia recurrentis or human mouth tre-
ponemes.

Robinson & Wichelhausen (1946) found that
Reiter and Kazan treponemes were similar in
morphology to oral treponemes L and K2, which
were large, regularly coiled, spiral organisms. The
organisms were similar in precipitin reactions but
were serologically different from the smaller oral
treponemes. Hampp (1947a) immunized rabbits
with several strains of cultured treponemes and oral
treponemes which were shown to be highly antigenic,
the highest titres resulting from the English Reiter,
Kazan, and FM strains of oral treponemes. Eagle
& Germuth (1948) described the serological relation-
ships of several cultured treponemes. The Reiter
strain was almost identical serologically to two
strains of saprophytic mouth treponemes, S26 and
S58-33, isolated by Wichelhausen & Wichelhausen
(1942), and closely related to Kazan. The highest
antibody response in immunized rabbits was to
Reiter and Kazan treponemes. The results obtained
by Eagle & Germuth indicated three distinct groups
of cultured treponemes: (a) Reiter and Kazan strains
(they may not have been of the same strain as that
used by Beck); (b) Nichols and Noguchi strains; and
(c) Kroo. Gelperin (1951) had test results suggesting
a close relationship between Kazan, Nichols, Reiter,
and S26 oral treponemes.
Tauber et al. (1962) made a comparative study of

the enzymes of treponemes and stated that several
related organisms may be classified into five groups
according to their enzyme patterns: Group 1 Reiter
treponeme, Kazan, and English Reiter contained
much cysteine desulfhydrase, in addition to moder-
ate quantities of DPN-dependent isocitric dehydro-
genase, but no TPN-dependent isocitric dehydro-
genase was found; Group 2-Noguchi; Group 3-
T. zuelzerae and Nichols; Group 4-T. micro-
dentium; and Group 5-Borrelia vincentii.
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Dupouey (1963a, 1963d) studied the possibility of
replacing the Reiter treponeme with T. phagedenis
or Kazan KIB, both of which contain the " trepo-
nemal antigen " in common with Reiter treponeme
and T. pallidum, for the production of treponemal
antigen for the serodiagnosis of syphilis. A series of
experiments was carried out and the results did not
show that either T. phagedenis or the Kazan trepo-
neme was superior to the Reiter treponeme.
Christiansen (1964b) stated that the purified
polysaccharide from Reiter treponeme and Kazan H
strains isolated by the phenol-water method are
serologically indistinguishable.

GENITAL TREPONEMES

Koch (1940) stated that genital treponemal cul-
tures and the pallida cultures could not be identical,
as syphilitic sera gave reactions with Wassermann
and pallida antigens, and only an occasional reaction
with genital treponemal antigen. Also, the pallida
antigen gave strong skin reactions in tertiary syphilis,
while the genital treponemal antigen was barely
reactive. Meinicke (1956a) suggested that Reiter
treponeme showed almost complete correlation with
T. calligyrum and T. genitale with regard to mor-
phology, behaviour on synthetic media, and lack of
pathogenicity to animals. Moreau & Giuntini (1956)
thought that because of morphological and cultural
characteristics the treponeme described by them by
the name of T. refringens from genital lesions was
very close, if not identical, to certain strains called
Reiter treponeme. They suggested that T. refringens
should be classified under Treponema and not under
Borrelia, as in Bergey's Manual.
Dupouey (1963b, 1963c) studied six species of

anaerobic treponemes of genital origin by comple-
ment-fixation and agar-gel diffusion. These included
T. phagedenis, T. refringens, T. caligyrum, T. mi-
nutum, T. pallidum, and the Reiter treponeme. Cross-
reactions in complement-fixation tests showed an
antigenic relationship existing among all organisms.
Absorption of syphilis and yaws sera with Reiter
treponemes caused all complement-fixation reaction
with these five organisms to disappear completely.
Syphilis sera gave higher titres with Reiter trepo-
nemes and T. phagedenis than with the other three
treponemes. With the gel diffusion studies, a maxi-
mum of eight antigens was shown in Reiter trepo-
nemes, five or six of which are shared with T.
phagedenis. The Reiter treponeme has at least three
systems in common with T. refringens, at least four

with T. calligyrum, and a single common system with
T. minutum. Reiter protein antigen with T. pallidum
had a fine, distinct, well-traced streak. Results of
complement-fixation and agar-gel precipitin studies
led to the following grouping: (a) Reiter treponeme
and T. phagedenis; (b) T. refringens and T. calligyrum;
and (c) T. minutum.

T. ZUELZERAE

De Bruijn (1961a, 1961b) compared Reiter trepo-
neme with T. zuelzerae, a free-living, non-pathogenic,
anaerobic treponeme, between Borrelia and Trepo-
nema morphologically, isolated from mud in Cali-
fomia by Veldkamp (1960). He prepared protein
and polysaccharide fractions of the two organisms.
The protein fractions reacted with human syphilitic
sera, but not with Borrelia duttonii antiserum of the
mouse. Unheated protein antigens of Reiter trepo-
neme and T. zuelzerae cross-reacted, but the heated
antigens did not cross-react, indicating a serological
difference between their polysaccharide fractions.
The lipopolysaccharide antigens of both Reiter tre-
poneme and T. zuelzerae reacted only with homo-
logous antisera in gel diffusion tests. The presence of
the " group-specific protein antigen " of Reiter tre-
poneme was evident in T. zuelzerae.

T. PALLDUM

Eagle & Hogan (1940) thought the cultured Reiter
treponeme was apparently sufficiently close sero-
logically to T. pallidum to be agglutinated by, and to
give complement-fixation with, the antibodies to
T. pallidum present in syphilitic serum. Puccinelli
(1952) stated that the presence in syphilitic sera of
antibodies to the L, TCL, and TCS antigens of the
Reiter treponeme was obviously caused by similar
antigens of pathogenic T. pallidum, which could
therefore be regarded as a " serological twin " of the
Reiter treponeme. D'Alessandro (1954) indicated
that the protein antigen of the Reiter treponeme was
common to Reiter treponeme, T. pallidum, and
T. pertenue, as the antibodies produced by different
treponemal species all reacted with the Reiter
protein antigen. Dardanoni (1955b) reported that
Reiter protein antigen and a suspension of Reiter
treponemes reacted with antisera to Reiter protein,
Reiter treponemal suspension, and T. pallidum sus-
pensions, but killed suspensions of T. pallidum
reacted only with homologous antibody, indicating
a difference in arrangement or availability of antigens
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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.


