
72 A. L. WALLACE & A. HARRIS

by intradermal route, provoked a positive reaction
in rabbits immunized with the Reiter treponeme, but
the response was less regular and strong than in
animals with syphilis lasting 55-880 days. In the
syphilitic rabbits, the " luetin " test was negative.
In subjects with old syphilis, the intradermal use of
ATPS did not detect the allergic state, which
appeared distinctly by using " luetin ". Carpenter
et al. (1959, 1961) demonstrated dermal sensitivity in
rabbits infected with Nichols virulent T. pallidum to
0.1 ml of filtered Reiter protein antigen, whereas
normal rabbits failed to show a specific reaction.

REITER TREPONEMAL ANTIGEN AND ANTISERUM
IN TPI TEST

Reiter treponemes as TPI antigen
Gastinel, Hamelin & Vaisman (1955) specified

that the technique of immobilization was not
applicable to the Reiter treponemes, which were
immobilized by very weak quantities of complement,
even in the absence of specific antiserum. Meinicke
(1956a) transferred cultivated Reiter treponemes to
the basic medium of Nelson and ran the TPI test.
He found the Reiter treponemes were in no case
immobilized by the specific antibody present in the
sera of untreated secondary and latent syphilitic
patients that did immobilize the virulent T. pallidum.
Nielsen & Idsoe (1963) stated that Reiter treponemes
definitely cannot be employed in the TPI test, as
even the strongest TPI- and STS-positive human
syphilitic sera cannot immobilize Reiter treponemes.
D'Alessandro & Zaffiro (196ia), D'Alessandro,

Zaffiro & Dardanoni (1963), D'Alessandro et al.
(1962), and D'Alessandro (1962, 1964) found the
kinetics of Reiter treponeme immobilization to be
different from T. pallidum immobilization as no
incubation phase is required, indicating that Reiter
treponeme does not have an envelope. They stated
that the polysaccharide antigen of the Reiter trepo-
neme is antigenically specific and is responsible for
the production of immobilizing and treponemicidal
antibodies present in anti-Reiter treponemal immune
serum. Zaffiro, di Chiara & Tringali (1964) found

that Reiter treponemes, when treated with homo-
logous antiserum and complement, are rapidly
immobilized and show progressive morphological
changes and lose their capacity to multiply when
returned to favourable growth conditions. An
immobilization reaction in a slide preparation which
may be observed microscopically was also reported.

D'Alessandro, Zaffiro & Dardanoni (1962) found
that Reiter treponemes heated for 1-hour could
stimulate polysaccharide antibody production in
rabbits. The addition of polysaccharide antigen to
Reiter-treponeme-immobilizing antiserum decreased
the 50% immobilizing titre significantly. Buttitta
et al.1 showed the ability of the Reiter treponeme
polysaccharide to inhibit specifically the trepo-
nemicidal activity of Reiter treponemal antiserum.
Using three different polysaccharide preparations,
they demonstrated an agreement between the
capacity of the polysaccharide to inhibit trepo-
nemicidal action of the antiserum and the ability to
react with the latter in the complement-fixation test.

Reiter treponemal antibodies
Khan, Nelson & Turner (1951) observed no cross-

reactivity when antisera to Reiter, Kazan, and S26
strains of non-pathogenic treponemes were examined
for immobilizing activity against T. pallidum,
T. pertenue, and T. cuniculi. Gastinel, Vaisman &
Hamelin (1956) found that the sera from rabbits
and mice inoculated with Reiter treponemes gave
reactive Reiter treponeme and lipoidal antigen tests
and non-reactive TPI tests, while those inoculated
with virulent T. pallidum had reactivity to all three
tests. Portella (1957a) prepared anti-Reiter protein
rabbit sera. Those sera gave no reaction with
cardiolipin-lecithin antigen tests or in the TPI test,
but did react strongly with Reiter protein antigen
and Reiter treponemal suspensions. Mezzadra
(1959) stated that, from both the experimental and
the clinical standpoint, the immobilizing antibodies
possessed greater specificity than group treponemal
antibodies, because they existed solely in relation to
inoculation with a pathogenic treponeme and not
with the Reiter strain.

23. IMMUNITY STUDIES WITH REITER TREPONEME

PROTECTIVE ANTIBODIES TO T. PALLIDUM

Reiter (1926a, 1929) stated that Sagel greatly im-
proved the clinical status of paretics by injecting a
living vaccine made from the Reiter treponeme.

Kolmer, Kast & Lynch (1941b) were unable to im-
munize rabbits against T. pallidum infection by use
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of killed Nichols-Hough strain of T. pallidum or of
living non-virulent strains of treponemes. Eagle &
Germuth (1948) attempted to immunize 24 rabbits
with Reiter, Kazan, Nichols, Noguchi, and Kroo
cultured treponemes, but on subsequent inoculation
with virulent T. pallidum the animals developed dark-
field-positive lesions. Khan, Nelson & Turner (1951)
found that rabbits immunized with the Reiter trepo-
nemes did not demonstrate significant evidence of
resistance to infection when inoculated with small
numbers of virulent treponemes. Gelperin (1951)
was unsuccessful in his attempt to protect rabbits
against syphilis by immunization with Reiter trepo-
nemes. A prolongation of incubation time and
halving of the average size of lesions in rabbits
receiving vaccine in adjuvants suggested that a low
degree of immunity was produced. Miller et al.
(1960, 1963) and Carpenter et al. (1960) immuniz
20 male rabbits with Reiter protein antigen. The
immunized rabbits and 20 normal rabbits were
injected intratesticularly with virulent T. pallidum.
They found no significant protection afforded by
the Reiter protein antigen.

ANTIBODY RESPONSE IN EXPERIMENTAL ANIMALS

Eagle (1937) pointed out that the weight of evi-
dence seemed to be decidedly against the identifica-
tion of the Wassermann reagin of syphilitic sera
with the antibodies produced in experimental animals
by the injection of cultured treponemes. The trepo-
nemes did not regularly initiate the production of
Wassermann reagin in the experimental animal.
Klopstock (1926, 1927) noted that a killed' suspension
of cultured pallida, isolated by Ficker years before,
caused the appearance of Wassermann reagin when
injected into rabbits. Gaehtgens (1929b) inoculated
guinea-pigs with washed, phenolized Reiter trepo-
nemes. The sera of these guinea-pigs gave a pro-
nounced reaction with homologous antigen but no
reaction with Wassermann extracts and Spirochaeta
dentium antigen. Rabbits inoculated in the same
manner gave mild reactions with S. dentium antigen
and with Wassermann antigen and a strong reaction
with pallida antigen. Eagle & Germuth (1948) im-
munized rabbits with Reiter, Kazan, Nichols,
Noguchi, and Kroo strains of cultured treponemes,
but none of those developed reactive Wassermann or
flocculation tests.

D'Alessandro, Oddo & Dardanoni (1950) found
that rabbits inoculated with heated Reiter treponemes
developed antibodies which reacted with " native "
proteic antigen. Gelperin (1951) concluded that im-

munization of rabbits with the Reiter treponeme did
not produce Wassermann or immobilizing antibodies.
D'Alessandro & Dardanoni (1953) found sera from
rabbits immunized with Reiter treponemal suspen-
sions more reactive to ATPS than to the Reiter trepo-
nemal suspension. Intravenous injections of ATPS
into rabbits caused formation of antibodies reacting
withATPS and with heated and unheated suspensions
of Reiter treponemes. The ATPS antisera did not
react with alcoholic extracts of ox heart, cardiolipin-
lecithin antigen, or with the polysaccharide antigen of
the Reiter treponeme. Hippius (1954) conducted a
study with animal experiments to determine whether
both the Wassermann and treponemal antibodies
could be produced and separated. Three rabbits
were injected with pallida antigen; their serum titres.
were higher with the Pallida-reaction than with the
Wassermann antigen. When the Wassermann reagin
was adsorbed from the sera the reactivity of those
sera to PR was reduced only slightly. Thus, the
Wassermann reagin and the treponemal antibody
were separately detectable. Fromm (1955b) studied
the extent of formation of treponemal antibody in
animals and attempted to clarify the relationship to
lipoid antibody. In rabbits immunized with a living
suspension of cultured treponemes, the PR immedi-
ately rose to titres greater than 1 :2500, dropped
after a few weeks to 1: 160, and was clearly detectable
for months with an occasional zonal reaction.
Rabbits immunized with pallida vaccine had spe-
cific antibodies detected by PR and had a brief
reactivity to lipoid antigen. Rabbits immunized
with a combination of lipoid extract and living
treponemes showed a prompt rise to high PR titres
with relatively frequent zonal reactions. Rabbits
given pallida antigen and lipoid antigen again had
a prompt rise in PR titre with fewer zonal reactions.
The degree and duration of antibody formation were
within the sphere of biological variation, dependent
on the number of treponemes inoculated, the dura-
tion, and the method of inoculation. In contrast to
antibodies reactive to the PR, the Wassermann
reagin appeared only at low titres and only briefly
after the forms of immunization used, and those
reactions were considered non-specific. Meinicke
(1956a) found that immunization of rabbits with
killed Reiter treponemes produced no specific anti-
bodies against T. pallidum, yet after immunization
with killed T. pallidum, the formation of antibodies
against the Reiter treponemes did occur. Poetschke
& Killisch (1959) produced antibodies against cardio-
lipin antigen in rabbits immunized with the Reiter
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treponeme. Faure & Pillot (1960) inoculated rabbits
and guinea-pigs with the Reiter treponeme, but were
not able to demonstrate reagin in their sera. Costa
(1960), working with rabbits inoculated with sus-
pensions of Reiter treponemes found that they
developed reactivity in the Wassermann test with
Treponina and cardiolipin antigens, the MKR II
and Kahn tests in seven days. Rabbits repeatedly
inoculated with lysozyme-treated Reiter treponemes
never developed reactive serological tests.
Vaughn, Wheeler & Grenier (1959) used normal

rabbits and rabbits injected with treponemes or
treponemal extracts of Nichols or Reiter strains.
In the normal rabbits, the test reactivity was 42%
with Kahn, 65% with RPCF, and 0 with TPI test.
Absorption studies confirmed that the variation
between Kahn and RPCF reactivity was caused by
different serum factors. After injection of the trepo-
nemal antigens, the percentage reactivity and quanti-
tative titres increased in the Kahn and RPCF tests.
There were four times as many reactive TPI tests in
rabbits injected with Nichols treponemes as in those
injected with Reiter treponemal antigens. Cannefax
& Garson (1959b) immunized two rabbits with
RPCF antigen. Those developed antibodies at
titres of 1: 640 and 1: 320 to RPCF test and 1: 40
and 1: 80 to TPCP (Treponema pallidum cryolysis
protein) test, and were non-reactive to the TPCF and
VDRL tests. Gastinel et al. (1960) repeatedly inocu-
lated animals with the ultrasonate of virulent T.
pallidum, inducing either a reappearance of immobi-
lizins which had disappeared after treatment, or
their appearance in healthy animals, phenomena
which never occurred on immunization with the
ultrasonate of the Reiter treponemes.

Christiansen (1963) immunized rabbits with
lyophilized Reiter treponemes and blood-tested
them periodically with complement-fixation tests
using cardiolipin and Reiter-treponeme-polysac-
charide antigens. After two injections both reagin and
antipolysaccharide antibodies appeared; 2 weeks
after the last injection the reagins had disappeared,
but the antipolysaccharide antibodies were still

present 6 weeks later. Nielsen & Idsoe (1963) found
that the polysaccharide antigen from Reiter trepo-
nemes reacts strongly in a complement-fixation test
with sera from rabbits immunized with Reiter trepo-
nemes, but that it does not react with human
syphilitic sera.

ANTIBODY RESPONSE IN MAN

Puccinelli & Bellone (1949) treated 10 non-
syphilitic human subjects, intramuscularly and intra-
venously, intensively and for a long time with sus-
pensions of Reiter treponemes. TCS and TCL
antibodies were present in their sera, while L anti-
body was fundamentally absent. That demonstrated
the absence in the organism of an L antigen immuno-
logically able to act as an antigen in vivo. Two
individuals were inoculated intramuscularly and 6
intravenously with Reiter treponemal suspension;
2 additional subjects were inoculated intravenously
with Reiter treponemal suspension that had been
boiled for 60 minutes. The intramuscular injections
did not produce any of the three antibodies-TCL,
TCS, or L. Intravenous injection produced all three
antibodies. TCL appeared in 7-10 days, reached high
titres, disappeared earlier, and was more readily in-
stimuli. TCS appeared in 12-15 days, had lower
titres, disappeared earlier, and was more readily in-
fluenced by the amount of antigen introduced. The
L antibody appeared rarely, behaved zonally, and
its presence was of inconstant nature. The boiled
suspension given intravenously produced early TCS
antibody alone, but at a later stage there was also an
inconstant appearance of TCL antibody. Gardenghi
& Panti (1951) gave non-syphilitic and syphilitic
individuals intramuscular inoculations with Reiter
treponemes. In the normal individual reagin was
not induced. In sero-non-reactive syphilitics, a
transient appearance of the antitreponemal antibody
only was obtained. In syphilitics with antitrepo-
nemal antibodies, an increase of those antibodies
was obtained, but no antilipoidal antibodies
appeared.

24. EXPERIMENTAL SYPHILIF'

ANTIBODY RESPONSE

D'Alessandro (1954), working with syphilitic
animals, often found that the first antibody that
appeared was the group treponemal antibody, which

subsequently reached very high levels, detectable
in the complement-fixation test with ATPS antigen.
That constituted further and definitive proof that
infection with the pathogenic T. pallidum brought
about the formation of antibodies for the group


