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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
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antigen common to the pathogenic and non-patho-
genic treponemes. In 36 syphilitic rabbits Meinicke
(1955) found Pallida-reaction, in most instances, the
first to react and to rise in titre, followed by lipoidal
and cardiolipin-lecithin tests, and then by the TPI
test.

Dardanoni (1955a) studied three groups of rabbits
for the three antibodies constituting the serological
triad of human syphilis, lipoidal, immobilizipg, and
group treponemal antibodies. In group 1 the rabbits
were treated with X-rays and infected with virulent
T. pallidum. Blood specimens were taken before
inoculation and at 24-48 hours after the appearance
of orchitis. Of the 25 rabbits, none was reactive with
the TPI test, 1 had only the group treponemal anti-
body, and 22 had both the group treponemal and
lipoidal antibodies. Group 2 rabbits were treated

'with X-rays and infected with virulent T. pallidum.
Blood specimens were taken before inoculation,
immediately after inoculation, and 10 days after
orchitis appeared. There were only 3 rabbits in that
group and those showed the individuality of sero-
logical response to three different antigens and were
in agreement with the variable behaviour observed
in human syphilis, especially in the initial phase of
infection. Group 3 rabbits were not treated with
X-rays before infection. Their blood specimens were
drawn before inoculation and 24 hours and 72 hours
later, as it was necessary to anticipate serological
tests before orchitis appeared to determine the period
of antibody formation. Of the 7 rabbits, some were
eliminated because of autonomous anti-comple-
mentary power. Within 72 hours after inoculation
the group treponemal antibody was demonstrated in
3 animals in high titres, 2 animals having a less
significant response in 24 hours. One showed anti-
lipoidal antibody in 24 hours, and all 3 at 72 hours,
but in low titres. None had TPI antibodies. At the
beginning of orchitis, antilipoidal and group anti-
treponemal antibodies were usually present, but not
TPI antibodies. At 24 and 72 hours after infection
the group antitreponemal antibody was the sole
serological manifestation demonstrated at the very
beginning of infection. The behaviour of antibodies
in all animals was not regular. The prompt response
of the animals to the group treponemal antigen
probably reflected the influence and route of
inoculation and the magnitude of the infecting dose.
D'Alessandro & Dardanoni (1958) investigated the
appearance of antibodies in experimental syphilis
of rabbits and found antilipid and group treponemal
antibodies not demonstrable at the beginning of

orchitis. They stated that in some animals, however,
an earlier appearance of group treponemal anti-
bodies had been observed, especially after inoculation
with a heavy suspension of T. pallidum.

Pavlatou, Marselou & Triantaphylli (1960) inocu-
lated 15 rabbits with virulent T. pallidum and had
5 control animals. Those were bled every 2 weeks for
a year and tested with RPCF, Wassermann, Kahn,
TPCF, and TPI tests. The RPCF test became
reactive towards the end of the first month and
reached a peak 2½2-3 months after infection, staying
at a peak for 15-45 days and then dropping. Reac-
tivity was retained to the end of the 12th month.
Reagins appeared 1 week to 1 month after infection
and followed the same course as the RPCF antibody.
The TPCF test became reactive later, at the end of
the first month, with a maximum titre in 3-4 months,
remaining 15 days to 1 month, then progressively
falling until it became non-reactive at 10 or 11
months. The TPI antibody appeared after 2-3
months, reached a maximum titre in 5-7 months, and
was still at the peak at the end of the 12th month.
At the beginning of infection the classical tests,
RPCF and TPCF, were superior to the TPI in
sensitivity. The differing rhythm of appearance of
antibodies showed that it was not always reasonable
to take the TPI as a base for judging the sensitivity
and specificity of other tests.

Pautrizel, Szersnovicz & Marcenach (1962) made
a study to determine whether infection occurring
during foetal life or birth permits the adult or
adolescent to " tolerate " the T. pallidum without
producing the antibodies usually demonstrable.
Newborn rabbits were inoculated with killed
T. pallidum, with Reiter treponemes, or with living
T. pallidum and treated in 15 days. At the age of
5 months these rabbits and control animals were
inoculated with T. pallidum. All animals were found
to be receptive, developing syphilitic lesions. There
was no antibody production demonstrated before
the fifth month with the Kline, Kolmer, and RTCF
tests; 15 days after infection, both reagin and trepo-
nemal antibodies were found in all animals in
varying amounts. One difference between the
experimental and control animals was that the ex-
perimental animals showed progressive diminution of
all antibodies, while control animals showed an in-
crease up to the 60th day, then a decline in anti-
bodies.

Miller (1964) infected 15 rabbits with T. pallidum
and treated them 24 weeks later with penicillin.
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Two weeks after infection each of 8 rabbits had
developed RPCF antibodies- 3 of these had non-
reactive VDRL, 6 had non-reactive TPI, and 4
showed reactive VDRL and non-reactive TPI tests.
Seven of 13 animals tested at varying intervals after
treatment exhibited non-reactive TPI and reactive
RPCF tests. The results suggested that non-reactive
TPI and reactive or weakly reactive RPCF tests may
occur in treated latent human syphilis. Kent et al.
(1964a, 1964b) studied serological reactions in
rabbits inoculated with 108, 106, and 102 Nichols
strain T. pallidum. These were followed for 63 days
with the cardiolipin slide and complement-fixation
tests, RPCF, modified TPI and FTA tests, and then
treated with penicillin. The rapidity of antibody
response was a direct function of the number of
T. pallidum used in the inoculation. The RPCF
antibody appeared first by 2-6 days in animals
receiving 108 or l05 treponemes. The titres increased
32-fold to 64-fold.

Mezzadra (1964) investigated the antibody res-
ponse of normal individuals and of syphilitic
patients after inoculation of small quantities of
killed T. pallidum (Nichols). Anti-Reiter antibodies
were seldom formed and appeared later than others.
Since the appearance of antibodies was not always
associated with a cutaneous reaction at the site of
inoculation, he suggested that antibody formation
was not associated with a particular hypersensitive
state. Hadida et al. (1964) reported a patient with an
accidental infection with Nichols strain of T. pallidum
who gave reactive serology with the Kolmer test
with lipid, Nichols treponeme, and Reiter trepo-
nemal antigens, and with the Kline and TPI tests.

ANTIBODY BEHAVIOUR FOLLOWING TREATMENT

Pautrizel, Bonnardot & Szersnovicz (1957) tested
sera from rabbits with experimental syphilis with a
suspension of ultrasonic-disintegrated Reiter trepo-
nemal and other antigens. The anti-Reiter treponemal
antibodies appeared before immobilization anti-
bodies and before reagin. After treatment the
anti-Reiter treponemal antibodies disappeared
rapidly, whereas reagin was still found for a time.
However, in treatment of long-standing syphilis,
anti-Reiter treponemal antibodies were the last to
disappear.
Bekker & Onvlee (1959) experimentally infected

rabbits with T. pallidum and gave penicillin at
varying intervals after orchitis developed. In 5

rabbits the Kolmer test was reactive approximately
7-8 days after inoculation, followed shortly by the
RPCF and TPI, all tests becoming reactive at 14 days.
In another 5 rabbits treated 3 weeks after develop-
ment of orchitis, the Kolmer test was non-reactive in
4-6 weeks, the TPI in 6-10 weeks, and the RPCF in
10-20 weeks. Of 5 rabbits treated at 3 months,
2 rabbits were reactive to all tests at 40 weeks, the
other 3 had non-reactive Kolmer tests only; the TPI
and RPCF tests remained reactive for longer than
45 weeks. That work confirmed that on the average
the sensitivity of the RPCF test was on the same
level as the TPI, and sometimes the RPCF was even
more sensitive. As with TPI, the duration of reactive
RPCF depended on the stage of disease at which
treatment was given; the longer the duration of
infection, the longer the RPCF remained reactive.
Similar to the TPI, the RPCF was almost invariably
reactive in late stages of treponemal infection in
spite of therapy. The Reiter protein antibody
appeared in the rabbit after reagin, but before, or
simultaneously with, the immobilizing antibody.
After treatment the reagin disappeared first, then
the immobilizing antibody, and later the Reiter
protein antibody. The greatest value of the RPCF
test lay in its use as an aid to routine serological
diagnosis rather than as a test of cure. Portnoy,
Garson & Washburn (1960) performed quantitative
reagin, TPCF5o, and RPCF tests on sera of rabbits
with early syphilis, and observed variations in
serological response to adequate and inadequate
treatment. In relation to human disease they sug-
gested that caution should be exercised in inter-
preting a non-reactive RPCF test as excluding
syphilis.
D'Alessandro & Del Carpio (1958a, 1958b)

demonstrated antibodies to cardiolipin, Reiter
protein, and Reiter lipopolysaccharide antigens in
25 syphilitic rabbits. When the rabbits were treated
the antibodies all disappeared. Del Carpio (1959)
experimentally infected rabbits intratesticularly with
T. pallidum, treated them with penicillin and
bismuth, and followed the serological pattern of
antilipoidal, anti-group treponemal, and immo-
bilizing antibodies. The effect of treatment on
sero-reactivity was partial; in some animals only the
antilipoidal and group treponemal antibodies
disappeared while the immobilizing antibodies
remained. The lymph-nodes of those animals were
infective to other rabbits. Only one rabbit became
completely sero-non-reactive and the lymph-nodes
were not infective.
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Del Carpio (1963) inoculated rabbits intratesti-
cularly with Nichols T. pallidum and treated them
2 months later with 1.5 mega-units of penicillin.
These rabbits b2came sero-negative in complement-
fixation tests with cardiolipin and Reiter protein
antigens and TPI tests, and were bacteriologically
cured as demonstrated by negative lymph-node
transfers. In another group, less adequate treat-
ment brought about only a partial conversion to
non-reactive of the complement-fixation tests and
the TPI remained reactive in all animals. A second
treatment of these rabbits with 1.5 mega-units of
penicillin caused a further decrease of serological
reactivity, the TPI still being reactive one year later.
At that time, transfer of popliteal lymph-nodes into
normal recipients demonstrated infection in the
,donor rabbits. This showed that a persistently
reactive TPI, even though not accompanied by
reactivity of other serological tests (RPCF), was
associated with persistence of treponemal infection
in the host.

Miller, Whang & Fazzan (1963) immunized 10
rabbits with 4.2 x 106 virulent T. pallidum, treated
them with penicillin 24 weeks later, and challenged
them 48 weeks later with 6.2 x 107 T. pallidum;
3 developed asymptomatic infection while 7 were
immune to challenge. Both TPI and RPCF antibodies
increased as immunity to T. pallidum increased, and
reagin levels declined sharply. Anamnestic TPI,
RPCF, and reagin responses to challenge occurred
among both immune and partially immune rabbits.
No significant differences were observed in TPI,
RPCF, or reagin responses after challenge of
individual immune rabbits and those asymptoma-
tically infected. Kent et al. (1964a, 1964b), following
the serological reactions in rabbits inoculated with
different numbers of T. pallidum and treated after
63 days with penicillin, observed that chemotherapy
resulted in decreases in the titres of anticardiolipin
and anti-Reiter protein antibodies more rapidly
than those of fluorescent or immobilizing antibodies.

25. APPLICATIONS OF REITER TREPONEME INVESTIGATIONS TO ANTIGENS
OF PATHOGENIC TREPONEMA PALLIDUM

T. PALLIDUM SUSPENSION ANTIGENS

Vaccari (1957) performed complement-fixation
tests with a formol-treated suspension of pathogenic
Nichols T. pallidum. The test was specific, but was
a little less sensitive than the TPI; however, it was
more sensitive than cardiolipin-lecithin and Reiter
treponemal tests. Wilkinson & Johnston (1959) used
a suspension of mechanically disintegrated Nichols
T. pallidum as antigen in the Whitechapel
Wassermann technique, the TWR test. That test
was less sensitive than the RPCF, and correlation
with the TPI test was very low in problem sera.

T. PALLIDUM ULTRASONATE ANTIGENS

Vaisman, Prudhomme & Hamelin (1957), Vaisman,
Hamelin & Prudhomme (1958), Vaisman & Hamelin
(1958a, 1958b, 1961), and Gastinel et al. (1960)
described antigen prepared by disintegration of
pathogenic T. pallidum by ultrasonic waves that was
more specific and sensitive than similar antigens
prepared from Reiter treponemes. Compared with
the TPI, the antigen had a sensitivity of 94.6% and a
specificity of 93.5 %. The Nichols T. pallidum ultra-

sonate antigen gave results closest to TPI results and
non-specific effects were reduced by the ultrasonic
treatment. Kiraly (1959) treated T. palliduin from
rabbit testes with ultrasonic waves and used the
antigen in a complement-fixation test. That test,
TPI, and classical serological tests were used to test
205 problem sera. The TPI and classical serological
tests had 36.4% disagreement and the TPI and ultra-
sonate T. pallidum antigen tests had 15.6% disagree-
ment. Reagin played no part in the reaction with
ultrasonic T. pallidum antigen. He suggested that
the antigen might be used in laboratories where the
TPI test could not be performed. Bazex & Salvador
(1960) hoped that ultrasonic antigens of the Nichols
pathogenic T. pallidum would soon be available for
the diagnosis of syphilis. Stoyanov & Naumova
(1960) described the use of complement-fixation
tests with treponemes killed by ultrasonic waves and
with the Nichols strain killed by heating at 58°C.
Vaccari, Pincelli & Lancellotti (1961) experimented
with an ultrasonically disintegrated T. pallidum
antigen and compared the results with cardiolipin
and Reiter treponemal antigens in complement-
fixation tests and with the TPI test. They concluded
that the T. pallidum antigen test was more sensitive


