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the RPCF as a screening procedure in differentiating
persons with latent syphilis from those reacting non-
specifically with cardiolipin antigens. The practice
of considering those persons syphilitics who have
reactive RPCF tests as well as reactive cardiolipin
tests and of referring those who were RPCF-non-
reactive for TPI testing was justified by the results of
their study.
Browne, Coffey & Todd (1963) tested 184 sera

considered BFP reactors with TPI, Kline CSL,
VDRL Slide, Kolmer, and RPCF tests. The TPI
reactivity rate was 46%. On these specimens the
Kline CSL was superior to the VDRL or Kolmer
because of specificity and superior to the RPCF
because of its sensitivity. They compared the
relative efficiency of the Kline CSL or the VDRL
combined with the RPCF test as a screen for the
TPI test and found that they seemed to yield com-
parable results in terms of TPI reactivity. Fiumara
(1963c) stated that in Massachusetts the RPCF test is
used as a screening treponemal test, and if it is
reactive it means that the patient has or has had
syphilis or a treponemal disease.

SCREENING AND TREPONEMAL TESTS

Harris (1960) reported that developments in
venereal disease laboratory procedures included the
return to the use of screening tests, such as rapid
plasma reagin (RPR), unheated serum reagin
(USR) (United States Public Health Service, 1961),
and PlasmaCriT (PCT) (Andujar & Mazurek, 1959)
tests, and the use of treponemal tests such as TPI,
FTA, and KRP. Widelock et al. (1961) suggested a
routine for a public health laboratory which con-
sisted of the USR test as a screening procedure, the
testing of reactors with the VDRL slide quantitative
test, Kolmer and RPCF tests, and the use of the
FTA test when additional testing was required. It
appeared advisable to perform additional trepo-
nemal tests when the RPCF test was found non-
reactive. Of the many treponemal tests for deter-
mination of BFP results, the RPCF test seemed most
likely because of its low cost, sensitivity, specificity
and adaptability. Gottman & Lincoln (1962) used
the triple-test plan of Carpenter, Miller & Boak
(1960) with the PCT test as a preliminary screening
test in a private hospital.

22. MISCELLANEOUS TESTING PROCEDURES]
RErTER TREPONEMAL ANTIGEN AND ANTIBODIES

IN FLUORESCENT ANTIBODY TE3CHNIQUES

Poetschke & Killisch (1959) used T. pallidum and
the Reiter treponemes as antigen in fluorescent
antibody (FA) techniques and both treponemes were
stained with fluorescein-isocyanate-labelled antisera
from syphilitic humans and rabbits and with labelled
Reiter treponemal antisera from rabbits. Covert,
Kent & Stevens (1961) described a fluorescence test
for treponemal antibody using the in vitro cultured
Reiter treponemes, the Reiter fluorescence trepo-
nemal antibody (RFTA) test. That test compared
favourably in sensitivity and specificity for syphilis
with the FTA test using the virulent Nichols strain
of T. pallidum. The titres of the FTA and RFTA
were the same in most instances. The RFTA ap-
peared slightly, but significantly, more sensitive for
syphilis antibody than the FTA test. Kent et al.
(1962) compared the RFTA and FTA II with a
modified RPCF and TPI (40-hour), and found the
RFTA and FTA II closely comparable in sensitivity
and specificity for syphilis. Stevens (1964a) found
approximately 5% of specimens tested in the RPCF

test to be anti-complementary and tested these with
the RFTA using 0.03 ml of a 1: 200 serum dilution.
Deacon & Hunter (1962) absorbed human

syphilitic sera with Reiter treponemes, removing
reactivity to the KRP test and the FTA test with
Reiter treponemes as antigen. The titre of the FIA
test with T. pallidum was lowered. The TPI and
TPCF tests remained reactive. With FA techniques
the close relationship of the so-called "Reiter
antigen ", virulent T. pallidum, and treponemes
unrelated to syphilis-T. zuelzerae and T. micro-
dentium-were demonstrated. For this reason
" Reiter antigen " was considered a non-specific
component. Absorption of labelled antisera to
T. pallidum, T. zuelzerae, T. microdentium and
Reiter treponeme with the Reiter treponemes
removed all cross-reactivity between the different
organisms and all the reactivity to the Reiter trepo-
neme with the Reiter treponemal antiserum. In the
FTA test, 25% of a normal group of donors were
reactive in dilutions from 1: 5 to 1: 100. The
reactivity was removed by absorption with T. pallidum
or Reiter treponeme, but not with lipoidal antigens.
The same normal sera labelled with fluorescein
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isothiocyanate reacted with T. zuelzerae and T. micro-
dentium, which indicated that the antibodies might
have been caused by micro-organisms of T. micro-
dentium type. The treponemal antibodies from
normals contained " anti-Reiter antigen " antibodies,
but not T. pallidum antibodies. Hunter (1964) and
Hunter, Deacon & Meyer (1964) reported that the
Reiter treponeme shared an antigen component with
other treponemes and that absorption experiments
revealed that the shared antigen component was
non-specific in nature and similar to, or identical
with, the agents operating with normal sera. On the
basis of this information, attempts to produce
increased sensitivity and specificity in the FTA test
were made by two methods: the absorption method,
consisting of using intact Reiter treponemes to
remove non-specific antibodies from the test serum;
and the blocking technique, making use of rabbit
Reiter treponemal antibody for binding or inac-
tivation of T. pallidum common antigen receptor
sites. By absorption and blocking techniques,
removal of non-specific reactivity from the original
1: 5 FTA test established this non-specific reac-
tivity to be due to related treponemal antibodies.
These authors adapted this information to devel-
oping an improved FTA test, the FTA-Absorption
(FTA-ABS) test. Experimental results indicated that
this new procedure is more than twice as sensitive as
the FTA-200 test, and that the specificity equals that
obtainable by TPI test procedures. The absorbent for
this test was prepared by disrupting Reiter trepo-
nemes in a sonic oscillator and removing the coarse
material by centrifugation.

Pilot & Borel (1961) used T. pallidum or Reiter
treponemes as antigen in the FTA technique,
direct and indirect methods. In titrations with
Reiter treponemes versus syphilitic serum and with
T. pallidum versus anti-Reiter serum, identical titres
to those given with the homologous systems were
obtained. Sera were absorbed with Kline-type
antigen and with washed and defatted Reiter
treponemes to eliminate reagin or group antiprotein
antibodies. Human and rabbit syphilitic sera gave
reactions with T. pallidum and Reiter treponemes,
and anti-Reiter serum reacted with T. pallidum. They
concluded that group antiprotein intervened in the
immunofluorescence reaction with T. pallidum. One
hundred and twenty-five human syphilitic sera gave
higher titres and brighter fluorescence with T. pal-
lidum than with the Reiter treponemes, and the titre
of anti-Reiter serum was lower with Reiter trepo-
nemes than with T. pallidum, indicating that the

group protein antigen was in a form more available
on the surface of the T. pallidum than on the surface
of the Reiter treponeme. If one desired to reveal the
specific antibodies to the pathogenic treponemes, it
would be necessary to absorb the serum with the
Reiter treponemes before the FTA test. Wilkinson
(1961) stated that absorption of sera with the Reiter
treponeme removed reactivity in the RPCF test but
did not affect the FTA titre, suggesting that FTA
and RPCF antibodies were different. Portnoy et al.
(1963) stated that the FTA test measured both TPCF
and RPCF antibodies. Kiraly, JobbAgy & Mecher
(1965) found that absorbing sera with Reiter trepo-
nemes did not change or only slightly decreased the
FTA titre. A rabbit anti-Reiter treponemal serum
labelled with fluorescein is(othiocyanate cross-reacted
with T. pallidum.

Bory, Robert & Labarre (1963) stated that the
use of Reiter treponemes in immunofluorescence
methods presents certain advantages: it is a non-
pathogenic organism; it can easily be kept and grown
on culture media; and it is larger than T. pallidum
and easier to observe. They found that the cultures
of Reiter treponemes must be fairly recent so as
not to have a large mass of organisms, and the serum
to be tested must be diluted to about 1: 50. These
authors discussed a practical technique without
discussing the specificity of the reactions. Using 228
sera submitted for syphilis diagnosis, Sasashira (1963)
compared two methods of FTA testing using
Nichols and Reiter treponemes as antigens. The
results showed a high degree of correlation between'
the two methods. He devised a quantitative method
for the Reiter-FTA test, the results of which paral-
leled those of the Nichols-FTA test, but not those of
the usual reagin-methods of Ogata and the VDRL.

Kellogg & Deacon (1964) described a rapid
immunofluorescent staining (RIS) technique for the
identification of T. pallidum from lesion material.
The fluorescent antibody reagent consisted of syphilis
antiserum from which non-specific antibody had
been removed by absorbing with Reiter treponemes.
Yobs, Brown & Hunter (1964) used the direct FA
method to demonstrate T. pallidum in lesions in
rabbits and humans. Some of the conjugates were
absorbed with Reiter treponemes and those gave
greater specificity than conjugates absorbed only
with tissue powder. Borrelia cultured from genital
lesions and normal buccal mucosa showed faint
fluorescence with tissue-powder-absorbed conjugate,
but no fluorescence when stained with the Reiter-
treponeme-absorbed conjugate. Yobs (1964) adapted
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FA techniques to staining T. pallidum in tissue
sections and smears and improved the specificity of
the conjugates by absorption with Reiter treponemes
and tissue powders.

REITER TREPONEMAL ANTIGENS
IN AGGLUTINATION TESTS

Haemagglutination tests
Lamedica & Robert (1957) applied the haemag-

glutination technique to the study of antibodies
against SPTA (soluble proteinous Treponema antigen)
obtained from the Reiter treponemes. The test was
run in parallel with complement-fixation and
flocculation cardiolipin-lecithin tests and the SPTA
complement-fixation test. There were discordant
results in 10% of the cases, but good correlation was
obtained between the values of the haemagglutination
and complement-fixation tests with SPTA antigens.
Gallego-Capilla (1957) sensitized human red blood
cells, 0 type, with MKR II, cardiolipin, and Reiter
antigens. Good results were obtained with the
MKR II antigen, but the cardiolipin-lecithin and
Reiter antigens proved ineffective. D'Alessandro
(1958) attempted to sensitize human or sheep red
blood cells with lipopolysaccharide antigen of the
Reiter treponeme and was unsuccessful.

Latex agglutination tests
Fischman (1964) coated polystyrene latex par-

ticles with Reiter protein antigen for use in the latex
agglutination technique. Both RPCF and Reiter
protein latex (RPL) tests were performed on sera
from 120 presumed normal donors and on 268
selected sera received for routine testing. The results
agreed on 92% of all sera but the titres of the two
tests showed a lack of correlation. The suitability of
Reiter protein antigens as sensitizers of latex varied
and seem to be independent of the potency of an
antigen for the RPCF test. Preliminary slide experi-
ments have shown less satisfactory results as regards
sensitivity and specificity than with the tube technique.

REITER TREPONEMAL ANTIGENS IN SKIN TESTS

Whole treponemes
Reiter (1926b) reported having prepared a killed

spirochaetal vaccine which showed a highly specific
reactant present with intracutaneous inoculation in
syphilitics. Nastase & Munteanu (1961) investigated
cutaneous allergy in 65 syphilitics and 35 controls
with the aid of pallida antigen. A positive response
was obtained in 23.1 % of the syphilitic patients-

cutaneous syphilis yielding positive results in 50%
of cases, primary syphilis in 25 %, secondary syphilis
in 50%, and tertiary syphilis in 75 %. In congenital
syphilis 2 positive results were obtained in 11 cases,
in serological syphilis 5 out of 32 cases were positive,
and all the sero-resistant cases gave negative or only
slightly positive results. In the control group there
were 2 positive responses, both having had syphilitic
treatment previously. They concluded that the
intradermal test with a Reiter treponemal antigen was
of value in the older forms of syphilis.
Reiter treponeme cryolysate in man

Giannettasio (1951a, 1951b) used cryolysate of the
Reiter treponemes prepared according to D'Ales-
sandro which contained specific thermolabile and
thermostable antigens for inoculation into the skin
of the forearm of the patient. The evaluation of the
reaction was easy and reliable, and the ease of
culture and non-pathogenicity of the Reiter trepo-
neme were advantageous, as were the sensitivity and
specificity of the intradermal test. D'Antuono &
Ferrari (1952) subjected normal subjects and
syphilitics to intradermal tests with a cryolysate of
the Reiter treponeme, and regarded the allergic and
immunological response as a useful aid in the
diagnosis of syphilis. Pearson et al. (1960) skin-
tested subjects with suspensions of killed virulent
Nichols T. pallidum, killed Reiter treponemes, and
Reiter protein antigen, and performed TPCF,
RPCF, and non-treponemal tests before and after
the inoculations. Their findings showed that:
(a) Nichols T. pallidum could induce anamnestic
responses in treponemal and non-treponemal tests
which were probably specific for syphilis; (b) Reiter
treponemes could induce anamnestic responses
primarily in the RPCF test which were probably
specific for syphilis; (c) anamnestic responses could
often resolve disagreements between TPCF and
RPCF tests; (d) Nichols T. pallidum was highly
specific in detecting delayed-type sensitivity in
syphilis, while Reiter treponeme was not suitable;
and (e) the most accurate diagnosis could be made
when the Nichols Treponemin test and at least two
treponemal tests were employed. Carpenter et al.
(1959, 1961) produced a local reaction in 16 patients
with intradermal injection of Reiter cryolysate;
11 of these patients had reactive RPCF tests, and
all had non-reactive VDRL and TPI tests.

Reiter treponeme cryolysate in animals
Gastinel et al. (1957) used skin tests to detect the

state of sensitization in infected rabbits. The ATPS,
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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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