
1. INTRODUCI1ON

The Reiter treponeme has been used more or less
continuously since the late 1920s in experimental
and research work and as an antigen for serological
tests for syphilis. Some groups of workers have
maintained that this organism was originally a
virulent treponeme and could cause syphilis, and
others have maintained that the Reiter treponeme
has always been a saprophytic organism. The
available literature on the Reiter treponeme has been
reviewed and compiled1 in the present work to
provide a source of information and references
pertaining to its background, morphology, growth,
use in serological tests for syphilis, and relation to
other treponemes.

MULTIPLICITY OF TERMS

Throughout this work the organism named for
Dr Hans Reiter will be referred to as the Reiter
treponeme, and the pathogenic etiologic agent of
syphilis as the Treponema pallidum, since classifica-
tion and nomenclature within the "spirochaete"
group have been in an uncertain state and there has
been general disagreement regarding the separation
of some of the genera. The members of the family
Spirochaetaceae have commonly been called by the
term " spirochaete ", according to Jordan &
Burrows (1945), although the genus Spirochaeta
was originally proposed by Ehrenberg in 1838 for
the large free-living forms he described. Eagle
(1948) stated that much confusion had been caused
by the use of the term spirochaete and the generic
classification Spirochaeta for any spiral organism,
and that the classification and differentiation of the
numerous spiral organisms which have been culti-
vated from the mouth and genitalia were still
puzzling problems, as some were classed as Borrelia
and others as Treponemata. In the past, many
organisms have been given several names. Eagle
cited the examples of Spirochaete recurrentis,
Borrelia recurrentis, and Spironema recurrentis ap-
plied to the same organism, and the terms Spirochaeta
pallida and Treponema pallidum, which have been
used almost interchangeably. It is possible that the
multiplicity of strains may reflect the inadequacy of

1 This review and compilation was made possible by the
co-operation of several members of the staff of the Venereal
Disease Research Laboratory, National Communicable
Disease Center, Atlanta, Ga., and assistance was received
from the Communicable Disease Center Library and from
the National Library of Medicine, Washington, D.C.

their characterization. Wichelhausen &Wichelhausen
(1942) listed thirty spiral organisms cultivated from
the mouth, and emphasized the inadequacy of the
methods of classification.

TAXONOMY

DeLamater et al. (1951) thought that the spiro-
chaetes should be considered as a separate group of
micro-organisms, distinct from the bacteria and also
distinct from the protozoa. Van Thiel (1959)
reviewed the literature and decided that spirochaetes
were neither bacteria nor protozoa, as he imagined
the origin of spirochaetes from a hypothetic arche-
type of life next to the bacteria and protozoa. Most
features of the spirochaetes showed closer relations
to protozoa than bacteria. Watson et al. (1951)
proposed tentative consideration of the laterally
placed lophotrichate flagella as a taxonomic charac-
teristic. Babudieri (1958) proposed at the Sixth
International Congress of Microbiology, 1953, that
a new differentiation of the spirochaetes should be
undertaken on the basis of morphological charac-
teristics. Breed, Murray & Smith (1957), in Bergey's
Manual of Determinative Bacteriology, made no
reference to the Reiter treponeme or so-called
variants of the T. pallidum. The T. pallidum was
classified in the following manner: Class Schizo-
mycetes; Order Spirochaetales; Family Treponema-
taceae; Genus Treponema. In the description of the
genus Treponema they stated: " Some are pathogenic
and parasitic for man and other animals ". The type
species of the genus was listed as T. pallidum
Schaudinn and was described as being cultivated
with difficulty under strict anaerobiosis in ascitic
fluid with the addition of fresh rabbit kidney.
Prevot (1957) classified several species in the genus
Treponema, both pathogenic and non-pathogenic.
He stated that T. pallidum can be cultivated but that
the cultures are not pathogenic. Under the species
Treponema refringens there is an item " Serology:
The syphilitic serum immobilizes the strain ' Reiter'
of T. refringens." He (1960) presented a chart on the
morphological and chemical characteristics of nine
species of anaerobic Treponema.

VARIANT OF T. PALLIDUM

Koch (1940) stated that experiments with Gaeht-
gens Pallida-reaction and the Luetin reaction of
Noguchi supported the idea that cultured pallida
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were treponemes of syphilis instead of saprophytic
genital spirochaetes contaminating the cultures.
Gelperin (1951) thought the degree of relationship
of the Reiter treponeme and T. pallidum to be slight,
but conceded that the Reiter treponeme might be a
degraded, avirulent variant of T. pallidum, having
lost the antigens necessary for virulence as well as
for production of protective antibodies. Fromm et
al. (1959) expressed the opinion that the pallida
antigen was prepared from an organism that was
originally a virulent treponeme, and stated that the
numerous reports of highly specific results with
Pallida-reaction in syphilitic sera were direct proof
of the identity of the cultured Reiter treponemes and
pathological tissue treponemes. Christiansen (1963)
stated that the possibility remains that the Reiter
treponeme is a mutant of T. pallidum since it has
antigenic similarities. On the other hand, the Reiter
treponeme may be a saprophytic skin spirochaete
isolated by accident from a syphilitic primary case.

Willcox (1964) referred to reported findings of
Collart, Borel & Durel (1964) of treponemes,
resembling T. pallidum but of little or no virulence, in
the lymph-nodes of both man and animals with
long-standing syphilis after penicillin and penicillin
and arsenicals treatment. He stated that, if these
are T. pallidum which have lost virulence, one might
still be able to cultivate them and that their isolation
in vitro would add force to the theory that the
cultured strains (Reiter, Kazan, Noguchi, and
others), claimed originally to have been derived
from syphilitic material, were in fact originally
strains of T. pallidum.

UNRELATED SAPROPHYTIC CONTAMINANT

Gammel & Ecker (1931) stated that the majority
of investigators who cultured T. pallidum had
employed chancres or moist papules for their
primary cultures, thus using surface lesions likely to
contain saprophytic spirochaetes other than T. palli-
dum. Jahnel (1934) reviewed the literature and
proved to his own satisfaction that no one had ever
cultivated pathogenic T. pallidum, and that all such
cultures consisted only of saprophytic treponemes.
Sordelli (1942) described the physical characteristics
of the cultured treponemes and pathological trepo-
nemes, and doubted the authenticity of reports of-
the culture of pathological treponemes, with the
possible exception of those of Noguchi and Kro6.

Eagle (1937, 1948) suggested that, despite nume-
rous reports of cultivation of T. pallidum on artificial

media, there was good reason to believe that this
organism had never been cultivated, and that the
cultured strains represented in reality saprophytic
contaminants which happened to be in syphilitic
lesions. He based his view on the following points:
(a) relatively few primary isolations from lesions
have been reported, and repetition of the work was
not possible; (b) once cultivated, those organisms
grew luxuriantly on simple media and differed from
organisms seen in lesions; (c) the cultured strains
showed wide serological differences, and some were
serologically indistinguishable from known sapro-
phytes; and (d) despite occasional previous reports of
pathogenicity, none of the cultured strains available
caused syphilitic infection. If those ever were
T. pallidum, they had so completely lost their patho-
genicity and had so changed morphologically and
serologically that they became in effect different
organisms. Eagle & Germuth (1948) found that
cultured strains of Noguchi, Kroo, Nichols, Reiter,
and Kazan treponemes when injected into rabbits
did not cause the appearance of reactive Wasser-
mann or flocculation tests, and did not protect the
rabbits from subsequent inoculation with patho-
logical treponemes. Those data cast additional
doubt on the validity of identifying the five strains as
T. pallidum.
Wilson & Miles (1955) stated that the cultivable

strains of Noguchi, Nichols, Reiter, and Kazan,
either were not T. pallidum, or were very remote
variants of it. Schmerold (1956) found it impossible
to cultivate the T. pallidum on culture medium, and
thought the Reiter treponeme and other cultured
treponemes were, most probably, not descendants
of the T. pallidum. Meinicke (1956a, 1956b) sug-
gested that since inclusion of the Reiter treponeme
in a specific species of the genus Treponema
Schaudinn had not been undertaken, it should be
investigated more closely. In his opinion,- a close
biological relationship between lReiter treponeme
and T. pallidum, as assumed by Gaehtgens, Fiihner
and others, did not exist, as a definite serological
difference of Reiter treponeme from T. pallidum had
been demonstrated by means of the immunization
of rabbits. On the basis of experimental results,
there was no agreement between the two organisms
in any of five points advanced by Henrici (1948), who
stated that two micro-organisms belonged to the
same species provided they were similar in
(a) morphology; (b) biochemistry; (c) adaptation to
medium; (d) pathology for animals; (e) serological
reaction. Meinicke concluded that the non-patho-
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genic Reiter treponemes did not belong to a species
of T.pallidum. Kirily (1960a) compared Reiter trepo-
neme to T. pallidum, but did not consider the two
identical, even though they had common antigens.
Dupouey (1963c) stated that the paucity of common

bonds between Reiter treponeme and T. pallidum,
plus the morphological differences and the absence
of pathogenicity of the Reiter treponeme, weakens
the hypothesis of Reiter treponeme being a strain
of T. pallidum.

2. HISTORICAL BACKGROUND

ORIGIN

Wassermann & Ficker (1922) reported success in
cultivating 7 strains of T. pallidum from 80 to 90
syphilitic chancres, of which one strain, B-36, had
produced typical syphilis in rabbits. The strain was
passed from animal to animal, and Ficker succeeded
in obtaining pure cultures of this treponeme from
the rabbits.

Reiter (1926a, 1926b) described a medium con-
taining horse serum, normal saline, and rabbit or
guinea-pig kidney, or liver for the cultivation of
T. pallidum and S. dentium. He mentioned that his
colleague, Klopstock, had used Reiter's cultures of
T. pallidum for the preparation of an antigen for the
complement-fixation test in human and rabbit
syphilis. The Berlin correspondent for Lancet (1926)
stated that Dr Reiter reported to the Microbiological
Society that he had succeeded in cultivating
T. pallidum in a fluid nutrient, and from the pure
culture had produced a vaccine which gave a typical
reaction on being injected into children suffering from
florid syphilis and showing a reactive Wassermann
test. Reiter (1929) tested blood samples from 588
syphilitic cases with his cultured treponemes as
antigen and with the Wassermann test, and had agree-
ment in 498 cases. He attributed Wassermann-reactive
and treponemal-antigen-non-reactive results in 30
sera to an organic inability or a weak ability on the
part of the patient to form the specific antibody.

Recently, at the request of some of his colleagues,
Dr Reiter (1960a, 1960b) published information
regarding the origin of the Reiter strain of trepo-
nemes. After Ficker left the Kaiser-Wilhelm Institute
of Experimental Therapy in 1923, Dr Reiter con-
tinued investigations and succeeded in isolating from
9 to 11 strains of treponemes from fresh cases
of syphilis and proved the specificity by inoculation
of rabbits. He stated: "There is no doubt that the
so-called ' Reiter strain' is a genuine T. pallidum ".
Although several experiments were performed with
" strain B.36 ", he reported: " Unfortunately, today I
am not able to say definitely which strain I sent to

Mulzer in 1927, because all protocols have been
lost!" Mulzer & Nothhaas (1928) inoculated two
rabbits with a pure culture of treponemes, obtained
from Reiter, which had undergone 200 passages in
the culture medium. They expected these treponemes
to be non-pathogenic, but, after 50 days, both rabbits
developed syphilitic orchitis, and Mulzer& Nothhaas
were able to infect other rabbits intratesticularly.

USE AND DISTRIBUTION OF THE STRAIN

Alcoholic extracts of treponemes were prepared
by Klopstock (1926, 1927) from pure cultures of
T. pallidum, isolated years before by Ficker, for use
in complement-fixation tests. These cultures, con-
tinuously cultivated on Ficker's ascitic agar or
Reiter's serum-saline medium, had become com-
pletely avirulent for rabbits. Reiter also furnished
cultures of S. dentium and the spirochete of Weil's
disease for comparative investigations with the
T. pallidum.
Hoeltzer & Popoff (1928) obtained a Reiter trepo-

nemal culture from Klopstock. Witebsky (1929)
obtained alcoholic treponemal extracts from Klop-
stock and inoculated those with a protein Schlepper
(i.e., conveyor) into rabbits. The antisera from the
rabbits reacted both with alcoholic treponemal ex-
tracts and with alcoholic extracts and aqueous sus-
pension of brain tissue. Antibrain sera reacted with
the treponemal extracts.

Fortner (1928) obtained from Dr Reiter strain 36
-der Pallida-Stamm Nr. 36 (Reiter)-which had
beeni continuously cultivated in liver bouillon for
several years. He cultured this strain in an airtight
Petri dish on rabbit blood agar partially inoculated
with Bacillus prodigiosus (=Serratia marcescens) to
consume the oxygen in the air space. The formation
of visible, characteristic surface colonies took about
one week.
Kroo & Schultze (1929) had two strains of trepo-

nemes-K22 cultivated by Kroo and R36 by Reiter-
both verified as causative agents of syphilis. By
using immune sera and skin tests they demonstrated


