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that the two strains apparently possessed different
antigenic properties. Plaut & Kassowitz (1930)
found that strain R32, furnished by Reiter, reacted
exactly as strain R36, and confirmed the results of
Kro6 with strain K22. Virulence tests in rabbits
showed all three strains to be avirulent. They con-
cluded that K22 was a variant of T. pallidum and
that R32 and R36 were of the general pallida type.

Gaehtgens (1929b) was one of the first scientists
to use the Reiter strain of treponeme as antigen in
the serodiagnosis of syphilis. The antigen was an
aqueous phenolized suspension of Reiter treponemes,
and the complement-fixation test was called the Pal-
lida-reaction. Fuhner (1952) and Fuhner & Gaeht-
gens (1954) prepared a new Palligen antigen, consist-
ing of an aqueous suspension of Reiter treponemes
fragmented by ultrasonic waves.

D'Alessandro et al. (1949) demonstrated the
presence of four antigens in the Reiter treponeme, of
which only one had properties of a complete antigen,
the others being considered as haptenes. Three of
these antigens had corresponding antibodies in
syphilitic serum and were: (a) specific treponemal
thermolabile antigen with protein characteristics,
treponemico cotto labile (TCL), a complete antigen;
(b) thermostable treponemal antigen, polysaccharide
in nature, treponemico cotto stabile (TCS); and (c)
ubiquitous lipoid antigen (L), exhibiting serological
behaviour identical with alcoholic extracts of guinea-
pig or beef-heart tissue. The fourth antigen was
lipid in nature, similar to the organ-specific cerebral
antigen isolated by Witebsky in 1927, and did not
have a demonstrable antibody in syphilitic serum.
D'Alessandro & Dardanoni (1953) described the
extraction, purification, and serological behaviour of

the group treponeme specific protein antigen (TCL)
in syphilis and called itATPS (soluble protein antigen
of the treponemata).

Gaehtgens's old strain of treponemes from the
Saxony Serum Works in Dresden was lost during the
Second World War, and Fiihner & Gaehtgens (1954)
obtained a new strain from Magnuson and Thayer
in 1951, as did Cannefax (personal communication,
1961). Thayer (personal communication, 1961)
stated that this strain was from Eagle. Oddo &
Dardanoni (1947a) also obtained a new strain from
Eagle for the preparation of Palligen after their strain
was lost during the war. Roemer & Schlipkoter
(1953) got cultures of Reiter treponeme from Eagle
and from the Behring Company, Marburg, for their
agglutination test. Eagle & Germuth (1948) stated
that they had received living cultures of Reiter tre-
ponemes from Dr Reiter and Dr Beck. Beck (1939)
used S. [Spironema] pallidum strain Reiter 36, but did
not state the source. Rathlev & Pfau 1 used Reiter
treponemes, B-36 type strain, from de Bruijn. Puc-
cinelli (1951) mentioned that he had been using a
strain from Gelperin that proved to be void of ubi-
quitous lipid antigen. Wallace & Harris (1958) used
a strain from the Sylvana Chemical Company and
Hardy & Nell (1961a) obtained a Reiter treponemal
culture from D'Alessandro. Dupouey (1963b) ob-
tained Reiter treponemes in 1954 at the Antigens
Laboratory of the Pasteur Institute from Pautrizel of
the Faculty of Medicine, Bordeaux. Nielsen 2 stated
that the WHO Serological Reference Centre for Tre-
ponematoses, Copenhagen, distributed Reiter trepo-
neme cultures to workers in several countries, but
did not give the origin of this strain.

3. MORPHOLOGY

MOTILITY

Eagle & Germuth (1948), who studied 5 cultured
strains of supposed T. pallidum, including the Reiter
treponeme and 2 strains of mouth treponemes, stated
that the morphology of cultured treponemes had
varied among strains and within strains during a
period of a few days, and the treponemes had shown
varying motility. The cultured treponemes were
significantly coarser than T. pallidum, but some
cultures would have been difficult to differentiate
from T. pallidum. Wilson & Miles (1955) stated that
the group Treponema had no obvious axial fibre or

crista; the presence of metachromatic granules was
doubtful; there were a number of primary spirals
closely or loosely wound, and secondary turns
sometimes developed during movement. Meinicke
(1956b) observed the nature of the Reiter treponeme
movement to be different from that of T. pallidum,
but was not able to observe in Reiter treponemes the
rotational and bucking movements or the preformed
rigidity of the convolutions of the T. pallidum.

1 Unpublished working document WHO/VDT/RES/40
of 25 July 1963.

' Unpublished working document WHO/VDT/RES/45
of 9 December 1963.



REITER TREPONEME: A REVIEW OF THE LITERATURE

Sasashira & Urakawa (1961) found that Reiter
treponemes were motile for 5-6 days after cultiva-
tion, yet were viable for 61 days, and Christiansen
(1963) found that they survive for weeks in culture
medium in a vegetative stage.

SPHER-ICAL FORMS

Gelperin (1949) observed coarse spirals in the
Reiter treponeme, one-and-a-half to three times as
thick as T. pallidum, and two to four times as long,
when subcultured for from 5 to 7 days. Shorter
forms appeared during the logarithmic growth
period and longer forms following this period. His
2- to 3-week-old cultures showed morphological
changes with balloon-like spheres containing small,
round bodies at the end of some non-motile trepo-
nemes. In 4- to 6-week-old cultures, a small number
of treponemes were distended by rows of translucent
bodies, with some free balloon-like bodies, and after
several months the predominant form was the
balloon-like structure. Those phases probably
represented an encystment of the organism which has
been noted to occur when propagation becomes
untenable, as they also occur in medium with agar,
in medium with fresh instead of heated serum, and
when the medium drops to approximately pH 6.0.
Power & Pelczar (1959) and Hardy & Nell (1961a)
found balloon-like forms or spheres, especially in old
cultures or when multiplication had become un-
tenable.

Sasashira & Urakawa (1961) stained Reiter trepo-
nemes by fixing in methanol for 1 hour and staining
with a 5% Giemsa solution for 5 hours or a 10%
solution for 2-4 hours. They found that Reiter
treponemes differed greatly from T. pallidum in
shape, size and motility. After 9 days' growth, the
terminal end of the organism had assumed a coccal
form and two involutional forms appeared, i.e.,
filamentous and coccal forms. Dupouey (1963c)
observed that in culture the Reiter treponeme
and T. phagedenis lose their helicoidal form early
and extensively, and after the sixth day are trans-
formed into vesicles forming sediment at the base
of the culture tube. He stated that Reiter treponemes
and T. phagedenis appear to be very closely related
and are difficult to distinguish at all points.

Christiansen (1963) found that the Reiter trepo-
neme varies in length between 6,u and 44 u, averaging
18,u after 48 hours' growth, and has great motility
at this time. Following this, some ring forms and
cysts are found.

PHASE MICROSCOPE STUDIES

DeLamater, Haanes & Wigall (1950) and De-
Lamater et al. (1951), using phase contrast micro-
scopy and a new stain, observed that in transverse
fission the point of rupture of the body was the point
of attachment of flagella, and that after the tenth
day the treponemes elongated and began to form
dense granules.

ELECTRON MICROSCOPE STUDIES

Several workers have used the electron microscope
to study the morphology of treponemes. Wile &
Kearney (1943), Leifson (1950) and Watson et al.
(1951) studied the virulent T. pallidum and detected
flagella along the cell bodies. Mudd, Polevitzky &
Anderson (1942, 1943) observed in electron micro-
graphs that flagella were frequently present along
sides or near ends of cultured Nichols, Kroo, and
Reiter strains and virulent T. pallidum. Inner pro-
toplasm was enclosed in a definite cell wall which
might be continuous between incompletely divided
cells and might extend beyond cell protoplasm as a
terminal filament. Dense granules were observed in
some treponemes. Virulent T. pallidum and culti-
vable strains of P-126B, P-183, Noguchi, Kroo, and
Reiter treponemes examined by Levaditi (1946)
appeared to have a spiral filament constituting
heterogeneous cytoplasm with dense inclusions and
surrounded by an envelope with apparent flagella
composed of tufts of four all along the body.
Morton, Rake & Rose (1951) studied the avirulent
Nichols and Reiter strains and showed flagella as
definite structures and not fragmentations of the
treponemal body. The number of flagella varied
from 2 to 7, and possibly 9, and were lophotrichate
and attached subterminally. No terminal filament
was observed, and it was stated that the winding of
flagella around the body might give the appearance
of an undulating membrane (see Watson et al.,
1951). The ends of the Reiter treponeme were blunt
in contrast to the tapering ends of the virulent
T. pallidum. Schmerold & Duebner (1954) found the
endoplasm of Reiter treponemes and virulent trepo-
nemes homogeneous and opaque to the electron
beam. Although they observed filaments of flagel-
lum-like structures at the ends or the sides of the
body, they deemed them not to be flagella, but to be
due to the restrictive effects of processing specimens
for electron microscopy. The treponemes showed
elliptical cross-sections which, with the fibrils,
possibly contributed to their form of movement.
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Schmerold (1956) pointed out the importance of the
fibrillary bundle in contributing to the corkscrew-
like shape and to motility. Molbert (1956) found the
Nichols and Truffi strains of virulent treponemes and
T. pertenue invariably to have 6 fibrils, with the
diameter of the fibril being 700 A; but with the
Reiter treponeme the number of fibrils found was
not constant and ranged from 5 to 12.
Kawata (1957), in examining ultrathin sections of

B. duttonil and Reiter treponeme by electron
microscopy, found axial fibrils located between the
protoplasmic cylinder and the outer envelope. He
thought the granular cytoplasm represented a
nucleoid body similar to that found in other bacteria.
Babudieri (1958) studied Reiter treponemes and
Leptospira and found the cytoplasm of the Reiter
treponemes more diffcult to penetrate by electron
beam. A delicate sheath membrane, intimately
connected with the protoplasm, was observed in a
few damaged treponemes. A fibrillary structure ran
spirally the length of the body, the fibrils splintering
so that the treponeme resembled a micro-organism
having peritrichal flagella. There was not a constant
number of fibrils forming the crest, which was pro-
bably the organ of locomotion. The flagella were
only the free continuation of the crest and could not
be compared to the flagella of the Schizomycetes or
Spirilliam.

D'Alessandro & Zaffiro (1961b) compared by
electron microscopy suspensions of T. pallidum
(Nichols strain) after extraction from rabbit testes or
after standing in Nelson & Mayer's maintenance
medium and suspensions of Reiter treponeme grown
in Brewer's thioglycollate medium. The freshly
harvested T. pallidum appeared as solid cylinders
having an ill-defined edge with fibrils which were
hardly visible and only in single points of the trepo-
neme body. In the T. pallidum, after standing in
maintenance medium, a bundle of fibrils could be
distinctly observed which twisted the treponeme
body, and which was often partially resolved in free

filaments. The Reiter treponeme always showed a
well-defined outline and two bunches of subterminal
filaments, probably originating from the resolution
of the fibril band.

Ryter & Pillot (1963) studied the external and
internal structure of the Reiter treponeme with
electron microscopy, using the techniques of ultra-
thin sections and negative staining. These studies
showed that the helicoidal shape of the cell is due to
a bundle of 3 to 7 fibrils, having a diameter of 200 A,
which are stretched between its two extremities in a
subterminal position by means of annular swellings;
they are located between the cell wall and the cyto-
plasmic membrane, and do not show any particular
structure; the cytoplasm, the nucleus, the membrane
and the cell wall have an aspect comparable with that
of the Gram-negative bacteria; the cell wall of the
treponeme is not rigid and does not seem to be
responsible for the cylindrical shape of the cell; and
the outer envelope appears to be 70 A to 90 A in
thickness. They were able to locate the poly-
saccharide antigen in the wall and the group protein
antigen subjacent to the wall. Listgarten & Socran-
sky (1964) studied oral spirochaetes with the electron
microscope. They noted in T. microdentium the
existence of concentric laminations in a few cross-
sections of the protoplasmic cylinder similar to
observations of Ryter & Pillot on the Reiter trepo-
neme. The axial fibrils measured between 150 A and
200 A in diameter and were inserted subterminally
by means of " annular swellings " similar to those
described by Ryter & Pillot. The axial fibrils
originated at each end of the protoplasmic cylinder
and had overlapping free ends, which is not in accord
with the findings of Ryter & Pillot on Reiter trepo-
nemes. Bladen & Hampp (1964), studying the
ultrastructure of T. microdentium and B. vincentii,
observed cross-striations on axial fibrils of some oral
spirochaetes, contrary to the findings of Listgarten
& Socransky.

4. METHODS OF REPRODUCTION

REPRODUCTIVE CYSTS AND LIFE-CYCLE

Mudd, Polevitzky & Anderson (1942, 1943), in
electron micrographs of Nichols, Kroo, and Reiter
cultured strains and of virulent T. pallidum, demon-
strated dense granules in some organisms and dense

spheroid bodies, often attached to the treponemes
by short stalks or free in the medium. These granules
and spheroid bodies were not thought to be degener-
ative products, but to resemble endospores in their
high density, relative to the density of protoplasm of
vegetative cells, and to be similar in size to repro-


