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9. CULTURE OF T. PALLIDUM IN VITRO: 11. THE CULTURED STRAINS

A detailed pedigree of the various cultured and
animal strains of T. pallidum has never been pub-
lished. The World Health Organization, with the
aid of a questionnaire, has compiled one relating to
the various cultivable and animal strains of tre-
ponemes still being maintained in the laboratories
of the world. In general, it has been found that
there are no great differences in the cultural require-
ments of the different non-pathogenic strains (Rose
& Morton, 1952; see also Albrecht, 1941a, b).

REITER STRAIN

A detailed review of the literature on the Reiter
treponeme by Wallace & Harris (1967) is in press.
This covers the historical background and origin of
the Reiter strain; its morphology, including electron-
microscope studies; methods of reproduction;

metabolism and growth requirements; methods of
culture; physical and biochemical characteristics;
the effects upon it of chemical and biological agents;
and in addition much immunobiological information
relating to immunological studies and tests using the
Reiter treponeme or fractions of it as an antigen.
The isolation of this strain was first mentioned by

Reiter (1926a); see also Reiter, 1926b, 1929,
1960a, 1960b; Christiansen, 1963). According to
Eagle & Germuth (1948), the details of its origin
were never recorded. Recently, however, Reiter
(1960a) stated that the original investigations were
carried out at the Kaiser Wilhelm Institute of
Experimental Therapy by M. Ficker and were
completed by himself when Ficker went to South
America in 1923. At this Institute, states Reiter,
there were isolated from cases of early syphilis
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several strains, between 9 and 11 of which were
considered to be certainly T. pallidum.

Reiter used a fluid nutrient medium composed of
rabbit serum to which " a piece of substance " had
been added (Lancet, 1926). Material from human
chancres and condylomata was first passed through
rabbits to obtain pure cultures (Reiter, 1960a).
Reiter sent a strain to Mulzer in 1927, but the
protocol of this was lost. However, states Reiter,
Mulzer & Nothhaas (1928) repeatedly injected sub-
cultured material into rabbits and claimed it was
virulent. The Reiter strain was used for many years
by Gaehtgens (1929, 1937) for the production of
antigen for serological tests (it being reactive in a
complement-fixation test with syphilitic serum) and
Reiter states that Gaehtgens was convinced it was
genuine T. pallidum. It was also used by Klopstock
(1926a, b) for this purpose. The strain was lost in
Germany during the Second World War, but was
brought back again afterwards from the USA, where
it had been maintained in the meantime.
A culture of the Reiter strain was made available

to Eagle at the Johns Hopkins Hospital, Baltimore,
Md., USA, by Reiter in May 1939 (see Eagle &
Germuth, 1948). It proved identical in its growth
and serological properties with a transplant obtained
from Beck (see Beck, 1939). Certainly in the USA
and elsewhere it has not been regarded as a virulent
strain. Gelperin (1949), who has done much work
on the morphology, cultural characteristics and
mass cultivation of the Reiter treponeme (as well as
immunochemical studies-Gelperin, 1951), stated
that Reiter himself originally considered it to be an
acclimatized, avirulent variant of T. pallidum.
(See Schmerold, 1956.)

Earlier, an " English Reiter strain " was reported as
being in use at the Johns Hopkins Hospital. It was
supplied to Hampp (1947b) by Dr R. Wichelhausen.

NOGUCHI STRAIN

This strain was one of those originally isolated by
Noguchi (191 la, b) from human syphilitic lesions,
and has since been propagated on artificial media
(see Eagle & Germuth, 1948). As previously stated,
it has lost its virulence. It was reported as studied
by Kast & Kolmer (1940) and by Kolmer et al.
(1941), and is still in current use (Scheffet al., 1956).

KROO STRAIN

The Kro6 strain, according to Eagle & Germuth
(1948), was cultivated from a syphilitic rabbit's

cornea by Kroo & Schultze (1928) of Berlin. Kast
& Kolmer (1940), who also worked for some years
with cultures of this strain, obtained it from a
Dr Augustus Wadsworth. It was also used by
Ohya (1932a, b, c), by Hindle & Elford (1933) in
filtration experiments, and by Hoschina (1934a, b).
The electron microscope studies by Mudd et al.
(1943) of Kroo strains (and also of Noguchi, Reiter
and cultured Nichols strains) employed treponemes
obtained from Kast.

NICHOLS NON-PATHOGENIC STRAIN

There are two Nichols strains, the pathogenic and
the non-pathogenic. The pathogenic Nichols strain
was obtained from a case of human syphilis and was
subsequently inoculated into rabbits by Nichols &
Hough in 1913. The virulent animal strains are
considered in section 15.
The cultured Nichols strain was obtained by the

supposed cultivation of the Nichols-Hough rabbit
strain by Kast & Kolmer (1933), who claimed one
successful transfer into rabbits. It has since remained
consistently non-pathogenic to rabbits (Kast &
Kolmer, 1943). It is still in current use (Scheff et al.
1956; see also Eagle & Germuth, 1948).

KAZAN STRAIN

The Kazan strain, according to Eagle & Germuth
(1948), was supplied in October 1939 to the Johns
Hopkins Laboratory, Baltimore, Md., USA, through
the courtesy of the Microbiological Institute, Kazan,
USSR. No details were available of its source or
technique of isolation. It, too, is in current use
(see Scheff et al., 1956). There are, however, a
number of Kazan strains. Vjaseleva & Danilova
(1952) refer to the Kazan II strain isolated by
Gelt'cer from syphilitic papules in man, and to
Kazan IV and V collected by Karimova and Kon-
dratev from the blood of syphilitic patients.

OTHER STRAINS

Other strains mentioned in the literature include
the Zinsser strain studied by Weiss & Wilkes-Weiss
(1924); the Vdsdyhelyi strain of Szeged used by
Hindle & Elford (1933) in filtration experiments,
and again by Scheff (1935) on the study of the
respiration of treponemes; the Klopstock strain
likewise; and also the EK strain (Scheff et al., 1956).
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RELATIONSHIP OF CULTURED STRAINS TO VIRULENT

T. PALLIDUM

Gammel & Ecker (1931) pointed out that the only
proof of the existence of virulent T. pallidum in a
certain culture was the successful transfer of a pure
culture to the host, and its repetition. Although a
few investigators had claimed to have reproduced
syphilis in animals from cultured treponemes, this
could have been accomplished only in a few instances.
Methods reported as sometimes successful by one
worker had been unsuccessful in the hands ofanother.
Kast & Kolmer (1929) made an extensive review of
the literature. At this time no fewer than 29 in-
vestigators claimed to have had successful results
and of these eight stated their cultures were infective
to lower animals. Notwithstanding, it was concluded
that cultivation with the preservation of virulence
had not been accomplished. Although they them-
selves had their one dubious success, reported in
1933, their subsequent experiments failed. The
opinion was expressed that many of the alleged
successful cultivations of T. pallidum were only
growths of pallida-like saprophytic genital tre-
ponemes, and in 1943 they were still of this
opinion. This view was also propounded by Jahnel
(1934)-see also Gohring (1940) and Hard (1952)
-who thought that genuine T. pallidum had never
been cultivated, and by Stokes & Beerman
(1934).
Although some authors (e.g., HArd, 1952) have

admitted that Noguchi (191la) appeared to have
succeeded, numerous workers (e.g., Hoffman, 1923;
Robinson & Wichelhausen, 1946; Eagle & Germuth,
1948; Gelperin, 1949, 1951; Wilson & Miles, 1955)
have considered that the relationship of the Reiter
strain to T. pallidum was tenuous and that the
cultivated strains were either distinct or remote
variants of T. pallidum.

Serological differences between the Reiter strain
and virulent T. pallidum were noted early (Zinsser
et al., 1916; see Gelperin, 1949) when it was found
that cultured treponemes were not agglutinated to
a much greater extent by the sera of syphilitic rabbits
than by those of normal rabbits. Kolmer et al.
(1941) found cross-reactions in agglutination and
complement-fixation tests between the Nichols-
Hough and Noguchi strains on the one hand and
T. microdentium and T. macrodentium on the other.
Robinson & Wichelhausen (1946), using a precipitin
test, found the Nichols cultivated and Noguchi
strains were serologically related, but serologically
and morphologically different from Reiter and

Kazan strains, and serologically different from oral
treponemes. Two oral treponemes were serologically
identical with the Reiter and Kazan strains of
T. pallidum.
Eagle & Germuth (1948) conducted numerous

immunity, agglutination, complement-fixation and
absorption experiments on cultured Nichols, Nogu-
chi, Reiter, Kroo and Kazan treponemes, and also
on dental treponemes. Some of these strains were
the same as those studied by Rose & Morton (1952).
They classified the treponemes in three groups.
The cultured Nichols and Noguchi strains were
serologically indistinguishable; the Reiter and
Kazan strains cross-reacted, but were not identical,
and the Kro6 strain was serologically distinct from
the other four. Moreover, the Reiter strain was
serologically almost identical with the two strains
of mouth treponemes studied.
The cultured treponemes (considered by Eagle.

1948) thus differed in their morphological and
antigenic properties from virulent T. pallidurn.
although (as is noted in earlier sections) T. palliduni
was a pleomorphic organism, and aberrant forms
were more likely to appear, especially in old cultures,
than in vivo; morphological differences thus resulted
from environmental differences. Rabbits injected
with cultured strains developed agglutins and
complement-fixing antibodies but not positive
Wassermann or flocculation reactions, the response
thus differing in both respects from that obtained
with pathogenic T. pallidum. Their identity with
T. pallidum was therefore considered questionable.
Either, despite occasional previous reports, the
cultures never were T. pallidum but were saprophytic
contaminants in the original persons, or-if they were
T. pallidum-they had so changed both morphologic-
ally and serologically that they now were, in effect,
different organisms.

Eagle advanced four principal reasons to suggest
that T. pallidum had not been cultivated. (1) Rela-
tively few primary cultivations have been made, and
many workers trying to reproduce the reported work
using the same method have failed (see Kast &
Kolmer, 1929). (2) Once cultivated, the organisms
apparently grow well on relatively simple media:
once the culture is established, the growth require-
ments are found to be considerably simpler than those
of freshly isolated organisms. (3) The cultured
organisms differ in morphology (i.e., tend to be pleo-
morphic, vary in length, thickness and in the number
of spirals, which are not as regular or fine as those of
virulent T. pallidum). They also vary in motility.
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which is not as uniform; moreover, cultures may
contain large numbers of globular bodies. (4) Several
cultured strains show wide serological differences;
some are serologically indistinguishable from sapro-
phytes.
Nelson (1948) stated that it was becoming in-

creasingly apparent that the Reiter treponeme had
been misidentified as T. pallidum. Rose & Morton
(1952) considered that the various growth properties
among the different strains of cultivable T. pallidum
were at least as great as between the cultured
treponemes and oral treponemes. This was con-
sidered compatible with the hypothesis that they
were originally derived from contaminating
organisms.

Whatever the view concerning the cultivated
treponemes, no one will dispute that virulent
T. pallidum, T. pertenue or T. carateum have not yet
been satisfactorily cultured in artificial media.

CULTURE OF OTHER TREPONEMES

Although beyond the scope of this study, some
reference is made to the culture of treponemes other
than supposed T. pallidum, since their properties
have frequently been compared with those of the
cultured strains of T. pallidum.
Noguchi (1912a, b, 1913b) described the so-called

culture of T. pertenue of yaws and of the dental
species T. macrodentium, T. microdentium and
T. mucosum-the latter a mucin-producing treponeme
he had himself recovered from cases of pyorrhoea
(Noguchi, 1912g). Also cultured by Noguchi were

the genital treponeme T. refringens (Noguchi,
1912e) the relapsing fever borreliae (Noguchi,
1912f), and T. phagedenis (Noguchi, 1912d); and
shortly afterwards another genital treponeme-
T. calligyrum-was added to the list (Noguchi,
1913a; see also Noguchi, 1912c). Biochemical
studies of T. phagedenis and T. refringens were made
by Moureau (1955). T. gracilis and T. balanitides
were cultivated by Levaditi & Stanesco (1909). Genital
saprophytic treponemes were also cultured by Koch
(1940; see also Meloni, 1958). Dental treponemes
were cultured by Miihlens & Hartmann (1906-07),
Miulens (1907) and Noguchi (1912c). Since then
the oral treponemes seem to have been cultured
without much difficulty by numerous authors,
e.g., Gates (1923), Reiter (1926a, b), Fortner (1928,
1929), Aksjanzew-Malkin (1933), Koch (1940),
Kast & Kolmer (1940), Rosebury & Foley (1941,

1942), Wichelhausen (1942), Wichelhausen &
Wichelhausen (1942), Hampp (1943, 1946, 1947a,
b)-who studied the small oral treponemes, the
larger Borrelia vincentii and a number of the
cultivated strains of T. pallidum-Rosebury et
al. (1951), Berger (1956, 1958), and Socransky et
al. (1959).
Robinson & Wichelhausen (1946) drew attention

to the inadequacy ofidentification oforal treponemes.
Approximately 30 oral treponemes were referred to
in the literature, but some were probably the same
as others in this group. They studied 16 strains
which were morphologically indistinguishable: these
could be divided into five groups. Two oral trepo-
nemes proved serologically identical with the Reiter
and Kazan strains of T. pallidum. Eagle & Germuth
(1948) studied two strains of commensal oral
treponemes-namely, the S26 and S58-33 strains-
isolated by Wichelhausen & Wichelhausen (1942).
One of the strains of the latter (the S69) was further
studied by Robinson & Wichelhausen (1946), and
later by Steinman et al. (1954). Oral treponemes
have also been examined under the electron micro-
scope-e.g., by Mudd et al. (1943) and by Hampp
et al. (1948).

Oral treponemes grow well on a medium con-
taining heart infusion broth, cysteine and blood
supplement (Kast & Kolmer, 1940; Wichelhausen &
Wichelhausen, 1942; see Rose & Morton, 1952).
Steinman et al. (1954)-studying the S69 strain
found it would grow in a previously defined medium
only if supplemented by whole blood and thiogly-
collate medium. Carbon dioxide, co-carboxylase.
citrovorum and co-enzyme were considered as
essential growth factors. Hampp et al. (1959)
studied 16 oral strains (small oral treponemes,
B. vincentii and B. buccalis) for the elaboration of
mucopolysaccharide activity. None was found to
produce enzymatic activity against hyaluronic acid,
chondroitin sulfuric acid or human synovial fluid.
It was considered that the pathogenicity of oral
treponemes did not depend on their elaboration of
the mucopolysaccharases. The more recent work of
Hampp & Nevin (1959) and Nevin & Hampp (1959)
on the cultivation of Borrelia vincentii is also relevant.
Co-enzyme A, co-carboxylase and pyridoxal phos-
phate were found to be essential for growth. In
addition diphosphospyridine nucleotide, adenozine,
triphosphate and glucose-L-phosphate were all
found to be stimulatory. Upon the addition of these
six compounds maximal growth was obtained in the
complete absence of ascitic fluid.
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10. CULTURE OF T. PALLIDUM IN VITRO: III. MEDIA

EARLY MEDIA

Schereschewsky's method of culture in 1906 was
to insert a piece of human tissue containing T. palli-
dum deep down into a high layer of gelatinized
horse serum (Schereschewsky, 1909 a, b, c); the
gelatinized serum liquefied and the treponeme grew
with the other bacteria introduced. Volpino & Fon-
tana (1906) used a similar method for rabbit-
adapted T. pallidum but employed pooled horse
serum (see Saurino & DeLamater, 1952). Muhlens
(1910) and Hoffman (1911), using treponemes from
human sources (see Noguchi, 1911) both adopted
Schereschewsky's method and later purified their
strains on Miihlens horse serum agar. A medium
of gelatinized ascitic fluid or horse serum which still
contained the original human syphilitic tissues was
employed by Bruckner & Galasesco (1910) and by
Sowade (1911; see Noguchi, 1911).
Noguchi (1911)-who first claimed the achieve-

ment of a pure culture of T. pallidum from syphilitic
rabbit's testes previously inoculated with human

material-tried various media: pure rabbit plasma.
oxalate plasma of rabbit and horse (with and without
the addition of calcium chloride for removal of
oxalate), a plasma and agar mixture, a plasma and
gelatin mixture, serum water, serum agar, a serum
bouillon to which various protein cleavage products
(tryptophan, asparagin, glycil-glycine, alanin, etc.)
had been added, and finally the gelatinized horse
serum prepared according to Schereschewsky.
Noguchi found the only suitable medium was of

serum water (sheep, horse, rabbit) to which a piece
of sterile rabbit tissue was added. Portions of
kidney and testicle were best: heart was also good.
but liver was difficult to keep sterile and evolved
carbohydrate which made the medium strongly
acid when bacteria were simultaneously cultivated.
He used long narrow tubes 20 cm high and 1.5 cm
wide, filled with 16 ml of serum water (one part
serum and three water). These were fractionally
sterilized at 100°C for 15 minutes daily for three
days. Freshly removed tissue was added to each
tube and incubated at 37°C for two days, when


