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8. CULTURE OF T. PALLIDUM IN VITRO: I. HISTORY

T. pallidum was finally incriminated as the causa-
tive agent ofsyphilis in 1905 (Schaudinn& Hoffmann,
1904-05) and T. pertenue in the same year (Castellani,
1905). Within three years most of the various
aberrant forms had been described (see Coutts &
Coutts, 1953); certainly, as has been noted previously,
the various theories relating to controversial points
of morphology, motility and reproduction were
propounded at an early stage and, in spite of the
many subsequent technical advances, many of these
early arguments still persist today. The organisms
responsible for syphilis and yaws were discovered
late in the list of pathogenic bacteria. Methods of
culture were already well established for many
organisms and once T. pallidum and T. pertenue had
been discovered there were inevitably immediate
attempts at their cultivation.

EARLY ATTEMPTS (UP TO 1910)

Schereschewsky, in 1906, is credited with being
the first to show that T. pallidum from human
syphilitic tissue might be cultivated (Schereschewsky,
1908; 1909a, b, c; 1910a, 1911a, b; 1913a, b; see
Noguchi, 191 Ia; Saurino & DeLamater, 1952;
Mason, 1939; Schereschewsky, 1954). His method
consisted in inserting a piece of human tissue
containing T. pallidum deep down into a high layer
of gelatinized horse serum. This liquefied and the
treponemes grew with the other bacteria introduced.
He never succeeded in obtaining pure cultures or in
passing them back into rabbits. Subsequently,
Schereschewsky stated he had never been able to
cultivate a virulent strain of T. pallidum (Noguchi,
191 ib), although later, in 1912, he is reported to
have purified the culture and infected rabbits
(Schereschewsky, 1912; see Turner & Hollander,
1957). Also in 1906, Volpino & Fontana (1906a, b;
see Baeslack, 1913) using a pooled human serum
agar medium, claimed growth in a culture of
syphilitic rabbit's testis. These workers are stated

to have been the first to attempt culture (Gammel &
Ecker, 1931). A pure culture was retained for 1-3
days and it was shown to be viable after 48 hours
in the refrigerator. This may have been due to the
sustaining effects of the medium (Saurino & De-
Lamater, 1952).
The loss of virulence after apparent temporary

success was an early disappointment which has not
yet been overcome. Levaditi & McKintosh (1907),
noting that cultured treponemes were avirulent,
considered that their pathogenic activity had been
lost because of their new conditions of life, and
owing to the impurity of the cultures with the media
and methods at that time in use.

Miihlens & Lohe (1908), Muihlens (1909, 1910) and
Hoffmann (1911a) (see also Hoffmann, 1911b, c)
and Noguchi, 191 lb) used Schereschewsky's me-
thods, later purifying their strains on horse serum
agar. A pure culture of the first generation was
obtained but it was not virulent for rabbits (Saurino
& DeLamater, 1952). Muihlens employed the term
" pallida type " to designate his strain as it had no
pathogenicity whatever (Noguchi, 1911). (See also
Campana, 1908, and Arnheim, 1909, 1912.)

PERIOD 1911-20

Bruckner & Galasesco (1910) and Sowade (1911)
(see also Sowade 1912a, b; 1913; 1914a, b, c; and
Zinsser & Hopkins, 1914)) reported that they
succeeded in reproducing syphilitic lesions in rabbits
by injecting young impure cultures in ascitic fluid or
horse serum media, which still contained the original
syphilitic tissue (see Noguchi, 1911). These results
probably indicated merely the survival of T. pallidum
in the tissues concerned (see also Boas, 1911).
Dominant at this period was Noguchi who, in

1913, demonstrated T. pallidum in the brains of
sufferers from paresis (Noguchi & Moore, 1913;
Noguchi, 1913a). The cultural requirements of
T. pallidum derived from the paretic brain were
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considered by Wile & de Kruif (1916). Noguchi
(191 lb, c; 1912a, b; 1913a b, c, e) was the first to
claim that the T. pallidum of Schaudinn had been
" proved beyond all doubt " to have been obtained
in pure culture. He used sheep, horse or rabbit
serum water plus a piece of kidney, testis or muscle
tissue, in long tubes 20 cm long and I cm wide,
under anaerobic conditions. The medium was

seeded with a fragment of syphilitic rabbit's testicle
previously inoculated with human material, and
the whole was covered by a layer of liquid paraffin.
The primary mixed culture was later purified by
growth in serum agar stabs containing fresh rabbit
tissue. A hazy zone around and above the tissue
became visible in about three days due to the
proliferation of the treponemes. Pure culture was

obtained by subculture from this (Wilson & Miles,
1955). His first strain was cultivated in October
1910 and purified in January 191 1. It was inoculated
into rabbits as a 10-day-old pure culture in serum

water early in February and it proved pathogenic.
The second strain, cultivated impurely over the
period 6-26 March 1911, was purified on 16 April
and, following inoculation into rabbits seven days
later, also proved to be pathogenic (Noguchi,
191 ib). With each strain, however, there were many

failures before success. There was an " almost
innumerable" series of unsuccessful cultivations.

In 1912, Noguchi (1912c) succeeded in growing
several strains of T. pallidum directly from human
lesions using nutrient agar and ascitic fluid in
similar long tubes, each containing a piece of sterile
rabbit kidney or testicle, again under strictly anaero-

bic conditions. Material from a chancre, condyloma
or skin papule was inoculated into the tube and
covered with liquid paraffin. A slight haze produced
around the kidney was then picked off for purifi-
cation (Wilson & Miles, 1955). Pure cultures
maintained for 10 days in ascitic fluid produced
primary syphilis in monkeys (Noguchi, 1912c).

Virulence, however, was not maintained. In the
same year, Noguchi (1912b) defined the criteria of
identification of T. pallidum in culture. These
included correct morphology, the necessity for the
presence of fresh tissue in the medium and of strict
anaerobiasis, a rather faint hazy growth in solid or

fluid medium without any change in the protein
constituents, non-production of any offensive odour
(as produced by T. microdentium; Noguchi, 1916),
capability of inciting an allergic skin reaction in
certain cases of syphilis and parasyphilis (the so-

called luetin reaction described by Noguchi (191 la,

1912e), specific complement-fixation with anti-
pallida immune serum as from human cases of
syphilis (provided that the antigen was suspended in
saline solution and not prepared by alcoholic
extraction), and pathogenicity. Significantly, he
added that pathogenicity might be gradually
attenuated in the course of cultivation but that the
other criteria should be constantly fulfilled (see
also Noguchi, 1913a).
Noguchi sent his strain to Roux in France, and

Levaditi & Danulesco (1912) compared it with the
Truffi virulent rabbit strain. They concluded that
the Noguchi cultivated strain differed morphologic-
ally and biologically in so far as it would not infect
rabbits, guinea-pigs, mice, the orang-outang, or
inferior monkeys, and would not protect the rabbit
against the Truffi strain. They felt that the Noguchi
cultivated strain was probably a secondary con-
taminant of the inoculation. Steinhardt (1913) also
obtained a culture from Noguchi and noted that
" he has kept it growing for some time and states
it has lost most of its virulence ".
Noguchi (see also Noguchi, 1912a, 1913c) by no

means confined his activity to T. pallidum. He
later described a mixed solid-agar medium which
he claimed was suitable for the growth of T. pallidum,
T. microdentium, T. macrodentium, T. refringens,
T. mucosum and T. pertenue and a method for their
purification by subsequently growing them in fluid
media. His fluid media were unsuitable, however,
when growth was contaminated by other organisms.
By 1916 Noguchi claimed he had succeeded in
maintaining in pure cultures all the above, plus
T. calligyrum, by successful transplantations, and
had kept them under observation for from two to
four years since 1910-12.
No striking morphological changes after growth

in a fluid medium were noted, and the staining
properties were not affected. The virulence of
T. pallidum, he stated, disappeared within about
four months, whereas that of T. pertenue was lost
as soon as it was isolated in pure culture. Noguchi
concluded that the disappearance of the virulence
of T. pallidum under artificial conditions was not
much to be wondered at, especially considering the
experiments of Levaditi, Yamanouchi and M'Intosh
(no reference given), who showed that T. pallidum
rapidly became avirulent even when cultivated in
a collodion sac within the peritoneal cavity of
certain animals.

Several of Noguchi's strains of different trepo-
nemes were maintained in vitro for 8-11 years and
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more: they were used by Gates (1923). One Noguchi
strain of so-called T. pallidum has continued in
being for much longer. It was studied, for example,
by Kast & Kolmer (1940) and by Eagle & Germuth
(1948) (see section 9).
Other workers of this period who reported the

production of rabbit syphilis with their cultivated
organisms-i.e., claimed virulence-were Shmamine
(1912), Nakano (1912), Tomasczewski (1912a, b)
and Wassermann & Ficker (1922) (see also Szecsi,
1913; Shapiro, 1915; Ungermann, 1918; Mason,
1939; Kast & Kolmer, 1929). The duration of
demonstrable virulence was, however, usually very
short. Baeslack (1913) also claimed success with a
medium composed of body fluid plus tissue and oil
in an atmosphere of hydrogen, but virulence was
lost on cultivation (see Rose & Morton, 1952).
Bronfenbrenner (1914) found difficulty in obtaining

pure culture by Noguchi's method on account of
bacterial contamination. He claimed (Bronfen-
brenner, 1915a, b) that certain antiseptics exerted an
accelerating effect on the growth of treponemes.
Zinsser et al. (1915), using gelatinized serum broth
with rabbit tissue or meat juice, noted symbiotic
growth with certain cocci as well as with killed
staphylococci-but yet again virulence was lost
(Rose & Morton, 1952); Zinsser et al. (1916; see
Saurino & DeLamater, 1952) failed to grow virulent
T. pallidum from syphilitic rabbit's testicle on tissue
egg media. Other work in this period includes that
of Mazza (1910), Burnier (1913a, b), Fejlberg (1913),
Bronfenbrenner (1914-15). See also Leuriaux &Geets
(1906), Kolmer (1914) and Levin (1916).

PERIOD 1921-30

After the First World War Gates (1923) grew
Noguchi's cultured T. pallidum and other cultivable
treponemes aerobically on blood agar plates. A
few attempts to cultivate virulent T. pallidum
directly from rabbits failed, but optimistically he
considered it only a matter of experiment to establish
conditions under which direct isolations might be
made. Other attempts included those of Akatsu
(1917), Weiss & Wilkes-Weiss (1924), Aristowsky
& Hoeltzerl (1925), and Gelt'cerl (1927), who, with
his colleagues, succeeded in isolating several strains
from syphilitic patients, which, it is stated, could
be transferred for a period pg jiutrient media
(Ov&innikov-personal communicaion, 1962). See

'ltimes t"Geltser" o fHootzer" ia non-Russian

also Grutz (1924) and Oganesjan (1929). Bacterial
contamination of cultures was still a problem, and
Wilkes-Weiss & Weiss (1926) investigated the
selective inhibitory action of a number of chemical
and antiseptic germicidal substances, including
arsenicals, to destroy contaminating staphylococci
and Escherichia coli.
Bessemans & de Geest (1928) grew T. pallidum

in ascitic fluid and rabbit serum medium plus a
piece of rabbit in the manner of Noguchi, and
further apparently successful cultivations were
reported by Hoder (1930) and by Aksjanzew-Malkin
(1933)-(see Wilson & Miles, 1955). Pons (1924)
used blood, urine and organs of the rabbit. On the
other hand, in 1924, Jaureguy & Lancelotti are
stated to have claimed the maintenance of virulence
in over 300 subcultures (see Mason, 1939). Like-
wise, Reiter (see Reiter, 1960) claimed that he sent his
cultivated strain to Mulzer in 1927 and that Mulzer
& Nothhaas (1928) had repeatedly injected sub-
cultured material into rabbits with success, but this
work has not been reduplicated by other workers.
During the period 1913-29, various strains were

established, purporting to have been grown in the
first place from human syphilitic lesions or from
syphilitic rabbit's testicle which, albeit without
virulence, have since been maintained as the so-
called cultured strains of T. pallidum (e.g., Nichols,
Noguchi, Reiter, Kroo, Kazan, etc., strains). (See
Saurino & DeLamater, 1952, and section 9; see also
the work of Krantz, 1922, 1923, 1924a, b.)

Extensive efforts to cultivate virulent T. pallidum
were made in the 'thirties. Gammel & Ecker (1931)
in the United States of America reported that
during the previous four years they had been
engaged on the problem of cultivating virulent
T. pallidum. The following year the Committee on
Research in Syphilis, Inc., granted a stipend to
extend the investigations. Approximately 100 differ-
ent media were used and more than 400 animal
inoculations were made. They tried the time-
honoured horse serum of Schereschewsky but
stated they were " unable to find a suitable horse ".
Pooled human sera prepared according to Schere-
schewsky's formula gave slightly more encouraging
results, and similar observations were secured with
rabbit and sheep sera, with or without pieces of
sterile rabbit kidney or testicular tissue. In certain
media (human, sheep and rabbit serum media)
typical and motile treponemes were observed for a
period of weeks or months, but these failed to grow
in subcultures. Also, these organisms, even if they
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retained their morphological characteristics, failed
to retain their virulence for rabbits for more than
48 hours. These authors tentatively suggested that
the multiplication of treponemes had been observed
in a few instances, but they appeared not particularly
encouraged by their experiences.

Earlier investigators had used material from
syphilitic lesions. Gammel & Ecker (1931) tried
human lymph-node material-a method also tried
by Crespel (1937a, b)-but this proved too cumber-
some, and they finally reverted to rabbit material,
care being taken to avoid animals infected with
T. cuniculi in the selection of stock. It was concluded
that there was no parallelism between motility and
virulence, and that there was no known reliable
culture medium in which virulent treponemes could
be successfully grown.

In 1930, Kast & Kolmer (Kast & Kolmer, 1933,
1940, 1943) after very many unsuccessful attempts,
claimed to have succeeded in cultivating the Nichols-
Hough rabbit strain. Fragments of chancrous
scrotal skin were minced, washed in Ringer's
solution and extracted in hormone broth for five
hours. The resultant fluid contained one to three
slightly motile treponemes per field, which were
shown to be infective for rabbits. The hormone
broth was inoculated into an ascitic fluid-cysteine
medium together with an anaerobic bacillus, and
sealed and incubated. A good growth was obtained
and, although rabbits inoculated intratesticularly
with 4-7-day and 14-day cultures did not develop
a detectable orchitis over a period of three months,
a lymph-gland transfer from one of two rabbits
inoculated with a four-day culture resulted in the
development of syphilitic orchitis in another rabbit
about four weeks later. Although this culture was
maintained successfully for four years, it subse-
quently never again proved virulent for rabbits, and
retrospectively these workers expressed their opinion
that cultivation of T. pallidum with the preservation
of virulence had never been conclusively proved.

PERIOD 1931-40

Further failures to cultivate virulent organisms
were reported by Jahnel (1934) and by Mason
(1939), who tested no less than 14 media (and also
chick embryos). Mason had no success with human
chancre serum, and his culture forms, on subculture,
proved avirulent. In his review of previous attempts
at the culture of T. pallidum, he stated that production
of typical rabbit syphilis with culture organisms had

been claimed by a number of authors. Among those
quoted (Bruckner & Galasesco, 1910; Schereschew-
sky, 1909a, b; Shmamine, 1912; Hoffmann, 191 la, b:
Sowade, 1911, 1912a, b; Nakano, 1912; Toma-
sczewski, 1912a, b; Wassermann & Ficker, 1922;
Kast & Kolmer, 1929), the range of time of reported
duration of virulence varied from 11 days (Kolmer)
to 120 days (Noguchi). See also Gelt'cer (1931),
Hoffmann & Frohn (1934).

PERIOD 1941-1950

In 1941 in the USA a patent was taken for the
culture of T. pallidum by 0. C. Morrison, who
claimed to have discovered a method for cultivating
T. pallidum (pathogenic Nichols strain) from rabbit
testicular lesions with preservation of virulence
(Morrison, 1941; see Kast & Kolmer, 1943). Indeed,
a further patent was obtained in the USA by Icheison
(1950). Morrison's medium was composed of a
filtrate of testicular material from Wassermann-
negative rabbits which was sealed with paraffin.
Rabbits inoculated with such cultures developed
positive Wassermann reactions 10-20 days later.
Nothing was said of subcultures, which was the
crux of the matter, and when the medium was
tested by Kast & Kolmer (1943), it was not found
to be of value. These latter authors considered that
the cultivation of T. pallidum with the preservation
of virulence for the rabbit was still an unsolved
problem.
Up to this time the culture of treponemes required

the use of complex anaerobic apparatus and media
containing essential animal fluids and/or tissues.
As the years unfolded, optimism as to possible
success of cultivating virulent T. pallidum faded, but
the importance of the avirulent cultured strains
increased. These provided useful information in the
immunological-and therefore also in the diagnostic
-field, and at the same time it was felt that precise
and detailed studies of their growth requirements
might provide the key to the successful culture of
virulent organisms. One result at least has been
valuable knowledge of survival factors common to
the cultured organisms and to virulent T. pallidum.
The introduction by Brewer (1940) of a clear

liquid thioglycollate medium which did not need to
be heated before use and required no petrolatum
seals, anaerobic jars or other equipment, facilitated
such work. The darkened portion at the top of the
culture is aerobic: the rest anaerobic. The progress
made since this date is considered in further sections

so
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which are concerned in more detail with media
(section 10) and the growth requirements (section 1)
of cultured treponemes.
Boak et al. (1949), using tightly-stoppered test-

tubes 100 mm x 11 mm in size, each containing
I ml of medium, cultured six strains of rabbit-
adapted T. pallidum from rabbit syphiloma in a
modified thioglycollate medium enriched with
serum from various sources. The treponemes were
present in the original cultures for 34-97 days. In
one series of first, second and third cultures (Nichols),
they were seen at 87, 23 and 11 days respectively,
but no virulence studies were made. Further attempts
to cultivate virulent organisms (pathogenic Nichols
strain) included those of Little & Subbarrow (1945);
see also Eagle & Germuth (1948).

A=TEMPTS SINCE 1950

More recently, HArd (1952), Meinicke (1956),
Gurun (1957), and Rose & Morton (1952a) have
likewise been unsuccessful in growing virulent
organisms, although in some cases (e.g., Little &
Subbarrow, 1945; Hard, 1952), a treponeme was
cultivated which lost its virulence. Gurun (1957)
used a medium of beeswax, almond oil, sucrose
water and egg yolks in cultivating T. pallidum from
blood or serum of syphilitic patients. T. pallidum
was found mainly beneath the surface. To reach
maturity, it was considered that the treponeme had
to pass through a granular and a rod stage and that
the only way it could do so was through the develop-
ment of the granule rather than merely by trans-
verse division (see Beerman et al., 1959). For other
work during this period see Gelt'cer & Lepert (1951)
and Gelt'cer (1954).
The continued general failure to culture and main-

tain virulent T. pallidum in vitro in a reproducible
manner has been matched by a similar failure using
tissue culture, in both eggs and explants. These
matters are considered separately in the next section.
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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


