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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
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an examination was made for sterility. The me-
dium was then covered by a fresh layer of sterile
paraffin to shield it from the air and to prevent
evaporation. Strict anaerobic conditions were
necessary, and to achieve these Noguchi used a
combination of hydrogen gas, a vacuum, and pyro-
gallic acid in an anaerobic apparatus. Anaerobiosis
within the medium was aided by the presence of the
piece of fresh tissue. Noguchi (1912a) also cultivated
Borrelia in a medium of ascitic fluid and fresh tissue
in which a network of fibrin was formed. The
method of Noguchi, having been claimed as success-
ful for the cultivation of T. pallidum, was naturally
widely adopted (for instance, by Zinsser et al., 1915;
Akatsu, 1917; and many others; see also Proca et al.,
1912a,b).
Zinsser et al. (1915) stated that strains obtained

from Noguchi grew without difficulty using his
method, as also in Schereschewsky's medium.
They stated that T. pallidum, once established, could
be cultivated with relative ease in fluid media (serum
broth mixtures with pieces of sterile rabbit's kidney).
The addition of all tissues favoured growth: espe-
cially active treponemes were obtained when lung
and suprarenal tissues were employed without the
addition of agar. Both Noguchi's and Schere-
schewsky's methods were regarded as excellent for
mass culture for the preparation of luetin. Zinsser
et al. (1916; see Saurino & DeLamater, 1952) tried
tissue egg media from rabbit syphilomas but were
not successful. Weiss & Wilkes-Weiss (1924),
however, reporting work commenced in 1921, studied
more than 40 media for the culture of supposed
T. pallidum (Zinsser and Noguchi strains). Con-
sidered useful were egg and broth media and
unheated horse serum broth-which was satisfactory
only when the pH was properly adjusted. Serum
broth was improved by the addition of agar. The
treponemes were noted to produce acid in serum
media. Platinized asbestos (an adsorbing substance)
scattered through a tube of hormone broth favoured
growth. Raw potato, in especially buffered broth,
was also used. Shaffer (1926) reported that the
culture of T. pallidum in the media of Noguchi, of
Weiss & Wilkes-Weiss (1924) and, of Baeslack &
Keane (1920)-anaerobic horse serum-was not
difficult.
Kast & Kolmer (1940) tried 18 media which

included horse and rabbit serum, defibrinated
rabbit's blood, ascitic fluid, etc. Mudd et al. (1943),
in their electron microscope studies with Noguchi,
Kro6, Reiter and cultured Nichols strains, used

cultured strains obtained from Kast and a cysteine
medium described by Kast & Kolmer (1940). For
oral treponemes they employed glucose hormone
broth plus ascitic fluid and kidney tissue.
Mason (1939) tried 14 media. The only media

giving results longer than the primary inoculation
were coagulated horse serum, coagulated ascitic
fluid, and a modified Zinsser-Hopkins medium
(inspissated egg and ascitic fluid). Cultures were
maintained for 273 days, being transferred regularly
every three weeks.

SOLID MEDIA

Noguchi (1912b, 1913; see Rosebury & Foley,
1941) used solid as well as fluid media. His agar
medium (enriched by serum or ascitic fluid plus fresh
tissue) was employed on Petri plates by Rosebury
& Foley (1941) in the culture of oral treponemes.
Stab cultures were made using anaerobic jars. A
semi-solid medium was also used by Kligler &
Robertson (1922). Wichelhausen (1942), working
with oral fusospirochaetes, used solid media con-
taining beef heart, infusion agar, cysteine and
ascitic fluid, having first established them in broth.

Gates (1923) postulated that if T. pallidum could
be isolated by surface colony formation it would be
separated more easily in pure culture to obtain
suspensions of treponemes free from the proteins
of the medium, and which were therefore available
in a non-contaminated state for serological and
immunological tests. Hampp (1947b) stated that
methods of growing treponemes in the depths of
solid media were not suitable for immunological
studies, as it is difficult to separate treponemes from
agar particles. Gates in 1918, working on influenza
with Olitsky (Olitsky & Gates, 1921) found that
anaerobic bacteria previously cultivated only in the
depths of solid media, or in fluid media under a
petrolatum seal, could be grown in colony form on
the surface of rabbit blood agar. For T. pallidum,
Gates (1923) used an ordinary nutrient agar (beef-
infusion peptone broth plus unheated defibrinated
rabbit blood), and an anaerobic jar which utilized
the reaction of oxygen and hydrogen in the presence
of palladinized asbestos. The catalyser was heated
by a resistance coil (Davy lamp principle) and
hydrogen gas was continually pumped in. Noguchi's
strains of T. pallidum, T. microdentium and T. calli-
gyrum were used. The cultures were well developed
at one week, surrounded by a zone of haemolysis.
Gates questioned whether this was the first time
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spiral organisms had been grown on surface culture
(" a dense jellied mass " of treponemes) although
Twort (1921) had grown on a solid medium a tre-
poneme obtained from the lymph gland of a mouse.

Various other authors (Weiss & Wilkes-Weiss,
1924; Fortner, 1928, 1929; Aksjanzew-Malkin,
1933; Seguin & Vinzent, 1938; Wichelhausen, 1942,
and Rose & Morton, 1952b) have reported the
growth of T. pallidum and of oral treponemes on
the surface of solid agar plates, but not without
difficulty. Indeed, in spite of many attempts,
Wichelhausen & Wichelhausen (1942) only once
obtained growth of T. pallidum (Kazan strain) on
the surface of a blood-agar plate and twice of the
oral treponemes. They found it possible, however,
to culture the Noguchi, Nicholas and Kazan strains
in the depths of blood-agar medium. Unlike Gates,
Rose & Morton (1952b) were not able to find any
examples of a surface colony among their Kazan,
Reiter and Nichols strains studied. Diffuse sub-
surface colonies were seen in shake tubes and small
Petri dishes, as was reported by Wichelhausen
& Wichelhausen (1942) with oral treponemes.
Although these workers, and Weiss & Wilkes-Weiss
(1924), using Zinsser and Noguchi strains, stated
that the addition of small amounts of agar would
improve growth, Rose & Morton (1952b) could not
confirm this and considered that agar was best
omitted as it interferes with the study of treponemes
under the light and electron microscopes. Growth
on the surface of solid media was also reported by
Aristovskij, Kosterev & Rabinovic (1935), Oganesjan
(1929), Ohya (1932), and Ovcinnikov (1955).

In general, it is concluded that little success has
been obtained with surface culture on solid media
(Wilson & Miles, 1955). But although surface
culture on solid media has proved difficult, stab
culture remains. Rosebury & Foley (1941), for
example, successfully used stab cultures and anaero-
bic jars with Noguchi's solid media (Noguchi,
1912b, 1913; Christiansen, 1964; Hardy et al., 1963).

BASAL MEDIA

Heart infusion broths have been shown to be
useful in the cultivation of the avirulent treponemes
(Rose & Morton, 1952b). Gates (1923) used beef
infusion peptone broth; Weiss & Wilkes-Weiss
(1924) employed Huntoon's " hormone broth " of
similar composition for the growth of Zinsser and
Noguchi strains. Huntoon (1918) described his
" hormone " medium as a substitute for serum

medium. It is essentially a veal heart infusion from
which growth-promoting factors are extracted in the
presence of a colloidal suspension of agar (Hampp,
1947a). It was used with ascitic fluid and cysteine
by Kast & Kolmer (1933; see Saurino & DeLamater,
1952) and with the addition of gastric mucus, ascitic
fluid and other substances, for the Noguchi, Nichols,
Kazan and English Reiter strains by Hampp (1947b).
Wroblewska & Wr6blewski (1932) used a medium
containing cotton.

Wichelhausen (1942) used beef-heart infusion
broth for oral treponemes, as did Wichelhausen &
Wichelhausen (1942) for the Noguchi, Nichols and
Kazan strains. Kast & Kolmer (1940; see Rose &
Morton, 1952b) grew five strains of treponemes on
a variety of media. They found Bacto heart-infusion
broth-a dehydrated product-the most useful basal
medium for preserving morphology. Rose &
Morton (1952b) also preferred the reconstituted
dehydrated product to a fresh enzymatic digest of
beef heart for reasons of uniformity and convenience.
These authors (for the cultured Nichols, Reiter and
Kazan strains) used Bacto heart-infusion broth and
cysteine enriched with ascitic-fluid protein of human
origin. Eagle & Germuth (1948) employed a pork-
or beef-infusion broth containing 1% Wilson
peptone enriched by the addition of 5 %-10% rabbit
or human serum, or 10%-20% human ascitic fluid;
later Brewer's thioglycollate medium was used.

THIOGLYCOLLATE MEDIA

Brewer (1940a,b) introduced a clear liquid
medium for what he termed the " areobic" cultiva-
tion of anaerobes. This had the obvious advantages
that it did not need to be heated before use and
required no petrolatum seals or anaerobic jars or
other equipment. It was made of pork-infusion
solids, sodium thioglycollate, thiopeptone and agar,
to which dextrose was added to aid growth. The
darkened portion at the top was aerobic; the rest
anaerobic (the original medium was composed of
pork-infusion solids 1 %, thiopeptone 1 %, sodium
thioglycollate 0.1 %, sodium chloride 0.5%, and
agar 0.05 %, with added I % dextrose).

Brewer's thioglycollate medium-with modifica-
tions-has since been used by many workers (e.g.,
enriched with 10% rabbit serum by Hussey &
Nowminski, 1949) for the Reiter strain; for the
supposed growth of the Nichols rabbit strain
(enriched by the addition of 10% chicken, duck,
goose, beef, or hog serum) by Boak et al. (1949);
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for the Reiter strain grown in tightly-stoppered
flasks for the purpose of immunological studies by
Barban (1954), with the addition of yeast extract;
and for the Reiter strain also by D'Alessandro &
Del Carpio (1958) and de Bruijn (1957), who first
removed the contained agar by solution and filtra-
tion. Eagle & Germuth (1948) likewise switched to a
modified Brewer's medium in their study of the
cultivable treponemes, and in research into the
growth requirements of the Reiter strain (Eagle &
Steinman, 1948). A fluid thioglycollate medium
was used by Scheff et al. (1956), and Brewer's fluid
thioglycollate medium was also employed for the
culture of the non-pathogenic Nichols and Kazan
strains of T. pallidum, and for B. anserina by Haanes
et al. (1952).
A similar medium prepared from dehydrated

material (Bacto fluid thioglycollate medium plus
heated ascitic fluid) was used by Newcomer &
Haanes (1949) and by Haanes et al. (1950) for the
non-pathogenic Nichols and Kazan strains; and a
further dehydrated product, supplemented by beef
and hog serum, for the cultivation of treponemes
for the preparation of Reiter protein antigen was
used by Wallace & Harris (1958).
The medium employed by Gelperin (1949) for

the mass cultivation of the Reiter treponeme con-
sisted of trypticase 15 g, disodium phosphate 7.0 g,
dextrose 5.0 g, yeast extract 5.0 g, and sodium
thioglycollate 1.5 g. It was prepared by the addition
of 33.5 g to one litre of distilled water, the mixture
being shaken several times during a period of
30 minutes. It was then brought to the boil and
heated for 20-30 minutes and was subsequently used
in rubber-stoppered or Erlenmeyer flasks without
a petrolatum seal with the addition of 10% by
volume of heated serum. Attempts to cultivate
without the addition of serum were unsuccessful,
emphasizing yet again the importance of incorpo-
rating some mammalian native protein in the
medium.
Rose & Morton (1952b; see Keller & Morton,

1952) growing the cultivable Nichols, Reiter and
Kazan strains, used Bacto heart-infusion broth
consisting of infusion from beef-heart, tryptose and
sodium chloride plus glucose. Before use the
medium was placed in a boiling-water bath to drive
off surplus oxygen, after which was added cysteine
hydrochloride enriched by Bacto PPLO bovine-
serum fraction, found by Smith & Morton (1950) to
be the growth factor in serum required by certain
pleuropneumonia-like organisms. The medium,

which was dispensed in test-tubes and sealed with
white paraffin to ensure continuance of anaerobiosis,
was found to manifest excellent growth within four
to five days.

Other media used by Rose & Morton (1952b)
were: (1) pancreatic digest of fresh beef heart
prepared according to Brown (1948), to which was
added thioglycollate supplement; Bacto-Brewer
thioglycollate medium containing infusion from beef,
proteose peptone, dipotassium phosphate, sodium
chloride, glucose, sodium thioglycollate, agar and
methylene blue; Bacto-Linden thioglycollate medium
containing yeast extract instead of infusion of beef
as in the preceding medium; and also a Bacto fluid
thioglycollate medium consisting of casitone (a
pancreatic digest of casein similar in action to
trypticase), glucose, sodium chloride, cysteine,
thioglycollic acid, agar and reazurin-similar to
that employed by Gelperin (1949), who omitted the
agar and reazurin.
The last two media contained yeast extract

instead of meat infusions, and both appeared to act
equally well. Rose & Morton (1952b) conclude that
a convenient and inexpensive medium for growing
the Nichols, Reiter and Kazan treponemes consists
of Bacto heart-infusion broth, glucose, neutralized
cysteine and plasma filtrate. The cultures are kept
in sealed bottles and filled to the top by means of a
syringe. Whiteley & Frazier (1948), working with
the Reiter strain, considered proteose peptone (as in
the Brewer and Linden formulae for Bacto fluid
thioglycollate medium) superior to peptone, but
Rose & Morton (1952b) found both peptones similar
in growth-promoting properties.

OTHER MEDIA

Other research workers who sought at this time
to discover the optimum conditions for the growth
of treponemes on nutrient media include Aristovskij
(1935, 1940), Gel'tcer (1927), Welferz (1936),
Oganesjan (1929), Oganesjan & Gol'dberg (1931),
Ovcinnikov (1946), Kolesinskaja (1939), Tutova
(1946), Pillot (1962), and others. Derkac &
Kolesinskaja (1941) noted, when growing cultured
strains of Treponema pallidum on various hormone
media (spleen, liver, adrenal glands, skin, testes,
thymus and thyroid), that growth assumed a different
character but no changes in immunological proper-
ties were noted. The use of agitation to extract
Reiter treponemes from culture was described by
Mirdamadi (1962).
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RATE OF GROWTH OF CULTURED TREPONEMES

Gelperin (1949) observed growth of his cultures
of the Reiter treponeme for two to three days, but
multiplication did not cease until after five to six
days. The division time was calculated at 8.8 hours,
which was substantially less than the 30-33 hours
which has been estimated for pathogenic T. pallidum
(Magnuson et al., 1948; Cumberland & Turner,
1949). In the studies of Rose & Morton (1952a)
there were 7.0 generations in the first 48 hours,
which dropped to 0.4 generation in the third 24 hours,
after which the rate of multiplication was fairly
stable. The generation time was thus 6.9 hours in
the first two days, which was somewhat less than
the 8.8 hours of Gelperin. This reflected a greater
multiplication during the first 48 hours of growth
in the medium of Rose & Morton (Bacto heart-
infusion broth with glucose, cysteine and plasma
filtrate) than in the medium of Gelperin (casein
digest (trypticase), sodium thioglycollate, yeast
extract and disodium phosphate). On the third day,
however, assuming no death of organisms, the
generation time was 5.81 hours-a figure probably
approximating to a stable population in which rates
of growth and death are equal.

It is thus evident that the rate of multiplication in
culture can be both less and more than that calcu-
lated for virulent T. pallidum in vivo-i.e., it depends
on environmental conditions. The comparative
figures cannot, therefore, be used as a significant
argument as to the identity or duality of cultured
and pathogenic T. pallidum.
Bessemans & de Geest (1929; see Mason, 1939)

showed that treponemes might be kept alive and
transferable in culture for months: although mobility
may be lost, apparent duplication may go on.
Although cultures ordinarily grow out in 7-14 days,
long periods (e.g., six months by Roukavischnikoff,
1929; see Mason, 1939) have occasionally been
reported. Some developing resistance to antibiotics
of the Reiter treponeme and mouth spirochaetes in
culture was noted by Berger & Marggraff (1960).
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produced a zone of anaerobiosis in its neighbourhood
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