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14. SURVIVAL OF T. PALLIDUM OUTSIDE THE BODY:
II. FACTORS FAVOURING SURVIVAL

ANAEROBIOSIS

Anaerobic conditions and an equitable tempera-
ture favour survival, as does the presence of serum
and of tissue extract (Eagle, 1948). Shaffer (1926)
kept blocks of chancre tissue in anaerobic jars under
incubation for 21 days. He claimed there were twice
as many treponemes in dense masses in the inoculated
area at five days, after which there was a gradual
diminution to the original number by 21 days.
Shaffer believed that there was a clinical analogue in
the syphilitic foetus. The macerated syphilitic foetus
usually shows numerous treponemes, particularly in
the liver-the mother having acted as an incubator to
increase greatly the number of treponemes. The
syphilitic child who dies at birth, on the other hand,
shows only a few or no treponemes, depending on
the stage in the immunity cycle at which death
occurs.

EXTREME COLD

In blood at normal refrigerator temperatures
death of T. pallidum occurs within three days
(Lancet, 1941) and in stored blood it dies out rapidly
when frozen (Boak et al., 1932). At lower tempera-
tures, however, it remains viable and its virulence
may be kept in suspended animation in fluids and
also in tissue (Hampp, 1951).
Kissmeyer (1923; see Lumsden, 1947) preserved

motile T. pallidum for three months at - 16°C.
Krantz (1923) froze T. pallidum at - 20°C for one
hour, and found it strongly motile again 48 hours
after thawing. On the other hand, at the same tem-
perature Ravitch & Chambers (1942) showed that
human and rabbit plasma heavily inoculated with
T. pallidum and frozen for 48 hours was no longer
infectious for normal rabbits. The material remained
infectious if frozen at -20°C for only 24 hours but
the incubation period in the experimental animals
was prolonged. However, although, volume for
volume, the size of the inoculum in these animals was
the same as in the controls, it is probable that
the number of treponemes in the inoculum was
smaller.
Turner (1938) showed that virulent T. pallidum

and T. pertenue did not survive for as long as two
months at -10°C and - 20°C. They died during the

maintenance period, not at freezing. They did not
survive freeze-drying at these temperatures (see also
Turner et al., 1941), although one lot of T. pallidum
was infective for rabbits one day after desiccation,
but this was believed to have been due to a fault in
the drying process.
At even lower temperatures it is possible to pre-

serve virulence for long periods: indeed, it is the
only known method for preserving virulent T. pal-
lidum and T. pertenue outside the body. The tre-
ponemes remain viable in infected tissue for long
periods (at least a year) if frozen at -78°C and
stored at that temperature (Jahnel, 1937; Turner et
al., 1941; McLeod & Arnold, 1949-see Wilson &
Miles, 1955; Volosceanu & Sirbu, 1963).
Turner (1938) and Turner & Fleming (1939)

showed that at -78°C the morphology, motility and
virulence of both T. pallidum and T. pertenue could
be preserved for at least a year, and a significant pro-
portion for three years at least-a period later
extended to more than nine years (Turner & Hol-
lander, 1957). This discovery has made possible the
immediate availability of virulent organisms for in
vivo culture in rabbits. Improved methods of pre-
servation by freezing in glycerol have been described
by Hollander & Nell (1954). Stratton (1946) re-
ported that rabbit lymph-nodes and mouse brain
frozen at - 78°C for one year lost virulence, but that
mouse spleen did not.

Gastinel et al. (1958) noted that lyophilization of
a suspension of T. pallidum or of an infected rabbit
testicle did not permit preservation of the treponeme,
which lost both its motility and its pathogenicity.
The pathogenicity was, however, preserved by con-
gelation at -80°C. Similarly Borrelia duttoni and
Borrelia hispanica could not be lyophilized but were
preserved by congelation at -80°C. Hampp (1951),
having frozen dehydrated whole testes, found them
able to infect rabbits for periods exceeding two
months. According to Turner & Hollander (1957),
the use of the whole testis appears to offer protection
against freezing damage: such frozen infected testes
have been satisfactorily used for the storage of
T. pallidum for the later performance of the trepo-
nemal immobilization test (Chorpenning et al.,
1952), even after a year or more (Henschler-Greifelt,
1959).
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The cultured strains of T. pallidum, on the other
hand, can withstand lyophilization (Gastinel et al.,
1958; Hampp, 1947). Hampp (1947) conducted
lyophilization experiments with the Noguchi,
Nichols, Kazan and English Reiter cultured strains.
He noted that the treponemes were non-motile after
rehydration from freeze-drying, but growth was sub-
sequently obtained in all strains by subculture-in-
dicating that loss of motility was not necessarily
synonymous with loss of viability. Gastinel et al.
(1958) also found the Reiter strain could be pre-
served by lyophilization, particularly young cultures
2-13 days old. They also resisted congelation at
-80°C and in both cases, although the organisms
were immobile, they could be subcultured. These
authors noted that Leptospira icterohaemorrhagiae
could also be preserved by lyophilization (although
Stavitsky (1945) had reported that leptospires did
not recover all their vitality or pathogenicity), and
also by congelation. Lyophilized culture strains have
been used in attempted immunization procedures
(e.g., by Magnuson et al., 1947).
For effects of freezing and storage on relapsing

fever borreliae, see Turner & Brayton (1939).

SURVIVAL IN ARTIFICIAL MEDIA

Many of the alleged isolated successes of the in
vitro or tissue culture of virulent T. pallidum which
have already been described probably represent only
survival. The culture of the cultivable strains of
T. pallidum has already been considered, together
with the facts concerning their growth requirements
and the metabolism of these organisms. These facts,
as they have become known, have been applied also
in studies of the survival of pathogenic T. pallidum in
artificial media.
Bessemans & Van Haelst (1935) studied the sur-

vival of Nichols pathogenic T. pallidum in various
milieux. In physiological water, in none of 50 tests
made was there survival for four hours. The addition
of mouse or rabbit tissue, of rabbit or horse serum
or of glucose improved these results. With 5% glu-
cose in water, survival at four hours was noted in
24 of 100 tests.

Nelson (1948) and Nelson & Steinman (1948),
drawing on the experience of those studying the
growth factors of the cultured treponemes (e.g.,
Eagle & Steinman, 1948; Whiteley & Frazier, 1948),
were successful in maintaining the viability of
pathogenic T. pallidum for some days, although
without growth, in a thioglycollate medium.

In the first report with Steinman (Nelson & Stein-
man, 1948), the beneficial effect on survival of
carbon dioxide and the detrimental effect of a tem-
perature of 37°C were shown. Treponomes (Nichols)
from rabbit sources were found to be more suitable
than those taken from human lesions as they were
more numerous and were not contaminated.

Eagle & Steinman (1948), in commencing their
studies on the growth requirements of the Reiter
treponome, arbitrarily chose Brewer's fluid thio-
glycollate medium as a basal medium. Similarly,
Nelson & Steinman (1948) selected the same medium
supplemented by isotonic phosphate buffer and
crystalline bovine albumin as a basis for their study
of survival of virulent T. pallidum. Freely exposed
to air, the half-life (50% motility) was less than
12 hours, but it could be extended to 24 hours in an
atmosphere of 100% nitrogen or hydrogen. A half-
life of 96 hours was obtained in an atmosphere of
5% carbon dioxide and 95% nitrogen. Tempera-
tures of 32°C and 27°C were used in these experi-
ments, and it was considered that such temperatures
(below 37°C) improved survival. No evidence of
multiplication was found, however.

In the same year, Nelson (1948) reported the use
of a basal thioglycollate medium of known composi-
tion consisting of crystalline bovine albumin, phos-
phate buffer, sodium thioglycollate, cysteine, gluta-
thione, sodium pyruvate and a vitamin mixture
(containing thiamine, niacin, pantothenate, pyri-
doxine, riboflavine, choline, inositol, biotin and folic
acid). Beneficial effects were noted on the addition
of all these components. In addition to the basal
medium of known composition, a small concentra-
tion of tissue extract or serum ultrafiltrate appeared
to be essential to survival. The survival medium was
kept in an atmosphere of 5% carbon dioxide and
nitrogen. Suitable techniques were evolved by which
abundant organisms could be obtained in a relatively
tissue-free state. The half-life of the organisms con-
sistently could be prolonged for 6-8 days. There
were indications of growth of the organisms but not
of multiplication. Motile organisms, however, re-
tained their virulence.
Boak et al. (1949) kept six different strains of

rabbit-adapted T. pallidum (Nichols, Ami, Fan,
Tho, Est and Rei strains) taken from rabbit syphilo-
mas in a modified thioglycollate medium with sup-
plements of 10% chicken, duck, goose, beef or hog
serum. The treponemes were present for 34-97 days
in the original media. One series of Nichols strain
was said to have been subcultured for a limited
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period but no virulence studies were made. The
effects of 24 amino acids and certain of their optic
isomers, six related substances (asparagin, betaine,
creatine, creatinine, taurine and acetyl tryptophane),
eight fatty acids and certain vitamin supplements
were studied. Of the amino acids betaine, citroline,
creatinine and di-ornithine were most beneficial in
maintaining motile treponomes. The addition of any
of eight fatty acids (butyric, capric, caproic, caprylic,
lactic, lauric, linoleic, myristic), or of the growth
factors choline chloride, folic acid, glutathione and
pyridoxine did not increase the number of motile
treponemes.
Rose & Morton (1952), reviewing Nelson's work,

noted that the findings of Nelson (that survival of
virulent T. pallidum could be prolonged by the addi-
tion of crystalline bovine albumin, B vitamins and
glutathione or cysteine) were similar to those which
were observed with cultured treponemes. Unlike
the results with the cultured strains, however, trypti-
case or amino acids, sodium acetate and glucose had
shown no beneficial effects; sodium bicarbonate,
phosphates and sodium pyruvate were useful; and
they considered it likely that there were considerable
differences in the nutritional properties of virulent
and saprophytic treponemes.

In later papers (Nelson & Mayer, 1949; Nelson &
Diesendruck, 1951) certain modifications in the
medium were recommended. Nelson & Diesendruck
(1951) omitted the vitamin mixture previously recom-
mended but now shown not to be beneficial, and
increased twofold the concentration of thioglycol-
late. This was done because commercial mixtures of
nitrogen and carbon dioxide-used to promote
anaerobiosis-contained 0.4% oxygen which had a
toxic action on treponemes that might be pre-
vented by thioglycollate. For one rabbit testicular
syphiloma, 20 ml of the new medium were required
for anaerobic cultivation. The medium contained
crystalline bovine albumin (or fraction V bovine
plasma), phosphate buffers, sodium thioglycollate,
glutathione, cysteine hydrochloride, sodium pyruvate,
plus the addition of 5% of ultrafiltrate of beef
serum.

Rice & Nelson (1951) have since isolated from
beef serum a crystalline compound (in the form of
its isopropylidene derivative with an analysis
formula of C15 H26i 00). This substance was shown
to be essential for the prolonged survival of T. pal-
lidum, and was as effective as an ultrafiltrate of beef
serum or normal tissue extracts. Berlinghoff (1956)
used a compound (Periston-N) containing poly-

vinylpyrrolidone and very small amounts of sodium
potassium and magnesium chlorates, and sodium
bicarbonate successfully as a substitute for bovine
albumin.

Survival media have also been studied in detail by
Weber (1953; see Turner & Hollander, 1957, and
Weber, 1960). He found that although thioglycollic
acid, cysteine, glutathione or mercaptosuccine.
singly or in combination, could be substituted for
the reducing agents in the routine media, a number
of other related substances could not. He stressed
particularly the pyruvate requirements which were
essential for survival. With certain concentrations a
20% survival rate could be obtained for 16 days.
Temperature, too, was important. At 20°C, 20%
survival could be obtained for 24 days, but the
period of survival progressively fell between the
temperatures of 20°C and 40°C.
The work of Nelson and colleagues in ensuring

the survival of T. pallidum for some days led to the
discovery of the treponomal immobilization (TPI)
test (Nelson & Mayer, 1949). This test depends on
the utilization of a basal survival medium which will
sustain the life of the treponome for a period of time
exceeding test requirements.
While the precise chemical definition of survival

factors has been sought on the one hand, other work
to promote survival of T. pallidum has been fostered
for the purpose of the treponemal immobilization
test by the use of biological rather than chemically
defined substances. For example, Ranque et al.
(1952) tested the survival of the Nichols strain in
rabbit, sheep, beef and human sera. Motility was
best preserved in rabbit serum. It was Borel (1952)
who first recommended the extraction of the Nichols
strain in rabbit serum.
The original Nelson medium required the frequent

preparation every two weeks of many solutions. The
basic medium was further simplified by Portnoy.
Olansky & Edmundson (1953), Ajello et al. (1954)
and Boak & Miller (1954).

Portnoy, Harris & Olansky (1953) incorporated
larger amounts of sodium thioglycollate in the basal
medium plus larger amounts of complement serum
to promote better survival. At 18 hours there was
90% of motile organisms compared with only 63%
with the Nelson medium.
Boak & Miller (1954) showed that normal rabbit

serum inactivated for 45 minutes at 60°C and
diluted 50% with physiological salt solution in an
atmosphere of 95% nitrogen and 5% carbon dioxide
was as suitable a medium for the TPI test as that of
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Nelson & Mayer. At 16 hours 88% of treponemes
were motile compared with 68% with the Nelson
medium. Vincent (1957) also used a simplified
medium of bovine amniotic fluid and a reducing
fluid preserved in phials. The properties were con-
sidered similar to those of the Nelson medium.
The substitution of human albumin for bovine

albumin, as recommended by Dubos & Fenner
(1950) for the cultivation of the tubercle bacillus,
was described by Thivolet & Rolland (1952).
A serum-enriched modification of the Nelson

medium which would remain stable for at least two
months was described by Saurino (1953), and a
further modification by Delacretaz (1953) and
Bierschenk & Bierschenk (1956). The survival
medium can be lyophilized (Borel et al., 1958).
Methods to secure anaerobiosis were described by
Durel et al. (1953) and by Ranque et al. (1957), who
re-emphasized the necessity of keeping oxygen out
of the nitrogen and carbon dioxide mixtures. Kimm
et al. (1962) utilized basal synthetic media as de-
veloped for tissue cultures to study the survival of
T. pallidum.
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