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13. SURVIVAL OF T. PALLIDUM OUTSIDE THE BODY:
I. GENERAL OBSERVATIONS
SURVIVAL OF T. PALLIDUM IN BODY FLUIDS

SURVIVAL IN TISSUE

Although T. pallidum is unable to survive outside
the body in tissues, fluids, or special media for more
than an hour or two-being killed off by desiccation
and other physical means-motility, at least, may be
preserved for weeks or months in body fluids
(Medical Research Council, 1931; McNabb et al.,
1933; Wilson & Miles, 1955).
In capillary tubes or in slides sealed by soft
paraffin, kept at room temperature, T. pallidum may
remain viable for long periods. Beer (1906; see
Lumsden, 1947) found motile organisms in sealed
slides after 33-50 days, and Lumsden (1947) observed
motility for 8-14 days-in one case for 34 days-in
sealed slides kept at room temperatures in Assam.
In capillary tubes kept in the incubator at 37°C
containing serum from syphilitic lesions, the lastnamed worker observed motility for 6-10 days.
Harrison (1934), in England (see Harrison, 1939),
in conjunction with the Toronto Public Health
Laboratory in Canada, found motility in sealed
capillary tubes, and in sealed slides, for as long as
84 days. In the course of these investigations the
surviving organisms crossed the Atlantic Ocean four
times by sea. No virulence studies were made

Some tissues may show viable organisms for
7-10 days or longer at body or room temperatures
(Engley, 1956). Neisser (1911; see Lumsden, 1947)
reported that Truffi found motile treponemes
52 hours after death and that Gaston found motile
organisms in a syphilitic child's liver up to 10 days
after death. Neisser himself found them in a stillborn foetus 50 hours after birth. Hoffmann (1926;
see Nelson, 1948) found motile treponemes in
infants who had died of congenital syphilis and been
refrigerated for 24-36 hours.
Suspensions from syphilitic rabbits' testes show
motile treponemes for 6-24 hours-longer at icebox
temperatures than at 25°C-37°C (Eagle, 1948).
Reasoner (1916) reported that in a richly infected
rabbit testicle kept at room temperature for 56 hours
it was possible to demonstrate only slight rotary
movement of the organism, but a rabbit chancre
stored by Selbie (1943) at -5°C in plasma remained
virulent for six days. Shaffer (1926) reported that
in fresh chancres kept at room temperature the
treponemes lived for at least 25 hours, and in the
incubator for 96 hours. At room temperature and
in the icebox all had died by 96 hours. In fresh
tissue-blocks kept anaerobically in the incubator,
survival was demonstrated for as long as 78 days,
albeit without virulence.

(Harrison-personal communication, 1960).
The yaws treponeme can survive for some hours
in the diverticulum of Hippelates pallipes-possibly
being regurgitated (Kumm, 1935; see Jordan &
Burrows, 1945; Kumm et al., 1935; Kumm &
Turner, 1936).
Treponemes will survive in plasma, whole blood
or serum for only a matter of hours (24) at body or
room temperatures (Boak et al., 1932; Engley, 1956).
Numerous workers (e.g., Turner & Diseker, 1941;
Bloch, 1941; Kolmer & Rule, 1942; see Ravitch
& Chambers, 1942; Nelson, 1948) have regularly
produced dark-field-positive lesions from blood
samples removed one, three and 24 hours previously
and stored in the refrigerator at 5°C-but not after
72 hours. In blood at normal refrigerator temperatures T. pallidum dies within three days, and the
risk of transmission of syphilis from blood banks
is therefore negligible (Lancet, 1941; see also
Oganesjan, Zalkind & Kudrjavceva, 1935). It is
much less affected by extreme cold (see section 14).

LOSS OF VIRULENCE

In tissues after death T. pallidum may remain
infectious for one to five days (Eagle, 1948). Motility
is not synonymous with pathogenicity: neither in the
host is virulence necessarily associated with a microscopically visible tissue reaction (Stokes & Beerman,
1948). Residence outside the body-even of viable
treponemes-is soon accompanied by a fall in
virulence, although under suitable conditions motile
and morphologically typical treponemes can be
maintained for many weeks (Berger, 1960; Clark,
1962; Kimm et al., 1962). This phenomenon is
noted with other Treponemataceae: L. icterohaemorrhagiae, if kept in water, may become indistinguishable from L. biflexa (Zuelzer, 1928; see Wilson
& Miles, 1955). Although some workers have
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suggested that the reverse might occur with repeated
animal passage (Baermann & Zuelzer, 1927, 1928),
Wilson & Miles (1955) doubted this.
Lacy & Haythorn (1921) recovered virulent treponemes from a stillborn infant 26 hours after birth.
Gammel & Ecker (1931) saw typical motile treponemes in superficial ulcers of a stillborn infant
48 hours after birth but could not transfer the disease
to rabbits (see Shaffer, 1926): neither could they
infect rabbits with syphilitic tissue 72 hours after
removal from the host. Zurhelle & Strempel (1927;
see Gammel & Ecker, 1931) found that treponemes
might retain their virulence in syphilitic tissue for
three days after death. Other workers (e.g., Levaditi
& Vaisman, 1946; and Armuzzi & Strempel, 1926see Nelson, 1948) have likewise been able to show
by rabbit inoculation the survival of virulence of
autopsy material of intact rabbit testis maintained
at 5°C. Shaffer (1926; see Gammel & Ecker, 1931)
kept blocks of chancre tissue in anaerobic jars in the
incubator for 21 days. It was possible to infect
rabbits with test material 5 days after removal. Hu
et al. (1946) isolated virulent T. pallidum from the
human aorta 32 hours after death from cardiovascular syphilis.
It is pointed out by Gammel & Ecker (1931) that
one cannot apply to the human the results of virulence tests made on rabbits, as man is more susceptible to the disease than is the rabbit. On the other
hand, one fact does support the fairly rapid loss of
virulence of T. pallidum in tissues after deathnamely, the rarity of accidental syphilis in pathologists. Hoffmann (1926) could find only 16 cases in
the literature and from his own experience.
Clark (1962) demonstrated that virulence was not
synonymous with motility. When suspensions of
T. pallidum were kept for three or more days, fewer
infections could be induced by the injection of calculated doses of motile treponemes into animals
than when the suspensions were more recent.
Moreover, when the older suspensions did prove
infective the incubation period tended to lengthen.
Stokes & Beerman (1948) considered that the
problems of virulence might be advanced towards
solution by:
(a) a study of morphological differences between
virulent and avirulent living organisms using the
electron microscope and other means;
(b) development of a technique of mass cultivation
of avirulent treponemes such as so substantially
advanced the study of the tubercle bacillus and the
pneumococcus;
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(c) mass isolation of large numbers of virulent
T. pallidum from rabbit chancres for chemical
studies;
(d) studies of the effect of changes in the chemical
and physical constitution of media on morphology,
longevity, motility and ultimately virulence of both
virulent and avirulent treponemes;
(e) passage of T. pallidum through specific tissues
to modify its virulence and to develop tropisms; then
utilization of tissue culture, tissue extracts and even
hormones for such purposes.
More than a dozen years have passed, and Stokes
& Beerman's forecast has proved accurate as
regards the methods which have been used by
research workers. Success in the elucidation of the
problems of virulence has so far, however, remained
elusive.
EFFECTFS OF INIMICAL AGENTS UPON SURVIVAL

T. pallidum is a very fragile micro-organism and
dies out quickly outside the body (Jordan & Burrows,
1945). Its resistance to inimical agents is no greater,
and generally less, than that of vegetative bacteria
(Wilson & Miles, 1955). The general factors
increasing the metabolism of T. pallidum increase
its susceptibility to any form of aggression; conversely, factors reducing metabolism increase its resistance
to aggression (Borel, 1956).

Light
Vaisman et al. (1952) showed that both motility
and virulence of T. pallidum were retained following
low exposures (9000 ergs/mm3) to ultraviolet light;
but with greater exposure (18 000 ergs/mm3), while
motility was retained, virulence was lost; and with
still greater exposure (55 000 ergs/mm3) both motility
and virulence disappeared.
Probey (1951) showed that transmission of
syphilis to rabbits was not prevented by first exposing
the inoculum to ultraviolet light. Wilkes-Weiss
& Weiss (1925-26) used ultraviolet rays in the
purification of their cultures.
Heat
T. pallidum is very susceptible to heat. Boak et al.
(1932) showed that saline suspensions of infected
rabbit's testicle were sterilized by exposure to 39'C
for five hours, to 40°C for three hours, to 41°C for
two hours and to 41.5°C for one hour. At 50°C.
exposure for five minutes may be all that is necessary
(Reasoner, 1916).
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In infected animals, T. pallidum may apparently
be killed by raising the body temperature to 41.5°C42°C. The treponemicidal action of arsenical drugs
and of penicillin is enhanced at such temperatures
(Eagle, 1948).
The cultured organisms, if left undisturbed and
kept at an uninterrupted congenial temperature,
may remain alive for as long as a year (Jordan
& Burrows, 1945). In survival media, Weber
(1953; see Turner & Hollander, 1957) noted a progressive shortening of the survival time as the temperature increased above 20°C.
Desiccation
One reason why T. pallidum is such a very fragile
micro-organism and dies out quickly outside the

body is that it is rapidly killed by drying (Jordan &
Burrows, 1945).
T. pallidum and T. pertenue die on desiccation even
when lyophilized from the frozen state (Turner, 1938;
Turner et al., 1941a,b; Probey, 1947) when the
method is such that the viability of many other
viruses and bacteria is retained. Transfusion of
dried blood from patients with syphilis or yaws is
thus probably of no danger (Turner et al., 1941a, b).
The effects of freeze-drying-which differ between
virulent T. pallidum and the cultured strains-are
considered in more detail later (see section 14).
Cold
At refrigerated temperatures T. pallidum in body
tissues and in tissue fluids dies within a few days.
However, in conditions of extreme cold it may be
kept viable and virulent for very long periods (see
section 14).

Chemical agents
Levaditi & Ldpine (1931) studied 45 elements and
found that 10 had some antitreponemal activity.
Treponemes are rapidly immobilized by trivalent
arsenicals, bismuth and mercurial preparations.
Gold and iodides are also active (Turner & Hollander, 1957). This is probably due to a common
affinity for -SH groups, the drugs blocking -SH
groups in enzyme proteins vital to cellular economy.
Sometimes organisms may be reactivated by -SHcontaining compounds (e.g., cysteine, glutathione
or 2 3-dimercaptopropanol) which remove toxic
metal from its reversible combination with the
cellular constituents (Eagle, 1948) for in vitro action
of neoarsphenamine (see Pons, 1924). The effects
of chemical agents on the Reiter treponeme are

similar in the case of virulent T. pallidum. Bismuth,
arsenic, mercury and gold-in that order-have
been shown to be effective (Mutermilch et al., 1959).
Doak et al. (1958) and Freedman et al. (1964)
reported that both phosphonic and phosphinic acids
were active against T. pallidum. This was considered
surprising, as both are strong acids and phenyl
arsenoxides are relatively inactive (Eagle et al., 1940).
Indeed Eagle (1945) noted that the treponemicidal
activity of most the acid-substituted phenyl arsenoxides studied increased with increasing hydrogen
ion concentration in the pH range 5.5-9.0.
Levaditi & Prault (1945) noted that small doses
of ascorbic acid or of para-aminobenzoic acid did
not suppress the pathogenic activity of T. pallidum
in the mouse or rabbit: large doses did so, but
possibly as a result of acidity rather than of treponemicidal action of the substances concerned.
Reasoner (1917; see Rose & Morton, 1952) noted
the lethal effect of toilet soap on T. pallidum. Keller
& Morton (1952) found that the Nichols, Reiter
& Kazan strains of cultivated treponemes were all
highly susceptible both to non-medicated soaps
and to soap containing hexachlorophene.
The experiments of Metchnikoff & Roux, who
transferred syphilis to monkeys and anthropoid
apes (Metchnikoff & Roux, 1903, 1904, 1905; see
Jordan & Burrows, 1945), and who showed that
calomel ointment applied one to two hours after
cutaneous inoculation into chimpanzees prevented
infection, are well known. Other work in this
field is beyond the scope of this study.
Antibiotics
Many antibiotics are lethal to T. pallidum; these
include penicillin, oxytetracycline, chloramphenicol,
streptomycin, erythromycin and magnamycin (Turner & Schaeffer, 1954; see Turner & Hollander, 1957;
Rake et al., 1947; Wiggall et al., 1949). Mutermilch
& Gerard (1957) compared the action of various
antibiotics on pathogenic T. pallidum and on the
Reiter treponeme. No curative effects in syphilis
were noted with soframycin, viomycin, polymyxin.
neomycin or tyrothricin: in vitro all these antibiotics
were likewise inactive against the Reiter treponeme.
Streptomycin was also inactive against the Reiter
treponeme and had only slight action in syphilis.
Penicillin, erythromycin, tetracycline, oxytetracycline, chlortetracycline, chloramphenicol and bacitracin were active against both. It was concluded
that both organisms had similar antibiotic sensitivity. Penicillin combined with ecmonovicillin was
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studied by Vjaseleva (1954). Ovcinnikov (1952)
established experimentally that penicillin remains
active in the organism for longer if it is administered
in milk or blood. Ovcinnikov, Kutukova & Korbut
(1956) and Vjaseleva (1949) studied the effect of
penicillin, streptomycin, levomycetin, biomycin,
synthomycin, etc., and the effect of penicillin was
studied by Ovcinnikov & Zelikova (1951) and by
Vjaseleva & Danilova (1952). Spectinomycin has
been shown to be active against T. pallidum (Clark
et al., 1963), as has Dextrosulphenidol, a chloramphenicol-like substance (Garson et al., 1960). On
the other hand, kanamycin is active only in high
dosage (Washburn et al., 1960), and the Japanese
antibiotics, Mikamycin and Toyomycin (Fujita et al.,
1964), and Rifamycin (Lissia et al., 1962) are inactive.
It was reported by Fegeler & Knauer (1961) that
novobiocin and kanamycin appear to prolong the
life of the organism in vitro.
(a) Penicillin: in vitro tests. Penicillin, the drug
of choice in the treatment of syphilis, is therapeutically extremely active. In preliminary tests made
by Dunham et al. (1944) 240 Oxford units per ml
failed to show any in vitro action on T. pallidum.
This was equivalent to 300 000 Oxford units per kg,
which was considerably greater than the concentration required to protect rabbits from infection. In
further tests, using penicillin in much higher concentrations-up to 3200 Oxford units per ml-satisfactory results were obtained. (These experiments
were done using the technique of Eagle, 1940.
Syphilitic rabbits' testicles were ground and suspended in a mixture of normal rabbit serum and
physiological saline. After centrifugation, serial
dilutions of antibiotics were added and the mixture
was kept in an atmosphere of hydrogen at 22°C for
two hours. The percentage of motile treponemes
was then determined by dark-field examination.)
According to Wilson & Miles (1955), quoting
Beerman (1947), T. pallidum is sensitive to penicillin
in vitro: the antibiotic causes loss of motility,
elongation of the cells without division, loss of
infectivity and death. However, Dunham & Rake
(1945) found that the observable in vitro effect of
penicillin on the motility of T. pallidum was caused
largely by impurities. If pure crystalline penicillin G
was used, it had little effect with exposure up to
two hours to concentrations of up to 8800 units
per ml, whereas under the same conditions solutions
containing 2200 units/ml of the least pure penicillin
immobilized all the treponemes. Eagle (1948)
reported that although penicillin is effective against
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T. pallidum in vivo, no demonstrable effect could
be observed in vitro during the limited time-period
within which suspensions of virulent T. pallidum
could be studied. Cultures of the Reiter treponeme,
on the other hand, were killed at a slow rate with
penicillin. The treponemicidal action of penicillin
in vitro and its temperature coefficient were studied
by Eagle & Musselman (1944; see also Heite, 1951).
Ovcinnikov & Zelikova (1948, 1951) exposed a
suspension of Treponema pallidum obtained from a
rabbit chancre to the effect of penicillin in concentrations of 5, 50, 500 and 5000 units per ml for
three hours and then injected the suspension intrascrotally in rabbits. After injection of a suspension
containing penicillin in concentrations of 5, 50 and
500 units per ml, chancres developed in all rabbits.
In those injected with the suspension containing
5000 units per ml a chancre developed in only one
out of three-after two months. Under the electron
microscope obvious changes (lysis) were visible in
the T. pallidum under the effect of the penicillin.
In some of the treponemes granule formation was
marked. Vjaseleva (1954) also found morphological
changes in treponemes caused by penicillin.
According to Vjaseleva (1957a), high concentrations were necessary to produce cessation of motility
and changes in morphology. Cessation of motility
and partial deformation did not necessarily indicate
that the treponemes had died; subcultures might
still be obtained. The minimal treponemostatic
dose was 0.015-0.039 unit per ml. Vjaseleva (1957b)
grew treponemes on Tarrozzi medium containing
0.01-0.66 unit of penicillin per ml.
In vitro studies (by Nell, 1954) have shown that
strains of T. pallidum from venereal and endemic
syphilis (bejel), and T. pertenue all showed sensitivity
of the same magnitude to penicillin.
(b) Penicillin: in vivo tests. Penicillin added to
T. pallidum-positive blood from the experimental
rabbit one hour before transfusion failed to prevent
syphilis from developing in all of three rabbits transfused by Probey (1953), although none of three
other rabbits developed syphilis when penicillin
had been added to the blood one day or more before
transfusion.
Although the in vitro effect of penicillin on virulent
T. pallidum may not be striking, penicillin in sufficient dosage in vivo causes almost complete disappearance of treponemes from syphilitic lesions
within nine hours (Tucker & Robinson, 1947). This
occurs without changes in morphology (Morton &
Ford, 1953). Penicillin G is more effective than
6
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penicillins F, K or X-as shown in in vitro experiments against the Reiter strain by Eagle (1946) and
in in vivo experiments by Turner et al. (1947a, b),
Eagle & Fleischman (1948), Arnold et al. (1947) and
by Rosahn & Rowe (1950), who used the mouse.
The treponemicidal action of penicillin is enhanced
both in vitro and in vivo by an increase of temperature in the range 37°C-42°C (Eagle et al., 1947).
The sudden disappearance of T. pallidum within a
few hours after starting penicillin therapy would
not-in the opinion of Morton & Ford (1953)-be
due to phagocytosis or to adherence of erythrocytes
as described by Nelson (1953). One logical explanation was that the organisms had undergone lysis
because penicillin exerted a lytic effect on microorganisms.
When bacteria are brought into contact with
sublethal concentrations of penicillin, their morphology is markedly altered. The organisms swell
and elongate to several times their normal size
(Morton & Ford, 1953; Morton & Oskay, 1950;
Gastinel et al., 1959). Tung & Frazier (1946)
reported that, when the Reiter strain was grown in
sublethal concentrations of penicillin, elongated
forms appeared after 24 hours. It would be possible
under normal conditions for the Reiter treponeme
to pass through three generations in this period.
The presence of elongated forms would appear to
indicate that penicillin interferes with cell division.
This was noted by Morton & Ford (1953) in respect
of both the Reiter and Nichols strains of cultivable
organisms.
In man, Frazier & Frieden (1946) noted that,
within 90 minutes after injection of 20 000 units of
penicillin into syphilitic patients, the ratio of long
forms of T. pallidum to short forms increased from
1.22 to 1.5 in one case. In a second patient given
40 000 units of penicillin, the ratio changed from 1.1
to 1.3 after 6 hours. From this it is inferred (see
Morton & Ford, 1953) either that the treponemes
elongated under penicillin or that the short forms
were disappearing faster than the long forms. Since
the normal generation time in the case of virulent
treponemes is of the order of 33 hours, and it seemed
unlikely that treponemes could approximately double
their length in about one-half of their normal
generation time, the second possibility appeared the
more likely.
Attempts to produce a penicillin-resistant strain
of T. pallidum in experimental rabbit syphilis by
giving subcurative doses of penicillin have failed
(Hollander et al., 1952; Probey, 1953). Even when

such doses were given for 20 weeks and then stopped,
the disease still developed during the normal incubation period without signs of penicillin resistance
(Hollander et al., 1952). No definite signs of penicillin resistance of the treponemes have yet emerged
(Beerman et al., 1950; Turner & Hollander, 1957).
Neither has it been found possible to create penicillin-resistant strains of the Reiter treponeme
(Mutermilch et al., 1959). Small amounts of streptomycin will permit T. pallidum to survive and at the
same time prevent death from contaminants (Ledbetter & Cummings, 1954). The action of penicillin
on the immobilization of T. carateum was studied by
Varela & Palencia (1955).
As far as oral treponemes are concerned, penicillin,
oleandomycin, novobiocin and celesticetin have been
shown effective in in vitro tests, as have also erythromycin and vancomycin (Hampp & Fitzgerald, 1959).
These organisms proved relatively resistant to
polymyxin B and markedly so to cycloserine and

anisomycin.
Antisera
With antisera there is clumping, lysis and destruction of the organisms (Wilson & Miles, 1955).
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