
TREPONEMA PALLIDUM: A BIBLIOGRAPHICAL REVIEW

15. IN VIVO CULTURE OF TREPONEMES: I. INTRODUCTION

EXPERIMENTAL SYPHILIS IN ANIMALS

No success has so far been achieved in the growth
of virulent T. pallidum and associated organisms
outside the body, either in vitro or by egg or tissue
culture: the only way in which such organisms can

be preserved in a reproducing state in the laboratory
is in the living animal. Animals are also used as
" test-tubes" to isolate treponemes from cases (e.g.,
of late syphilis) when they cannot be found by other
means (Calkins et al., 1950).
The organisms can be maintained in chimpanzees,

monkeys, rabbits, pigs (Wilson & Miles, 1955) and
a variety of rodents, including guinea-pigs, hamsters,
hedgehogs (Bessemans & de Moor, 1939), and rats
and mice (Eagle, 1948; McLeod & Turner, 1946a).
Dogs, cats, sheep and heifers have also been infected
(Turner & Hollander, 1957). Domaynev (1882),
Goljahovskij (1901, 1903), and Sperk (1886-8)
(cited by Ovcinnikov-personal communication,
1962) in Russia infected piglets but the smaller
animals were found to be more convenient. Levaditi
(1942, see Jordan & Borrows, 1945) has expressed the
opinion that different strains of T. pallidum differ in
their pathogenicity for animals.
Apes and monkeys, particularly the chimpanzee

(Wilson & Miles, 1955), prove amenable to infection
and produce clinical signs demonstrating that
infection has occurred. Indeed, for yaws Nichols
(1910; see Pearce & Brown, 1925) considered monkey
inoculation the surest way. However, such methods
are cumbersome and expensive, and in the experi-
ments of Metchnikoff & Roux (see Wilson & Miles,
1955) many of the animals died.
The rabbit is the most convenient animal for this

purpose. A local lesion can be produced at the site
of inoculation to indicate that the animal is infected,
and the tissues remain infective for the natural life
of the animal, during which time the infection can be
passaged to other rabbits by lymph-node transfers.
Moreover, positive serum tests for syphilis develop
in rabbits infected with both syphilis and yaws

(Eagle, 1948). The hamster may also develop
lesions (see section 18). In rats and mice the infection
is symptomless, similar to that often but not
always obtained in guinea-pigs (Wilson & Miles,
1955; Lesinski et al., 1960). Although these smaller
animals remain infective for very long periods, the
rabbit has to be inoculated with material from them
to show that infection is present.

Why some animals do not acquire syphilis, others
serve as reservoirs, others fall sick only when
heavily in contact, and man falls sick with only slight
contact, is unknown (Ovcinnikov, 1955)-as is why,
in man and the rabbit, serum reagin reactions become
positive, whereas in the infected white mouse and
guinea-pig they remain negative.

RABBlT-ADAPTED STRAINS OF T. PALLIDUM

Nichols pathogenic strain

There are two Nichols strains, the pathogenic, and
the cultured or non-pathogenic. The latter was that
obtained by the supposed in vitro cultivation of
T. pallidum by Kast & Kolmer (1933)-see section 9.
It has since remained consistently non-pathogenic
to rabbits (see Eagle & Germuth, 1948). The
pathogenic strain was isolated in 1912 and, according
to Eagle & Germuth (1948), it was originally ob-
tained from human chancre material which was
inoculated into rabbits by Nichols & Hough (1913).
The reference quoted, however, refers to the demons-
tration of T. pallidum in the cerebrospinal fluid of a
25-year-old technician who had primary syphilis in
September 1911 and secondary syphilis in Novem-
ber 1911, and, after two salvarsan injections in May
1912, suffered acute brain involvement, classified as
a neuro-relapse. Injections of cerebrospinal fluid
were made into the testicle of a rabbit on 30 June
1912, and two further rabbits were inoculated with
material from the first animal in September 1912.
It was planned to continue this strain in the labora-
tory as it might throw some light on neurotropic
treponemes. Cultures of the same spinal fluid on
Noguchi medium remained sterile for two months.
Nichols' work (see also Nichols, 1914) was taken
over by Reasoner (1916), by which time the strain
had been taken through 32 generations in 73 rabbits.

Nichols, who began his study of experimental
syphilis in 1910, had more than one strain established
in rabbits. Noguchi (1911) used 10 different strains,
one of which was stated to have been transmitted
from man to rabbit by Captain Henry Nichols of the
United States Army while working at the Rockefeller
Institute.

Shaffer (1926), who also used the Nichols strain,
confirmed that it was isolated from the nervous
system. The strain has since been perpetuated by
repeated rabbit transfer and has been shown by
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several laboratory accidents still to be infectious to
man (Eagle & Germuth, 1948; Durel & Sausse, 1954;
Wakerlin, 1932; Turner & Hollander, 1957; Ranque
et al., 1960). (Durel & Sausse, 1954, also cited
instances of accidental laboratory infection con-
tracted from monkeys at the time of Metchnikoff
& Roux in 1906.) Fluctuations in virulence may be
noted with repeated animal passage (Zinsser et al.
(1916). The Nichols pathogenic strain has been,
perhaps, the most used by those working on rabbit
syphilis.
The pedigree of the various animal strains in cur-

rent use is of particular interest in view of any
modifications that may have occurred in their
pathogenicity through the years. WHO is investi-
gating the source and distribution of the various
strains of T. pallidum now being perpetuated in the
laboratories of the world.

Truffi strain
The Truffi strain was used by Levaditi & Danu-

lesco (1912), who compared it with the treponemes
grown by Noguchi in culture. It has been main-
tained on the continent of Europe and was used, for
example, for experiments on calves by B6clere
(1934), and by Levaditi & Levaditi (1941) in studies
on inoculum size; it was also inoculated into hens'
eggs by Hallauer & Kuhn (1942). Levaditi &
Vaisman (1932), on the basis of monkey inocula-
tions, considered that the Truffi strain had lost most
of its virulence as a result of its prolonged passage
in rabbits (see Turner & Hollander, 1957).

Gand strain
The Gand strain, according to Levaditi & Vaisman

(1951) who used it, was previously isolated by
Bessemans. Rats and mice were inoculated with this
strain obtained from Bessemans by Schereschewsky
(1936). It was used unsuccessfully to inoculate hens'
eggs by Bessemans & De Meirsman (1938).

Other rabbit strains
Other rabbit strains of T. pallidum referred to in

the literature include Wile's paretic strain (Wile,
1916), which was obtained from the brain of a
paretic (see Reasoner, 1916); and the Gent rabbit
strain (Hard, 1952). Boak et al. (1949) used a num-
ber of rabbit strains designated as Ami, isolated in
1939; Fan, isolated in 1946; and Tho, Est and Rei,
all isolated in 1948. Romanian rabbit strains were
considered by Volosceanu et al. (1955). McLeod &
Turner (1946b) referred to a rabbit strain of T. pal-
lidum isolated in Jamaica in 1934, since when it had

passed through 10 animals. These workers also
referred to a rabbit strain of T. pertenue, also
isolated in Jamaica in 1934 from a framboesiform
lesion of yaws, and which had had 18 passages in
rabbits, and to a strain of T. cuniculi, isolated in 1939
at Johns Hopkins Hospital, Baltimore, from a
rabbit obtained in the open market.
Turner & Hollander (1957) reported that a strain

of yaws isolated in 1932 and another isolated in 1934,
which had exceeded 47 and 25 animal passages res-
pectively, were still available. Also available was a
syphilitic strain originally isolated in 1939 and
passed through 18 animals, and one strain of T. cuni-
culi which was isolated in 1939 and which had passed
through 37 animals.

MOUSE STRAINS

These are less well documented, and cannot be
separated entirely from the rabbit strains, as both
animals may be used at different periods. Levaditi
used the Hu6 strain, which he first inoculated into
mice in 1940 (Levaditi et al., 1947-49; Levaditi &
Vaisman, 1950, 1951). Sixteen passages in mouse
and rabbit over a period of 1209 days were reported
(Levaditi & Vaisman, 1951). These workers also
referred to the Pouv strain, which was first inoculated
into mice in 1940 in material obtained from a syphi-
litic chancre and which had undergone 13 passages
in mice and rabbits over 1217 days, and to the M
strain (obtained from M. Marceron) which was first
inoculated into a rabbit from a syphiloma and had
been perpetuated regularly in mice, occasionally in
rabbits, for 13 passages over 1220 days.
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