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12. CULTURE OF T. PALLIDUM: V. TISSUE AND EGG CULTURE

TISSUE CULTURE

A ttempts to grow virulent organisms

Steinhardt (1913) tried Harrison's method of
in vitro tissue culture for vaccinia virus for the
culture of T. pallidum. Hanging-drop preparations
of small pieces of rabbits' testes were inoculated
with T. pallidum and incubated for 25 days. Some
short forms were seen, which appeared to indicate
multiplication. No virulence studies were reported,
but it was stated that the strain had been obtained
from Noguchi and was said already to have lost
most of its virulence. It was at one time thought it
might be possible to grow avirulent cultures in
tissue cells and to restore their pathogenicity.
Levaditi (1920, 1928), who had had previous expe-
rience in successfully cultivating the rabies virus
(Levaditi, 1914), failed, however, to cultivate
T. pallidum in tissue culture.

Shaffer (1926) considered that fresh tissues from
man, rabbit or monkey which were known to be
susceptible to syphilis should offer the ideal solution
for the culture of T. pallidum. In freshly excised
tissues from normal rabbits infected with T. pallidumn,
and incubated anaerobically, dense masses of tre-
ponemes were found by stained smears in the
inoculated area three to five days later, although
there was no evidence of ramification of growth into
the surrounding tissue, as might have been expected.
This was considered proof of growth in situ. The
tissue remained pathogenic to rabbits for five days.
Some element of tissue selectivity was noted.
Shaffer stated that inoculation into kidney tissue
was not followed by duplication, except in the minute
fragment of testicle introduced into the kidney by the
needle. Also, in cultures in horse serum the piece
of normal kidney introduced to aid anaerobiosis
failed to show treponemes except in the serum-
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lined spaces-presumably those existing in the
medium rather than in the tissue. The organisms
were considered to behave very much as cultures of
bacteria do in a solid medium when growth is
limited closely to colonies around the original
inoculum.

Shaffer also performed in vivo culture by planting
blocks of syphilitic tissue into the abdominal wall
of normal rabbits and removing them for section
after eight, 21 and 30 days. At eight days there was
said to be some increase in the number of trepo-
nemes; at 15-21 days no treponemes at all were
seen; but at 30 days-the incubation period of the
disease in the host-a great number were observed.
This method was devised to combat contamination,
which was almost inevitable with the ordinary
anaerobic culture of his tissue blocks.
Treponemes in tissue removed from their host

soon lose their virulence. Gammel & Ecker (1931;
see Kast & Kolmer, 1943) reported that when
syphilitic tissue was placed in their culture medium
the virulence of T. pallidum had disappeared within
48 hours in about two-thirds of cultures. Noguchi
(1916) considered that the disappearance of virulence
under artificial conditions was not to be wondered at
when the experiments of Levaditi, Yamanouchi and
M'Intosh were recalled. The latter workers (no
reference given), he stated, had found that T. pallidum
rapidly became avirulent even when cultivated in a
collodion sac within the peritoneal cavity of suitable
animals. Temperature, however, must have been
another factor in these results.
These experiments, extremely interesting as they

are, do not represent tissue culture in the true
sense-i.e., growth in living tissues which are them-
selves being cultivated under artificial conditions.
Even by true tissue culture methods, however, no
great success has been reported-see Bessemans & de
Geest (1934), Haagen & Schlossberger (1930),
Foldvari (1932) (who observed granular mor-
phological changes under the dark-field after 10-20
days; see Mason, 1939), and Kast & Kolmer (1943).
Bessemans & Vlaeyen (1929), using anaerobic

testicular cultures, had no growth other than the
very temporary survival of rabbit-adapted T. palli-
dum, in spite of an abundant growth of fibroblasts
(see Bessemans & de Geest, 1934).
Kast & Kolmer (1933; see Kast & Kolmer, 1943)

tried various living tissue media and found that
T. pallidum lost infectivity within two days when
incubated at 32°C or at 37°C. They concluded that
they had not succeeded in cultivating T. pallidum in

living tissue media and that their results concerned
only the survival of organisms within it. The mor-
phology and motility of some of the treponemes
transferred to the media from rabbits were fairly
well preserved, but with a rapid loss of infectivity,
as determined by rabbit inoculation.

Perry (1948) obtained survival of rabbit-adapted
T. pallidum in some cases for up to 10 days in growth
of testicular epithelium taken from newborn rabbits.
Growth of testicular epithelium was obtained in
vitro with tissue from most newly born rabbits and
from a small proportion of young adults. The
method used was to mince finely testicular tissue into
fragments which were placed on cover-slips on the
base of Carrel flasks. One testis would provide
about eight explants. A drop of chick plasma was
added which quickly clotted and fixed the cover-slip.
The medium, which consisted of Tyrode's solution
plus added chick-embryo extract, rabbit serum and a
trace of phenol red as an indicator, was added to
each flask. The pH was adjusted to 7.4 by bubbling
oxygen and 5% carbon dioxide through the medium.

Avirulent organisms
If only survival of virulent T. pallidum could be

obtained in tissue culture, the so-called cultivated
strains of T. pallidum could be made to grow well
by this means. Hussey & Nowminski (1949) grew
the Reiter treponeme in narrow tubes containing
Brewer's thioglycollate medium enriched with
rabbit serum. The heart, brain, spleen, kidney,
small intestine and liver were removed from 18-day-
old chick embryos under aseptic conditions. They
were cut into pieces approximately 1 mm square and
placed in Tyrode's solution. Rooster plasma was
put on a sterile cover-slip, and a small piece of tissue
was placed in the plasma. To this preparation
0.04 ml of a mixture of one part Tyrode's solution,
one part embryonic extract and 0.05% sodium
thioglycollate was then added, followed by 0.05 ml
of treponeme suspension. The plasma tissue and
solution were mixed and allowed to clot, mounted
on a hollow-ground slide, sealed with paraffin, and
incubated for 1-10 days.

In cultures of heart, kidney, small intestine and
spleen, a decrease in the number of treponemes was
observed for 48 hours, during which time there was
an outgrowth of cells from the explant. After
72 hours the treponemes multiplied, and at the end
of the sixth day the supernatant was flooded by
them. Cultures of the brain gave similar results
except that there was no outgrowth of cells from the
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explant. It was not stated, however, that the
organisms failed to grow in a similar medium
without tissue. In liver tissue cultures the trepo-
nemes soon died.

EGG CULTURE

Attempts to grow virulent organisms
Levaditi, as far back as 1906 (see Hard, 1952)

cultivated Borrelia gallinarum in developing hens'
eggs, but the method did not come into general use
until after Woodruff & Goodpasture (1931) had
demonstrated the suitability of the hen's egg for
the cultivation of viruses (see also Goodpasture &
Buddingh, 1935; Beveridge & Burnet, 1946).
Chabaud (1939; see Hard, 1952, among others)

cultivated Borrelia duttoni and Leptospira ictero-
haemorrhagiae in hens' eggs, but the embryos died
after incubation for some time. Oag (1939) passed
Borrelia duttoni from mice to eggs and back to mice
again while retaining their virulence. Bohls et al.
(1940; see Jordan & Burrows, 1945) isolated Borrelia
from humans by egg culture as did Chen (1941) with
louse-borne relapsing fever Borrelia inoculated into
the vitelline sac. The borreliae multiplied chiefly in
the blood, but succumbed soon after the embryos
died of the infection (see Hard, 1952). Haanes et al.
(1952) reported that Borrelia anserinum was easy to
cultivate in the chick embryo. Virulent cultures of
this organism in egg slants were being made by the
year 1925, and by 1947-48 egg passages in fertile
eggs were perfected with maintenance of virulence
(Saurino & DeLamater, 1952).
Bessemans & De Meirsman (1938; see Rowe &

Curtis, 1949) failed to establish rabbit-adapted
pathogenic T. pallidum in fertile hens' eggs after
inoculation on the chorioallantoic membrane of
eggs incubated for two to five days. Some motile
treponemes were found after 24-48 hours but these
were not infectious to rabbits. Sterzi & Staudacher
(1939) found treponemes near the site of inoculation
24 hours later. The treponemes were infectious for
rabbits two hours after implantation but not after
this time. In one case a single treponeme was found
in an embryo liver 14 hours after inoculation.

Callaway & Sharp (1941) found slightly motile
treponemes 27 hours after inoculation on the
chorioallantoic membrane of the developing hen's
egg which were infectious when inoculated into the
testis of a rabbit only in one out of 10 embryos.
No treponemes were found in stained sections of the
hearts and livers of eight chickens which hatched

(see Rowe & Curtis, 1949; HArd, 1952). Wile &
Snow (1941), however, were able to infect rabbits
eight days after infecting the chick embryo with
syphilitic rabbit's testicle emulsion. This work was
confirmed by Wile & Johnson (1944). In neither
of these two instances were demonstrable treponemes
found in heart, liver or muscle, and it was suggested
that this might be due to an ultramicroscopic phase
in the life-cycle (see Rowe & Curtis, 1949; Hird,
1952).
Mason (1939) tried to grow pathogenic T. pallidum

in 8- to 1 -day-old fertile chick embryos, but without
success. Rowe & Curtis (1949) placed thin pieces
of tissue from syphilitic rabbit into eggs. Some
avirulent treponemes were found in grafted pieces
of tissue and these authors considered that those
treponemes which had previously been found in eggs
had resulted from survival rather than from multipli-
cation. Hard (1952) noted that it was possible to
infect duck eggs with various plasmodia, and that
goose serum had been used as a supplement to
culture media by several investigators (e.g., by
Boak et al., 1949, who also briefly mentioned an
attempt to cultivate T. pallidum in duck eggs). Hard
failed to grow the rabbit-adapted Nichols strain on
goose eggs, or the Gent or Nichols strain in embry-
onated hens' eggs. Emulsions of embryos inoculated
into rabbits 10 days after inoculation proved
infective in a single case only. This was probably
merely due to survival. It was considered that these
facts were against an ultramicroscopic phase in the
life-cycle (see section 7).
Many authors (e.g., Eagle, 1948; Beardmore &

Dodd, 1950; Wilson & Miles, 1955) have considered
it doubtful whether virulent T. pallidum was capable
of growing in the chick embryo. Beardmore &
Dodd (1950), having reviewed the work of other
authors (Callaway & Sharp, 1941; Wile & Snow,
1941; Wile & Johnson, 1944; and Rowe & Curtis,
1949), considered no proof of reproduction in the
embryo had been offered, only that of survival in
some instances. Approximately one-quarter of
embryos were infectious for rabbits eight days after
inoculation. The lack of microscopical confirmation
in these cases did, in their opinion, suggest an
ultramicroscopic phase. Eagle (1948) suggested that
the reason why attempts to grow T. pallidum in eggs
and tissue culture had so far been unsuccessful was
the fact that tissue cultures are of necessity aerobic
while cultivable treponemes are obligatory anaerobes
-a point of view echoed by Stokes& Beerman (1948),
who summarized the position by stating that in
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only one experiment in five had T. pallidum been
kept alive and virulent in the chick embryo for
periods ranging from two hours to eight days.
A remarkable exception (see HArd, 1952) was the

work of Hallauer & Kuhn (1942), who inoculated
the Truffi pathogenic strain of T. pallidum into the
chorioallantoic membrane of eggs, and claimed that
they were able to observe atypical forms in the
blood, and sometimes in the livers, of embryos.
Egg-to-egg passage was claimed more than 20 times
over 94 days, and at the second and 20th transmission
chancres were produced in rabbits' testicles. As
noted, this work has not been confirmed by other
workers.

Avirulent organisms

If usually little success has been obtained in the
culture of virulent T. pallidum in eggs-as also in
the case of tissue culture-the non-pathogenic strains
can be successfully grown, but in order to maintain
the necessary anaerobiosis the embryos must be
dead.

Kolesinskaja (1939; see HArd, 1952) inoculated the
Kazan and Reiter strains into living chick embryos
without multiplication of treponemes or without ill-
effect to the embryos. If the embryos were killed
immediately before or after inoculation they proved
a good medium for growth, in particular the internal
organs. The organisms remained avirulent.
Newcomer & Haanes (1949) also failed to grow

the non-pathogenic Nichols strain on living chick
embryos but had serial egg-to-egg cultures over
81 days in eggs which had been inoculated into the
yolk sac, chorioallantoic sac and chorioallantoic
membrane, and which were kept in desiccation jars
under hydrogen and carbon dioxide. The embryos
so treated died within a few hours. The eggs were
inoculated from organisms cultured in vitro, and
were subsequently regrown in the medium. Although
treponemes were usually seen by dark-field in cases
with positive culture, this was not always so.
Haanes et al. (1950) had similar success using this

technique with the Kazan strain, having first failed
with the living chick embryo. They found 10- to
15-day embryos the best, and inoculations were
made into the yolk sac or the albumen surrounding
it without any notable difference in results. These
organisms were used for a study of their possible
life-cycle under the phase-contrast microscope by
DeLamater et al. (1951).
Beardmore & Dodd (1950) grew the Reiter strain

in the chick embryo under anaerobic conditions.

This was achieved by coating the eggs with paraffin.
by which means the embryos were killed in a matter
of hours. The treponemes would not grow in
untreated eggs. These authors felt that the condi-
tions were incompatible for both living embryo and
virulent T. pallidum, probably on account of oxygen
tension, and therefore that the culture of virulent
organisms was probably not possible in living eggs.
A complicating factor of egg culture was noted by

Steinhaus & Hughes (1947); see Hard, 1952), who
found an unidentified treponeme in eggs inoculated
with healthy hen's liver, and suggested that tre-
ponemes might occasionally be found even in
uninoculated eggs. The unidentified treponeme had
no morphological resemblance to B. gallinarum
or to B. anserinum.
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