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7. LIFE-CYCLE OF TREPONEMES: II. GRANULAR AND INVISIBLE FORMS

There are, broadly speaking, five theories of the
life-cycle for T. pallidum (see Campbell & Rosahn,
1950). The first postulates the formation of a
globule which buds and from which a new form
will arise. This theory was propounded by Meirow-
sky (1914, 1930) and has received noteworthy
backing from the comprehensive studies of DeLa-
mater and his colleagues (DeLamater, 1950). The
second was the more complicated life-cycle advanced
by McDonagh (1912), who likened T. pallidum to
protozoa, but which was not generally accepted.
The third is a more comprehensive theory involving
the whole complex variety of forms (those with
bulging extremities, club, dumb-bell, loop, ring,
ball and comma forms, etc.) described by various
authors, which has been advanced by Levaditi (1930)
and his colleagues (see also Levaditi, Schoen &
Sanchis-Bayarri, 1927; Levaditi, Sanchis-Bayarri &
Schoen, 1928; Levaditi & Li, 1930). These theories
have been considered in detail in section 6. Two
theories remain for consideration-a fourth, which

postulates a coccal form of the treponeme which
may be visible in the infective host, and a fifth,
postulating an ultramicroscopic virus-type phase
(Lepine, 1931a,b; see also Nyka, 1936).

COCCAL FORMS

There is some confusion as to what is meant by
a granule, as the term " granule " has for many
years been employed for the buds and so-called
cystic or treponemogenic forms described earlier.
The literature on coccal forms is somewhat confused
on this account.
Rose & Morton (1952) distinguish between three

types of granules: the dense lateral buds described
by Meirowsky (1914, 1930), which have already
been discussed; the short flagellated " spirochaeto-
genes" reported by Seguin (1941); and the cyto-
plasmic granules described by Nyka (1938). All
are at, or below, the limit of resolution of the light
microscope.
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Extracellular granules
The possible existence of a coccal form has been

considered by many (e.g., Ovcinnikov, 1955). Some
of the extracellular granules have, however, been
shown by phase-contrast microscopy to be in
reality short motile treponemes which presumably
reproduce (Rose & Morton, 1952). These latter
authors considered they resembled the " spiro-
chaetogenes" of Seguin (1941), said to arise from
unequal division. The granules are regularly found
in association with treponemes and, according to
Rose & Morton (1952), appear to form by budding
at the ends or sides of the organism or within the
cytoplasm. Bednova (1957) considered that the
antigenic properties of the spiral and granular forms
of Treponema pallidum were identical.

lntracellular granules
The electron microscope has confirmed the

presence of intraspirillar granules. Dense granules
401A to 90,u in diameter are often seen in the proto-
plasm (Mudd et al., 1943). Granules of various
types have been observed under the electron micro-
scope by Hampp et al. (1948) in T. pallidum,
B. vincentii and the smaller oral treponemes, and
are described in section 6. Whether the intra-
filamentous granules demonstrated in the electron
microscope by Mudd (1944), Morton & Anderson
(1942), Mudd et al. (1943), Mudd & Anderson
(1944), Wile & Kearney (1943) and Wile et al.
(1942) (see Levaditi, 1946) are degenerative products
of a virus transmutation remains to be determined
(see Stokes & Beerman, 1948).
Treponemes with granular cytoplasm can be

found among cultured strains: certain staining
procedures may produce organisms with a beaded
appearance. This may occur with cultures of all
ages; its significance is unknown (Mason, 1939;
see also Bednova, 1957, and Krylova, 1958).

Proof that treponemes grow from granules is
lacking. Attempts to demonstrate growth after
separation by micromanipulator have been incon-
clusive (Bessemans & Wittebolle, 1941, see Besse-
mans et al., 1947; Stokes & Beerman, 1948) and
granules from syphilomata have never caused a
successful inoculation into rabbits (see Rose &
Morton, 1952).

Levaditi and co-workers, using silver-impregnation
methods in material from syphilitic lesions in man
(Levaditi et al., 1927; Levaditi & Li, 1930), in rabbits
(Levaditi et al., 1928) and in mice (Levaditi, 1941),
observed granular involutional changes. Levaditi

believed the granules to be infective. It was postu-
lated that a granular stage in the human infection in
which treponemes were not demonstrable was
responsible for latent and late syphilis (Levaditi et al.,
1928). Granular forms were described in the aorta by
Wartin & Olsen (1930) and in syphilitic buboes
(Wartin & Olsen, 1931). Other bodies were described
in syphilitic lesions by Moolgarkar (1912). Nyka
(1938) described granular filaments within the
lymph-node of the rabbit. Foldvari (1932),
employing tissue-culture methods, observed granular
morphological changes with no T. pallidum seen in
the dark-field after 10-20 days, and Gurun (1957;
see Beerman et al., 1959) considered that to reach
maturity the cultured organisms had to pass through
a granular phase.
Angulo et al. (1950) observed filaments and

particles, morphologically identical with the so-
called filamentous forms of influenza and fowl-pest
virus, under the electron microscope in the tissue
fluid of a patient with pinta. They considered,
however, that many of the particles seen were
artefacts arising from erythrocyte stromatolysis, or
were crystals or protein particles.

In summary, therefore, the existence of a coccal
form in the life-cycle of T. pallidum-as of the
spore-like form described in section 6 is also clouded
by doubt.

ULTRAMICROSCOPIC FORMS

There is strong clinical evidence for an ultra-
microscopic form of T. pallidum (see Ingraham,
1932; Lepine, 1931b; Stokes, 1936; Welferz, 1936).
The clinical evidence is based mainly on the paucity
of treponemes in late and latent syphilis-e.g.,
gummata, which can only be shown to be infective
by animal inoculation. The experimental evidence
includes instances of transmission of the disease by
rabbit brains or lymph-nodes (Levaditi & Vaisman,
1938), or by mouse tissue (Wile, 1947; Gueft &
Rosahn, 1948) in which no treponemes could be
found by ordinary microscopic means (see Ovcin-
nikov, 1955; Levaditi & Noury, 1944; Levaditi,
1943; Rose & Morton, 1952; see also section 18).
Even with the cultured treponemes, positive sub-
cultures can sometimes be made with dark-field-
negative material (Mason, 1939). That many hours
of patient examination may be required to find one
treponemal form that is not ultramicroscopic is
indicated by the work of Collart et al. (1964).
One author (Lepine, 1931a,b; see Campbell &

Rosahn, 1950) postulated that the ultramicroscopic

42



TREPONEMA PALLIDUM: A BIBLIOGRAPHICAL REVIEW

forms were the actual cause of syphilis, the treponeme
itself being an avirulent organism.
To explain these phenomena, certain authors have

suggested a life-cycle with a different resting or
granular stage, with an ultramicroscopic filter-
passing transmutational virus-like alternative to the
spiral form (see Levaditi et al., 1928; Stokes &
Beerman, 1948; Ovcinnikov, 1955).

Filterability of T. pallidum
The filterability of T. pallidum (see Rose & Morton,

1952; Johnson & Wile, 1947) is denied by most.
The supposed invisible virulent non-treponemal
phase of T. pallidum is stated by many authors not
to pass through porcelain filters (Noguchi, 1917;
Hindle, 1931; Tilden, 1937; Lisi, 1936; Eagle, 1948;
Levaditi et al., 1933), but was considered to do so
by Kolle & Hetsch (1929) and by Seguin (1940).
Indeed, Berkefeld filtrates of many small spiral
organisms can cause infection (including Borrelia
duttoni, Leptospira icterohaemorrhagiae and various
strains of water leptospirae and spirochaetes
(Johnson & Wile, 1947).
Noguchi (1928) reported that his cultured

T. pallidum could grow through a Berkefeld filter in
about five days, but he felt it was unable to pass
through such a filter by ordinary suction methods.
Filtration of both T. pallidum and T. cuniculi was,
however, claimed by Koile & Hetsch (1929), but
described by Hindle & Elford (1933) as a " doubtful
exceptions" to the otherwise reported failure of
these organisms to pass the filter. Tilden (1937),
using a rabbit Nichols strain of T. pallidum, filtered
the treponemes through collodion membranes under
50 pounds of nitrogen pressure. The T. pallidum
found in the filtrate by dark-field was found to be
infective for rabbits. This work offered no proof
of an infravisible stage, however. Seguin (1940;
see Stokes & Beerman, 1948) believed he had
proved the conversion of a filter-passing " spiro-
chaetogene" granule into a treponemal filament as
a commonly occurring transformation.

Hindle & Elford (1933), from filtration experi-
ments using graded collodion membranes, noting
that T. pallidum was held back by membranes having
a pore size of 0.4,u, found no evidence of the existence
of any special filterable phase. Previously, according
to Hindle, T. pallidum, T. cuniculi and the oral
treponemes had not been successfully filtered except
by allowing them to grow through the pores of the
filter. On the other hand, Vilencuk (1937, 1938,
1947) considered he had produced evidence of

the existence of filterable forms of Treponema
pallidum.

Johnson & Wile (1947) found that filtrates of dark-
field-positive rabbits' testicles passed through a
Mandler diatomaceous filter would cause syphilitic
changes in rabbits, but emulsions of brains and other
organisms of mice failed to do so. When mouse
brain was added to emulsions of rabbit material
before filtration, the subsequent filtrate failed to
cause syphilitic lesions in rabbits. It was postulated
that mouse brain might have a colloid action similar
to 10% gelatin or serum, and an infravisible stage
might be bound too closely to permit passage.
These two investigators (see Stokes & Beerman,
1948) had previously shown that mouse material
capable of transmitting the disease contained neither
visible treponemes nor histological characteristics of
syphilis.
Haanes et al. (1952) conducted filtration experi-

ments using a Seitz bacterial filter on non-pathogenic
strains (Nichols and Kazan) and on Borrelia anserina.
Subcultures were made on filtrates shown to be
negative by dark-field. No filterable forms were
found and the authors considered that, although
their presence had been postulated for years, there
was no real evidence of their existence so far.
Levaditi (1943) (see Levaditi & Noury, 1944; Stokes
& Beerman, 1948) also concluded that the syphilitic
agent would not pass through filter meshes which
should pass true ultraviruses. The presence of a
syphilitic ultravirus is thus still unproved (see also
Schmidt, 1955). Samosud (1947), who studied the
pathological changes in rabbits after injection of a
filtrate of a Treponema pallidum culture, considered
that these changes were due to the presence of
invisible forms of Treponema pallidum, and Ruka-
visnikova (1928) was also of the opinion that the
causative agent of syphilis in the latent period
existed in an invisible form.

Discussion

On balance, therefore, the experimental evidence
is so far insufficient to prove conclusively that an
infravisible stage of T. pallidum exists, although the
theoretical reasons for believing it may do so
remain. One of these reasons is the apparent
absence of treponemes in tissues which can be shown
to be infective, e.g., in mouse syphilis. However,
it can be shown that treponemes are present in small
numbers when they are difficult to find by ordinary
methods. Bessemans (1938; see Rose & Morton,
1952) for example, was able to demonstrate trepo-
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nemes in brain and lymph once considered free of
them. Stroesco & Vaisman (1936)-in Levaditi's
laboratory-developed a silver-impregnation method
for tissue sections and were able to demonstrate
T. pallidum in infected mice of the first generation
but not later (see Stokes & Beerman, 1948), and the
finding of treponemes in the lymph-nodes of symp-
tomless animals previously considered negative was
reported by Kolle & Evers (1926), and in guinea-pigs
by Bessemans et al. (1935) and Kato (1931). (For
mice, see also Turner & Hollander, 1957.) Reference
has already been made to the many hours of micro-
scopy required by Collart et al. (1964) to find one
treponemal form from lymph-gland material.

Eagle (1948) calculated that the absence of
T. pallidum in 100 dark-fields was consistent with as
many as 10 000 treponemes per ml. For, if a drop
measuring 0.01 ml is placed on a cover-slip 22 mm
square and examined at a magnification of x 900,
each field represents 10-6 ml. The presence of one
organism in a field implies no less than 10 million
organisms in 1 ml of fluid. Therefore, a negative
dark-field examination does not preclude the pre-
sence of T. pallidum in given material (Stokes &
Beerman, 1948).
According to Stokes & Beerman (1948), post-war

studies have shown a swing towards the virus type
of hypothesis as a result of studies under the electron
microscope of mouse-brain filter-passing inocula,
and indirectly as a result of developments in other
fields on the transmutation of other bacteria (e.g.,
Eberthella typhosa, streptococci and Leptospira
icteroides) from visible to ultramicroscopic forms.
It seemed important, considered these authors, that
such announcements as those of Kendall (1931) and
Rosenow & Oftedal (1915, 1916) on virus or ultra-
visible transmutation by alterations of growth
media should be put to the test as soon as possible.

DISCUSSION ON LIFE-CYCLE

The proof of the presence of ultramicroscopic
forms thus remains in doubt. The existence of
aberrant forms of T. pallidum, and the work of
DeLamater and his colleagues and of others, appear
to indicate that reproduction may occur through the
formation of treponemal cysts as well as by trans-
verse fission. Some believe that these aberrant
forms represent " a definite part of the life-cycle "
(DeLamater et al., 1950). Others (e.g., Coutts &
Coutts, 1953) agree that the accumulated evidence
strongly suggests a life-cycle, and Ovcinnikov (1955)
considers that multiplication by means other than

transverse fission has been established. (See also
Mashkilleison & Rakhmanov, 1945; Olsen, 1938;
Stokes & Beerman, 1948.) DeLamater, however,
was one of a group who placed it on record that
there was no real evidence of a filterable phase so far
(Haanes et al., 1952). Turner & Hollander (1957)
likewise considered there was no convincing evidence
that the structures seen were stages of an orderly
life-cycle.
On the other hand, there is general agreement that

the aberrant forms of all kinds do occur when
environmental conditions are less congenial
(Noguchi, 1912). While some may be artefacts,
many are real. Rose & Morton (1952), who have
examined the aberrant forms critically, conclude
that although morphological alterations do occur
regularly in the growth of cultivable treponemes,
they have found no evidence necessitating the
hypothesis of a life-cycle. Moreover, such alterations
have been produced in dead material (Hardy, 1960).

Stokes & Beerman (1948) also suggested that the
development of the high-speed microtome producing
exceedingly thin sections and the use of frozen-dried
preparations for electron microscopy (Wyckoff,
1946a, b) should make possible the distinction of
possible life-cycle forms from some of the artefacts
(or alleged artefacts) in stained tissue with which
they may be confused. Likewise, studies on the
minimal inoculum required to transmit syphilis (in
view of Eagle's calculations of the large number of
treponemes needed for their ready visible detection)
might explain their apparent absence.
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8. CULTURE OF T. PALLIDUM IN VITRO: I. HISTORY

T. pallidum was finally incriminated as the causa-
tive agent ofsyphilis in 1905 (Schaudinn& Hoffmann,
1904-05) and T. pertenue in the same year (Castellani,
1905). Within three years most of the various
aberrant forms had been described (see Coutts &
Coutts, 1953); certainly, as has been noted previously,
the various theories relating to controversial points
of morphology, motility and reproduction were
propounded at an early stage and, in spite of the
many subsequent technical advances, many of these
early arguments still persist today. The organisms
responsible for syphilis and yaws were discovered
late in the list of pathogenic bacteria. Methods of
culture were already well established for many
organisms and once T. pallidum and T. pertenue had
been discovered there were inevitably immediate
attempts at their cultivation.

EARLY ATTEMPTS (UP TO 1910)

Schereschewsky, in 1906, is credited with being
the first to show that T. pallidum from human
syphilitic tissue might be cultivated (Schereschewsky,
1908; 1909a, b, c; 1910a, 1911a, b; 1913a, b; see
Noguchi, 191 Ia; Saurino & DeLamater, 1952;
Mason, 1939; Schereschewsky, 1954). His method
consisted in inserting a piece of human tissue
containing T. pallidum deep down into a high layer
of gelatinized horse serum. This liquefied and the
treponemes grew with the other bacteria introduced.
He never succeeded in obtaining pure cultures or in
passing them back into rabbits. Subsequently,
Schereschewsky stated he had never been able to
cultivate a virulent strain of T. pallidum (Noguchi,
191 ib), although later, in 1912, he is reported to
have purified the culture and infected rabbits
(Schereschewsky, 1912; see Turner & Hollander,
1957). Also in 1906, Volpino & Fontana (1906a, b;
see Baeslack, 1913) using a pooled human serum
agar medium, claimed growth in a culture of
syphilitic rabbit's testis. These workers are stated

to have been the first to attempt culture (Gammel &
Ecker, 1931). A pure culture was retained for 1-3
days and it was shown to be viable after 48 hours
in the refrigerator. This may have been due to the
sustaining effects of the medium (Saurino & De-
Lamater, 1952).
The loss of virulence after apparent temporary

success was an early disappointment which has not
yet been overcome. Levaditi & McKintosh (1907),
noting that cultured treponemes were avirulent,
considered that their pathogenic activity had been
lost because of their new conditions of life, and
owing to the impurity of the cultures with the media
and methods at that time in use.

Miihlens & Lohe (1908), Muihlens (1909, 1910) and
Hoffmann (1911a) (see also Hoffmann, 1911b, c)
and Noguchi, 191 lb) used Schereschewsky's me-
thods, later purifying their strains on horse serum
agar. A pure culture of the first generation was
obtained but it was not virulent for rabbits (Saurino
& DeLamater, 1952). Muihlens employed the term
" pallida type " to designate his strain as it had no
pathogenicity whatever (Noguchi, 1911). (See also
Campana, 1908, and Arnheim, 1909, 1912.)

PERIOD 1911-20

Bruckner & Galasesco (1910) and Sowade (1911)
(see also Sowade 1912a, b; 1913; 1914a, b, c; and
Zinsser & Hopkins, 1914)) reported that they
succeeded in reproducing syphilitic lesions in rabbits
by injecting young impure cultures in ascitic fluid or
horse serum media, which still contained the original
syphilitic tissue (see Noguchi, 1911). These results
probably indicated merely the survival of T. pallidum
in the tissues concerned (see also Boas, 1911).
Dominant at this period was Noguchi who, in

1913, demonstrated T. pallidum in the brains of
sufferers from paresis (Noguchi & Moore, 1913;
Noguchi, 1913a). The cultural requirements of
T. pallidum derived from the paretic brain were


