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6. LIFE-CYCLE OF TREPONEMES: 1. DIVISION AND ROUND FORMS

USUAL METHODS OF DIVISION

There is unanimous agreement that the usual
method of division of T. pallidum is by transverse
fission. Such is true of all strains (Meirowsky,
1914b; Jordan & Burrows, 1945; Mudd et al., 1943;

Ovcinnikov, 1955; Gelperin, 1949; DeLamater.
Wiggall & Haanes, 1950a; Rose & Morton, 1952:
Coutts & Coutts, 1953). Rose & Morton (1952).
writing of the Reiter strain, stated that in cultured
treponemes, during the greatest period of growth,
the process was one of transverse fission. Such is
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also the case with T. macrodentium and T. micro-
dentium (Coutts et al., 1952). Numerous workers
(e.g., Dobell, 1912) have denied the occurrence of
longitudinal division.

Notwithstanding, some workers from time to
time have stated that longitudinal division may also
be occasionally observed (see DeLamater, Haanes
& Wiggall, 1951a; Coutts & Coutts, 1953). Schau-
dinn thought T. pallidum divided longitudinally
(see DeLamater, Haanes & Wiggall, 1951a), and
Noguchi (1912b) claimed that longitudinal division
occurred in cultured strains. Meirowsky (1914b),
although insisting that the routine method was one
of transverse division, thought he also had evidence
of occasional longitudinal division; he claimed to
have seen branching forms. Manouelian (1940; see
Rose & Morton, 1952) also saw forms suggesting
longitudinal division, but it is probable that these
early observers saw intertwined treponemes made
inseparable by the relatively poor resolving power of
the light microscope. Incompletely divided trepo-
nemes may also give the impression under the light
microscope of being exceptionally long forms.
Morton & Oskay (1950), using the electron micro-
scope to examine the Nichols cultured strain, found
chains of up to six potential treponemes.

RATE OF MULTIPLICATION

The rate of multiplication varies between the
cultured organisms in vitro and pathogenic T. palli-
dum in vivo. Gelperin (1949), observing growth of
the Reiter treponeme, deduced a division time of
8.8 hours. Rose & Morton (1952), studying the
same organism, calculated the division time during
the first two days of culture as 6.9 hours. For
pathogenic T. pallidum,, in vivo, Magnuson et al.
(1948), from calculations based on the size of a
measured inoculum and the resulting incubation
period, considered the time of multiplication per
single division to be 30 hours. Cumberland &
Turner (1948, 1949), on the basis of treponemal
counts made in syphilitic rabbits' testes, computed
it at approximately 33 hours.

SPORE-LIKE FORMS

The extent of the pleomorphism of T. pallidum
and the arguments for and against a life-cycle were
excellently summarized by Ingraham (1932; see also
Rose & Morton, 1952; Coutts et al., 1952; and
Campbell & Rosahn, 1950).

Early studies with light microscope
Aberrant forms of T. pallidum, etc., with external

granules, buds, round bodies, etc., attached to the
treponeme, and with granules lying free, have been
reported since the organism was first discovered by
Schaudinn & Hoffmann (1905), who themselves
reported a granular phase.
The elucidation of the life-cycle is essential to the

proper understanding of the transmission of syphilis
and of the possibility of antigenic and chemo-
therapeutic variation. With the light microscope
it is not unnatural that the term " granule " should
frequently have been used, while improved micro-
scopic techniques have revealed apparently more
complicated structures.

Within three years of the discovery of T. pallidum,
most forms which have since been ascribed to its
development were discovered. These include the
so-called buds or granules, spore-like spherical
bodies-small structures attached either laterally or
terminally, or occasionally separated by a stalk or
delicate filament but apparently originating from
the cell walls (Coutts & Coutts, 1953; Meirowsky,
1914a, 1925, 1929a,b, 1930). Meirowsky (1930)
believed that treponemes arose from multiplication
in buds, as did Manouelian (1940).

Herxheimer (1905) and Herxheimer & Opificius
(1906) stated they had observed the development of
masses within the body of T. pallidum. Meirowsky
(1914b) claimed to have demonstrated the formation
of granules from T. pallidum and the development
of treponemal forms from such-granules, both before
and after release from the parent organism. Leipold
(1926) claimed to have confirmed this finding (see
Coutts & Coutts, 1953).
Noguchi (1911) noted that it was not rare to find

a round body connected with some young pallida
as if the latter were just sprouting from the former
(see Fantham, 1916). He was able to demonstrate
granules in his cultures of so-called pure T. pallidum
(Noguchi, 1913-14). The granules, however, minute
and highly refractory, were found in cultures
growing under unfavourable conditions when the
treponemes were few in number (Noguchi, 1912a).
The same author (1912c) noted with T. mucosum
that typical treponemes might be attached to a
round body. Similar luminous dots were noted in
cultured T. pallidum by Welferz (1936).

Akatsu (1917) reported an increase in round
bodies in the presence of inhibiting substances in
the cultures. The coccoid bodies of Fantham (1916)
and of Lundie & Goss (1919) appear to have been
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the same structures (see Rose & Morton, 1952).
Globular forms were also noted in aging cultures
by Proca et al. (1914). There is a similarity, Rose
& Morton (1952) consider, between the globular
forms of cultivable treponemes and the intracellular
" protozoon " of syphilis described by Ross (1912)
and by McDonagh (1913). The latter (McDonagh,
1912a, b; see Campbell & Rosahn, 1950) classified
"s spirochaetes " as protozoa and related them to the
malarial parasite. He considered they started as
granules (" sporozoites ") after which followed a
merozoite stage with intermediate male and female
forms. He claimed to have followed the complete
life-cycle many times. Jennings (1912) also found
" parasites " as small round brown-coloured bodies
containing granules and a vacuole lying free and in
the mononuclear cells of patients with syphilis.
Other studies concerned with the polymorphism of
the causative agent of syphilis include those of
Georgi et al. (1929).

Recent studies with phase-contrast and electron
microscopes

Rose & Morton (1952) distinguished between
three types of aberrant forms: round bodies,
granules and ring forms. The round bodies, originally
described by Noguchi (1911), are best seen under
the phase-contrast or light microscope. They were
found in both virulent and avirulent forms of
T. pallidum and were often noted at the point of
900 flexion. Occasionally two or more might arise
from one treponeme.
Buds or spore-like spherical bodies in relation to

the cell wall of cultured and pathogenic T. pallidum
have been seen by dark-field (Coutts et al., 1952;
Gelperin, 1949); by phase-contrast (DeLamater,
Wiggall & Haanes, 1950b); and by the electron
microscope (Morton & Anderson, 1942; Mudd et
al., 1943; Morton & Oskay, 1950). Cyst-like balloon
forms, lying free or still attached to a treponeme
stalk, have been described in cultures of the Reiter
treponeme (Gelperin, 1949). Round bodies have
also been observed in T. pertenue of yaws (Angulo
et al., 1951; Schaeffer et al., 1951) and in T. carateum
of pinta (Angulo et al., 1951). They have also been
described in a free-living spirochaete (Dyar, 1947;
see Rose & Morton, 1952) and in the oral treponemes
including Borrelia vincentii (Hampp et al., 1948).
The bodies are round in shape, irregular in outline,

highly refringent, in some cases attached to the
organism by a demonstrable short stalk and in others
attached to one of the extremities. Their size varies

from 150p to 500,u (Mudd et al., 1943; Wilson
& Miles, 1955).
Numerous authors (see Hampp, 1951) have

considered that they may be germinative units
(e.g., Balfour, 1911; Noguchi, 1911; Leishman, 1918;
Mudd et al., 1943; Hampp, 1946; Hampp et al.,
1948). Mudd et al. (1943) considered them to be
sexually reproductive bodies. Hampp (1951) believed
them to be a definite phase in the development of
treponemes. Coutts et al. (1952) postulated that
they represented a defensive or protective type of
reproduction-i.e., " spirochaetogenic cysts ". Ac-
cording to Turner & Hollander (1957), these
balloon-like structures have been noted in the
cultured but not in the pathogenic strains.

Explanation ofspore-like forms
(a) As part of reproductive life-cycle. DeLamater

and his colleagues (Delamater, Newcomer, Haanes
& Wiggall, 1950; Delamater, Haanes & Wiggall.
1950; DeLamater, Wiggall & Haanes, 1950a,b:
DeLamater, Haanes & Wiggall, 1951a,b,c; De-
Lamater, Haanes, Wiggall & Pillsbury, 1951; see
DeLamater, 1952) have made detailed studies of
the so-called life-cycle of cultivable and pathogenic
strains of T. pallidum. These studies have included
the Kazan, Nichols and Reiter non-pathogenic
strains, using phase-contrast microscopy, and the
Nichols pathogenic strain by means of phase-
contrast and stained smears. They have presented
many photomicrographs to show that as the age
of the culture increases minute granules or
" gemmae " are developed by extrusion of part of
the organism. These are at first very dense, and a
single granule may be observed in many of them.
A distinct membrane is differentiated at the periphery,
and the granule lies attached to one side of the
membrane, the rest of the cyst being filled with a
clear substance. Subsequently a single treponemal
filament may be observed to develop from this
granule. The adult treponeme is then liberated by
" literally kicking itself out through the membrane ",
although the latter may adhere to it subsequently
for some time. After release from the unitreponemal
cyst the treponeme undergoes progressive transverse
fission.
More complex stages were described in which

dense lateral swellings developed within the body
of a single treponeme, within which large numbers of
granules appeared and reduplicated by what ap-
peared to be a process of budding within the cyst.
Treponemes developed from each of these minute
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granules. Multitreponemal cysts might achieve
considerable size (up to 150,u to 200,u in diameter).
From these, treponemes would be extruded in tangled
ropes or cord, would subsequently separate and then
transversely divide. Similar multitreponemal cysts
also appeared to develop from the union of two or
more treponemes. Development proceeded over a
matter of weeks.

Levaditi (1930), Levaditi, Schoen & Sanchis-
Bayarri (1927), Levaditi, Sanchis-Bayarri & Schoen
(1928) and Levaditi, Lepine & Schoen (1930) have
also postulated a life-cycle which envelopes all the
aberrant forms described for T. pallidum (Levaditi
and his co-workers, 1927, 1930), and for T. pertenue
and T. cuniculi (Levaditi & Li, 1930). The life-cycle
includes filamentous flattened forms with slightly
bulging extremities, shortened club or dumb-bell
forms, incomplete loop or ring forms, complete loop
and ring, compact ball, comma forms with and
without attached delicate filaments, marked granular
forms, and also ultramicroscopic varieties (see
Campbell & Rosahn, 1950). It was believed that
the atypical forms were developmental stages (see
Levaditi & Vaisman, 1938), and Moilinedo, 1941).
Ovcinnikov & Vtjurin (1961) reported that when
cultures containing granular buds had been kept at
room temperature it was possible, in some cases,
to obtain a growth of ordinary treponemes after
two years; Bednova (1957) obtained such growths
after 240 days.

(b) As a response to stress. Stokes & Beerman
(1948) referred to the "long-deserved proof" of
growth from a Meirowsky or argentophile or
treponemogenic granule. Bessemans & Wittebolle
(1941) attacked the problem with a micro-manipu-
lator with inconclusive results. In no case did
granules develop into treponemes (see Bessemans et
al., 1947).
Although the method of possible reproduction

which has just been described has been reported
by experienced treponematologists, others are
critical and are hesitant in their acceptance. The
possibility that round bodies may be artefacts
resulting from adherence of small lumps of culture
medium has been considered (Hampp, 1951). That
these forms appear to develop in old cultures under
bad environmental conditions is agreed. Some
authors (e.g., Rose & Morton, 1952) find it difficult
to regard them as part of the free life-cycle. Looping
of treponemes appears to occur by kinking or
compressing one of the spirals-usually at the point
where flexion has occurred, the process being sudden

and difficult to follow. Other treponemes may be
drawn into the loop. These authors believed the
final stages of this process to be identical with the
globular form, i.e., the formation of a large body
within which the individual coils of the organism
are recognizable. The outline of this globule is
usually round (as is true of any coiled elastic tube).
Despite continued observations no globular forms
were seen by Rose & Morton to uncoil or to generate
typical treponemes, although the possibility that
they could do so need not be excluded. Round
bodies were considered to arise from osmotic
imbalance and other forms of stress.

This point of view was accepted by Hardy (1960),
who considered that there were three main stimu-
lating conditions for spore formation-osmotic
shock, heat and aeration. He was able to show that
thiomersal-killed treponemes were just as readily
induced to form spheres as were live treponemes
and (by means of a tube dilution technique) that
the spheres were not viable, although the evidence
was not considered to be conclusive (Hardy & Nell,
1961).

RING FORMS

Ring forms are also encountered (see Rose &
Morton, 1952). Such ring forms have been reported
in syphilitic lesions by Sezary (1910) and in experi-
mental syphilis of the mouse by Levaditi (1941),
but these were regarded as involutional rather than
evolutional. Wartin & Olsen (1930) noted ring
forms within aortic lesions, while normal treponemes
lay at the periphery. Reasoner (1917) found ring
forms by suspending T. pallidum in soap. Ring
forms (and also balloon-like forms) were noted in
cultures of the Reiter strain by Gelperin (1949), and
by Wallace & Harris (1967).
Rose & Morton (1952) considered that ring

forms appear to result from an altered environment,
although there were no reasons for eliminating the
possibility that the loops might uncoil and the
organisms subsequently divide. According to these
authors, from an examination of cultures of the
Nichols, Reiter and Kazan strains, ring forms were
first seen on the fifth day, when they comprised
less than 2% of all treponemes seen: by the eleventh
day they had increased to 5%. They were more
likely to occur in inadequate media and in the
presence of growth-inhibiting substances. Sub-
cultures made from cultures more than a month
old showed a high proportion. Certain substances
(e.g., sodium thioglycollate, agar, sugar) favoured
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ring forms: with 0.8% of agar 90% of organisms
might be in rings. Incubation at 24°C instead of
30°C-37°C, or omission of the petrolatum seal, would
increase the number of ring forms: pH appeared not
to be important. A sudden fall in osmotic pressure
was believed to account for them (see Hardy &
Nell, 1961). No ring forms were seen to reproduce.
Eagle & Germuth (1948) likewise noted globular
forms in over 90% of visible forms of Reiter and
Kazan cultured organisms.
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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.


