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inhibitory doses of penicillin in medium favoured
the growth of elongated forms and inhibited the
transverse division of the Reiter treponeme. No
great differences in bacteriostatic or bacteriocidal
doses for the normal or elongated forms were
observed.
Tung & Frazier (1946) could not develop in Reiter

treponemes an increased tolerance to penicillin after
15 passages. After a 72-hour incubation, the sub-
lethal level of penicillin was 0.05-0.1 IU per ml and
the spirochaetostatic level approximatively 0.125 IU
per ml. Under identical conditions, Staphylococcus
aureus 209 became about 100 times more resistant
to penicillin than the original strain. Penicillin
apparently inhibited cellular division and resulted in
elongated forms which were short-lived. The increase
in treponeme length was from an average of 20 u to
an average of 40 ,u to 60 ,, and occasionally to
100 ,u to 150 u. In electron micrographs the long
forms appeared to have lost flagella. Mutermilch,
Gerard & Delaville (1959) found it impossible to
obtain in vitro an antibiotic-resistant strain of Reiter
treponeme, and they observed that the morphological
alterations induced in Reiter treponeme by penicillin
were similar to those observed in old cultures.
Berger & Marggraf (1960) were able to increase
the resistance of Reiter treponeme to penicillin over
100 times in in vitro immobilization tests. The initial
resistance of Reiter treponeme to penicillin was to
0.06 IU per ml, and after 20 passages in cultures
the Reiter treponeme was resistant to 7.0 IU per
ml. Ustimenko (1963) isolated L-forms of T. palli-
dum strains-Stavropol VII and Stavropol IX-
morphologically resembling the L-form of bacteria
(spheres, vacuoles, granules) through the action of
peniciUin. The most favourable medium for the cul-
tivation of T. pallidum L-forms was one suggested by
Kagan & Levashev (1961) for isolation of L-forms
of streptococci with an optimal concentration of
15.62 IU of penicillin per ml of medium.

OTHER ANTIBIOTICS

Keller & Morton (1953) indicated that the Kazan,
Nichols, and Reiter strains were very susceptible to

action of erythromycin. Vandeputte (1951), working
with the Nichols, Noguchi, and Reiter cultured strains
and the Gand strain in rabbits, found that bacitracin
and terramycin had only slight or no action on moti-
lity and that tyrothricin was more active. Tyroth-
ricin inhibited growth considerably in Nichols and
Noguchi cultures and only slightly in Reiter cultures.
Bacitracin inhibited growth completely. Berger &
Marggraf (1960) increased the resistance of Reiter
treponeme to terramycin 8 times, the initial value
being 2.0 ,ug per ml; after 20 passages, the final value
was 16 ,ug per ml. Berger (1960) noted that high re-
sistance of the Reiter treponeme to streptomycin
had not developed. Meinicke (1961) found that
griseofulvin at concentrations of 0.0000375 ,g per ml
to 375 ,ug per ml showed no influence on motility of
Reiter treponeme or T. pallidum. Mutermilch &
Gerard (1957a, 1957b), working with Reiter trepa-
nemes in vitro, and Turner & Schaeffer (1954) with
T. pallidum in vivo in rabbits, obtained similar results
on the effect of antibiotics on those organisms. Anti-
biotics without action on Reiter treponemes were-
soframycin, viomycin, polymixin, neomycin, tyro-
thricin, and streptomycin. Streptomycin had some
action on T. pallidum. Antibiotics with action on
Reiter treponeme were: penicillin, erythromycin
magnamycin, terramycin, rovamycin, tetracycline,.
chloramphenicol, aureomycin, and bacitracin. The:
bacteriostatic dose of penicillin was 0.3 IU or 0.18 ,ug,
and the bactericidal dose was 600 IU. Mutermilch &
Gerard concluded that apparently easy and econo--
mical in vitro experiments on Reiter treponemes were
able to serve as a test in the study of therapeutic
action of antibiotics in syphilis.

Sole-Vernin & Vieira (1961) recovered Reiter tre-
ponemes from a culture contaminated with a Sar-
cina species by first determining the antibiotic sensi-
tivity of the contaminating bacteria, and then by
serially inoculating the contaminated culture on
media to which the antibiotic, kanamycin, had been
added. They verified the selective bactericidal effect
of the antibiotic on the contaminating organism and
demonstrated that it did not interfere with the
normal vitality and morphology of the Reiter
treponeme.

10. ANTIGENIC COMPONENTS

Eagle (1937) suggested that the treponemes might
well contain an antigenic factor immunologically
similar to a lipid present in normal tissue. Beck (1939)

postulated that the treponemes contained the ubi-
quitous lipoidal substance representing the Wasser-
mann antigen and a specific antigen. Kolmer, Kast
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& Lynch (1941b) did not question that treponemes
contained a specific antigen, probably in the nature
of a complete haptene of protein and lipids, but
maintained that it produced very little, if any, agglu-
tination or complement-fixation antibodies. Eagle &
Hogan (1940) concluded that Reiter treponemes con-
tained antigenic material serologically related to a
substance present in mammalian tissue, as well as
other antigenic factors not present in tissue extracts
but equally reactive with syphilitic serum. Eagle &
Germuth (1948) postulated that pathogenic T. pal-
lidum contained at least two distinct antigenic com-
ponents, one serologically related to a lipid widely
distributed in nature, and the other related to an anti-
gen factor present in certain strains of cultivated
treponemes. Gelperin (1951) isolated three antigenic
fractions-K, L and M-from Reiter treponeme by
tryptic digestion and alcoholic precipitation.

Puccinelli (1951) stated that experiments tended to
demonstrate the existence of a cultivated strain of
Reiter treponeme, serologically void of ubiquitous
lipoidal antigen, which might account for discrepan-
cies in reports of Gaehtgens, Eagle & Hogan, and
D'Alessandro & De Blasi on their observations of
adsorption of syphilitic sera with Palligen. In fact,
while Gaehtgens maintained that this procedure had
deprived the serum of only the antitreponemal anti-
body, the other workers observed that lipoidal anti-
body was also adsorbed. Hardy, Bornand & Durel
(1955) demonstrated that the Reiter treponemes used
in their work were practically devoid of the " ubi-
quitous lipoid" fraction.
D'Alessandro et al. (1949) demonstrated the pre-

sence of four fractions in Reiter treponeme: one was
a complete protein antigen and the other three, con-
sidered as haptenes, were polysaccharide, ubiquitous
lipid, and a lipid related to brain extract. D'Ales-
sandro (1957) pointed out that studies on the anti-
genic structure ofthe Reiter treponeme could produce
significant data in relation to the antigenic structure
of the pathogenic T. pallidum, as it was evident that
use of the protein antigen of the Reiter treponeme
was an application of specific syphilis serology.
Deacon & Hunter (1962), with fluorescent antibody
techniques, presented evidence that the so-called
" Reiter antigen " was not peculiar solely to T. pal-
.lidum and cultured treponemes purported to have
once been T. pallidum, but appeared to be an antigen
common to many treponemes, and therefore a non-
specific component. Absorption of Reiter treponeme
antibody conjugate with T. pallidum or T. zuelzerae
xemoved the common antibody, leaving a Reiter tre-

ponemal antibody probably having a specific com-
ponent present in the Reiter treponeme.

D'Alessandro & Del Carpio (1958a, 1958b) de-
monstrated a lipopolysaccharide antigen in the Reiter
treponeme and strongly suggested that it was identi-
cal or very similar to an antigenic component in the
pathogenic T. pallidum. Fichera, Del Carpio & di
Chiara (1962) prepared lipopolysaccharide antigen
from Reiter treponemes using the phenol-water ex-
traction method according to Westphal and com-
pared this with lipopolysaccharide antigen prepared
by other procedures. The type-specificity ofthe Reiter
treponeme lipopolysaccharide antigen was confirmed
and data on its in vivo antigenicity seemed to demon-
strate a peculiar lability of the antigen. Christiansen
(1962a) using a modified Westphal's method, iso-
lated a polysaccharide from Reiter treponeme that
reacted only with rabbit anti-Reiter treponeme serum.
He (1963, 1964) demonstrated a serological identity
between the polysaccharide antigens from Reiter tre-
poneme and Kazan II and found an antigen in Kazan
which distinguishes it from Reiter treponeme by
applying the agar-gel diffusion technique and cross-
absorption experiments. Three other serological sys-
tems were noted after ultrasonic treatment of the
organisms, one of which appeared specific for Kazan
II strain only. This suggested that the polysaccharide
is not the most specific component in closely related
strains of treponemes, and that other fractions (pos-
sibly nucleoprotein) must be borne in mind. But-
titta et al.1 isolated Reiter treponeme polysaccharide
by the methods of Westphal, Christiansen, and
D'Alessandro. The D'Alessandro-type polysaccha-
ride proved particularly active and on spectrophoto-
metric analysis showed only slight traces of nucleic
acids. Pillot & Dupouey (1964a, 1964b) studied the
thermostable antigen of Reiter treponemes that is
resistant to proteolytic enzymes and has a truly poly-
saccharide nature. They described a technique to
obtain the polysaccharide antigen in a purified solu-
tion using ultrasonically disintegrated cells, papain
digestion, and acetone precipitation of the poly-
saccharide. This product, representing 0.1 % of the
original dry weight, contained: 26% of -oses (original
assay expressed in glucose); nitrogen, 6 %; phos-
phorus, 2.8%; and fatty acids, 7%. This antigen
gave complement-fixation and precipitation reactions
with anti-Reiter treponeme serum, sensitized red
blood cells to action of anti-Reiter treponeme serum,
and was only weakly immunogenic. Precipitation in

1 Unpublished working document WHO/VDT/RES/59
of 8 September 1964.
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gel medium showed at least five antigens present. The
purified polysaccharide did not fix complement with
serum of syphilitic patients, but human or animal

normal serum which agglutinated Reiter treponemes
also agglutinated polysaccharide-sensitized red blood
cells.

11. RELATION TO OTHER TREPONEMES

NOGUCHI AND KRO6 TEPONEMES

Kast & Kolmer (1929) could not culture Noguchi
treponemes or Spirochaeta microdentium in " nor-
mosal " medium described by Reiter, indicating that
Reiter's cultures were not identical with Noguchi
treponemes. Kroo & Schultze (1929) and Plaut &
Kassowitz (1930) found that strain K22 of Kroo
and R36 of Reiter possessed different antigenic
properties.

KAZAN AND MOUTH TREPONEMES

Beck (1939) demonstrated complete serological
identity of the Kazan and Reiter strains in aggluti-
nation, complement-fixation, and absorption tests.
Dardanoni & Zaffiro (1953b) illustrated a close sero-
logical relationship between Reiter and Kazan strains
with treponemal suspension, protein, and polysaccha-
ride antigens prepared from these treponemes. They
felt there was complete serological identity between
the two strains. D'Alessandro & Dardanoni (1958)
reported that Reiter protein antigen reacted with
immune serum obtained from rabbits inoculated with
Kazan strain.

Kolmer, Kast & Lynch (1941a), finding reactions
in syphilitic and non-syphilitic sera with antigens of
cultured Nichols, Noguchi, Kroo, Reiter, and S. micro-
dentium and S. macrodentium organisms, stated
the reactions were ofgroup character. Since S. micro-
dentium and S. macrodentium were commonly present
in the mouth, the question arose whether the reactions
in syphilitics observed with antigens of Reiter trepo-
nemes and other alleged cultures of T. pallidum might
not be group reactions due to complement-fixation
antibody present in such a large percentage of non-
syphilitic sera for the antigens of S. microdentium and
S. macrodentium. Kolmer, Kast & Lynch (1941b)
adsorbed human syphilitic serum with suspensions of
Reiter treponemes and removed almost all agglutinin
for Reiter treponeme; however, the agglutinins for
Nichols, Noguchi, Kro6, and the oral treponemes
were not reduced. Syphilitic sera did not show appre-
ciably larger amounts of agglutinins for the six strains
of treponemes than did normal sera, which furnished
support to the opinion that reactive complement-

fixation tests with treponemal antigens were largely
due to natural treponemal antibodies. Poetschke &
Killisch (1959) conjugated T. pallidum and Reiter tre-
poneme antisera with fluorescein isocyanate. Both
conjugates stained T.pallidum and Reiter treponemes,
indicating a common antigen, but neither conjugate
stained Borrelia recurrentis or human mouth tre-
ponemes.

Robinson & Wichelhausen (1946) found that
Reiter and Kazan treponemes were similar in
morphology to oral treponemes L and K2, which
were large, regularly coiled, spiral organisms. The
organisms were similar in precipitin reactions but
were serologically different from the smaller oral
treponemes. Hampp (1947a) immunized rabbits
with several strains of cultured treponemes and oral
treponemes which were shown to be highly antigenic,
the highest titres resulting from the English Reiter,
Kazan, and FM strains of oral treponemes. Eagle
& Germuth (1948) described the serological relation-
ships of several cultured treponemes. The Reiter
strain was almost identical serologically to two
strains of saprophytic mouth treponemes, S26 and
S58-33, isolated by Wichelhausen & Wichelhausen
(1942), and closely related to Kazan. The highest
antibody response in immunized rabbits was to
Reiter and Kazan treponemes. The results obtained
by Eagle & Germuth indicated three distinct groups
of cultured treponemes: (a) Reiter and Kazan strains
(they may not have been of the same strain as that
used by Beck); (b) Nichols and Noguchi strains; and
(c) Kroo. Gelperin (1951) had test results suggesting
a close relationship between Kazan, Nichols, Reiter,
and S26 oral treponemes.
Tauber et al. (1962) made a comparative study of

the enzymes of treponemes and stated that several
related organisms may be classified into five groups
according to their enzyme patterns: Group 1 Reiter
treponeme, Kazan, and English Reiter contained
much cysteine desulfhydrase, in addition to moder-
ate quantities of DPN-dependent isocitric dehydro-
genase, but no TPN-dependent isocitric dehydro-
genase was found; Group 2-Noguchi; Group 3-
T. zuelzerae and Nichols; Group 4-T. micro-
dentium; and Group 5-Borrelia vincentii.


