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TEMPERATURE

Cannefax (1961, 1962) described a temperature
gradient bar in which he had grown six cultures of
Reiter treponemes, at each of 49 different tempera-
tures, to determine the optimal growth temperature,
which was found to be between 33°C and 350C.
Growth occurred between 28°C and 39.4°C with
similar total minimal growth at the extreme tem-
peratures.

ANAEROBIOSIS

Whiteley & Frazier (1948) obtained the best
anaerobiosis in cultures with 0.1 % sodium thio-
glycollate, and better growth was obtained by re-
placing air in the tubes with nitrogen gas.
Rose & Morton (1952a, 1952b) found that growth

was increased by the addition of sodium thio-
glycollate or neutralized cysteine to the heart-infusion
broth.

6. GROWTH AND DIVISION TIME

GROWTH PHASES

Gelperin (1949) observed that with a gentle agita-
tion of Reiter treponeme cultures, logarithmic growth
occurred for 2-3 days, and multiplication continued
for 5-6 days. Rose & Morton (1952a, 1952b) found
the number of organisms in cultures after a 24-hour
growth period to be roughly proportional to the size
of the inoculum; after a 48-hour growth period,
however, this proportion was lost, and in 1 week all
tubes had approximately the same amount of growth,
regardless of inocula. Schmerold (1956) stated that
the growth phase was succeeded by the dying phase,
and then by a phase of disintegration. Between the
growth and dying periods there was an interval of
immobility. The motility rate fluctuated, amounting
to approximately 60% during the first days after in-
oculation. The cell-count per ml was at its maximum
on about the fifth day. Power & Pelczar (1959) made
quantitative measurements of the growth of Reiter
treponeme cultures after a 7-day incubation at 37°C,
as it had previously been determined from growth-
curve studies that the maximum cell-crop would be
reached in from 5 to 7 days. The measurements were:
optical density, 0.36; cell count, 340 x 10 per ml.
Reiter treponemes grown in medium supplemented
with TEM-4T (the diacetyltartaric acid ester of tallow
monoglycerides) gave the following measurements:

optical density, 0.68; cell count, 1320 x 10. per ml.
Cannefax & Garson (1960) stated that the effect of
dialysable substances on growth response in freshly
prepared medium and in mediumr in which Reiter
treponemes were grown for 3, 6, and 12 days was to
reduce the lag-phase period. Organisms reached the
end of the logarithmic-growth phase within 2%2-3
days in 10-ml volumes in test-tubes.

DIVISION TIME

Magnuson, Eagle & Fleischman (1948) and Cum-
berland & Turner (1949) calculated the division time
of virulent T. pallidum in rabbit testes to be approxi-
mately 30 hours and 33 hours, respectively. Eagle
(1948) reported that the division time in vitro of the
Reiter treponeme averaged 10 hours; Gelperin (1949)
calculated 8.8 hours from growth during the first 48
hours of culture; and Rose & Morton (1952a, 1952b)
found the average generation time for the first 48
hours' growth to be 6.9 hours. Schmerold (1956)
observed that under favourable circumstances the
Reiter treponeme averaged about two hours to deve-
lop to full size and divide, but that with the depletion
of the culture medium this time lengthened. Canne-
fax & Garson (1960) reported that the generation time
of Reiter treponeme varied from 2 to 10.5 hours.

7. CULTURE METHODS

LIQUID MEDIUM

Simplified culture methods for " aerobic " cultiva-
tion of anaerobes were improved by Brewei (1940a,
1940b), who developed a simple and practical, clear-

liquid medium that would remain anaerobic for a
long period of time without the use of a seal. He
utilized sodium thioglycollate and a small amount of
agar in glucose infusion broth. Gelperin (1949) grew
Reiter treponemes readily in anaerobic broth or
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Brewer's medium containing heated human serum.
He attempted to improve methods of cultivation and
found that Brewer's medium, modified by omitting
agar and resazurin, adding 0.7% disodium phosphate
to minimize decline in pH, and increasing sodium
thioglycollate three times, proved the most satisfac-
tory. The addition of heated human serum in a con-
centration of more than 10% was -not helpful, and
less than 8% resulted in a sharp decline in growth.
Gastinel, Vaisman & Hamelin (1956) grew Reiter tre-
ponemes in Brewer's medium or peptone with glu-
cose medium, each with 10% animal serum added.
D'Alessandro & Dardanoni (1953) and Cannefax &
Garson (1957) removed the agar from Brewer's me-
dium and added 10% rabbit and horse serum, res-
pectively, heated for 2 hours at 580C. Wallace &
Harris (1958), using small inocula, found that NIH
thioglycollate broth (without agar), plus 10% heated
beef or hog serum, gave good growth of the Reiter
treponeme. Pillot (1962a, 1962b) reported on im-
proving Brewer's medium in order to obtain more
abundant cultures of Reiter treponemes possessing
certain antigenic properties. The modifications in-
cluded: (a) suppression of agar and sodium chloride;
(b) use of a very degraded casein pancreatic peptone;
(c) use of a buffer (disodic phosphate); (d) addition of
ammonium and carbonate ions (which also play the
part of a buffer), and of Tween. He showed that
the inhibiting factor present in the serum added to the
medium is an antibody which can be assayed by ag-
glutination, allowing sera to be selected according to
their agglutinating titre, which varies with the animal
species and with the individual. This modified me-
dium, suitable for the culture of other treponemes,
did not grow the syphilis treponeme using various
culture conditions. Dupouey (1963b) cultured trepo-
nemes in a modified Brewer's medium and found that
10% serum was needed for Reiter treponemes and
T. phagedenis which grew rapidly, and 20% serum
was needed for the slowly growing T. refringens, T.
calligyrum and T. minutum.

Robinson & Wichelhausen (1946) grew treponemes
in pancreatic digest broth containing 2-mercapto-
ethanol as a reducing agent in concentration of 1-1000
and methyleiie blue in concentration of 1-1 000 000
with added 10% ascitic fluid or 1 % defibrinated rab-
bit blood. The ascitic fluid was adequate for Reiter,
Kazan, Nichols and Noguchi cultured strains of tre-
ponemes, but whole blood was required for some
oral spirochaetes. Rose & Morton (1952a, 1952b)
got the most prolific growth with Bacto heart-infusion
broth enriched with serum or ascitic fluid and con-

taining a reducing substance. Power & Pelczar (1959)
grew Reiter treponemes in spirolate broth with 10%
inactivated sheep serum and later supplemented this
with TEM-4T at a concentration of0.2 mg to 0.25 mg
per ml. Equal parts of palmitic, stearic, and oleic
acids totalling 0.2 mg per ml of medium were com-
parable to the TEM-4T. Annear (1962a) grew Reiter
treponemes in spirolate broth with 10% ox serum
added.

Sasashira & Urakawa (1961) found the growth-
enhancing effect of Reiter's medium for spirochaetes
to be greater than that of Korthoff's medium, Har-
mon's agar, or Kawata's medium, but since small
particles of liver in Reiter's medium interfered with
microscopic observation, Kawata's medium was con-
sidered best for experiments. Mirdamadi (1962), of
the Faculty of Medicine of Teheran, cultivated Reiter
treponemes in the following medium: liver bouillon
with 2% glucose with a small piece of sheep testicle
and a few millilitres of liquid paraffin added to each
tube before sterilizing for 3 days in an autoclave.

Stevens (1964b) cultured Reiter treponemes in a
modified medium containing trypticase, yeast extract,
glucose, sodium chloride, cysteine hydrochloride,
sodium thioglycollate, disodium phosphate, TEM-4T
and 10% heated normal horse serum. This medium
gave a yield oforganisms 2 %2-3 times more than those
obtained with a conventional medium. Hanson &
Cannefax (1964) cultured and lyophilized Reiter tre-
ponemes in the following medium: 45% spirolate
broth; 45% brain-heart-infusion broth with 0.05%
added sodium thioglycollate; 0.025% asparagine;
0.025% tryptone; 5% gelatin; and 10% normal
inactivated rabbit serum.

SOLID MEDIUM

Hardy, Lee & Nell (1963) studied 8 Treponema
strains reputed to be variants of T.pallidum cultivable
in vitro (Reiter, Noguchi, Nichols, Kazan A, 2, 4, 5,
8), 6 strains of small oral treponemes, and 1 strain of
B. vincentii (N-9) on solid media. The media were
prepared by adding 0.7% Ionagar No. 2 to main-
tenance broth used for each organism, since higher
concentrations inhibited growth. The slow growth
(division time of 5 to 15 hours) necessitated incubat-
ing the streaked plate cultures for 6 to 12 days or
longer. The Reiter treponeme showed visible growth
in 6 to 7 days, and had three distinct colony-types, the
predominant types being rhizoid and subsurface dif-
fuse types measuring 0.3 mm to 0.6 mm in diameter,
and a few small, round convex colonies with a glisten-
ing appearance. None of the colony types produced
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haemolysis in the presence of human erythrocytes,
but the rhizoid colonies were frequently surrounded
by a narrow haemolytic zone on rabbit blood agar,
varying with the batch of rabbit blood. The micro-
scopic appearance of organisms from the round sur-
face colonies showed pleomorphism and an occa-
sional organism had a spiral shape and resembled
spirilla more than treponemes, but none was motile.
There were many spherical bodies. In other colonies
there were more spiral forms, and some had a lazy
flexing or rotary movement. Subcultures from all
three colony types into broth gave rise to regularly
coiled and motile spirochaetes. Hardy, Lee & Nell
(1964) studied cultures ofspirochaetes normally found
in the human oral cavity on solid medium. The
results revealed that: (a) colonial growth of such
" wild-type " spirochaetes can be achieved as readily
as that of established laboratory strains; and (b) that
some of these strains are nutritionally dependent
upon other oral micro-organisms. They found four
varieties of " helper " bacteria and chose a micro-
aerophilic diphtheroid for use as it appeared to have
the greatest growth-stimulating capacity.

Christiansen (1964a, 1964b) searched for differ-
ences between Reiter and Kazan treponemes in order
-to contribute to the study of treponeme taxonomy.
He used a fluid medium and the thioglycollate me-
dium with 10% rabbit or human serum and up to
0.7% oxoid ion agar added, in Petri dishes under
anaerobic conditions. After 7 days of growth, the
Reiter treponeme colonies were 0.5 mm to 1 mm in
diameter and circular and were smaller than the
Kazan colonies. Three types of colonies were found
from four strains of Kazan. Morphological differ-
ences between the Reiter and Kazan treponemes were
not found. Hanson & Cannefax (1965) described the
surface colony morphology of 47 strains of trepo-
nemes and one strain of Borrelia using standardized
cultural conditions. They found five colonial types
which were stable on subcultures. Six strains ofReiter
treponemes from different sources were found to give
three different colonial types. They stated that Reiter
protein antigens prepared according to D'Alessandro
& Dardanoni often give different patterns in sero-

logical and biochemical assays and that this may oc-
cur because ofmore than one serological and cultural
type in the Reiter treponeme cultures. The relation-
ship between the colony types and the serologically
active components was not determined.
Ustimenko (1962) concluded that the most favour-

able solid medium for the cultivation of T. pallidum
appeared to be 2% agar in Marten bouillon with
added 20% rabbit serum or 5% to 10% hen egg yolk.
Surface colonies had heterogeneous forms. Rapid
growth of T. pallidum occurred in deep agar when the
method of Perettsa was used. The individual colonies
had a cloud-like appearance and condensed centres.

CHICK EMBRYOS AND ANIMAL TISSUES

Beardmore & Dodd (1950) cultivated Reiter trepo-
nemes in chick embryos when anaerobic conditions
were provided by coating the eggs with paraffin; how-
ever, the embryos were killed in the anaerobic state.
They indicated that growth had occurred as a direct
effect of lowered oxygen tension on the treponemes.
The recovery of an unidentified spirochaete from
hens, and possibly from hen eggs, was reported by
Steinhaus & Hughes (1947), who thought this finding
might be of interest to laboratory workers using eggs
for cultures of various pathogens and for the manu-
facture of vaccines.

Zaffiro (1962) inoculated rabbits intratesticularly
with Reiter treponemes and found no lesions in testi-
cles or other organs. Reiter treponemes disappeared
rapidly from the tissue and could not be isolated
from testicular tissue in culture medium. Following
this, two rabbits were infected with T. pallidum and
four days later with Reiter treponemes. After four
more days, the testicles were excised and cultured in
Brewer's medium, and a growth of Reiter treponemes
was observed after 14 days. After the third animal
passage the recovered Reiter treponeme showed no
appreciable differences from the laboratory strain of
Reiter treponeme. These observations may shed light
on the interpretation of old data on the isolation and
cultivation of saprophytic treponemes from specific
lesions caused by pathogenic T. pallidum.

8. PHYSICAL AND BIOCHEMICAL CHARACT1ERISTICS

PHYSICAL

Gelperin (1949) recorded the following quantita-
tive measurements for Reiter treponeme in mass

cultivation: (a) 1 x 109 organisms contained 58.5 usg
nitrogen; (b) 1 x 109 organisms washed with saline
and acetone and dried over P20, weighed 0.8 mg.
He (1951) washed Reiter treponemes 18 times with


