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16. IN VIVO CULTURE OF TREPONEMES: II. SYPHILIS IN THE RABBIT

HISTORY

Syphilis was first transferred to the rabbit by
Haensell (1881) who produced keratitis in that
animal, and gperk, in 1886-88, infected rabbits,
monkeys, goats, sheep, a calf and piglets also
(Ovcinnikov, personal communication, 1962), but
this work was not confirmed until Bertarelli (1906)
demonstrated that it could be passed from one

rabbit to another.
It was first transferred from man to the testicle

of the rabbit by Parodi (1907), and this was soon
repeated by other workers (e.g., Nichols in 1910-see
Reasoner, 1916; Hoffmann, 1911; Noguchi, 1911;
see also Liberman, 191 1; Finkel'stejn, 1912;
Finkel'stejn & Orlov, 1931). Since this work the
rabbit has been the main source and storehouse of
virulent T. pallidum (Stratton, 1946). Once estab-
lished in the rabbit, T. pallidum takes more easily
using rabbit than human material (Wilson & Miles,
1955).
Much has been written on rabbit syphilis, including

a monograph by Ovcinnikov (1955) which includes
526 Russian references and 119 others: see also
Stratton (1935), Matsumoto (1930, 1942), Hard
(1954), Longhin et al. (1958), Krantz (1930), Kolle
et al. (1930), Gastinel & Pulvenis (1934), Mulzzr
(1927), Volosceanu et al. (1955), Stoyanoff (1957),
Turner & Hollander (1957), Longhin et al. (1958),
Gastinel et al. (1961), Mungale (1961) and Uhlenhuth
& Mulzer (1913), who published an exhaustive
review of the literature of this early period.

METHODS OF INOCULATION

Rabbits may be infected via the eye, blood, skin,
testis or scrotum.

Ocular inoculation
Uhlenhuth & Mulzer (1913) stated that inoculation

of the syphilitic rabbit cornea into the anterior
chamber of another rabbit was followed by healing
of the wound in 5-10 days. After 3-6 weeks, the
keratitis increased to an acme after which retrogres-
sion and healing occurred; a relapse might follow.
Only a certain proportion of rabbits might develop
it. Repeated passages might enhance virulence
in so far as the incubation period fell from 6-8 weeks
to 4-5 weeks (see Wilson & Miles, 1955). The use

of the rabbit's eye to study T. pallidum and T. duttoni
was described by Levaditi & Vaisman (1950)-see
also Bessemans & Van Canneyt (1939).

Intravenous inoculation
Generalized lesions are more common after

intravenous than after intracutaneous inoculation
(Chesney & Schipper, 1950).

Intradermal inoculation
Intradermal inoculation may be performed on

shaved areas on the back of the animal, or intrader-
mally into the scrotum (Turner & Hollander, 1957).
lnjections of known numbers of treponemes at
multiple sites may also be given (Turner, 1939).
By the use of shaved animals (Oganesjan, 1945,
1947) symptoms of secondary syphilis were claimed
to be obtained after intradermal inoculation.

Intratesticular inoculation
After intratesticular inoculation the testicle swells

gradually to the size of a pigeon's egg after three to
four weeks. The testicular lump, or a nodular
infiltration in the albuginea, reaches the size of a
cherry-stone in 10-20 days and that of a walnut
after 12-35 days. The orchitis extends to the whole
testicle within 3-21 weeks. The inflammation may
be diffuse or nodular (for techniques in producing
orchitis in the rabbit, see Borel, 1952). Sometimes
there may develop at the site of inoculation a crusted
erosion, or chancre: the epididymis and cord may be
affected. This is followed by cycles of retrogression
and quiescence. The duration of the clinical inflam-
mation may vary from a few weeks to over a year
(Brown & Pearce, 1920b; Wilson & Miles, 1955;
Volosceanu et al., 1955).
According to Chesney (1923; see Scott & Dammin,

1950) the local reaction following inoculation into
the testis is more striking than that following inocula-
tion into the skin.

Scrotal inoculation
Scrotal injection, which is preferred by some

workers (e.g., McLeod & Arnold, 1951a), was
introduced by Tomasczewski (1910; see Wilson
& Miles, 1955). After an incubation period of two
weeks a typical primary chancre develops with
marked inguinal adenitis. This reaches a peak 30-55
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days after inoculation, and then ulcerates (Volos-
ceanu et al., 1955). The scrotal infection may
spread, and numerous secondary lesions develop
which may last for 1-18 months (Wilson & Miles,
1955; see also Brown & Pearce, 1920c, 1920d).

Other methods
Inoculation on to the surface of a granulating

wound (see Chesney et al., 1928) is accompanied by a
low proportion of " takes " (see Turner & Hol-
lander, 1957).

SIZE OF INOCULUM

One treponeme inoculated intratesticularly is
regularly infectious, and four organisms inoculated
intradermally cause infection in half of the animals
(Eagle, 1948).
Thomas & Morgan (1934; see Stokes & Beerman,

1948) attempted inoculation with a single T. pallidum
obtained under the dark-field with a micromani-
pulator. They failed to secure infection with from
one to six organisms. However, Magnuson, Eagle
& Fleischman (1948), who also studied the minimal
inoculum and reviewed the literature, concluded
that one or two treponemes were infectious for 47%
of rabbits when inoculated into the testicle. With
increasing numbers of organisms, up to 200 000, the
percentage of successful takes increased propor-
tionately to 100 %.

Wiggall & Chesney (1950) noted that there were
more infections (and also more clinical lesions and
less asymptomatic infections) with larger inocula.
However, as pointed out by Stokes & Beerman

(1948), such experiments take no account of possible
ultramicroscopic forms of the treponeme.

INCUBATION PERIOD

Chesney & Kemp (1925b) found that the incuba-
tion period in rabbit syphilis was in inverse propor-
tion to the size of the inoculum. This was con-
firmed by Magnuson, Eagle & Fleischman (1948;
see Stokes & Beerman, 1948) and Gastinel et al.
(1961), who found that the incubation period
remained much the same (35-41 days) with inocula
up to 100 organisms, but fell sharply to 27 days with
10 000, and to 17 days with 200 000 organisms. It
has been shown by Cumberland & Turner (1949) that
the number of treponemes increases at a constant
rate in the rabbit's testicle during the incubation
period, and also that increasing histological changes
occur during this time (Rich et al., 1933; see Scott &

Droegemueller, 1950). The incubation period and
resistance of rabbits to infection can be influenced
by hormones as judged by castration and experiments
with testosterone (Magnuson, Rosenau & Green-
berg, 1951). It may also be altered by subcurative
doses of certain drugs, as Clark et al. (1964) reported
following injection of actinospectacin (spectino-
mycin).

RATE OF MULTIPLICATION

From calculations made from the size of the
inoculum, Magnuson, Eagle & Fleischman (1948)
calculated that the division time in the rabbit was
approximately 30 hours, which figure was in general
agreement with the 33 hours calculated by Cum-
berland & Turner (1948, 1949) as the basis of
treponemal counts made on syphilitic rabbit testes.
There was a tenfold increase in 4-5 days-i.e.,
33 hours for a single division. See also Hollander
& Turner, 1954, who calculated that there were as
many as 212 million treponemes in a rabbit's testis
22 days after inoculation with 100 000 organisms.

SPREAD TO LYMPHATICS

Cumberland & Turner (1949) showed that within
two hours of inoculation over 90% of the trepo-
nemes injected into rabbits were no longer in the
testis. With contact exposure the time is much
longer. Mahoney & Bryant (1933, 1934), using cot-
ton packs impregnated with treponemal emulsion,
found that invasion of the preputial sac of the rabbit
required three to four hours (see Stokes & Beerman,
1948).
Brown & Pearce (1920a, c, 1921b) showed that

when rabbits are infected with syphilis the organisms
are carried to the lymphatic glands and remain there
indefinitely in a state of latency. The glands may
be excised, ground up and injected into other
rabbits when required for use (see Wilson & Miles,
1955). After scrotal inoculation the lymph-nodes
are infective within 30 minutes (Kolle & Evers,
1926a). See also the observations of Kolle & Evers
(1926b), Levaditi et al. (1938), and the review of
Turner (1938), who stated that the average time
reported by several investigators was around
35 minutes (see Stokes & Beerman, 1948).
According to Eagle (1948), the time when the

treponemes leave the site of inoculation and invade
the lymph-nodes may be as little as five minutes and
as long as 4-24 hours after inoculation. The rate
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varies with animal species, tissue involved, vascular-
ity, lymphatic drainage and damage. Raiziss &
Severac (1937) recovered T. pallidum from the
blood-stream of rabbits within five minutes of
intratesticular inoculation (see Turner & Hollander,
1957). Reasoner (1916) showed that the disease in
rabbits could be produced by inoculation of blood
and serum of an infected rabbit before the occurrence
of the initial lesion-i.e., in the incubation period.
The spread to the lymph-nodes is conditioned also by
immunity. Reynolds (1941) showed that the Nichols
strain of T. pallidum injected into immune rabbits
did not migrate to the regional lymph-nodes but
was destroyed in situ by the immune processes of
the host.

LATENCY IN THE RABBIT

In about 10% of rabbits inoculated in the scrotum
no chancre will develop, although the popliteal
glands have been shown to be infective 82-199 days
later (Kolle & Evers, 1926b).

Infection in the rabbit differs from the infection
in man, as although there may be spontaneous cure
in man-even in untreated patients (Lake & Bryant,
1930; see Eagle, 1948>-the rabbit remains infectious
for the whole of its natural life (see Jordan & Bur-
rows, 1945; and Ovcinnikov, 1955). The organisms
persist in the lymph-nodes, spleen and bone marrow,
their presence being demonstrable by inoculating
these tissues into normal animals.

In rabbits, too, once the early lesions have healed,
there is only minor microscopical inflammatory
reaction, even in tissue known to harbour the
organisms (Eagle, 1948). For example, the spleen of
the rabbit can be shown to be infected very early
in the infection (Brown & Pearce, 1920a, 1921c; see
Shaffer, 1926). The same phenomenon may be
observed in humans. Frankl (1936) and Charpy
(1936>-see Stokes & Beerman (1948>-showed
that T. pallidum can be present in the normal skin
of syphilitics without causing any noticeable his-
tological reaction.

Frazier et al. (1950) found that the blood of
rabbits could be intermittently infectious to other
rabbits for periods up to 930 days after inoculation,
and after the infection had been asymptomatic for
one or two years. In a later paper, Frazier et al.
(1952) reported the presence of treponaemia three
to four years after the disease had become asymp-
tomatic. Such treponaemia is intermittent, or may
not occur at all. The feeding of cholesterol to
rabbits in an attempt to produce extensive athero-

matous disease did not affect the presence or dura-
tion of the treponaemia (Frazier, Bensel & Keuper,
1950; Frazier et al., 1948). Asymptomatic syphilitic
infection in rabbits has also been discussed by
Bessemans (1936).

GENERALIZED LESIONS

Following scrotal or testicular inoculation (or
intravenous injection) generalized lesions may
develop affecting practically any structure of the
body (see Wilson & Miles, 1955; Brown & Pearce,
1920f, g; 1921a; Brown, Pearce & Witherbee,
1921a, b, c, Hashiguchi, 1929 a, b, c; and Grigor'ev
& Jaryseva, 1928a, b; and Matsumoto, 1930); par-
ticularly may they occur in newborn rabbits (Nielsen,
1962). They may also arise if the scar of inoculation
is removed (Shimizu & Yoshida, 1961).

Metastatic lesions usually occur 35-60 days after
inoculation: there seems to be a considerable strain
variation in this respect (Turner & Hollander, 1957).
There may be papular or erythematous skin erup-
tions, sometimes in successive crops, granulomatous
lesions which may ulcerate, alopecia, onychia,
paronychia, and necrotic and ulcerative lesions of
the mucosa (Brown & Pearce, 1920g; Reasoner,
1916). Localized lesions of the periosteum, bone,
cartilage and tendon sheaths may occur, including
such manifestations as destruction of the nasal
septum, and separation of the epiphysis (Brown,
Pearce& Witherbee, 1921a, b; Wilson& Miles, 1955).
There may also be conjunctivitis, keratitis or iritis
(Brown & Pearce, 1921a; see Wilson & Miles, 1955).
The generalized lesions may be produced by the
intravenous or intracardial injection of rabbits a
few days old (Uhlenhuth & Mulzer, 1913; see Wilson
& Miles, 1955); generalized lesions may more com-
monly follow intravenous than intracutaneous
injection (Chesney & Schipper, 1950; Chesney, 1923
-see Scott & Dammin, 1950). Scott (1950) failed to
achieve localization of lesions in syphilitic rabbits by
intradermal and intracorneal infections of hyalu-
ronidase. Aortitis in the rabbit was studied by
Grigor'ev & Jaryseva (1928b).

Syphilis of the nervous system in the rabbit was
studied by Finkel'stejn, Pankova & Segal' (1930).
According to Reasoner (1916), the rabbit ordinarily
develops an initial lesion after inoculation into the
genitalia, the eyes or the eyebrows. Generalized
syphilis without an initial lesion may follow intra-
venous injection, injection into various tissues, and
subcutaneous inoculation. Interstitial keratitis and
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pericorneal infection are not uncommon after
intravenous inoculation. Iritis and cyclitis were also
observed.
As stated in section 15, the Nichols-Hough rabbit

strain was obtained from a syphilitic patient with
an early neuro-recurrence (Nichols & Hough, 1913).
Reasoner (1916) studied further this strain in rabbits
after it had passed through 32 generations in 73
rabbits for a period of four years for signs of fundus
involvement. He noted choroido-retinitis in two
rabbits inoculated with this strain, but not in those
which had received other strains. Previously
Weygandt & Jacob (1914) had found that animals
injected with the same strain developed neuro-
syphilis in some cases (see also Wile, 1916). By and
large, however, Reasoner was inclined to agree with
Noguchi that the rabbit brain was resistant to
syphilis. Finkel'stejn & Gurevic (1930) and other
Soyiet research workers could find no special neuro-
tropic strain (cited by Ovcinnikov-personal com-
munication, 1962).

Smith et al. (1965) found that rabbits given
inoculations into the cistoma magna developed no
lesions within two months, although reagin sero-
logical tests became positive.

Soviet workers, particularly, have studied the role
of the nervous system in the course of syphilitic
infection in rabbits (Ovcinnikov & Zelikova, 1951;
Ovcinnikov, 1952; Sosnovskij, 1957; and others).

In experiments by Russian workers it was noted
that syphilitic infection follows a more benign
course, and syphilomas appear later, in rabbits after
section of the vagus nerve. Changes were reported
in the course of infection after stimulation of the
nervous system with a number of preparations
(isotonic solution of table salt, glucose, adrenalin
and pilocarpine).

Ovcinnikov & Zelikova (1951) and Ovcinnikov
(1952) noted in their experiments different rates of
elimination of penicillin after stimulation and in-
hibition of the nervous system, and also found a
difference in the length of the incubation period. In
the same way, Ovcinnikov & Korbut (1951) found
that the nerve receptors of the lung have no effect on
the occurrence and course of experimental syphilis.
Research by Stejnluht and Ovcinnikov (Ovcinnikov
--personal communication, 1962) showed that long,
deep sleep gave negative results in the sense that it
weakened the protective mechanisms in rabbits
suffering from syphilis.

Nichols (see Reasoner, 1916) had demonstrated
that, in one strain at least, removal of the inoculated

testicle tended to favour the development of a lesion
in the uninoculated testicle. Reasoner had no
generalization in two rabbits when the testicles were
removed after seven days.

Chesney & Schipper (1950) demonstrated that the
incidence of generalized lesions varied according to
the method of inoculation. They injected chinchilla
rabbits intracutaneously, intravenously and intra-
testicularly with the Nichols pathogenic strain, and
observed them over 85 days, by which time all the
lesions, both local and general, had healed. The
incidence of general lesions (bone 90%, skin 79%,
and eye 14 %°/-total 96 %) was greatest following in-
travenous injection, and least (bone 14 %, skin 18 %,
eye 3.6 %--total 18 %) following intracutaneous
injection. The incidence following testicular inocula-
tion was midway between the two (bone 37%, skin
40%, and eye 15%-total 52 %). Other studies of
generalized lesions following, particularly, intra-
venous injections include those of Uhlenhuth &
Grossmann (1926) and Hashiguchi & Kato (1930;
see Chesney & Schipper, 1950). The pattern of
secondary lesions in the rabbit has rec ntly been
confirmed by Smith et al. (1965).
Although the generalized lesions of skin, bones

and eyes may occur during the early inflammatory
process, late visceral lesions in the rabbit have only
rarely been described (Eagle, 1948). Generalized
lesions can be made to occur by keeping the rabbits
at a temperature ranging from 0°C to 6°C. Not only
are late visceral lesions rarely found, but neither is
involvement of the foetus of pregnant animals found.
The disease will not develop in the foetus even by the
inoculation of the rabbit foetus in utero, although
treponemicidal or immobilizing substances cannot
be found in the foetal tissues or fluids (Pautrizel et
al., 1957). Hamaganova (1956) inoculated rabbits
with a mixture of a suspension of foetus and placenta
from syphilitic women but failed to produce infec-
tion in a single case. When the placentas were
examined no treponemes were found. The failure to
produce congenital syphilis in the rabbit was
considered by Festenstein & Bokkenhauser (1961) to
be due to the temperature of the uterus. For other
papers on this subject see Finkel'stejn & Orlov
(1931).

HOST FACTORS

Although Rosahn (1933) found Havana and
Dutch breeds more resistant than English, Himala-
yan or Rex, the differences found were of degree only.
Turner & Hollander (1957) considered that all breeds
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were almost equally susceptible. Male rabbits are
preferred as their sex organs can be readily in-
oculated. It has been suggested (Chesney, 1923;
Magnuson, Rosenau & Greenberg, 1951) that the
signs of disease are heightened in the male rabbit.
Turner & Hollander (1957) consider the relation of
sex hormones to the course of experimental syphilis
is not clear, but, in view of demonstrable effects of
cortisone and adrenocorticotrophic hormone
(ACTH), other studies on relationship of sex hor-
mones and experimental syphilis (e.g., by Kemp &
Shaw, 1938; Kemp et al., 1939; Frazier et al., 1935)
have a new significance. These studies showed that
the administration of oestrogens to male rabbits
results in a milder type of disease. Rabbits' testes
which become atrophic as a result of the use of
such hormones do not develop orchitis if injected
with treponemes (Frazier et al., 1941).
The adrenocorticosteroid hormones have a marked

effect on rabbit syphilis with a suppression of the
inflammatory process, a great increase in the number
of treponemes with a similar great increase of hyalu-
ronic acid in the lesions which, according to Turner
& Hollander (1957), is not converted into a chon-
droitin-sulfate-like substance, the lesions remaining
soft and filled with mucoid material. A very marked
increase in the size of the lesions occurs on cessation
of the steroids (see DeLamater et al., 1952; Turner &
Hollander, 1950, 1954, 1957) but without effect on
the TPI serum titres (Schmidt et al., 1957). See also
Yamazoe (1959) and Musumeci (1960).
DeLamater et al. (1952) studied the effect of

cortisone on experimental syphilis (Nichols patho-
genic strain) and also on experimental infection with
Borrelia anserina. In both diseases the numbers of
organisms present in the lesions and blood stream
were markedly increased. Additional observations
on the histological reaction which is produced in the
experimental syphiloma indicate that the mucoid
material present is probably not hyaluronic acid
alone- thus confirming the observations of Turner &
Hollander (1950).

Healthy animals are more susceptible to infection
than unhealthy animals (Turner & Hollander, 1957).
Diet has some effect, the disease apparently being
enhanced by diets producing acidosis and reduced by
alkalosis (Otsuji, 1938, 1939a, b; see Matsumoto,
1942). The inclusion of lanolin in the diet is also said
to have an inhibitory effect (Otsuji, 1940 a, b; see
Matsumoto, 1942). Katsura (1958) found that skin
lesions were more severe in rabbits with liver dysfunc-
tion than in normal animals. That syphilitic infec-

tions might develop atypically in tuberculous rabbits
was noted by Hacaturjan (1956). Ohkuwa (1958)
noted a fall in vitamin B concentration of the blood
during the course of experimental syphilis. Metzger
(1963) showed that lysozyme increased in the testi-
cular juice of the rabbit after infection with
T. pallidum, reaching a peak in two to three weeks.
although the effect was inhibited for a while by
cortisone. The serum lysozyme was not much
altered.
The need for a low oxygen-reduction potential is

stressed by Turner & Hollander (1957), who noted
the observations of Chesney & Kemp (1925a),
Chesney et al. (1928) and Halley et al. (1927), who
found some confirmation in the fact that granulating
wounds and other skin lesions favoured the growth
of T. pallidum. It would also explain, perhaps, the
heightening of the disease noted in conjunction with
a vaccinia infection by Pearce (1928a, b).

ENVIRONMENTAL FACTORS

Temperature is important. Lesions of the rabbit
are more frequent and more severe in winter (Turner
& Hollander, 1957). It has been suggested, therefore.
that sunlight may be a factor (Brown & Pearce, 1927;
Brown et al., 1924). The effect of temperature can be
demonstrated under artificial conditions in the
laboratory (Yamamoto, 1929-see Matsumoto,
1930; Hollander & Turner, 1954; Longhin et al.,
1957). The last-named authors showed more success-
ful " takes " following intracutaneous inoculation
in rabbits kept at 18°C-21°C than in those kept at
29°C-31°C. Hamsters likewise respond better in a
cool than in a warm room (Turner & Hollander.
1957).
Heat is prejudicial to the survival of treponemes

within the body. Lesions heal quicker (Weichbrodt
& Jahnel, 1919) or fail to develop (Schamberg &
Rule, 1927, 1928) at warmer temperatures, although
lymph-nodes remain negative. Even testicles kept
in the warmer abdominal cavity fail to develop
lesions (Bessemans & Haequaert, cited by Besse-
mans, 1930; see Turner & Hollander, 1957, p. 92).
Moreover, rabbits injected intraperitoneally show a
lower rate of infection than those injected by other
routes (Turner & Hollander, 1957). It seems that
it is the evolution and resolution of lesions which
is principally affected, for Hollander & Turner (1954)
found little difference in the rates of multiplication
of treponemes in the testicles of rabbits kept in hot
or cold rooms (see also Bessemans, 1930, 1938;
Bessemans & Van Canneyt, 1939).
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OTHER WORK ON RABBIT SYPHILIS

Reinfection in experimental rabbit syphilis was
considered by Reiter (1924) and Arnold and his
fellow-workers (1947a, b; 1950); immunity in ex-
perimental syphilis by Magnuson, Thompson &
McLeod (1951), Bessemans & de Geest (1930),
McLeod & Arnold (1951b) and Chesney et al.
(1933)-see also Reiter (1925) and Chesney & Turner
(1931); studies of relationship between yaws and
syphilis by Turner (1937); cross-immunity between
syphilis and yaws by Turner & McLeod (1942),
McLeod & Magnuson (1955), Sch6bl (1930); and
between these diseases and venereal treponematosis
of rabbits by Turner et al. (1947)-to mention but a
few papers in this vast field.
Much has been written on immunity in syphilis, in

which the rabbit has been the experimental animal
most used. Most is considered beyond the terms of
reference of this study and readers are referred to the
works of Chesney (1927), Magnuson, Rosenau &
Clark (1948), Magnuson et al. (1949), Turner &
Hollander (1957) and others. Recent work includes
that of Miller (1964), who studied serum reactions in
treated and untreated rabbits. The VDRL reaction
reached its maximum positivity four weeks after
inoculation, while maximum positivity to the Reiter
protein complement-fixation test was not obtained
until eight weeks. The TPI reaction showed little
activity before six weeks and reached its maximum at
24 weeks. On the other hand, Kent et al. (1964)
inoculated 108, 105 and 10' organisms. The Reiter
protein complement-fixing antibody appeared first
in two to six days in those given 108 and 105 organ-
isms, but the immobilizing antibody appeared first in
those given 10' organisms (see also D'Alessandro &
Zaffiro, 1962; Ottolenghi-Lodigiani, 1961; Pautrizel
et al., 1962; Miller, Fazzan & Whang, 1963; Miller,
Whang & Fazzan, 1963; Zaffiro, 1963). As far as
cross-immunity is concerned, there is some demon-
strable cross-immunity between yaws and syphilis,
but not as much as between strains of the same
species. The Nichols strain of T. pallidum is a more
efficient antigen than the yaws treponeme (Turner &
Hollander, 1957).

Rabbits with syphilis have been used widely to
test the various antisyphilitic drugs (arsenic, bismuth,
mercury, iodides, penicillin, tetracycline, alone or in
combination, with and without fever). The con-
siderable literature concerning these aspects of
rabbit syphilis is considered beyond the scope of this
review.

Recently Collart (1962) and Collart et al. (1962a,
b, c, d, 1963, 1964), using staining methods, have
examined lymph-nodes from syphilitic rabbits which
had been deliberately left untreated for about two
years before being given massive doses of penicillin
and, as a result of much painstaking microscopy,
they have found treponemal forms-some of which
resembled T. pallidum-in lymph-node material.
Moreover, clinical infections could be reactivated in
some of these rabbits by means of cortisone, and
treponemes were also found in the cerebrospinal
fluid. (See also Poggi, 1965.)

Furthermore, similar organisms were found in
four cases of human syphilis in which extensive
treatment with penicillin and other drugs had been
given after the infections had been established for
some years. In three of these cases the organisms
were found in lymph-nodes and in one case in the
cerebrospinal fluid. Both animals and humans
showing treponemes had a positive TPI reaction.

Similar information, as regards the rabbit, has
come from Italy, where Del Carpio (1963) also left
experimentally infected, inadequately treated rabbits
for some months before giving a 15-day course of
penicillin. He reported that such rabbits remained
infective to other rabbits after treatment.

Further work on this subject has been undertaken
in the USA, where Yobs et al. (1964) examined the
lymph-nodes of 45 prisoners who had previously
been treated for syphilis. Five inguinal lymph-nodes
of these persons showed treponemal forms which
were shown to be virulent in two. However, in the
American series reinfection from homosexual ac-
tivities could not be entirely ruled out and no such
forms had yet been found in lymph-node material of
persons given adequate treatment with penicillin
under supervision. (See also Cameron-Jourda.
1965.)
The questions to be answered, which will require

much research, are: (1) Are the organisms found
without doubt T. pallidum? (2) If so, is there truly a
failure of adequate therapy or is their presence in
lymph-nodes due to a reinfection of immune tissue
resulting in a symbiotic state? These implications
have been discussed in detail by Willcox (1964).
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17. IN VIVO CULTURE OF TREPONEMES: II1. OTHER TREPONEMATOSES IN THE RABBIT

ENDEMIC SYPHILIS IN THE RABBIT

Rizk et al. (1951) transmitted the treponeme of
bejel from the lip of an infected boy through six
generations in rabbits. Lesions were produced at the
site of inoculation in the epididymis and testis, and
were accompanied by positive Kahn and Kolmer
reactions in the serum. Thirty out of 32 rabbits
developed nodules, T. pallidum being found by dark-
field in 25 cases. Of seven rabbits inoculated intra-
cutaneously, two developed papules with slight
scaling in which treponemes could not be seen. Of
two animals inoculated in the anterior chamber of
the eye no lesions were observed. None of the
rabbits exhibited generalized lesions. Neither were
generalized lesions noted by Turner & Hollander
(1957). The general course in rabbits infected with
T. pallidum from endemic syphilis was considered the
same as in those infected with treponemes from cases
of venereal syphilis (see Turner & Hollander, 1957).

YAWS IN THE RABBIT

Clinical signs
Pearce & Brown (1925) reported that in rabbits

inoculated intratesticularly, the characteristic reac-
tion to infection was a well-marked peri-orchitis of a
granular or finely nodular type with or without a
diffuse involvement of the tunica. While lesions of
testicular parenchyma also occurred, these were

relatively inconspicuous and consisted either of a
minor diffuse orchitis, which was usually followed by
atrophy and fibrosis of the organ, or of small
nodules: or there might be a combination of diffuse
and nodular lesions. The granular peri-orchitis could
be recognized clinically almost as soon as any change
could be detected in the testicle-that is, about three
weeks after the inoculation. In the following month
the covering of the testicle became studded with
numerous tiny indurated nodules. Subsequently
regression and healing took place in the majority of
animals, and no lesions were observed three months
after inoculation. In some animals the residual
lesions persisted for six months. Treponemes were
numerous in the tunica but less so in the testicle itself.

Dissemination of organisms to the uninoculated
testicle and to the inguinal lymph-nodes was demons-
trated by animal inoculation, although the clinical
signs of a metastatic orchitis and peri-orchitis were
slight, and lymphadenitis was an inconsistent feature.

Similarity to syphilis
Nichols (1910; see Pearce & Brown, 1925) worked

with a strain obtained from a Negro soldier who had
returned from the Philippines. In rabbits' testicles
Nichols noted a difference as compared with syphilis,
but considered this was of degree only: in syphilitic
animals the nodules seemed larger and had a necrotic
centre, and there was evidence of more active
inflammation.


