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Abstract. Congenital syphilis is the consequence of transpiacental passage of 
Treponema pallidurn. A system was developed to deliver virulent T. pallidurn, Nichols 
strain, through an isolated uterine horn of a pregnant rabbit in order to investigate the 
mechanism by which T. pallidurn is able to cross the placenta. While the pregnant 
rabbit was anesthetized, the ovarian artery and the uterine vein were cannulated and 
attached to a peristaltic pump. Treponerna pallidurn (2-5 x 10' in 10-15 ml RPMI-1640) 
were circulated via the peristaltic pump throughout the horn for 2 hr, after which the 
placentas were removed, fixed in formaiin, and embedded in paraffin. This system was 
used to investigate treponemal binding to rabbit placenta at Day 20 and 26 during the 
gestation period of the rabbit (2S32 days). Examination of 5-pm Dieterle silver 
stained tissue sections revealed (i) a greater number of spirochetes in the later ges- 
tational stage placentas (Day 26) than in the earlier placentas (Day 20), (ii) organisms 
adhering to the trophobiastic tissue surrounding the maternal blood channels, and (iii) 
organisms appearing to be in the process of penetrating the trophoblastic tissue or 
that had completely penetrated from the channels into the trophoblastic elements. We 
suggest that T. pallidurn may be adhering to placental components that are differen- 
tiaily expressed during gestation of the rabbit. [P.S.E.B.M. 1994, Vol 2071 

ongenital syphilis is an infectious disease 
caused by the spirochete, Treponerna palli- C durn, that is acquired transplacentally (1). It 

was generally believed that T .  pallidurn are unable to 
cross the placenta and infect the fetus before 18 weeks 
gestation until spirochetes were demonstrated in two 
fetuses that were at 9 and 10 weeks gestation, indicat- 
ing that 7'. pallidurn can also cross the placenta in the 
first trimester (2). 

T. pallidurn readily attaches to a variety of differ- 
ent cultured mammalian cells (3, 4). Pathogenic 
treponemes, unlike the avirulent species of treponemes, 
attached to the cultured cells (4-6) via terminal end 
structures, suggesting that they are specialized or- 
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ganelles which permit the initial surface colonization 
of host cells (7) .  Cell membranes also appear refrac- 
tory to specific challenge with T .  pallidurn shortly after 
the initial surface parasitism (7) .  Together these stud- 
ies provide evidence of ligand-receptor interactions 
between T. pallidurn and host cells. 

Successful induction of fetal infection has been 
reported in pregnant rabbits given multiple intrave- 
nous inoculations of large numbers of T.  pallidurn 
subsp. pallidurn (8) and in Syrian hamsters infected 
with T .  pallidurn subsp. endernicurn (9, 10). Wicher et 
al. reported an experimental model in which asymp- 
tomatic congenital syphilis infection occurs in guinea 
pigs given a single dose of T. pallidurn subsp. pallidurn 
(1 1). Obviously, the initial T .  pallidurn-placenta inter- 
action would be as impossible to study in these exper- 
imental congenital syphilis animal models as in placen- 
tal tissue obtained from syphilitic mothers, since the 
infection has been progressing for some time. 

Therefore, we designed a method to investigate 
the penetration of T .  pallidurn from maternal to fetal 
tissues by circulating T. pallidurn through an isolated 
uterine horn at Day 20 and 26 during gestation of a 
pregnant rabbit (29-32 days). Dieterle silver stained 
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sections revealed a greater number of treponemes at- 
taching to Day 26 than Day 20 placentas, suggesting 
that the organisms are adhering to one or more pla- 
cental components that may be present in higher quan- 
tities on Day 26 than on Day 20 gestation. 

Materials and Methods 
Bacteria. Virulent T .  pallidurn subsp. pallidurn, 

Nichols strain, (7’. pallidurn) (obtained from James N. 
Miller, UCLA) was maintained by intratesticular pas- 
sage in New Zealand White rabbits (Cummings, Lutz, 
FL) (12). Each testis received 1-5 x lo7 treponemes. 
Daily intramuscular injections of 20 mg cortisone ac- 
etate (Sigma Chemical Co., St. Louis, MO) were given 
beginning the following day (13). After orchitis devel- 
oped, usually within 10-13 days, the animals were eu- 
thanized by intracardiac injection of sodium pentobar- 
bitol. Organisms were extracted in RPMI-1640 (Sigma 
Chemical Co., St. Louis, MO) supplemented with 10% 
heated (56°C for 30 min) normal rabbit serum at room 
temperature on a model 361 orbital shaker (Fisher Sci- 
entific, Fair Lawn, NJ) then adjusted to the appropri- 
ate concentration for passaging. Numbers of organ- 
isms were determined by darkfield microscopy. 

For experiments, testes were exhaustively ex- 
tracted at room temperature (14). Extracted organisms 
were separated from host debris by centrifugation at 
250g for 10 min at room temperature. The treponemal 
suspension was then adjusted to the appropriate con- 
centration for use in the experiments. 

Surgical Preparation of the Pregnant Rabbit. 
After injection of ketamine hydrochloride (40 mg/kg 
body wt, im) to a pregnant rabbit, sodium pentobar- 
bital, 6.67 mg/ml 0.85% NaCl (saline), was adminis- 
tered via a 23-gauge pediatric scalp vein needle in the 
ear vein. The volume delivered was titrated by the 
animal’s response to stimulus. 

Using aseptic precautions, the abdomen of the an- 
imal was opened and the skin pulled back to allow full 
access to the internal organs. The uterus was placed 
on a layer of sterile gauze previously soaked in sterile 
saline. A polyethylene (PE) cannula (Clay Adams, 
Parsippany, NJ) (0.d. less than 0.024 in), attached to a 
multichannel peristaltic pump (Buchler Instruments, 
Fort Lee, NJ), was placed into the ovarian artery. A 
PE 60 cannula (0.048-in o.d.), also attached to the peri- 
staltic pump, was inserted into the uterine vein. A vas- 
cular clamp was placed on the ovarian vein, and the 
uterine artery was closed with a suture. Blood vessels 
connecting the right and left uterine horns were 
clamped with a hemostat. At this point, the vascula- 
ture of the uterine horn was isolated with “inflow” 
through the ovarian artery and “outflow” through the 
uterine vein. The open end of the “inflow” cannula 
was placed in a reservoir containing 5 units heparidml 

saline and the vasculature was flushed with this solu- 
tion for 1 hr. Then both cannulae were placed in an- 
other reservoir containing 2-5 x lo8 freshly extracted 
or heat-killed (56°C for 1 hr) 7’. pallidurn in 10-15 ml 
RPMI-1640 in order to produce a closed circulation 
system. Organisms were circulated throughout the pla- 
centas at a constant rate of 0.8 ml/min for 2 hr. There- 
after, unbound treponemes were washed out of the 
placentas with saline for 1 hr. The placentas were re- 
moved, their positions with respect to the ovary were 
noted, and they were fixed in 10% neutral buffered 
formalin for paraffin processing. 

Dieterle Spirochete Stain. Paraffin sections 
were stained by the Dieterle spirochete stain (15, 16). 
Briefly, 5-km sections were collected on slides coated 
with aminoalkylsilane (17). After tissues were cleared 
of paraffin and hydrated to distilled water, sections 
were placed in preheated (56°C for 30 min) uranyl ni- 
trate in a 57°C oven for l hr. Sections were then dipped 
once in distilled water followed by another dip in 95% 
alcohol. After a 3-min incubation in 10% alcoholic gum 
mastic (Sigma Chemical Co., St. Louis, MO), sections 
were dipped once in 95% alcohol. Slides were im- 
mersed in distilled water for 1 min, then were allowed 
to drain for 15 min. Sections were transferred to a 
preheated (56°C for 30 min) solution of 1% silver ni- 
trate solution in the oven for 4 hr. After two dips in 
distilled water, sections were placed in the developer 
solution until they were pale yellow to light tan, usu- 
ally 6 min. Sections were sequentially dipped twice in 
distilled water, 95% alcohol, acetone, and two changes 
of xylene, then were mounted under coverslip with 
Permount (Fisher, Fair Lawn, NJ). Treponemes, ap- 
pearing as tight even spirals, stain dark brown to black 
while background stains pale yellow to light tan. Diet- 
erle stained testicular sections (Fig. 1) were used as 
controls in each experiment for staining and for dem- 
onstrating typical treponemal morphology. 

Figure 1. Dieterle-stained section ( x  1000) from rabbit testis 
control illustrating the morphology of classic appearing spiro- 
chetes (arrows). 
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Results 
Surgical Preparation. A schematic diagram of 

the experimental design used to deliver virulent T. pal- 
lidurn through an isolated uterine horn of a pregnant 
rabbit to investigate treponemal attachment to the rab- 
bit placenta is shown in Figure 2. In order to verify 
that the medium was circulating through the placentas, 
hematoxylin and eosin stains were performed on 5-pm 
sections from control placentas (no surgical manipula- 
tion) and placentas that were exposed to T. pallidurn 
and subsequently flushed for 1 hour. Examination of 
the labyrinth (Fig. 3) from these sections revealed that 
fewer than 1% maternal red blood cells remained in the 
flushed placentas (Fig. 4B) as compared with control 
placentas (Fig. 4A) indicating adequate circulation of 
the medium and flushing of the placentas. 

f .  pallidurn Attachment. In order to examine the 
adherence of T. pallidurn to placentas at different 
stages in gestation of the rabbit, 20- and 26-day pla- 
centas were exposed to 2-5 x lo8 T. pallidurn for 2 hr. 
Dieterle stained sections from both 20- and 26-day pla- 
centas yielded classic appearing treponemes when 
compared with morphologically similar treponemes 
from rabbit testis control (Fig. 1) .  However, at Day 26 
gestation, all three rabbits and all the placentas were 
positive for T. pallidurn, whereas at Day 20, only one 
of three rabbits and 2 of 1 1  placentas were positive 
(Table I). In order to test for nonspecific binding of 
treponemes to host tissue, 4.7 x lo8 heat-killed T. pal- 
lidurn were circulated throughout the uterine horn of 
one rabbit at Day 26 gestation. All four placentas were 
negative for T. pallidurn. These data demonstrate pref- 

Vascular Anatomy of the 
Rabbit Uterus 

Figure 2. Schematic diagram of the vascular anatomy of the 
pregnant rabbit uterus. Aorta (a), fetus (f), ovary (o), ovarian 
artery (oa), ovarian vein (ov), uterine artery (ua), uterine vein 
(uv), uterine tube (ut). PE cannulae, attached to a multichannel 
peristaltic pump, were placed into the ovarian artery and into the 
uterine vein. A vascular clamp was placed on the ovarian vein 
and the uterine artery was closed with a suture. Blood vessels 
connecting the right and left uterine horns were clamped with a 
hemostat. 2-5 x lo8 treponemes were circulated throughout the 
placentas for 2 hr. Arrows along the cannulae indicate the di- 
rection of treponemal flow. 

Flgure 3. Hematoxylin- and eosin-stained cross-section of 26 
day gestation section ( x  10). (a) Placental labyrinth, (b) decidua, 
(c) uterine wall. 

erential binding of viable T. pallidurn to 26-day placen- 
tas in comparison with 20-day placentas. 

Location of T. pallidurn. Examination of sections 
revealed treponemes adhering to trophoblastic tissue 
surrounding maternal blood channels in the placental 
labyrinth (Fig. 5A, Arrow 1). Other treponemes ap- 
peared to have left the maternal blood channel and to 
have penetrated the trophoblastic tissue (Fig. 5A, Ar- 
row 2, and 5B, Arrow 1 and 2). Some treponemes 
seemed to have been in the process of penetrating the 
trophoblastic tissue since they were still partially in 
the maternal blood channels (Fig. 5B, Arrow 3). 

Discussion 
The first major interaction between a pathogenic 

microorganism and its host is its attachment to a eu- 
caryotic cell surface (18). T. pallidurn is known to at- 
tach to a variety of cultured mammalian cell surfaces 
(4-6). Components of basement membranes and extra- 
cellular matrices are implicated as possible host cell 
molecules for mediation of treponemal adherence (19- 
22). It was shown in vitro that T .  pallidurn adherence 
involved fibronectin, laminin, collagen I, and collagen 
IV, all structural components of basement membranes 
and extracellular matrices (19). In addition, the 
treponemes attached to a 90-kDa protein located in the 
extracellular matrix extracted from rabbit epithelial 
cells, which suggest that this treponeme can react with 
multiple matrix proteins (21). However, other investi- 
gators maintain that fibronectin alone is involved in 
cytadherence of T. pallidurn to host cell surfaces (22). 

Models of experimental congenital syphilis have 
been developed in rabbits given multiple intravenous 
injections of high concentrations of T. pallidurn 
throughout pregnancy (8), in hamsters infected with T. 
pallidurn subsp. endernicurn (9, 10) up to 2 months 
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Table 1. Number of Rabbits and Placentas 
Positive for T. pallidurn 

Day 
gestation 

# # 
Positive 
rabbits"/ 

total 

Positive 
p I acen tasb/ 

total 
# rabbits # placentasC 

20 
26d 

1 13 
313 

2/11 
1011 0 

a A positive rabbit contained at least one positive placenta. 
Three sections were examined from each placenta. The aver- 

age number of treponemes found in 300-700 high power micro- 
scopic fields (x100 oil immersion objective lens fields) was de- 
termined for each section. At least one treponeme was observed 
in each section from a positive placenta. 

The number of placentashabbit varied from 2 to 5. 
4.7 x lo* heat-killed T. pallidurn (56°C for 1 hr) were circulated 

throughout the uterine horn of one rabbit used as a control for 
nonspecific binding. All four placentas were negative for T. pal- 
lidurn. 

blood vessels and the uterine blood vessels (26). In this 
model, the uterine horn was isolated, and organisms 
were introduced into the horn through the ovarian ar- 
tery and exited through the uterine vein. Organisms 
could travel only one route through the placentas since 

Figure 4. (A and B) Hematoxylin- and eosin-stained sections 
(x400) of the labyrinth from (A) control placenta (no surgical 
manipulation) and (6) placentas that were exposed to T. palli- 
durn and flushed for 1 hr. An extremely low number of maternal 
red blood cells remained in the flushed placenta as compared 
with control placenta. 

before or at early stages of pregnancy, and in inbred 
guinea pigs infected with a single dose of T .  pallidurn 1 
to 3 months prior to parturition, or 30 to 40 days 
prepartum (1 1). These models, in addition to placental 
tissue obtained from syphilitic mothers, do not, how- 
ever, permit the investigation of the initial interaction 
between the treponemes and placental tissue since it is 
impossible to determine when the organisms reach the 
placenta from the time of inoculation or infection. Fur- 
thermore, basic pathological changes are present in 
late syphilitic placentas which would obscure obser- 
vation of the initial interaction with normal tissues. 
These changes include relative immaturity of the villi, 
obliteration of villous vessels due to endothelial and 
perivascular fibroblastic proliferation, and focal pro- 
liferative villitis, with or without necrosis, infiltrated 
by polymorphonuclear leukocytes, lymphocytes, or 
plasma cells (23-25). 

Our rabbit model was developed to investigate the 

Figure 5. (A and B) Dieterle-stained sections (~1000)  from Day 
20 (A) and Dav 26 (B) gestation placentas demonstrating T. pal- 

mechanism by which virulent T .  pallidurn is able to 
localize in the placenta- Each uterine horn of the rabbit 
possesses a dual blood supply consisting of the ovarian lid& (arrow4 interac'iion with trophoblastic tissue. 

- 
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the ovarian vein and the uterine artery were clamped. 
Adequate circulation of the medium and medium con- 
taining the organism was established since hematoxy- 
lin and eosin stains of sections showed extremely low 
numbers of maternal red blood cells from all placentas 
and Dieterle stained sections showed the presence of 
organisms without respect to the position of each pla- 
centa. 

Treponemes were only detected in the placental 
labyrinth and not in the decidua or uterine wall of the 
placental sections. In the placental labyrinth, where 
the exchange of materials between the fetal blood and 
maternal blood takes place, organisms seemed either 
to be adhering to the trophoblastic tissue surrounding 
the maternal blood channels, or to be in the process of 
penetrating or to have penetrated already into the tro- 
phoblastic elements. 

Although the rabbit placenta is described as laby- 
rinth hemodichorial with two layers of trophoblast 
separating the maternal blood spaces from the fetal 
vessels and other extraembryonic connective tissue, 
and the human placenta as villous hemomonochorial 
with only one layer of trophoblast (27), similarities in 
the tissue organization between the two exists. In both 
cases, the layer of trophoblast in close association 
with the maternal blood is syncytial (27). Basement 
membranes are beneath the trophoblastic layer( s), and 
the fetal endothelium is beneath the basement mem- 
branes. Attachment to the trophoblastic layer in our 
model, particularly the syncytiotrophoblast surround- 
ing the maternal blood spaces, is expected, since this 
is the first layer of tissue (28) that the organisms must 
traverse in order to reach the fetal blood system. 

In human congenital syphilis, very few organisms 
are found in the placenta, even though there may be a 
large number in the fetus (1). In the first trimester, 
there is no association between congenital syphilis and 
fetal loss, and organisms are very rare in the fetus (2). 
Second-trimester fetal loss usually occurs late in the 
trimester and is associated with few organisms (1). In 
the third trimester, the severity of the disease is asso- 
ciated with large numbers of organisms (1, 29). In this 
report, T .  pallidurn bound to Day 26 placentas more 
consistently than to Day 20 placentas, since all 10 pla- 
centas were positive for T .  pallidurn at Day 26 while 
only 2 of 11 placentas were positive at Day 20. At Day 
20 gestation, only one of three rabbits containing the 
two positive placentas was positive. Furthermore, 
binding is an active treponemal process since heat- 
killed T .  pallidurn, previously shown to be unable to 
attach to cultured cells (30), did not attach to the tro- 
phoblastic layer in the rabbit examined. Preferential 
binding of T .  pallidurn to Day 26 placentas may ac- 
count for the larger number of organisms associated 
with third trimester congenital syphilitics. It may also 
suggest that T .  pallidurn is adhering to one or more 

placental components that may be present in larger 
quantities at Day 26 than at Day 20, since the placenta 
is a short-lived organ undergoing rapid development. 

At this time, the placental differences contributing 
to T .  pallidurn adherence at Day 26 as opposed to Day 
20 is not known. An increase in the amount of epider- 
mal growth factor receptor has been observed when 
early, middle, and late isolated human trophoblast 
cells were compared (3 1). Furthermore, the greatest 
concentration of human placental pregnancy-specific 
P,-glycoprotein occurs in the late placenta (32). These 
results indicate that there are at least two types of 
proteins that are present in higher quantities at Day 26 
than at Day 20. Thus, there may well be a new mole- 
cule present that enables T .  pallidurn to bind prefer- 
entially to membranes of the Day 26 placenta. 

In our system, there is no histological evidence 
indicating that T .  pallidurn has reached the amniotic 
layer, since no organisms were observed associated 
with this layer. This may be a function of time since 
the tissues were exposed to the organisms for only 2 
hr. It is currently not known how T.  pallidurn enters 
the amniotic fluid. Potential routes of entry could be 
transamniotic, from an infected uterus, placenta, or 
umbilical cord, or from an infected fetus (33). 

Congenital syphilis becomes a recognizable dis- 
ease after the fetus begins to become immunocompe- 
tent (1). Also, in humans, none of the characteristic 
pathological changes of the placenta occur until the 
appearance of the fetal immune system at about the 
fourth month of pregnancy (34). Our model is relevant 
for the study of T .  pallidurn placental interaction be- 
cause at any time during gestation, treponemes can be 
localized in the placenta in the absence of any imme- 
diate pathological changes. 
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