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Ultrafine Structure of the Cell Elements in Hard
Chancres of the Rabbit and their Interrelationship

with Treponema pallidum
N. M. OVCINNIKOV 1 & V. V. DELEKTORSKIJ 2

Investigating the interrelationship between Treponema pallidum and the host cells,
the authors have studied under the electron microscope ultrathin sections of cellular
elements of rabbit chancres and the condition of the treponemes. A description is given
of the structure of the basic cellular elementsfound in the chancres, particularly the plasma
cells since it is in them that the main immunological processes take place.

The morphology of the treponemes varies in the course of the pathological process as
well as with the type of cell harbouring them. Enveloped in multi-layered membranes, the
treponemes may lie within plasma cells and may retain all their characteristic features,
indicating that they remain viable and that their envelopes can protect them from the
action of antibodies and drugs. In long-standing chancres cyst-like formations with multi-
layered membranes have been found.

Although electron microscope studies of Trepone-
ma pallidum have already been made by a consider-
able number of investigators (Finkelstejn et al., 1928;
Ovcinnikov & Delektorskij, 1965, 1966, 1967, 1968;
Pillot, 1965; Pillot et al., 1964), each further paper
yields new information. The present communication
sets out the information derived from a study of
interrelationships between T. pallidum and the
body's cells in a rabbit chancre. It is of great
importance to study T. pallidum and the cellular
reaction to it in the patient's body, since the main
processes of defence and protection take place in
the body's cells (in saying this, however, we should
not disregard the part played by the fluid medium
of the tissues). It is of particular importance to
study the nature of this reaction and the composition
of the cellular elements, especially lymphocytes,
plasma cells, macrophages and reticular cells.

MATERIAL AND METHODS

The methods used in processing the material for
electron-microscope examination were as follows:

1 Professor and Head of the Department of Microbiology,
Central Institute for Research on Skin and Venereal Diseases,
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' Senior Member of Scientific Staff, Department of Micro-
biology.

Fixation with glutaric aldehyde in phosphate
buffer by the method of Sabatini, Bensch & Barnett
(1963), followed by osmium fixation by Pallade's
(1952) method, as modified by Fernando (1964).
Dehydration in increasing concentrations of acetone,
followed by embedding in Epon 812 by Luft's (1961)
method. The contrast technique did not differ
significantly from that described by us in previous
communications (Ovcinnikov & Delektorskij, 1965,
1966, 1967, 1968).
The ultrathin sections were cut with an LKB

(Sweden) microtome. The mean thickness of the
sections was about 200A.
The electron-microscope examination was carried

out mainly with a Soviet UEMV IOOA microscope
and a Czechoslovak Tesla 513BS, with a resolution
of 4.5A. The rabbits were infected with Nichols 8
and 1 strains by intracutaneous injection in the
scrotum. Many authors have studied the histologi-
cal pattern of sections of rabbit chancres examined
under the optical microscope and the picture has
been quite well described.

RESULTS

One of the papers on morphological changes in a
rabbit chancre to which attention should be paid is
that by Finkelstejn et al. (1928). They established
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that the area of infiltration of the rabbit chancre
consists mainly of plasma cells. Areas of various
sizes consisting of amorphous intracellular matter
containing a few stellate-branched or fusiform cells
linked by slender processes intertwining in various
directions may be seen in places in the area of
infiltration. These areas are reminiscent of myxo-
matous tissue. When the chancre ulcerates, poly-
morphonuclear leucocytes are also found.
When the chancre is being resorbed, the area of

infiltration is gradually broken down and the
necrotized tissue disappears; later, neoformation
of vessels and of bundles of young collagen fibres
may be noted. According to the findings of the
authors cited, treponemes are not found in the
necrotized tissue and are practically absent from
the area of infiltration, but are more abundant along
the periphery of the area of infiltration, where the
tissue reaction is less marked; there they twine
around the walls of the vessels, sometimes pene-
trating into their lumen, and are found around the
lymphatic fissures in groups and clumps, in the
collagen tissue and penetrating into the Malpighian
layer. These authors did not discover any differ-
ences in the histological picture at different periods.
For example, an erosive papule yielded the same
picture as the chancre. In one rabbit a papule was
described as a plasmoma. The area of infiltration
consisted almost exclusively of plasma cells.
When we examined preparations stained by the

May-Grunwald-Giemsa method, we found that the
main cellular elements were lymphocytes, macro-
phages, plasma cells and reticular cells, together
with occasional polymorphonuclear leucocytes. The
number of plasma cells was greater in long-subsisting
chancres and individual giant cells containing a large
number of nuclei were found.

Electron-microscope examination revealed lym-
phocytes showing all their usual structural features.
It is customarily considered that lymphocytes are
capable of receiving an antigenic stimulus and of
transmitting immunological information. They syn-
thesize protein only for their own growth and do
not synthesize or secrete immune globulins. Con-
siderable numbers of plasma cells were found in
the chancre (Fig. 1, 2, 3 and 4). They have a
cytoplasmic membrane (cm), a nucleus (n), abound-
ing in chromatin (ch) along the periphery, a pored
nuclear membrane (p), a cytoplasm (ergastoplasm)
(E) with a well-developed granular endoplasmic
reticulum (er) and fixed (rf) and free ribosomes (r).
The endoplasmic reticulum is mainly situated par-

allel to the outer envelope (Fig. 1), but its structure
may sometimes be different (Fig. 2 and 3). Differ-
ences in the nature of the endoplasmic reticulum
may be explained by a difference of function. The
endoplasmic reticulum consists largely of elongated
cisternae (Fig. 1 and 4; cye), with ribosomes (r)
dispersed along the inner surface. Ribosomes are
known to be the main producers of protein, including
immune antibodies. The cell has a well-developed
Golgi apparatus (Gz) and a considerable number
of lysosomes (1), and mitochondria (m), with clear-cut
cristae (k). In ultrastructure, cells of the plasmacyte
series are similar to glandular secretory cells.
The macrophages and reticular cells are usually

responsible for phagocytosis and destroy pathogenic
organisms by means of intracellular enzymes. These
cells have a differentiated and extremely versatile
membrane apparatus which is involved in the for-
mation of the phagosomes and the complicated
cisternal system; the cell cytoplasm is richly endowed
with a complex assortment of lysosomes. The endo-
plasmic reticulum is a less marked feature than in
the plasma cells. The presence of a large number of
these cells is an indication that the immunological
process is active.
The polymorphonuclear leucocytes (Fig. 5), which

are found in small numbers, have an envelope, a
nucleus with a small chromatin layer, and a cyto-
plasm containing a considerable number of granular
structures (g) of various sizes and electron densities
(Fig. 5). Some have still further inclusions within
the granules. In function, these granules are the
equivalent of lysosomes and contain various hydro-
lytic enzymes by means of which they affect the
elements which they phagocytose. They also show
fine granulation. The nature of the granulation is
particularly varied in rabbit pseudo-eosinophils-
the analogues of human polymorphonuclear leuco-
cytes. Eosinophils (Fig. 6), sometimes found in
long-subsisting chancres, differ from polymorpho-
nuclear leucocytes in the outward appearance of the
granules.

These, then, are the basic cellular elements found
in a chancre. It is evident that their structure is
exceedingly complex, that their functions are multi-
farious and that it is beyond the capacity of the
most highly perfected instruments of the present day
to reproduce the way in which they act.
The treponemes occur in the material of the

chancre outside or inside the cells.
There are differences in the morphology of T. pal-

lidum outside cells. In some treponemes neither the
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outer wall nor the internal structure is clear-cut; the
outer wall may sometimes be completely invisible
and the fibrils are clearly outlined in longitudinal
section and in cross-section. Treponemes occurrng
outside the cell are most often found around collagen
fibres (Fig. 7), whose structure in longitudinal section
is noteworthy for its ordered structure. Other trepo-
nemes (Fig. 8, 9 and 10) have a clear-cut outer wall
(me) at some distance from the body of the tre-
poneme; this outer wall, which seems to form a
" casing ", may clearly be seen to be 2-layered; the
cytoplasmic membrane is apparent only in a few
areas, but fibrils (f) and ribosomes can be clearly
seen.
Roughly the same picture is to be noted in cross-

sections. Two types of treponemes may sometimes
be seen in a single preparation: treponemes with
indistinct contours (Fig. 13, tpl) and others with
clear-cut contours (Fig. 13, tp); the structural features
of the treponemes may be distinguished only with
difficulty in the former, which seem to have been
lysed, while in the latter (Fig. 11 and 13) the outer
wall is not always clearly visible, the superficial (f)
and the deep (f') fibrillar bundles can be very
clearly seen, the cytoplasmic membrane (cm) is
clear-cut and the cytoplasm (c) is finely granular. A
2-layered wall, standing out sharply from the body
of the treponemes, is sometimes clearly visible
(Fig. 12, me). This separation might be interpreted
as a phenomenon of osmotic shock, but in that case
there should be a similar picture in all the trepo-
nemes. However, treponemes with outer walls of
varying degrees of clarity or completely undetectable
may be found in the same field of vision. Beneath
the outer wall there is a bundle of thick fibrils (f), the
cytoplasmic membrane (m), and its cytoplasm (c).
The treponeme is surrounded by a mesh of fine
granular material (Fig. 11 and 12). This picture is
to be found in the treponemes at different stages in
the existence of the chancre in rabbits infected with
different treponeme strains.
What explanation can be given for differences in

the morphological picture of treponemes outside
the cell ? In our opinion the explanation may lie
firstly in the different age of individual treponemes
and secondly in the effect (lytic action) of antibodies
in the intercellular space. The dense, thick, 2-layered
wall of the treponeme represents its protective re-
action. In the course of lysis it is the outer wall that
is destroyed first, followed by the cytoplasmic mem-
brane and cytoplasm and last of all by both the super-
ficial and the deep fibrillar bundles.

The cell elements react to the injection of drugs
such as penicillin. For example, macrophages form
a vast number of pseudopodia (Fig. 14, ps) in the
first few hours after injection of penicillin, and the
mitochondria, the Golgi apparatus and the lysosomes
stand out sharply. The number oflysosomes increases
(Fig. 15).

T. pallidum enters cells by phagocytosis, the cells
form micropseudopodia, and crater-like invagination
occurs in the cytoplasmic substance. T. pallidum, as
it were, sinks into the cell and the plasma membrane
closes over it, shutting it inside. What happens to it
later will depend on the type of cell (macrophage,
plasma cell, etc.) in which the treponeme is enclosed.
Active penetration of treponemes into cells was not
demonstrated. Fig. 16 shows treponemes with indis-
tinct contours (tpl) outside cells and a treponeme
with a clearly marked 2-layered outer wall (me) and
cytoplasmic membrane (cm); the pseudopodia (p)
of a cell are surrounding this treponeme and there
is invagination of the cell wall.
The treponeme appears to be in a duct. These

invaginations of the cell membrane through which
a treponeme has passed sometimes form very long
ducts (Fig. 17, 17 A (detail), and 18) but the structure
of the treponemes is not perceptibly modified. The
duct is dilated around the treponeme. The walls of
the duct are formed by the cell membrane (Fig. 17A)
and the lumen is filled with amorphous material.
We were not able to establish what happened later
to the treponemes in these cells.

Like treponemes outside the cell, those within the
cell also exhibit morphological differences even
within cells of the same type. This is apparently
related to differences in the length of time for which
the treponeme is in the cell. The treponemes some-
times appear to have indistinct outline, to have lost
any clear-cut structure and possibly to be lysed
(Fig. 19, tpl), while in the same cell they sometimes
still have a quite distinct structure and are surrounded
by a wall, although it is not clear whether this wall
is formed by the cell or whether it is the outer wall
of the treponeme itself-in any case it is very thin
(Fig. 20 and 21). In individual cells the treponemes
exhibit a distinct structure, including a clearly
visible dense outer wall. There is a light area around
the treponeme and the cell does not appear to react
to the presence of the treponeme (Fig. 19, tp),
although it forms a very fine envelope around it.
Within endothelial cells this light area around the
treponeme is large, while the rim of the cell in which
the treponeme is enclosed is very small (Fig. 22, tp).
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The cytoplasm (c) and the cytoplasmic membrane
(cm) are clearly visible in Fig. 23; the treponemes
in the cell are well preserved, and the fibrils (f) and
what is apparently the very thin wall (me) of the
treponeme may be seen, but it is not absolutely
certain that this is a limiting cell membrane. The
rim of cell cytoplasm surrounding the treponeme is
very narrow. Roughly the same picture can also be
seen when T. pallidum is inside a plasma cell (Fig. 24)
which has just phagocytosed it (Fig. 24). Thereafter
the treponeme is found within the cistemae of the
endoplasmic reticulum (Fig. 25). The ribosomes are
facing into the cisternae and the fibrils of the tre-
ponemes are still present, but the walls are not
visible, the structure of the cytoplasm is indistinct
and the impression is one of lysis of the treponeme.
Lysosomes with a 2-contoured membrane and cri-
state mitochondria are clearly visible. There is a
clearly marked perinuclear zone, the nucleus is sur-
rounded by an envelope and there are clumps of
chromatin on the periphery of the nucleus. In
Fig. 26 T. pallidum within the cell looks like a silk-
worm's cocoon and all its structural features are
clearly preserved. The 2-layered outer wall (me), the
cytoplasmic membrane (cm) and the ribosomes (r) are
distinctly visible. There is a broad, light " casing "
with a clearly visible limiting membrane (mc) around
the treponeme. All the treponemal membranes can
be very clearly seen in a cross-section of a plasma
cell (Fig. 27) and the limiting membrane is also
more distinct. The impression is often created that
the treponeme is inside a vesicle with clearly visible
walls and that the outer wall of the treponeme itself
cannot be seen (Fig. 28), although all its other
structural elements are clearly visible; sometimes the
outer wall of the treponeme also (Fig. 29). Some of
these vesicles have a 3-layered wall, the 2 inner
layers being discontinuous (Fig. 30, lm), and the
impression of a limiting membrane is created. The
treponemes are greatly damaged and have a lysed
appearance in cells which are in a broken-down
condition. In these cases the wall of the cell itself is
destroyed in places, the structural elements of the
cell are partly outside the membrane and the con-
tours of the treponeme are completely indistinct.
Treponemes lysed to differing extents may be seen
in the different vesicles within the vacuoles (Fig. 31).
Apparently not all the treponemes are destroyed and
not in every cell.
Are all treponemes nevertheless completely de-

stroyed within the vesicles? A treponeme clearly to
be seen in Fig. 32 has retained all its structural

features and a 2-layered outer wall in cross-section;
the vesicle has a distinct wall. In longitudinal sec-
tion, however, the contours of the treponeme are
indistinct (tpl).

In intracellular spaces in the walls of blood
vessels the outer wall of the treponeme is not very
clear-cut and there is a lighter zone with a distinct
membrane around the treponeme (Fig. 33). Within
endothelial cells (Fig. 22) the outer wall is also
indistinct but the fibrils are preserved. The limiting
membrane of the cell might be taken as the outer
wall. It is not always possible to distinguish the
limiting membrane of the cell from the outer wall.
Treponemes may also be present in considerable
numbers in the lumen of a blood vessel.

Cyst-like treponeme structures are sometimes
also to be found in rabbit chancres. Some of them
occur inside cells; they have only an outer wall
within which there are 2 or 3 treponemes in cross-
section or the segments of a treponeme in longi-
tudinal section (Fig. 34 and 35). These are ap-
parently not true cysts, but several parts of a single
treponeme in a cell vesicle. Other cyst-like struc-
tures are larger, occur outside the cell and contain
treponemes sectioned in various planes; the entire
treponeme is surrounded by a common wall con-
sisting of two 2-layered plates with a clear space
between them, and in some areas there are also
some rounded structures (Fig. 36 and 37). The
structure of the treponemes in respect of the cyto-
plasmic membrane, the fibrils and the ribosomes is
distinct and in some of them the outer wall is also
clearly visible. Similar cysts may also exist within
the cells. Treponemes in a cyst-like state may
apparently also form within the body, despite the
relative freshness of infection (the chancre was of
8 months' standing). The number of treponemes in
the dense membrane was larger in an 8-month
chancre than in a 6-week-old chancre.

DISCUSSION

In analysing the condition of treponemes inside
and outside the various cells, the function of the
cells within the body is the first thing that should be
borne in mind. The plasma cells, the body's main
immunological laboratories, are the cells of the
greatest interest. They form specific antibodies. The
specific antibodies (globulins) are discharged from
the plasma cells apparently " by externalization of
the cytoplasm at multiple points " on the cell surface
(Porter, 1961).
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FIG. 1-37

ELECTRON PHOTOMICROGRAPHSa

FIG. 1, 2 & 3. Ultrathin sections of plasma cells from a 6-week-old rabbit chancre infected with strain No. 1; x 23 000. The position
of the endoplasmic reticulum Is not the same in the different figures; in Fig. I it is parallel to the outer membrane of the
ergastoplasm.

FIG. 4. Ultrathin section of part of a plasma cell; x 70 000. It is clearly apparent that the endoplasmic recitulum (er) consists of
separate free ribosomes (r) and fixed ribosomes (rf). Also visible are the Golgi zone (Gz), mitochondria (m), lysosomes (I)
the nucleus (n) and the nuclear chromatin (ch).

FIG. 5. Pseudo-eosinophil from a rabbit chancre; x 13000. Granules (g) of various sizes and density, fine granulation (gd)
nucleus (n).

FIG. 6. Ultrathin section of an eosinophil granule; x 120000. Parallel bands can be seen clearly in the granule.

FIG. 7. Ultrathin section of a regressing chancre of 3 months' standing from rabbit Infected with strain No. 1; x 80000. T. pallidum
among collagen fibres.

FIG. 8, 9 & 10. Ultrathin section of a regressing chancre of 3 months' standing from rabbit Infected with strain No. 1; x 90000.
Treponeme outside the cell.

FIG. 11. Ultrathin section of a 6-week-old rabbit chancre; x 100 000. Cross-section of T. pailidum. The structure of the treponeme
is intact; around it there is an amorphous mass.

FIG. 12 & 13. Ultrathin section of a rabbit chancre of 6 weeks' standing. Fig. 12: x 120 000; the exfoliating outer wall, consisting
of 2 layers, is clearly visible. Fig. 13: x 100 000.

FIG. 14. Ultrathin section of a macrophage with many long pseudopodia (ps) 3 hours after administration of penicillin to the rabbit
Treponeme (tp) among collagen fibres (kI); x,13 000.

FIG. 15. Ultrathin section of a 6-week-old chancre from a rabbitinfected with strain No. 1; x 25 000. Activation of all cell structures
3 hours after administration of penicillin. T. pallidum (tp) inside a cell, mitochondria (m) with distinct cristae (k), lysosomes
(I) of various sizes and degrees of density.

FIG. 16. Ultrathin section of a regressing rabbit chancre of 3 months' standing; x 60000. T. pallidum with well-preserved outer
walls at the moment of phagocytosis and a treponeme in cross-section with indistinct boundaries. Treponeme inside a cell
in the lysosome (I).

FIG. 17. Ultrathin section of a 6-week-old chancre from a rabbit infected with strain No. 1; x 60 000. There are long ducts in the
cell; at the ends of the ducts there are cross-sectioned treponemes (tp) among distended blebs in the cell. The structure
of the walls of these long ducts and the intact structure of the treponeme may be seen in the detail 17A (x 160 000). There is
an amorphous mass in the lumen of the ducts.

FIG. 18. Ultrathin section of an endothelial cell from same chancre as in Fig. 17, with long ducts containing cross-sectioned and
longitudinally sectioned treponemes; x 35 000. There is a light zone around the treponeme. The structure of the treponeme
is Intact.

FIG. 19. Ultrathin section of a chancre of 3 months' standing from a rabbit infected with strain No. 1; x 90 000. T. pallidum (tp)
intact inside the cell, with a distinctly visible outer wall, and a lysed treponeme (tpl). Around the treponemes there is a clear
zone surrounded by a thin wall formed by the cell. Mitochondria (m), endoplasmic reticulum (er), nucleus (n).

FIG. 20. Ultrathin section of T. pallidum inside a cell, from same chancre as in Fig. 17; x 35 000. Light zone around treponeme,
separated from the cells by thin membrane.

FIG. 21. Ultrathin section of a treponeme inside a cell with a light surrounding zone; from same chancre as in Fig. 17; x 35000.
The treponeme is separated from the cell by a thin membrane. The structure of the treponeme is intact. One treponeme
appears to be in a cisterna of the endoplasmic reticulum in a state of lysis.

FIG. 22. T. pallidum inside an endothelial cell; from same chancre as in Fig. 17; x 70000.

a All the figures have been reduced by 25 % linearly from the magnifications shown.
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FIG. 23. Ultrathin section of a chancre of 3 months' standing, strain No. 1; x 80000. T. pallidum inside a cell. It has an intact
cytoplasmic membrane, surface and deep fibrillar bundles, a light surrounding zone and a membrane separating the
treponeme from the cell (this may possibly be the outer wall of the treponeme).

FIG. 24. Ultrathin section of a chancre of 3 months' standing, strain No. 1; x 90000. T. pallidum (tp) inside a plasma cell.

FIG. 25. Ultrathin section of a 6-week-old chancre taken 3 hours after administration of penicillin to the rabbit; x 10000; detail
(Fig. 25A); x 100000. T. pallidum inside a cisterna of the endoplasmic reticulum (cye), free ribosomes (r) and flxed ribo-
somes (rf), lysosomes (I) with a membrane (Im), nucleus (n) and chromatin in the nucleus (ch).

FIG. 26. Ultrathin section of material taken from the site of a chancre present 8 months previously; rabbit infected with strain No. 1
x 100000. T. pallidum inside a cell and with all its structural features intact. The 2 layers of the outer wall are clearly visible
(me). The limiting membrane of the cell (mc) can be clearly seen.

FIG. 27. Same material as in Fig. 26; x 60000; detail (Fig. 27A) x 120000. T. pallidum inside a plasma cell.

FIG. 28. Same material as in Fig. 26; x 70 000. T. pallidum inside a lysosome. The membrane of the lysosome is clearly visible.
The outer wall of the treponeme cannot be seen but the fibrils can.

FIG. 29. Same material as in Fig. 26; x 80000. T. pallidum inside a lysosome. The structural features of the treponeme are distinctly
visible.

FIG. 30. Same material as in Fig. 26; x 80000. T. pallidum inside a cell vesicle. Their walls are 3-layered (ml); the inner layer is
discontinuous.

FIG. 31. Same material as in Fig. 26; x 35 000. Varying degrees of lysis of T. pallidum within vesicles.

FIG. 32. Same material as in Fig. 26; x 100000. T. pallidum inside a vesicle with a distinctly visible outer wall (me) and vesicular
membrane (Im); longitudinally sectioned treponeme in the stage of lysis (tpl).

FIG. 33. Ultrathin section through a 6-week-old chancre from a rabbit infected with strain No. 1; x 35000. T. pallidum inside an
endothelial cell.

FIG. 34. Ultrathin section of a 6-week-old chancre from a rabbit infected with strain No. 1; x 35000. Cyst-like structures of
treponemes inside the cell.

FIG. 35. Cyst-like structures of T. pallidum with a single-layered common envelope; x 70000.

FIG. 36. Same material as in Fig. 26; x 80000. T. pallidum cyst. The common membrane of the cyst (mcy) is clearly visible and
the structural features of the treponeme are Intact.

FIG. 37. Cysts in material from the site where a chancre had been present 3 months previously in a rabbit infected with strain
No.1; x 70000.

KEY TO FIGURES

c = cytoplasm g = granules mcy = common envelope of the cyst
ch = chromatin gd = fine granulation me = outer wall
cm = cytoplasmic membrane Gz = Golgi apparatus mn = nuclear membrane
cye = cisterna k = cristae n = nucleus
El = ergastoplasm kI = collagen fibres p = pores of nuclear membrane
e = erythrocytes = lysosome ps = pseudopodia
er = endoplasmic reticulum Im = lysosome membrane r = free ribosomes
f = fibrils m = mitochondria rf = fixed ribosomes
f = deep fibrillar bundle mc = limiting membrane tp = T. pallidum

tpl = lysed treponemes
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ULTRAFINE STRUCTURE OF CELL ELEMENTS IN RABBIT CHANCRES

The process of destruction of treponemes within
the cell has not been sufficiently clarified. All that
we can as yet assume on the basis of our material is
that the interrelationship between T. pallidum and
the body cells is extremely complicated and that all
the cells are involved in this process, although their
roles in the battle apparently differ. It may be
assumed by analogy with other infectious diseases
that the neutrophils, of which there are very few in
a rabbit chancre, prepare the ground for the other
cells to act, by subjecting the treponemes to the
effect of numerous enzymes which are present in
their granules, but that they do not kill but merely
weaken them. The treponemes are subsequently
captured by histiocytes and macrophages, which
isolate or destroy them. As far as the plasma cells
are concerned, treponemes can apparently survive
for a long time inside them. Surrounded by a dense
wall, they are less vulnerable to therapeutic agents.
The interrelationships between T. pallidum and
plasma cells differ at different levels of maturity.
The origin of long-persisting serological reactions

in syphilis becomes comprehensible if we accept the
opinion of Speirs (1966) that the cells and the antigen
protected by the envelope may be reabsorbed into
the blood and spread to distant organs and the
opinion of Campbell & Harvey (cited by Speirs,
1966) that antigen may be preserved for a long
time in cells and that after their destruction it may
enter other cells. Such an antigen, protected by an
envelope, is not completely destroyed but passes

from cell to cell, is preserved in those cells and
continues to induce antibody formation over a long
period. In the opinion of Speirs, the substance
protecting the antigen is ribonucleic acid, which
controls protein synthesis in the cytoplasm. Never-
theless, positive serological reactions are not a
proof that the antigen, i.e., the treponeme, is alive,
since killed antigen may also induce antibody
formation.

Positive serological reactions in a syphilis patient,
especially in one considered to have followed an
adequate course of treatment, have been regarded
as vestigial reactions and no significance has been
attached to them. On the basis of the present in-
vestigation we may assume that an antigen, i.e.,
T. pallidum, is present in those cases in the cells and
that it induces the formation of antibodies detected
by such sensitive techniques as the TPI test and
the fluorescent antibody test. It is the purpose of
the present communication to draw attention to the
need to study the interrelationship between the
body's cells and various pathogens. There can be
no doubt as to the importance of this matter in
relation to the search for rational means of control-
ling pathogens during courses of treatment, the
occurrence of various modified forms of micro-
organisms and the protection of the organism. The
problem of controlling communicable diseases will
not be successfully solved without a thorough and
extensive study of this matter in the organism by
electron microscopy.

RESUME

ETUDE, AU MICROSCOPE ELECTRONIQUE, DE LA STRUCTURE DES ELEMENTS CELLULAIRES
PRESENTS DANS LES CHANCRES INDURES DU LAPIN; RELATIONS ENTRE CES ELEMENTS

ET TREPONEMA PALLIDUM

Les relations qui s'dtablissent entre Treponema pallidum
et certaines cellules de l'hote revetent une grande impor-
tance, car c'est au niveau cellulaire que se deroule l'essen-
tiel des processus de defense de l'organisme infecte.
Utilisant la technique des coupes ultra-minces et la
microscopie electronique, les auteurs ont etudie la com-
position des elements cellulaires (plasmocytes, lympho-
cytes, macrophages, cellules reticulaires) prdsents dans
le chancre indure provoque chez le lapin par l'inoculation
de T. pallidum, les details de leur structure ainsi que les
aspects morphologiques du treponeme.
Dans le chancre indure du lapin, on trouve T. pallidum

aussi bien a l'exterieur qu'A l'interieur des cellules. Les
formes extra-cellulaires sont le plus souvent observees

dans les espaces intertissulaires, au milieu des fibres
collagenes ou dans la paroi, et parfois dans la lumiere,
des vaisseaux sanguins. Ces treponemes peuvent avoir con-
serve toutes leurs caracteristiques structurales. La penetra-
tion des treponemes a l'interieur des cellules s'effectue de
facon passive par phagocytose. Le sort des treponemes
est alors fonction de leur vitalite- les individus affaiblis
sont lyses et digeres- et du type de cellule qui les a pha-
gocyt6s. Dans la plupart des cas, la phagocytose n'est pas
menee 'a son terme et il s'etablit une sorte de # symbiose
cellule-treponeme.
Dans les premieres heures qui suivent l'administration

de penicilline, l'activite cellulaire augmente considerable-
ment; chez les macrophages en particulier, on constate
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la formation d'un tres grand nombre de pseudopodes;
les mitochondries, I'appareil de Golgi et les lysosomes
deviennent tres apparents. Dans certaines cellules,
comme les plasmocytes, les tr6pon6mes, qui ont conservM
leur vitalite, sont entoures d'une enveloppe formee de
plusieurs couches qui les protege peut-etre contre I'action
des anticorps et des medicaments. Dans le meme temps,
I'antigene intracellulaire suscite la formation d'anti-

corps. On pourrait trouver la 1'explication de la positi-
vit6 des r6actions serologiques en I'absence de tout signe
cdlnique.

L'etude des relations existant entre les cellules de
l'organisme et T. pallidum peut aider non seulement A
mieux comprendre la pathogenie de l'infection mais
encore faciliter la recherche de moyens therapeutiques
efficaces.
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