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Borderline leprosy, since Wade and Rodriguez (°**) and Wade
(*") noted its importance in clinieal leprosy, has been recognized as a
transitional form between tuberculoid and lepromatous leprosy. This
transformation occurs after repeated reactions in tuberculoid leprosy,
which suggests the possibility of desensitization. Later, Cochrane (*)
stated that tuberculoid turns into lepromatous leprosy and therefore
proposed the term ““transitional’ as explaining better the development
of this type lesion, although previously he had not supported the idea
of this transformation (*1).

These accounts were based on clinical and histopathologie findings,
which differ from those of the two distinet types of leprosy, tuberculoid
and lepromatous. After a discussion that lasted more than ten years,
this form of leprosy was classified as a group in the Madrid Congress
("), which stated that it represents an unstable phase of leprosy evolu-
tion. In 1960 borderline leprosy was again interpreted as a special
condition, with supporting evidence presented by the Brazilian group
(**+47), However, it seems that this phase of leprosy has not yet been
completely recognized as a separate group, because of a lack of definite
elements distinguishing the unique condition of borderline leprosy,
although histopathologic and clinical disclosures have defined its char-
n("t"l'iﬁti(“.‘"\ (:l, 4,6, 7, 12, 31, 39, 44, .’57}.

Since the period when British and Japanese groups applied elec-
tron microscopy to leprosy investigation, many new facts have been
revealed in histopathology and bacteriology, and consequently two
polar types of leprosy have been characterized by their particular
ultrastructures (® .4 %.9)  For this reason we made biopsies of
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tissues diagnosed as borderline leprosy eclinically and histopathologic-
ally, in order to discover new data which would determine whether or
not borderline leprosy really is a specific form of leprosy infection.
Speecial attention was also applied in clarifying the host-parasite rela-
tionship in the lesion. This paper is a preliminary report on the sub-
jeet, covering the period from 1959 up to 1963.

TavLe 1.—Clinical data on patients.

| Clinieal aspeet |
i Biopsy | Time onset
Patient Lepromin | Treatment | General | region | to biopsy Histology
A M= slight none plaques | plague 5 vears mixed
nodules
I, P, slight DPT 3 mos| plaques | plaque 3 years mixed
E C» negative |[DPT 6 mos| plaques l plaque 3 vears mixed
depigment. |
macules |
K. Ra negative [DPT 2 mos| nodules i nodules unknown mixed
plaques | plaques giant cells
foamy cells
R. C. negative none plagques ‘ plaques 1 vear mixed
depigment. |
macules | .
J. E. Q. negative none plaques | plague unknown | mixed
hands | macule
macules |
R. V. positive none plaques plaque 4 vears mixed
T.Ra negative none nodules nodules unknown non-
uleers uleers (reactional) | vacuolated
bacillated
cells
D. Pa negative none nodules nodules 15 yvears mixed
macules macules
D. M. B, negative [DDS 3 mos| macules plaque unknown | mixed
plaques
J. R. M2 negative none nodules nodules 1 year mixed
plagues plaques elumped
A G negative none nodules plaque 10 vears mixed
plaques
macules
A L, slight DDS 2 mos| macules macule 14 years mixed
M. L. negative none macules macule unknown | mixed
plaques
M A, negative none plaques plaque 1 year mixed
.macules
g nodules )
C. M. negative none bands band 16 vears mixed
M. A. | negative none plaques plaque unknown | mixed
| macules

"Biopsies of these patients were used in this publication,
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MATERIALS AND METHODS

Seventeen patients with horderline leprosy, diagnosed clinically and histopathologic-
ally, were selected for electron microscopic examination. The majority had received no
treatment, but a few had had chemotherapy for a few months. These patients had vari-
ous skin lesions, such as plaques, bands, reddish suceulent macules and nodules. The
latter usually were found in the ear lobes. “Immune areas” were sometimes observed,
their border eruption frequently being abrupt. In oné case we found small infiltrative
lesions in which small vesicles had developed, followed by a superficial ulcer. This case
may correspond to reactional borderline state (®). More data about each patient are
summarized in Table 1.

Biopsy specimens usually were taken from two different skin lesions, especially
when the lesions from individual patients were stained in varied strength with methylene
blue (% %). In order to compare borderline leprosy lesions with lepromatous lesions, a
newly formed leproma not treated by chemotherapy also was studied by hiopsy.

Tissue chips were fixed with 1 per cent osmium tetroxide solution, buffered with
s-collidine ('S) and embedded with methacrylate after dehydration with aleohol, Ultra-
thin sections were made with a diamond knife on a Leitz Ultramikrotom and stained
with saturated uranyl acetate solution (°?), and 10 per cent phosphotungstie aecid (59)
or lead citrate (*%) in order to obtain contrast and also to demonstrate fiber elements.
Thin sections, approximately 0.5 p in thickness were cut serially and stained with
Giemsa solution. These sections were observed with a light microscope to compare them
with electron mieroscopie findings. The electron mieroscopes used were Siemens Klmi-
skop I at 60 KV and Hitachi HS-6 at 50 KV.

Fia. 1. Photomicrograph of an untreated borderline leprosy lesion. Exudate cells are
mainly eomposed of epithelioid cells, which are frequently baeillated, together with lympho-
eytes.

Fi1g. 2. Photomicrograph of a treated borderline leprosy lesion consisting of epithelioid-
type cells, foamy cells and lymphoeytes. -
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OBSERVATIONS AND DISCUSSION
scopic observation of

Cellular constituents of lesions

biopsy specimens from borderline cases demonstrates two types of
lesion. Omne is composed of epithelioid cells, bacillated cells of epithe-
lioid anpearance and infiltrating lencoeytes, mostly lymphoevtes (Fig.
1). This is usually revealed in the lesions of untreated patients. Dis-

Fig. 3. A low magnifieation electron micrograph of an untreated borderline lesion. Cells
are abundant in eytoplasmie organelles. The majority of bacilli are intact and distributed as
single individuals and small groups. In intercellular spaces, moderately developed reticular
fibers (RF) are embedded in the less dense reticulum. Uranyl acetate staining.

cernible globi do not exist in this type of lesion; i.e., gloea or **Schleim”’

substance is not evident around the bacilli. This type of lesion has heen
noted as a lesion composed of nonvacuolated lepra cells (**?%) and has
also been referred to as a lesion in which no foamy cell is found (*).

The other type of lesion consists of foamy cells, epithelioid cells
and leucoeytes (Fig. 2): it is generally found in the patient who re-
ceived chemotherapy for a few months. This type corresponds to the
lesion in which tuberculoid and lepromatous elements coexist in the
same lesion, as reported by several anthors (-7 # 46.48.57)

Figure 3 exhibits the electron mierographs of the same lesion as
Figure 1 (non-treated case). Cells are characterized by abundant
cytoplasmic organelles and frequently by an undulatory cell membrane
containing bacilli as single individuals or small groups, the majority of
which show intact morphology. Moderately dense droplets and foamy
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structures ave extremely rarve in these bacillated cells.

In a reactional borderline lesion, in which a neerotic process oceurs,
bacillated cells show an appearance similar to that of the bacillated
cells previously deseribed with a tendeney to disintegrate, thus forming
small cavities in the lesion (Figs. 4a, 4b, 5 and 6).

The eytologic appearance of these bacillated cells in untreated
cases is similar to that of epithelioid cells in tuberculoid lesions (=% %%
292) and may indicate that intracellular reaction to baeilli also oceurs
in the borderline condition. Neither moderately dense droplets nor
foamy structures, which presumably represent lipid material extracted
by various solvents used in ordinary light mieroscopic examination,
are distributed in these bacillated cells. In previous observations by
other investigators these cells are deseribed as nonfoamy lepra cells
(:i], i, .‘.l:).

In biopsy specimens from treated patients, nltrastructures of le-
sions are slightly different from the lesions of untreated patients. The
components of the cellular exudate are epithelioid eells and leucoeytes
(Figs. 7, 8, 10 and 12). The epithelioid cells frequently contain baeilli
showing contracted cytoplasm, possibly representing bacterial degen-
eration, together with electron-transparent substance, foamy structures
and moderately dense droplets. These additional intracellular strue-

tures are identical with those in lepra cells in lepromatous lesions
['.".:.-l-'.',l'.'l.l'.'.'}.

Fia. 40 and 4b, Photomicrographs of a reactional borderline leprosy lesion, composed of
bacillated epithelioid-type cells. A vesicle formation is noted in 4b.
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Lepra cells in a leproma are usually characterized by scanty eyto-
plasmic organelles and regularly contoured cell membranes, together
with distributed opaque droplets, foamy structures and electron trans-
parent substance around numerous clumped bacilli. These typical lepra

v "‘ z p. ¥ ek .:,_ﬁ.ma"'{.' B i 2 e ¢ "' 1, -\'_:'\Igf" I’#
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FiG, 5. Electron micrograph of bacillated cells in an intradermal vesicle of a reaetional
borderline ease. Intact baeilli are enclosed by phagoeytic membranes, usually as single
individuals,

foamy cells observed in borderline leprosy lesions by light mieroscopy
are not true lepra cells, but eytologically epithelioid cells modified by
some elements of lepra cells.

In widened extracellular spaces, representing intercellular edema,
round membrane-limited structures of various sizes are observed
(Figs. 5, 6, T and 10). Their contents are fine granules, and occasion-
ally mitochondria are included. Some of them may correspond to the
transverse sections of evtoplasmic prolongations of infiltrating cells,
especially lymphoeytes in which eytoplasmie organelles are not well
developed (Fig. 7). However, the intracellular vacuole, with fine
eranular matrix, is identical with the extracellular vacuole; it is seen
also in epithelioid ecells, representing the intracellular edema as ex
plained by ordinary histopathology (***%). It is a natural conclusion
that cellular destruetion may oceur following intracellular edema; this
view is supported by the fact that endoplasmic retieulum and mito-
chondria also are found in extracellular spaces (Fig. 6). From these
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findings, it appears that membrane-limited granular substance in
extracellular space not only represents eytoplasmic prolongation hut
also corresponds to the intracellular vacnole discharged from edema-
tous cells after cell destruetion.

Immﬂhou of the lesion —Hmnvhmm mt:wnvl\' ('untnuu-tl cells

Fia. 6. The same lesion as Fig. 5. The bacillated eell in the left side of this pieture
shows sparse distribution of eytoplasmic organelles and furthermore, mitochondria are
swollen, suggesting advaneed intracellular edema. Note that mitochondria, rough surfaee
endoplasmie reticulum and vesicles with granular content are seen in the extracellular spaece
(arrows), LB: M. leprae, PhM: Phagocytic membrane.

with dense cytoplasm due to abundant distribution of endoplasmic
reticulum of rough surface, free ribonucleoprotein particles (RNP),
and vesicles, liec among epithelioid-type cells (Fig. 11). Oceasionally
they contain baeilli.

Coneerning the formation of lepra cells, Cowdry (') stated that
they may be formed from macrophages, but he did not confirm the
transformation of fibroblasts to lepra cells. In inflammatory conditions,
however, it is believed that immature mesenchymal cells develop main-
ly into histioeytic cells or macrophages, especially in microbial infec-
tions (*). In the present study, small mitochondria with dense matrix
and other evtoplasmic appearance of dense cells, may indicate the
immature nature, as deseribed by Galindo and Imaeda (*) in a study
of mouse spleen. In addition, cells with eytoplasm of variable density
are found (Fig. 11), which appear to be transitional forms between
dense cells and epithelioid-type cells. 1t is snegested therefore that the

AN
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dense, irregularly contoured cells may represent immature reticular
cells (young histioeytes), which perhaps develop into histioeytic cells,
and later on, become bacillated epithelioid-type eells. In normal condi-
tions, these immature reticular cells may develop into fibroblasts pro-
ducing collagen fibers. This view of the transformation of immature
reticular cells to bacillated cells is supported by similar findings in our
study of hamster lesions caused by mycobacteria isolated from human
leprosy (*).

~ On the other hand, perieytes adjacent to capillary endothelial cells
and surrounded by a basement membrane, tend to vacate their original
site adjacent to the capillary for more distant locales, as seen in Figure
12, A similar tendency is found also in lepromatous lesions (*).
Imaeda (*') stated that perieytes may develop into fat cells, suggesting
that they may be mobilized to form other types of cells. Taking this
into consideration, perieytes are probably changed into histioeytie cells
which by phagoeytosing bacilli become host cells in borderline lesions.

From these findings, two interpretations are possible regarding
the origin of bacillated cells, viz., from immature reticular cells in
dermis, and from perieytes, although both cells belong to the reticulo-
endothelial system of the dermis,

Reticulum and reticular fibers—Striated fibers: stained by PTA
and uranyl acetate are distributed in intercellular spaces in the lesion
(Figs. 3 and 13). These fibers, the diameter of which is approximately
500 A and the axial periodicity 600 A, are embedded in a fine fibrillar
or homogeneous, amorphous matrix. Sometimes these fibers do not
form bundles, but are arranged irregularly in the matrix mentioned
above (Fig. 13). It is generally believed that normal skin shows a
scarce distribution of retieular fibers, because reticular fibers are con-
densed to collagen. In pathologic conditions, reticular fibers are con-
tained abundantly in granulomatous tissues resulting from the active
formation of young mesodermal cells, such as reticular cells and histio-
eytes, which are capable of producing reticular fibers (*).

On the basis of electron microscopic study of the mouse spleen,
Galindo and Imaeda (') asserted that small bundles of fibers with an
axial periodicity of ca. 600 A and a diameter of 500 A may be an in-
tegral part of the reticulum. The latter is a homogeneous amorphous
matrix, possibly corresponding to the reticular fibers and not collagen
fibers. In the light of these considerations, the intercellular amorphous

DESCRIPTION OF PLATE

Fie. 7. A low magnification of the treated borderline lesion, Cellular exudates are com-
posed of epithelioid cells (BEC) and lymphocytes (Le). Epithelioid cells are charaeterized by
abundant distribution of eytoplasmie organelles and also by intrieate cell membranes. One of
them contains degenerated baeilli together with foamy struetures and eleetron-transparent
substance (the right side). Lymphoeytes eontain a few mitochondria and display evtoplasmie
prolongations. Depending on the sectioning angle (line a-b), these prolongations appear
to be extracellular vesicles (arrows). Reticular fibers (RF) exhibit the discontinuous
arrangement due to intercellular edema represented by widened intercellular spaces,
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or fibrillar substance observed in the present study, may represent the
reticulum which turns into reticular fibers; after first showing irregular
arrangement and later forming small bundles. Borderline lesions in-
clude considerable numbers of immature reticular cells which aetively
produce the reticulum. In addition, bacillated cells and nonvacuolated
epithelioid cells, which are the main constituents of the lesion, also
form the reticulum and subsequently the reticular fibers, beeause of the
slight influences of intracellular edema and bacterial parasitism,

. In ordinary histopathology, reticular fibers in lepromatous lesions
show a fine network around exudate eells, while in tubereuloid lesions
they are fragmented. Borderline lesions display an intermediate strue-
ture (**). In electron mierographs, nonedematous borderline lesions
are packed with exudate cells and both reticulum and reticular fibers
are located in the narrow extracellular space (Figs. 3, 11 and 13). On
the other hand, moderately edematous lesions demonstrate dispersed
fiber elements in broad spaces (Figs. 7, 8, 10 and 12), suggesting that
intercellular edema causes the rupture of continuous retienlum and
reticular fiber arrangements. This being so, the distribution of inter-
cellular fiber elements in borderline lesions varies according to the in-
tensity of intercellular edema of the lesions.

Morphology of M. leprac.—In untreated patients’ lesions, the
majority of bacilli exhibit their intact eytoplasm. These intact bacilli
lie in epithelioid-type cells, as single individuals or groups. They are
revealed also in eutancous nerves in borderline cases (*%). Imaeda
and Convit (**), Imaeda and Ogura (*') and Imaeda (*) reported the
ultrastructure of M. leprae, referring to the bacilli in borderline cases.
In this strueture the baeterial surface consists of an outermost diffuse
layer, overlying an intermediate coating layer of low density, and an
innermost moderately dense cell wall (Figs. 15a and 15 b). The diffuse
layer may not be an actual structure of the bacterial surface but a
substance adsorbed on the coating layer, the latter probably being a
wax substance.

In a study of other mycobacteria, Imaeda and Ogura (*7) pointed
out that the low density substance oceurs in the dividing surface of the
moderately dense cell walls between dauehter cells, suggesting that the
coating substance is one of the components of the mycobacterial sur-
face. Possibly it corresponds to the microcapsule of mycobacteria.

In certain areas, the double plasma membrane, the outer layer of
which adheres to the inner surface of the cell wall, penetrates the evto-
plasm, forming a complex membranous configuration called an ““intra-
cytoplasmic membrane system’ (Figs. 15a, 15b and 16). Three dimen-
sionally, this system is believed to be composed of tubular infoldings of
invaginated plasma membrane. Consequently it appears to be a paral-
lel membranous, or round vesicular strueture, depending on the sece-
fioning angle (Figs. 15a and 15b).



F S AT R
J;Q\“}ig%é}u o 111

g s A treated bovderline lesion, Nocoepitheliond Ay pes eell dnelndes o chionp of degener
atedd baedlln seecompanied with electron transparent sabstanee (GI) ton the right sildeo
Chpanege t|rll]l||'1.~«' (OD) v wlso evident anl l]il‘l\' shhow o tendeney to coalesee with eaen
other. Inomoderately widencd intereellulae spaces, reticalar filwees (RE)Y ave sparsely odis
trilimted.



400 I'nternational Jowrnal of Leprosy 1963

In a well-developed intracytoplasmic membrane system of rapidly
growing mycobacteria, a moderately dense substance appears to be
sandwiched between two membranes derived from the outer layer of
the plasma membrane, fusing into the cell wall in the connecting region
of the system. Thus, each unit of the system consists of four layers:
the outermost layers from the inner plasma membrane and the inner
layers from the outer plasma membrane. Between the latter layers
lies a moderately dense substance. Furthermore, the first occurrence
of eellular division is noted in the region that conneets this system to
the cell wall. On the basis of this appearance Imaeda and Ogura (%)
suggested that the system plays an important role in cellular division,
while the moderately dense substance represents the cell wall precursor.

Occasionally, as seen in Figure 15¢, the membranous structure is
comprised of four layers, the moderately dense substance lying between
the two inner layers. This strueture is identical with the unit of the
infracytoplasmic membrane system of other myeobacteria. In addition,
it is elosely related to the dividing surface. This explains the faet that
the system of M. leprae may also produce cell wall precursor during
cellular division. We presume that the relationship between the system
and the cellular division of M. leprae may be elarified more casily in
lepromatons cases, especially in the early stage of leproma formation,
because bacilli multiply relatively rapidly at this stage of lepromatous
lesions,

In the hacterial eyvtoplasm, there are two types of bodies with
homogencons content, one dense and the other less dense (*). These
bodies are not limited by any distinet membrane. The dense bodies may
represent polyphosphate struetures, as already observed in other my-
cobacteria (P ), The less dense bodies are believed to be poly-g-
hydroxybutyvlate ('7). It is noted in the present study that polyphos-
phate bodies are rarely found in the intact bacilli, while they are fre-
quently encountered in degenerating bacilli. Ibel ef al (') asserted
after study of lower organisms that polyphosphate may be formed
more actively when the organisms undergo degeneration. With refer-
ence to his observation, it is possible that there is a close relationship
between the oceurrence of polyphosphate bodies and bacterial activity
in M. leprae. This problem will be elucidated further in another paper.

The bacterial nueleus of M. leprae appears to be a dense irregu-
larly shaped substance. Sometimes fine threads are revealed. This
nuclear apparatus disappears when the bacillus shows the first sign
of degeneration, as deseribed by Zapf and Wahn (%) in a study of
M. tuberculosis.

Rath de Souza (") reported that baecilli in borderline lesions are
usually short, seldom longer than 4. In their study of M. leprae
muriwm, Hilson and Elek (*°) substantiated the claim that a transient
but significant increase in average bacillus length oceurs during the



Fie. 9. An untreated borderline lesion. The baeilli (LB) are distributed as single
individuals or small groups in epithelioid-type cells. They are encased in eleetron-trans-
parent substance (BT8) and some contain contracted baeterial eytoplasm, implying bae-
terial degeneration.
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lag phase of multiplication. In electron microscopy it is very difficult
to determine whether or not bacilli in borderline lesions are shorter
than in lepromas, especially in ultrathin sections. However, it is pos-
sible to say that relatively long bacilli contain a well-developed intra-
cytoplasmic membrane system, indicating that they may undergo

Fig. 10, A treated borderline lesion, A membrane-limited vacuole (V) with fine
granular content is seen in an epithelioid cell. In widened extracellular space, round
bodies of various sizes containing fine granules, similar to intracellular vacuoles, are
exhibited (arrows). Reticular fibers (RF) are scattered in broad intereellular spaces.

cellular division soon. In other words, lengthy bacilli may be observed
frequently in lesions where bacillary multiplication takes place actively.
However, bacilli are not so rapidly reproduced in borderline cases as
in lepromatous cases, because of the reactivity of host cells, as de-
seribed later. Therefore long bacilli are not found frequently in hor-
derline leprosy lesions.

Intracellular distribution of M. leprae and e.‘e microenvironment.
—In a reactional borderline condition, bacilli are usually distributed

DESCRIPTION OF PLATE

Fig. 11. Immature reticular cells (RC) in an untreated reactional borderline lesion.
These cells show the intricate cytoplasmie prolongations and have the condensed cyto-
plasmic organelles together with many vesicles; thus they appear to be dense. Their mito-
chondrial matrix is dense, in comparison with that of other cells. Reticular fibers (RF)
embedded in the reticulum show the close relationship with these cells. Well developed
histioeytie cells (HC) with less ecytoplasmie condensation are adjacent to the immature
reticular eells. Both types of cells contain intact baeilli (LB) which are enclosed by
phagoeyte membranes (PhM). In the upper part, a transitional cell (TC) lies between two
types of cells, one dense and the other histioeytic.
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as single individunals or small groups of a few bacilli, and never form
clumps (Figs. 5, 6 and 11). In addition, they are always surrounded by
membranes, presumably corresponding to phagoeytic membranes, and
separated from host cell eytoplasm. Usnally bacilli in host cells are
enclosed by a membrane a short time after phagoeytosis. This phago-
cytic membrane disappears for some time, releasing phagoceytosed
baecilli into the eytoplasm.

In the reactional phase, cellular destruetion may occasionally form
intradermal vesicles, as shown in Figures 5 and 6, which uleerate. Clon-
sequently, bacillated cells may not persist until bacilli multiply and
accumulate in a group. In reactional borderline state, therefore, one
can see only the early stage of bacillary invasion, when bacilli begin
their multiplication inside the remaining phagoeytic membrane.

In other cases of untreated borderline lesions bacilli occasionally
accumulate in host cells and the majority of these clumped bacilli dis-
play their intact features (Figs. 3, 14 and 16). These bacilli, especially
in small groups, are not wrapped with eleetron-transparent substance
but are in direet contact with the host-cell eytoplasm. In relatively
large clumps. however, the eytoplasmie matrix surrounding bacillary
aggregates appears to be a low density area containing fine granules
(Fig. 14), some of which are undoubtedly RN particles. At this stage,
this low density area is not delimited by a membrane but fuses into
apparently intact host cell eytoplasm. In some cases, this bacterial
microenvironment decreases the granular substance containing very
low density substance spotted with dense material (Fig. 17). Further-
more, electron-transparent substance oceurs in this case, forming the
limiting membrane in the region adjacent to the surrounding intact
cytoplasm.

Nishiura (**) postulated that electron-transparent substance may
be produced around M. leprae in a stationary growth stage, suggesting
its close relationship with bacterial growth. However, as seen in Fig. 9,
electron-transparent substance also appears in a single bacillus or in
a small group. On the basis of our observations, we helieve that elee-
tron-transparent substance may occur as a result of eytoplasmie dis-
integration of host cells cansed by bacterial parasitism.

It should be noted that the bacilli completely surrounded by elee-
tron-transparent substance are mostly degenerated (Figs. 9 and 14).
According to Nishiura (*), the accumulation of electron-transparent
substance may interfere with bacterial metabolism, resulting in bac-

DESCRIPTION OF PLATE

Fia. 12, A perieapillary lesion of.the treated borderline patient. A periceyte (Pe)
surrounded by a basement membrane shows a tendency to develop into a histioeytie ecell,
freeing itself from its original site. Epithelioid-type cells include bacilli (LB), all of which
are degenerated, together wth opaque droplets (OD) and foamy structures (F8). Note
that these bacillated cells still contain abundant eytoplasmic organelles, Reticular fibers
(RF) are sparsely distributed in the moderately widened extracellular space, EdC:
Endothelial cell of capillary. BE: Erythroeyte.
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terial death. In relation to this problem, Figure 17 exhibits a very
interesting feature; irregularly shaped dense structures are occasion-
ally found in large bacterial clumps enclosed by a small amount of
transparent substance. Some of them show ecytoplasmic details of
bacilli, but the distinet strueture of cell wall is not always visible. These
structures may represent some abnormal baecterial features. It is
emphasized that these structures are always evident when eleetron-
transparent substance appears around the bacilli, especially in large
clumps.

According to Mitchell and Moyle (*), the cell wall of the exponen-
tial phase of Staphylococcus aureus loses its tensile strength, and the
protoplasts are released from the cell wall which proteets the bacterial
eytoplasm. The same authors said, in addition, that the protoplasts are
lysed almost instantaneously in protein denaturants such as urea and
glyeine (*). Since electron-transparent substance contains denaturants
of protein-rich eytoplasmic organelles of host cells, bacilli are influ-
enced by the protein denaturants, although these substances are pre-
viously formed by bacilli themselves, Furthermore, it is probable that
the irregularly shaped bacillary structures represent protoplasts of
M. leprae that have been formed during a relatively active growth
stage and subsequently have undergone degencration vaused by elec-
tron-transparent substance.

Similar consideration will be applied to furnish one of the reasons
for the completely negative result in animal transmission using the
bacilli from lepromatous cases (*): the inoculum contains bacilli to-
gether with electron-transparent substance which may interfere in
bacterial growth in animal tissues.

Bacterial aggregation in comparison with so-called ** globi.””—In
light mieroscopic studies of borderline leprosy, some reports noted that
the bacilli usually form ““globi’” (*4%%.5) hut Rath de Souza ()
noted ne tendeney to form **globi’ in this condition. Before discussing
this problem, we feel that there is some confusion concerning the
terminology of *‘globi™ (°). It may be worth while to note the deserip-
tion of *““globi’’ by Cowdry ('), Gay and Steinbach ('*), and Neisser
(***1). According to the first two articles, the term ‘‘globi’’ was ap-
plied to the bacillary clump with the elear halo (gloea or Schleim).
Neisser used the term ‘‘globi’ to explain bacillary agglomerates
embedded in a waxlike substance called ‘‘gloea.”

(‘fomparing these observations with electron mierographs, it is
understandable that the term “‘globi’” may be applied to bacterial
aggregations encased in abundant electron-transparent substance cor-
responding to gloea in light microscopy. Figure 18 exhibits one of the
true ““globi’’ in a lepromatous lesion.

It should be mentioned that all our cases of untreated borderline
leprosy, some of which were examined by biopsy more than one year



Fig. 13. This picture exhibits densely stained reticular fibers embedded in the
reticulum (R) of moderately dense fibrillar matrix, Reticular fibers show irregular ar-
rangement. These fiber elements are loeated between bacillated eells. An untreated
lesion. Phosphotungstic acid stain. LB: Degenerated baeilli.
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Fi1g. 14. Bacillary elumps in an untreated borderline lesion. Bacilli on the left side
show their intact details. Note that this bacillary elump is surrounded by a low density
substance containing many particles, some of which are RNP particles (arrows). Also
note that there is no limiting membrane between this bacterial environment and host cell
e¢ytoplasm. On the upper right side, four baecilli showing contracted eytoplasms are en-
cased in electron-transparent substance (ETS8), which is delimited by a membrane from
host cell eytoplasm.,

after the formation of skin lesions, demonstrate a bacillary clump
composed of intact bacilli, although it occasionally accompanies small
amounts of eleetron-transparent substances. This implies that in the
borderline state, true ‘*globi,”” which should be accompanied by gloeal
masses are not revealed in a short period, especially in untreated cases.
This is different from lepromatous cases in which *‘globi’" are formed
VOry S0011.

Since we could not observe the further evolution of untreated
patients’ lesions, it is somewhat speculative to discuss whether or not
bacterial ageregations become *‘globi’ without treatment. However,
the oceurrence of electron-transparent substance in bacillary clumps
may cause bacterial degeneration in time, as deseribed in the foregoing.
Thus, ““globi’” are possibly formed in untreated cases, but after a long
period of time.

On the other hand, degenerated bacillary clumps with electron-
transparent substance, as exhibited in Figures 8 and 12, occur in
treated patients, possibly as a result of chemotherapy. The term
“‘globi’’ should be applied to these clumps.

Wheate (%) recommended that ‘“all borderline cases should be
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admitted to a leprosarium, not only because of the danger of erippling
deformities, but also because of their infectivity.”” His opinion is sup-
ported by our electron-microscopic observations, which brought out the
faect that nearly all bacilli, both in clumps and in single individnals, are
intact, implying their infectivity.

Bacterial growth and cellular reaction.—Borderline leprosy is be-
lieved to be an infermediate immunologic state between lepromatous
and tuberculoid types, i.e., between allergic and anergic conditions.
This consideration is based on clinical study of the transformation of
tuberculoid to lepromatous leprosy (%% 5.56) = Although Cochrane
(**) doubted the role of an allergic process in the transformation of
tuberculoid cases into the anergic process of lepromatous cases, it is
conceivable that various stages of tissue response occur between the
two extremes (%% ™34 aptly named ‘‘pseudoallergy’ by Cochrane
(*). Clinical and histopathologic pictures correlate with this tissue
response.

In eleetron micrographs of borderline lesions, infiltrating cells,
except for leucoeytes, are always more abundant in cytoplasmice or-
ganelles than lepra cells in lepromatous cases. Rather, the eytologic

F16s. 15a and 15b, The diffuse layer (DL) covers the low-density coating layer of the
cell wall. The intracytoplasmic membrane system shows lamellar or minute vesicular
structure, depending on sectioning angle.

Fig. 15¢. The intracytoplasmic membrane system contains a moderately dense sub-
stance sandwiched between two inner layers (arrow). Note the close relationship between
the system and the dividing surface. )




Fia. 16. A small bacillary group, in an untreated borderline lesion, is directly in con-
tact with host cell eytoplasm. All of the bacilli display intact features. Note the connee-
tion between the intracytoplasmie membrane system and the plasma membrane (arrow).
M: Mitochondria of host cell.



Fi6. 17. A later stage of a baeillary clump in an untreated borderline lesion. Eleetron-
transparent substanee (BT8) oceurs arvound the baeilli. Amorphous substance of low
density, spotted with dense granules, is still observed. The limiting membrane is partially
formed hetween eleetron-transparent substance, and host cell eytoplasm (arrow). IHow-
ever, this substanee is not visible in the horder where low density substance fuses into
host eell extoplasm, Note that all baeilli exhibit their intaet features and also that some

Baeilli show an intricate contour (double arrow), which is not surrounded hy a distinet
cell wall,

aspeet is almost identical with that of epithelioid cells in tuberculoid
lesions. It is considered that epithelioid eells represent tissue response
to M. leprae and that these cells destroy baeilli rapidly (' 8 5.42),
Stavitsky (**) postulated that the microsome fraction (the term ‘‘miero-
some’” used in biochemistry includes endoplasmie reticulum and RNP
particles) is the site of antibody formation. Hanks (') explained *‘cell-
ular allergy’™ as ““antibody precursor’ or *‘intracellular antibody.”
These opinions indicate that the relatively abundant distribution of
evtoplasmic organelles in epithelioid-type-hacillated cells of borderline
lesions may explain the fact that intracelluar antibody is still produced
in this type of eell.

According to Urbach (°'), the presence of antibody inhibits the
multiplication of bacilli. On the other hand, Davey ('), referring to
tuberculosis, emphasized that multiplying baeilli may later inhibit even
partial response, when the grade of allergy is below the threshold level
of effectiveness, These two opinions, apparently contradictory, best
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F16. 18, One of the “globi” in an early stage of leproma of an untreated patient.
Note that the majority of bacilli are degenerating or degenerated, being wrapped with
abundant electron-transparent substance (ET8), which is clearly delimited by a membrane
from host cell eytoplasm (arrow). Irregularly shaped bacilli are also noted among de-
generating baeilli.

explain the host-parasite interaction in borderline leprosy. Phagocey-
tosed bacilli multiply very slowly in histioeytie cells under moderately
or slightly inhibited conditions because of the presence of intracellular
antibody. These multiplying bacilli may interfere in the inductive
phase of antibody formation in host eells. Therefore, cellular reactivity
and bacterial activity may be balanced in borderline lesions. As bio-
logic phenomena in general cannot be fixed in a conditional stage, the
balance may be shifted according to the predominant activity of either
bacilli or host cells. Onece bacterial activity overcomes cellular reactiv-
ity, the eytoplasmic appearance of host cells, particularly bacterial
microenvironment, becomes very similar to that of lepra cells; opaque
droplets and foamy structures, which are believed to be a characteristic
structure of lepra cells (*), are seen (Figs. 8 and 12). We believe that
this deviation from a balanced condition may occur in each individual
cell and may not influence other infiltrating cells, because the multiply-
ing bacilli may only inhibit the response of their own host. Contrarily,
if cellular reactivity is predominant, bacilli are destroyed before they
multiply and therefore bacillated cells become epithelioid cells identical
with those in tuberculoid lesions.
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Response to chemotherapy.—C(Clinical experience has indicated that
borderline leprosy responds relatively well to chemotherapy (**®). In
the present study, we could not find any intact bacillus in borderline
lesions after a few months of treatment (Figs. 7, 8 and 12). This dra-
matic effeet of chemotherapy does not appear in lepromatous cases.

Wade and Perrin (") suggested that some potentiality of resist-
ance retained in borderline cases makes treatment more effective than
in a lepromatous case. As discussed in the foregoing, the baeilli in bor-
derline leprosy subside under the slightly inhibited condition. It is
understandable that this cellular reactivity may play a role as an addi-
tional tfactor in chemotherapy.

On the other hand, it should not be overlooked that bacterial miero-
environment is related to the penetration of drugs into bacilli. In
borderline lesions the majority of bacilli, both in single individuals and
in groups, without either opaque droplets or electron-transparent sub-
stance, are attached direetly to the host cell eytoplasm. Therefore, the
drugs may easily penetrate into bacilli. In contrast with the bacterial
microenvironment of borderline cases, bacilli in lepromas are usually
enclosed by opaque droplets and eleetron-transparent substance, which

the drugs from reaching the baeilli.

SUMMARY

1. Seventeen cases of borderline leprosy, diagnosed clinically and
histopathologically, were examined by electron microscopy.

2. All biopsied lesions were composed mainly of epithelioid-type
cells, usually bacillated, together with leucoeytes. The lesions consist
not onuly of a mixture of lepra cells and epithelioid cells but also of
cells that may have elements of both lepra and epithelioid ecells in the
same individual.

3. It is noteworthy that the majority of bacilli disclose their intaet
character in untreated patients. Usually elumps of intact bacilli are
not surrounded by electron-transparent substance. This is in contrast
to the appearance of “‘globi’ in lepromatous lesions.

4. In lesions of patients after a few months of chemotherapy,
intact bacilli no longer appear. Most of the bacilli are degenerated, and
encased in electron-transparent substance. These bacillary clumps
correspond to ““globi.”’

5. From the morphologie point of view, we believe that bacterial
activity and cellular reactivity are balanced in borderline leprosy.
Thus, the intact bacterial characteristies persist for a relatively long
time, if chemotherapy is not applied. This finding may be valuable in
identifying borderline leprosy.
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: SUMARIO

1. Diez y siete casos de lepra limite (borderline) diagnosticados elinicamente ¢
histopatologicamente fueron examinados por mieroscopia electronica,

2. Todas las lesiones biopsiadas estaban compuestas principalinente por células de
tipo epitelioide, usnalmente bacileadas, junto con leucocitos. Las lesiones consisten no
solamente de una mezela de eélulas leprosas y epitelioides, sino tambien de eélulas que
pueden tener elementos de ambas eélulas leprosas v epitelioides en el mismo individuo.

3. Es de notar que la mayoria de los bacilos mostraban su caracter intacto en
pacientes no tratados, Usualmente grupos de bacilos intactos no estan rodeados por
substancia electrén-transparentes. Esto es en contraste con la apariencia de los “globos”
en lesiones lepromatosas,

4, En las lesiones de los pacientes tratados varios meses con quimioterapia, no
aparecen mas los bacilos intactos. La mayoria de los baeilos estan degenerados e
incluidos en una substaneia electrén-transparente. Estos acumulos bacilares corresponden
a los glohos.

5. Desde el punto de vista morfologico, nosotros ereemos que la actividad bacteriana
y la reactividad celular estan balanceadas en la lepra limite (borderline). De este modo,
las caracteristicas bacterianas intactas persisten por un tiempo relativamente largo si la
quimioterapia no es aplicada, Este hallazgo puede ser valioso en la identificacion de la
lepra limite (borderline).

RESUME

1. Dix-sept cas de lépre border-line, diagnostiquée par la elinique et 'histopathol-
ogie, ont été étudiées par le mieroscope électronique.

2. Toutes les lésions biopsées étaient constituées prineipalement de cellules de type
épithélioide, généralement avec bacilles, et de leucocytes. Les lésions ne consistaient pas
seulement d'un mélange de cellules lépreuses et épithélioides mais aussi de cellules qui
pouvaient réunir & la fois dans la méme unité individuelle des éléments de cellules
lépreuses et de ccllules épithélioides.

3. Digne d'¢tre noté est le fait que, chez les malades non traités, la majorité des
bacilles présentent les caractéristiques de bacilles intacts. Généralement, des amas de
bacilles intacts sont entourés d'une substance perméable aux électrons. Ceeci confraste
avee 'apparence des globi dans les lésions lépromateuses.

4. On ne voit plus de bacilles intacts dans les lésions des malades aprés quelques
mois de chimiothérapie. La plupart des bacilles sont dégénérés, et inclus dans une sub-
stance transparente au microscope électronique, Ces amas bacillaives correspondent anx
globi.

5. Du point de vue morphologique, nous ecroyons que dans la lépre borderline
I'activité bactérienne et la réactivité cellulaire sont en équilibre. Dés lors, les caractéris-
tiques d’intégrité des bacilles persistent pour un temps relativement long, si aucune
chimiothérapie n'est administrée. Cette observation peut étre précieuse pour l'identifica-
tion de la lépre horder-line,

Acknowledgement.—The authors wish to thank Dr, I, W, Wade for his continuous
encouragement throughout this study. They are indebted also to Mr. F. Gil for his
technical assistance and to Mrs. E. Santucei for her preparation of the manuseript.
They also wish to express gratitude to the members of the Department of Photography
in I.V.I.C. for their photographie aid.



10,

11.

12,
13,

14,

15.

20.

.4 Imaeda et al: Electron Microscopie Study, Borderline Leprosy 415

REFERENCES
Avonso, A. M. and Azvray, R. D. Observations upon the horderline form of
leprosy. Internat. J. Leprosy 27 (1959) 193-201.
Coonraxg, R. G. The development of the lesions of leprosy. With particular refer-
ence to tuberculoid leprosy and the signifieance of the lepromin test. Internat. .J.
Leprosy 8 (1940) 445-456.
Cocnraxg, R. G, The classification of leprosy. an!'tls_\_' Rev. 17 (1946) 36-42,
Cocuraxg, R. G, Classification of leprosy. Leprosy in India 20 (1948) 88-91.
Cocnraxe, R. G. Dimorphous leprosy, Internat. J. Leprosy 28 (1960) 461-466
(eorrespondence),
[Congress] VI International Leprosy Congress, Madrid, 1953, Technical resolutions,
Classifieation of leprosy. Mem, VI Congr. Internae. Leprol., Madrid, 1953; Madrid,
1954, pp. 75-86; also in Internat. J. Leprosy 21 (1953) 504-516.
Convrr, J., Sisirvcd, C, and LapeENTA, P, Some observations on borderline leprosy.
Internat. J. Leprosy 24 (1956) 375-381.
Coxnvrr, J., Larexta, P. and Mexpoza, S, JJ. The methylene blue test in leprosy.
Internat. J. Leprosy 28 (1960) 233-238,
Convir, J., Larexta, P, TLukevien, A, and Taaepa, T. Experimental inoculation
of human leprosy in laboratory animals. 1. Clinieal, bacteriologie, and histopatho-
logie study. Internat. J. Leprosy 30 (1962) 239-253.
Cowpry, E. V. Cytological studies on globi in leprosy. Am. J. Path, 16 (1940)
103-135,
Davey, T, 1. Some observations on the role of allergy in leprosy. Leprosy Rev, 17
(1946) 42-62.
Davisox, A. R. Classifieation of horderline leprosy. Leprosy Rev, 32 (1961) 43-47.
Eprr, J. P., Coras, J. and Muvrier, S. II1. Presence de polyphosphates chez divers
organismes inferieurs, Exper. Cell Res. 15 (1958) 36-42.
Ganinpo, B, and Taaepa, T. Eleetron microseope study of the white .pulp of the
mouse spleen, Anat. Ree. 143 (1962) 399-416.
Gay, F. P. and Steivepacu, M. M. Nosology on a basis of etiology. Agents of
disease and host resistance, including the principles of immunology, bacteriology,
mycology, protozoology, parasitology and virus diseases, by Gay, F. P., Springfield,
[1l. Charles ¢ Thomas, (1935) 12-16.

Gay Priero, J. The coneept and limits of borderline leprosy. Internat. J. Leprosy
29 (1961) 442-459.

7. Graverr, A. M. Personal communication,
. Hama, K. S-collidine buffer as a new buffer system for electron mieroscopy. J.

Eleetronmicroscopy (Japan) 8 (1959) 44-47 (in Japanese).

. Hanks, J. H. Immunology and serology. Tmplications of skin and serologie reac-

tivity. Trans. Leonard Wood Memorial-Johns Hopking University Symposium on
Research in Leprosy, Baltimore, Md., 1961, pp. 36-56,
Hiuson, G. R. F. and Euek, S. D. Intratesticular multiplication of Myecobacterium

leprae murium in normal and suramin-treated animals. Internat. J. Leprosy 25
(1957) 380-391.

IMmAEDA, T. The fine structurve of human subeutaneous fat cells. Arch, Hist, Jap, 18
(1959) 57-68.

Imaepa, T. Eleetron microscopie analysis of the components of lepra cells, Internat,
J. Leprosy 28 (1960) 22-37.



416

29,

30.

31.

39.
40.

41,

43.

44.

International Jowrnal of Leprosy 1963

Imaepa, T., Convir, J., MExpoza, S, and Arvero, J. J. Electron mieroscope study
of xanthoma cells in a lepromatous leprosy lesion, Internat. J. Leprosy 29 (1961)
343-354.

Ismaepa, T. Posibilidades de obteneién del eultivo del Mycobacterium leprae. Arvch.
Hosp. Vargas 3 (1961) 331-338.

Ismakpa, T. and Gavixpo, B, Eleetron microscope study of granuloma formation,
especially in leprosy. Excerpta Med, Internat. Congr. Series No. 55 (1962) 1426-
1430,

Imaena, T, and Coxvir, J. Electron microscope study of Mycobacterivm leprae and
its environment in a vesicular leprous lesion. J. Bact. 83 (1962) 150-163.

Taakpa, T. and Ocura, M. Formation of intracytoplasmie membrane system of
myecobacteria related to cell division. J. Baect. 85 (1963) 150-163.

Tamaepa, T, and Coxvir, J. Eleetron mieroscope study of cutaneous nerves in leprosy.
Internat, .J. Leprosy 31 (1963) 188-210.

Imaepa, T. Recéntes investigationes sur la morphologie du Mycobacterivm leprae.
Maroce-Med. 4558-42-63 (1963) 511-518.

Imaena, T., Coxvrr, J., ILukevics, A, and LarexTa, P. Electron mieroscope study
of hamsters, lesions provoked by mycobacteria isolated from human leprosy.  (Un-
published data),

Jopring, W. H. Borderline (dimorphous) leprosy maintaining a polyneuritie form
for eight years, a case veport. Trans, Roy. Soc. Trop. Med, & Hyg. 50 (1956) 478-
480,

Kuaxorkar, V. R. Pathology of leprosy. In Leprosy in Theory and Practice,
R. G. Cochrane, Editor. Bristol, John Wright and Sons, Ltd., 1959, pp. 78-89.
KuavoLksr, V. R. Pathology of early lesions in leprosy. Paper read at the All-
India Leprosy Conference, 1959, Leprosy Rev. 31 (1960) 81-84 (editorial).

Lever, W. F. Histopathology of the Skin, 2nd ed. Philadelphia and Montreal, .J. B.
Lippineott Company, 1954, pp. 19-39.

Mirenern, P, and Movie, J. Autolytie release and osmotic properties of “proto-
plasts” from Staphylococeus aurens. J. Gen, Mierobiol, 16 (1957) 1584-194.
Mircnenn, P, and Movrg, J. Permeability of the envelopes of Staphylococens
anreus to some salts, aminoacid, and non-electrolytes. J. Gen. Mierobiol. 20 (1959)
434-441.

Mupp, S., Takeva, K. and Hexpersox, H. J. Electron seattering granules and
redueing sites in mycobacteria. J. Baet. 72 (1956) T67-783.

Mupp, 8., Yosuipa, A, and Koikg, M. Polyphosphate as acenmulator of phos-
phorus and energy. J. Baet. 75 (1958) 224-235,

Muir, E. Cellular reaction to Bacillus leprae. Leprosy Rev. 7 (1936) 104-111.
NEeisser, A. Weitere Beitriige zur Aetiologie der Lepra. Virehows Arvch. 84 (1881)
514-542.

Neisser, A. Ueber die Structur der Lepra-und Tuberkel-bacillen mit specieller
Beriicksichtigung der Rosanalin- und Pararosanilinfarbstoffe und iiber Leprazellen,
Verh. d. d. derm. Gesellschaft. 1 (1889) 29-536,

Nisuiura, M. The electron microseopic basis of the pathology of leprosy. Internat.
J. Leprosy 28 (1960) 357-400.

Nowrasco, J. C. The lepromin test in lepra reaction. II. Histology of the reaction
lesions and persistence of the injected bacilli. Internat. J, Leprosy 8 (1940) 285-
296.

Raru pe Sovza, P. Contribuicio ao estudo histopatologico da lepra dimorfa (“bor-
derline”). Rev. brasileira Leprol. 28 (1960) 70-76.



31, 4 Imaeda et al: Electron Microscopic Study, Borderline Leprosy 417

45.

46.

48.

49.

a0,

HA.

9.

60,

61.

62.

63.

Revxoups, K, S. The use of lead citrate at high pH as an electron-opague stain in
electron microscopy. J. Cell Biol. 17 (1963) 208-212.

Sovza Cameos, N. and Raru pe Sovza, P, Reactional states in leprosy, Lepra
reaction, tubereuloid reactivation (tuberculoid lepra reaction), reactional tuberculoid
leprosy, borderline (limitantes) lesions. Internat. J. Leprosy 22 (1954) 259-272.
Sovza Casmpos, N. Contribuicio ao estudo clinico da lepra dimorta. Rev. brasileira
Leprol. 28 (1960) 61-69, .

Sovza Lima, L. On the South American elassification of the forms of leprosy. Rev.
brasileira Leprol. 13 (1945) 135-142; reprinted in Internat. J. Leprosy 20 (1952)
497-504,

Stavitsky, A. B, In vitro studies of the antibody response. Advances in [Tnmu-
nology, edited by Taliaferro, W, 11, and Humphrey, J. H. Academie Press. 1 (1961)
211-261.

Takeva, K., Koige, M., Ucnipa, T., Ixovg, S, and Nosmivamy, K. Studies on the
nature of granule found in acid-fast baeilli. J. Electron-mieroscopy (Chiba) 2
(1954) 29-33.

Ureach, E. Allergy. New York, Grane and Stratton, 1943 p. 508,

Vevrasco, . Tuberculoid leprosy—its transformation to the lepromatous type.
Internat. J. Leprosy 9 (1941) 91-100, Reprinted from Month. Bull. Bur. Health
(Manila) 20 (1940) 63-76.

Wapk, H. W, and RooriGuez, J. N. Development of major tubereuloid leprosy;
a report of cases. Internat. J. Leprosy 7 (1939) 327-340,

Wang, H. W., RobriGuez, J. N, and ToLexrtino, J. G, The course of open eases of
tuberculoid leprosy at the Cebu Leprosarium. Internat, J. Leprosy 7 (1939) 473-
494,

Wapg, H, W. and Rovricuez, J. N. Borderline tuberculoid leprosy. Internat, .J.
Leprosy 8 (1940) 307-332.

Wank, H. W. Relapsed and borderline cases of tuberculoid leprosy, Leprosy Rev,
12 (1941) 3-17.

Wape, H. W, and Perrin, S. R. A case of advanced borderline leprosy. Reevalua-
tion of a case originally reported as lepromatous. Internat. J. Leprosy 29 (1961)
460-472,

Wapg, H., W. Personal communication.

Warson, M. L. Staining of tissue sections for eleetron mieroscopy with heavy
metals. J. Biochem. Biophys. Cytol. 4 (1958) 475-478,

Waeare, H. W. Thiosemicarbazone in the treatment of the reactional and border-
line forms of leprosy. Leprosy Rev. 28 (1957) 124-129.

Yamamoro, T., Nisutvra, M., Harapa, N. and Iamaepa, T. Electron microscopy of
ultra-thin sections of lepra cells and Mycobaeterium leprae. Internat, J. Leprosy 26
(1958) 1-8.

Yamanmoro, T., Nisuivra, M., Harapa, N, and ITmaepa, T. The differences hetween
lepromatous and tuberenloid lesions of leprosy as observed with the electron miero-
scope. Trans. VII Internat. Congr. Leprol. Tokvo, 1958; Tokyo, 1959, pp. 104-111.
Zarr, K. and Wanx, K. Elektronenmikroskopische Untersuchungen ueber den
Effekt der grenzflaechenaktiver Stoffe auf die Feinstruktur von Tuberkelbakterien.
Zbl. f. Bakt. 1. Orig, 185 (1962) 79-95.



