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Fic. 1. Section of a nerve fascicle from a radial cutaneous nerve in lepromatous lep-
rosy. There is only edema and minimal adhesion of the endoneurium with perineurium.

Acid-fast stain of a serial section from the same block of nerve showed numerous M,
leprae inside Schwann cells and macrophages. (H & E, x 260).
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Fic. 2. Section of a nerve in the deeper dermis of a lepromatous skin lesion to show
marked perineural thickening and gradual replacement of the nerve parenchyma with
fibrous tissue. There is peri- and endoneurial infiltration with macrophages, plasma cells
and lymphocytes (H & E, x 260).
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Fic. 3. High power photomicrograph of lepromatous nerve to show ballooning and
fragmentation of axons (Bodian stain, x 1000).

Frc. 4, Section through radial cutaneous nerve in an advanced case of lepromatous
leprosy. The architecture of the nerve is totally lost and the nerve parenchyma and the
Perineurium are replaced by hyalinized fibrous tissue (H & E, x 260).
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content increased there was commencing
vacuolation of Schwann cells, macrophages
and perineurial cells. However, the ar-
chitecture of the nerve was well preserved.

In further stages, infiltration of the per-
ineurium and nerve parenchyma with mac-
rophages and occasional round cells be-
came obvious. There was a progressive
increase in perineurial and endoneurial
fibrous connective tissue and also marked
adhesions between the peri- and endoneu-
rium. The “onion peel” appearance of the
perineurium was very prominent (Fig. 2).
Bacilliferous Schwann cells underwent
marked foamy change, and ballooning and
fragmentation of the axons were seen in
Bodian stain (Fig. 3). Myelin stain showed
extensive demyelination.

The whole nerve bundle need not neces-
sarily be involved in this process at the
same time, and very often a portion of the
nerve was preserved. However, the discase
process was progressive and in advanced
cases the entire nerve bundle was replaced
by fibrous tissue, followed by hvalinization
(Fig. 4).
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As the nerve parenchyma was being
placed by fibrous tissue there was 3 grad e
reduction in their bacillary load, ang “:'-lal
marked hyalinization of the nerye lis,:
the bacilli became very scanty. Eyeyp ahlle
attaining bacillary negativity of the skiner
few acid-fast bacilli still lingered insige 1‘}.:
hyalinized nerves.

In two biopsies of radial cutaneous p
obtained during an attack of e
nodosum an unusual histopathologje i
pearance was seen. The nerve was infltray
ed with collections of neutrophil poly:
morphs, forming several intraneural Micrg.
abscessses (Fig. 5). The tissues ip and
around the abscesses were swollen 4pq
edematous, resulting in compression of the
surrounding axons. Acid-fast stain shoy.g
scattered groups of bacilli inside Schwang
cells and macrophages. Extensive demye.
lination of the entire nerve tissue was geey,
in the myelin stain. In the Bodian stajy
axons cntering the abscess cavities were
found to be fragmented and destroveg
(Fig. 6). ' '

Electron Microscopy: The ultrastructura)
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Fic. 5. Photomicrograph of the radial cutaneous nerve in lepromatous leprosy to show
dense infiltration with neutrophil polymorphs and fibrinous exudate during the erythema
nodosum phase, The nerve architecture is totally disrupted (H & E, x 260).
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Fic. 6. Bodian stain of lepromatous nerve abscess to show extensive destruction of
nerve fibers. Note the absence of axons in the abscess and swelling and ballooning of
the remaining axons (Bodian stain, x 1000).

changes in nerves in lepromatous leprosy
were characterized by degenerative and
hypertrophic changes of Schwann cells and
moderate to marked increase in endoneuri-
al collagen fibrils. Schwann cells were iden-
tficd by their basement membrane and
mtrucytoplasmic fine filaments, and the de-
gnerative changes seen in them were
mainly due to the parasitization of their
cytoplasm by M. leprae. M. leprae were
recognized easily by their plasma mem-
branes and markedly electron-dense and
r_u-I.ltively homogeneous cytoplasm. (12 30)
{Fig. 7). The number of M. leprae
present in Schwann cells varied from single
oes to large aggregates. Some of the
Uraanisms evoked no reaction in the cell
ind appeared as if they were part of

* many intracytoplasmic organelles, but
Wost of the organisms had an electron-
Tasparent halo around them. As the orga-
%ms proliferated to form large packs, they
*rmed to dissolve the Schwann cell eyto-
M and often there was no limiting
®embrane around them (Fig. 8). Less

frequently these packs of organisms were
contained in unit membrane-bound in-
tracytoplasmic vacuoles. Numerous such
vacuoles could be seen in a single cell
giving rise to a foamy Schwann cell (Fig.
9). The presence of an organism in the
Schwann cell has not produced any obvious
change in the axon (Fig. 10). However, as
the organisms increase in number, disrup-
tion of myelin may take place. The break-
down of the myelin occurred mostly from
the Schwann cell side, with the myelin
splitting away from an intact axon (Fig.
11). In some instances the Schwann cells
containing an intact myelinated axon
showed in their cytoplasm fragments of
myelin with the lamellations still preserved
(Fig. 12). Occasionally completely demye-
linated axons were seen in Schwann cells
(Fig. 13). In all these instances, despite
the disintegrating myelin, the axons were
intact.

The hypertrophic changes of the
Schwann cells were characterized by the
formation of numerous long and irregular
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Fic 7. Cross section of a Schwann cell process surrounded by collagen fibrils contain-
ing a small nonmyelinated axon. There are six M. leprae (M.L.). with hardly any reac-
tion around most of the organisms. The cytoplasm shows numerous fine filaments,

(x 50,000).

processes (Fig. 14). Some of them showed
marked increase in mitochondria, rough
endoplasmic reticulum and fine filaments.
In two cases Schwann cells, identified by
the presence of their basement membranes,
formed with their flattened processes what
appeared to be “onion bulbs” (Fig. 15).
The core of the onion bulbs consisted of
myelinated axons most of the time, and in
one instance of a nonmyelinated axon. The
“onion bulb” was densely infiltrated by col-
lagen fibrils.

Degenerating axons characterized by in-
crease in dense bodies, edematous mito-

chondria, and clumping or absence of neu-
rofilaments, were also seen. The myelin
sheath of these axons showed splitting
fragmentation and loss of lamellar struc-
ture. The number of nonmyelinated fibers
was far less than in normal nerves. In three
cases M. leprae were seen inside the axo-
plasm in double membrane-bound vacuoles.
There was perineurial thickening with
six to ten layers of perineurial cells in al
the nerve biopsies studied. Some of the
perineurial cells contained M. leprae m
varying number. Many capillaries were
present between the perineurial cells.
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Fic. 8. Schwann cell containing a nonmyelinated axon and a large collection of M.
rae dissolving the cytoplasm (arrows) (x 46,000) .
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Fic. 9. Schwann cell contammg a myelinated axon shnwmg marked foamy degenera-
tion following parasitization by M. leprae. In some vacuoles M. leprae can be seen.
(x 33,000).



Fic. 10. Part of a Schwann cell showing a portion of a myelinated axon. A single
organism is present in the Schwann cell cytoplasm with an electron-transparent zone
around it. (x 54,000).

Scattered  intraneurial  macrophages,
identified by the absence of basement
membrane, their cytoplasm containing nu-
merous mitochondria and active rough en-
doplasmic reticulum, were seen. They in-
variably contained vacuoles with aggre-
Btes of M. leprae undergoing degener-
dive changes. Lymphocytes and plasma
¢ells, though very scanty, were also
Present,

Numerous intraneural blood vessels were
®en in three cases and in one case the
®all capillaries showed pronounced hy-

pertrophy of endothelium and thickening
of the basement membrane. Occasionally
the endothelial cells were invaded by M.
leprae, with subsequent foamy degener-
ation of the cell (Fig. 16).

DISCUSSION

The histopathologic changes of nerve
lesions in leprosy have been described by
several authors (% 5 & 10.13. 18 17. 3, 20,
However, the exact mechanism of produc-
tion of nerve damage is not well under-
stood.
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g marked splitting of the myelin lamellae
ytoplasm shows numerous mitochon-

cell ¢

Fic. 11. Schwann cell with an axon showin
breaking away from the axon. The Schwann

dria. (x 32,000).
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Fic. 13. Cross section of a Schwann cell containin
Schwann cell cytoplasm contains a multivesicular bo

several mitochondria

g a totally demyelinated axon. The

dy (arrow). The intact axon shows

, a dense body and intact neurofilaments. (x 43,000).
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Fic. 15. Electron micrograph showing an “onion hulb” with a central core containing
a myelinated axon surrounded by several flattened Schwann cell processes (SC) con-
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centrically arranged around the axon (FD fbioblast) (x 20,000).
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Fic. 16. Cross section of a blood vessel. The endothelial cells contain several M.
leprae and there is commencing foamy change. The basement membrane shows edema
and well marked thickening. (x 17,000).
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In the foregoing deseription of the histo-
pathologic changes in nerve lesions in lep-
romatous leprosy certain facts are clearly
brought out. In the carly stages a nerve
infected with M. leprae, except for slight
edema, may have a normal histologic ap-
pearance in a scction stained with hema-
toxylin and eosin, though an acid-fast stain
may reveal many bacilli in groups and
clumps inside Schwann cells and macro-
phages. The infection may begin at a small
part of the nerve fascicle, or may spread
throughout the fascicle and later extend to
involve the entire nerve. Tt is not uncom-
mon to sce a reactive proliferation of the
perineurium giving rise to an “onion peel”
appearance, and lepra bacilli may be
present in large numbers in the perinenrial
cells. There mav he infiltration of the nerve
parenchyma and perincurial tissue with
lymphoceytes and plasma cells, and these
inflammatory cells are very few when com-
pared with the abundance of the organisms
present.

The presence of M. leprae in perineurial
cells produces reactive hyperplasia of the
perineurium. The proliferation of organisms
in Schwann cells results in their foamy
degencration, followed by disintegration of
axons and endoneurial fibrosis. The growth
of organisms inside intraneurial macro-
phages promotes the growth of the macro-
phage granuloma. The proliferation of per-
incurial cells, increase in endoneurial col-
lagen and the steadv growth of macro-
phage granuloma produce a pronounced
thickening of the nerve, resulting in a sig-
nificant elevation of intrancurial pressure
and further degeneration of nerve paren-
chyma. Ultimately the entire nerve s
fibrosed, followed by hvalinization. Even
after the entire nerve is hvalinized a few
organisms may persist and he detectable in
the nerve.

During the phase of ervthema nodosum
leprosum, there may be dense infiltration of
the nerve by polymorphonuclear leucocytes
and acute abscesses may be formed, as seen
in two cases reported here. Lepromatous
abscess in the nerve can produce extensive
destruction of nerve tissue. Acute abscess of
nerve in lepromatous leprosy is not so com-
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mon. though cases have heen describeg
carlier (111 == However. infiltratio
of nerve with nentrophil - polymorphg i
quite possible during repeated  attacks ot
ervthema nodosum  leprosum. The edemg
and the rapid destruction of tissue that
accompany this condition may be respong;.
ble for the sudden onset of paralysis in
patients with erythema nodosum leprosup,
If the neurologic deterioration is due only
to edema it may be transient, but if it is the
result of neutrophilic infiltration and ge.
struction of nerve parenchyma it is irrevers.
ible.

The ultrastructural changes observed ip
the cntancons nerves of lepromatous lepro-
sv have many points of similarity with the
observations on discases associated with 5
primary Schwann cell discase. as in diphthe.
ritic neuropathy  (#%), lead neuropathy
(™). and metachromatic  lencodvstrophy
(*%). Disruption of outer mvelin lamellae
followed by demvelination of an  intact
axon was a prominent feature in leproma-
tous leprosv. In a previous paper it was
reported that M. leprae proliferate inside
the Schwann cells, producing a foamy de-
generation in them (™). It is quite pos.
sible that a parasitized Schwann cell may
disintegrate with breaking up of its plasma
membrane and basement lamina. Lampent
et al. (') emphasize the significance of
the preservation of basement lamina, even
after the destruction of Schwann cells, in
serving as a scaffolding during the regener-
ative phase to guide the axonal sprouting.

In some instances the outer lavers of
mvelin remained intact. whereas the inner
part of the myelin sheath was disrupted to
form several myvelin ovoids. Clumping of
axonal neurofilaments and disruption of ax-
onal membrane, together with disruption of
myelin, as described in Wallerian degener-
ation (' 24) were also seen. It is reason-
able to suggest that the destruction of axons
in lcpromatous leprosy is dve primarily to
irreversible damage caused by M. leprae in
Schwann cells. The c¢nsuing disruption of
nerve architecture is further aggravated by
marked increase of endoneurial collagen
fibrils, proliferation of perineurial cells and
infiltration with bacilliferous macrophages.
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Formation of “onion bulbs,” as described
in chronic human neuropathies (* 7 2 25
=) was also seen in two cases. It is quite
possible that some infected Schwann cells
may recover and take part in the process
of regeneration. Although the Schwann cell
processes encircling the axons were found
to be fewer, the mechanism of formation of
the “onion bulbs” in leprosy may be due to
repeated degeneration and proliferation of
schwann cells, as suggested in other chronic
human neuropathies (5).

Since the process of destruction of nerve
in lepromatous leprosy is directly related to
the large number of organisms present -in
Schwann cells, and because the generation
time of the organisms is inordinately long,
the onsct of paralysis is very slow and late
in the natural history of the disease. Tt
agrees very well with Iyer’s findings that
“The average mean duration of the de-
velopment of the deformity is greater in
lepromatous leprosy than in nonleproma-
tous leprosy.” (13)

SUMMARY

Skin biopsies and radial cutaneous nerve
biopsies from 20 cases of lepromatous lep-
prosy were studied with the light micro-
scope, and in eight patients radial cutaneous
nerves were examined with the electron
microscope. It was found that M. leprae
parasitize the Schwann cells, perineurial
cells, macrophages and endothelial cells. A
large number of infected Schwann cells,
like the macrophages, undergo foamy de-
gencration and destruction, resulting in de-
myclination, axonal damage and irreversi-
ble destruction of nerve architecture. In
erythema nodosum leprosum the destruc-
tive process of the nerve is accelerated by
acute abscess formation.
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