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Ultrastructure of the Dermal
Microvasculature in Leprosy'

Susan Beckwitt Turkel, Harriet McMurria Van Hale, and Thomas H. Rea'

Human infection with Mycobacterium
leprae may he associated with the presence
of the organism in the endothelium of small
dermal vessels (9. The report by Joelsohn
in 1893 and cited by Fite in his review is
evidently the initial mention of this phe-
nomenon ( 12 ). As reviewed by Coruh and
McDougall, previous light microscopic
studies have shown an intraendothelial lo-
cation for the bacteria, a feature found pre-
dominantly in lepromatous leprosy pa-
tients. Using serial sections of skin, they
concluded that endothelial bacillation was
universal in patients with lepromatous dis-
ease ("). Endothelial bacillation appears to
be particularly well developed in the lesion-
al and perilesional skin of patients exhibit-
ing Lucio's phenomenon and may he of im-
portance in the pathogenesis of this reaction
( 2.).

The ultrastructural features of leprosy
have been the subject of study for many
years s. 13. I I:• 17%) Much attention has
been paid to the ultrastructure of the lepra
cell and the fate of phagocytized organisms.
Boddingius has studied the ultrastructure of
the small endoneurial vessels ('."). How-
ever, the ultrastructural features of the der-
mal microvasculature and its response to
the chronic infection of leprosy have not
been emphasized. Stimulated by the appar-
ent intraendothelial location of M. /eprae at
the level of light microscopy, we sought in-
formation concerning the ultrastructural
appearance of endothelial bacillation and
other changes in the cutaneous vessels.

' Received for publication on 2 April 1981: accepted
in revised form on 7 January 1982.

S. B. Turkel, M.D., Associate Professor of Path-
ology and Pediatrics; H. McN1. Van Hale, M.D., In-
structor in Pathology, Department of Pathology; T. H.
Rea, M.D., Professor of Medicine (Dermatology),
Department of Medicine (Dermatology), University
of Southern California, Los Angeles County-USC
Medical Center. 1200 North State Street. Los Angeles,
California, 90033, U.S.A.

MATERIALS AND METHODS
Eighteen cases of active leprosy were in-

cluded in the study (Table 1). There were
11 males and seven females, ranging in age
from 14 to 66 years. Fourteen of the 18 pa-
tients were from Mexico, 2 were from Viet
Nam, 1 from Thailand, and 1 from Guate-
mala. Ten patients were untreated at the
time of biopsy, and two were in relapse from
three to six months after stopping dapsone
therapy. Routine paraffin sections prepared
with hematoxylin-eosin and Fite stains were
reviewed. Using clinical and histologic cri-
teria, the patients were grouped according
to the classification of Ridley and co-work-
ers ( 21•22 ). l'here were 14 cases of lepro-
matous (LL) leprosy, I of borderline lep-
romatous (BL) leprosy, and 3 of borderline
tuberculoid (13T) leprosy. Of those patients
with lepromatous leprosy, four had erythe-
ma nodosum leprosum (ENL) and four had
Lucio's phenomenon.

Punch biopsies were taken from lesional
skin in all except three cases: in three LL
patients with Lucio's phenomenon, clini-
cally normal skin from the upper outer arm
was sampled. Immediately after each biop-
sy, the tissue was placed in Karnovsky's fix-
ative ('"), fixed for 24 hr, post-fixed with
osmium tetroxide, processed, and embed-
ded in epon. One-micron-thick sections
were cut and stained with toluidine blue for
light microscopy. After trimming, thin sec-
tions were cut and stained with uranyl ace-
tate and lead citrate for electron micro-
scopic examination. Multiple epon blocks
were examined from each patient. Vessels
were selected for ultrastructural study
within areas of light microscopic changes.

The perivascular inflammatory infiltrate
and the changes in the dermal microvas-
culature were evaluated in each case by light
and electron microscopic examination (Ta-
ble 2). The degree of each change was grad-
ed on a scale of 0 to 3+.
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TABLE 1. Patient population.

Patient Sex Age Nationality Class

I F 28 Mexican LL"
2 F 38 Mexican LL''
3 M 66 Vietnamese BT
4 F 42 Mexican LL''
5 M 35 Mexican LL
6 M 14 Thai BL
7 M 23 Mexican LL"
8 F 32 Mexican LL
9 M 43 Vietnamese LL"

10 M 34 Mexican LL
II M 56 Mexican LL
12 M 50 Mexican LL
13 F 30 Mexican BT
14 M 50 Mexican EL"
15 F 26 Mexican EL"
16 F 60 Guatemalan BT
17 NI 32 Mexican LL"
18 M 23 Mexican LL

" Patient with Lucio's phenomenon.
" Patient with erythema nodosum leprosum.

RESULTS
Phagocytized M. leprae were present

within the endothelial cells in all except one
of the lepromatous cases. They were absent
or only a very few were found in the en-
dothelium in biopsies of borderline (BT and
BL) patients. Organisms were most fre-
quently encountered in material from pa-
tients with Lucio's phenomenon. As pre-
viously reported, intraendothelial bacteria
were found within membrane bound vacu-

oles, presumed to be of lysosomal origin,
and not free within the cytoplasm (") (Fig.
1). Bacteria were either single or multiple
within the vacuoles and occasionally frag-
mented, degenerating bacteria and a variety
of lysosomal residual dense bodies, similar
to those within lepra macrophages, were
found.

Endothelial hypertrophy and swelling
were consistently found in all the small der-
mal vessels examined, varying from a mod-
erate degree in the majority of patients to
marked swelling in five. This swelling fre-
quently resulted in marked compromise of
the vessel lumens. In half the cases occa-
sional very large, swollen endothelial cells
were encountered. These cells were very
pale and translucent with widely dispersed,
normal appearing organelles (Fig. 2). In
some small vessels in which intraendothe-
lial organisms were found, endothelial hy-
pertrophy and basal lamina changes were
minimal.

The endothelial cell surfaces were usu-
ally very irregular. Small, plump bleb-like
extensions were frequently seen on the
luminal side and numerous, elongated, cir-
cumferential abluminal cytoplasmic pro-
cesses were found. These abluminal pro-
cesses were usually associated with
extensions of the basal lamina. The peri-
cytes were also usually hypertrophied and
they, too, had thin, elongated cytoplasmic
processes which extended in a similar cir-

TABLE 2. Summary o/ ultrastructural findings.

Lepromatous cases Borderline
cases

LL ENL Lucio's BL BT

Number of patients 4 2 3 2 I 3
Treatment no relapse yes no yes no no no

Perivascular Inflammation
Mast cells 2+ I+ 1+ 2+ 3+ 3+ 0 1+
Lymphocytes 3+ 2+ 3+ 2+ 3+ 3+ 3+ 3+
Macrophages 3+ 2+ 3+ 3+ 2+ 3+ 3+ 2+

Vascular Changes
Endothelial swelling 2+ 2+ 2+ 3+ 3+ 2+ 3+ 2+
Increased cytoplasmic processes 2+ 2+ 2+ 2+ 2+ 2+ 3+ I+
Increased basement membrane 2+ 2+ 2+ 2+ 2+ 2+ 3+ 1+
Cytoplasmic vacuoles 2+ 2+ 2+ 3+ I+ 2+ 3+ I+
Intraendothelial organisms I+ few few 0 2+ 2+ 1+ 0
Translucent endothelial cells
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FIG. lb . Higher magnification illustrating bacteria (*) within vacuoles of an endothelial cell. (Original mag-

nification x 5100. )
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Intraendothelial organisms (*) and floccular appearing basal lamina are seen in this biopsy from a

patient with Lucio's phenomenon. Several vacuoles containing organisms, sonic artefactually disrupted, are
found within these swollen endothelial cells. A fragment of a mast cell (M) is seen nearby. (Original magnification

x3600.)
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FIG. 2. A swollen, translucent endothelial cell and another darker hypertrophied endothelial cell are seen,

severely compromising the vascular lumen (1). (Original magnification x3900.)

cumferential fashion around the small ves-
sels. The basal lamina surrounding the ves-
sels was frequently multilayered and
reduplicated, arranged in many concentric
lamellae. Collagen fibers were common
around the vessels, but they were absent
between the multiple thin layers of basal
lamina (Fig. 3). These endothelial and basal
lamina changes were present in all IS biop-
sies. These changes were most pronounced
in the group of lepromatous cases, and least
prominent in the borderline tuberculoid pa-
tients. In the biopsies from patients with
Lucio's phenomenon the basal lamina had
a slightly different character and appeared
more amorphous and floccular and less dis-
tinctly lamellar (Fig. 1).

Pinocytotic vesicles and tiny vacuoles
were commonly found in the endothelial cells
just beneath the plasma membrane. These
endothelial vacuoles were numerous in all
patients except two with Lucio's phenom-
enon. They were seen in the abluminal cy-
toplasmic extensions as well as along the
luminal surface.

The dermal inflammatory infiltrate con-
sisted predominantly of lymphocytes, mast

cells and mononuclear phagocytes ( 127 . 2 ').
Lymphocytes diffusely infiltrated the der-
mis and were closely associated with the
small dermal vessels, often abutting the pe-
riphery of the vascular basal lamina. Plas-
ma cells and polymorphonuclear leukocytes
were rare or absent in the material examined.
Mast cells were prominent in the inflam-
matory infiltrate in lepromatous patients,
especially untreated ones, and were most
numerous in the patients with Lucio's phe-
nomenon. The mast cells were also usually
found in a perivascular distribution and in
close proximity to lymphocytes (Fig. 4).
Macrophages containing phagocytized or-
ganisms and a wide variety of intracyto-
plasmic lysosomal residual dense bodies
were common around the small vessels ( 2").
Phagocytized organisms were found only
within membrane hound vacuoles, not free
within the cytoplasm.

DISCUSSION
The changes found in the dermal micro-

vasculature in these biopsies from patients
with a variety of types of leprosy are similar
to those described by Boddingius in her
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FIG. 3. Endothelial vacuolization and luminal and abluminal cytoplasmic processes with associated basal
lamina reduplication are seen in this small vessel. (Original magnification x3600.)

study of the endoneurial vessels in leprosy
( 5 ."). Intraendothelial organisms, endothe-
lial hypertrophy and swelling, prominent
vacuolation, and numerous cytoplasmic
processes were all findings noted in the en-
doneurial vessels ( 5 •"). With the exception
of endothelial bacillation, these microvas-
culature changes are most likely nonspecif-
ic reflections of the chronic inflammatory
process (').

Bacilli within the endothelium of dermal
capillaries are a common finding in leprosy
(''). When studied by light microscopy, or-
ganisms can be found in 50% to 100% of
small dermal vessels ("). Intraendothelial
organisms are not seen in tuberculosis, are
rarely found in tuberculoid forms of lepro-
sy, and are most common in lepromatous
patients, especially those with Lucio's phe-
nomenon ("' 2"). Endothelial bacillation was
most common in the patients with Lucio's
reaction in our study as in previous reports
( 2") and appeared to be equally well devel-
oped in both clinically normal and perile-
sional skin.

Endothelial activation, hypertrophy, pro-
liferation, and swelling are typical of the
microvasculature response to injury ("• 2 '').
Endothelial hypertrophy has been de-
scribed in the vessels of the peripheral
nerves in leprosy ( 5 •"), and earlier light mi-
croscopic studies have reported endothelial
proliferation and protrusion with luminal
compromise in dermal vessels in leprosy (").
The swollen translucent endothelial cells
seen have been described in skin biopsies
of hypersensitivity induced allergic contact
dermatitis (") and again in the endothelium
of small endoneurial vessels in leprosy ( 5 •").

The basal lamina of vessels is derived
from the endothelial cells and pericytes and
is produced within their endoplasmic retic-
ulum ("• 1 ".''). In the small dermal vessels
in chronic inflammation the basal lamina
appears reduplicated. It would appear that
the multiple layers result as the cytoplasmic
processes extend outwards, laying down
additional layers of associated basal lami-
na. Perhaps the small vacuoles seen within
these processes are related to the produc-
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FIG. 4. This small dermal capillary has hypertrophied endothelial cells compromising its lumen. A mast cell
is seen nearby. (Original magnification x5700.)

tion of basal lamina ( 5 ."). In the descriptions
of the endoneurial vessels in leprosy, en-
dothelial projections were more often en-
countered in lepromatous than in tubercu-
loid forms ( 5 ."), a difference not noted in
our study of the dermal microvasculature.

Concentric perivascular cuffing by lym-
phocytes and macrophages is typically
present in the dermis in all types of leprosy
( 2 '). The large mast cell component of the
perivascular inflammatory infiltrate ob-
served in our study has not been widely
appreciated. An infiltrate of plasma cells and
mast cells has been recently reported in
chronic dermal ENL among New Guinean
highlanders ( 2 '). Although mast cells have
been described to be part of the hypersen-
sitivity cellular response ("), their role in
leprosy is unknown. The mast cells' peri-
vascular location and close association with
lymphocytes and macrophages may be re-
lated to a possible role in the modulation of
the immune response ( 2 ". 2 ").

Features of the ultrastructure of the Lu-
cia lesion and the specific ENL lesion were
not successfully delineated in our study.

Previous reports of the morphology of ENL
and Lucio's phenomenon have described a
polymorphonuclear infiltrate and a vascu-
litis in the former and ischemic necrosis in
association with endothelial proliferation in
the latter (". 2 ". 21 • 2 "). These changes were
not found in our material, perhaps due to
sampling skin away from these specific le-
sions or because comparatively mild or ear-
ly lesions were biopsied.

SUMMARY
Infection with M. /eprue may lead to the

presence of the organism within the dermal
vascular endothelium, a phenomenon most
pronounced in lepromatous leprosy. In or-
der to study the ultrastructural features of
the dermal microvasculature in leprosy,
biopsies from 18 patients with lepromatous
(14), borderline lepromatous (I) and bor-
derline tuberculoid (3) leprosy were exam-
ined. Four patients with Lucio's phenom-
enon and four with erythema nodosum
leprosum were included. The ultrastruc-
tural changes in the dermal microvascula-
ture included endothelial swelling and hy-
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pertrophy, increased endothelial and
pericytic cytoplasmic processes, and pro-
nounced basal lamina reduplication. Occa-
sional large, pale, endothelial cells with
widely dispersed organelles were encoun-
tered. l'hagocylized, membrane-bound in-
traendothelial organisms were found, simi-
lar in appearance to those within dermal
macrophages. The predominantly perivas-
cular dermal inflammatory infiltrate con-
sisted of lymphocytes, macrophages and
mast cells. The observed Ultrastructural
changes in the dermal microvasculatura are
similar to those previously described in the
endoneurial vessels. While reflecting non-
specific responses of the dermal microvas-
culature in chronic inflammation, the find-
ings support a possible role of the small
dermal vessels in the chronic nature of the
host's response to infection with M. leprue.

RESUMEN
I.a infecciOn con el .1/1.re/wrier/ma /epray pllede

conducir a la localizaciem del microorganism° dentro
del endotelio vascular dermico, un hallazgo que es mils
connin en la lepra lepromatosa. Con objeto de estudiar

las caracteristicas ultraestructurales de la microvas-

culatura dermica en la lepra, se examinaron biopsias
de 14 pacientes con lepra lepromatosa, uno con lepra

cercana (borderline) a la lepromatosa y 3 con lepra
cercana a la tuberculoide (borderline tuberculoideT

el estudio Sc incluyeron 4 pacientes con fenOmeno de
Ludo y 4 con eritema nodosa leproso. Los cambios

ultraestructurales en la microvasculatura dermica in-
cluyeron engrosamiento endotelial e hipertrofia, incre-

ment° en el rimer° de procesos citophismicos endo-
!chides y periciticos, y una pronunciada reduplicaciem

de la Iiimina basal. Ocasionalmente se encontraron

celulas endoteliales grandes, palidas y con organelos

may dispersos. "Fambien se encontraron organismos

fagocitados intraendotelialmente adheridos a mem-
hrana, similares en apariencia a aquellos encontrados
dentro de macairagos dcrmicos. El infiltrado dermico

intlamatorio, predominantemente perivascular, con-
sistiti tic linfocitos, maciailagos y mastocitos. Los

camhios ultraestructurales observados en la microvas-
culatura dermica son similares a aquellos previamente

descritos en los vasos endoneurales. A la vez que es-

tos hallazgos reflejan una respuesta no especifica de la

microvasculatura dermica a la infecciOn crOnica, sug-
ieren un posible [lapel de los pequetios vasos sangui-
neos en la naturaleza cremica de la respuesta del
huesped a la infeccain con el Mycobacterium leprae.

RESUME
I:infection par Mycobacteritan leprae peel con-

duire a la penetration de cat organisms dans l'endo-

thelium vasculaire du derme, phenomene qui est Ic
plus marque dans la lepre lepromateuse. En vue

d'etudier les caracteristiques de l'ulta structure nil-

crovasculaire du (feriae dans la lepre, on a examine

des biopsies prelevees chez 18 maliales, dont 14 at-
teints de lepre lepromateuse, tin de lepre dimorphs, et

3 de lepre tuberculoide. Qua maliales souffrant du
phenomene de Lticio, ainsi que quatre mares malades

presentant on erytherne noueux lepreux, ont etc egale-
ment studies. Les modifications de l'ultrastructure mi-

crovitsculaire de derme comprenaient tin gontlement
et tine hypertrophie de lendothelitim, on accroisse-

ment du nombre des organelles cytoplasmiques de
l'endothelium et du pericytium, de meine qu'une du-

plication marquee de la membrane hasilaire. On a ob-
serve de ci de hi des cellules endotheliales piffles et de

granite dimension, avec des organelles largement dis-

persees. On a egalement inis en evidence des organ-

ismes a l'interieur de ['endothelium, phagocytes. et
associes a la membrane, dont rapparence etait sembl-

ahle a celle presentee par les organismes trouves

['interleaf - des macrophages du derme. L'intiltrat

intlammatoire dermique, surtout perivasculaire, con-
sistait en lymphocytes. en macrophages et en mast 0-

cytes. Les modifications de l'ultrastructure microvas-
culaire au niveau du derme etaient semblables a celles

qui ont etc decrites auparavant dans les vaisseaux de
l'endoneurium. Ces observations, tout en refletant les

reponses no specificques de l'appareil microvasculaire

du derme [ors dune inflammation chronique,

Wien( egalement que les petits vaisseaux du derme
pourraient jouer on role dans la nature chronique de
la reponse de [ileac a ['infection par Mycobacterium
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