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Borderline lep rosy, sinee \Vade and Rodriguez ("3. 5J ) and \Vade 
eG) noted its importance in clinical leprosy, has been r ecognized as a 
tran 'itional form between tuberculoid and lepromatous leprosy. This 
tran sformation occurs after repeated reactions in tub~rculoid leprosy, 
which suggests the possibility of desensitization. Later , Cochrane (5) 
stated that tuberculoid turns into lepromatous leprosy and therefor e 
proposed the term" tran sitional" a s explaining better the development 
of thi s type lesion, although previously he had not supported the idea 
of thi . tran sformation (3.4). 

'J1hese accounts were based on clinical and histopathologic findin gs, 
which differ from those of the two distinct types of leprosy, tuberculoid 
and lepromatous. After a discussion that lasted more than ten years ~ 
this fOJ'm of leprosy was classified as a group in the Madrid Congress 
(1;), which stated that it represents an unstable phase of leprosy evolu­
tion. Tn 1960 borderline leprosy was again interpreted as a special 
condi60n, with supporting evidence presented by the Brazilian group 
(44.47). However, it seems that this phase of leprosy has not yet been 
compl etely r ecognized as a separate group, because of a lack of definite 
elements distinguishing the unique condition of borderline leprosy, 
although hi stopathologic and clinical disclosures have defined its char­
acteristics ( ~. 4. 6. 7. 12.31.39. 44 .57) . 

Since the period when British and Japan ese 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 hy their particular 
ultrastructures e2, 23. 42. 61 ,62 ). For this r eason we made biopsies of 

lRcnd nt til e VIIIth InternntionAI Congress of Leprology, Rio de Janeiro, Brazil, Septem· 
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tissues diagnos'ed as borderline leprosy clinically 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. 
Special attention was also applied in clarifying the host-parasite rela­
tiOl1 Ship in the lesion. This paper is a preliminary j' C' port on the sub­
ject, covering the period from 1959 up to 1963. 

T ABLE I.-Clinical da ta on }Ja lient s, 

- --- ---
Clini ca l aspect 

Biopsy Tillie onset 
Patient Lep romin Treatlllent General region to biopsy Histolo!;,." 

A. ~r.a slight none plaques plaCJue 5 yea rs mixed 
nodules 

J. P. slight DPT 3 mol' plaques plaque 5 years mixed 
E. C.n II cgative DPT 6 mos plaques p laque 3 ~'pa l's mixed 

depig ment. 
macules 

E. R.n nrgative I)PT 2 mos ll odul es nodules unknown mixed 
plaques plaCJues giant cells 

foamy cell s 
R. C. ncgative none p laques plaques 1 yenr mixed 

depig lll ent. 
macules 

J. E. Q. negative none plaqups p laque unkn own mixed 
bands macule 
macules 

R. V. positive none plaques plaCJue 4 years mixed 
T. R.n negative none nodules nodules unknown nou-

ulcel'S ul cel's (l'eaetional) vacuolated 
bacillated 
cells 

D. p.n npgative none nodUles nodules 15 years mixed 
macules macules 

D. M. B. nrgative DD S 3 mos macules plaque unknown mixed 
plaques 

.J. R. M.n negative none nodules nodules 1 yenl' mixed 
p laques plaques clumped 

A. G. nrgative none nodules plaque 10 years mixed 
plaq ues 
macules 

A. L. slight DD S 2 1110S macules macule 14 years mixed 
:'.L L. npgative none macules Ill acule unknown mixed 

plaques 
T. M. A. ncgative none p'laq ues p laque 1 year mixed 

. macules 
nodules 

C. M. negative none bnllds band 16 years llIixed 
:'.1. A. negative none plaques plaque unknown mixed 

macules 
-

'Biopsics of these paticllts were used in this publi cation. 
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MATERIALS AND METHODS 

Seventeen patients with borderline 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 succulent macules and nodules. The 
latter usually were found in the ear lobes. "Immune areas" were sometimes observed, 
their border eruption frequently being abrupt. In one 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 (2). 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 (1.8 ). In order to compare borderline leprosy lesions with lepromatous lesions, a 
newly formed leproma not treated by chemotherapy also was studied by biopsy. 

Tissue chips were fixed with 1 per cent osmium tetroxide solution, buffered with 
s-collidine (18) and embedded with methacrylate after dehydration with alcohol. Ultra­
thin sections were made with a diamond knife on a Leitz Ultramikrotom and stained 
with saturated uranyl acetate solution (59), and 10 per cent phosphotungstic acid (59) 
or lead citrate (45) in order to obtain contrast and also to demonstrate fiber elements. 
Thin sections, approximately 0.5 JL in thickness were cut serially and stained with 
Giemsa solution. These sections were observed with a light microscope to compare them 
with electron microscopic findings. The electron microscopes used were Siemens Elmi­
skop I at 60 KV and Hitachi HS-6 at 50 KV. 

FIG. 1. Photomicl'ograph of an untreated borderline leprosy lesion. Exudate cells are 
mainly composed of epithelioid cells, which are frequ ently bacillated, togeth er with lympho­
cytes. 

FIG. 2. Photomicrograph of a treated borderline leprosy Ie ion consisting of <,pith elioicl ­
type cell s. fon my cells nll(l lymphocytes. 
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OBSERVATIONS AN D DTSCUSSION 

Cellular constituents of lesions.-Light microscopic observa tion of 
biopsy specimens from borderlin e cases demonstrates two types of 
lesion. One is composed of epithelioid cells, bacillated cells of epithe­
lioid anpearance aBd infiltratin g leucocytes, mostly lymphocytcf' (Fi g. 
]). This is usually r eveal ed in th e les ions of untreated pa tients . Dis-

FIG. 3. A low magnification electron microg raph of an un t reated borderline les ion. Cells 
are a bunda nt in cytoplasmic organelles. The ma j ority of bac illi are intn ct a nd distri buted as 
single in dividuals a nd sma ll groups. In in te rcellula r spaces, moderate ly developed reticula r 
fib ers (RF) ar e embed ded in th e less dense reticulum . U ra ny l acetate sta inin g. 

cernible globi do not exis t in this type of lesion; i.e., gloea or " Schleim" 
substance is not evident around the bacilli. This type of les ion has been 
noted as a lesion composed of nonvacuolated lepra cells (~6 . 56) and has 
also been r eferred to as a lesion in which no foamy cell is found (31) . 

The other type of lesion con sists of foam y cells, epithelioid cells 
a nd leucocytes (Fig. 2); it is generally found in the patient who r e­
ceived chemotherapy for a f ew months. This type correspond to the 
lesion in which tuberculoid and lepromatous elements coexist in the 
same lesion, as r eported by several authors (l. 7. 44 . 46.48.57). 

Figure 3 exhibits the electron micrographs of the same lesion as 
Figure 1 (non-treated case ). Cells are characterized by abundant 
cytoplasmic organ elles and frequently by an undulatory cell membran e 
containing bacilli as singl e individuals or small groups, the majority of 
which show intact morphology. Moderately dense droplets and foam y 
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s tructures arc extr emely rare in these bacillated cells. 
In a reactional borderline lesion, in which a necrotic proccr:;s occurs, 

bacillated cells show an appearance s imilar to that of the bacillatecl 
cells previously described with a tendency to dis integrate, thu r:; formi1\ g 
small cavities in the lesion (Figs . 4a, 4b, 5 and 6). 

The cytologic appea rance of these hacillated cell s in untreated 
caser:; is s imilar to that of epithelioid cells in tuberculoid les io1\ s e4 , 28. 33. 

4~. (;~) and may indicate that intraceJ1ula l' r eaction to bacilli a lso occurs 
ill the bord('r1ine condition. Neither moderately oense droplets 1\01' 
foamy tructures, which presumahl y l' eprer:;ent lipid material ext ract- ed 
by various ~ olvents used in ordinary light micro. copic examination , 
are di s tributed in these bacillated ce ll s. 1n pl' eviou r:; obs(, l'vation s by 
othel' invcst igator s these cell s are described a s nonfoal11 Y lep ra cells 
(31 . 4G. 5G ). 

Tn biopsy specimens from treated patients, ultrastructUl' es of le­
sion s are slightly different from the les ion s of untreated patients. The 
compon ents of the ce llular exudate are epithC'lioid ce lls and l e ucoc~' t es 
(Figs. 7, 8, ]0 and 12). rehe epithelioid cell r:; frequently c01\tain hacilli 
showing contracted cytoplasm, pos r:; ibly represent ing hacterial dege1\ ­
eration , together with electron -tran sparent substance, foamy structures 
and moderatC'ly den se droplets. rl1hese add itional in tracellular s truc­
tures are identical with those in lepra cell , in lepromatous les ions 
(22.42.61. (2). 

FIG. 4a and 4b. Photomicrogrnphs of a reactionnl borderlin e leprosy lesion , composed of 
bacillated epithelioid-type cell s. A \-eaicle formation is noted in 4b. 
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Lepra cells in a leproma are u s nall~' cha,racte rl;l,ed by scanty cyto ­
plasmic organelles and r egularly contoured cell membranes, together 
with distributed opaque droplets, foamy structures and electron tran s­
parent substance around numerous clumped bacilli. These typical lepr a 
c('ll s are never encountered in borderline lesion s. Tt is possible that the 

FIG. 5. E lectron micrograph of baeillated cells in an intrad erm al vesicle of a reaction,,1 
borderline case. Intact baci ll i nre enclosed by phngocyti c membrane. , usua lly fl S si ngle 
individuals. 

foamy cells observed in borderline leprosy lesions by light microscopy 
are not true lepra cells, but cytologically epithelioid cells modified b~T 
some elements of lepra cell s. 

In widened extracellular spaces, representing intercellular edema, 
round membrane-limited structures of various sizes are observe(l 
(Figs. 5, 6, 7 and 10 ). Their contents are fin e granules, and occasion­
ally mitochondria a re included. Some of them may correspond to the 
transverse section s of cytoplasmic prolongations of infiltra ting cell s, 
especially lymphoc,vtes in which cytoplasmic organelles are not We'll 
developed (Fig. 7). However , the intracellular vacuole', with fin e' 
granular mat rix, is identical with the extracellular vacuole; it is seen 
also in epithelioid cells, representing the intracellular edema as ex­
plained by ordinary histopa thology e~ ' 40) . Tt is a natural conclusion 
that cellular destruction may occur following intracellular edema; thi, 
view is supported hy the fac t that endopla smic r eticulum and mito ­
chondr ia also are' fou nd in ('xtracellul al' space's (Fi g. 6). From these 
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findings, it appears that membrane-limited granular substance ill 

extracellular space not ollly represents cytoplasmic prolongation but 
also corresponds to the intracellular vacuole discharged from edema­
tous cells after cell destruction. 

Fonnation of the lesion.-Sometimes intricately contoured cells 

FlO. 6. The same lesion as l!~ig. 5. 'rhe baci ll n ted cell in the left side of this picture 
~h o\\'s sparse distribution of cytopl:1smic organelles a nd furthermore. mitochondria nro 
swollen, suggesting advan ced intracellular edemll. Note thnt mitochondria, rough surface 
endoplasm ic reticululll and ves icles with granula r co ntent nrc secn in th extra cellular sp ace 
( :1 l'1'ows) . LB: 1IL . lep?'u e, PhM: P IHlgot'yti l: l1l cmbl'<ln c. 

with dense cytoplasm due to abundant distribution of endoplasmi c 
rcticulum of rough surfacc, free ribonucleoprotein particles (RNP ), 
and vesicles, lie among epithelioid-type cells (Fig. 11). Occasionally 
they contain bacilli. 

Concerning the fo rmation of lepra cells, Cowdry eO) stated that 
they may be formed frolll llla cl'ophages, but he did not confirm the 
transformation of :fibroblasts to lepra cells. In inflammatory conditions, 
however, it is believed tha t imma ture mesCllChymal cells develop main­
ly into histiocytic cells or lllacrophages, especially in microbial infec­
tions (34 ). Tn the present study, small mitochondria with dense matrix 
and other cytoplasm ic appearance of ' dense cell s, may indicate the 
immature l1ature, as described by Galindo and Tma eda (14) in a study 
of mouse spl een. In addition, cells with cytoplasm of variable density 
are found (Fig. 11), which appeal' to be transitional forms between 
dense cells and epithelioid-type cell s. It is su~!!,'este(l thereforo that the' 
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dense, irregularly contoured cells may represent immature reticular 
cells (young histiocytes), wh Lch perhaps develop into histiocytic cells, 
and later on, become bacillated epithelioid-type cells. In normal condi­
tions, these immature reticular cells may develop into fibroblasts pro­
ducing collagen fibers. rnlis view of the tmllsformation of immature 
reticular cell s to bacillated cells is supported by similar findings in our 
s tudy of hamster lesion s caused by mycohacteria isolated from human 
leprosy CO) . 

. On the other hanel, pericytes ad jacent to capilla ry endothelial cells 
and surrounded by a basement membrane, tend to vacate their original 
s ite adjacent to thc capilla ry for more distant locales, as seen in Figure 
12. A similar tendency is found al so ill 10promatous les ions (25). 
Imaeda (2') stated that pericytes may develop into fat cells, suggesting 
that they may be mobilized to form other types of cell s. Taking this 
into consideration, pericytes are probably changed into his tiocytic cells 
which by phagocytosing bacilli become host cells in horderlin e lesions. 

From these findin gs, two interpretations are poss ible regarding 
the origin of bacillated cells, viz., from immature r eticular cells in 
dermi s, and from pericytcs, although both cell s belong to the reticulo­
endothelial system of the dermis. 

R eticulum and 1'e ticular jibers.-Striated fibers' s tain ed hy PTA 
and uranyl acetate a re distributed in intercellula l' spaces in the lesion 
(l:~"igs. 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 fib ers do not 
form bundles, but are arranged irregularly in the matrix mentioned 
above (Fig. 13). Jt is generally beli eved that normal skin shows a 
scar ce di stribution of reticular fibers, because r eticular fib er s are con­
densed to collagen . .In pathologic conditions, r eticular fib er s are con­
tained abundantly in granulomatous tissues resulting from the active 
formation of young mesodermal cells, such as r eticular cells and histio­
cytes, which are capable of producing r eticular fiber s (34). 

On the basis of electron microscopic study of the mouse spleen, 
Galindo and Imaeda ('4) asserted that small bundles of fib er s with an 
axial periodicity of ca. 600 A and a diameter of 500 A may be an in­
tegral part of the r eticulum. The latter is a homogeneous amorphous 
matrix, possibly corresponding to the r eticular fib ers and not collagen 
fiber s. In the light of these con sideration s, the intercellular amorphous 

DESCRIPTION OF PLATE 

FIG. 7. A low ml1gnificl1tion of the trel1tea boraerline lesio n. Cellular exuaates are com, 
posea of epithelioid cells (EO) and lymphocy tes (Lc). }Jpithelioia cells a re cha racterizea uy 
abundnnt ai strihution of cy topln smic organelles an a also by intrica te cell membranes. One of 
them contain s aegeneratea bacilli together with fonmy st ru ctures ana elect ron·transpnrent 
substnnce ( tIl e right side). Lymphocytes contnin a f ew mitochondri a nnd display cytoplasmic 
prolongntions. Dependin g on th e sect ioning angl e (line a-b), these prolongations nppear 
to be extrncellul l1 r vesicles (arrows) . Ret icula r fibers (RF) exllihit the aiscontinuous 
arra ngement aue to intercellular edema rep resented by widened intercellul::tr spaces. 
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or fibrillar subs,tance obse rved in the present study, may represent the 
l'eticulum which turn~ into r eticular fib ers, after fir st showing irregular 
arrangement and later fonning small bundles, Borderline lesions in­
clud e considerable lIumbe]'s of imma ture I'et icu lar cells which actively 
produce the r eticulum. In add ition, bacillated cell s and l1onvacuol&ted 
epithelioid cells, which arc the mail! constitu ents of the lesion, also 
form the r eticulum and subseq11 ently the ret icular fib e],s, because of th e 
slight influences of intracellula r edema and hacterial parasitism, 

. In ordinary histopathology, r eticu lar f-ib r rs in lepromatous les ions 
show a fin e network around exudate cell s, whi le in tuberculoid lesions 
they are fragmented. Borderline lesioll s di splay an intermediate struc­
hue (32). In electron micrographs, non ec1 ematous borderline lesion s 
arc packed with exudate cell s and both ret icnlnm and reticular fiber s 
a r e located in the narrow extracellular space (Figs, 3, ] 1 ancl 13). On 
the other hand, moderately edematous lesion s demon strate disper sed 
fib er elements in hroad spaces (Figs. 7, 8, 10 and 1 2) ~ sugges ting that 
intercellular edema causes the rupture of continuous r eticulum and 
reticular fih er arrangements. '['his being so, th e di s tribution of intrr­
cellulal' fib er clements in bord erlin e lesions val'l es acconling to the in ­
ten sity of intercellular edema of the lesion s . 

.11ol'phology of 11. leprae.- In untreated patie'nts' lesions, the 
majority of hacilli exhibit their intact cytoplasm. These intact hacilli 
li e in epithelioid -type cells, as single individuals or groups. ~rhey are 
r evealed also in cutaneous nerves in borderline cases (28) . Imaeda 
and Convit e6 ), Ima eda ancl Ogura (27) and Imaeda (29) reported ilw 
ultra structure of ill. leproe, referring to the hacilli in borderline cases. 
In thi s struc1"ure the bacterial surface con8i, ts of an outermost Cliffuse 
layer , overlying an intermedia te coating layrl' of low density, and an 
inn ermost 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 la~'er, the latter probabl.v heing a 
wax substance. 

In a study of other mycobacteria, Imaec1a and Ogura (27) ]lointe(l 
out that the low density substance OCCl11' S in the dividing surface of thr 
moderately dense cell walls between da nghter cell s, sugges ting that tIl(' 
coating substance is on e of the compon ents of the mycobacterial sur­
face, Possibl y it corresponds to the microcapsul e of mycobacteria . 

In certain areas, the double plasma membrane, the outer layer of 
which adheres to the inner surface of the cell wall, p enetrates th e cy(:o­
plasm, forming a compl ex memhranon s conng'ul'ation call ed all "intra · 
cytoplasmic membran e system" (Figs. 15a, 15h and 16 ) . rrhree dim en­
sionally, this. ystem is helieved to be compos('(1 of tubular infoldings of 
invaginated plasma membran e, Consequentl." it appears to be a paral­
lel membranous, or round vesicular strnctnre, (l epending on the sec­
t ioning angle (Figs. 15a and 15b). 





400 l ntentational J01wnal of l:-·eprosy ]963 

In a well-d;eveloped intracytoplasmic membrane system of rapidly 
growing mycobacteria, a moderately dense substance appears to be 
sandwi ched l)etween two membranes derived from the outer layer of 
the plasma membrane, fu sillg into the ce ll wall in the conn ect ing region 
of the system. Thus, each unit of the sys tem consists of four layers : 
the outermost layer s from th e inn er plasma membran e and th e inner 
layer s from the outer pla sma membran e. Betwee n the latter layers 
lies a moderately dense sub tance. Furthermore, the fir st OCCUlTence 
of cell ular division 'is noted in the r egion that connects this system to 
th6 cell wall. On the ha sis of this appearance Imaeda and Ogura (27) 
suo'ges ted tha t the system plays an important rol e in cellular division, 
while th e moderately dense substance r epresents the cen wall precursor. 

Occasionally, as seen in Figure 15c, the membranous structure is 
comprised of four layer s, the mod erately dense substance lying between 
the two inner laye rs. This structUl' e is id entical with th e unit of the 
intracy topla smic membran e system of other mycobacteria. In addition, 
it is closely r elated to the dividin g surface. 1~his explains the fa ct that 
the sys tem of M. lepra e may also produce cell wall precursor du ring 
cellular divi s ion. ,Ye pl'e um e that the relationship between the system 
an(1 th e cellular division of M. leprae may be clarified more easil y in 
lepromatous cases, especiall y in the early stage of leproma fo rmation, 
because bacilli multiply r elatively rapidly at this stage of lepromatous 
lesion s. 

In the bacterial cytoplasm, ther e are two types of bodies "with 
homogeneous content, on e dense and the other less den. e ( ~n ). These 
bodies are not limited by any distinct membrane. The dense bodies may 
r epresent poJyphosphate structures, as already observed in other my­
cobacteria Clio :18. J Il) . The less dell se hoclies arc believed to be poly-,s­
hydroxybutylate (li) . It is noted in the present study tha t polyphos­
phate bodies are rarely found in the intact bacilli, while they are fr e­
quently encounter ed in degenerating bacilli. Ebel et al (1 3) asserted 
after study of lower organisms that polyphosphate may be formed 
more actively when the organisms undergo degeneration. , Vith r efer ­
ence to his observation, it is possible that there is a close )' elationship 
hetween the occurrence of polyphosphate bodies and bacterial act ivity 
in M. leprae. This problem will be elucida ted further in another paper. 

'rhe bacterial nucleus of lVI. leprae appears to be a dense irregu­
larly shaped sub tance. Sometim es fin e threads are r evealed. This 
nuclear apparatus disappears when the bacillus shows the fir t sign 
of degeneration, as described by Zapf and V\Tahn (63 ) in a study of 
M. tuberculosis. 

Rath de Souza (H) r eported tha t bacilli in borderline lesions are 
usually short, seldom longer than 4,.,.. In their study of M. leprae 
murium, Hilson and Elek e O) substantiated the claim that a transient 
but significant increase in average bacillu s length occurs during the 



FIG, 9, An untreated borderline les ion, The bacilli (LB) are distl'ibuted as si ngle 
individuals or small groups in epithelioid -type cell s, They a re encased in electron -trans­
pnl'cnt suhstan ce (ETS) and some contain contracted bacterial cy topl asm, jmplying bRC­
t01'iul dcgell eration, 
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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 les ion. A membrane·limited vacnole (V) with fin e 
granular content is seen in au epithelioid ce ll. In widened extracellula r space. round 
bod ies of various sizes containing fine granules, simil a r to intracellular vacuoles, are 
exh ibited (arrows) . Reticular fib ers (RF) are scattered in broad illtercellu lnr 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 r eproduced in borderline cases as 
in lepromatous cases, because of the r eactivity of host cell s, as de­
scribed later. Ther efor e long bacilli are not found frequently in bor­
derline leprosy lesions. 

Intracellular distt'ibution of M. lepl'ae and its microenvi1·onment. 
-In a r eactional borderline condition, bacilli are usually distributed 

DESCRIPTION OF PLATE 
FIG. 11. Immature r eticular cells (RO) in an untreated reactional borderline lesion . 

These cells show t he intricat e cytoplasmic prolongations and have t he condensed cyto· 
p lasmic ol'ganell es toget her with many \'esic les; thu s th ey appear to be dense. '1'h eir mito · 
chondrial matrix is dense, in compa rison with that of other cell s. Reticula r fibe rs (RF) 
embedded in the reticulum show the close relationship with these cells. Well developed 
histiocytic cells (HO) with less cytoplasmi c condensation are a djacent to the immature 
r eticnl ar cells. Both types of cells contain intact bacilli (LB) which are enclosed by 
phagocyte membran es (PhM) . In th e upper pnrt, n tra nsition nl er \l (TO) li es hdwrr ll tw o 
types of cells, one dense and the other histiocytic. 
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as single iwlividuals 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 phagocytic membranes, and 
separated from host cell cytoplasm. Usually bacilli in host cells are 
enclosed by a membrane a short time after phagocytosis. This phago­
cytic membrane disappears for some time, releasing phagocytosed 
bacilli into the cytoplasm. 

In the reactional phase, cellular destruction may occasionally form 
intradermal ve icles, as shown in Fio'ures 5 and 6, which ulcerate. Con­
sequently, bacillated cells may not persist until bacilli multiply and 
accumulate in a group. In reactional borderline tate, therefore, one 
can see only the early stage of bacillary invasion, when bacilli begin 
their multiplication inside the remaining phagocytic membrane. 

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

Nishiura (42) postulated that electron-tran parent ubstance may 
be produced around M . leprae in a stationary growth stage, suO'gesting 
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 believe that el('c­
tron-transparent substance may occur as a result of cytoplasmic di -
integration of host cells caused by bacterial para itism. 

It should be noted that the bacilli completely surround ed by elec­
tron-transparent substance are mostly degenerated (Figs. 9 and 14) . 
According to Nishiura (42), the accumulation of electron-transparent 
substance may interfer e with bacterial metaboli m, r esulting in bac-

DESCRIPTION OF PLATE 
FIG. 12. A pericapillary lesion of. the treated borderline patient. A pericyte (Pc) 

surrounded by a basement membrane shows a tendency to develop into a histiocytic cell, 
freeing itself f rom its original site. Epithelioid -type cells inclu de bacilli (LB). a ll of which 
a re degenerated. together wth opaque droplets (OD ) and foamy structures (FS) . ote 
that these bacillated cells still contain abun dant cytoplasmic organell es. Retieular fibers 
(.RF ) are spa rsely distributed in th e mod erately widened extrace llula r space. EdC : 
Endothelial cell of capillary. E : Erythrocyte . 
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terial death. In, relation to this problem, Figure 17 exhibits a very 
interesting feature; jrregularly shaped dense structures are occasion­
ally found jn large bacterial clumps enclosed by a small amount of 
transparent substance. Some of them show cytoplasmic details of 
bacilli, but the distinct structure of cell wall is not always visible. These 
structures may represent some abnormal bacterial features. It is 
emphasized that these structure are alway evident when electron­
transparent substance appears al'ound the bacilli, especially in large 
clumps. ' 

l\.ccording to :Mitchell and Moyle (35), the cell wall of the exponen­
tial phase of S taphylococc'Us aureus loses its tensile strength, and the 
protoplasts are released from the cell wall which protects the bacterial 
cytoplasm. The same authors sa id, in addition, that the protoplasts are 
lysed almost instantaneously in protein denaturants such as urea and 
glycine (36). Since electron-transparent substance contains denaturants 
of protein-rich cytoplasmic 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 jrregularly shaped bacillary structures represent protoplasts of 
M. lep'rCle that have been formed during a relatively active growth 
stage and subsequently have undergone degeneration caused by elec­
tron-transparent substance. 

Similar consideration ·will be applied to furnish one of the reasolls 
for the completely negative r esult in animal transmission using the 
bacilli from lepromatous cases (9); the inoculum contains bacilli to­
gether with electron-transparent sub. tance which may interfere in 
bacterial growth in animal tissue . 

Bacterial agg1"eg,ation in compcwison with so-called « glo bi ."-In 
light microscopic studies of borderline leprosy, some reports noted that 
the bacilli usually form "globi" e,46,53.54), but Rath de Souza (44) 
noted no tendency to form" globi " in this condition. Befor e discussing 
this problem, we feel that there is some confusion concerning the 
terminology of "globi" (58). It may be worth while to note the descrip­
tion of "globi" by Cowdry eO), Gay and Steinbach (15), and N eisser 
(10,41) . According to the first two articles, the term" globi" was ap­
plied to the bacillary clump with the clear halo (gloea or Schleim). 
N isseI' used the term "globi" to explain bacillary agglomerates 
embedded in a waxlike substance called " gloea." 

Comparing these observations with electron micrographs, it is 
lmderstan da ble that the term "glo bi" may be applied to bacterial 
aggregations encased in abundant electron-transparent substance cor­
responding to gloea in light micro copy. Figure 18 exhibits one of the 
true" globi" in a lepromatous lesion. 

It hould 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 clense fibrillar matrix. Reticular fibers show irregular ar­
rangemen t. These fiber clements are located between haci11ntcd cells. An untl'Ntted 
lesion. Phosphotungstic a cid stain. LB : Dcgeneratecl bacilli. 
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FIG. 14. Bacill a ry clumps in a n untrea ted borderline lesion. Bacilli on th e left siele 
show their intact details. N ote th at tbis bacill a ry clum p is surrouud ed by a low density 
s ubst allce conta inin g ma ny pa rticles, som e of whi ch a re R N P par t icles (a,rrows) . _ Also 
n ote t hat t here is no limit in g membran e bet \\'een this bac teri al environm ent and host cell 
cytoplasm. On t he upper righ t side, f our bacilli showing contrac ted cytoplasms a r e en ­
cased in electron -tra nsparent substa nce (E TS) , which is delimited hy a membrftne f rom 
llost cell cytoplas m. 

after the formation of skin lesions, demon strate a bacillary clump 
-composed of intact bacilli, although it occa ionally accompanies small 
amounts of electron-transparent substances. This implies that in the 
borderline state, true " globi," which should be accompanied by gloeal 
masses arc not r evealed in a short period, especially in untreated cases. 
This is differ ent from lepromatous cases in which " globi" are fOl'med 
very soon. 

Since we could not observe the fur ther evolution of untreated 
patient 'lesions, it is somewhat speculative to discuss whether or not 
bacterial aggregations become " globi" without treatment. However , 
the occurrence of electron-transparent substance in bacillary clumps 
may cause bacterial degeneration in time, as described in the for egoing. 
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 r esult of chemotherapy. The term 
"'globi" should be applied to these clumps. 

,Vheate (60 ) r ecommended that "all borderline ca e should be 
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admitted to a leprosarium, not only because of the danger of crippling 
deformities, but also because of their' infectivity_" His opinion is sup­
ported by our electron-microscopic observations, which brought out the 
fact that l1early all bacilli, both in clumps and in single individuals, are 
intact, implying their infectivity. 

Bacter'ial growth and celluhlr reactio1n.-Borderline leprosy is be­
lieved to be an intermediate immunologic state between lepromatous 
and tuberculoid types, i.e., between ailergic and anei-gic conditions. 
This consideration is based on clinical study of the transformation of 
tuberculoid to lepromatous leprosy (5, 5:!, 53, 55, 50 ). Although Cochrane 
(3,4) doubted the role of an allergic process in the transformation of 
tuberculoid r.ases into the anergic process of lepromatous cases, it is 
conceivable that various stages of tissue response occur between the 
two extremes (=J , n, ll, 39, 44), aptly named "pseudoallergy" by Cochrane 
C). Clinical and histopathologic pictures correlate with this tissue 
response. 

In electJ'on micrographs of borderline Ie ions, infiltrating cells, 
exccpt for leucocytes, are always more abundant in cytoplasmic 01'­

ganellcs than lepra cells in lepromatous cases. Rather, the cytologic 

FIGS. 15a and 15b. 1'he diffuse layer (DL) covers the low-density coati ng laye r of the 
cell wall. The intracytoplasmic membrane system shows lamellar 01' minute ves icular 
structure, depending on sectioning angle. 

FIG. 15c, 'rhe intracytoplasmic membrane system co nta ins a moderately dense sub­
stance sandwielled hetween two inner Inyers (arrow), Note the elose relatiollship between 
th e syste m nnd the dividing surfaee. 



FIG. 16. A small bacillary group, in a n untreat ed bo rd erlin e les ion, is directly in con­
tac t with host cell cytoplasm. All of the bacilli d is play hlta ct fentures. N ote t he connec­
tion between th e intracy toplasmi c membrane system a nd the plasma memb ra ne (arrow) . 
M: Mitochondria of host cell. 
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FlO. 17. A later s b ge of a l)n <:il1nry clump ill n n untreated l)ol'(l el"lin e lesion. El edron· 
tra nspnrenr 5u hs tanee (ETS) oenn s :1l'oun d th e \':lci 1\i. Amorph ous suhsta nce of lo w 
de ns ity, Sl lottell \I' ith dense g ra nul es , is s till obse l'\'e d. Th e limiting membrane is p :ll' tially 
fo rm ed h elween e lec tron -transparent subs tan ce, and host ce ll l'ytopl:lslll (arrow) . ]J ow­
c\'e l' , thi , sill /stance is not yisihl e in th e hOl'del' II'h ere loll' cl l' ns ity s ilbshin ee f uses into 
host cell (-yto }Jln ~ ll1. Xotc t hat nIl h:l e illi ex hibit their intn et fl'a tul' cs a n ll n.lso th nt some 
bnl· ilJi sh(lI<; :\n intl' i" :ltc r ontolll' (double arrow) , \\'hil' h is II Ot '1Il'l'Oll l\ llrd hy a distinct 
('('1\ 11' :111. 

a spect if; alm ost id enti cal \\'ith that of ep ith elioid cells in tuherculoid 
les ioni-; . .It i f; cOllsidered that epith elioid cell s represent tissue response 
to M. lepl'(f c and that these cell f; clestroy ba cilli rapidly C" a3, 3 11 , 42). 

~tavitsk:- (49) postulated that the microsome fra ction (the t erm "micro­
some" used in biochemistl':- includes endopla smic l'diculum and RNP 
particle) is the site of antibody fO l'mation. Hanks CD) explained "cell­
ular allergy" a s "antihody precursor" or "intraccllular antibody." 
The ~e opinioll~ imli ca ie ihai ihe relati\'el~r abundant distrihution of 
c:"topl a:-.m ic organcllcs in cpitheli oic1- t~" p c-ha c il1at e c1 cell s of borderline 
les ion s mn,\' cx plain the fact that intraccIluaJ' antihocly is still produced 
in thi s type of cell. 

Acconling to l~rhach (;, ' )., the p1'escnce of antibody inbibits th e 
multiplication of hacilli. On the other hand, Davey (11), referring to 
tlll)c rcnlosis, cmpha. izec1 that multiplyin g ha cilli may later inhibit even 
])a rtia ll'cspom;e, ",hCll the gra dc of allergy is below the thr e. holc1level 
of e ff ('ct iYCJ1(> ss . 'rhese two opinion s, apparently contradi ctor y, best 
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FIG. 18. One of th e "glob i" i n a n early stage of leproma of an untreated pat ient. 
N ote t hat t he majority of bacilli a re degeneratin g or degen era t ed, be in g wrapped " ' i th 
abundant electron· t ranspa ren t s ubsta nce (ETS) , w hi ch i s clea rly de limi ted by a memb ra ne 
f rom host cell cytoplasm (arrow) . I rregul arly shaped bac illi a re a lso note 1 a mong- de· 
gen erating bacilli . 

explain the host-parasite interaction in borderlin e leprosy. Phagocy­
tosed bacilli multiply ver y slowly in histiocytic cells under moder a tely 
or slightly inhibited conditions because of the presence of intracellular 
antibody. These multiplying bacilli may interfer e in the inductive 
phase of antibody formation in host cells. Therefor e, cellular r eactivity 
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. Once bacterial activity over comes ce~lular r eactiv­
ity, the cytoplasmic 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 (22), are seen (Figs. 8 and 12). W e 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 r esponse of their own host. Contrarily, 
if cellular r eactivity is predominant, bacilli are destroyed befor e they 
multiply and ther efore bacillated cells become epithelioid cells identical 
with those in tuberculoid lesion s. 
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R es ponse to chem olli crapy.- Clinical experience has indicated that 
bord erlin e leprosy r esponds relatively well to chemotherapy CG• GO). In 
the present s tudy, we could not find any intact bacillu s in borderline 
lesio)l s after a f ew months of treatment (Figs. 7, 8 and 12). This dra­
matic effe ct of chemothC'rapy does not appear in lepromatous cases. 

,Yade and P errin ("7) suggested that some potentiality of resist­
an ce reta in ed in bord el'line cases makes trC'atment more effective than 
ill a lepromatous case. As discussed in the for egoing, the bacilli in bor­
derline lC'prosy subs ide und er th e slightly inhihited condition. It is 
unders tandabl e that this ce]Jular r eactivity may playa role as an addi­
tional fa cto!' in chemothC'rapy. 

On thC' other hand, it should not bC' overlooked that bacterial micro­
C'nvirOllment is r elated to the penetration of drugs into bacilli. In 
borderline lesions the majority of bacilli, both in single individuals and 
in groups, IVithout either opaque droplets 01' electron-transparent sub­
s tance, are attached directly to the host cell cytoplasm. ,]~herefore, the 
drugs may easily penetrate into bacilli. Tn contrast with the bacterial 
microenvironment of horderline ca ses, bacilli in lepromas are usually 
enclosed by opaque droplets and electron -transparent substance, which 
are heli eved to be lipid in nature (2~' ~a ). These substances may prevent 
the drugs from reaching the bacilli. 

SU l\IMARY 

1. Seventeen ca sC's of borderlille leprosy, diagnosed clinically and 
histopathologically, were examined by electron microscopy. 

2. A]J hiops iC'd \C'SiOll S were composed mainly of epithe\ioid -typC' 
cC'lls, usual ly bacil1ated, together with leucocytes. rL'he lesion s consist 
not only of a mixture of lepra cell and epithelioid cells but al so of 
cells that may have elements of both lepra and epithelioid cells in the 
same individual. 

3. It is noteworthy that the majority of bacilli disclose their intact 
character in untreated patients. U sually clumps 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. :Mo t of the bacilli are degenerated, and 
encased in electron-transparent substance. These bacillary clumps 
correspond to "globi." 

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



414 Intc1'natiO'lwl J01/1' /Ial of Deprosy 1963 

SUMARIO 

l. Diez y siete casos de lepra limite (bo rderline) diagllosticados cllllica lllcnte e 
histopatologicamente f UCl'on examinados pOl' microscopia electronica. 

2. Todas las lesiones biopsiadns establill ('OlllpuC'stas pl'incipallllellte pOl' ceLulas de 
tipo epitelioide, usualmente bacileadas, jUllto COil leucoeito ... Las lesiones consiston no 
sola l1l ente de una l1I ezcla de celulas lep rosas y epitelioides, .. in o taill bien de celulas que 
pueden tener elementos de ambas celulns leprosas y epitelioides ell el llliSIllO individuo. 

3. Es de notal' que l'1t mayoria de los bacilos Ill ostraban 'U caracter intaeto cn 
paeientes no trutado. . U. ualillente gl'UpOS de hacilos intuctos no estan rodeados pOl' 
substancia electron-tran 'parente . Esto C' en CO lltraste con la apa. ri ell (' iR de los "globo'\" 
en lesiones lepl'oillatosas. 

4. En las lesiones de los pRcientes trataclo vario .. Ill e. es COil quilliioterapia., no 
aparecen mas los bacilos intactos. La maY0 l'i a de los bacilos estan d<'g'enerados e 
incluidos en una sub. tancia electrOn-transparellte. Estos aeumulos bacilares COI'I'<'s pondcll 
a los globos. 

5. Desde cI punto de vi sta morfologico, no,.;o tros CI'eeIlI OS que la actividad bactcrialla 
Y Ia reactividad ('elular estan balanceadas en la lepra ll illite (borderline) . De este modo, 
Ius caracteristi cas bacterianas intactas pel'sistell pOI' un ti empo l'elativamente largo 8i la 
qui.miotel'apia no es apli cada. Etc hallazgo puedc SC I' \'ali oso cn In idcntifi cacion de la 
lepra limite (borderline). 

RESU:UE 

l. Dix-sept cas de Iepre border-line, diagnostiquee pal' la clinique et l'his topathol ­
ogie, ont He Hudiees parle microscope electronique. 

2. Toutes les lesions biopsees Haient constituees pl'incipfllement de cellules de type 
epithelioide, generalement avec bacilles, et de leucocytes. Les lesions ne cousistaient pas 
seulement d'un melange de cellules lepreuses et epithel io'ides mais aussi de eellules qui 
pouvaient l'eunir a la foi dan. la meme unite individuelle des elelllents de cellul(',' 
lepl'euses et de ccllules epithelioi'des. 

3. Digne d'Ctre note e t Ie fait que, chez les malades non tl'aites, Ia lIlajorite de,.; 
bacilles presentent les caracteristiques de bacill es intacts. Generalement, des amas rle 
bacilles intacts sont entoures d' une substance permeable aux electrons. Ceci contraste 
avec l'apparenec des globi dan les lesions leprolllateuscs. 

4. On ne voit plus de bacilles intacts dans les l e~ i ons des malades apres quelque .. 
mois de chillliotl1(~rapie. La plupart des bacilles sont degeneres, et inelus dans une sub­
stance transparente au microscope electron ique. Ces amas bacillaires correspondent anx 
globi. 

5. Du point de vue morphologique, nous croyons que dans la lep re borderline 
l'activite bacterienne et Ia reactivite cellulaire sont en equilibre. Des lors, les caracteris­
tiques d'integrite des bacilles persistent pour un temps relativement long, si aucune 
chimiotherapie n 'est administree. Cette observation peut et1'e precieuse pOUl' l'iden tifi ca­
tion de la lepre border-line. 
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