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Per ineur ia l  changes were s tud ied by l igh t m ic rosco py in biopsies of skin and nerve 
fro m 64 patients covering the  fu l l  range of the  l eprosy spectr ll m .  In a l i  t y pes of 
l ep rosy a m u l t i layered ap pearance of  the  per ineur ium cOll ld  be observed : in 
l ep romato lls cases the  l ayers tended to consist of  swo l len  ce l ls  which contained 
m ore l ep rosy baci l l i  than  t h e  Schwann cel l s ;  in  b order l ine and tuberc ul oid b iopsies 

they took on a t hinner ,  more fib rotic appearance,  and baci l l i  w e re scanty or absent .  
E p i the l io id  changes were se ldom observed in th is s i te .  The possib l e  e ffects  o f  
per ineur ia l  damage in the  endoneurill m ,  and o f  endone uria l  damage on t h e  
pe rineu riu m ,  a r e  d iscussed .  

I n troduction 

The "sc ien ti fi c e ra" of  leprology may be conside red as start ing  in  1 847 ,  when 
Danielssen and Boe ck pub lished their treatise on leprosy . They divided pati en ts 
into two groups, "nodular" and "anaesthet ic ,"  accord ing to the ir  d ominant 
cl inicai features. Clearly there fore nerve damage was already well recognized as 
com monly prese n t  in the d isease . 

V i rchow ( 1 864) examined nerves from le prosy patien ts ,  and considered that 
there was an in te rst i t ial  neurit is ,  i n  which an  im porta n t  role was played by 
"brownish cells" in  the end oneurium .  He also 'however com mented on the 
presence of a perineuri t is  i .e .  prol i fe rat ion of the oute r  layers of the nerve.  This 
appearance has been consis tently noted by workers sin ce that t ime ,  and it has 
been considered to play a part in causing nerve dysfunct ion by exert i ng  a 
s trangling action on the nerve bundles .  

With the adven t o f  electron microscopy  i t  became possible to s tud y  the 
ul trastructure of perineurium,  and to show that i t  is not  a sim pIe membrane but a 
compact mult i layered structure ,  composed o f  up to ten laminae ,  eaçh covered by 
a basal lamina .  l t  is anatomically wel l  su i ted  to act  as a semi-permeable barrier to 
isolate the in terior of ne rve fram some of  the con ten ts of the fluid outs ide the 
nerve, and has ,  i ndeed , been shown to have that funct ion (Waggener, Bunn and 
Beggs, 1 96 5 ) . The sequence of even ts following experimental perineurial inj u ry 
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has been a n a l ysed b y  M o rr is ,  H u d so n  and Wed el e l l  ( 1 9 7 2 ) ;  t h i s  s t u d y  a lso 
i n el i c a t eel i ts i m portancc  as a b a rr i e r. . 

T h e re h ave b e e n  a n u m be r  of s tuel ies  o f  n e rves i n  l e p rosy i n  rece n t  y e a rs,  b o t h  
by l i gh t a n el e l e c t ro n  m i c roscopy ( l y e r  a n d  Des i k a n ,  1 96 8 ;  l ob ,  1 9 7 1 ; D a s t u r, 
R a m a m o h a n  a n d  S h a h ,  1 9 7 3 ) :  b u t  t h e  peri n e u ri a l  c h a nges rece ive o n l y  i n c i d e n t a l  
me n t i o n .  Pea rso n ( 1 9 7 2 )  d i scu sses t h e  p e ri n eu ri u m , b u t  o n l y  i n  re l a t i on t o  
l e p roma t o u s  l e p rosy . T h e  p u rpose o f  t h i s  paper i s  to d escri b e  t h e  c h a n ge s  seen b y  
l i g h t  m i c roscopy i n  t h e  p e r i n e u ri u m  i n  u n treated l e p rosy o f  a l i  types .  Poss i b l e  
mecha n i s m s  caus i n g  th ese c h anges,  a n d  t h e  i n te rrel a t i o n sh i p  o f  peri n e u r i u m  a n d  
e n d o n e u r i u m  a re a l so d i scussed . 

Pa t ients  a nel M e t hods 

S i x t y  fo u r  pa t i e n ts  were s t u d i e d ,  coveri n g  the w h o l e  ra n ge of l e p rosy , fro m 
tuberculo id  to l e p ro m a t o u s .  M e n ,  w o m e n  and c h i l d re n  over 1 2  years w e re 
i nc luded , t h e i r  nat iona l i t ies b e i n g  M a l a y ,  Chinese, I n d i a n ,  or G u r k h a .  Pa t i e n ts 
w i t h  b o t h  ear ly  and advan ced les i o n s  were se lec ted . 

A l i  pat ie n ts appeareel to be s u ffe ri n g fro m act ive  u n t re a t ed d i se ase , a n d  a l i  
d e n i e d  rece i v i ng previous t reat m en t .  N o  pat ie n t  w as s u fferi ng from other  
sign i fica n t  d i se ase ,  and i n  no  case was d a pson e found i n  the u ri n e .  C lass i fi c a t ion 
was accord i ng to the  system 0 1' R i d ley a nel J o p l i n g  ( 1 96 6 )  anel t he re was good 
agree men t be tween cl in icai  and histo logical d i agnoses . 

A l i  pat i e n ts were su bje cted to b iopsy o f  an ac t ive skin l es ion and of an en larged 
n e rve .  The n e rve u s u a l l y  c h ose n was the  superfic i a l  radia l  at the levei of the 
styloid process of the rad i u s  ( Pe a rson a nd Wedde l l ,  1 97 1 ) , but in some cases 
enlarged subcutaneoLls ne rves in the im mediate vicin i ty of tuberculoid skin lesions 
were biopsied .  Two se para te sk in l esions we re b iopsied in two cases . Not  a l i  the 
nerve biopsies however, w e re processed for l ight  m icroscopy - figures are given in  
Table I .  

T A B L E  1 
Classification Df patien ts and n u m ber Df b iopsies exam ined 

Classifica tion N u mber  of N u m ber of N umber  of 
pat ients  skin biopsies nerve bio psies 

Tuberculoid 
TT 3 3 2 
BT 24 24 14 

BTj B B  3 3 1 
BorderJine B B  6 6 4 

B B/ B L  2 2 1 
B L  8 8 4 

Lepromatous L I  1 6  1 7  8 
LL 2 3 1 

The skin biopsies were divided in to two, one part being examined for 
independen t histological classification by Dr D .  S. Rid ley, the other fixed by 
immersion in 1 0% buffe red formaldehyde and e xamined in the Department  of 
Human Anatomy, Oxford . Nerve biopsies were intended primarily for electron 
microscopy, and in most cases were fixed by immersion in  3% glutaraldehyde for 
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2 h ;  larger specimens were sometimes subdivided for light a s  well a s  electron 
microscopy . Some nerve biopsies, however, to be used primari ly for light 
microscopy, were fixed in 1 0% buffered formaldehyde .  

The specimens for light microscopy were subjected to rou tine processi ng, 
embedded in wax,  and cu t into 6 J..!m sections. They were always stained with 
haematoxylin and eosin ,  and haematoxyl in and cold carbol fuchsin .  Additional 
stains used in  some cases included methods for e lastic fibres ,  PAS stains, and si lver 
techniques for axons. In a few cases silver stains of 25 J..!m sections were combi ned 
with s taining for acid-fast bacilli .  Additionally in  a few cases thin ( I  J..!m )  sections 
of araldite embedded material stained with toluidine blue were avai lable .  

Findings and Comments 

The appearance of normal perineurium is shown in Fig. I .  

TUB E RCULOID LEPROSY 

Twenty seven patients were included in this category . Eight biopsies (a11 BT) 
were taken from lesions which appeared clinically to be rather early in their 
evolution ; and a further two (both BT) were bi opsies taken across the edge of the 
lesion and extending into apparently normal skin outside it. In such biopsies the 
earliest s tage of  the evolution of  the disease could be seen outside the active edge ,  
and i ts developmen t followed across the  edge and  in to the lesion .  

The remaining biopsies were from the active areas of  mature lesions ; three were 
classified TI and the remainder BT. 

( I )  Ear/y L esions (]  O cases, ali B T). The dermal nerves in  these cases were 
usually normal in size or on ly slightly enlarged .  Most of them however had a 
rather fibrotic appearance, and a few showed marked swel1ing and hyper
cellularity of the endoneurium, though there was never a mature epithelioid 
granuloma. In general ,  the more normal a nerve looked , the more Iikely were 
bacilli to be found within i t .  

Even in  these early cases the perineurium was usually markedly abnormal . 
Instead of  being a very compact structure ,  the layers appeared to be separated 
into thin fibrotic looking strands,  and there were a large number of inflammatory 
cells, chiefly Iymphocytes, Iying among the strands and apparently invading the 
perineurium from ou tside (Fig. 2 ) .  I t  was not uncommon for there to be the 
appearance of a dense cellular cuff occupying the perineurial zone, with a 
somewhat fibrotic lookin g but relatively normal and preserved endoneuri um.  
Only  in one  instance was the perineurium normal in  appearance, and  even in this 
case (where the only abnormality of the nerve itself was the presence of very 
scanty bacilli lying within Schwann cells) there were a number of  lymphocytes 
clustering round the outside of  the nerve.  Acid-fast bacilli were never seen in the 
perineurial zone. 

( 2 )  Mature L esions ( ]  7 cases; TT-3, B T-14/ Dermal nerves of fairly well 
preserved morphology could be identified in  eight cases (TT- I , BT-7 ) ,  and 
structures recognizable as formerly neural in another 7 (TT- I , BT-6) .  Only in  2 
biopsies could no  nerves be found.  The destroyed nerves were grossly swollen ,  
chiefly due to expansion of the endoneurium, in  which there were seldom 
recognizable Schwann cells, the whole zone being replaced by epi thelioid cells. 

In the more norm al looking nerves the perineurium looked much the sarne as i n  
the early cases ;  there was a multilayered fibrotic appearance with some cellular 
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Fig. I .  Electron-micrograph o f  mouse sciatic nerve (x  1 6 ,000).  I nset : light photomicrograph 
of fascicle of normal human radial cutaneous nerve (x 1 5 00) .  Note the multilayered structure of 
the perineurium which is hardly  to be seen b y  light m icroscopy. The separation of perineurium 
from the other nerve layers in the light micrograph is a shrinkage artefac t. Ep  = epineurium ; 
Per = perineurium ; En = endoneuriu m .  

infiltration . In  addi tion there sometimes appeared to be fine septa of  perineurium I extending in to the endoneurium, fonning muItiple com partments in the nonnally 
monofascicular nerve bundles. 

In  the grossly swollen nerves the perineurium was less abnormal than the 
endoneurium , but i t  never rem ained intact, and sometimes appeared to be hanging 
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Fig. 2 .  Early tuberculoid (BT)  leprosy . This dermal  nerve shows a mu l ti layered perineurial  
zone with infiltrat ing Iymphocy tes.  The endoneuriu m is a lmost  normal . ( x 800. ) 

in thickened shreds ou tsi de the nerve.  M ore commonly , however, i t fonned a 
widened perineurial zone with lymphocytes wi thin the tibrotic perineurial strands 
( Fig. 3 ). These lym phocytes tended to form rather dense foc i  at  the poin t where 
blood vessels penetrated the perineurium and were about to pass i n to the 
endoneuri u m .  At these poin ts i t  appeared that inflam matory cells could readi ly 
emerge from the blood vessels. I n  two biopsies the perineurium appeared ,  i n  some 
places,  to be replaced by ep i thelio id  cells which were usually in  cont inu i ty  wi th  
endoneurial granuloma. 

(3) Nerve Trunks ( ]  6 cases; TT-2. B T-J 4J. There was no sign i fi cant d i fference 
between the TI and BT cases : nor be tween the rad ial nerve biopsies (8 cases) and 
the subcutaneous nerves close to skin lesions (8 cases) .  Two radial nerves were 
normal, and a third normal apart from the presence of very scanty baci l l i  in the 
Schwann cells .  

The changes in  these b iopsies were much the same as those seen i n  the severely 
dam aged dennal ne rves ; and though the in flamm atory response chie fly affected 
the endoneurium , the perineurium did not escape unscathed . It  was usualIy fused 
with the epineurium i n to a thick tibro tic cellular col Iar ;  the whole structure was 
highly vascular, and m an y  in flammatory cells, predominantly lymphocytes, 
appeared to be passing out of  the blood vessels into the perineurial zone .  
Moreover, the  boundary between peri and  endoneurium was often indistinc t ; al I  
the components of the n erve tended to coalesce, and lymphocytes appeared to be 
entering the endoneurium via the perineurium as well as through the endoneurial 
blood vesse ls. In  two biopsics ep i thelioid granulomata could be seen in  the 
perineurial zone. 

The endoneurium was usually wholly replaced by an epithelioid granuloma, but 
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Fig. 3 .  Tuberculoid ( BT) leprosy . .  , he enáoneurium of  t his dermal  nerve i s  re placed by 
epi thelioid granulo ma, and there is a loose focus of lym phoc y tes occu pying a sector  of t h e  
perineurial z o n e  at  t h e  s i  te of entry of a b l o o d  vesse l .  ( x SOO . )  

the inflammation sometim es showed a focal qual i ty .  Occasionally survlvmg 
strands of Schwann cells could be iden ti fied ,  and in one instance a rad ial nerve 
biopsy included two fasc icles, one grossly swollen with epithel ioid cel l  change, the 
other normal. 

LEPROMATO U S  L EPROSY 

( I )  LL Cases. Three biopsies ( f  TOm 2 patients) were in  this category, but dermal 
nerves were only recognizable in two of them . The perineurium had lost i ts 
compact appearance and formed a perineurial zone,  a multilayered s tructure 
many times wider than normal (Fig. 4). This zone was not clearly demarcated 
from either epi- or endoneurium ; the three layers merged in to one another with 
no definite l ines of transition . The perineurial layers were thick, and appeared to 
be cytoplasmic rather than fibrotic ;  their nuelei resembled those of  the Schwann 
cells of  the endoneurium , and were quite unlike those of  normal perineurium . 
Histiocytes and plasma cells were seen both among the perineurial layers and in 
the endoneurium,  but lymphocytes were scanty or absent .  

Bacilli, inelud ing globi, were present  in very large numbers in  the perineurial 
layers and in the histiocytes among them. The bacillary concentration in the 
perineurial zone was markedly higher than in the endoneurium, which, though 
hypercellu lar in one biopsy and ra ther fibTOtic looking in the o ther, was relatively 
much more normal in appearance. 

(2) BL Cases; Early L esions. Three biopsies were ineluded in this group. The 
general appearance of the nerves was rather similar to that of the early BT lesions, 
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Fig. 4 .  Le promatous ( LL ) leprosy . This dermal  nerve shows thickened perine urial strands,  
con taining large numbers of  leprosy bacil l i ,  encircIing a few surviving Schwann cel ls .  ( x  1 5 0 0 . )  

though there were far more bacilli in  the  Schwann cells. However, the  perineurial 
zone was less cellular and bacilli could be found in  probable histiocytes among i ts 
rather scanty layers. The bacilli often lay in cells, including small foci of  
macrophages, which appeared to be related to blood vessels, rather than nerves, in  
the neurovascular bundles . 

(3 )  B L Cases; Ma ture Lesions (5 biopsies). The general appearance of the 
dermal nerves, which could be identified in ali 5 biopsies, was similar to that of 
the LL cases, but the strands which formed the perineurial zone (in 3 cases) were 
thinner and appeared somewhat more fibrotic and less cytoplasmic (Fig . 5 ) , and 
Iymphocytes were seen in considerab le numbers among the layers in  2 bio psies. In 
the remaining 2 bio psies the perineurium appeared normal . 

Bacilli were seen in ali 5 cases, but the preference for perineurium seen in LL 
cases was not evident ,  being presen t  in  I case on ly .  In  another case the 
concentration was less in the perineurium,  and in the remainder i t  was much the 
same as in the endoneurium .  

( 4 )  LI Cases ( 1 7 biopsies. (For definition of LI  see R idley and Waters 1 969. ) 
Dermal nerves could be identified in ali but  3 biopsies, including 2 cases where the 
skin was anaesthetic at the biopsy site . The perineurial changes were most 
advanced in these 2 cases, with a higher bacillary concentration in the perineurial 
zone than in  the endoneurium.  

The o ther 1 2  biopsies showed a wide range of  appearances .  The earliest lesion 
(and the only one with normal  sensory acuity) showed no perineurial"layering," 
but there were clumps of bacilli in the Schwann cells (whose nuclei appeared 
increased in number) and rather fewer in the perineurial cells. The rest of the 
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Fig. 5. Lepromatous ( B L )  le prosy . The perine urial layers of  t his d e rma l  nerve are somewhat 
less thick than those seen in L L . The per incuria l  zone contains some in fiItrat ing infl ammatory 
cel ls .  and its  baciU ary concentration is lll uch the same as t hat of  the endoneuri u m .  ( x  1 5 0 0 . )  

biopsies showed varyi ng degrees of layering which was imprecise ly re lated to  the 
degree of sensory loss (Fig . 6) and could not be related to the probable durat ion 
of the disease. The appearance of the perineurial layers usually fel l  between the 
rather fibrotic strands of the B L cases and the thicker fleshier form of the LL 
cases. There were always some macrophages among the layers and, commonly, 
also a small number of lymphocytes and plasma cells. Acid-fas t baci l l i  were al ways 
present in greater (5 biopsies ) or similar (6 biopsies) concentration in the 
perineurial layers compared to the endoneurium. 

(5)  Nerve Trunk L esions. Thirteen biopsies of nerve trunks were avai lable, and 
though they inc1uded LL ( 1  case ) ,  LI (8 cases) and BL (4 cases) there were n o  
major di fferences that could b e  associated with t h e  c1assi fication . They are 
therefore considered together as a group and demonstrate the evolution of the 
infection ; 4 biopsies were early ,  2 advanced , and the remaining 7 lay somewhere 
between . 

In  the ear1y biopsies ( B L, 2 ;  LI ,  2 )  the bacilli lay singly and in clumps in the 
Schwann cells of the endoneurium . They tended to be linear1y arranged,  so that 
long thin segments of nerve were affected and larger zones between them 
con tained no bacill i .  It was often possible to see small endoneurial blood vessels  
c10se to these foci of infection . I n  the areas where the bacil l i  were more dense 
and where sm all globi might be present ,  the n umber of nuc1ei was increased . This 
appeared to be due chie fly to Schwann cell proliferation,  but the nuc1ei were less 
e longated than normal ,  and some cou ld have been inflammatory cel\s entering via 
the blood vessels. In ali these cases there were already considerable numbers of 
bacil\i , but there was minimal cell response to their presence. Most of the 
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Degree of peri n e u r i o l  "pee l i n g "  

Fig .  6.  The re lat ionship between the d egree o f  perineurial " peel ing" and t h e  sensory aC l I i ty  
of the biopsied area  in fo urteen b io p sies fro m patients  wi th  lepromatolls ( L I )  le prosy .  S ensory 
testing was performed using graded n ylon bristles ( Pearson a nd Weddel l ,  1 9 7 1 ) ; the figures in 
the vert ical ax is represent the  finest brist le t he pat ient  could feel  ran ging fro m I ( very fine ) to 6 

(coarse ) .  

Schwann cells appeared intact,  even though bacil lated , and and the sensory acuity 
in the area supplied by the radial nerve was normal in the 3 cases in  which it was 
tested . 

Even at this early stage the perineurium was also affected.  The two earliest 
cases (both B L) showed bacilli present in perineurium in about the same 
concentration as endoneurium.  In  the  two more heavily infected cases (both LI ) 
the concentration was greater in the perineurial zone ,  which showed the same 
muIti layered appearance as was seen in  the dermal nerves. M oreover, bacilli were 
seen in large numbers in the endothelial cells of the endoneurial blood vessels in 
these two biopsies. 

As the in fection progressed the endoneurium became more cellular, till in 
m oderately advanced cases no Schwann cells of  normal configuration survived .  
Before this  stage , however, they formed s trands between zones of more abnormal 
looking endoneurium. These zones were centred on blood vessels , and were more 
cellular than the remainder.  The cells could not always be identified but there 
appeared to be monocytes and,  in the more sub polar cases, Iymphocytes , which 
c1early delineated the b lood vessels, forming a cuff around them . Plasma celIs 
were often seen, and in one case smalI foci of  polymorphs. In addition to the 
cellular infiltration , however, the tissues had a c10udy appearance and took up 
stains more readily than usual .  This abnormality was also present  in a zone j ust 
within the perineurium.  I t  was as if  some abnormal material was leaking into the 
nerves through both the perineurium and the endoneurial blood vessels .  The 
contrast between the two zones was most c1early eviden t  by phase contrast 
microscopy. 

There were also abnorm alities in the other parts of these nerves. Here the 
myelin was very markedly swolIen and took up stains fairly readily ,  so that nodes 
of Ranvier and even Schmidt Lan termann c1efts could be identified in 
haematoxylin and eosin s tained sections. These abnormali ties were probably 
reversible , as the 3 cases where such axons were presen t  in large numbers alI had 
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normal sensation on follow up after 6- 1 2  mon ths' treatment ,  though one of them 
was anaes thetic at the time of biopsy (the other two were not tested init ially ) .  

I n  the most advanced cases the structure of the nerve was almost  com plete ly 
obli terated ,  and only strands of foam cel ls ,  in places encirc\ed by strands of  
collagen which appeared perineurial in  origin ,  could be  seen . The bu lk  of  such 
"nerves" consisted of collagen bundles, with occasional in flam matory cells and 
bacilli among them . In  sl ight1y l ess advan ced cases , where there was readily 
recognizable endoneurium,  the number of  blood vessels in this zone was 
increased .  The increase was recognizab le ,  though less marked, in the earl ier stages 
of the infection. 

The mu!tilayered appearance of the perineurium was seen in al i  these biopsies, 
and appeared to be maximal in the more advanced cases. The perineurial  zone 
showed infi ltration (wi th lynÍphocytes most1y in BL cases, histiocytes mostly in 
L I  and LL cases) si milar to that seen in the dermal nerves. Baci l l i  were al ways 
present  in both endo- and perineurium ; in the BL cases they tended to be more 
concentrated in  the endoneurium, whereas in LI and LL there were as many or 
more bacil l i  in  the perineurial layers. 

BORDERLlNE LEPROSY 

( l )  Skin Lesions. Six biopsies were cJassified as BB, and nerves were identi fied 
in  every case . They showed two characteristic features, one or both of which were 
present  in every biopsy. 

(a) In  4 cases the Schwann cells were bacillated but otherwise almost normal. 
(b) In 4 cases there were strands of bacillated Schwann cells, and also zones of 

epithelioid cells, which tended to lie at the periphery of the nerves . 

Si lver stains showed that axons were only presen t in the relatively intact 
Schwann cel l  s trands, and even there they were reduced in number. 

The perineurium always showed a multilayered fibrotic appearance with many 
lymphocytes am ong the strands. In three cases macrophages were also present .  
Nuc\ei within the strands themselves were very much less elongated than n ormal 
perineurial nuc1ei (Fig. 7). Bacilli were usually present  in the perineurial zone, but 
the concen tration w as always less than in the relatively preserved S chwann cell 
strands. In two cases epithelioid granulomata were present  in  the perineurial zone ; 
they were usually in continuity with the endoneurial granuloma. 

The nerves of the two patients cJassified BB/BL were very similar to  each other. 
The Schwann cells of the endoneurium con tained many acid-fast baci l l i ,  but their 
concentration was almost as high in the perineurial zone. The perineurium showed 
moderate layering, with strands which usually looked fibrotic ,  but in  a few places 
were thicker and contained bacilli . Most nuc1ei lay within the perineurial strands, 
but were m ore rounded than normal perineurial nucJei and much greater in 
number (Fig. 8 ). There were also occasional lymphocytes and histiocytes among 
the layers. In  both cases the perineurial strands were not confined to the normal 
perineurial zone, but appeared ais o to have proliferated within the endoneurium, 
which was split  into multiple small compartments, each containing at least one 
Schwann cell . 

Three patients were c1assified B B/BT;  scanty dermal nerves could be identified 
in two of them ; and the Schwann cells contained very few bacilli . The perineurial 
zone was replaced by a wide dense band of lymphocytes, which almost 
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F ig.  7 .  B o rd e rl i n e  ( B B )  l e prosy . A d e r m a l  n e rve showing a m u l ti l a y ered p e ri n e u r i u m  wit h 

ro u n d e d  n u c l e i  and so m e  i n filt rat ing cel ls .  E p it h e l io id gra n u l o m a  has fo r m e d  in t he o u t e r  part  
o f  the e n d o n e u ri u m ,  a n d  i n  one sector a p p e a rs t o  i n volve the p e r i n e u ri u m .  ( x 600 . )  

Fig. 8 .  Bord erline( BL/B L )  leprosy . The perineurial strands o f  th is dermal  nerve contain 
many well rounded nuclei,  and the endoneurium is split  into mult iple comp art ments  by similar 
looking strands .  (x 7 5 0. )  
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obliterated the fibrotic strands of perineurium.  There were no bacill i  in  the 
perineurial zone.  

(2)  Nerve Trunk  L esions. Six biopsies were available (BB,  4 ; B B/ B L, I ;  
BB/ BT, I ), but  were norm al in two of the B B  cases. The remaining four  can be 
considere d  as a group.  

The endoneurium was affected in a strikingly focal manner. There were strands 
of norm al looking Schwann cells which, however, contained many acid-fast 
bacilli , including even som e small globi .  There was some increase in the nu mber of 
Schwann cell nuclei in these zones. Surrounding these s trands were areas where 
the normal neural archi tecture was lost and replaced by a cel lular granuloma 
which in some places had matured to fu lly di fferentiated e pithelioid cells. 
Lym phocytes were rather scanty except round the en doneurial blood vessels, 
where they som etimes formed loose foci .  The n umber of blood vesse ls was 
markedly greater than normal . 

The gran ulom atous zones usually lay adjacent to perineurium,  which formed a 
widened and highly vascular perineurial ZOne . There was a mode rate degree of 
layering, and the perineurial strands usually had a fibrotic appearance. I n  some 
places however, they we re obli terated by dense foci of Iymphocytes, which 
tended to be situated at posi tions where the larger perineurial blood vesse ls 
penetrated in to the endoneurium.  Acid-fast bacilli we re present  in the peri
neurium, al though they were scan tier than in the relatively normal sectors of  
endoneurium.  However, in one case there was  a thin ,  but  very dense, zone of  
bacilli in the outer  part of the perineurial zone .  One biopsy showed areas of 
epitheJioid celIs in the perineurial  zone.  

Discussio n 

Previous commen ts on the perineurial changes seen in leprosy have been largely 
con fined to obse rvations on the mul tilayered appearance which can be observed 
in alI types of the disease. However, even this appearance is  not absolutely 
uniform, and the perineurial changes in leprosy form a spectrum of their own, 
which can be related to the cIassification of  the disease. 

( 1 )  THE MUL TI LA YERED APPEARANCE 

(a )  The "quality" of  the layering was by no means uniform : in LL and many LI  
cases the layers took on a thick, cytoplasmic appearance .  This appearance was 
less marked in the BL cases, and in B B  and tuberculoid lesions the layers took 
the form of thin fibrotic strands. 

(b)  In  lepromatous leprosy the nuclei in the layers appeared iden tical to those of 
Schwann cel Is  of  the endoneurium. In B L/BB and B B  cases there were nuclei 
within the layers but they were more e longated,  though still much rounder 
and greater in number than normal perineurial nuclei .  At the tuberculoid end 
of  the spectru m  there was too much celIular infiltration for perineurial nuclei 
to be identified or localized . 

(c)  The degree of "layering" was generalIy related to the maturity of  the 
lesion-the earlier lesions showed it less intensely than the more advanced 
ones. 

(d ) In lepromatous cases the am ount of layering was also roughly proportional to 
the degree of  sensory loss. This may be a causal relationship ,  or may simply 
mean that both develop slowly i n  lepromatous leprosy. 
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( 2 )  C EL L U LA R I N FI LTRATION 

In  most cases i n fi l tra t ing  ce l l s  we re seen  among the perineurial  layers .  At the 
tuberculoid end of the spectrum they we re a lmost  al i  lymphocytes : i n  borderl ine 
cases a fe w m acrophages were sometimes iden ti fied,  and i n  a few BT and BB cases 
frank  epi thel ioid changes could be observed : in  lepromatous leprosy histiocytes 
and plasma ce lls predom i nated,  though there were conside rable numbers of 
Iymphocytes in  B L  cases, and a few i n  the LI group .  

( 3 )  ACI D-FAST B A C I L L I  

No baci l l i  were fou nd i n  the perineurial zone in  T T  or B T  cases , or i n  the 
patien ts classi fied BB/BT. They were, however, presen t  in the remainder and 
could usually be seen  both in the perineurial strands and i n  i n ft l trating 
hist iocytes. ( I n  the LL and L I  cases,  however,  i t  was often impossible to be 
certain of their cel lular locatio n . )  The bacil lary concentration was h igher in  the 
endoneurium in  the borderl ine cases,  but in the two LL biopsies and si x of the L I  
cases there were markedly more i n  the perineur ium.  The con cen trations were 
m uch the sam e in both si tes in the rem ain ing LI and BL  pati en ts .  

( 4 )  E N O ON E U R I A L  " I N V A S I O N "  BY TH E PER I N E U R I U M  

This appearance was seen  in  a few B T  a n d  BB/ B L  cases ,  b u t  i t  is  hard t o  assess 
from this rather small series just  how commonly it occurs .  Fibrotic strands of 
tissue ex tended inwards from the perineuri um , giving a re ticular appearance to the 
endoneurium , and dividing  i t  in to multi pIe small compartments. We have seen ,  i n  
two biopsies from borderl ine leprosy (not included i n  this series) what m a y  b e  a 
more advanced stage of this change ,  when a small nerve that should have been 
mon ofascicular was split  i n to many t iny fascicles, each comprising  one or several 
Schwan n cells surrounded by well organi zed perineurium.  

( 5 )  E N OONEU R I A L  C H A N GES 

Tw o findings deserve special  com me n t :  

(a ) The survival o f  bacil l i  i n  the end oneurium in t h e  tuberculoid and borderline 
cases, and particularly their presence in  higher concen tration than in 
extraneural si tes, offered good evidence that the protection within peripheral 
nerves was immun ological �as well  as, perhaps, histochemical . 

(b ) In some leprom atous cases the cloudy appearance of the endoneurium,  and 
the swelling and altered stain ing quality of the myel inated axons, suggested 
very strongJy that in such cases the perineurial and vascular barriers had been 
breached . 

I n  speculating about the way in which these striking perineurial  changes may be 
brough t  abou t,  i t  is convenie n t  to  consider first, the  e ffect of perineurial damage 
on the endoneurium,  and secondly the e ffects of endoneurial damage on the 
perineurium .  

The Effect of Perineurial Damage on the Endoneurium. The function of the 
perineurium appears to be to act as a semi-permeable barrier between the 
extraneural tluid and the endoneurium (Shantha and Bourne ,  1 968) ;  i t  provides a 
degree of chemical isolation for the Schwann cells .  Thus, i t  has been shown that 
ferri tin applied around a nerve wil l  not pass into the perineurium (Waggener et  ai. , 
1 965 ) .  Any fai lure of this barrier function is there fore liable,  by allowing ingress 
of abnormal consti tuents to the endoneurium , to cause alterations of structure 
and function of t he nerve. 



64 J .  M .  1-1 .  I'EARSON AND A. G .  M .  WEDDELL 

Morris et  ai. ( 1 9 7 2 )  have coined the colou rfu l  phrase "e nvironmenta l  draught"  
to  describe th is endoneurial exposu(e, and investigated ( in  the  ra t  sciat ic ne rve)  
the sequen ce of even ts fol lowing the de privat ion of  endoneuri u m  of i ts perineurial 
pro tection . Within a few hours an abnormal floccular substance was seen in  the 
endoneuri u m .  During  the next few days a fine meshwork of  fibres developed 
around the Schwan n cells ,  which in  the next 3-4 weeks became organized to form 
many sm all fascicles of Schwan n cells each enc i rcled by tissue morphological ly  
iden tical with perine ur ium .  The floccular substance was seen only ou tside the new 
fascicles. By elec tron microscopy they demonstrated that  the new perine urium 
was in  part  at  least  derived from Schwann cel ls ,  which d ivested themse lves o f  thei r 
axons and ex tended lateral processes enclosing  groups of other Schwann cells .  
Thus, under these experimen tal condit ions ,  Schwann cells could metam orphose to 
take the form and fu nction of perineurial cells . 

Lepromatous leprosy partly re prod uces the ex perimen tal con dit ions of  M orris 
et ai . .  in  th at the perineuri al cells a re always colon ized by Mycobacterium leprae. 
and in ex perimen tal leprosy the perineurial layers have been shown to be 
abn ormally permeable ( Bodd ingius  et aI. . 1 97 2 ) .  Thus the endone urium is 
exposed to environmental dra ught ,  and it see ms l ikely that  the swol len axons seen 
in  som e biopsies from leprom atous leprosy are the result  of this exposure , and 
that  the al tered staining qual i ty or the endoneurium represen ts the floccular 
substance seen by elec tron m icroscopy .  Furthermore ,  changes very sim i lar to the 
com partmen tation reported by Morris et  ai. have been observed in some patients  
in the borderlin e range (this  is the type of leprosy in  which sudden nerve 
destruction is most l ikely to occur, i . e . the type that m ight  most closely 
reproduce their experimen tal condi tions ) .  

The concentric mul ti layere d  appearance of the perineurium is , however, much 
more com monly seen . To accou nt  for i ts development  in  terms of the processes 
described by Morris et aI. . i t  is necessary to take in to account two major 
di fferences be tween lepromatous leprosy and their ex perimental situation : 

( I )  Their injury was a single  acute insult .  I n  leprosy the processes occur  slowly ,  
and t he final si tuation i s  the end result  o f  months o r  years of bacillary 
multi plication. 

(2) In  their experimen ts the whole nerve w as exposed to an environmen tal 
draught which could reason ably be described as gale force .  In leprosy the 
perineurial changes are best considered as "micropunctures," chie fly a ffecting  the 
immediately adjacent endoneurium,  and having a direc tional  element  lacking in 
the experimental m odel .  

Qur hypothesis to accoun t  for the development  of the mul ti layered appearance 
of the perineurium in lepromatous leprosy is that ,  under these circumstances, the 
en doneurial response to perineurial injury is for cells, including Schwann cells, to 
go through the same processes. However, instead of  encircling other Schwann cells 
they respond to the directional e lement of the environmental d raught by  applying 
themselves as "patches" to the perineurium .  The cells i nvolved would probably 
themselves be bacil lated, and the patches l iable to break d own sooner or later and 
need further patching. The s tage is thus set for the development of the 
mul tilayered appearance characteristic of the bacillated perineurial zone in 
lepromatous leprosy (see Fig .  9) .  But  whether or not this  concept is  correct ,  in 
leprom atous leprosy the nerve damage is, in part at  least, brought about by a 
perineuropathy ,  though this does not  e xclude the e ffects of other processes, such 
as the direct  d am age to Schwann cells by contained bacilli , the possible strangling 
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Fig. 9 .  Diagramm atic representation of  the processes which may be involved in the 
development of "multilayering" of the perineurium in lepromatous leprosy . .... = site of 
" micropuncture" ; / / / / = zone of "endoneurial draught " .  

e ffects of  in traneural and perineurial collage n  formation , and limitation of blood 
supply . 

The Effects of Endoneurial lnflammation on the Perineurium. I n  tuberculoid 
leprosy the nerve damage is primarily endoneurial in origino  Bacilli enter Schwann 
cells, multiply in them for a period ,  and then the mycobacterial antigen reaches a 
cri ticai levei at which, despi te the protected environment ,  it is recognized by the 
tissue defences. A de layed hypersensitivity response (cell  mediated immune 
response) ensues,  in which the bacilli are attacked and largely destroyed.  In the 
process the cells which contain them,  and indeed the whole nerve, are also 
destroyed,  and replaced by epithelioid gran uloma, and the in flamed nerve 
becomes grossly swollen .  

I t  is  hard to assess how efficiently the perineurium functions in borderline (and 
tuberculoid) leprosy. In this series of patients the two c1assified B B/ B L  showed 
early changes of "compartmentation," indicating that the perineurial barrier was 
not fully effective. There were considerable numbers of bacilli in the perineurial 
layers of these biopsies. This was not so in  those c1assified BB, where very few 
bacilli were seen in this zone ; and none were present in the more tuberculoid 
cases. Moreover, it was in the BB and BT group of  patients that bacilli could be 
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see n preserved i n  Schwann ce l l s ,  desp i te  the presence  of  perineuria l  l ayeri n g  and 
Iym phocyt ic  in fi l t rat ion of the perineuria l  zon e .  In  such cases ,  there appeared to  
be at  l eas t  partial  preservat ion of  barrier fu nct io n .  

Fra n k  e p i the l ioid changes we re p robab l y  obse rved i n  t h e  perineuri u m  of a few 
B B  and BT cases ,  though the  distorted neural  archi tecture i n  t hese b iopsies makes 
the  s i te o f  any changes hard to d e fi n e .  I n  such zones i t  is most un l ike ly  that  the  
pe rine uri u m  is fu nct ioning e ffect ivel y ,  and not ,  there fore, surpri si ng tha t  
ep i the l ioid  changes were  to be fou n d  i n  the  end oneurium adjacen t to t he a ffected 
perineuriu m .  The i n freq uency of  such  fin d i n gs, however, argues aga ins t  this bein g 
the usual way in wh ich  the pe rin eur ium is b reached and the  endoneurium 
dam aged . Certain l y  i n  the l a rger nerve trunks  some foc i  of  ep i the lio id  change were 
cen t red on e n d on e u ri a l  b lood. vesse ls .  

It  see m s  then that  in borderl ine  and tuberculoid l eprosy the peri ne ur i a l  layers 
tend to look fi brot ic ,  have few or n o  baci l l i ,  and re ta in  some fu nctio n ,  w he reas i n  
lepromatous cases they look m ore cytoplasmic ,  co n tain m a n y  baci l l i ,  and have 
l i t t l e  or no barr ier  fu nct io n .  These are m ajor d i ffe re n ces ,  and raise the  q ues t ion of 
whether  the l ayering  of non-Ie prom atous l eprosy h as the same pathogenesis as 
that  described for l eprom atous leprosy . 

I t  is very d i ffi cu l t  to app ly  the hypothesis of Schwann cell metamorphosis to 
e x plain the m u l t i layering seen i n  borderl ine and tuberculoid cases .  The theory 
presupposes the presence o f  baci l l i  in  the perineurium with conseq uent  fu nctional 
i m p airme n t ,  whereas the perineuria l  barrier i s ,  to some ex ten t ,  a t  least ,  in tac t ,  and 
b aci l l i  are very seldom seen in  the perineuria l  zone .  Epi thel ioid cel ls  (which would 
provide evidence of  baci l lat ion a t  an earl i er  stage, before an immune response had 
fully developed ),  are seldom seen .  I t  seems more I ikely that the perineurial 
changes seen i n  borde rline  and tubercu loid cases represe n t  a perine urial  response 
to endoneurial  in flammation Uust as Schwann cel l  metamorphosis can be regarded 
as an endoneuria l  response to perineuria l  i nj ury) .  This hypothesis a l so p resents  
problems,  for there can be marked perineurial  layering when the e n doneurium 
shows only sl igh t i n  flammatory changes,  and ( less commonly)  very l i  t t le  
perineurial  change despite epi the lioid cel l  format ion i n  the endoneurium.  This 
inconstancy i m plies that the fac tors in i t ia ting the response have yet  to be defined . 
An i mportan t argument  in favour of such a process is that i t  might be expected ,  
on  the  whole,  to preserve the  function o f  the  perin eurium.  The same argumen t 
can be appl ied against  such a process being solely responsible  for the changes of  
lepromatous l eprosy.  

For the tim e being,  there fore, i t  seems impossi ble to  go beyond att ributing 
these changes to a perineurial response to endoneurial i n flam mation . When there 
is  also perineuria l  damage endoneurial changes ensue .  The situation i s  a complex 
one,  and further progress is  l ikely to require e lectron microscopy, and the 
development  o f  e x perimental  m odels which wi l l  reproduce the i n flam m ation of 
l eprosy independent ly in endoneurium and perineurium . I t  i s  c lear however, that 
peri ne urial i nvolveme n t  deserves more a t tention than it has hitherto received in 
studies of the pathogenesis of nerve d amage i n  l eprosy .  
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