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III a previou s pape r l)alll1rr , Rees and '\V0l1dell ('I) ga \'(\ an account 
of th r reaction of rat Schwann cell s toward carbon pRrticlrs and two 
species of leprosy hacilli , Jlfyr:obatleriu111 lep r(f (, ?111/'l'i1l11l and M. lepme, 
injec ted between the stumps of divided sciatic ne l'ves or into crush ed 
ner vr s at th e s ite of damagr . Carbon particles within thc E' llllon emiull1 
were taken up chiefl y by Schwann ce ll s and, at diffc'L'ellt period s after 
injection, conIcl be traced both to the endothelial cell s of intran eural 
blood vessels and, via th e p erin eurium, to hi stioc.vtes in the cpineutium. 
'When lvI.lep1'ael1w1'iu1I1 was suhstituted for carhon particlcs, the hacilli 
were taken up only by Sch\\'mm cell s in th e ahsence of competing ex
trm lC OUS phagocytes, which ar0 not found within th e 011(1011 eUrillm in 
t rashed ll erves . ,\Vh ell M. lcp1'O C wa s suhstitlltec1 for carbon particles 
and inject ed between thr stumps of divided nerv rs, the ha cilli evoked 
an intense inflammatory r espon se in whi ch th er e wr rc 111111101'0US pha,g
ocytes containing- many ba cilli . A f ew of th0 org-anisms lookrc1 viahle, 
but th e majority wer e breaking' up. Bacilli wer e found also in small 
number s in many outwandering ~chwann cell s as \\,('11 a s in some 
within the endoneurium of hoth stnmps. rrhese organi l' ml' were all in 
an advanced state of di sintegration. Tt was thu s clear that ~chwann 
cell s had competed more succcl'sfu lly than inflammat()I'~' alld other 
cell s for M, Zeprae, a s compare(l with M. lep1'oemuriu111. 

'rho r esults encoura,g'eil u, to extpnd Our experim ental work to 
hl.lmlln ~ch\Vann cell s . During a vi s it to the Northern region of Nigeria, 
ill nll area wher e lepros.,· \\'a s end0mic, pati ents suffering from variou s 
form s of lepros," \\'el'e m;]n:(I, nn(1 r eailil y con sented, to Coopf' I'ate in 
t.hi s project. Tn nddition th(' hC'alth author iti 0s g-ave pe rmiss ion for 
examination of II rand011l1~' sr lectec1 cla ss of school children for any 
sig'us of infection an(l, in douhtful ca f"es , for skin biopsies ns well a s 
otlwr test s that might h0 lwlpflll. 
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Sc rie~ I.- In yolunlcc r,; with \'" riou ,; \'0 1'1 li S ,,\, 1"l)1'0,,;,)' U,I lid , o L a '; IISPCII ,.; ioll of 
earbon particles in normal sa line ( IU p er cent Jlldia illk. Cll. / 143L, parti"I,' s ize 200 A, 
GIIIlt.her 'Yag ner, Hannonr ) wa s in,j,'ded illto the "kill , where I('sioll " ;IPPl'al't'd to ho 
1I10st active, 48 hours prior to routine biops ies. The areas of s kin that had Iwcli injected 
with ca rbon ,,'ere relllo\'ed and dirided into two, olle part being fix ed ill Zcnk('I" S fluirl 
and the other in either Flelllming 's solu tioll or .LO p e r cent lIentml .\'ol'lllalill. Thp pieeps 
fixed in Zenker 's fluid were Itsed to II SSP"" thp pff",·ti\;"IIPss of' trpatllll'lIt alld th .. otli,'r,.; 
to determine the f ate of th e ill jedcd ink, 

Series n .- In anothe r se ries of \'olull teer pa tienb with illdet"l'lliillat .. \'OI'IlI S ,,\, !'III' 
diseuse, the dorsa l cutaneo us branch of th e radial IlCl'\'e was exposed at t he wrist. 
bilate rally and a line bundlc cxei ,;cd. 011 the rig ht " ide 0.1 lid. or It s illlilar s us pens ioll 
of t;Il'bon particles in norma l sa lill e was injed('d b ctwecn thc cut clld s, all d Oil thp I(.[t 
sid c 0.1 m!. of a washed susp ens ion of app roxililately 10~/1ll1. au to"laVl'd .1/ . lej)l'o c in 
normal sa line. Patients \I' ith this fo rlll oj' th e di ~(,ll se we re "hoscn in tl,,' hopc tha t. 
res ident M. /epra,c would lw fpw ,'nollg' Ii to p"l'Iliit th(' alltwhwed hnl,illi to h,' 1'I ',·og' lli;r., 'd 
ullequivoca lly. 

S el'l es 1l1.- l'hirty school boy~ in Cla s,; l\" (f)- I:! Yl':lr" old ) or a ,jllnior [)rimal 'Y 
school were each cxamined phys ica lly fo r early " ig ns of: It'prosy and in addition 1'01' 

p a lpable differ ences ill the s ize a nd co ns istcncy of their ulna r a nd radial 1I (' r ves at the 
elbow and wri st as compared with thosc of threc obscr\'l~ rs , tw o Europca n IIlId 0111' .\ fri 
,'an . Before th e ill\'estigation , ea eh ot th e o b~el'\'l'rs had ag l'l'l'd that thl ' npl'ves 01: hi ~ 
('oll pagucs wer e " nol'lnal" and tO lllpara lJl(' in s iz(' with his 011'11. I';a ch child wa s r X:Jlni ll, 'd 
by cach obsel"\'er ind cp endently, \\'ho 1'I'('Ol'd,'d Iii s oh"" J'\'atioll " . Ca sps in II'hi ("h o pinion" 
we re fo und to (!iJrer \1' 1' 1'1' ,mb.-;cq ucntly l'l~ l'Xilillilll'd to " ,\I 'lud,' ;111 ,\' l'l" '() 1'I1illg' (' rl'lll 's ;11111 
th e results 11'1'1'1' then p oolcd and arenlgl'lI (Tahl,' I.) . 

Series IV.-Seven children 11'0111 S l'l'ies J I L lI'itli "cnlal'g l'd " nl'l'\" 'S ( \ 0';. ,S, 10. 
J.3, 14,19,22 and 33) , a s \\' cll a s onc ehil ll (No, .L5) , \I'hosl' ncn'l'S lI'er c not enlaq,;'ecl. 
we re detained and the fo Uu \I'i ng- prucedure ' eanicd out : Child Xo. S \\'a s seledcd as a 
co ntrol and told to go hOlll c and rcport aga in liI'p da~'s lat!' r for hiopsy . Chilli No, 10 
had hoth hi s radial Ul' r\'l 'S at the lI'I'is t inliltr:! t l'd \I'ith \()\'o('nill :!lId :!dl'l'n;i1ill ill thc hop( ' 
that the injedioll procedure lI'uuld ill i tse ll' he s uffi .. i(' lI t to .-; t illllll:! t" 111'11 1'111 tlll'll -On' l' . 
The area s of cutan eous a.ncsth ps ia II' cr e tlll'lI IIIi1pp!'d :JIlll rl,,' ()I'd ,',l to PII Sllre that ;;ubsl'
qucnt biopsy specim ens we re ta ken frullI s l,in SlI pp li l'd by th e II('I"\'CS tha t hlld b et'll 
blocked . H e a lso was se llt hOlllc and told to rrpol't aga ill liI'p (lll Ys III tel'. [It tlt e remai ll 
illg' "hildrpn till' radinl ll"I' Y"~ \\'\' rc illtiltr:!t, 'd lit till' wrists lI' ith ~ol'f)"ilill IIlld "dl','n:dill 
alld all anesth eti c area a.t t hr ha se uL thr rig ht ['on'A ngcl' II':I S illjeded with n.l 1111. o f 
the sallie susp cnsion of carbon pa rticles in normal saline. JII t hildrpn X os. 1:3, 14, 15 
a nd 19 0.1 Ill!. of thc susp ension of autochll'('fl Jl. i eprll e ill 11 0 1'111111 salillc, and in Nos. 
22 and 23 0.1 m!. of a I'olliparnhle ~ lI s p CnS i oll ot lI11tol: llI\'pd J1. l epl'll ellWl'ill1l! (appro xi
Illatcly 1010 bacilli/Ill!' ), were injeded into allesthetie a rpas nt the hll ~ l' S of the Icft 
fo r efinger s. The children \I'er e thell told to go hOlll e and to report haek fo r bi opsy fire 
da ys later. All the children reported back a ,., reques tcd, 11nd und(' l' 10 l:al I1l1esth rs ia 2 Illl ll. 
punch biopsies wer e taken frolll the a reas inj ectecl with ink I1 ml 11utoclavp(] o rg ani s lll s. 
Com parable biopsies were t aken frolll child N' 0 , ] 0 in zones that had beell ulIC'sthpt ic 
:l ['tel' his r a rlilll nC'l' VPS had hl'('n hlockrd a t th,' wrists with ;\ol'ol'aill nlld ;,,In'lI;dill, alld 
2 11l1l1. punch biopsy sp ecimens wer e rcmoved fro m anesth eti c zonc,.; ilt the hil ses of his 
rig ht and left fi nger,;, l'es p eeti\'e ly, ill p o.-; iti ons "olliparilble with those ill II'hi eh fOl'eigll 
ma ttcr had becli injected ill the other ch ildr('n . 

After the biopsy s p ecimens had been fixed. frozc n sections 50p. thi ck II'CI'C ('ut, ilnd 
stained with sil ve r by Schofi eld 's modifi ca tion of B iel 'chowsky's techni c and counter
stainI'd by a modifi ed Fite-Famco technic CO). The r est of th e llIatcrial WH , ' enl bccldCll in 
paraffin and alternating lOp. sections w er e stain cd \"ith h e lliatox~' l in and the 1Il0rlifiC'd 
Fite-Faraco method 0 1' h C llllltox ~' lil1 and eos in . 
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TAlll.~~ ] ,- I ~ (" cVlI' i~ tl"l/.( '!J (1//,(1 /II ob ility oj' radial unct tf.lnar ner ves in school children 
age .9-12 years, 

--

I Radifll nen 'es at wrist Ulnar nerves at elbo,,· 

Chi ld ~o, Right Left Hight Left 

1 0 0 + 0 
~ 0 n + 0 
" + 0 + 0 0 

-l thill &; hard thin & hard thin &; hard thin &; hard 
,) 

I 

0 n 0 0 
G 0 I) 0 0 
7 0 0 

I 

+ 0 
S + + + + 
0 0 0 0 0 

10 + + + + 
11 han] hard hard hard 
12 \'cry mobile n·r~· mobile \'ery mobile \'ery mobi le 
13 + + + + 
H ++ ++ + ++ 
15 0 0 0 0 
16 0 0 0 0 
17 0 0 0 0 
18 + + + hard + ha rd 
19 + + o hard o hard 
20 0 0 0 0 
21 0 0 0 0 
22 + + + + 
23 + + + + 
24 0 0 0 0 
') -
- ;) + + + + 
26 

I 
0 0 0 0 

27 + + + + 
28 0 

I 

t) 0 0 
29 

I 
0 + + + 

30 ++ 0 0 0 
- - -- --- -- - -

OB:-:iER YATIOX:-; 

8 eries I. Injection of ca rboll purticles ill.to the skin of patients with 
lepromatous, indeterminate and tub erculoid lepros.IJ.- Table 2 shows 
the results in the different form s of the disease. III the fOLlr cases with 
lepromatous leprosy (Nos. 36, 39, -:1:0 and H) carbon particles wer e 
found in Schwalm cells in every ea:-;e. The a and b sections of Figure 1, 
from case ~o. 39, are typical of the pictures seen. Figure la shows a 
Schwaml cell r elated to a "digestiye " cham bel' with ca rbon particles 
in its wall (arrow). Ther e are al so carbon particles in the cytoplasm 
of another axon-fr ee Schwann cell lying next to a healthy Schwalm 
cell and its r ela ted axon (arrow ). Figure 1b shows a clump of carbon 
particles (anow) in a vacuole in the cytoplasm of an axon-free 
Schwann cell. The strand of cells of which this one was a member is 
lying beside another strand r elated to a r egenerating axon. These 
pictures demonstrated very clearly the incr eased neural turnover seen 
everywhere in the skin of patients with lepromatous leprosy. 
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TAUL,E 2,- Up lake of carbon p(t1' lieles by Sel//(,(( I/I/ cells t wo days after illjeclioll of India 
ink into ac til'e skin lesiol1 s of pa tient .' lc itli lep roll/atoll s, t llb ercllioid alld i l1 cZe tel'minate 

types of lep rosy. 

'l' ype of l(>pros~' 
--

I I Indetermina te Indetel'lllina te 
Patient Xo. Lep romatous Tuhpl'('uloid IH'l1r lepromatous neal' tuberculoid 

--
36 + 
37 1I 
39 + 
40 + 
'1] + 
·12 + 
43 I I + ---- - -----

T .\BL~~ 3.-[: jJtake of ca rbon pa1·tiC/('s ((lid ~L leprl1e by Seh,call n cl' lls /ire da,l/s tlfler 
'injection of I ndia in/.; 01' bacilli into a Cllt 1'IIdilli 1len:e bundle a/ th e 1(, 1'isl ill lJCf fi el1l s 

with tube1'culoid or illdelel'1l1ill(ll e lep rosy, 

Type of Leprosy 
--

Tubercul oid Incletel'lIlinl1tc 

P atient No, Carbon lll. ll')l ru e Carbon Jf. lepT(( I' --
78 + + 
7D 0 0 
80 0 0 
81 + + 

Carhon particles wer e seen also in Schwann cells in patients No. 
42 allCl J 3, each with an illCletel'millate form of the disease, hut in one 
of whom (No. 42) there wa s histopathologic ev idence that the disease 
process was mOJ'e toward the leprol1latou ,' cnd of the specthun . l3y 
co]) t ra st, in patient No. 37, who had tuhcrculoid l epros~', we wer e un 
able to find any carhon particlcs in the few Schwann cells that r emainccl 
in the anesthetic zone, III one of thc fc\\' 11crv(' hundles still present, 
which contained healthy nonm,'-elinated axon s, fI fe\\' ca rhon particles 
werc seen in some of the perineurial cells. 

]n each of these cases most of the injected carbon particles RIled 
histioc?tes lying among collagen filwr s in the dermi s. 

Se1'ips II. Th e rpartio11 of Srll1/'aull cell s to ca rb oll particl ps and 
autoda 1!Pi/ ~r. leprae injected bft lI' ee ll tll f e'llds of dicided se l1 sory 
np1'ves.-ln the four cases "in which small fascicles had heen excised 
from th e cutan eous branch of th c raelial ner ve exposed at the \\'ri, t , 
and carbon particles injected betwccn the stumps, the second biopsy 
slwc imcl1S were taken fiv e (lays aftcr the operation (Tahl e 3). Tn ca ses 

os, 78 an(l 81 carbon particles \\' erc fonnel in ~ch\\'ann cells l~'ing 
within hoth proximfll al1(l di stal nc1'\'C stumps as well fI in olltgro"'ing 
cclls from the dis tal stump. For exampl c, Figure 2, from the biopsy 
spcc im en takcn from casc No, 81, sho\\'s a g'roup of carbon pm'tick 
ill thc cytopla sm of' fin flxoll -frcc . 'ch\\'ann ccll lying flmo11g' 11 eaHhy 
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I)('rn~ fib e l' ~ \\·illlill IIt(' proxi llwl ~ lllllIp .. \ ~ (,HII 1)(' ~ ('I'II i'I'OIlI 'I'ubl n :3, 
pudl of til( ' ('i1~P~ jw-d I'd(,ITI'<1 10 Itilt! i111 illd"t('l'IIliIlHt(' i'Ortll of the 
di seuse ; ill ()II,~ it \\ ' ll ~ hi ~ t()piltlj()l() g· i eil ll.\ · IlIlH,' lo",ard thl' tlll>(' r ellioid 
Plld of th(, ~ I )('(' I 1'11111 IllillI ill tit .. oll}('r. I II (,ll:-;('~ \() ~. I!) lllld ~() , ill ",hie]1 

10 }I .. b 
I·'IG . I . -( a ) X(,IT (' 1)111l(lk ill ,h·l'lIli , . Oil pill ,,·1' " iel,· (If III(' 1lI',J!lhy 11('/"1',· fi h"l' th(' l'e '"'" aXOll 

fl'" l' Hehlr'"11 ('l'lIs ,'oll1:lilll11g ,·al'llOII. I II 0 11 (' of Ih ('111 II,,· "al'lo(lli Ii,· , ill Ihl' 11",11101' a " d ig"stil"c 
"h:1I111)1'I''' ( aITOIrs). ( b ) X(,IT" 1)\1l1d'" jl"t In'lo\l' (, ,,i"l'I'llIi , ,·(,ntaillill':' I\\'(l Sll':lllll, of Hc·hlrnnll 
1·l'lis. 0111' i, I'el,dl '" 10 a I'l'gPIl('I':J1illg a "'O il : tI", otllel' i, :IX,,"·fl'('I', hilI ()Ill' of il " "(' II s ha s :J. 
4'11I 1llP t)j' t'~II'I'OIl p:lrti('!t· .-; ill:l \':u'l101t ) ill it:-; (·ytO p! :I:-i 1i1 ( :Il'r(,\r ) . FrHIH .jo,u ~il\,(1 I' -~ t:lillt'd ~rdions. 
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I··IG. :.!,-,Xl'I"I·C l)u llllle in de l" 
Ini~. Th ere are ta 1'boll pa 1'tic le, 
(nrro \l') in :til axoll-fn'(' 
i-ichw:1l1n cell lyi ng- :t11101lg" 

hc:dthy 1I c n e flbe1's. 1" 1'0111 n 
'i0!! ,i''''{'I" ' s l'nil1('fl sec l i011. 
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110 ea rlJOll wa s iO lllld ill the' f;l'COl ld llio]l f; icf;, 11\(, Ill ,li (' rial ohtaill('(t at 
the fir st biopsies 811 0\\"(·<1 that ti l(' IJ(' I"\'('f; ltnd lllr('acl.v ])('('11 (lPslroycc1 
by the (lif;ease. Ne itl)(, }" SP('Cill](, 1l eOllhlill ('d allY llxon s, hut on l.\' a f e w 
stra nds of lluclei, in s iz(' Hnd sh ap(' r ('semhlill g" thos(' of Sch\\'ann ('ell s, 
buried in a JlHl SS of scar ti SS ll (,. N(, \·('rtl]('l ('sf;, Uw s('('ol](l hiops ics r e
venled that a con s iderable· am oullt of fihrou s ti f;s ue hacl hri(l ge(l the 
ga p s left b.\- th (' fir st hiops i('f;, hu t th(' f('\\" e(' ll f; pres('n t contain (' cl no 
ca.rbon particles. 

B ef ore injecting' wH sh ed <t ntocht\'('d 11. 7p }Jrrt P l)('t\\' ('('Il th(' s tumps 
of divided senso r y n ervcs of volllllt cc r l c pros~' pati cllt s H pil ot expel'i
m ellt had been p('J"[ormed Oil a 1lorJIlal rat , to f;CC if I1Hl Le rial of this 
kind wa s likely (a ) to sun,i \,c nnd h c ]'('cog'nizHhl c nft('r fiv (' (lays and 
(b ) to evoke the Sellll e respon s(' 1l S vi ahl c .1/ . 7ep m e had clOll C whcn th('y 
were injected bet \\" e('n thc s tumps of divided scint ic ll e rv cs C) . 

One-tenth m1. of 3ntocla\'0d .11. 7PjJrop wa s illjectcd het\\"een th e 
stumps of a cli\-iclecl rat sc iati c lI en ·c. F'iv (' days lat(' J' hoth stumps 
a nd the ti ssues het\\-een thcm \\'erc r (' lllo\'cd and processC'd a s dcscribed 
abo\·C' . ThC' r e hau been an int'(,llse inflammatory I'caction. "\fcv('rt]wless, 
disillte~Tating organi sms \\'c r (' founel in ~ch\Vann ccll s l yi ng' ill the 
prox imal s tump 3 mm . or m o rc from t'h c s il c of scction , a s \\" c]1 as in 
~Ch\\·a.ml ee]l ~ \\' ithill :111 (1 gTo\\·ill .!!.· out fJ'om thc di stal f;hlmp. Fig'llJ'(, 
3 sliows cli s integratin.g· bacilli ill H " di !..?:est i\·(''' chamhcJ' (nlTow) as 
well as a s in .!:dc organism in tlw eytopln. m of fIllOj-]WJ' ~Ch\\' Hllll ce]l 
(ano\\-) which ha s r etaill (' rl il f; ('haracl'crif;tic nl)pcaral}(,c. 'I'h('l'c w ere 
many org-allif;ms in the inA3mmator~' cC']l s ill the ('pill(,tuial shcath and 
between the Jl er ve stnmps, hut th C' ~ ' w(' r c llot hrokcll np a s mll ch as 
those in the Schwann cell s . 11 wa s clcar from this cx p (, J'iment that the 
Schwann ('('11 5 had ('omlw tcd s ucccssfllll y for th c antocla.\' cfl llf. l e)J1·a.e, 
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FIG. 3.- A clump of disintegrating ac id -fast orga nisms in :l Schll'ann cell :! 111nl. 1vi th in th e 
proxilllal stUlIlP of a di"ided r:1t sciatie Ilene. Thcy a rc lyillg ill a "d igesti,·c Ch::llllbcl'" 
( a lTolI' ) . There is a s ingle organism, which ha s rctained thc app ea ra nce charactcristic of 
bacilli tbn t 11l1\,C bee II a. utoclayed, ill the cytopla slIl of a notb er Scb w:1nn ce ll (:1 rro\\·) . From 
a l Oll sect ion staill cd with hematoxylin and c:11'bol f nchsin _ 

dC'spit-e th e IH'ese nce of an iniiamlllator.\- response ill \\-liich there wer e 
ma ny phag'ocytes, and that they were Ji. 'posing' of them more rapidly 
than the othe r cells. The r esponse \\-as in fact s illlilar t-o that fo ll owing 
th e injection of viable il l. lep1-ae C). 

As can be .·een in Tabl e 3, in cases No. 78 and 81, ~\Vith indeterminate 
forms of leprosy, in which carbon particles had been taken up by 
Schwallll cell s on the right side, there were inflammatory r esponses on 
the left side into which the autoclaved il l. lepra e had been injected. 
Tn case No. 81 it was of a type seen ill a lepromin-positivc r eaction_ 
rrhe tissue response in case No. 78 ~\\"as less intense, but in both cases 
the reaction s were visible clinically, the ba ses of the fingers being tense 
and swollen. In each case, injected organisms wcre seen in SchWalm 
cells and, as in the rat, most of the rod s were breaking up more rapidly 
ill these cells than they were in the surrounding inflammatory cells 
which contained more of them. Tn case )ifo_ 78 the Schwann cell s showed 
ullu sually intense activity, to judge b~r the number that had proceeded 
f rom the distal stump, as weU as the presence of multipl e nucleoli in 
their nuclei. These cells contained llumerou. autoclaved organisms 
that were breaking down. rrher e were al so many characteristic organ
isms in the inflammatory cells as well as in the cells of the epineurial 
sheath , but., unlike those in Sch\\-ann cells, the majority were not under-
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1" Ir: .. ). - l)i,t:1I stU IIIJl of ralii:!1 
1I1'ITl' 5 d:lY s n ft or illj odioll of 
:lutoc layotl .1/, lcprae illto ga p be
tll'cC'n c nd s of diyid l'el bundl e. A 
si nglc o rganism that i s starting to 
fmgnl cnt ca ll bo secn lying ill th o 
l'ytopla sm of a SChll'a l1l1 coil, II'hi ch 
l'ontni ll s al so a segm ellt of swol 
le n <I cg cncmting :1Xo n bes idc a 
r l' l:ltil'c ly hca lthy-Iooking nxoll 
( :11'1'0 11' ) . It i s comp:1I'ab lo in form 
to t ho fl utocla l'cd baci lli injcctcd 
:It opc r;ltioll anel unlik o th e 01' 

g:llli,nl s ill thc n cn o heforo it \\':1S 
dil-id ctl (scc Fig_ 6 ) . Biopsy f l'om 
:I p:ltil'nt witll all illdete l'min a t e 
1'01'111 of le prosy_ 50,u sectioll 
,t: lill l' i1 witll s ilyc r nnd Cil rbol 
f ll Chs ill , 

riG. ±.- l'roxilll:1I st llll l P (,[ 
radial 11 01'1-0 .) d:1Ys nfter ill
.i ectioll of :lutotl:lI'ed .II. l ep r a( 
illfO gap 1.l'tIl·PC II elld s of dil-id 
cd IJlllldl ,' . A s illgl e org:llli"ll 
is Sl'l' lI bes id o a 1'c latil-ol\' 
hl':llth." lookillg a xo ll ( :1 1'1'0 I\, i. 
It is ('01111':11':1 hi " ill 1'01'1 11 to ti l(' 
;tlltOI'I:IVl'd 1>:Il' illi illjPl't('(1 :It 
opel':1tiol1 :111.1 ulll ike th c 01' 

g'n lli s1l1 S ill tlll\ IH' 1'\'(\ h (l fore it 
11':" dil'idl'd ( S(, l' .I!' ig. (i ) , Hi 
o Jl '," f rom :1 l1:1ti L' lIt I\' ith :111 

illdeh'l'lllill:lh' form of h' }ll'o:-:y . 
. 3(i,u SL'dioll st:lille(l with s ill-c r 
:111<1 (': 11'1'01 fll('lI,i ll . 
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gUill g fraglllclltatioll. Figurcs -J. Ullll ;) illustratc thcsc ohscl'\'atiow-:. Jll 
particular, thc,\- show that thc distillcti\' c morpholog~' confClTc(l 011 JI. 
l ep1'ae by autocla\-illg' e) ca ll bc I' ccog])izcd fh-c da:--s aftcr thcir injcciiOlI 
bctwcen thc stUlIl})S of divid cd sen sor~' n c l'vcs in human \'OlUllt N')'S 
alld that thc~' arc foulld in ~chwanJl cclls in s itlc hoth thc proximal 
a;1d distalucl've stumps, 11'ig'uj'c 6 comes from a scction of the fasciclc 
rCIllovcd at thc first biopsy from thc samc casc (No. 78) and sho\\' s a 
viab lc organism within it SchwaHn ccHlying alongsidc a Ilormal looking 
llCl'\'C fib c}' (comparc 11'ip;s. -J. Hild 3). Y c]'y fc\\' organi , ms \\' 0 )'(' found ill 
this ncrve, but all thosc SC('lI looked viable. 

In cascs No, 79 and 80 thc arcas of skin sCl'vcd h.\· the l'adiallH'1'\'cs 
~ho\\'cd highcr dcgrccs of scnsor)' impairment than thosc in cascs No. 
78 and 81. ::\ fol'co\"e1', at operatioll thc ll Cl'VC 1n111(l1 c8 \\-('1'(' ]lal(' "mel sn1'-



TABLE 4,-S1IImnary of obset'vations on the skin of chi/dt'en taken ft'om the base of the ittdex fing et' fiv e dp,ys after 'radial net've block at 
the 701'ist and the injecti01! of carbo'll particles and atttocla I'l'd )1. leprae Of' ~f. lepraelllurium at the base of finge1'. 

s 
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Changes in skin taken frOIll ha:;e of index fingers 

cal'bon[Lcpl'olllin positive (++), In
creased neural turn-over at site 
of injection (++), elsewhere 
(+), X 0 acid-fast bacilli 
Lepromin nega tive, Innervation 
norlllal. X 0 acid-fast bacilli 

[ncrcased ncural turn-over and Leprolllin negati,-e_ Incrcascd 
('arbon in Schwann cell s, site of neural tum-over (+) at site of 
injection on ly injection only_ Xo acid-fast 

bacilli 
Innp)'\"ation normal , no carbon Lepromin positivc (++) In
particles ~rea~ed neural tum-ovcr at sitc 

of injection (++), else\\-hcre 
(+) _ Xo acid-fast bacilli \ 

Ditto plus [ncreased neural turn-OI-er and Extpllsive inflalllmatory rcac-
M_ lept'ae- carhon in Schwann cells, site of tion_ Incl-p;1scd nCllral turn-ovc!' 
murium base injcction only (+) at sitc of injection only_ 
of index ~o :1cid-fast baci lli 
finger 

Clinical 
exallliuation 

afte r 12 months 

Tnnervati on normal, no carbon 
[particles _____ 1 _____ --'-____ --'---____ ~ __ _=___ _______ __1_ ___________ ~ ______ _ 

,.... 
0'> 
en 

~ -'" 
"" ~ .... §, 
~ ...... 
~ 
<;:) 

l:t 
"! 
;:> 
~ 
<;:) --t-; 
'" ~ 
ci 
'" <::: 

'-' 
:.:::> 
0'> 
C,11 



/tIiS 11111 .: 1~ .f}JlriJ)/(J/la' oil/dies IJII .V!ITI Fibl}"s ill L epros!J, [[ 

FII ;. ti.- HlllldJ e of fibe rs I'X

( ' i ~('(l from th e radial nCITe at 
thc wrist of a pat'ie nt with :111 

in(h ,t l'rminnl l' form of Icprosy . 
. \ single \' iaill e-Iooking o l'ga ll 
ism is lying il,' s idc :t healthy 
looki ng n" on (a l'l'ow) . 5011 sec 
t iOIl sta illcd with s ill'cr an d 
"a r bol f ll chsin (d. Figs. -! fi nd 
.i ) . 
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)'oull<1od h:- ' -0 1'.\- thick opin olll'ial shoath s. 'I'ho i:ihoath s \\' 01'0 r omove(1 
amI s llitahl o fa sciclos excisod. ][o\\,(' \'Cr, the fir st biopsies showed that 
tho non 'es hnc1 already hoo ll dos troye(l ([11(1 the second biopsies showed 
110 SChWHIlll cell activit."-. No organi sms were found in any of tho speci 
m ons. 'In both caS0S, ho\\' o\'o1', 111e1'o wa s a profu sion of ])('\\,]y fonnod 
fibrou s Li ssue beiw 0011 1ho " stumps," am1 thi s is con sistont with the 
fa cL thai, hefor o the second biopsy specimens W01'O takell, hard, neu
roma -like bodies could bo f olt honeath 1he skin at th e s itos from whi ch 
the n orve fascicles had been exci sed. 

S eries III and IV.- The r osults of tho investigations in the school 
chi ld ren arO given in rrables 1 a1ld 4. 1'hoy show that neithe r enlarge
ment ]lor hardelling' of eith o]' mixed 01' cutan eou s nerves (compared 

.PIG. 7.- Sm::tll bUlldl e of II cn -e fibers ill t he 
dermis of fore fillgc r skin 5 (la~'s aftcr th e 
inj cction of carbon particles. An aggregatioll 
o f particles can be secn ill ;111 ;)xoll -f roc 
SC hW::t1l1l ce ll pa thway bes id e healthy-lookillg 
nXOII S. A f cl\' parti cles can be seen al so in th e 
perin eurium (a rrow ) . The gr<'at majority of 
Cfl rbon is in nea rhy nl:l croph ng <' s. ;3011 s i IY(' r
stnill ctl section . 
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\\'ith lhos (' of th e exalllill er) permit any infer ence. ' to be drawn as to 
t.he stall\ of the cutan co u.' twigs served by the nerv cs, let alone the likc
] ihood t hat the s ub;j ('ct s we re suff(, l'ing 01' had s uffe r ed from leprosy. 
~ eith er did th('y give allY ill(1icat iOlI a s to whether or not the subj ect s 
would d evelop sigll s of leprosy within the next twelve months, a fact 
which 1'1I1(,J'ged Oll r ('('x Cllllillatioll. It is also clea r that blockin g a n erve 
tJ'llllk \\'ith Hovocaill Hlld aUI'(,lIalin per se did not do cnough damage' 
fol' thi s to 1)(' drtrcicd ill 111 r sk ill se J'v ed by the ner ve five clays lat (' J' 
(Tabll' -1- , ca sc ~o, 1-1-), Oll th r othe l' hand, in trad e rmal injcct iolls of 
s n:-- I)(\lI s ioll s of r ithe l' ca I'hC)l) particles 01' m ycoha ctcria illto th(' ChOSCll 
s iLc's did Jrad to loca l Jl('lll'nl dalllag(' d et('ctab le fiv e day, latc]' ( rl'ahle-l-, 
('nse ~o:-;, 1:~,];i, 19, 22 ~llld 27), 1"0 1' rxa mpl (', ill case No, 1;") ll c ith(' ]' th(' 
mix r d llO]' th e Clltall rO Il S sc nso l'Y II r l'vrs wCJ'e judg('cl t o h('in any wa~' 
c lil1i cn ll.,' almoJ'Tllnl. Yrt on til(' rig'ht s id (', but only SUl'l'01llH1ing th e 
s it r of' ill.i rct ioll , the J' (' \\'a s cl locaJill c l'casc ill thc tUl'll-ovcr of lI C\'\'(' 
fih('rs, alld S Ch\\'Hllll c(\ ll s had ing('stetl ca rbon particl cs (Fig, 7), 1;:ls('
\\'h r l'(' ill t11(' Sr)('Cilllrll tl)(\ IlC'J'vr s app('aJ'(,c1 to h (' entircly ])01'111a1. 011 
th r IC'rt si d (', Imt agaill ollly Snl'l'01l11C1ill g' th (' sit-(' of inj ('ct ioll , th(']'(' 
wa s al so (\ local ill(,J'casc ill ll e llJ'al 1"tn'll -o\'cJ', whi ch was ahs('llt ('1s('
\\'l1rl'(\ ill tl\(, Sp rC ill)(' 11. It wns of illt r l' ('f;t that tlwre hnc11)(, (,1l 110 ccl lnla ]' 
H' sponsr to the' ill.ic'c t iOIl of' nnt ocla\'rd 11[' l e]))'o e and that 110 orgnllisl1ls 
wrrr srrll ill tll r S('ct ioll S from lhi s hiops?, Fnrthr l'l)lOl'C', ns llOtrd in 

I·' IG, 8,- A s nl:11I blind Ie of 11 (' 1'\"(' fil','r , ill 
tile (l e rlllis of for cfinger skin, Xo inj ('c tion , 
11 ))(1 b een mnd e in thi s n]'cn of skill, "'hiel l 
looked healthy; th e radial nCITe ,,-ns not 
hlocked b e fore ope rntion, On e U1lUsunlly l:lI'g'e 
axon is myelin a t ed nnd gil'(~s off n hrn nrll 
whi ch itself dichotomizes , 'J' hi s is typi cnl of n 
rcge ncrating ncl'l'C', ThC' lwrinC'lIl'inl , hC'ath is 
nl so ullu s llfll l,v thick nnd nil th C'RC nppcnr:1nces 
are s im il flr to those scen in ,kin of p:Jtient ~ 
with an ind eterl1linntc forl11 of lcpros~' , 501' 
, ilye l'·st nin ecl section, 
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'I'abl e 4-, there was llO clinically detectable swelling at the site of in
jection. It can only be supposed that this child was lepromin-negative 
amI that the inj ect~d organisms had either been eliminated by the 
Schwann cells or that the zones from which the sections came were a 
fraction too far away from the site of injection for organisms to be 
r ecoglJized. In the biopsy from case No. 22, whose mixed and cutan eous 
sensory nerves were slightly enlarged clinically, carbon was found also 
ill Schwann cells close to the site of injection. Elsewher e the nerves in 
the section were normal. ]n cases No. 13, 14 and 23 the biopsies showed 
no carboll particl es, nor was there any increase in neural turn-over. 
J t was obvious that these biopsies had fail ed to include the site of in 
jection of carbon. By contrast, in skin from both sides in case No. 8 and 
from one s id e in case No. 10 all the perin eurial sheaths surrounding 
the bundl es of nerve fib er s \Yere thickened and ther e was a marked in
crease in neural turn-over (Fig. 8) . Tn neither of these cases had local 
injections been made into the skin at the sites of biopsy; yet the neural 
changes were gr eater and more widespread than in any of the other 
specimens examin ed. They looked the same as those seen in indetermi
nate forms of leprosy except that no ac id-fast organisms could be 
foullCl. Mor eover, ther e were no symptoms or clinical signs of the di . -
case a t thi s time nor twelve months later. 

In fo ur out of the six boys ther e was all inflammatory r esponse at the 
site of injectioll of the mycobact eria, but ag'ain no organi sms wer e 
found. Tn all cases except on e, in which M. lep1'oe had been injected, 
ther e was an increased turn-over of nerve nber s, and in the two cases 
in which M. lepraemuriUtJ1 had been injected, ther e harl been an intense 
inriammatory r espOll se including the appearance of giant cell. , r esem
bling closely the cellular response seen in tuberculoid leprosy. However, 
the nerve fib ers and SchWalm cell s in both these cases wer e quite un
affected, except immediately adja cent to the site of injection, wher e 
th er e was increa sed neural turn-over. 

It should be emphasized that in the school children the amount of 
flnid injected was very small, as indeed was the amount of skin r emoved, 
so that in case No. 15, in which no inflammatory r esponse was apparent 
in j-he tissues on the left side and no increase in neural turn-over de
tectabl e on either side, both biopsy specimens must have come from 
skin not coinciding with the sites of injection in a lepromin -negative 
snbject. 

These experiments, taken togeth er, suggested that leprosy is prob
ah]y tran smitted by inoculation of M. Zeprae into the skin and that the 
Schwann cell s of nerve flber s injured by the inoculation successfully 
compete for the bacilli. The bacilli may be destroyed by the Schwann 
cell s or they may destroy the Schwann cell s that ingested them. 'rhese 
cell s would then be ingested by neig'hboring 8chwann cell s, which in 
their turn might succumb, and in this way the disease could spread 
c('ntrifU!~'a llv alon g a 11 erve hundle until the organisms wer e flnally 
des troyed. Such a sequence of events would certainly account for the 
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F IG. 9.-Skin fro m the ma l'gin of th o Icsion ill Cnse 3. Note ('xtclIs i,'o c('lIul nr ill fi lt ratioll , 
dest ru ction of Schwan n coli pa th,,"a ys and p resoll co of gi 'lII t mul ti nuclca r ce ll s i n t he nom'o, 
va sc ula r b un d les. Tll o p ictul'e is typ ica l of a sclf · limi t illg t uh(' rt ul oi d jl's ioll. )l"o :lciel ·fas t 
baci ll i wcro socn. J OIl sect ion, st a in ed " 'ith hemat oxylin a nrl ra r bo l f ucll sill . 

clinical ohservations in the so-called" sclf-limit'ing " form of the dis
ease, i.e., tuberculoid leprosy. 

E vidence that spread of injection can and does take place in this 
manner in certain r egion s of the body is a fford ed hy the following ob
s e rvation~ . A Nigerian boy aged 14 years wa s sent h~T his family to a 
center fo r tr eatment because s ix months prev io u sl~ byo a reas of skin 
oyer his chest wall had fir st become r ed(1 enec1 an(1 then hecome depi g
mented a nd anesthetic. !-:lince then th e patches had llot become any big
ge r, but equally they showed no signs of getting small er or becoming 
r epigmented. H e had received no trea tment of any kind . 

On clini cal examination the lesion s were found to he t~T pica I of tu
berculoid leprosy, and there were thickene(1 cutan eons branches of an 
intercosta l ner ve going to each of them. Both affected a reas were rl e
pigmented and anestheti c. 'I' here was iI ve ry slightl~' rai sed margin 
around each area, hnt it \\"a s llOt l'e(1c1 ened and there \\"a ~ no clinical 
indication that the di sea se was progTess ing, hut rather tha t it wa s 
r esolving. ~[oreover, each of the thickenerl lI ervrs could be palpated 
without givin g r ise to pain . Skin hiops ~T :;: pec inH'lI s \\"err taken from the 
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F1G. 1 D.- Distal p or ti on of ncrl'e bundle sen ' ing anes th etic :Hea of skin in Casc 3. 
It shows lllfl ssiyc 'ccllulnr infilt ration, 1lI11ltinuclen r g ian t ('c lls nnd eompl et c clisorgn ni zntion 
of n ou I"nl s tl"lIct u res. ] 01' sec tion , stni li ed with 11 (' 111 11 tox.,·1i II n lid en rhol f uehsi II . 

center and margin s of each Iei::i ion. No acid -fa s t Imcilli were seen in any 
of these specimens. Specimens from the center of the a reas contained 
no nerve fibers and only a few poorly organized ~ch\\'ann cell pathways . 
At the margins of both lesion s there wa s an inAammatory r e. pon se 
containing giant cell s, typical of tuberculoid lepro s~' ; thi s is illu strated 
in Figure 9. No nerve fiber s were seen toward the anesthetic sid e of 
the marginal zone, but a f ew regeneratillg' aXOIl ~ we]'e seell advancing 
toward the denervnted area from acljacellt normal skin that had heen 
included in the biopsy sp ecimens. The skin be~'onc1 the lesions showed 
neither n eural nor other his topathologi c changes and no aciel-fa st or
ganisms could be fonnd in these region~. 

A biops~' specim en 1. cm. ill length was taken also from 1he cu1'a1H'0l1S 
nerve sel''i'ing one of the patches, about G cm. distant from the leFi ion. 
A s can he se0n in Figu],0 10, a typical 1ulwrculoid re. POllFi0 had <1e
stroy<,d the cli ., tal part· of 1110 l]('1'Ve h1111(1 1 1', hilt mo\'e proximally a few 
intact h ealthy-looking nxoJ\ ~ we\'e st ill pre~ellt and related to equally 
healthy-looking ~chwann cells, except fo\' the fact that they contained 
viahle !If. l epml' ill t11l'i1' c?topla Rlll (Fig'. 11). 
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FIG. l.1.- P roxi mal por t ion of nerve bu nd le 
servi ng il nesthetic area of ski n in Case 3. It 
shows a few heil lthy-looki ng ilxons, lying among 
<legeneril tin g nerve nbers. H ere and there (ar
rows) acid-fast bacilli , somc apparently vi 
a ble, a re see ll in Schwlllln cells. 50", ~ectio ll , 
sta ined with silvcr a no ca rhol fuchsin. 

DI SCUSSION 

1965 

Jt has been demonstrated that Schwann cells of cutaneous ne r\res 
take up carbon pa rticles injected into their neighborhood under certain 
conditions : (a ) in the presence of de- and r egenerating nerve fibers, 
and (b ) when growing out from the stumps of r ecently divided nerves. 

Since neural tUl'n-over in the skin of patients with lepromatous and 
some forms of indeterminate leprosy is always gr eater than that in 
healthy subj ects (' ), it was not surpri. ing that a number of cutaneous 
nerve fiber Schwann cells had carbon particles in their cytoplasm 24 
hours after it had been injected. Carbon particles were found also in 
healthy finge r skin close to the site of injection fi ve da~'s previously. 
Their presence in SchWalm cells was clearly due to the locally incr eased 
neural turn-over, which in turn mu st have been due to the trauma 
caused by the injection of the fluid containing the carbon , s ince at 
these sites it had to be injected under pressure. 

']' 0 explain these obse lTation s it may be assumed that either ihe 
perin eurial sheath, consisting of interlocked cells, ends hefo l'e ne1'\'e 
fiber s terminate in the skin or that it is easily breached by tr auma or 
disease. In fac t, electron microscope studi es have demonstrated that 
th e cellular perin eurial sheath don; change its fo rm radicall y in rela
tion to nerves formin g the cutan eous plexus. Tn thi s r egion ther e is no 
complete sheath of in terlocked cells, hut rathel' a seri es of perin euri al 
satellite cells that accompany the ~chwann cell s I'I lH1 neurites towarc1s 
their termination, but stop short of it (8). 

Carhon particles were fonnd in the cytopla sm of the Schwann cf' l1 s 
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bridging the gaps between the stumps of the excised nerve fasc icles 
in the voluntee r pa tients with indeterminate form s of leprosy. It should 
also be stressed that carbon particles wer e found in the cytoplasm of 
Schwann cells lying well within both nerve stumps. To have r eached 
these positions they must have been tran sported by the cells themselves , 
for there are no lymphatics or other chann els in the stumps along which 
Ih (' carbon could have either traveled passively 01' b('('11 puslwd. "When 
autoclaved 111. lep1'ae wer e substituted for carbon particl es in such pa
t ients, even thongh wa shed, they evoked a lepromin-like r eaction. 1\f or e
over , even in 1'11e presence of an inflammatory r espon se with many 
phagocytes, Schwann cells had competed for them successfully and 
were destroying them more rapidly. Disintegrating bacilli w(, l'e found 
within Schwann cells in side both nerve stumps, as well as in outwander
ing cells from the distal stump. 

These findings paralleled comparable experiments in rats (3) in 
which it has been shown that Schwann cells behave as phagocytes to
ward ca rbon particles and compete successfully against other phago
cytes for both viable and autoclaved M. lepra e injected hetween the 
stumps of sciatic nerves divided fi ve days previously . Tn rats also, both 
viable and autoclaved M. leprae wer e found in Schwalm cells well in
sid both nerve stumps, although neither viabl e nOr autoclavec1 M. 
lcpra emurium wer e ever seen in this position . 

In the se ries of investigations in which saline suspensions of either 
washed autoclaved M. leprae or M. lep1'aemu,riwn were injected into 
healthy finger skin of children living ill a r egion where leprosy wa s 
endemic, the Jl!l. leprae either caused a lepromin r eaction or fa iled to 
cause any ]'eaction at al l. M. lepraemuriu,m, on the other hand, caused 
a sever e r eaction (including the appea rance of giant cells)', wi th con
sid erable swelling and edema. After fiv e days no acid-fa st organisms 
could be found in any of the specimens, but in the skin in which ill . 
lepra e had been injected ther e was a marked increase in the turn -over 
of the ner ve fiber s, which was only roug'hly localized around the site 
of injection. B~T contra st, in skin into which M. lepra emu,1'ium had been 
injected, there wa s a small sha rply localized zOll e of incr eased ll('ural 
turn-over at the site of injection, but non e elsewhere, despite the ver~
much gr eater inflammatory response that took place both at, and at a 
distance from , the site of injection . 

These investigation s on human subjects confirm ed the l'esults of the 
experimental work r eported above and in the n)'st of these papers (3): 
Jt is clear that f:lchwann cells react quite differ ently toward lIf. leprae 
and 111. lepra e11l1lriu?n. They compete successfully ag'ainst other cells 
fo), M. lepra e, and fi ve days a.fter the inoculation of bacilli , were in a 
state of activ ity ll ormally only seen at a later da te followin g nerv(' dam
a~;e . 'J~h e:v wer (' quite llllaffected by M. lep'r.a e11'l,twium , and it was r e
markabl(' also that, despite the intell s(' inflammatory reaction evoked by 
these bacilli, nerves slll'rounde(l hy inflammatory cell s, but not Im 
m0diately adjacellt to the site of injection, were quite unaffected. n-
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other gratifying find ing wa s that lIutoclan' d .If. l epl'{f e alld ZejJ1'C/e
rnw'iurn wer e ca pa ble of evoking' s pec i fic cell u la l' 1'C' "POll ses, i 11 all r e
spects comparabl e with their viahlr cOllll tr l' part:-;, ill hoth rats and h1l 
man subjects, 

As stated in our fir st paper on thi s subject , it ha s been known for 
a very long time that 111. l eprae and ]]r1'\'e fih er s al'e closel ~r associated, 
Here we were concerned specifically to (lrte l'l1lill e " 'hi ch nel1T'al clement 
was chiefly involved, Tt proved to be a Sch,,'ann cell. 

This findill g " 'r cOllsidrl' to hr of iIllPOrtH II C(, in 11I1cl r r stall(1in g' thr 
disease process, for we arc beginning to kn ow m01'e ahollt the act ivity 
of nerve fiber s and Rchwann c(lli s ill th e skill a" t l1 r res ult of st llclirs 
on other aspects of this prohl em, Tti ,' no\\' qllit e clea l' tha t th e~r differ 
both with r ega rd to number and tllJ'll -O\'r l' ill (lif'(r l'ent Twoplr Hnd in 
differ ent race , , Tn all person s and at all ages ther e is a turnover of 
both these clements in skin , which tends to increase with increa sing age 
(8) , On the other hanel , in some individuals, e,g'" those with psoriasis, 
a disease that inderd ma ~r ex ist ill suhclinica l fo rm, the turn -over is 
enormou sly accelerated (6) , 

It mu st be presnm(lcl tha t l rp ro s~' is ca nsed h~- the inoculation of 
mycobacteria into the skin, altboug'h it i" of C0111' S(I theoT' rtica ll,\' pos
sible that they might get into Schwam) crll s h,\' inunction, or even l)y 
other routes, 'Vo ourselves bav(l 11e,-r1' See)1 .lI. l ep1'ae lying in the 
epidermis, although we have examined thonsands of sections of lepro
matous skin , Occasionally organisms were thought to have been in the 
epidermis, but tbi s ha s always provrd to hr wrong and eitheT' an optical 
illu sion due to the angle of th r sC'ction or to the fact that the~' had 
heen di splaced from elsewher e by the microtome knife, Moreover, 
we have come acr oss only one statemcnt in th e literature cla iming that 
these organi sms wer e seen in the epidermi s (1), 'Vhatever the route, 
they will evel1tuall~' reach Schwann cell s rrlatecl to rlamag'erl nerve 
fibers, which will compete for them, Further deY<'lopments must de
pend upon (a) the rate of exposurr to infrction and the number of 
organisms injected at each exposure, and (h ) the state of the subject 's 
immunity, In lepromatous leprosy tlH'J'c is no\\' g'oocl eviclence that it 
is contracted most commonly when suhjects arc exposed to massivC' 
doses of infection, for the lepromatous rate fall s when such patients 
are either segregated or trea ted snccC', sfllll~· (4) , N(I\'crtheless, in ,'ome 
person s lepromatous leprosy apparentl~' den.'lops far more r eadily 
than in other s when exposed to the samp em-ironmental ha7.ards. It is 
r easonable to propose that in lepromatous l epros~' the org'anisms are 
harbored by Sch,,'ann cell s, Only when the~- lUl\'r mnltipli ed sufficiently 
do they burst into the endoneurium, whence th e~- are taken to blood 
vessels, and so get into the bloodstream ( I)) , 01' a re carried through the 
perineurium into macrophages in the epin eurium, just a, in the case 
of carbon particles (3) , From the blooch.:tream the~' arc disseminated to 
other tissues and eventually those accumulating' in the epineurium 
caw;e strangulation of nerve trunks, 'rhns the well -known clinical con-
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dition of lepromato us leprosy develops . From what has been said it is 
r easonable to specula te that, sin ce the treatment of these cases despite 
" sulfones" is still pr olonged and not always successful , drugs currently 
in use do not r each the organisms ill Schwalm cell s in the endoneurium 
in l:m ffi ciellt concCl lt r a tiOll to kill them. Jt is usually possible to destroy 
organisms lying in other cell s wi th sul fonos. Now tha t we know that 
Schwalm cell s har bor \' iahl e organisms, . i t fo ll ows that progr ess in 
t r ea tment migh t lie in a deterlllillC'<l e fror t to find drugs that CHll reach 
the orgnni sms ill these cell s. 

S LJ i\f i\[A RY 

The 8ch\\'Hl1ll ce ll s o f s(' lI so r .v nerves ill man behave ill a mallner 
all C1 logous to that of :-'; ChWHllll ce ll s of rH t sc ia t ic ner ves to wanl cH rhon 
particles, a nd autoclacecl .If. lCjJ'/'{/e alld 11l . lepraem ut·i1,/111. 

Human :::lch\\'all ll cell s ta ke up carbon par t icles fo r disposal outside 
the endoneur ium and compete successfully aga inst inAammato J'~r cells 
for M. lepra e, but do not do so in the ca se of 11,£. lepro e1nuriwl1. ,]~he 
cellula r r espoll se in man to \\'ard wash e(l C1n toclaved III. lep'/'ae suspend
ed in salille is s imil a r to that in the r a j to warcl hoth vinhl e and auto
clavecl organisms. 

These obse rvations, nggest tha t ever y e ffor t sho111(1 be m;-H1 e to 
di scover some chug that will enahl e M. leprae ha rhored within SchWalm 
cell s to 110 cl esh'o ~' e(l \\'i thout injury of the Schwaml cell at the same 
tim e. 

RESUMEN 

Las celu las de Schwann de los nervios sensol'inles en el hombre, se comportan de 
una ml1 nel'a nnaloga 11 aCfuell ns de los nervios r iiit icos de las l'Htl1S con respecto a I ll S 

p ar ticul as de ca rbon y a los M. Ze}J1'O lJI y M. Zepl'aemll1'imn post-au toe:la ye. Las celulas 
de Schwl1 nn hlllllflJ1aS toma n Ill S partfcul ns de eHl'hon para su disposicion f uera del en
doneuriu llI y comp iten exi stosamente con las celnlas inflanll1l ntori as en cuan to nl M. 
7f'pHle, pero no 10 hncen nsf en el CIl SO del lJ!. ZepmemllTim l1 . La l'espuesta ('elula r en el 
hombre hacia los M. lepme de autoclave y lavados, suspendidos en solu t ion salin a, es 
simila r a aquellos en las 1'a t l1 . ha cia ambos orga nismos viables y de autoclave. 

E stas observacione sugier en que debe ser hecho el mayor esfuerzo p ara descubrir 
alguna drog-a que permita destruir al M. Zepme loca li zndo dentJ·o de las celull1 s de 
SchwaJlI1 , sin injuria pa ra estl1s misml1 S. 

RESUME 

Les cellul es dp Scl1\rann des lI prfs sensitifs de l'homl11 e se cOlll portent d'une manicre 
analogue /lUX cellules de Schwann des neds scia tique, du ra t en\'Crs les particules de 
charbon, pnvers les bacilles M . Zep rae l1 utocll1ves ainsi qu 'envers les 7Jac ilZes M. Zepm,e
mll7'i ll lll cga lement autocla \·es. 

Les cpllules de Schwann hurnaines absorbent les padicules de chnl'bon p our Ie. 
cvacuer hors de I'endonhl'e et entrent en competition avec les ce]Jules infiamrnatoil'es en 
ce qui conrerne lJf . lelJ rae. mais l1e se comportent pas de la meme maniere dnns Ie cas de 
M. lep raclII lwimn. Chez l'holllme. 13 l'eponse cellulail'e a une suspension saline de M . 
7ep1'Oe laves pst similairp n la reponse ohse rvee cher. Ie ra t ii. I'egard des ol'ganisrn es 
\·ivllnts et des orgl1niSlll cs nutocl l1 \,(~s. 

Ces ohscrvntion. ~ug-gc rcnt quI' tous les efforts devrai ellt tendre vel'S la decouver te 
de quelque medicament pounlllt perill ettre In destructi on de M . 7ep'ra e lorsqu' il e t 
contenu dans les cellules de Schwl1nn sans causer en mcme temps de dommHge it cette 
cellule rl e Schwl1nn. 



]78 lrlt ernat'ional Jotlnw,l of Lep1'OSY HI65 

.L1cknowledgements.-Our g rateful thanks are due to the fo llowing organizations 
which have given us nnancia l aid: Colonia l Medical Research Coun cil- " Lcpra," a nd The 
Rockefeller Foundation. The cost of 7 hlack and white illustrHtions has been met by the 
}lission to Lepers, to whom we would like to offer our sincere thanks. Two of us (D.G.,J. 
:lnd O.W.) would also like to thank the Emil' of Katsina for his help and cooperation 
during our visit to the Northern Reg ion of Nigeria, without which th is investigation would 
not havp heen possihle. 

RE.FERENCES 

1. MUlR, E. and CUA1'TERJEE, S. N. 'l'he infection of stratified epithelium in leprosy. 
Indian J. Med. Res. 19 (1932) 1163-1164. 

2. NiI'GUIll, 1\1., Rus, R. J. YY. and ROBSON, J. M. Production of lep rous lesions by 
My cobactM'ium lep1'aemu~'ium exposcd to heat or to an antiseptic. J. Path. & Bact. 
71 (1956) 409-420. 

3. PALMER, E., REES, R. J. W. and WEDDELL, G. Experimental stud ies on nerve fibers 
in leprosy. 1. The reaction of rat Scbwann cells toward carbon particles and Myco
ba,cterium lepmemtwium and Mycobal'te~'i'U1n lep~·ae . Internat. J. Leprosy 33 (1965) 
137-159. 

4. Ross, C. M. Lepl'osy control in the Northel'l1 Region of NigeriH . Leprosy Rev. 29 
(1958) ]7-24. 

5. WADE, H . W. A modification of the Fite fo rmaldehyde method for staining acid-fast 
bacilli in paraffin sections. Stain Techn. 32 (1957) 287-292. 

G. WEDDELL, G., COWAN, M. A., P ,ILMER, E. and RAMA SWAMY, S. P soriati c Skin. Arch . 
Del'mat. 91 (1965) 252-266. 

7. WEDDELL, G., JAMISON, D. G. and PALJln:R, E. Recent investigati ons into tbe sensory 
and neurohistological changes in leprosy. Chapter XII in "Leprosy in Theory and 
Practi ce," ed. R. G. Cochrane and T. F. Davey. Bristol, J. Wright & Son, 1964, pp. 
205-220. 

8. WEDDELL, G. and P ALMER, E. Die Nervenfasel'l1 und ihre Endigungen im menscblichen 
Integument. Acta neuroveg . 2S (1965) 139-153. 

9. WEDDELL. G. , PALlI,[ER, E., REES, R. J. W. and JAMISON, D. C. Experiment<'ll observa
tions related to the histopathology of leprosy. Ciba Foundation Study Group No. 15 
on The P athoge nesis of Leprosy, London, 1963 j London, A. & J . Chmchill , 1963, 
pp. 3-15. 


