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Progress in illlpl'oying the specificity of lepromin r equires as a fir st 
step th e separation of bacill~ from tissue elements. Our previous 
studies have demonstrated that tissue elements in lepromin are anti­
genically active (5). This r eport describes three methods of preparing 
tissue-free bacillus su pensions, and tes ts in guinea-pigs of their r ela­
tive antigenicities. The major differ ence from previously-published 
methods was furth er r efinement of procedures for obtaining purified 
bacillu s suspensions. 

MATER IALS AN D METHODS 

Sensitization of each of five g roups of 13 guinea-pigs with a specific antigen was 
achieved by two intradermal injections of 0,1 cc, at an inter val of 3 weeks, Tuberculin 
syringes were tested to conform with WHO-B CG campaign standards (1). Three weeks 
after the second injection, cross tests fo r kin sensitivity in, each of the groups were 
made by gi\'ing intradermal in jections of 0.1 cc. of a battery of 8 antigens in two parallel 
rows along the back. Randomiza tion of guinea-p igs a nd rotation of sites of 'injection 
made it impo sible for the person reading the reactions to kn ow either the illllll tUlizati on 
g roup to which any guin ea~pig belonged or the antigen injected at any parti cular site. 
Ren(· tion:; were r ead by the sa me person e"ery day for' one week and then every other 
day fol' oll e III Oll th, with precise measurement of the average din mete r of ench reacti on. 

'fh e three pl'oeedtll'es fo r separating bacilli and ti ssue will be described in detai l. 
Methods of preparing the l'l'll1nining a l} tigcn~ ha\'c nlrea dy bpen described (4.0). 

1, B ile-panc1'ea lin bacillus suspensinn.--A solution of 0.5 p er cent bile salts 
(Bacto-Oxgall) anc1 1 p el' cent pancreatin (Difco Pangestin 1 :75 ) was p assed through 
a Se itz filter and adj u:; ted to pH 8.0 with 0.5)\ ~aOH, One gill. of autoclnved lepro­
matous tissue and 20 cc. of bile-pancreatin solution were placed in a glass mill with 
ground-glass surfaces ; g rinding was ca rried out by hand fo l' 10-15 minutes, or with 
a mechanica l stirrer until no p:lI'ti cles were visible . Incubation nt. ,J.O °C for 3 hours 
with constant stirring with a magneti c mixer was followed by celttrifugation at 300 X G 
for 3 minutes . The sed ill1pnt Wfl S ll ga in su,-peneled ill bilc-pnncreatin solution and 
subjected to a n additional three hours' digestion . It wns founel that this prolonged 
digesti on was necessary to reduce the protein content of the solution to a level where 
minimal precipik'tte was formed when aliquots were ad justed to pH 4.6 and boiled 
for 2 minutes. Gross debris was removed by centl'i fuglltion at 150 X G for 3 minutes. 
The supernatant solutions were p ooled 'and centrifuged at 2000 X G for 30 minutes and 
the sediment washed in water , r ecentl'ifugcd a nd suspended in 0.5 pel' cent phenol-

lSupportcd by Grant No. E·2656(Cl), National Institute of Allergy fwd Infectious Dis­
eases, National Institutes of H ealth, U. S. Public H ealth Service, Bethesda, Maryland. 
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saline. Dilution was M rri ed out until the bal· illu ~ ton tent was equivalent to It Nlitsuda­
Wade lepromin standard prepared by Dr. W ade at the Culi on Sa nita riulll , in the 
Philippines. The bacilli appeared norl1l al in stained smears, and thp suspension was 
I'elatively f r ee f rom visible ti ssue r esidue. 

2. DiSintegmted bacilli (bile-pnnc'l'eat-in).- Aliquots of the bacillus suspensioll 
,described above were shaken in Mickle vibrator~ with cH rhorundum, size lOA. vVith 
the a t'ms set fo r mnximum vibra ti on it was possible to hrea k up the bacilli to f ragments 
whi ch appe.aJ·ed HS fin ely g ranular ba sophili c material in acid-f ast stllined smears. 
One hour of vibration was l'equirl'd to redu t'e the nUlllbl' rs of M. lepl'o c to fI lewl where 
o nly rare intact bacill i were seen in smears. 

'3. Chloroform ba·cill!I .~ suspension.- Piel·(·s of autoclaved lepromatous tissue, 1 g ill. 
in weigh t , were g round in a g la ss mill for 10 minutes with 20 (·c. of Sflline. Two Cf' . 

of chloroform were added and the mixture was shaken end to end vigo rously by hand 
for 15 minutes. After centri fugation at 200 X G £01' 2 minutes thl' deposit was re­
suspended in 10 pPr (,pnt chlorofo rlll -salin e and the shaking repeated. The deposit 
f l'om a second centrifugation at 200 X G fo r 3 minutes still contllined clumps of 
acid-fast ba cilli mixed with tissue debris, but these were disca rded. By far the 
greate r proportion of the lep rosy bacilli wa s suspend ed in the two superna ta nt solutions, 
which were t'ombined an d (,pntrifugpd flt :WOO X G for 20 minutes. The relatively 
-clean bacillus deposit was l'esuspenderl in 0.5 pCI' cent phenol -sa lin e and diluted to the 
cqui va len t bn('illus conten t of the ;;tandard lep rom in preparerl by Wad e. 

4. Oil-intel'fal' f' bacili ll s s lIs}Jf'nsion.- Snrh It method of sepllI'lItion hilS previously 
been used by Henderson (2). In our work, ] g m. pieces of autoclaved lepromatous 
ti s~u e were ground with 10 ce. of saline in g la ss mill for 10 minutes. The solution 
was then shaken in It Mickle's vibrator with carborundum (lOA) at maximum vibration 
for 2 minutes, to f urther break u>p the ti ss ue cells. The ca rhorundum was sepllratecl 
by centrif ugation I1 t 150 X G for one minute, and rin sed \\' ith sa line which was added 
to the snpernatant. An eq ual volume of. oli ve oi l was added, a nd the mixture shllken 
in the Mickle's vibrator without carborundu m for 5 minutes. After standing o\'cl'night, 
four layers appeared: (a) the eOflrse sed iment I1t the hottom conta ined much cellular 
-debris bu t also a f ew clumps of bacilli; (h) the ~ l1line soluti on was milk~r fi nd contai ned 
moderate nUlllber s of bllcilli IIncl some ('('llull1r (lehri s : (I') a thick fl occulent I fl ~re l' 
at the interfa (' (' wa s loaded wi th baeilli but also conta ined some debri s ; (d) the oi l 
l ayer contained many bacilli but littl e cellular debri s. Separation of layers was achieved 
either in a bUl'ette 0 1' by mellns of Pa steur p ippttes with right angle tips. Ba cilli 
were centri fuged fl'Olll the oil at 2000 X G for 20 minutes lInrl the oi l supel'llatant 
(lisca rded. The ha cilli f r om the interfaC'e a nll oil laye rs W('I'I' r('su~pencll'd in 0 .. '5 ppr 
eent phenol-saline in a dilution equi vfl lent to the standard lepromin . 

D ecreasing th e w e/ability of 11IiJcobac fMia .- A conRistent finding 
with all of these preparations was that, as purification proceeded. it 
became increasingly difficult to maintain th e hacilli in Ruspension. Th ey 
would stick to glassware and clump together ill ma sses, oftentimes 
around fat crystal s or other particles. Suspensions which wer e washed 
in distilled water and then centrifuged at high speed were found to 
nave a thick floating layer of bacilli, sca ttered bacilli on the sides of 
the test tubes, and a bottom aggregation of hacilli in tissue dehris. 
'With each success ive washing in water the proportion of floating hll Cilli 

2Manufactured by H. Mickle, G imshnll , Surrey, Englnncl . Solll in th e U .S.A. by Brink man. 
Great N eck, N.Y. 
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appeared to increase. Tes ting several wetting agents at various dilu ­
tion s demonstrated that eith er Tween 80 diluted] :1000 or pluronic 
acid 1 :1000 was effective in mHintaining bacillus suspensions in a 
manipulable state. 

RESULTS 

I. BlLE- P .\)[ C IlEAT IN BA C1LL LJS SUSPENS ION 

1. ED'ectiveness as an 'iIJ/1II 'uniz ing agent.- Six hours' diges tion with 
bile-pancr eatin reduced slightly the immunizing capacity of the leprosy 
bacilli. Reactions to bile-pancreatin suspensioll ill guinea- pigs sensi­
tized to the same agent \\' ere significantly srnal1el' from the 5th to the 
20th days than ill groups sensiti zcd eithcr to Mitsuda-\ Vade lepromin 
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FIG. I.- Reactions to bile·pancreati ll bacillu s suspC' nsionin gui nea -pigs sensitized to 
Yflrious puri fi ed suspensions of JI. !eproe. 
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FIG. 2.-Reaction s to Dha J'J1I endra bacillary antige]1 in guinea-pigs sensitized to HITiollS 
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FIG. 3.- Reactions to human spl een a n tigen in g uinea-pigs sensitized to vario us puri fi ed 
suspensions of M. leprae. 

or oil-interface suspension, but still slightly large r than r eacb ons in 
the group immunized to 10 per cent chloroforlll suspension (Fig. 1) . 
To the Dharmendra bacillary anti gen, 110wever, a r elatively good re­
sponse occurred in th e group immunized to bile-panCl~eatin suspension 
(Fig. 2). 

In guinea-pigs sensitized to bile-pancr eatin suspension, tb e r ela­
tively small r eactions to test prepara tions containing tissue antigens 
indicates that almost all of tb e tissue element had been l'emo\·cc1. ·When 
tes ted with human spleen antigen, these guinea-pigs showed sig ni fi ­
cantly smaller r eactions during the first 48 hours than did other g roups 
(Fig. 3). T esting with Mitsuda-\Vade lepromin in the same gr oup 
(Fi g. 4) , also sbowed r eduction of both early and late r espon ses. 
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FIG. 4.- Reactions to Mitsuda-Wade lepromin in guinea-pigs sensitized to various purified 
suspensions of N . leprae. 
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2. l!;ffectivene:;s as a tes t age'ltt .- Digestion with bile-pancreatin for 
G hou rs des troyed much of the capacity of autoclaved leprosy baci IIi 
to produce skin r eactions. This was clearly demonstra ted in each of 
the immunized groups (Figs. 5,6, 7,8 ), with most of the differences from 
the mean size of reactions to other bacillus sll spensiOll s being highly 
significant. That thi s loss of antigenicity . probably resulted from the 
prolonged period of 6 hours digestion is indicated by other experimcnt s 
in whi ch after one hour of di ges tion no reduction in the si7.o of rea c­
tion s wa s detected (6) . Although the mean size of the reaction s was 
r educed, they per sis tcd as well a s those caused by other bacillus prepa­
ra tio11 s and approximated the },,[itsuda-vVade curves at 29 days. 

rrhe mechani cal disintegration of the leprosy bacilli tended to ac­
centuate the early phase of the r eactions (Figs. 5, 6, 7,8 ). Thi s is most 
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F IG . 5.--R,caetiolls to yar ious prepa rnti olls of lep rosy ba cilli in guin ea ·pigs 'ollsitized to 
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ev ident ill the group immunized to th e Mitsuda-\Vade lepromin, with 
the difference on the second day being signifi cant at P > 0.05. During 
the latter part of the obse rvation period th e reactions produced by 
di silltegrated bacilli were essentially equivalent to those caused by 
intact bacilli, 01' i Jl some in stall ces sli ghtly small er. 

II. 01-1 LOHOFOHM SUSPENSION 

1. Effectivene.'; s as C/ 'n i l1l'lll tl11izi11g agent.-Guinea-pigs sensitized 
'with th e ]0 per cent chl orofo rlll suspension tended to show more re­
action to ti ssue and less to bacillu s antigens than animals sensitized 
with oth er pur ified suspensioll s of lep rosy bacilli (Figs. 1, 3, 4, 9, 10). 
Thi s is particularly indi cated by th e poor r esponse to the purest bacil­
lu s suspension, prepared with hi le- pancreatin di gestion (Fig. 1). Also 
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FIG. 9.- Reae ti ons to 10 pc r ccnt elil orofo rll! bacill us SlI spension in g uin ea -pigs scnsiti zecT_ 
to n l rious mycobacte ria l suspellsions. 

indi cative of the p robabil ity t ha t t hc r elatively In rge en rly rea ctions 
\\' e re partly clue to cr oss reaction with ti ssue a nti gc n W<l S the strong 
r espollse to humall splecn ant igen CB1 ig. 3 ). Th e gocd cady r espon se 
in these g uinea -pigs t o a ll the hacillus suspew;ioll s (F igs . 1, +, 9, 10) 
was follow ed by a more r apid decr ea se in size than in oth('1' g uinea­
pigs sensitized to leprosy bacill i. 

2. Efj'ec ti'/'ene~s as a t est o.gellt .- Th e r elative purin ca tioll a chieved 
by 10 pel' cent chloroform se pa ra tion of bacilli is i nd ica tcel hy th e good 
r eaction s produced in a ll gTOUpS sensitized to bacillus suspens ions 
(Figs. 11, 12, 13, 1+) . Ther e \\' a s a s tat is t icall y in s ig nifi cclllt t end ency 
for r eaction s to 10 pe l' ce nt chlo roform suspension to he tnOl'e per ­
s is tent than r esponses to the oil -in tc rfa ce suspell s ion, although th~ 
early r eactions wer e wcakcr. Mit suc1a -,Vac1 e lcpromin pJ'oducecl 
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smaller r eactions than either the 10 per cent chloroform or the oil ­
interface suspension s in guinea-pigs sensitized to bile-pancreat in sus­
pension (Fig. 12). Because of the minimal sensitivity in these animals 
to tissue antigen, it is probable that the larger r eactions to purified 
suspensions were due to improved bacillus r esponse. The 10 per cent 
cbloroform suspension produced more local irritation than other anti­
gens, as indicated by tbe large initial react iolls in the unimmunized 
control group of guinea-pigs. 
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FIG. ll.-Reaetions to purified suspension of M. lepme in g uinea-pigs sensitized to 
:M:itsudn-Wad e lepromin. 
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FIG. 12.- Reactions to purified suspensions of M. leprae in guinea-pigs sensitized to bi le­
pancreatin bacillus suspension. 

III. OIL-INTERFACE BACILLUS SUSPENSION 

]. ED'ectiveness as an immwnizing agent.-Tbe oil-interface suspen­
sion was the best sen itizing preparation used. Responses to bacillus 
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}~IG. 1 3.-]~ eactioll s to purified suspensions of lIf. lep ra e in g uin ea·pigs sensit ized to 10 
per cen t chloroform bacillus suspension. 

suspensions were more persistent in this group of guinea-pigs (Figs. 
±, 9, 10) than in the group sensitized to 10 per cent chloroform suspen­
sion. The improved bacillary specificity was demonstrated by stronger 
reaction s to the bile-pancreatin suspension than in the other immunized 
groups (Fig. 1). Also probably indicative of high specific sensitivity 
are th e significantly higher early reactions to the Dharmendra antigen 
(Fig. 2) than was obtained in other gr oups. That some tissue antigen 
does r emain in this preparation, however, is indicated by the relatively 
large r esponse to human spJeen antigen (Fig. 3) . 

2. Effectiveness as a test agent.- Good r esponses 'wer e obtained to 
the oil-interface suspension in all immunized groups (Figs. '11, 12, 13, 
] -1-). Rath0r consistently, these l'eaction s were larger than with other 
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FIG. l4.- Reactions to purified suspensions of M. lepme in guinea-pigs, sellsitized to uil 
interfa ce bacillus suspension. 
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test agents for the firs t ;) days, but they showed less persis tellce. Indic­
ative of improved specificity and r eduction in ti sue antigen wer e the 
laro'er r eaction s to oil-interface suspension than to the Mitsuda-\Vade 
lepromin in the group immunized to the relatively ti~ ~me-free bile­
pancreatin suspension (Fi o'. 12). Some difficulty in inte rpreting these 
result s is intl'oduced by the obse rvation that, like the chloroform su~­
pension , the oil -interface preparation vroduced large early reaction s 
in unimmunized control animal s whil<' olive-oil control injectioll s pro­
ducqd the expectNI small react-iolls. 

DI SCUSSIO N 

Compari son of the three methods of preparing bacillus susp<'ll s iom; 
desc ribed ha s provided additional information about the immunologic 
characteri s ti cs of lepromin and leprosy bacilli. The importance of 
s tructurall y-bound protein within the bacillus i emphas ized by the 
l,'esponse to bil e-pancreatin suspension. Presumabl y, durin~ the six 
hours digestion that was used to di spo 'e of ti ssue antigens, th e trypti c 
enzymes were able to penetrate the lipid protection of the autoclaved 
Lacill i and di ge. t some of the more accessible protein. rehat hacilla ry 
protein wa s still available to be r eleased during the four weeks ohser­
vation after injection wa s indicated hy the per sis tence M skin reaction s 
to thi antigen. It was al ' 0 indicated by the good sensitization pro­
duced by the bile-pancrea tin suspension, which was more specific for 
bacillary protein than when other bacillu s suspension s wer e used. Di­
gestion wa s clearly th e bes t way of eliminating r eactivity to ti ssue 
proteins. 

Di illtegration of bacilli by mechani cal means made available more 
.anti gen for an early respon se. It did not, however, significantly r educe 
the late r esponse below that to intact bacilli in the bile-pancreatin sus­
pension. Apparently fragments of the size produced are s till large 
enough to permit low r elease of antigen, and the process may, th er e­
fore, be more chemical and enzymic than physical. Kitano and Inouee ) 
h eated ordinary Mitsuda lepromin by ultrasonic fragmentation. In 4 
'healthy volunteer s and 7 leprosy patients, they r eported a definit e ac­
celera tion of r eaction, the ultrasonic- treated preparations prod ucing 
maximum r eaction. on the 3rd day with subsequent fadin g whil e r eac­
tion s to the untreated Mitsuda lepromin wer e s till incr easing. 

Comparison of the 10 per cent chloroform and oil -interface methods 
of preparing bacillus sus pension s revealed differ ences in antigeni c re­
s pon .. e which were not s tatis ticall y significant, but whi ch wer e con­
sis tellt. Compari son of capacity to produce r eactions as test agents 
showed that the 10 per cent chloroform suspension produced mor e per ­
sis tent r eaction s than those to the oil-interface suspension . ,Vhen 
capacity to sensitize was compared, guinea-pigs sensitized to the oil ­
interface suspen ion had the more persistent r eaction s to all of th e 
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a1ltigens tes ted. A ready explanation for the g reater sensitizing capac­
ity of the oil-interface suspension s is found in its cO lltent of adjuvant. 
Not olll y was th ere th e poss ibility that a small residue of olive oil 
emul sion wa s ca rried into the fi nal prepa ratioll, but al so chloroform 
se paration probably caused considerable loss of normal lipid from the 
ha cilli. The relat ive accentuation of early.response to oil-illterface sus­
pen ~ i O ]1 is less readily ex plained, unless it i .. merely due to the g reater 
ll oll specifi c irritating activity that wa s obse rved with thi s preparation 
in unimmunized control::;. 

Oil the ha sis of these s tudi es a combilled procedure for separating 
hacilli from ti ssuus has been developed. To get a good suspen sion of 
intact bacilli with minimal a ntigenic loss, a preliminary oil-interface 
separation is follow ed by one-half hour of pancreatin di ges tion. Dif­
fe rential centrifugation and suspension in Tween 80, 1 :1000, produces 
11 good TIn al suspension. To remove bacillary lipids, wa shing with chlo­
roforlll may al so be indicated. 

S UMMARY 

Three procedures fo r preparillg relati\Oely ti ssue-f ree suspensions 
of leprosy bacilli ha ve been compa red. Digestion with bile-pancr eatin 
remo,oed tissue antigens most completely, but when continued for six 
hours it a lso destroyed the bacillary antigen. Separation by shaking 
with] ° per cent chloroform resulted in some loss of bacilli with di s­
ca rded ti ssue res idue, and th e final :suspens ion wa s not completely 
tissne-fr ee; however , the bacilli had good antigenicity. Separation by 
H end erson 's oil -interface method was somewhat more efficient than the 
10 pe r c nt chlorofo rlll method in producing r elatively clean prepara­
ti ons. The oil had a demonstrable adjuvant e ffect in immunization , but 
l1 S a test r eagent this preparation produced somewhat less per sis tent 
reactions than the other ba cillus suspension, . 

RESUMEN 

Se han compa l'ado tl'es p l'otedimientos ded icft dos a Ill. prepa racion de suspensiones 
de bae il os lepl'osos, l'elat iva l1l ente exentas de tej irl0. La digestion con bilis-p ancr ea tin a 
eli mino el tej ido cR si por completo, pel'o cua nd o se continuo p or . eis hora s, destruyo 
tllmb ien el Ilnt igeno bH Cila l". La sep ft l'a cion pOl' agita.cion eon 10 pOl' ciento de clol'ofol"lllO 
hizo que alg un os de los bac il os qlledll l an con r es iduo de tejido desru rtado y Ill. uspension 
fi na l no quedo completalllente exe nbl, de tej irl o ; sin em ba rgo, los bl1 cil os posefa n buena 
antigeni cidad . La separa t ion pO l' el metodo H enderson de aceite-entreea l'RS f ue algo 
mas eficaz que el de 10 p e r ciento de clorofo l"ll1o en Ill. produceion de prep!U"aciones 
relatin'mente despejada fi . E I ftce ite ejercio un efccto coadyuvftnte demonstra.ble, pero 
como reactivo de prueba esta pl'epar:H'ion produre r ellceionrs algo menos p ersistente 
qur Ins otrm; . u.· pensiones baeilares: 

RESUME 

On 11 comp are trois pl'ocede pou r prepa re!" des sll."pensions de bac ill es de In lepre 
l'ell1t iYemrnt libres de ti ssus. h1 di gestion avec rle Ill. bile-pnncrelltine .debR r!"I1SSe 1'0 111 -
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pletclllellt la ::; uspens joll des antigimes tissuluire::>, Ill ais lorsq ue cette digestion est pour­
sllivic durant six heures, ell e detruit egalement I'nntigenc ba cill aire. L'agitation avec 
] 0% de chloroform e prodllit un e certainc pcdc en ba cillI'S, ccux -ci etant entraines 
avec II'S debris tr.~sulaires et la suspension finale n'est pas completement depourvue 
de ti ssus; les bacillI'S ont cependant dans ce cas un e bonne eapacite a.ntigenique. La 
.· epa nl tion pa l' la methodc de H end el"::;on (oil-interface lIlethod) est legerement plus 
efficn ce que la methode au chloroforme it 10 %, et fournit des preparations relativement 
claire;; . L'hui lc possede pOUl" l' imllluui ::;ation un effet ndju\'ant qu'i l est p ossible de 
deillontrcl', llIais lorsqu'ell e ' est uti lisee pour les test.' , ("ette prepal'a tion prodllit des 
rellc- t ions quplquc pru moi!) s persistante que Ie autres suspensions bacillaires. 
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