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ANnf \L Ll~:PROM fN -Wr'rH LEPROSY BACfLLI 
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PR~: PARAT rox AXD COMPARATIVE STUDY W IT H H UMAX· LI':PHOl\rr~S 1 

MENY BEHGI':L, 1\LD: 
Rosario, .1r,qel1 t ina 

]n previous articl es (1 -~ ) I r eported the multipli cat ion of Mycoba c
le1'it£111 leprae in oculated intc)""rats fed a pl'oox idant di e t. In animal s of 
the last of ' three ser ial inoculati ons there were delllonstrated g reat 
qu a ntiti es ~f ac id-fast hacilli. These germ s, when seeded on Loewen
s tein-J ensen lIl edium and incubated at different temperatures, gave no 
growths. For this reason it was concluded that they were the Hansen 
bacillus, the one whi ch had been originally inoculated. It was stated at 
that time that when the number of inoculated animals and the abun
dance of bacilli in them would permit, a lepromin would be prepared 
f r om the tes t icles to he tested in man, thi s heing ano the r procedure 
whi ch might afford ev idence that t he Han sen baci llus had heen caused 
to IllUl t iply in other than the human hody. 

rro th is end the experiment here desc ribed was carri ed out, to 
study the behavi or in the lepr omin r eaction of th e bacillus found in 
the third' passage from the human leproma in rats fed with the prooxi
·c1ant diet . 1t \\"a s a lso the purpose to see if it might be possible to prC'
pare an animal lep romin for routine immunological studi es. 

-MATERIAL AXD M ETH ODS 

T hp RnimR I llS(,U \I'm; l'Rt No. 110, from tIl(' g-roup which' had I)('('n g i\'('n thr s('cond 
s('l'i a l transfer ( l'r inocn lation), as shown in F ig , 1. This animR l was sacrificpcl nine 
rlllmths aftr r it Iras I)('('n inocu lated in tl'ate8ticnlarly with 0.1. cc. of a bRciIllls slIsprns ion 
f rum a firs t-transf('r rat. 

The rat wP ig hed 325 g rams. At a u top. y yc.l lowish points wer(' 8('('n on t he surfRce 
of the li v('r, The sp l('('n was la rge al1fl dark. The t('stf'S w('r(' Rtrop hic, Rnd on sect ion 
thrre px ud ('d RIl n llmminons flu id which eoagulRt('d spontan('ously. TIl(' pRrR\,pr trbral 
g lands wpre en lRrgNI and of Y(' \lowish color, 'I'll(' f Rt showed nothin g sp<'c iRI. 

1 T ran slation, with cr rtain add it ions, of nn Rrticlc f rom S C1nana M edi l'a , 113 (1958 ) 
1119·1124. 
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In thC' bfl(·tC'riologic C'xflminfltion of t l1l' inoenlat('(l t"C's tieIC', till' ri g lit 01H', an imp rP:,;
s ion smear showC'd g r C'at numbers of homogPlwons acid -ffl s t bac illi, prC'dominfintly short 
and thin, s imilar to t hosl' sepn in prC'vions inocu la tion s which :I cfllll'd "yonng" bac illi. 
TherC' wC're' fl lso sC'C'n a g r eflt number of hfl cillns " nes ts": pnormons fI(·cumulations of 
bacilli with thC' charartC'ri stics deseri lwd . Thpre wen' prflctiefi lly no g rfll1l11a ted baci lli, 
or sC'para.tC' aeid-fflst g ranulC's . 

With that tC'stic lC' an in tC'gr fl I IC'promin was prpparl'd in tlw fo llo,,"in g malllwr. T he 
t('stic le Wfi S dC'('flpsulatC'd , diseardin g thC' a lbn g inrfl. Thp parC'neliy ma was tritura ted in 
It mortar with thC' addition of 0.4 pC'r ('C' n t plwnol-sa lin l', th('n IWflh'd in fI water bath 
fo r OJw-half honr, til(' vo lumC' of liqni d lost hy 1'1'f1porfltion Iwin g rC'p lfl cC'd. Then, 
bC'can ~C' of tlw (·oagnla t ion of thC' prot('ins by Ii C'at, til(' matC'rial wa s again trituratC'C1 
until t.\wrC' Wfl S ohtainC'd a finC' sus pC'ns ion ,,"hi('1i did not Iwpd filtl'rin g . Thi s was p la('('( \ 
in a bottle with fI pPI'foratah l(' rnbbpl' stopppJ' and lieatC'd for olw-ha lf hou!". Th C' fina l 
vo ln mp Wfl S ahont" 2 N·. 

~>--~~~~~~I\A" 
L[PIIOMA I INOCU- I R[INOCU- 2 R[INOCU- /I C 

LATION LATION LATION 

PIG. 1. l'lehe l1le ~holl'ing til(' ~(' ri ('~ of in oc ulflti on ~ in ,h (' exp('riment s pre,"ion"ly re po rt!'!!. 
Rat N o. 110," the ~ourre of t hr le prolllin t "~ I ('d, was 1'1'0111 t he sr eond · rcillocul at ioll 
g roup, sacl'ifi c('d after nine month s. 

For tIl(' co mparatil"(' study two Il'promins pn' pan'd from hnman Ippromas wpre 
used. Onl' WflS an "integral" IC'promin madp by tlIP cla ssical Haya~hi-Mitsnda method, 
in the u sual 1 :20 proportion. The o t Il(' l' "'flS a " bacillary" a ntigen of the Dharmendra. 
type, th e bacilli pxtracted from the t issue with chlorofo rm and the slI ,;p ension made 
1 :2000 by weight. 

The three Ippromins were injected intradprma lIy in the reg ion betw(' (,11 the scapula 
and t he vprtebral column , in such a way as to produce adequat('ly-spparated wheals. 
pach approximately 1 em. in diamder. Nin e indiyiduals, all adults, wprp tpsted: 2 had 
Il'promatous and 3 had tubprculoid IC'prosy, and 4 were nonleprous controls with othC'l" 
skin diseast's. 1'11(' numbpr of p er sons tps tl'd Wfl S limi tC'd becfl llse of tIl<' small amount 
of th(' I'at-tps tis IC'prom in avail able. 

RESULTS 

The results of the tests are given in Table 1, and are illustrated by 
the selected photographs and photomicrographs in the plates. For 
obvious reasons not all of the pictures that were lllade can be r epro
duced, only examples of the various findings. 

CLINICAL FIND IN GS 

Early reaction.- A s regards the early or 48-hour reaction of F er
nandez, the lepromatous patients gave negative results with all three 
Jepromins. On the other hand, speaking gen erall~· , the tuberculoid 
cases and the nonleprous control s reacted s:imjIa rly to the three lepro
min s. The discordance noted in the tabl e, for the most part only with 
respect to the intem;ity of the r eaction, may have been due partly to the 
heterologous nature of the experimental lepromin, "which contained rat 
proteins, or to different concentration s of bacilli, or to oth er fadors. 
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1'II/ - /i8 s ll e Il'promill and ill/ e,I}ral ( Haya shi-Milsuda ) (lI/{Z v{/(°i llary 
( Dharm elldra ) JUllnan antigens. 

-- - -- -- -

I Ea rl v l'f'adioll " 

I 
Lntf' l'f'lwtion" 

fie'x 
[ 

(F;' rIlf1l1'c!f'Z) ( M itsmla) 
an d Di" g-Ilosi~ --- - -- -
H ,[~;(' 

H. r~ 1_1._1,._ I ~. L . I H.I.. l.L. B.L. 
- -- -- -- --

~r , :n TII\)('l'(' lIloi d 1. 1 + 2+ 1+ :)+ 3+ :H-

,\1 , :l-! Tnlwr('nloid 1. - 1-1- J + 1 + 1 + 1+ 

~[, 2-l Tlllwl'e lilo icl 1. 2+ 2+ 3+ 3+ 3+ :3+ 

}f, :1:1 Lf'pro matoHs l. .- - - - - -

:'1 , 28 Ll'promatoHs l. - - - - - -

~1. -lR Prnrigo 2+ I 2+ 2+ 2+ 2+ 2+ 

:\f, 21 Prllrigo - - - 1 + 1 ..1.. 1+ 

}I , 26 S(,I'Ofll \odC'J'ma 1+ 2+ ::t 2+ 2+ 2+ 

:\f , :3:2 Epitltplio ma ± H - ± 2+ 2+ 2+ 

, H.L. = rat leprosy lep rom in ; LL. = integnll (H ayashi ·Mitsuda ) lepromi n; B.L. = ba('il· 
lar~' (Dharmendra) ant igen. 

Late 1'eaction .- As r egard :- the late or 2] -day r eaction of Mitsuda, 
the r esults were extraordinarily uniform, and highl~- significant. In 
the lepromatous cases the resu1t~ wel'e completely negative, and it was 
very diffi cult even to locate the sites of the inj ection ~ . The tuberculoid 
and the nonl eprous pati ents all J'eacted po~itivel~' , in degrees of inten
si ty varying between 1 + and 3 +. J n each case the J'eaetions to all 0 f 
the antigens were of s imilar inteni' ity. 

'Th e early reactions in two of the tuber culoid cases, X os. 2 and 4, a l'e 
shown in Figs. 2 and 5. Although in Case 1 these r eaction s were some
what weaker than those in Case 2, the late r eaction s, shown in Fig. 3, 
were all strong, and equally so. Fig. 5 shows the weak late r eactions, 
all 1 +, in Case 2. 'rIl e moderately strong early l'eaction ~ of one of th e 
prurigo cases (Case 6) are to be seen in Fig. 7, wh il e the weak late 
r eaction s of the other prur igo case (Case 7, early r eaction s negative) 
are shown in Fig. 0. Th e 21-day appearances of the two lepromatous 
cases (Nos. 4- and 5), negative throughout, are shown in Figs. 10 and 11. 

:H ISTOPATHOLOGY 

'The r eaction les ions, 0 1' sites of injection, of several cases were 
removed 21 days after the injecti ons for hiRtopathologic examination. 
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~Jlhe svecimens. '\'e re fixed in ]0 per cent formalin and embedded in 
paraffin; sect ion s were stained with hematoxylin and eos in. 

In Case 1, one of the 3 + tuberculoid cases, the reactions to all three 
antigen s were so severe that they produced central necrosis, with 
perforation of the surface in one in stance (the reaction to the integral 
leprOlllin). 'l' hese center s are r epresented in the sect ions (figs. ]2 and 
\3) by caviti es a round which are zones cO lllposed of ep ithelioid and 
lymphocyte cell s, with some g iant cell s (]<-' ig. 13) . 

. Th e nodul es of Cases 6 and 8, both 2 + reactor s, one a case of pru
rigo and the other of scroful oderma, aIL presented the t~-pical structure 
of the Mitsuda reacti on with no essential differences dependent upon 
the type of antigen. 'J' hey all 'how intense infiltration of the co rium, 
especially of the medial and deeper levels, usuall y hut not always of 
follicular arrangement, with a preferential perivascular location. The 
infiltrate, composed of epithelioid cells, lymphoc~-tes and some giant 
cells, tends to assume a typically tuberculoid structure (F igs. 15-] 9). 

The site of injection in Case 5, a reaction-negative lepromatous 
case of L2 grade, had the appearance of normal skin. Sect ions show an 
absence of epi theli oid cell s or nodule formation: the~- show only a lepro
matous infiltrati on of: the corium with many bacilli. 

COXCLUSro~S 

From the foregoing results it is believed that three conclusions of 
importance can be drawn: 

(1) The inability of th e lepr omatous patients to react against the 
rat-testis lepromin is evidence tha t the bacilli compos ing it are Hansen 

DESCRfPTION OF PLATES 

All of the photographs of this plate were taken verti cally, but fo r reproduction they have 
been turn ed horizontally, to read from left to right: intpgral ( J-Iayashi -Mitsuda ) lepromin, 
rat-testis lepromin, and bacill a ry (Dharmendra ) a nt.igen. 

FIG. 1. Ea rly reaction, Case 1, tuberculo id leprosy. Rendings, left to r ight: 1+,2+ ,1 + . 
Noteworthy is the relatively marked prominence, here and to so me extent in the other cases 
picturerl, of the 48·hour reaction to the rat·testis lepromin. 

FIG. 2. Late react ion, Case 1. Readi ngs: all 3 +. 
FIG. 3. Early reaction, Casp 3, tubercU'll(jid leprosy. Read in gs, 2+, 2 + and 3 + . 
FIG. 4. Late reaction, Case 2, tubercul oid leprosy. IlIu ~t rat ing th e ,'eslil ts in a weakly· 

positive case, read ing ' all 1 + . The reaction to t he rat ·testis leprom in is no weaker (a nd it 
is somewhat more visible in the photograph) t han those to the control antigens. 

Fro. 5. Early reaction, Casp 6, prurigo. Read in gs: a ll 2+ . (The late react ions of thi s 
case were also all graded as 2 +. ) 

FIG. 6. Late reaction, Case 7, prurigo. Un like th e late read in gs in t he ot her prurigo case 
(above) , these were a ll on ly 1 +. 

Fro. 7. Early reactions, Case 8, scrofulod erma. Readings 1 +, 2 + , ± . The' relatively 
st rong early react ion to the !'!It· testis lepromin in this patient with tube rculo~ i ~ of the skin 
is noteworthy (but compare Fig. 8). 

FIG. 8. Late reaction, Case 8. Read ings: all 2 +. The relatively ~trong ea rly react ion 
to rat·te tis lepromin ( Fig. 7) was not foll owed by an especially stro ng late react ion. 

FIGS. 9 AND 10. Late rractions in lep romHtous lep rosy, Cas('s 4 and 5. All readings 
negative, as were the ea rly react ions. 
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bacilli, since only the lepromatous ones failed to r eact to this mycobac
terium, whereas such cases r eact to suspensions of other acid-fast 
bacilli (e.g., the Stefan sky bacillus, or J\Il. phlei ), with nodular reaction 
lesions of tuberculoid structure. In other words, the inability of the 
lepromatous cases to react is specific fo r the Hansen bacillus, and is 
not observed with any other acid-fast bacillus. r.I~his fact is used as 
maximal proof, so far, of the biological specificity of the Hansen bacil
lus in cultures and inoculation of acid-fast germs ,vhi ('h are presumed 
to be J\Il ycobacteri'Um leprae. 



6-1- h l f erll (fl io ll al ./Olll'1l11/ 0/ ! ,e lJr OS,lj 

2. T he pa n:\ ll eli slll in the late, or ~ I itsuoa, r eact ions to th e three 
a n t ig ens empl o.\·ed in thi s eXpe l'illl en t indi cates, a ll lOng oth er things. 
the g reat qua nti ty of bacill i presen t in t he r at-test is leprol1lin , whi ch 
was ca pa ble of e li c iting n oo ul ar rf'ad ions s imila r jn in tens ity to those 
provoked b~' t he control an t igens used, ·whi ch we re ri ch in bac illi . 
A lso this pa ra ll e li s lll Ill ay he rega rdeo as a n inoi cation that the three 
a n t igens con ta in ed the ~all1 e g e rm. that i ~, t he Il an ~en bacillu s. 

:l . rl~hu s , h~' t he fi nd ing s of th e pre:o-:(' n t r e por t a no t he t hree p rev iou :o-: 
ones e ited , 1 he li evl:' that I have de ll lOn :o-:t r ated that t he Hansen hac i]lu ::: 
is ea pa hl e of g rowing a nd IllUltipl~' in g act ively in a li v ing o rgani slll 
other tha n the 111ll1la n one, when t he experimen ta l a nimal is pl'operl ~' 
p r epared by, fo r exampl e, a proox idan t d ie t. r w ish a l!'o to p oin t out 
t hat tl lis is the first time tha t a n in teg ral ( 1I a )'as hi -~li tsuda type) 
leprom in wit h I la nsen bac illi f rolll a n a nima l SOUl'ee has heen pre pa r ed . 

rt should he horn e in m ind that t he multipli cat ion of the 'Hansen 
hac ill us in a n a nilll a l o rgani ~lll , a pa r t from its lw ing an ext rahuman 
source of t hese bacilli , Jll a~' he a p oin t of oepa dure of !' tl1di es of 
pat h ogen es i ~. ehemothprapy an dil1l 111Un () l ()g ~' of unqu est iona hl e value. 

SUM:\rAHY 

' I~ h e l' e is dese rihed the preparat ion of a lepr Ol llin conta ining Han. 
sen hacilli ohta in ed hy se ri alin trate!'tic-ul a r in oc ul a tions of r ats f ed a 
p l'oox idant d ie t. '1'h e hehavior of thi s leproll1inh a s he en fo und, on 

DI':SCIHPT IOX OF PLAT I':S 

( 'I' lw magn ifi (, Ht i o n ~ s t ated fl r(' a s g iV(, 1l hy t li p a ut hor. '1' 11(' 1'0 li aR beP ll a r ('duct ion of 
a bout 31 pel' CP ll t in re p roduct ion. ) 

PlO. 11. S('('r ion of t he r t'ac ti on l es ion to tlie in tcgra l lepromin i n Casc 1, a t u be rculoil1 
ea,(' with 3+ r (,~1I't i o n s , produein g lo(' a l ah,('p,,( '< II"h i(·h i n t h is in s ta ll ('p ppr fo rnt ,'d (Cf Fig. 
1 ) . 'I'he (·avi ty i ~ lined lI" it h a nc('robi ot ic zone . ,,' irh d, s tind infi lt rat ion of (' p ith r l io id cell ~. 
Bl' II PHt h it lI"as a no- Iu lar , trudurp. 60X . 

~"G . 12. 'I'h e "pa (' t ion t o t he r a t -tes ti s h' p ro min ill Ca~(' 1, a "na il, no n pNfo ra t ing deep 
a b"'ess_ AroUllll th e ('avit :v t her o is a hi , roleu('oe.,·t ir rea ('t ion, and f a r t he r a ll"ay , in th e 
scveral lpvel8 of t h(' eo riUIl1 , a f oll it'ular infi lt rn t ion ('o m posl'll o f e pi t helio id a nd g ia nt celb 
an d a l y llIphoc~· t i (' ha lo. 50X . ( 'I'h e l e~ i o n prodll l'('d b., ' th t' bac ill a ry a nt igen "' a~ ve ry ~ i m il a r. ) 

FIG. 13. A hi g h-poll"e r fi eld of t he rat-te,.; ri ,.. react ion les ion ( F ig . 12) , co mposed of 
(' pilh t'lio itl ('('li s ,,' ir h H tend (' ,l(' ~' t o t ra n,..fo rm 10 g ia nt (' (' I'" , lI" it h 1.\,lllph oey t ie infil t rnti on. 
:~ .) OX . 

F IG. H . React ion t o th c in teg ra l l(' pro llli n ill Ca;;" 6, a 2+ rpactor ,vith p rur ig'o . N odu 
lar st rlwt u re wi th ~(' ntra l ne(' rob ios is, e p ith eli o i(l (' (,l is, and tl ist inrt ly mph ocyt ic infil t ra ti on. 
(WX . 

}'lG . ] 5 . L (' promin nod ul e in Ca sc 6 prodll (',', 1 1)\' th e m t -tP,t is Iqll'omin . K odula r ~ tru e
t ur(' lI"it h g ian t (,p ll , a nd di st inrt 1 ~' lllph o(' y t i (' ha lo. 50X . ( Th e ,t'di on of th (' h ae ill a ry a nt igp n 
les ion s holl"Nl a n infi lt rat ion of simil a r co mpo:"l ion, bu t Ie, s cl is tinrt ly locali zed a nd nod ula r. ) 

FlO . 16. 1' he rat- t l'st is le promin lps ion in hi g hpJ' magni fi ca t ion. Epi t heli o id s tmcture 
" ' ith lyllI ph ocy tk in fi lt ra t ion. 150X. 

E'lG. ] 7. R at- tes ti s le promi n noc1ul r in Ca:::e 8, a 2 + reac t·o r lI" it h sc roful ode rrna .. III t he 
medi al a nd elee p I p \'(~ l s of th e ('o r ium t he rc i,.. a fo llicula r infilt rat ion of e pi t h('li oul cel ls 
wit h a 1.,·mph or)·til' ha lo. In one of t he f oll ir ulnr ple nH' ll t, th pJ'(' i, ('e ntrnl n ('(·ro~ i ~ . 50X . ('I' ll(' 
l('s ion produccd ill t hi ~ ca,o by th (' integra l I(' pro ll iin WHS "e ry s im il a r to t hat in Fi g . H. 'rh e 
on(' (,}LU,p(l by th e ba(' illary anti gC' 1I was Irss lo('a liwd. ) 

FlO. 18. A hig h ' IlI Hgnifi r at ion fi eld in a la rge ppi t hel io id area of. Fi g . li, rat-le promi n 
Il's ioll . Around a g ia ll t ('1'11 an' e pi t lw l io id and , l)(' r i ph (, l~a " y , 1)' lIIphuid (' (' 11 , f Ol'ln ill g' a l'ollin Il ar 
~trud u r " . 400X. 
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testing nonreac'tive lepl'olllatous cases and reactive tuberculoid cases 
and patients with other skin di seases, to be similar to that of integral 
(Hayashi-Mitsuda) lepromin and a Dharmendra type antigen. Thi s 
is held to be further proof tllat the bacilli found in previously-reported 
rat lesions are Han sen bacilli. 

RESUMEN 

Drscribcse la pl'rparacion dc una lrpl'omina quc contienr b:wi los d(' lIansrn oht('lli 
dos por Ia inoculacion intratcsti cnlal' sCl'iada de ratas a las que se habla sumi nistrado 
una alimcntacion prooxidante. Al compl'obar casos lcpromato os ilTractivos y casos 
tuberculoideos reactivos y enfcrmos con otrll s dermatosis, se ha obsrrvado que el com
portamiento de esta lepromina cs scmrjante al de la lepromina Integra (Hayashi
Mitsuda) y de un antigeno de t ipo Dhal'mendra. Sc considera esto eomo nueva prueba 
de que los bacilos descubiertos en lcsionrs previamente drscritas cn ratas son bacilos de 
Hanscn. 
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Luis E. Pierini has made thl' pl'l'sl'nt invl'stigation possiblc. An Cxpl'C'ssion of my grati 
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ADDENDUM 

Preparation of rat-testis lepr011'l,in 

To prepare the rat-testis employed in the study here reported it .is 
advisable to proceed in the following manner. 

Inoculate 0.1 cc. of a fresh suspension of Hansen's bacilli fro lll a 
human leproma into each testicle of three or four rats previously fed 
from the 21st to the 40th day of li fe on a pro oxidant diet, and maintain 
them on the same diet afterward. Sacrifice them 8 to 10 months after 
inoculation, triturate the testicles in saline, and inoculate 0.1 cc. of 
this suspension into each testicle of a group of 20 to 30 rats; under 
the same condition s as the previous ones, fed on the same type of diet. 
Then, at the end of another 8 to 10 months, these animals are also 
sacrificed. Their testicles are decapsulated and an integral lepromin 
is prepared from the parenchyma, as if they were lepromas. The pas
sage from rat to rat, as indicated, increases the final ri chn ess in bacilli 
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The ex traordinarily slow growth of the Hansen bacillus under the 
condition described has as yet made the preparation of animal lepromin 
by this procedure costly and impracticable. However, it is of indispu
table scientific and academic value. 

The prooxidant diet used in this study has the following composition 
(1) : 

Casein ..................................... 23.8 gm. 
Brewer's yeast, dry powdl'r ........ . ....... . . . 8.9 gm. 
Mineral salt mixture .. .. .. ..... . ........ . ... . 3.0 gm. 
Starch (almhl6n) .. .. ..... . . . . .. ........... . . 48.9 gm. 
Linseed oil .. ... . . .. ......... ... ............ . 15.5 gm. 

The mineral-salt mixture is that of Hubbel and associates:2 CaC02, 
5-:1:3; MgC03, 25; MgS04, 16; NaCl, 69; KCl, 112; KH2P04, 212; 
F eP04, 4 H 20, 20.5; K1, 0.08; MnS04, 0.35; NaF, 1.0; AP (S04h, 
K 2S0., 0.7; CUS04, 0.90. The linseed oil, minimal iodine index 170, 
is added daily to the dry mixture, in order to facilitate its auto
oxidation. 

, HUBBEL, R. B., M EN"DEfJ, L. Rand 'iYAKEMAX, A. J. Nell" salt mixture for use in experi· 
mental diets. J. Nutrition 14 (1937) 273·285. 


