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~ l all Y investigators have studied the antigenic compos ition of 
mycoha ct eria and tried to learn if these bacteria have antigens in 
common . .:\Iost of the immunologic work reported r elates to M. lub e1"
culosis C I), since this organ ism is not only of great clinical and epi
demiologic importance but al so can be cultivated easily: Immunologic 
studies with M. leprae have been hampered by the nonavailability of 
M. lepme in quantities sufficient for immunologic investigation s. Al
though several worker s C) have claimed cultivation " in vitro" of acid
fa st mycohacteria from leprosy nodules, the role of the cultivated bac
t eria in the causation of leprosy is debatabl e. Koch's postulates have 
not heen proved in the case of M. leprae. 

Tll 19;-)6 studies were undertaken by Ranadive and co-workers at 
the lndian CancC'r R esearch Centre with the object of cultivating M. 
lep1'o e in 1: itro. Bapat, Ralladive and Khanolkar e· 2) were able to 
cultivate ac id-fa st mycobacteria isolated from human leprosy nodules 
in modifierl tissue culture fluid. They des ignated the bacillus isolated 
as the "IeR C hac ill us" (Indian Cancer R e;;:earch Centre bacillus ). Dur
ing the cou)';;: e of the last six or Sf'Vf'n Yf'ars Ranadive and her g roup 
have i:.:olatf'd and culti\'ated morphologically identi cal organi sms from 
s ix cases of ]f'proll1atous leprosy, and the hacilli have heC'n in cont inu
ous cultiyation fOJ" lIIore than fiv e year:.: ('" ). 1'hey Jlave no\\' found it 
po s:-; ihl e to grow th e hacilli on a se rum-f J"ef' medium . 

Jt wa s of gr eat inter est to establish whether or not the ICB e 
bacilli cultivated in vitro wer e identical with M. lepra e. Since injec
tion s of llf. lep1"a e into laboratory animal s are not known to induce the 
di sea se, it seem('(l likely that the id entity of the ICRC bacilli with 1Il. 
lcprae would he decided if it could he established that their antigenic 
compo;;:ition was the sam C' . With thi s ohj ect in vi f'w the " 'ork detail ed 
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below was undertaken. ~rhe results obtained with the illll1llll1010gic 
tests employed have jndicated a complete lack of antigenicit:-· of the 
M. lelJra e in the human host. 

MATERIALS AND METHODS 

Lepromin, lepromatous nodules and srI''' from leprosy patipnts W('J'(' ohtainrd from 
the Acworth Leprosy Home in Bombay. Some Irpromatous nodules \\'rJ'r obtailwd also 
from Dr. V. Ekambaram, State Leprosy Officer, Tirukoilur, Madras, anu Dr. K. Hnm
anujam, Government Si lver Jubilre Chi ldrrn's Clinic, Snidaprt, Madra.' . The JGRC 
bacilli used wrre those cultivated in thr lahoratory of thr A pplird Biology Gronp, as 
already described by Bapat et al. ('). Suspensions of M. /e]J ra e wrre co ll ected f rom 
Irpromatous nodules and concentratcd by the mrthod of Np1'nl'kar and Khanolkal' (0). 
Preparat ions of Baci ll e Ca lmrtte Guerin (BCG) wrre ohtni lwd fJ'om the BCG VaC'r ine 
Laboratory, Madras. 

For the preliminaJ'Y rxpeJ'iments, M . ieprae and JCRe hn ci lli were waslH'u with 
saline and a lso with other solvents as indicated later in this communication. To obtain 
antisera spccific for JCRC bacilli and M. lepme, rabbits were immunized with til(' cor
responding bacilli together witll Freund's incomplete adjuvant. The animills rpceiYed, 
in all, s ix werkly subcutanf'ous injf'ctions of 0.75 ml. each of a susprnsion ('ontn ining 
about 8 X 10 9 of the resprctive bacill i/ml. in either intact or disrupted rOIHlition. A. 
booster dose was givf'n ] 5 days after the fifth injection. Sf'Yrn days aftf'r tllr last 
injection the animals Wf're bled and the serum was sepa rnJrd. The a nimals were 
rei.mmunized by the same procedure aftcr a rest period of two months. 

The Ouchterlony ag'ar g'Cl diffusion technic (4) was used to study the nnl'igenic 
composition of M. lepme and JCRC bacilli . The hemagglutination tests of Boydrl1 (3) 
and of Stavitsky (].I) were used with slight modifications as alrcady described (1 3). 

For the hemagglutination test, sensitized sheep erythroc~l tf'S \\'('rc prepared by 
maintaining at room temperature for 45 minutes 1 m1. of tannic acid-coatf'd sheep 
erythrocytes with 1 m1. of the respective antigen and 4 ml. of phosphate buffer of 
pH 6.4 The elythrocyte-antigen suspension was then centrifngrcl. Tire sedimented ery
throcytes were washed twice with di lu ted normal horse serum and resuspended in 1 ml. 
of tI le same serum and the hemagglutination test was set up as a Irpady desc ribed (1') . 

The passive cutaneous anaphylaxis (PCA) test as descl'ibed by Oval'~' (1 0) nl,;o was 
used to detect nonprecipitating and skin-sensitizing antibodies. 

Guinea-pigs weighing about 350 gm. each were used in these studies. Tire hair 
on the back was removed with an electric shaver and the skin surface cleansed hy a 
depilatory. A volume of 0.1 ml. of serial dilutions of the tf'st antiserum was injected 
intradermally at desired spots on the back of the guinea-pig. '1'wo hours la ter the 
guinea-pig was challenged with an intracardiac injection of 1 ml. of the antigen mixed 
with a solution of 1 per cent Evans blue in the proportion 1 :1. If an antigen-antibody 
reaction occurred, within about 2 hours, normally the dye loca lized at the placp where 
the antiserum was injpcted. The area of loca lization of the dye was taken to 1)(' pro
portional to the intensity of the r eaction. 

Direct and indirect Coombs tests were nsf'cl to dptpd inromplde antihocl ips in the 
sera of rabbits immunized with rCRC hacilli. TIll' anti-rabbit glohulin sera were 
obtained by immunizing fowls with rabhit gamma globulin. 

The indirect Coombs test was used a lso to find out if poss ibly the sera of leprosy 
patients contained incomplete antibodies to JCRC bacilli. Jn thpsp f'xperiments the 
JCRC bacilli were uspcl in the hope that incomplete antihodies, if pl'psent in Ipprosy 
sera, would become attached to the bacilli. Anti. f'ra to human gam ma globulin were 
used in these experinlf'nts. 

EXPERIMENTAL JNVESTWATIO~ 

Ouchterlony gel difJu,sion tests 1,cith antisertl1n to }L leprae and 
lCRC bacilli.- Immunologic studies were first carried out with ant i-
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serUlll to :-:al in c-'\'ashcd intact JlI. Zepme and reRe bacilli, using the 
Oucllterl ony gpl di ffu sion tes t. r:ewo to three days after the plates were 
set up a fa in t lin e am:H'ar ed between the antise rum well and the three 
antigen well s. Later t\yo more lin es appeared in thi s region. All three 
prec ipitin lim's W('1"( ' common to all the anti gens used. Tn these expel'i
lll ents t he SenlllJ of a pabpnt with tuherculoid leprosy was uSE'd. ft is 
beli eyed that the positive lqH'omin reaction obsc n 'pd in tuberCJ.lloid 
cases indicates l·e;.; istance to leprosy as lllanifested by tIl e presence of 
antihodi es to .1[. lq)'flle. 'J' hc lepromin readion is considel'<:'d ])y many 
as an antigl'n-a n(ibo c1~' ]'('act ion c:· 8). 

rl' he r es ult s n'('or(lL'd in F igures 1 and :2 indicated that .1[. Zeprae 
ancllCH C bac illi had ant igc'n s in common and that these werc present 
also in th e :-:(' l'UlI1 of a tuberculoid patient. 1'hese r esults could bc 
interpreted a;.; indicating (1) that the specific antigens of M. lepHte 
" 'ere lHl'sent in both the I e R C hacilli and the tuberculoid serum or (2) 
that th e antigens eOlllltlOn to the bacilli were those present in normal 
hUlllan serUlll witllOut relation to tll(' spee ific anti gens of .ll. lepHle or 
reRe bacill i. 

® @ 

@ 

1 2 
F IG. 1. After 5 day . . 1. A ntiserum to unbroken M. lep1"(l8. 2. JJr. lepmc f rom 110dulcs. 

3. L('p r os~' pntir llt 's serum ( tuJw l"cul oid typo) . 4. JCRC baci lli ( pooled ) . 
FIG. ~. Figure 1 ~fter ] 0 dnys. 

To trst th c second hypothesis nonnal human blood serum ,yas 
used in thc next few sets of expe riments. It was sUl1)l'ising to note 
that normal human serum gave a larger number of precipitin lines 
with both the antiserum to M. lepme and the antiserum to the r eRe 
bacilli (Figs. 3 and 4). An Ouchterlony plate was set up also with 
anti ('rum to M. leZJrae in th e central well and with two rach of the six 
surrounding- wrll s · filled with sei'ull1 of lepromatous patients, tuber
cul oid serum and normal human serum, r espectively. r:rhrre days after 
filling thc well s with anti gens and antihodi es, precipitin lines began to 
develop he tween thc central well and the six peripheral well s. 'T'l1<'r e 
wore four line,' of strong in tensity, two of medium intensity, and one 
fai nt line. All th ese ultimately coalesced to give a common antigen-
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Fl(;. 3. A . Ant i ~erum to unhrok ('1l .If. lepraf'. 1. I C IW bae illi ( pooled ) . :! . .If. If jim8 
f rom notlu l('s. 3. B eG . .,1-. L e prosy pati pn t '~ sp ru ill ( tuli(,l'(:ul o icl typr ) . 

FIG . .,I-. A . r\nti~('rull1 to uJliJrokl' n r CHC ha(· illi. J. TCH(; Imr illi ( pool,·.! ) . ~. ]WG. 3. 
Lrpros)' pati en t's se r u m ( tuliC'l'cui oid type ) . .,1- • .1/. ! (' lI1'I/( ' frolll 1l 0 dlll('~ . 

antihody pr('cipitin lin e around th e cent ral \\' ('11. Silllilur J'(' ~u lt ~ \\ ' (,], 0 

ohtain ed with til(' antiserum again st JCRe bacilli. 
rrhese r esults indi cate that th e se ra of lepros;, ]lati E'nt~ . and l1o],]llal 

sera as wf)lJ, reacted with anti se ra to ~l[. Ze}Jf'(( C' and TCRC hac- illi g iving 
identical picturE'S. E\' id('ntJ~' illlJnunization with {tHe hac-il li alld 
JI. Zeprae washed twice with salin e gave rise to antibodi e~ onl:' to 
components of se rum possibly adh ering to the lipid coat of th e 11acilli. 
It was felt, th er efore, that washing the hacilli with fat ~oln'nt~ like 
acetone and ether, and further d igesting th elll with trypsin, would r e
move the lipid coat and al so digest an~' ti ssue and hlood protein :-:ti ck
ing to the bacillary cell wall. 

Accordingly both JIll. lepnr e and IeRe bacilli were washed with a 
1:1 acetone-eiher mixture. The bacilli were then suppncled in phos
phate buffer of pH 7.6 and digested with trypsin. Rabbits were im
munized with these bacilli. An Ouchterlony plate wa s set up with the 
antisera to the wash ed and trypsinized 111. lepra e and JCRC hacilli . In 
these plates BeG also wa s used since it is assumed lw \\'orkers (4.5) 
that M. lepra e and BeG .have some antigen s in common. rL'he r csults 
of the experiment r evealed once again that wa shed and digested bacilli 
gave, with th e anti se rum, prec ipitin lines that \\' ere COnJlllOn al:-:o to 
normal human blood s(' rUI11. BCG did not l'f'act " ' ith the allti~e 1'UIII. It 
was considered probable that the antigens spec ific to th e ~(:' hac- illi \\'P1'e 
intracellular. 

Accordingly attempts were wade to extract th e intrac('llular anti
gens of the IeRC bacilli and M. lepra e. For thi s purpose tho wa shed 
and trypsin-digested bacilli were di s int<'grated in a. ~rickle shaker in 
the presence of Ballotini bcads. Whether the bacilli bccam e disinte
grated or not was determilled by staining the bacillary material with 
acridine orange and viewing them und er the fluor escent microscope. 
Electron micrographs of the bacilli (Figs 5 ancl 6), taken hefo]'(' and 
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J' IG. 5. EIPdron lIIinog-raph of tryps in iz('d 1('Re hfll'i lli. l\ [agnifkat'ion 11,000. 
F IG. 6. El ec tro n nlinog raph of trypsinizru bro\(('n ]('R (; hal'illi. Magnifi"at io n II ,ono. 

afte r tJl(' hacilli W8rc ground, indi cated that th e bacilli I\'(:' r e c1 i ~ in t('
grated hy t Il e treatm ent. Antis(,J"a wer e obta in ed frOlll mhl)it~illl 
llluni zecl I\'i t h thl' ac-etone-I\'ash ed and disintegratc'd l (' HC haC'illi and 
Jf. l eJ)/'{/ (' . An Ouchte rlon.,- ])lat(' was :-:et up with t hi s anti~('nl lll as 
indi cat('d in Fi gure 7. ' I' ho a nti gens u spd I\' ('\'e frot.en HI1 Ci' thaw(,d 
] URU bac illi, Ic prolllill , brok('n l CHU hacilli , eth e r-acdonp-\\'a~hcd and 
hrokpn ((,HC bacilli, nOl'lnal hUlllan sc rulIl, "ICRCin " (pl'('pared like 
lppr omin , wi th J UR,U bac-illi as start ing m at(' ri a l ), a no , fi na li.,·, a ~alin e 
suspension of e ther-acetonc-wushed ] CH C hacilli. The r e:, ults inc1iC'at('(] 
that antiserulll to ] CRC hacilli ]'eacted in such a wa~- as to gin a faint 
precipitin lin e I\·i th wash ed and hrokc'n TCH C hacilli. and a l:-:o with 
wash ed a nd hroken ill. Zeprae, a nd witll le promin. SinN- lep l'oma to us 
n odules for iso lat ion and concentrati on of .If. l pprrt p are not readi ly 
ava ilahl e, the antiserum to ('th e r -acetone-waslJ ed a nd broken .l!. l e l)/'{/( ~ 
was pl'('se rved f or use in othe r illllllUnologic exp erim ent :-:. 

rl~ h e experimen t was r epeated with sli gh t m odificat ion. 1 n tlli s 
trial one of th e two antiserum well s was :filled with a nti se rum to I C'H U 
haci lli ahso rhed h~- n orma l huma n hlood se rum. ' I' he ah ~() l'p t i o n I\'a ~ 
carri ed out in o rder to l'C' lllove frolll t he a nti se rulll a Li antihod i e~ spe
c ific foe n0l'111a l hUllla n serulll. On test I\'itlt th e OuC'ht('r1on~' plate, a~ 
indi cated in Pi g u]'e S, it was obse l" 'pd that the unah~() l'h E' c1 ~ E' ra gave 
five ])]'ecipitin lin es I\'itll huma n S(,l'UlI1, onc lllediulI l lint- with It'pl'olllin 
and lJI. Zeprae, a nd onc fain t prec ipitin lin e wi th irm'len and thawed 
lCHC hac illi. Th e un absorbed anti ~t\ rUlll did n ot g in' an~' a nti gl' n-
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YIG. 7. A. Antiscrum to hrokrn TCHC bacilli . 1. Brokcn (Cn C baci lli . 2. Lf'promill 
(A.L.H. ) . 3 . Frcc7.c·thall'('d IC'RC bacilli. +. NOl"lllfll human R(' rum ( HAH ) . 5. Jl. lcpme 
from l\ollllI0~. 6.1CRCin (T.M.n. ) 1:10. 7. I CHC hacilli ( poo10d). 

antihody precipitin line. ~rhcsc resnlts indicatE'd again t1lat antist'nt 
even to etli er-acetone-washed, trypsin-digested, and broken hacilli, CO J1 -

taineo antibodies spec ifi c only for components of lnunan sC'rum. 
It f'C'el1led prohable that neither 1.11. Zpprae nor JCRC bacilli would 

give ri se in the immunized rabhits to precipitating antibodies for the 
respective bacilli or for each other. Attempts were made therefore to 
determine if rabhit antisera would contain nonprecipitating skin
sensitizing or incomplete antibodies. 

If P111 aggllltil1ation tests u·ith antiserum to M. leprae and 1 CR C 
bacill'i.- The hemagglutination test of Boyden and Stavitsky was USE'd. 
Besides ll E' lping to detect nonprecipitating antibodies, the tC'st would 
indicate w]ldl1<c'r or not small amounts of antibodies were present in 
the antisC'rum. It was carri ed out as already described Cl) . The anti
sera to both JI. lqnap and lCRC bacilli proved able to agglutinate 
erythrocytes sensitized wi th ei tJ1C'r ill. Zeprae or IeRC bacilli. On the 
basis of results of the Ouchterlony eX]Jer:iments, erythrocytes sensi
tized with nOl"lllal human blood sprum ,verC' used as a control in this 

PIG. 8. A. ;\ntis('rum to urok cll IC I~C bac ill i. B . Abso rbcd nlltiscrllm to brok cn rCRC 
baci lli . 1 and i. (CH Cin (T.M.H. ) 1:10. 2 and 6, fr(' czp·thall'cd J.CHC bac illi . 3 and 9. 
rCRe bacilli in salinc (pooled). 4 and 10, ill. leprae from nodlllC's. 5 and 11 , lcprolllin 
(A.L.n. ) 1:]0. 



:32, 2 R ao et al .: I IItIlLIITL%gic 8t nclies with M. leprae 109 

T ABLE l.-Res~tlts of hemagglu tination test tvi th -rabbi t Cllltiserwln to 11 0 /'111(([ hlttna.n 
blood plasma. 

Degree of agglut ination of sheep ery thro('y tes 
treated with each of the ant igens 

Dilu t ion of Broken Brok(' 11 Kormal 
;, ntisel'um JeRe bacilli M. le"p ra e human sPl'1Im ( HAS) 

Undilutpcl +++ +++ ++++ 
1 :2 +++ +++ ++++ 
1:4 +++ ++ +++ 
] :8 ++ ++ +++ 
1 :1(i ++ + + +++ 
1:32 + +. ++ 
1 :64 + + ++ 
] :128 + + ++ 
1:256 + ~ + + -

1 :512 ± -~ + --
] :1024 - - + 
] :2048 - - + 
1 :4096 - - + 

----

('xperiment. Surprisingly the erythrocy tes sensitized with normal blood 
serum were agglutinated also by both antisera (Table ]). Further
more, the anti serum to human blood serum was able to agglutinate 
erythrocytes sensitized with th e suspension of eth er-acetone-washed, 
trypsin-diges ted, and broken 1II. lerrae, ICRC bacilli and normal human 
blood serum. Th e antisera to M . lepr-ae and IeRC bacilli absorbed 
with normal human blood serum fa ilt'd to agglutinate erythrocytes 
sensitized to any of th e three anti gens mention ed above. 

H emagglutination experiments were carri ed out also wLtli. sera of 
leprosy patients, in order to ascertain if the sera contained antibodies 
specific for M. Zepme. Sera 'were obtained from 30 persons, including 
cases of both tuberculoid and lepromatous leprosy. Aliquots of ery
throcytes sensitized with both trypsin-digested and broken J1. leprae, 
trypsin-digested IeRC bacilli, and lepromin, wer e titrated with serial 
dilutions of the 30 sera. Sera of the lepro::;y patients did not aggluti
nate the erythrocytes sensitized with any of the suhstances used. 

Passive c~ttane01( S anaphylaxis test ~(' ith the antise ruJ1l to l eRC 
lJacilli.- Since the hemagglutination test indicated that anti se rum to 
lCRC bacilli did not contain nonprecipitating antibodies specific for 
antigens of the bacilli, the passive cutaneous anaphylaxi s (PCA) test 
in guinea-pigs was carried out. It was expected that th e tes t would 
indicate 'whether the antisera had at least skin sensitizing antibodies 
:-;pecific for I CRC bacilli as well 'as ill. Zeprae. 

~rhe PCA te .. t was carried out as indi cated above in the paragraphs 
on "Materials and Methods." Fol' these experiment ] 2 g-uinea-pigs, 
divided into 3 groups with 4 animals in each, wer e used. Th e anti sC'ra 
to M. lep1"ae, and to nontl'ypsinized broken ICRC bacilli and trypsin
iz;ed broken bacilli, were used in di luh ons up to 1 :1 28. Guin ea-pigs of 
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the first OTOUp'We l'e inj ected intradennally with seven dilutions of anti
serum to trypsin -d igested and broken IeRe bacj1Ji, rrhe second and 
third groups were injected with SHen dilutions of the anti serum to 
nontrypsinized, broken IeRe hacilli, and the anti sera to trypsinized 
and broken lepra bacilli, respect i\'ely. Th e antigens as indicated in 
Table 2 were mixed with 1 per cent Evan s blue Holuti on and injected 
into the gu inea-pigs by the card iac route. One of th e guin ea-pigs f],om 
the third group was inj ected with a sus]wnHion of tl'ypsiniz('d broken 
JeRe bacilli and th e other with a :;: us pension of nontrypHinized brokell 
] CRC bacilli. ~I 'h e r esults were r ecorded after two lIOU],S, and localiza
tion of the dye at the site of anti He l'um injection was taken as a positive 
reaction . ~I 'h e a r ea of th e ski]l r eaction showed tIl(' intensity of th e 
anti gen-antibody reaction. In a ll g roups of anima\:.; pOH iti ve r eaction s 
were obtained at the site of injection, as shown in fPabl e 2. ~rhe result :-i 
as observed in the tahl e indi cated that all the anti se ra used conta ined 
antibod ies \\'}li ch reacted also with normal human blood se rum. These 
r esults were confirmed by carrying out the reverse pasH ive cutaneous 
anaphylaxi s (RPCA) test according to Ovary CO), us ing the anti s('J'a 
to trypsinized broken and nontrypsi ni zed brokC'n JeRe bacilli and 
normal human serum. The human se rum was diluted up to 1 :128. A 
volume of 0.1 m1. of the undiluted se rum and each of ·the se \'en dilutions 
was injected intradC' l'l1lally in the dorsal region of eight animals. Two 
each of th e injected animal s wrre challC'nged with intracardiac inj ec
tions of anti serum to trypsinized hroken IeRe bacilli and nontryps in
ized broken JCRe bacilli before and afte r- absorpt ion \\'ith normal 
human hl ood se rum. The r esults as indicated in Tabl r 3 confirmed the 
fact that anti sera to trypsinized and nontrypsinized JeRe bacilli con
tain antibodies reacting with normal blood se rum . 

A all the peA rractions were positi ve in the aboye experiment, it 
'was inferred once again that th e human blood se rum contaminan t 
present in th e hacilla1'Y ~uspen s i on was r esponsibl e for the positi\'e 
reaction. In orde r to avoid the interference by blood serum, the test 
was r epeab"'d with anti serum to .11. lezJme and IeRe hacilli absorbed 
with normal blood serum. The experiment \\'as ca rri ed out using both 
ahsorbed and unabsorbed anti se ra. Three groups of gu inea-pigs, ,,-ith 
four animals in eaeh group, were employed. Each animal r eceived 
th ree diluti ons of th e ahsorbed ~e ra on one s ide of the hack and three 
dilutions of th e unahsorbed sera on th e othf'r s ide of the hack. Anti sera 
to (1) trypsinized brohn IeRC bacilli, (2) nontrypsinized broken 
IeRe baci lli, and (3) broken .11. l e])J'O e were used. T",o animals in the 
th ird group "\\'t' r C' inj Pci('d with identi cal dilution s of the anti serum to 
hroken lepra hacilli and wC' r r g iY()n intracardiae inj f'ct ions of a suspen
sion of trypsinized hroken ICRe hacilli. 

No r eact ion was ohserved at t il e spots "\\'lw ]'() ahso rlwcl anti Herulll 
to nontrypsinized and tJ ' ~' p s inized broken I e RC hac illi , and hroken 
.11. l epJ'O e wa s used (Table 2), but the r eaction wa. positive on the 'ide 
wl )() re tIle lIn ah ~o 1'h ed se rum wa ~ inj eeted. 



Antigens 
(injected by 
intracardiac 

route) 

Trypsinized 
(broken) 
I e Re bacilli 

Non trypsinized" 
(broken ) 
I e R e bacilli 

Antigens 
( injected by 
intracardiac 

route) 

'I'rypsinized 
(broken) 
I e Re bacilli 

Xontrypsiniz('(l 
(broken) 
l e Re bacilli 

TABLE 2.--R esults of passive cutaneous ana,phylaxis tes t using autisera to M. leprae, 
IORO bacilli and human blood serum with broken l\L leprae, broken I ORO 

bacilli and blood serum as antigens. 
- ----- - - -

Rabbit antiserum to trypsinized Absorbed rabbi t antiserum to trypsinized 
and nontrypsinized (broken) and nontrypsinized (broken) 

IeRe bacilli Je Re bacilli 

Reaction size in mm. Beaction size in mm. 

0 1:2 1 :4 1:8 1:16 1:32 1:64 1:128 0 1:2 1:4 1:8 1:16 1:32 1:6,1 

8 8 8 7 7 6 6 6 - - - - - - -

8 8 7 7 7 6 6 6 - - - - - - -

Rabbit antiserum to broken Absorbed antiserum to broken 
M. leprae obtained f rom U. ieprae obtained f rom 

crushed nodules crushed nodul es 

Reaction s ize in mm. Reaction s ize in mm. 

0 1 :2 1:4 1 :8 1 :]6 1:32 1:64 1:128 0 ] :2 ] :4 ] :8 ] :l6 1:32 1:64 

6 (J 5 5 5 4 4 4- - - - - - -- -

G G G 5 5 4 4 4 - - - - - - -
-" --
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TAI3L~~ 3.- R esults' of reverse pass i1'e rntllll eous (llllIphyla .ris t e~ t usil/!J Ii onnal huma1l 
blood serwn and (t11tisera to JCR C ba rilli 

(trypsinized b1'0 1cen and nont1'ypsinized broken) 

Ant is(,l'R injC'dt·ri 
hy intraeR nliac rontt · 

Antis(']'nm to t,ryps inizt'Cl, 
brokPn ICHC hRcilli 

Absorbt'tlnntisprnm to 
try ps inized hl'Oken 
I CRe bacilli 

An t is('rnm to Ilontry ps ini zed, 
broken I e Re barilli 

Absorhed a.ntisC'rum to 
nontryp , inized brokt'n 
I e RC hHeilli 

Normal human blood serum 

R('action s izC' in mm. 

o ]:2 1 :4 1 :8 1 :lG 1 ::~2 1 :(i-! 1:12H 

8 7 7 7 (i Ii 

8 8 7 7 7 G G 5 

rPh ese l'XpOl·jments indicated that no skin-se~sitizing antibodie::: 
specific for either M. Zeprae or ICRC bacilli were present in tlw sera 
tested. 

Since precipitating, nonprecipitating and skin-sensitizing anti
bodi es wert' not present in antisera either to lIf. Zeprae or ICRC bacilli, 
experiments were calTied out to see if the sera contained incomplete 
antibodies. Th e presence of incomplete antibodies to ICRC bacilli in 
the sera of rabbits i11l11lUnized with ICRC bacilli was tested hy using 
fowl antiserum to rabbit glohulin. The ICRC bacilli incubated with 
antiserum to ICRC bacilli were not agglutinated when the rabhit anti
globulin serum were added. 

Experiments were carried out also to determin e if sera of leprosy 
pati ents have incomplete antibodies. Again the ICRC bacilli were 
used, in the lack of M. Zeprae for these experim ents. Bacilli incubated 
with the sera of leprosy pati ents failed to agglutinate '\\'hen the Coomhs 
serum (rabbit antiserum to human gamma globulin) was added to 
sus pen sions of the bacjJli. 

All the work detailed ahove indicated that rabbit antiserum to 
M. Zeprae and ICRC bacj]]i contained antibodies specific only to com
pont'nts of human blood serum. The sera of leprosy patients, also, 
failed to show the presence of antibodi es specific for lIf. le]Jrae, as r e
,'ealed by all the tests carried out. 

Attempts were made al so to find out if tissue-bound antibodi es 
could be demonstrated in guinea-pigs sensitized with M. Zeprae and 
ICRC bacilli. The experiments calTi ed out with uteri of guin ea-pigs 
sensitized with washed and broken bacilli, have r evealed that ti ssue
bound antibodies al so are directed toward components of human blood 
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serum . 1'1\(' details of these and other experiments carri ed out with 
I CRC bacilli grown on a sprUIll-free mediul1l willlJe reporteo elsewhere. 

mSCUSSJON 

1'11 e r esults of tbe Oucht<>r1 ony gel diffusion tests, ca !Tied out with 
unbroken .1/. l epra(' and J:CHC bacilli, indi cated that when used with 
in compl ete Freund's adjuvant they w(' re c'apable of p roducing anti
hodies in illllllUnill('d rabb its. It was ohserved that anti:-;era to Jl. 
1eJ))'"(l p and Je R C hacilli gave three prec ipitin lin es not onl~' with the 
hacillary snspension s hu t also with the SN a of lepl'Olllatou:-; and tuber
('uloid pati ents, as well as normal human se ra, giving t1H.\ sallie number 
of p]'(\e ipitin lin es, whi ch coalesc('d, indi cat ing i(kntity. 'rhese r esults 
indi ca ted that antisera obtained hyill1l11lmilling rahbits with saline
washed M . l pp1"ac and JCRC hacilli gave rise to antibodies only to com
pon ents of norlllal llUlllan blood serum. At this stage it seemed possible 
that rabbits immunized with either of the hacilli developed antibodies 
to the components of blood serum sticking to th e respective' bacilli. ]n 
the case of U. leprae th ese compon ents would be acquired from tl1 e 
serum prps(\nt in the lllllllan tissue; in the case of TCRC bacilli, thrsc 
components ('vidently "would be from th e serum present in the tissue
culture-nlod ifi ed fiuid. The Ouchterlon.v gel diffusion experiments, car 
ri ed out with ether-ace tone-washed and tl' ~rps in-di gested .1.11. lepm(' and 
ICRC bacilli , also revealed that th e preeipitating antibodies in anti
sera to both types of hac illi were specific only fo r normal hnman hlood 
serum. 

~rhe hemagglutination test canied out with th e antisera to both 
saline-washed and etber -acetonl'-,Yasbed and tl'ypsin-digeste(l bacilli 
also indi cated that the sera tested did not contain nonprecipitating 
antibodi es specific for either ill. l pl'HW or I CR C bacilli. Th e hemag
glutination tests carri ed out with anti sera absorbed with normal blood 
serum did not agglutinate cells sensitized either with the M. leprac, the 
ICRC bacill i, or the normal and leprosy sera used in the experiments. 

The r esults noted aboH indicated that washing the bacilli with 
saline or ether-acetone mixture, or further digesting th em with trypsin, 
did not remoye the serum layer sticking to the bacillary cell wall. 

Yanagisawa C5 ) observed that trypsin-digested leprosy bacilli 
were able to give a better skin r eaction in sensitized guin ea-pigs. H e 
concluded that trypsin digested tbe nonspecific tissue proteins adhering 
to the bacilli. The r esults r eported her e, however, indi cate tha t tryp
sin-digested bacilli could not give rise to antibodies for antigens of the 
bacilli. It was expected that disintegration of the bacill i in th e Mickle 
shaker would release specific antigens that might he intrac('llul ar. Anti
serum to washed trypsin-digested and di sintegrated I CR e bacilli again 
showed antibodies r eactin g not only with either of the antigens used 
for immunjz.ation but also with human blood serum. 

1~h e passive cutan eous anaphylaxis t es t using ant i erum indicated 
that the antisera to 1Il. Zeprae and ICRC hacilli did not contain sk in-
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sC'n s iti:iing antihodies s pC'c ifi c for t]IC l'('specti\'(' ol'gani slli s. Skin
scns itizing antibodies which w e re fO l'lIl f:'d reacted with normal human 
sc rum . .:-~b sol'ption of the antiserum with nO],1I1al human S(> ],UlI1 CO I\I 

pletely removcd thc ability of the antiserum to give a positive peA 
r eaction with eith (' I'.1J. I f }J}'(f e and leRe hacilli o r \\"ithnol'lllal hUlllan 
se l'UlI1. 

A('co l'ding to Chall ss inand (:; ) illllllunizat ion \\"ith Be(: ad:-; as a 
prophyladi c against l eJlros ~' . BuneH and H1\('in s (') ]'('portcd the 
)l1'Cs('ncc of antihodi('s in ]("' pros ~ " sera which wc]'(' oh:-;crved to gi\"e 
precipitin lim's with hothl <' prornin and BCG. rl' lw r esult :.; of Ouchter
lon~' eXpCl'illl ('nt :-; I'('ported ]1('1'(' ha \ "e s ho\\'n , 110\\'(>v(' r , that anti se ra to 
hotll .1[. lejJr(/ e and ]CRe haeilli fail('d to ]'('act with intact BeG. 

Expf:'l'illlents \\"e r(' ca rri ed ou t also to study tl1(' presence of tissue
hound antihodies in antispra to lIf, lewae and JeRe hacilli, hy means 
of the Schultz.-Dal e tccJ11Iic. rl1hi s work, conducted ill collahoration 
,,,itl) K. (; . A)lantanara~"an of the lI affkine In stitute, Bomhay, has indi
cat('(l that the tissue-hound antibodies in tlw illllllunizpd guinea-pigs 
also we re fou nd spC'e i fi c against antigell:'; ('Oll\lIlOn to ]nllllan hlood 
:-;(' rUIII. FurthC'r, ICR e bacilli cultivated on Lo\\"enst(' in-.J ensen II1('diu1l1 
show('d the ))]"(>sence of a ntigens common to blood S(' rUlII, although the 
m ed ium did )lOt conta in such ant igens, Detail s of,thest' experiments 
a nd others in In'og]'ess ,rill he reportc'd else\\"]\(' l'e. 

11h e results thus far discussed indi ca te that illllllunization with .1J. 
lcpro e and JeRe hacilli g i\"es ri~(' in l'ahhits and g uin ea-pigs to anti
hodirs I'eading only with components of human blood se rulll. Antigen s 
;;; pec ifi c fo r tIl(' haeilli could not he dt'tected hy the use of various im
lIIunol og ic trcll11 ics elllpl o ~'ed in tlw ddection of preei pi ta ti ng, non])l'e
eipitating, skin -s('n ~ itizin g, tissur-hound orincomplde antibod ies. Both 
.11. I f'p1''a c and l e R e ha(' illi gavr iden t ieal r t's l11ts in tIle i llllllun ologic 
('x l)(, l'im ellts cc1 rl'iecl out. 

SU :\L\[AR¥ 

Immun ologic inH s tigations wer e ca rrico out to determ ine the anti
genic composition of 111. Zepra e and compa r e it with that of acid-fast 
m ycohact(,Tia isolated from l('j)]'omatous nodules and cultivated i11 vitro 
( re R e hacilli) . '\ nti sera ~prc ifi c for 111. leprae and I e R e hacilli wer e 
obtain rd f rom rabbits immunized wi th the ]'('slwetive hacilli. The 
hacill i were washed wi th a m ixtu]'c of equal pa rts of ethel' and acetone 
and digested with b'~'p~in in ol'der to r(>1I10\'e the se rulll and tissue 
pl'ot('ins stickin g to t he hacillary cell wall. The bacilli \\" er c fmther 
cli:integl'atecl, so that 01(' intraeellular antigens would 1)(' availahle for 
t he immun ologic l'eact ions . 

The results of the invest igations ha \"e indicated that i1l1111unization 
wi th J1. lepme and I eRe bacilli g ives rise in rahhits and g uin ea-pi gs 
to antibodies )'eacting only with compon ('n ts of human blood sprum. 
Antigens ~pec ific for the bacilli a lone could not h e detected h y us ing 
the yarious immunologic technics employed fo l' detect ion of pr('cipitat-
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ing, nonpl'('cipitating, f' kin Ren::; itizing, tissue-hound 0 1' incolllp letp anti 
I)odi p~, .1/, lpproe and the I.CR C hacilli gm'e identical n\!:mlts in tltf:\ 
illllllunologic ('xpel'illl('nt~, 

FlU' I'OII l'l'alizHda s ill\'l'stigacionl's illlllUllologil'n;; pal'a dl't( ' l'Il1illal' la 1'()lIlpnsitioll 
IIl1tigelli ('1l ti(·1 .1[, 7el)r(l p y ('Olllplll'arill con aqlll·llos d e la IlIitohai'tI' I'ill [\tido - I'e~ i s trntc 

lIi slllria dc n6dulos II'PI'OllllltosoS y ('ultinlflos ill 1'ilro (blH'i los lC' HC) , Fuel'on ohtl'n iti o,-; 
nllti ;;ll(,ros ('SI)('('ifi('oS pam pi ill, /I'J) I'(l e y ha('ilos l CHC (1(' ('olwjos inmllnizll(\os ( ' ()II ('I 
I'\'sl)('('i i\'o ha(,ilo, Los hll(·i1os fllrron IIl\'ados ('on 111111 m('zl'la d(' partl';; igun l(·;; d(' M('\' Y 
}1('riolla .\' di g(' l'i(los ('11 tripsina, ('on (·1 ohjPto d( · l'\ 'mol'PI' las protl'IIlHS df'1 SIlPI'O ~I t('ji(los 
}1(IIl(')'i,l os H In pH 1'('(1 ('(,llIlar hiH'ilar. Los barilo;.; fllf'l'On hH·gO ,lpsintrg'l'n.dos, d(' tal mod() 
qlll' los Hlltig('nos intrll(·('llllal'ps r stuvil'l'fIn dispolls ibl('s para las J'('a crionrs inmllnolog itas. 

Los l'('slIlindos d(' la s illl'('stig'acionrs hnn indi(·ndo qll(' In inmlllli znc ion COil (' I lIf, 

7(' llm e ~. rl hacilo l CHC prodll('r rn ('onrjos y (·oba.I'o;; anticurrpos qllr rl'a('('iollan solo 
('Oil los ('ol11ponrnt('s dl' SU(,1'O ;;nngl1inpo Itl1mnllo. 1\0 sr pudi('l'oll d" Sl'tlhrir aniig'l'nos 
(·sppl'ifkos para pI ba('i1o solo usando H1l'ias h\'ni('as illl11l1nologil·as pl11plNldllS para la 
d(·i('cI·i{m ,1(' alli'i('I1('rpos pr('('ipitantps, no prrripitani'('s, spnsibilizantl's dr la pil'l, ('0111 -

p l('jos iisllhll'rs 0 inrompldos. EI M. /p]Jl'l/ e y (' I bl\i·ilo rcnc cl i('ron idPlltiros rl'sl1ltHllos 
ell los (' xIWl'im(,lti'os illmllnolog iros. 

RESU ME 

Dt',,; (. t llt1(',.; immllllolog iqnrs ont etc mrnprs rn \'IlC clr el(.i('rmin,'r la cOllst'itution 
Hniigpniqnf' <1(' ,lI. 7epra e ct ell" In comparl'r ~t ('f' lI c d'antrl's mycohnctcrirs ncielo-res is
inntps isolp(,s dr nodull's lepromateux et cllltiveps in v itro (bnci ll p I CR C ). Dps nnb-sern 
specifiqnrs POlll' JlI. leprae rt pour Ie bacillc l CRC ont Ci'6 obtl'nus chpz ell'S lapins im
lI1unisps a\'pr II''; bacilll'.' cOlTesponelants. Lps bacillrs ont etc laves dans \In mclange 
Mher-H <:Ctollf' a partips ega ll's rt dige l'es par In. trypsine pour drhnl'\'n ssrr In mcmhrHlw 
(,(· llulnirc drs ba(·i1ll's du SC l'll111 rt elI'S prottinrs tissnl nirrs qui y acl herrnt . Lrs hacillrs 
Ollt nlol's He cles integl'es, afin d'en lihe l'e Irs nntigenes ccllulail'es destinps it , ervir nux 
l'(~actioll s immunologiql1(,s. 

L ei; r esultats fle CC, etudcs out indique quc l'imunisation a \'cc lit. /epl'ae et avec II'S 
harillps JCR e pl'o l'oq nr cll rz les lap ins rt Irs ('ohayrs Ic elPI'r lopprl11pnt d 'nntirorps qui 
I'eagi s;;rnt St' l1lrmf'nt al'cc Irs cOlls titurnts du sel'l1m sangllin Il11mnin . Par Ir l'l'cours 1.1 
divcrsr s trchniqlH's il11munolog iqurs utilisers pour la detection elr, nnticol'ps, ql1r crl1x-ci 
clonnent licu il ell'S renrtions dp prccipitation ou non. sens ibilisrnt la pcau, qu'il s soient 
lies aux tissus 0\1 incomplet , il n'a pns cte possihle elf' mpttre en e l'idrncr drs antigene!> 
s pecifi qnrs POIl1' Ips bacill r s srn lrment. III. 7e]Jra e rt les bacilles I e R e donnrnt des 
l'csnltats idrntiqll(,s an point dr I'ue dc l'r xpcl'imrntntion immunologiqul'. 

A ciolO lc/edf) em ellts .- Thr anthors arc g ratrful to Dr. N. Fignrrcclo, Rctirrd S l1ppr
intrnclrnt, A <:lI'ori'h Lrprosy HOl11r, Dr. l . 1faruthi Rno, fo rmer Assist,ant Dirpctor, 
Mrclic·al Srrvicr,' , i\fnd]'a s, Dr. K. Ramanujnm, i\fpdicnl Officrr, Government S il vrr 
Jubilrr Chilclrrn's Clini c, Saidnpct, and Dr. V. Eknmhnram f or making al'nilablr the 
l('prosy mntrrial rmploycd in thrse s tudirs, nnd to Dr. K. S. Rangannthnn, Retirrd Di
r cctor, E.C,C. Ynrcine Ln bora tory, Madras, for making a.\'ailable thc BCG. 
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to acknowledge t hr h(' lp of Miss Ka.ty K. Sacl ri during thr rarlirr pnrt of tile work, nncl 
of Olll' ('ollrngnrs in till' Applied Biology Gronp of tile Indian ancrl' R,pspnr('h Cl'ntre 
f or Hssistan ce in (,l1 ltnring and mnintaining thr baci lli , nncl of Dr. Satyanlti Sirsat for 
llrlp in making tllr r lpei;ron micrographs. 
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