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INTHODUCTJO~ 

At the VIUth Intemational Congress of Lep]'ology in Rio de 
Janeiro in September 1963, the melllbel's of the Panel on Lepra Reac­
tion expressed the opinion that this type of r eaction is mediated by 
some as yet ob::;cme form of hypers('nsitivity. They r ecommended that 
intensive immunologic research be undertaken to clarify the patho­
genesis of the l' ('acti on ("0 ). It is generally helieved that tIle clini cal 
and hi stolog ic lIlanifestation s of l('prosy ]'('Aect various degrees of 
host resistance against infection with MVco7){f cterill1n leZJ1'a e (27). In 
reality, however, nothing is known ahout the nature of this r esistance. 
Failure of leprosy bacilli to multiply, following inoculation, may be 
the r esult of either native or acquired characteristics of host tissue or 
of a combination of both. As in other mycohacterial infections, ther e 
is no evid('nce that ]'esistance to Hansen's hacillus depends on participa­
tion of ordinary circulat,ing antihodi es ('I , ]7). The ex] tence of an 
infectious type of hyperscnsitiyity in tuberculosis and its r elation to th e 
pathogenesis of the disease have been firmly estahlished and well 
desc ribed eS ). 'rhe F ernandez r eaction (0 ) seems to be the only evi ­
dence that can be adduced in support of the view that thi s type of 
)Iyper sensiti \'ity is involved in leprosy, On e of the chara ter]stics of 
the infectious type of hyper sensitivity is the frertuently corroborated 
obselTation that antigens identical ·with or similar to the engendering 
proteins exert toxic effects in vitro on c011 s of hyper sensitive, but not 
of normal individuals e s, ] 0, ~ ~ , ~ ·I, 29 . ~3 ). In addition, it is well known 
that this type of 11yper sensitivity can be transferred from hypersensi­
tive individuals to normal individual s of th e same or another species 
with cells suhject to th e toxic effect. of th r antigen e' r. , ] ~, H , 35 ). 

There is some evidence tJlat mononuclear leucocytes of tuberculin­
sensitive guinea-pigs are metaholically more active than cell s of the 
same kind ohtained from normal animals e5 ). In vitr'o addition of 
antigrn does not seem to alter the r espiration of ]('ucocytes of sensiti\'e 
animals ('r. ,20) . ·With the exception of successful heterologous passive 
transfer of hypersensitivity to an tigens of Mvcobacte1"iu111, Zeprne-
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murium by ·Wallace (34), there is no information on immunologic and 
metabolic characteristics of mononuclear cells of animals infected with 
this microorganism. 

The experiments reported in this publication deal with homologous 
passive transfer of sensitivity to mycobacterial antigens with living 
cells of guinea-pigs inoculated with the bacillus of rat leprosy, and the 
toxic effect of a mycobacterial antigen for migrating cells of explants 
from their spleens. A later publication will deal with the effects of 
such antigens on the r espiration of their mononuclear leucocytes. 

MATElUALS AND METHODS 

Mycobactel'ial antigens.-Mycobactel·ium phlei, Mycobacterium species 607 and 
Mycobacterium bovis (BCG strain) were grown on the surf ace of Proskauer-Beck 
medium for 4 weeks in the case of the mammalian organism and for one week in the 
case of the saprophytes. The surface growth was r emoved to a mortar by means of a 
large wire loop and ground in normal saline. M. lepl'ltemul'imn suspension was pre­
pared f rom subcutaneous lepromas of C57 black mice infected three months previously 
with the Hawaiian strain of the microorganism. The lepromas were minced with a 
pair of scissors and ground in a mortar with sterile sea sand with addition of Hanks' 
balanced salt solution (BSS ). The resulting tissue-bacterial suspension was centrifuged 
at 50°C and 1,000 to 2,000 r.p.m. until acid-fast stains of the supel11atant contained 
mainly acid-fast bacteria and a minimum of tissue fragments. 

A suspension of M. leprae was prepared in the same mll.nner, except that th e 
source of this material was liver from a case of lepromatous leprosy. 

The bacterial cells were treated in a Raytheon sonic oscillator, model D F, at 10 K C 
until only occasional acid-fast particles could be found. 

After this treatment the preparations were centrifuged at 4,000 x G at 5°C for 
45 minutes. The supernatants were r emoved and dialyzed against distilled water at 
5°C for 72 hours. The antigen-containing solutions were sterilized by Seitz filtration. 
Nitrogen determinations were carri ed out by microkjeldahl analysis, using steam dis­
tillation. The following amounts of nitrogen were found in 0.1 ml. of the respective 
antigens, the amount used for skin testing: 

Antigen 
Ph lei 
607 
Leprae 
BCG 
Lepraemurium 

Mgm. NIO.1 ml. 
0.022 
0.036 
0.033 
0.010 
0.003 

Inoculation of guinea-pigs.--Mature albino guinea-pigs of either sex were used as 
donors of normal and sensitive cells. Animals serving the latter purpose r eceived two 
subcutaneous inoculations of approximately one billion M. lepl'ltemul'ium one week apart 
from 3 to 4 months prior to cell harvest. The suspensions of M. lepl'aemurium were 
prepared from mouse lepromas as described above. Bacterial counts were made by a 
method similar to that described by Shepard (31). Approximately one week before use 
these guinea-pigs were skin-tested with the mycobacterial antigens and with 0.005 mgm. 
of PPD. The results of skin tests on inoculated animals are summarized in Table 1. 
Normal guinea-pigs did not r espond with typical reactions to any of these antigens. 

Mononuclear cells from peritoneal exudates.-Normal guinea-pigs and guinea-pigs 
inoculated with M. lepraemul'ium, which served as donors of mononuclear cells in passive 
transfer studies, were given 15 ml. of a light paraffin oil intraperitoneally 48 hours before 
cell harvest. Their peritoneal cavities were washed out with BSS containing 0.03 per 
cent of heparin and 0.5 per cent of bovine albmnin. The washings were added to 
separatory funnels to separate them from the paraffin oil. The pooled washings were 
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added to siliconized 250 m!. centrif uge tubes and centrif uged for 10 minutes at 1,000 
r.p .m. The supernatants were drawn off and discarded. Following resuspension in BSS 
and recentrifug'ation, the cells were transferred with siliconi7.ed capillary pipettes to 
siliconi7.ed screw-capped tubes and r esuspended in BSS. Recipient guinea-pigs receiv(,ll 
intraperitoneally 2 m!. of this suspension, conta ining' approximately 250-400 million 
cells. The cellular composition of these suspensions, detf'l'lnined fro m ",Vright-stained 
pl'pparations, was as fo llows : monocy tes, 50-80 per c~nt, lymphocytes, 20-50 per cent, 
granulocy tA's, 1-3 per cent. Viabi li t.y was determined by supravital staining wi th neutral 
red and Janus green (23). Most cplls appeared viable. 

S z,lenie eel/s.-Spleens of spl1s iti7.pcl and normal guin pa-pigs wpre min cpcl in BSS. 
The Ilomogpnate was centrif uged fo r 10 minutes at ] ,000 r.p.m. The upper grayish­
appearing cpll layer was r emoved to 15 m!. cent.ri fuge tubes. F ollowing centrifugation 
for ]0 minutps at 1,000 r.p.m. the snpprna tants wpre di scarded nnd the rells resuspended 
in BSS. R.ecipient g'uinea-pigs rpcpived an in iraprritonpa I injection of 2-3 m!. of this 
suspension, containing approximately 0.5 m!. of pack I'd cells. 

eytotox-icity expm·i1nents.-W ashed spleens of sensitized and normal guinea-pigs 
were cut into pieces 1 to 2 mm. wide. After repeated washing in cold BSS thpy were 
transfelTed with capIllary pipettes to the flat surface of Leighton tuhes and 1.0 m!. of 
f resh normal guinea-pig plasma was added. If exposure to ani"ig'('J1 was dpsired, the 
added plasma contained phlei antigcn at a concentration of 0.022 mg-m. N PPI' m!. 
Explants of the spleens of normal and of sensiti ve guinea-pigs in the prpsence and 
absence of a.dded antigen were incubated for 24 hours Ht 37°C. Micrometer meHsnrp­
ments of the width of the zone of cell migration were then mnde on the fo ur edges of 
ea.ch explant. For each explant the average distance of migration was determined from 
these measurements and expressed in micrometer units. One micrometer unit equnls 20 
microns. 

RESULTS 

The data summarized in Table 1 show that after inoculation with 
111. lepraemuri~tm, guinea-pigs develop delayed-type cutaneous reactiv­
ity to soluble antigens prepared from M. lepTa em~trium, JJf. species 607, 
111. phlei, and 111. bovis (BeG), as well as toward PPD. The JJf. lel)1'ae 
antigen failed to elicit skin r eactions. It does not seem warranted to 
conclude that there is no cross sensitization between M. leprae and 
M. lepraemurium. The high nitrogen content of the lepra an6gen may 
be misleading, since it is not kno"wn how much of this was contributed 
by the bacteria. It seems not unreasonabl e to suspect that most of the 
nitrogen in this preparation "was deriyed from human liver. The skin 
reactions with phlei antigen wer e strongest and least variable. Ther e­
fore this antigen was used in the cytotoxicity studi es. 

TABLE I.-Skin 1'eactions of guinea-pigs inoettlatecl 1.vith M. lepntemurillm to solttble 
mycobaet61'ial antigens. 

Menns of average 
I o. of animals No. positive diameters of 

Antigen tpsted r eactions l'paction in mm. at 24 Iu s. 

M. lepmemttriu.m ] 6 ]4 J1 ± 4 
1If.. lepme 16 0 -
M. species 007 0 4 6 
M. phlei 16 16 27 ± 3 
M. bovis (BCG) 16 16 24 ± 6 
PPD 4 4 14 ± 3 
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TABLE 2,-Nwnbe ~' of skill -l'eac tors to mycobacterial autiyens 48 hmt1"s after homologous 
trlll/ sf er of l iv ing cells f r01l1 .(/lIiJl ea -pi.l)~ i ll ocula.ted w ith M. lep raemnrium. 

Antigens 

ill. leprae-
Material transferred !JJ. lepme mu,rin1n M. bovis (BeG) M.. phlei 

P eriton eal cells of on 0 7 (12 ± 3) b 7 (16 ± 2) 
inoculated g'uin ea-p igs 3 8 9 7 

Pr ritonell l ('r lls of 0 0 0 0 

];ol'm lll g uinea-pigs 4 4 4 4 

Spleni c cells of 0 0 4 (9 ± 4) 7(1 3 ± 4) 
inocnlated guinea -p igs 7 9 7 7 

S plenic rrlls of 0 0 0 0 

normal guinea-pigs 4 4 4 4 

II um be l' of r('actors 
nU1llbe r of recipi ents tpsted 

"i\fcans of lWPl'age diall1ptprs of pos itive l· .. art i Oll ~ in I1Inl. :.l 2-10 hours . 

'1'he r esults of the passi\'e tran sfer experiments are summarized 
in Table 2. Recipients of peritoneal macrophages and splenic cells of 
inoculated guin ea-pigs reacted regularly to skin test . with phlei antigen 
48 boms after cell tran sfer . 'rhe1r skin r eactions at 24 hours were 
larger than those elicited by BeG antigen. In addition, this antigen 
did not evoke positive r eaction s in all r ecipients of sensitizing material , 
particularly the ones that had r eceived splenic cells. Neither leprae nor 
lepl'aemurium antigen caused skin reactions in guin ea-pigs that had 
r eceived cells of infected donor animals. 

In view of the data presented in Table 1 it might be concluded that 
the lepraemurium antigen was too -weak to elicit r eactions in passively 
sensitized guinea-pigs, since it caused only comparatively small r eac­
tions even in the actively sensitized cell donors, On the basis of th e 
same reasoning the negative results with leprae antigen are not 
surprising. 

Recipients of cells from normal guinea-pigs did not react to cuta­
neous injections of any of the antigens. Th ese results clearly show 
that the sensitivity of guinea-pigs against mycobacterial antigens fo l­
lowing in the wake of inoculation with M. lepraem,urium, can be trans­
fen'eel to normal guinea-pigs with living mononuclear cell s of induced 
peritoneal exudates and with their splenic cells. 

The results of the cytotoxicity experiments are summarized in 
Table 3. This table lists, for explants of 6 normal and 6 sensitive ani­
mals, in the absence and presence of antigen, the cell migration in 
micrometer units and the number (n) of explant::; of eaeh ::;1>leen from 
which the di stance of migration was calculated. For each of the six 
experiments listed a mi gration index was calculated by dividing the 
distance of migration in the presence of antigen by the distance of 
migration in the absence of antigen. This was done so that account 
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'!.' ,\ULE 3.- E j)'ect o[ p hlei cmtigen on cell migration [ rom Sp ll'l1ic ex/i1ulll s oj' 1/0/'111 //1 

gni ll f !l-l)igs fIIlcl g l/iH(>(I-l) ig . ., 'il/ o('u late(/, '1I'if,h 1\1. 1 rpraclll1ll'iU1l1 . 

}ligl'atiolla wi th -"tig rat ion;> \\'i f; !J -
a n tigen 11" on t a n tigrll 

E x p icll1 t l> [ r om ?lO n nal gUilll' ll -l)iy~ 

39.0 6 34 
20.8 8 21.5 
28.8 6 23.1 
25.6 7 23.9 
38.1 7 27.2 
46.1 6 45.6 

E x plants [rom i?boct£i cltecl guinea-pigs 

24.2 9 27.3 
14.7 8 33.8 
17.4 8 22.9 
14.6 6 22.2 
18.6 8 42.5 
31.9 2 36.7 

"nLig'J'ati on in mi cl'ometel' uni ts - 2 micl'ons pe l' uni t . 
"n = numbel' of explants. 

nh 

6 
n 

4 
7 
4 
3 

6 
7 
3 
3 
8 
2 

• \1 ignltiull 
illill'x 

1.1 
0.9 
] .2 
] .1 
1.4 
1.0 

0.9 
0.4 
0.8 
0.7 
0.4 
0.9 

could be taken of any toxic effect the antigen might have for cells 
migrating from explants of normal guinea-pigs. 

From the migration indices shown in the table mean yalues for 
both the normal (Xl) and sensitive (X2) explants were calculated. Th e 
statistical significance of the difference between the mean values of the 
migration indices for samples of this particular size was calculated 
according to Student's t-test. The fo llowing equation was used: 

_ T T V (Nt + N 2 - 2) N l' N 2 
t - (Xl - X 2) (NI + N 2) [L (Xl - X I)2 + L (X2 - X 2)2] 

wher e : 
Xl = individual migration indices of normal explants 
X 2 = individual migration indices of sensitive explants 
X l = mean of normal migration indices (1.1) 
X2 = mean of sensitive migration indices (0.7) 
NI = number of spleens of normal animals (6) 
N2 = number of spleens of sensitive animals (6) 
'When the values listed are substituted for symbols in the formula, 

t is calculated as 3.7. The p value is < 0.01. 
Thi s analysis shows that the differ ence's of migration indices 

observed between sensitive and 'normal explants are statistically sig­
nificant. Therefore it must be concluded that the low migration indices 
of the sensitive explants r esulted from inhibition of cell migration hy 
antigen. In the absence of antigen there was no significant difference 
in cell migration from the spleens of normal and infected animal s. In 
addition there was no significant effect of the antigen on cell migration 
from explants of normal animals. 
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DISCUSSION 

Uuinea-pigs, after inoculation of M. lepru ellL'u1'iwn J seem to develop 
delayed-type hypersensitivity not only to lepraemurium antigen but 
also to other mycobacterial antigens. This observation tends to con­
TII'm the well-known concept of cross-reactivity among mycobacterial 
antigens. The notion of phylogenetic relationship of all mycobacteria 
res ts in part on cross-reactivity obtained with their proteins in infected 
hosts. This subject has been reviewed by Xalabarder (36 ). There is not 
much reason to believe that the results of antigenic analysis depending 
on formation of visible precipitates must concur with those based on 
delayed-type cutaneous reactivity of infected hosts. Precipitate forma­
tion is limited to the presence of interacting molecules at optimum pro­
portions. Delayed-type sensitivity, on the other hand, is independent 
of precipitating antibody, and cutaneous responses can be elicited with 
any amount of antigen greater than an individually variable minimum. 
The mycobacterial antigens in the present study were protoplasmic 
fractions of acid-fast bacilli disrupted by mechanical means. Larson 
et al. e3 ) have shown that this fraction, unlike cell-walls, does not pro­
duce lesions in the skin of normal animals. This also was our observa­
tion, except in some instances where phlei antigen, caused a papular 
lesion in the skin of normal guinea-pigs. These papules appeared soon 
after injection of antigen and did not exceed 3-5 mm. in diameter. 
They were never found surrounded by an infiltrated, erythematous 
zone. These lesions were sufficiently distinct from hypersensitivity 
reactions to preclude confusion. Our experiments show that living 
mononuclear cells from peritoneal exudates and splenic cells of guinea­
pigs inoculated with M. lepraemuriwn can transfer to normal recipients 
sensitivity to mycobacterial antigens. 

Recently Najarian and F eldman eS ) accomplished transfer of 
tuberculin sensitivity with labeled lymphoid cells. They found that the 
transferred cells accumulated in great numbers at the skin-test site of 
the recipients. They also observed this in transfer of contact sensi­
tivity to dinitrofiuorobenzene (19). On the other hand, transferred anti­
homograft reactivity does not seem to require the presence of trans­
ferred cells at the reaction site eo, 21 ). In view of these findings, 
Najarian and F eldman concluded that tuberculin type sensitivity and 
homograft r eaction were accomplished by different immunologic 
mechanisms. This may lead one to believe that intact donor cells are 
indispensable for passive transfer of the delayed type of sensitivity 
of the infectious and contact type. Nevertheless, some workers have 
claimed successful transfer of these sensitivities with cell-free 
extracts (11, 15, 17). 

As stated before, the toxic effect of antigen on host cells is con­
sidered a special attrihute of infectious-type hypersensitivity. It has 
been observed by many investigators e s, 10, 22, 24, 2D, 33 ). It should be 
pointed out, however, that some workers failed to obtain evidence of 
such an occurrence e' 5, 16). The reasons for this discrepancy remain 
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IIl1kIl OW11. The preseJlt experiments show that phlei antigens inhibit 
cell migration from splenic exp]ants of guinea-pigs inoculated with 
M. lepraenl,u,riurn. Thornsberry and associates CZ ), studying the effect 
of culture filtrates of heterologous microorganisms on the migration 
of leucocytes from tuberculous guinea-pigs,. fo und culture filtrates of 
111. phlei ineffective. It is not ]movvn what effect phlei antigen in a 
concentration as ]ligh as that used in our experiments would have on 
the migration of leucocytes of tuberculous guinea-pigs. 

Because of the lack of knowledge in the area of hypersensitivity 
in leprosy it is planned to extend invest igation of the effect of myco­
bacterial antigen to blood buffy coat explants of patients with various 
types and reaction states of leprosy. 

SUMMARY 

Guinea-pigs, after inoculation with 1}1. lepraern~wi~trn, develop 
delayed-type hypersensitivity against antigens of the same and other 
mycobacterial species. Typical, delayed-type skin responses could be 
elicited with the soluble fraction of M. lepraernu1'iurn, 111. phlei, and 
M. bovis (BCG) prepared by treatment in a sonic oscillator, and with 
PPD. Heactions to soluble fractions of l}I. species 607 occurred with 
less r egularity. Skin reactions were not obtained after use of a soluble 
antigen of 111. leprae. The failure might have been due to low concen­
tration of lepra antigen in this particular preparation. 

Delayed-type skin r eaction s to phlei and BCG antigen could be 
elicited in normal guinea-pigs 48 hours after intraperitoneal injection 
of viable mononuclear cells from peritoneal exudations in guinea-pigs 
hypersensitive to these antigens as a r esult of previous inoculation 
with 111. lepraernurium. Their splenic cells also were capable of trans­
ferring this type of hypersensitivity to normal recipient guinea-pigs. 

Cell migration from splenic explants of guinea-pigs inoculated 
with 111. lepraern'twill,1n was significantly inhihited in the presence of 
the phlei antigen. 

RESUMEN 

Los cobayos dcspues de la inoculacion con "M. lepl'aemm'ium desarrollan un tipo 
de hipol'sensibilidad diferida contm los antig'enos de las mismas y otras especiC's de 
micl'obacterias. Tfpicas respuestas de la piel de tipo diferida pueden ser incitadas con la 
f raccion so lnble del M. lepraemurium, M. phlei y M. bovis (BCG) preparados con el 
tmtamiento pOl' un 0 cilador sonico y con P.P.D. Las reacciones a las fracciones solubles 
de M. species 607 ocurrcn con menor regularidad. No f ueron obtenidRs reaccioncs de la 
piel despucs de usaI' el antigeno soluble del M. leprae. El fmcaso puede deberse a la 
baja concentracion del antigeno lcproso en esta preparacion en particular. 

Las reacciones diferidas en Ia p iel al phlei y al antigeno BCG, puedell SCI' illducidas 
en los cobayos llormales 48 horas despues de Ia inyecci6n intraperitoneal de celulas 
mononnclea,res viablcs del exudado peritoneal, en cobayos hipel'sensitivos a estos antigenos, 
como un resultado de In inoculacloll previa con M. lepraeml,wium. Sus celulas esplen' (,lls 
f ueron tambien capaces de transferir este tipo de hipcrsensibilidad a cobayos r eceptorcs 
normales. 

La migraci6n de celulas de explantes espJenicos de cobayos inoculados con el 
M. lepraemurium fue significativamente inbibida en Ia presencia de antigeno pblei. 
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H1~SmlE 

"1-'I'('S illUc lllal iull :11'1'<; Ill. /t ' /II'(( ('mnl'iUIII , .II 'S 1·"il<l .I ' I '''; dl; I '(, loPlJ1 'IIL lIlie Ily [II ' I'­

sensibilite de type retarde aux antigenps de In mr mf' I'sppce ou d'autrcs pspecrs myco­
bacteri ennf's. Des reactions cutaneps de type retaL'de typiq llPS p eu\,f'nt rtre provoquees 
par la frac tion solnble de M. l epl'nemur ium, de M. p hlei et de 111. bovis (BCG) obtenues 
par passagp dans un oscillateur ul tra-so nique, ainsi qu'a\,ec Ie PPD. Dl's r eactions }\ 
la f raction so luble de Myco brtctel'l:es sp. 607 sllL'vil'nnent moins regnli cl'l'ml' nt. 

Aucu ne r eaction cutH nee n'a etc obtenue a vec un antigene soluble de lit'. lel) l'ae. 
J1echec p ent avo il' etc du tt la f aibl e concentration d'antigcnn lepren x dans In prepara­
t ion. I'n canse. Des reactions cutanees de l'ype l'f'j'al'oc tt I'nnhgpne de lIf. p hlei et a ll 
BCG ont pu et.re obtenurs chey. drs coha.yes normau x 48 Ii ellrl's a.prc:> I' injf'ction in t l'a­
pel'itoneal e de ce llules mononnclca il'es viahlf's prov('nant d'exsndats illtra-p eril'onell llX 
de co bayes hy persensibles a CPS a ntig'pnes ~;u i t() a llne inoet't1ation ant<' ril'nl'(,s HVI'C 
M . i elJ1·aem1.£l'inm. Les cellules sp leniqne de CPS co lm yps sont cga lement. capa hl('s <11 ' 

t ransferer ce type c1' hyp ersensibili te a des co bayes normaux lorsqn'i ls II's l'ec;oivent. 
La migration de cellules splcnique exp la ntces de cobayes inoculcs an~c 111. iejJ l'(( e­

mUl'ilt1n a etc s ignificativemPllt inhihCe par la preSI'IH:e d'ant.igpne p hl6iqll l'. 
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