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Field studi es of the epidemiology of leprosy rely principally on 
clinical diagnosis. J.t is generally agreed that bacteriologic examination 
of skin smears should be almost routinely part of the clinical examina
tiOIl, particularly s.ince this determines the " adminis trative classifica
tion " of cases into" open" and" closed. " Of the other two procedures 
used in diagnosis and classification of cases, histologic examination of 
biopsy specimen is of limited practicability. nle lepromin skin test, 
however, is more practicable, and therefore is being increasingly em
ployed. rphis test is used to help distinguish betw een, on the one hand, 
lepromatouR and other tissue-nonreactive ("nonresistant") cases, and 
on the other hand tuber culoid cases and certain other s that are tissue
r eactive. 

The present studies were undertaken for the purpose of adding to 
under -tanding of the immunologic basis of the lepromin reaction. 
Specific obj ectives wer e to compare the relative antigen icity of tissue 
and bacterial components of the Mitsuda-'Vade lepromin, and to deter 
mine the degree of cross-response incited by immunization of guinea
pigs with heat-killed suspensions of My cobacterium leprae and JIll. 
tu bc1'cu losis (avirulent bovine, of BCG), both in the presence and the 
absence of tissue components. On the basis of these results, it is 
possible to define certain of the major shortcomings in present antigen 
preparations, and to discuss possibilities for developing preparations 
of M. lepme antigens which may prove useful in epidemiologic studies. 

R eviews and conference reports have produced general agree
ment (25) that the Fernandez (early, or 24-48 hour) r eaction to lepro
min indicates existing local all ergy and probably is analogous to the 
r eaction to tuberculin . The Mitsuda (late, or 2-3 week) reaction is 
thought to be indicative of ability to respond to a deposit of bacillary 
antigen which serves both as a tissue-sensitizing and a reaction-eliciting 
(test) dose (21 , 2~). Repeated lepromin testing can induce reactivity in 
primarily nonreactive healthy volunteer s, but there is probably con
siderable variation in this matter (24). A similar response occurs in 
dogs (23). Olmos Castro et ol. eO) reported that 6 F ernandez-negative 
adult volunteers injected with Wade-Mitsuda lepromin showed an 
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avera.ge l'eact ion of 3.4 mm . at two days with a graduall'ise to 7.5 mm. 
a t twenty-one days. A second Mitsuda test after three weeks produced 
an average r eaction of 15.3 mm. at two days with gradual fall to 10.2 
mm. at one week, 11.1 mm. at two weeks allCl 8.6 mm. at three weeks. 
'rhe average r eactions in 11 cases of tuberculoid leprosy wer e 20 mm. 
at two da ys, 12 mm. at one week, 11 mm. at .two weeks, 11 mm. at three 
weeks and 8.5 mm. at four weeks. 

In attempts to separate mycobactel'ia from tissue in lepromin, 
chlol'oform extraction and various physical means have been u ed. In 
general, if fragmentation or extraction of the hacill i occurs, the 
F el'll andez reaction is accentuated; and if bacillary integrity is pre
se rved, the ?vritsuda r eaction is dominant (4 . H). 

'rhe sign ificance of heated normal tissue components in lepromin 
has r eceived little attention. De :Faria (3) r eported in a monograph 
OIL tests with normal skin extracts prepared according to the Mitsuda· 
Ha yashi tech niques; patients with tuberculoid leprosy showed 50 pel' 
C()l]t positive Teactioll s with nodules having typical tuber culoid struc
t ure histologically. Lepromatous cases showed no r eaction. ](ooij and 
(1 el'l'itsen (1 5) also r epol'ted that normal skill treated in the same way 
a s :J litsuda lepromin, hu t concentrated 10 times (i.e., tissue 5010 ), pro
duced small Mitsuda-type r espon ses in apPl'oxima tely 50 per cent of 
tuherculoid cases, and that similal' reaction s wer e not seen in lepl' o
matous ca ses. ,]lissue suspensions from relatively bacillus-free tuber 
culoid lesion s have been reported to cause early phase r eaction (17 ). 
In nonlepl'ous patients, Olmos Castro and Arcuri (10) found that two 
injections of lepromin failed to sensitize humans against the tissue 
components of lepromin-like preparations made from nOl'mal skin.~ 

That guin ea-pigs can b~ sens itized to lcpl'omin.has been shown (2.9) 
although negative r esults have al so been rcported (1. 10. ~6). Following 
B eG inoculation of guin ea-p igs, however, positive reaction s to lepromin 
have been produced but with some variation in r eports as to whether 
they wer e early or late (2.11. 18.27 ). F ernandez (8) used a lepromin-type 
preparation pl'epal'ed from tuberculous lymph nodes of guinea-pigs. 
Tn both humans a.nd guinea-pigs the1'e wel'e strong early and late skin 
responses when there had been pl'evious tubel'culin sensitivity, but 
negative early 'and weak late r espon ses in the absence of such sensi
tivity. Melsom (HI) reported that by injecting large numbers of fresh 
leprosy bacilli, guin ea-pigs could be made tuberculin-positive. 

MATERIALS AND MWfHODS 

Gllin ea -pigs.- Adult animals purchased f rom two New E ngla nd fa rms were llIain
tailled on a stock di et of l'abbit pellets ,and cabbag'p. ~rhe backs of these animals were 
shaved with an electri c clipper at least once a week. "Weights averaged ovpr 600 gm. in 
the first series of experiments, and about 300 gill. in the second series. 

~Sin cc f"hi s manuscl'ipt wa s prcp:l1'cd it hns bccn lcal'llcd thnt T. F. Davey a nd S. E. 
DrcIVctt [L eprosy Review 29 (1958) 197·203] nl so obse rvcd that tuberculoid paticnts showed 
n. positive Mitsll(la response, but no Fernandez reaction , to autoclaved human ti ssue. 
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Antigens.- All.antigens received 0.5 per cent phenol during the final dilution, as a 
p reserva ti ve. 

Mitsuda -Wade lepromin : A single lot prepared by Dr. H . W. W ade at CuI ion in 
1956, using llU to clavecl lepromatous nodules that were gr ound, suspended in Slliine, filtered 
through fine n~rlon fa bri c (bolting cloth, 20XX), llnd- when compared with stock lepro
min regarding bacillus concentration- diluted to llbout 3 pe l' cent of orig inal lep roma (23) . 

BCG vacr ine : Phipps Institute, Lot 588. In the first expe riment thi s wn s uSl'd fresh 
in a dose of 0.1 (·c. intradermally. In the second eXpel'illl ent BCG wa s killed hy nuto
claving at 10 Ibs. for 10 minutes, and 0.1 ce. of a diluti on hav illg' a ba('.illus ('ount 
equi vn lent to thllt of the Wade leprom in (12) was injected intradl' l'lIlnlly. 

Tuberculin, PPD: Plnke-Davis &; Co., Lot No. 032169F, 1 tC8t unit / skin s ite. 
·Hulllan tissue antigens : Skin 01' spleen tissues f rom autopsies of patients d.ving with 

coronary heart rusease were treated according to the Wade-Mitsucln method of preparing 
lepromin .• The tissue Wll S ll utoclaved, ground into a .fine paste with Illortar and pestle, 
dilu ted to 3 per cent, and stl'llined through the nylon bolting cloth used hy ,,7 ade. 

BCG plus normal spleen antigen: To app rox imllte the effect of Wade lepromin, an 
ll liquot suspension of spleen antigen prepared as above WllS mi xed with autoclaved BCG 
in proportions which provide 3 per cent tissue and a bacillus count equivll lent to that in 
' Vade's lepromin. 

Control serulll -protein solutiou (phenoli zed serum ): Guinea-pig serum was diluted 
to 3 per cent in 0.5 per cent phenol and autoclaved. 

ensitizations.- At intervals of about one month, 0.1 cc. of each antigen (except 
viable BCG) was injected in marked areas on the backs of f reshl y-shaven guinea-pigs. 
Each inoculation served both as an immunologi c stimulus and as a skill-test rlose. Af ter 
sensitization was esta.bli 'hed, each anima l was teo ted for cross-reactivity by s imultaneous 
in jection of all an tigens in parallel rows at sites well separa ted f rom previous injections. 
For the injections we used tuberculin syringes, which had passed the WHO-BCG stand 
ard leakage tests against 1 kgm. of pressure (7) , thus ensuring that uni fo rm quantities 
of material should be injected. 

Expe1'irnents.--In the first series of experiments, five groups of 6-10 guinea-pigs each 
were sensitized to the following three antigens: W ade lepromin (2 g roups ), normal 
huma n skin, and living B CG; and a control group was left uninjected until the final 
cross-testing. In the second experimental series, six groups each composed of 18 guinea
pigs were sensitized to : Wade lepromin, killed BCG, normal human spleen, B CG plus 
spleen, and phenolized guinen-pig serum ; a Iso 1 group was injected with dilute phenol 
alone. . 

R.andomization was achieved by distributing the guinea-pigs after injection and 
r enumbering for reading purpo es. The reader of the reactions neve r knew which 
antigen had been used in the animals being read. Further randomization was achieved 
in the cross-reaction tests by rotating the sites for each antigen at the time of injection. 

Reactions were read by the authors, who rep eatedly checked against each other to 
llchie,e standa rdiz:ttion. All reaction sites were read almost every day during the three 
to six months required for each experimental seri es. The indurated margins of reactions 
were pa lpated by running the finger gentl y over the skin; pinching or manipulation was 
avoided since this was found to alter measurements. The average diameter of each 
reaction was recorded in millimeters. Initial flare reactions which appeared one-half hour 
after the econd and subsequent injections were not recorded. 

Daily changes in the average reactions of groups of guinea-pigs sensitized to par 
ticular antigens were plotted to produce profi les as shown in the text-figures. Calcul a
tions in which the square of the radiu was used as an indication of surface area magni 
fied differences somewhat but produced similar curves. Standard errors based on variation 
in each g roup were comp ared in determining the signifi ca nce of differences observed 
on the 2nd, lOth , and 20th days. 

RESULTS 

Patter'ns of sensitization induced by individual antigens.-Monthly 
intradermal injections of ·Wade lepromin induced ensitization in three 
differ ent experim ental groups of guinea-pigs, one of which is shown 
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'fABLE I.- I ncreasing sp!'ead of standa!'d deviations of sensit·iv ity !'eactions 
to !'epeated injections of l'Vad e lep!'omin and human skin ant-igen 

(fi!'st expe!'imental sM'ies with 10 g1Linea-pigs pel' group). 

W ade lepromin Norma l hUllIan skin a ntigen 

287 

Date of Mean of maximum" Stand ard 
I 

l\1ean of Illax illlUlIl " Standa rd 
injection inolll' l1 ti on tn IIl1n . devia tion ~nd U I'a tion in mm . deviation 

July 10 4.3 0.65 ---- ----
Aug ust 7 4.9 0.94 5.7 0 . .,1 5 
Aug ust 29 9.5 1.02 8.8 1.5 
September 24 11,9 3.05 12.2 1.7 
November 23 8 3.9 10.7 4.0 
Fehruary 21 7.8 2.0fi 9.3 1.8 

"Mnximllm 1'l'f1ct" io ll i ll ea ch nnima l, wh eth er 2-1 or 48 hOllr af te r inject"ioll. 

in Text-figure I -A. Tn the fir st experimental series, which wus pro
longed to include 6 injections, maximal response was elicited b? the 
third monthly injection. The major effect of more prolonged immuni
zation wa s to increase the standard deviation of r esponses in the gr oup 
('l'a ble ] ). J n the second experimental series, therefor e, cr oss-reactivi ty 
was tested at the time of the third monthly injection. ] t will be noted 
that when cr oss tests with all 6 antigens wer e done simultaneously 
('l'ext-fig. 1) the size of the homologous skin r eactions was reduced 
below the previous level when only a single antigen was given. 

Sensitization of guinea-pigs with autoclaved human tissue antigens 
followed much the same pattern as with 'Wade lepromin (Text-fig. I-D ). 

, iVhereas with living BCG vaccine a single injection produced s trong 
sensitivity (Text-fig. 5), it was necessary with heat-kill ed BCG to 
r epeat the injection to get maximal r esponse (Text-fig. I -C) . Primary 
injections of heat-killed BCG produced bimodal skin r espo)1ses whether 
during sen itization (rCext-fig. I- C) or in final cross testing of guinea
pigs sensitized to other antigens (Text-fig. 4C). As sensitivity in
creased after the fir st injection of BCG, skin r eactions did not show 
bimodal curves with a dip on the 5th day. 

R eactions to combined BCG plus human spleen were consistently 
larger than to BCG alone or to the spleen alone (Text-fig. I -B). 

To provide a parallel for the presumption that heated human tissue 
in lepromin may have antigenic effect s in humans, a control group of 
animals was injected with autoclaved guinea-pig serum. Responses of . 
over 6 mm. occurred, with clearing in four days . vVhen 0.5 per cent 
phenol alone was injected somewhat smaller r eactions occurred, that 
preparation presumably being more irritating than those in which 
phenol was combined with proteins. 

Com parison of cross reactions to heterologous antigens in guinea
pigs sensitized with one twepamtion.- Data from cross-reactivity tes t 
will be presented in two ways. The first analysis compares cross r eac
tions of all 6 antigens in each group of guinea-pigs sensitized to a 
particular antigen (Text-figs. 2 and 3). ~Che second analysis compares 
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T EXT-FIG_ I.- Sensitization of guinea-pigs by repeated intrndermal inj ec tions of homol o
gous mycoba.cteri>l l and tissue a ntigens; cross-tests with a ll six antigens on third inj ection 
reduced the s ize of homologous r eactions. (E ach lin e shows th e average reactions of 18 
guin ea -pigs in each experim ental group. ) 

the responses elicited by each test antigen in the 6 groups of guinea
pigs sensitized to various antigens (Text-fig. 4). The first analysis 
shows cross over between test antigens and the second cross over in 
immunizing capacity. 

ID ssentially similar cross reaction s were observed in both first and 
second experimental series. J n the group sensitized to vVad e lepromin 
('Text-fig. 2-A) th e early-phase r eaction to BCG plus spleen and to 
spleen was almost as great as that to -Wade lepromin. The late-phase 
reactions to BeG and BCG plus spleen were considerably larger than 
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that to ,Vadc lepromin, even though the number s of acid-fa st bacilli 
in each preparil tion had been adju sted to equivalence. J n order to 
visna li ze better the relative contribution s of tissue and m?cohactcrial 
antigen s, graphs wer e con structecl ('I'cxt-fig. 3) in which the r esponse 
to the human spl eell antigen was used as a baseline. , ¥hell differences 
from the r espon ses to the spleen antigcll w~re plotted, thc l"l'action to 
WRcl e lepromin was demon s t rated to be s trong durin g the carl y-phase 
response ; subsequently the curve follow ed the r es pon se to Sph'Cll alonc. 
It \\·ill he notr c1 that 13 (;0 plus spleen showed both ea rl y- and late
pha sc respon s('s, whil e the B CG rcaction wa s primaril y late-phase. 

Ntati stical anal ysis (1'ahle 2) of the 0.8 mm. diffe rence hetween 
maximum r eact ion s on the second tiny to "Vade lepromin and to BCG 
plu s spleen did not show significance because of the r elati vely large 
s tandard en Ol" of difference of 0.;). rl'he 1.0 mm . difference lwtween 
react ion s to these two preparations Oll the 10th day is, how evCl", highly 
s ignifica nt, with a s tandard error of difference of 0.03. On the 20th 
l1ay th e differ r l1 ce was 1.9 mm . and the s tancia ed enol' of diffe r ence 
again 0.03. 
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'l'Ex'r·Fro. 2.- Compariso ll of cross rcactions to heterologous autigens ill guinea ·pigs 
scnsit.izcd with onc prepa ration. (Each linc shows thc average reactions of 18 guinea -pigs i n 
en~h ('xpcrim entnl group. ) 
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TA BL~: 2.- 01'08 -testing 1vith six antig ens in g1'OUpS of guinea-pigs sensitized 
b!J two p1'evious injertions of each antigen." 

P reviou s Days Tes t anti gens 
sens iti zation a fter 

1960 

of group inj ection Lepromin" BOG & spl een " B OG" S pl een ll Ph enol-serum n Phen ol" 
2 7 .8 (0. 6) 6 .9 (0. 6 ) 4. 2 0.6) 5.6 ( 0.4.) 3.2 (0. 9 ) 2.6 (0.3) 

'Vad e lepromin 1 0 2.7 (0.2) 3.7 (0.2) 2.9 (0.2) 2.9 ( 0.3) 0. 1 (0.1) 
20 0.9 ( 0 .2) 2.8 (0 .2 ) 2.4 ( 0 .1 ) 0.8 (0.3) 

2 8.8 (0 .8) 11.9 (1.8 ) 9.5 ( ] .4) 6 .8 ( 0.9) 3.8 (UJ) 2.4 (0.6 ) 
!J oe + spl een ] 0 4 .0 (0.3) 4.5 (0.5) 4.5 ( 0 .2) 3.9 (0. 1 ) O.~! (0.3) 0. 1 ( 0.2 ) 

20 2.2 (0.2) 3. 6 (0.3) 3. 0 ( 0 .2) 1.5 (0.2) 

2 5.1 (0. 6 ) 9.2 ( 1.2 ) 8 .7 (0 .8) 3.0 ( 0.4 ) 1.2 ( 0.2) 1. 9 (0.2 ) 
BOG 1 0 2 .2 (0. 1 ) 4.4 (0.2) 4 .1 (0.3) 2.3 (0 .2) 

20 0.6 (0.2) 3.2 (0.2) 2.9 (0 .2) 0.3 (0.2) 

2 4 .5 (0 .4 ) 6 .6 (0.5) 4. 1 ( 0 .6) 6.1 (0.5) 2 .0 (0.3) 2. 1 (0.3 ) 
Spleen 1 0 1.9 (0.2) 3.4 (0 .4 ) 3.4 (0.5) 3.2 (0.2) 

20 0.5 (0 .2) 2.5 (0 .2) 2.4 (0.1 ) 1.0 (0.1 ) 

2 3. 2 ( 0 .3) 5.3 ( 0 .8) 3.9 (0.2) 3 .8 ( 0.4 ) 3 .8 ( 1.2) 1. 8 (0.4 ) 
Ph enol -serum 1 0 1.1 ( 0 .3) 3. 6 (0.3) 2.9 (0 .4 ) 2.9 (0.5) 0.2 (0.2 ) 

20 0.4 ( 0.2) 2.3 ( 0.1 ) 2 .0 (0.2 ) 2.3 ( 0.3) 

2 2.0 ( 0 .5) 2.8 ( 0 .3) 3 .0 (0.6 ) 3.8 (0.5 ) 2.0 (0. 4 ) 1. 5 (0 .5) 
P henol 1 0 0. 5 1. 5 (0. 6 ) 0.7 (0.5) 2 .5 (0.2 ) 

20 .... 0.8 ( 0.5) 1. 0 (0. 1 ) 0.8 (0.5) 

a ?\fean skin r eaction s in mOl. f oJ' eneh g r oup o f J 8 animal s in second expcl'IlIl C' lItn l S f' rl f' ,~ . W lfhlll 

plln:ontheses st ll ndlll'd CI" 'O I'8 for g l'oup. 

Tn the group of guin ea-pigs sensitized to BCG plus spleen (1'ext-fig. 
2-B ), further clarification of the relative contribution of tiss ue and 
mycobacterial antigens is possible because we had. purposefull y con
stituted the combined antigen from separate known components. Sig
nificant differences between reactions to BCG alone and BCG . plus 
spleen, therefor e, can be attributed to the tissue components. In 
graphs constructed with the response to spleen alone as a baseline, 
r esponses to the three preparations, W'ade lepromin, BCG and BCG 
pIns spleen (rl~ext-fig. 3-B), showed secondary rises which are essen
tiall.v parallel. BCG plus spleen produced the largest reaction; BCG 
wa s next, and \Vad e lepromin the smalles t. 

.In guinea-pigs sensitized to heated BCG alone (Text-fig. 2-C), 
strictly mycobacterial sensitization produced strong and almost parallel 
r esponses to BCG and to BCG plus spleen. Only during the fir st three 
days was the r esponse to vVade lepromin significantly greater than 
that to spleen. 

In the group sensitized to spleen alone (Text-fig. 2-D), reactions to 
spleen and to BeG plus spleen were parallel for eight days. There
after, the curve for spleen continued to decline while BCG and BCG 
plus spleen proceeded at higher levels. There was a relatively poorer 
r esponse to vVade lepromin. 

TIl(' control group sensitized with phenolized guinea-pig serum 
(Text-fi g. 2-E) showed some cross reaction with each test antigen. 
Phenol alone produced no cross ensitization; the moderate r eaction 
to human spleen is probably not important, because it is no more than 
that observed following primary injections of spleen. 

CMnparison of cross reactions to single antigens in guin ea-pigs 
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sensitized with von:01 /s lJ'reparations.- The data from the second ex
perimenta l ser ies are plotted to compare r esponses r esulting from 
differences in sensitization (Text-fig. 4). 

"Vade lepromin (T ext-fig. 4-A) produced equal early r esponses in 
the two groups sensitized to combined tissu(' and mycobacteri a l ant igen. 
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']'Ex'r·Fra. 3.-Compariso n of 
cross "eactions to heterologous 
a ntigens i n g uinea-pigs sensi
tized wi th Oll e preparation. Pn t · 
tem s of response to mycobnc· 
ter ia l components shown by 
p lot ting against renctions to 
spleen as a baseli ne. (Each line 
shows the a l'erage reactions of 
18 guinea·p igs in eneh experi
mental group.) 



292 l nt enwtiollal JOll1'/wl of L eprosy 

KEY 

GROUPS 5(NSITIZED TO ' 

"AIlE LEPROM" 
II.C.G. II SPLEEN 

B.C.G. 

SPLEEN 

PHENOL II SERU" 

Hl60 

8) B e ,G 8 SPLEEN TEST ANTIGEN 

'0 

- . 
~ 
~ 8 

Al WADE LEPROMIN TEST ANTIGEN 

10 

OAYS 

C) 8.e.G. TEST ANTIGEN 

• 
8 

0<---,:-----O'5--Z;;:...5 

DAYS 

'0 

8 

0'-;'---';;"5 -'0;:25:- o 5 15 25 
DAYS DAYS 

0L....--'5--Z-5 

'0 

- . 
::I 
! 8 

DAY'S 

o I SPLEEN TEST ANTIGEN 

DAY S 

12 i . " . " " 10 II 

" ':: 
8 \ 

7 \ 
6 • \ 

5 i~<--'\, 
4 ''r'\..-......,. '-, __ , 
:5 j \ .. -.~-

---\.. 
"'\ 

o L.... __ ,5--Z"'-5 

to 

• 

6 

DAYS 

E I PHENOL II GUINEA P'G 
SERUM TEST ANTIGEN 

15 25 
DAYS 

' l'EX'I'- FIG. -!.- Comparison of HOSS re<l dions to s ingle ll ntigcns in guillt' fl -pigs sc nsitizod 
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expcr ime ntn l g roup, ) 

Late l'0spon se to lepromin, however, was higl10r in the group sensitized 
to BeG plus spleen than in the O'l'OUP sensitized to lepromill its0lf. 
] t app0al'S then that, although lepromin produced as good early-phase 
sen sitization as BCG plus spleen, the late-phase sensitization was sig
nincantly inferior, 'rhe r esponse to 'Yade lepromin in guinea-pigs 
ensitized to BCG alon e and to spl een alone was Hot significantly 

differ ent. 
rrhe B(;G-plus-spleen te, t antigen (Text-fig. 4-B) produced a shal'p 

early-phase r espon se in guinea-pigs sensitized with any mycobactel'ial 
antigen, with the response in BCG-alone groups fa lling midway he
tween the BCG-plus-spl een and 'Vade lepromin groups, Guin0a-pigs 
sensitized to spleen alone did not maintain as high a late response 
to BCG-plus-spleen antigf'n as did the control animals sf'nsitized to 
phenolized guinea-pig serum. 

Previous exposure to BCG changes th e shape of tlw reactioll profil e 
to BCG (rrext-fig.4-C). Guinea-pigs receiving BeG for the fir st time 
showed the characteristic himodalre, pon se, but the middle dip did llot 
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occur if animals had previously r eceived BCG or BCG plus spleen. 
Since a typical bimodal B CG curve occurred in animals which had been 
sensitized by ' IV ade lepromin, it seems that leprosy bacilli have little 
effect in modifying r esponse to tubercle bacilli. 

The r esponse to the human spleen antigen (Text-fig. 4-D) in groups 
sensitized to a ll preparations was nonspecific, s tarting high and de
clining steadil y. 'rhis is probably r elated to the heterogeneity of anti
genic components in the tes t antigen. 

The r esponse to phenolized serum as a test agen t (Text-fi g. 4-]!J and 
'fable 2) was non. pecific and of r elatively brief duration. rrhe second
day response ( rl'able 2) to phenol-serum in groups of guinea-pigs 
sensitized to lepromin, BCG plus spleen, and homologo]..ls serum, all 
were larger than those in the remaining three groups. 

Live BCG as a sensit'iz'ing agent.- In the fir st experimental series, 
live B CG vaccine was used in a single 0.1 cc. intradermal injection to 
immunize a group of guinea-pigs. T ext-fi gure 5 shows that the subse
quent response to killed BeG was highly specific. vVad e lepromin 
maintained a high level response through the late phase more effective
ly than it did in guinea-pigs immunized with killed B CO (Text-fi g. 2-C). 
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'!'EX't'-FIG. 6.- Cross reactions to various antigens in guinea -pigs sensitized with heated 
norma l hum an skin. ( First series with 6 guinea-pigs in the g roup. ) 

tal serie , normal human skin antigen wa s used (Text- ng. 6). It ap
pears to be a more effective sensitizing antigen than the human spleen 
preparation (Text-fig. 2-D), but the contours of the curve's are essen
tially the same. 

DISCUSSION 

The data presented make possible a clearer evaluation of the sig
n iflcance of the lepromin reactions both in terms of the properties of 
heated antigens and of the types of immune r es ponse. 

The first point requiring emphasis is that autoclaved proteins are 
not devoid of antigenicity in the species of origin (Text-fig. l -E). Auto
claved homologous serum was a weak tes t antigen (Text-fig. 4-E). 
However, when used as a sensitizing agent, it enhanced the responses 
to other antigens (Text-fig. 2-E). The large standard error of the 
homologous reactions in Table 2 is indicative of the considerable varia
tion between individual guinea-pigs in susceptibility to autosensitiza
tion. Tn that animal, the antigenicity of the heated human-tissue com
ponents of lepromin is as great as that of mycobacterial component !'>. 
These observations are consistent with findings in many immunologic 
studies on heated proteins, namely, that heat denaturation decreases 
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but does not obliterate antigenicity . Such denaturation s meanwhile 
produce protein derivatives which are antigenic in the species of ori
gin. This subject has already been r eviewed by Hanks and ·Wanace 
e~ ), who point out that mycobacterial proteins also may be expected 
to show decreased alltigenicity and broadened specincities I1 S 11 l'C'sult 
of heating . Since heated mycobacteria are.readily permeated hy ti ssue 
compon ent" they concluded that preparation of M. l ep1"o e skill-tC'St 
reagents would be improved by separating the ba cilli fre sh from un
heated leproma tissue and then inactivating th e bacilli by somC' nlC'thod 
which would cause milyimal modification of their prote in CO il fi g lll 'ation s. 

~f1he usefulness of the present nlitsuda-Hayashi-\Vad C' l C'])romin 
might fir st be consider ed in terms of the purpose for which it is to be 
employed. J t has often been stated that the major specificity of the 
Mitsuda reaction is its negativity in lepromatous cases. "If intC']'est is 
primarily in diagnostic classification or prognosis, th e pr esence of 
heated tissue components may cause no difficulty in lepromatous pa
tients, since they usually are unablC' to r eact to eitlw 1' tissue or m~co
ba cterial components. In tuberculoid patients, antigens which assay 
response to M. Zepme alone would, at least thC'oretica lly, he preferH hle . 
. Although f r equency of a capacity to r eact to heated human antigens 
seems not to have been studied in a general population , it would be sur
prising if tuberculoid leprosy were the on ly chronic infection ",hi ch 
gives ri se to autoimmunizations. Until this question is investigated, or 
surveys are conducted with purifi ed bacillary preparation s, skin r eac
tivity to heated human proteins must be consider ed among the und e
termined causes of r eactions to lepromin individual s without r ecog
nized prior mycobacterial infection. Field studies hy Doull and col
leagues (5) demonstrated that in children less than three year. old who 
wer e not exposed to leprosy, 12 per cent spontaneously denloped re
activity to lepromin during ninety days of observation. ~rhey 111 so pre
sented evidence (0) indicating that only 16 per cent of such spontan eous 
Mitsuda conversions could he attributed to exposure to M. tub e1'c lIl osis 
and related organisms. 

For epidemiologic purposes a distinction must be made hetween the 
two questions which presumably can be t ested hy r ecording' th e F er
nandez phase and the Mitsuda phase3 of skin r eactiolls. First, ha s ther e 
been prior mycobacterial sensitization ~ Second, what is the capacity to 
r espond to M. l eprae? 

In a ssaying the immunologic status of individual s, ther e appear to 
be three types of allergic response which need to be recognized. 

3'l' he resul ts of the present experim ents a rc co nsistent with Wade's views (21,22 ) of the 
mechanism of the la te or Mitsuda.type response to integral or bacillary nntigen. Intact 
mycoba cteria in un intraderm al depot release antigen which produces or enha nces local 
sensitization. As this sensitizati on rises, the amount of antigen rema inin g in the locn l ti ssues 
to serve as a t est dose is decreasing. The period wh en loca l allergy a nd releHse(l tests antigen 
are both high enough to react is the time when th l:' la t e Mitsuda reac tion win be observed. 



296 Int c1'1wtiol1al Jott1'1wl of L eprosy 1960 

TYPE 1: A positive F ernandez reaction indicates pre-exi sting aller
gy, and s uggests a significant prior exposure to mycobacteria or closely 
r elated antio'ens. 

TYPE 2: A positive Mitsuda reaction following a negative F ernan
dez r eaction suggests that there has been no significant prior exposure 
to appropriate mycohacterial antigens, but that ther e is an ability to 
develop allergy rapidly. 

TY]'E 3: A positiv:e Mitsuda r eaction following a positive F ernandez 
l'eaGtion proba bly is due in part to the "booster " effect of the injected 
H ntigen. 

1n testing for capacity to r espond to M. lepro r, an inherent difficulty 
arises from Ullcertainty in dis tinguishing between individuals in Types 
2 and 3. If a Mitsuda response is preceded by a pos itive Fernandez 
r eaction, some credit must be given to prior sens itization and not solely 
to new and rapid r esponse. If it is not preceded by a Fernandez r eac
tiOll, a positive Mitsuda r esponse probably indicates an inher ently 
strong ahility to r eact. Unfortunately, heat-killed M. lepra.e has not 
heen shown in human s, 01' he],e in guinea-pigs , to be a potent antigen. 
It may, ther efor e, be doubted wh ether surveys of late r esponse to in
tegral antigens will afford an adequate test of innate capacity for im 
mun e r espon se. ~Without previous deliberate and uniform exposure of 
all persons to this mycobacterial antigen, it can never be known whether 
failur es to achieve a Mitsuda-type r esponse are clue to low capacity to 
generate r esponse 01' to lack of appropriate prior exposure. 

Observations following primary injections of a more potent antigen 
(killed BCG) into guinea-pigs illu strate thi s point. Six of 86 guinea
pigs (11 0/0 ) given killed BeG failed to develop the characteristic late 
r espon se followin g a primary injection of lepromin. ~~hese animals, 
how ever, were able to make positive r esponse to th e second and subse
quent injections of antigens. 

gpidemiologic studies to test for the incidence of prior infection, it 
seems to us, depend on the eventual development of a leprolin or puri
fi ed M. lepra e extract and on testing for its specificity in producing 
F ernandez-type r eactions. In guinea-pigs, a s in humans, th e antigens 
of BeG produce early-phase cross r eactions to M. lepro e. The cross
sensitization produced by sensitization with heated leprosy bacilli 
seems to be weaker , although Melsom (16) showed that unheated lep
rosy hacilli can cau se guinea-pigs to become tuberculin positive. In
tensive s tudy will be needed to learn if sensitization by tubercle bacilli 
and by 11-1. l p- pra e can be distinguished by comparing the s ize of r eac
tions produced after simultan eous injections of tuberculin and a cor
r esponding leprolin. 

1. Skill sensitization was produced in groups of guinea-pigs by a 
single injection of living BCG ot' by monthly intradermal injections 
of one of the following autoclaved antigens : "'\iVade-Mitsuda lepromin, 
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norDlal human skin , normal human spleen, llOl'mal guin ea-pig Sf' rum , 
BCG, and BCG plu s normal human spleen. 

2. The only antigen which r egularly produced a distinct bimodal 
r espon se with both eal'ly- and late-phase r eaction s wa s heated BCG. 
Hepeated injection s of B CG or combination of heated B CG with heated 
tissue antigens, eliminated the dip between th e two phases. Previou s 
sell sitization with ,Vade lepromin did not alter the diphasic B CG curv(', 
whi ch illdicates that lepromin produced littl e c]'oss-s ('n sitization 
agnill s t B CG. 

3. In guinea-pigs sens itizecl to l('promin , strong earl y-phase cross 
]' eactivity occulTed after skin t ('s ting with lwatecl human ti ssu(' anti 
ge ns. Late-phase cross r eaction s ill th es (' animals to preparatio11 s 
con tail] ing heated BeG wer e even la rge r than those to lepl 'omill itself. 

4. Animals sensitized to a B CG-plus-spleen preparation con stituted 
to 1'0sembl e lepromin showed both early- and late-phase mycobacterial 
cross-sensitiza tion to ] epromin. 'J~hese cross r eaction s wer e sma 11 e 1' 

than when the two B e G pl'epamtions wer e used as test antigens, bu t 
In rger than homologous ]a te-phase r eaction s to lepromin in guinea
pigs sen sitized to lepromin. This indicates that B CG is more eff ective 
than M. lr: pra e as both an immunizing and a t est antigen . 

5. Guinea -pigs sen sitized to heated B CG showed demon strable, hut 
weak, cross reaction s with ,Vacle lepromin only during the early-phase 
r esponse. 

6. Guinea-pigs sensiUzed to heated human spleen showed early
phase r esponse to other antigens containing human tissue. 

7. H eated guinea-pig serum produced moderate cross-sensitiza tion 
to each of the other antigens. Tt also showed distin ct early-phase cross 
r eaction s when tested in guinea-pigs sensitized to each of the prepara
tion s containing ti ssue components. 

CONCL USIONS 

1. Autoclaving human tissue does not destroy its antigenicit~·, and 
heated proteins are antigenic in the species of origin. 

2. S ensitization with Mitsuda-vVade lepromin causes enhanced 
r esponse to both tissue and mycobacterial components. The degree of 
immune r esponse is less than that induced by autoclaved BCG, or hy 
autoclaved BCG plus ti ssue compon ents. 

3. Separation of 111. lepra e from tissue components, ther efore, 
seems an essential st ep in the preparation of skin-test r eagents for 
epidemiologic investigations. It should then be possible to determin e 
the r elative usefulness of soluble antigens and intact bacilli for detect
ing in the individual: (a) prior sen sitization, oj' (1)) capa city for 011 -
hancement of immune response. 

HESUMEN 

1. Se pl'odujo sensibilizfl cion cutanea en g'l'UpOS de cohfl Yos con unfl sola in~'er(' i6n 
de BeG vivos 0 con inyccrioncs intl'fldel'll1i cas Il1 l'nsulllrs de' uno de los sig uientcs 
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aJltigcnos e.' terilizados al autoclavc : lepromiua de Wade-Mitsuda , picl humana norllla l, 
bazo humano normal, suel'o norlllal de cobayo, BCG y BCG nll1 s bazo buma no normal. 

2. El unico antigeno que produjo con regularidad una neta l'espuesta bimodal con 
reacciones de fase tanto incipiente como tardia fue el B CG calentado . Las inyecciones 
l'cpetidas de BCG 0 la combinacion del BCG calentado con antigcnos hi stologicos 
cal entados eliminaron el declivc entre las dos fases . La p l'evia sensibilizacion con la 
Icpromina de 'Vade )]0 altel'o la curva bifas ica del BCG, 10 cual indica que la lep roillina 
p l'odujo poca sensibilizacion cruzada contra el B CG. 

3. En los cobayos sen. ibili za dos a la leproillina, se prescnto intcns:1 l'cactividad 
cruzada en la fa.'c in cipiente dcspues de la COlli proba cion cutlinea con antigenos de 
te.iidos 11l1lllanOS cal entados. En cstoa animates, las r eacciones cl'Uzadas de fase ta l'clia 
a las prepa r::tciones que 'contanian B CG ca lentados [ ueron aun mayores que In s obse rvadas 
a Ill. Icpl'olilina misma. 

4. Los animal es sensibilizailos a unn prepal'acion ric ]3CU-llla.s-bnzo, compucsta de 
modo que seill ejara lepl'omina, l'evclal'on sensibilizacion cl'uzada lIIi cobactel'iana a In 
lepl'omina de fa se tanto incipiente cuanto tardia. E stn s l'e:1<'eioncs Cl'Uzadns [ Uel'on llla. 
pequefias que cuando se usa ban la s dos pl'epa ra ciones de B CG eOlll O antigenos de cnsayo, 
pero ma YOl'es que las r eaccioncs hOlllologas de fase tardia a la lep roillina en los cobayos 
sensibilizaclos a la ultima. E sto indi ca que el B CG es mil s e fi c~lz que el iIi. Zepme como 
antigeno, ya inmunizante 0 dc ensayo. 

5 . Los cobayos sensibilizados al B CG ca lentado I'evelal'on r eacciones cruzadas 
obscrvabl es, pero debil es, con la lepl'olllina de 'Vade uni CHIllentc durante la respucsta de 
fasc incipiente. 

6. Los cobayos sens ibili zado.' al bazo hUlllanO ca lentado I'evelal'on J'espuesta de fase 
in cipiente a ot l'OS antigenos qu e eontenian tej ido hUl1l ano. 

7. Et .' uel'O calentado de eobayo produjo U1od el'ada sens ibilizacion cl'uzada a cad a 
un o de los dellias antfge nos. Revelo adclll c1s netas reacciones cl'uzlldas de fase incipiente 
III se r ensaYHdo en cobayos sensibilizados a cada un a de las prepa l'acion es que rontenfan 
cOlllponentes de tejidos. 

CONCL USIONES 

1. EI tratamiento de tejido hUlllano a l autoclave no destruye su antigenicidad y las 
pl'oteinas ca lentadas son antigen icas en la especie de ol'igen. 

2. La sensibilizaci6n con la lepromina de M itsud a-' Vade produce una respuesta 
acrecen tada a los componentes tanto histolog icos CO IllO ll1icobacte l'ianos. La intensidad de 
la il1lllunilTeacc ion e Illenor que la de la pl'ovocada pol' el B CG cste l'ilizado al autoclave 
o p Ol' cl BCG esterilizado £II autoclave mil s cOlllponentes hi stologicos. 

3. La separacion del 111{ . Zeprae de los cOlllponentes histolog icos parece, pues, un 
ti ellipo indispensable en 1£1 prcparacion de reactivos de cutirreaccion destinados a investi
gaciones epidemio logicas. Resultaria , pues, posib le determinar la relativa uti lidad de los 
antigenos solubles y los ba cil o. intactos para descubrir en el individuo : (a) sensibiliza
cion antprior 0 ( b) capacidad para intensificar la inmunirreaccion. 
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