
J 

N \.T URE AND FAMILTAL CHARACTI~}H OF THI!:: 
LEPROMIN R];}ACr:I~JON81 , 2 

BEl~NAIWO BEIGUELM AN , :M.D. 
])cpartm ent of Medical Genetics, University of Ca ll1pi110S 

and RI,:YNALn O Q UAGL fATO, 1\'[.]). 
JJ epor/,m ent of L eproRy Pl'opli ylo:r; i" 

C(£11I pinaR, Braz il 

'Bac ill a !'y ae, t ruction , i.e., lysis, within mac !'opha ges is the essential 
COllditioll fo!' the development of hypersensitivi t,Y; the developm ent 
of epithelioid cells is a consequence of that lysis (1). It ha s heell dem­
onstrated that in guinea-pigs the three species of mycohacteria M. tu­
berc ulosis, 111. lepra e, and M. lepra eJJ nl1'ium have the capacity to pro­
voke hyper sensitivity demon strable by tuberculin injections (0) . It is 
believed tl1at this fact indicates chemical similarity in their ant igenic 
structure . .Although lysogenic action upon M. leprae is exhibited by 
the macrophages of 1101'mal guinea-pigs, a mac roscopicall y positive 
la te lepromin r eaction i observed in these animals 01l1y after hyper ­
sensitization (8). r:I1he lepromin used in these t ests (8) contained about 
0.7-1: mgm. of 111. leprae per mI., and "\\'as prepared according to Hay­
ashi 's technic (3). Macrophages of rats do not display lysogenic prop­
erties against M. lepraem,urium, but even in rats macroscopicall y posi­
tive lepromin r eactions have been induced after B CG- vaccination e O). 
In each experimental situation the macroscopic-positive state was a 
consequence of an increase of the tissue r eaction , but no cytologic 
changes have been detected (8,10). 

In contrast with animal species, human popula tion s show a dimor­
phism in r eacting to leprosy bacilli. Lysogenic capacity in man appears 
to have a her editary background, fir st, because, as a general rule, it is 
impossible to change the lepromatous form of leprosy to the tuberculoid 
fo rm, and secondly, because the macroscopically positive late lepromin 
r eaction has been shown to be a familial trait. Children with negative 
lepromin r eaction are more fr equent among families in which both 
parents are negative in the lepromin r eaction (5). On these grounds 
human beings can be classified as lyser s and nonlyser s of M. leprae. 
rrhe behavior of macrophages among the lyser s appears to he similar 
to that of guinea-pigs, while among the nonlysel's the macro phages 
seem to r eact like the corresponding cells in rats (7). It seems likely, 
ther efore, that experimental r esults observed in animals may also hold 
for man. By this analogy, on the basis of r esults in animals, sensitiza­
tion would be induced in lyser s by both 111. lep f'(( e and lJ.!. tub e1'c ulosis, 
whil e in nonlyser s sensitization would be effected hy 1II. tub M'ClIlosis 
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hut 110t hy .11. l cp J"u e. Since hypersen sitivit~· CaJl he l11iHh' evident hy 
means of tuherculoprotein s and leproproteim; ill 0ach caS0, an asso­
ciation of the early lepromin reactioll with the ~f antoux ]"0action may 
be expected . Similarly macroscopic mallifestation of the histologically 
positive late lepromin reaction would depend upon a previous sensitiza­
tion hy M. t1lb e1'culosis or M. lep1"O e, enhall cing the lysogenic capacity 
of the macl"ophages. If that hypothesis is v~llid, ohs(,1"vation of l1n a sso­
ciation hetween the late lep1"omill ancl11an10ux tesis is to 1)(' expectecl. 

fn practice, however, high cOlT('lations a)"(' not to be l1nticipatecl. 
Discordant and discrepant cases are exp0ct0cl incluiling (1) positive 
ea rl? l(' ])romin reactioll and lwgl1tiv(' ~Ialltoux r0(1 ction, (2) negative 
early lepromin reaction a11(l positive ~rantoux r (,Hction , (:-3) positi\"() 
late lepromin reaction ancln egative :Jlantoux r('nct-ion , and (..j.) n('g-aiive 
ea rl y lepromin react-ion aml positiv0 late lepromi11 reaction. rl'hese 
may be explailll'c1l1 s follows: 

1. A strong stimulation by leprosy hacilli is r0C]uil'('d for (1I:'mon­
stratiOll of h?p0rs011 sitivity to l('proprot0in s hy mean s of the tnher­
cnlill t0st (0). rruh0rculoprotein s, 111or00V0r, ar0 10ss efficac ious than 
bacillary suspensiom; in the dd('ction of hypersell sitivity e' ~). For this 
r0ason, snbjects giving a positive 111t0 lep]'omin reaction and / or an 
0a l'ly lepromin r eaction may not res])oll(l to tlw 11:mtoux t0St. 

2. Leproproteins occu.r in low and variahle concentration in lepro­
min. ~rherefore subjects hypersensitized by M. h£b eTc1Ilosis l1nd/or 
liT. l epl'a e (i. e., exhibiting a positive ~ I antoux reaction and/or a posi­
tive late lcpromin r eaction ) may not show a positiv0 early lepromin 
reaction on inj0ciioll, especiallr if the lepromin is of low bl1ciHary 
content. 

I f the lepromin used for testing ha sa low COil ten t of 10prosy hacilli, 
the correlation of the early Ie prom in reaction and the ~f antoux te, t 
shoulcl he higher among persons with a macroscopically positive late 
lepromin reaction. Cascs of tuherculosis are found infr0quentlr in 
rural arcas, in contrast to cases of leprosy, which arc numerou s in 
rural populations in Brazil. It may therefore be supposed that persons 
living in such areas, who give macroscopically positive late lepromin 
reactions, are more frequently lyse]'s who have heen made hypersensi­
tive by 111. lel)1'(f e. A strong stimulation hy leprosy bacilli, hO"'cver, 
is neccssary for the demonstration hy the tuherculin test of hypersen­
sitivity to 111. lepra e. For thi s reason, persolls 0xhihiting a late lepro­
min reaction, even with pOO]' lepromin, may he (,xp0ctec1 to he strongly 
sell sitized, and more pron e to exhihit hoth the :Jr antoux reaction and 
an early lepromin reaction. 

Since it has been demonstl'~tcd that th0 ma.croscopically positive 
lat0 lepromin ]'0action is a familial trait ("), the samc rna? be expected 
for the early lepromin and the Mantoux reaction~. 

Tn the pr0s('nt paper the associations of tile lepromin and Mantollx 



TABLE l.-Association between the lepromin and JlfantO'l.lXl·eactions. 

Negative Negative Positive Posit ive 
- -

Reactions negative positive negativp positive Total x' ; 1 d. f. 

Late LR----early LR 374 39 168 62 6-13 3-1.22 P < < 0.001 
Late LR- Mantoux reaction 363 50 169 61 G-13 21 .49 P < < 0.001 
Early LR-Mantoux reaction 467 75 I 65 36 G.J3 28.3-1 P < < 0.001 

TABLE 2.-Association between the early lepromin reaction and lvl antoux reaction among the subjects with macroscopically positil1e and negative lale 
lepromin react1·on. 

Late 
lepromin Negative Negative Positive Positive 

- -
reaction Reactions analyzed negative positive negative positive T otal x2 ; 1 d f. 

Positive Early lepromin reaction 140 31 29 30 230 2-1.09; P < < 0.001 
- Ma ntoux reaction 

Negative Early lepromin reaction 328 43 35 7 .J13 0.91; P > O. 70 
- Mantoux reaction 
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r eaction s, and their dist ribution among families, have been investi­
gated, in order to fUl'll ish information on the nature of lepromin re­
action s in man. 

MATERIALS AND METHODS 

Subjects 111 H J'Hlldom sample of 100 fa mili es living ill a BrHziliall rurnl area 
(Cosmopolis, S tate of Sao Paulo) were inoculated on the volar sm face of the right 
<Inn with 0.1 nil . of lep rOlni n prepared acco rdi ng to. the l\li tsuda -H ayash i tech lli c (3). 
l\Iantoux tl'sb were Inade on the volar surface of the left arm by injection of 1 :1,000 
tuberculin . All of t he tests were lIIade hy one of the authors (R.Q.). A census was 
conducted in the stud ied area p ri or to the samplillg' in order to includ(' onl y white, 
complete, un relnted fam ilies of larger size. 

Since a large proporti on of clinica lly weak positive lepromin r eactions (+) may 
not be cO t'relnted histologically, r eactions of this strength have been disregarded by 
leprolog ists. Fot' the purposes of the present study, however, the weak and strong­
r eacti ons have heen pooled. 'I.' he lepromin available for this study had a r elatively 
low bacill nry concentration (0.4 mgm. pel' 1111.). On this basis the development of a 
conspicuous infiltrative element, 3 mm . or more in diameter , was considered as positive 
for a late leproillin reaction. The presence of an infiltrative erythematous halo, 10 mm. 
01' more in diameter , was considered as positive for the earl y leprOlliin r eacti on. The· 
Mantoux r eaction was considered positive if a n in fi ltrate exceeding ] ° nllil. in di nille ter 
was observed. 

The el1l'ly lepromin and Mantoux r enctions were r ea d 48 hou rs after injection . 
The late lepromin r eacti on was read 30-40 days after lepromin in jection. 

RESULTS 

As expected, an association vms demon strated among the three' 
r eactions (Table 1). Data presented in Table 2 sho'w a strong correla­
tion of the early lepromin reaction and the :Mantoux reaction only 
among subjects exhibiting a macroscopically positive late lepromin 
reaction . A correlation wa s not detected among subjects not giving a 
late lepromin r eaction. 

In r:r a.ble 3 marriage types are classified in three categorie. with 
r espect to the r esponses obser ved in each of the, kin tests performed. 
rrhese categories are : (1) positive vs. positive ; (2 ) positive VS. nega­
tive ; (3) negative vs. negative. In the absence of r elationship between 
the r esponses in parents and children the frequ ency of positive reac­
tions among the offspring should be similar for the three marriage 
categories consider ed. However, Table 3 shows a positive correlation 
fo r each lepromin t est, but not for the Mantoux r eaction . ,]~his situa­
tion suggests strongly an intrafamilial r elation ship for the lepromin 
reaction. 

DISCUSSION AND OONOLUSIONS 

The evidence her e presented seems to support Hadler 's hypothesis 
that in their basic mechanism of response toward leprosy bacilli, lepro­
min r eaction s in man vary in ' a way similar to that of guinea-pigs 
(lysers ) and rats (nonlyser s ). The early lepromin reaction may be 
expected in all person s properly sensitized by the injection of lepro­
protein s derived from the destrllction of leprosy bacilli. Since Ie pro-



TABLE 3.-Distribution of lhe mac1'Oscopically late lepromin reaction, w"ly lep"omin Tcaction and Mantoux reaction omon(J childrl'n born to 100 families 
classified accm'ding to malTiage types . 

Late lepromin reaction Early lepromin reaction Mantoux reaction 

Marriage Numher N umber Negative Number N umber Negative Num ber Numbpr Negative 

types of of children of of children of of children 

families children No. % fa milies children No. % fami lips children No. I 'io 
Positive x 28 123 64 52.0 8 32 19 59.4 12 49 H 89.8 

positive 

Positive x -1 8 215 164 76.3 27 11 2 90 80.4 -!3 197 173 87 .8 
negat.ive 

Npgative x 24 105 89 84.8 65 299 276 92.6 45 197 182 92.4 
negative 

---
Total 100 443 ~17 J 71.6 100 4-13 

1 385 86.9 100 4-13 399 90. 1 
---

Independence-
test 3-1 .. 30; P < O.OOl 33.02; P < O.OOI 2.25; P > 0.30 

x2 ; 2 cl. f. 
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proteins are present in low and variable concentration ill lepromin, 
it is not to he expected that nonlysers would frequently exhibit an 
early lepromin reaction. As a matter of fact , it is well known that 
the frequency of a positive early lepromin r eaction is very 10\\' in 
lepromatous patients. It is r easonahle, ther efor e, to suppose that lepro­
matous patients exhibiting an early lepromin r eaction have heen hyper­
sensitized by Ill. tub erculosis or some othel: ullk110\\,n agent. 

rr'he hypothesis is attractive that the familial 11ature of the late 
lepromill reaction (rllable 2) would refl ect both histologi c l'Nlctive ca­
pacity, probably determin ed on a geneti c ba sis, and th e influ0l1ce of 
environm ental factor . , i. e., previous sen sitization by one of at lea st t\\'o 
mycobacterial species, M. t'U berc1ilosis and M. lepra e. Certain other 
facts support thi s hypothesis : B CG vaccination (11) or r epeated lepro­
min injections Ci ) will induce sensitization shown by a late lepromin 
r eact ion among subjects previously lepromin-negative. As in the case 
of the finding r eported by Hadler and Ziti for rats eO), a positive 
late lepromin r eaction without histologic correspondence has been 
described for man (4). Tn contra st, the familial nature of the early 
lepromin r eaction (rrable 2) tends to reflect environmental influences, 
since positive early lepromin r eaction s may be found among h~'per­
sensitized nonlyser s. 

']lhe question may be raised, however, why a familial correlation 
wa s ]10t observed in the case of the :Mantoux r eaction, since M. le}J'/'G e 
can sensitize for the tuberculin t est. A possible explanation is as 
follows : 

Rince tuberculosis cases are unknown in the rural area surve.n~d , 
positive Mantoux sensitivity may be expected, among subjects r an­
domly sensitized, through urban contacts, as well as among subjects 
with more intense exposure to leprosy bacilli. Prolonged exposure 
to M. leprae would provide the strong stimulation r equired for the 
demonstration of hyper sensitivity to M. Zepme by the tuberculin test. 
Since in each case ther e is a correlation with age, positive r esponses 
to the Mantoux test would be correlated particularly with high age, 
a situation probably r esponsible for the independence of marriage 
type and the distribution of r eactions in the offspring. It is note­
worthy that among the 111' subjects r eacting positively in the Mantoux 
test 60.4 per cent were of the parental generation offspring. 

SUMMARY 

The distribution of lepromin and Mantoux r eactions was inves­
tigated in a randomized sample of 100 families living in a Brazilian 
rural area (Cosmopolis, State of Sao Paulo). A census was conducted 
in the studied area prior to the sampling in order to include only 
white, complete, unrelated familie s of larger size. 

Analysis of the data collected supports the following hypotheses : 
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1. rl' he ea rly leprom in r eaction may he consid ered as all all ergic 
respon . e to leproprotein s contained in lepromin. 

2. Th e macroscopicall y positive late lepromin reaction r eAects hoth 
the capacity of the subject's macrophagC's for lysing leprosy bacilli , 
and the influence of sensitizing agents stimulating the lysogenic abilit~, 
of the macrophages. 

3. Th e lysogenic capacity of mac rophages probably ha s a heredi ­
tary ha sis. 

RESUM EN' 

H n ~ id () in vestigl1 dH ill dist ri bul' ioll a l IIZH I' de Ins I'eaetiones H la 1I' I)I'oiliina y Mnn­
toux en 1(1) fH lllil ias que viven en un Hrea rural bra.silpra (COSIII Opolis, E stado de Sa n 
P ablo). Prl'viamente se l'ea li zo un censo en el a rea en orden de inclui T' solmnente 
fnllli li ns blnncns, rO lllpletas, g ra ndes y que no tuvi(' ren relacion. 

E I ana lisis de los datos coleccionados apoya n Ja sigui ente hipotesis : 
1. La reaccion templ'ana de la lepromina p uede sel' considel'ada como un a 1'es­

p uesta nlcJ'gica a las lepl'oproteinas contenidas en III lepromin ll .. 
2. La reaccion ta l'd ia pos itiva lIlacl'oscopica refleja tanto la ca pa cidad de los 

mael'Ofagos del sujeto para lisar los ba cilos leprosos CO III O la in Auenr ia sens ibilizllnte 
de los agentes que estimulan la habilidad lisogeni ca de los ma cl'Ofagos. 

:1. Ln e}l pacidnd lisogenirn de los II lacrofng'os pl'obab lemente tiell e una bnse hel'edita l'ia . 

RESUME 

La distribution des l'eactions ft la lepromine et des r eactions de Mantoux a He 
iitudi ee dans un echantill on de 100 fam ili es vivant dans une r egion rurale by Bresil 
(Cosmopolis, Etat de Sao Paulo), choisie au hasal'd . Avant de proceder a I'echan­
til lonage, un reeensement ava it ete mene dans la region etudi ee, afin de n' incluil' dans 
leur totalite que des fam ilies lal'ges, constituees par des individus de race bla nche, 
ct non appnl'cntees entre cll es. 

J)nnalyse des donnees r ecueill es s'accorde avec les hypotheses suivantes : 
1. La reaction precoce il ia lepromine peut eire cons ideree comille u ne repolise 

a ll ergique aux lep l'oproteines contenues dans la lepromine. 
2. La reaction positive ta rdive it la lepromine qui se llIanife.ste de fa(!on mac ro­

scopique tcmoig ne it la fo is de la capacite des maCt'ophflges de I'individu it dHruire II'S 
bacill es de In lepre et de l'in flu ence d'agents sensibili sants qui stimulent de pouvoir 
Iysogenique des macrophages. 

3. La capacite Iysogenique des macl'ophages r epose probablelllent slir u ne base 
hiireditaire. 

A ckno!declgemel1t.-The authors are indebted to the Divisi'io Tecni ca Auxi liar , 
D epflrtamento de Pl'ofi lax ia de Lepra of the State of Sao Paul o, fo r provid ing faciliti rs 
necessa ry in conducting the study. 
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