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( Institut Pasteur, Paris ; this paper is reprinted in English translation 
appro ved by the author, by kind permission of the Editor, Ann.  de 
I 'lnstitut Pasteur. The article appeared August ,  1 959, 97, pp .  1 25- 1 34) 

The in terpretat ion of the nature and t he s ign ificance of the 
react ion to lepromin becomes more and more d ifficul t .  

Lepromin  i s  a fi l tered and autoclaved suspens ion of I g. of  
lepromatous nodu les, finely ground,  i n  30 ml .  of physiological sa l i ne, 
0 . 5% carbo l i sed . Th is  ant igen contains Hansen's  baci l l i  heatk i l led 
and some t issue debris .  The M i tsuda react ion is found by inject ing 
0. 1 ml .  of lepromin intradermal ly .  The resu l t  i s  posit ive when an 
erythematous infi l tration ,  wh ich reaches i ts he ight at t he end of 
3 to 4 weeks ,  forms at t he poin t  of t he inject ion .  Smal l  infi l trat ions  
of less  than 3 mm.  i n  d iameter are considered as doubtfu l .  In  strongly 
posit ive cases, the nodular i nfi l trat ion can u lcerate . Towards the 
30th day the histo logical aspect of the reaction i s  tubercu lo id i n  type. 

Twenty years ago i t  was considered that sen s i t ivity to leprom in  
was a lways a sign of a re lat ive state of immun ity aga inst leprosy . 
This op in ion  was based on the fo l lowing premises : 

Pat ients with tuberculoid leprosy, w i th  few baci l l i ,  usual ly react 
strongly to t he M i tsuda react ion,  whi le leprosy pat ients of the 
malignant  lepromatous k ind ,  whose body i s  rap id ly  invaded by 
H ansen's baci l l i ,  are insens i t ive to lepromin .  

Moreover, ben ign leprosy never changes to the mal ignant type, 
so long as the pat ient  reacts to lepromi n .  

F ina l ly, epidemio logical enq u i ries seem to show that those wi th  
a pos i t ive M itsuda react ion contract leprosy i n  contact wi th conta­
gious pat ients less frequently than t hose i n sens i t ive to lepromin .  

I t  i s  admitted then q ui te  reasonably that sensit iv ity to lepromin 
was provoked by the i mpregnation or by t he i nfection of the body by 
the Hansen's baci l l u s  and that it was witness of t he presence of a 
re lat ive state of immunity, shown i n  a marked res i stance of the 
t i ssues to the m ult ip lication  and i nvas ion of the pathogen ic agent .  

Actual ly,  sens i t iv i ty to lepromi n ,  owing to t he attack on the body 
by the leprosy baci l lus ,  keeps wi thout any doubt all its prognostic 
value ; clin ical and immunological studies amply show this .  A posi t ive 
Mi tsuda reaction , determined by a primary leprosy i n fection ,  remains 
the s ign of an  immuno-al lergic state which i s  expressed i n  a resi stance 
of the body not only to superinfections but also to t he pr imary 
infect ion ,  by arrest ing evo lut ion to the mal ignant type. I mmuno­
a l lergy in  leprosy i s  t herefore d ifferent from that observed i n  
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t u berculos is  wh ich protects the body against  fu rther i n fect ions,  but 
has no  act ion on the evo l ut ion of the primary infect ion .  

The immuno-al lergic state in  leprosy a l so shows other special 
features .  Thus in  a country where leprosy i s  strongly endemic the 
M itsuda reaction is rare ly  pos i t ive i n  the first two years of l i fe .  I t  i s  
on ly  from the age of three that the number of a l lergic subjects 
grad ual ly i ncreases with age. So uza Campos seeks  to explai n th is  
by a theory based on the exi stence of a rare, i nfant i le form of 
tuberculo id leprosy which, would cure i tse lf completely without the 
he lp of any therapy after t he u lcerat ion and scarr ing of the cutaneous 
lesions 1 5. Th is  author th i nk s  i t  i s  possi ble that the ch. i ld would benefit 
from an immun i ty t ransmi tted by i ts  mother during in t ra-uterine l i fe .  

We have never had the opportun i ty of observ ing cases of t hi s  
early abortive leprosy, but the study of the cases publ ished by 
Souza L ima,  Souza Campos, and Pess6a Mendes 1 6 , 1 4  confirms that 
the majori ty of ch i ldren suffering from this  special  kind of tuber­
cu lo id leprosy have lepromatous mothers. Also it seems  i mprobable 
to us that these mothers whose bod ies show no resi stance to the 
i nvasion of the leprosy baci l l u s  should be able to t ransmit  to the i r  
ch i ldren a relat ive immun i ty which t hey t hemselves do not have. 
We consider moreover t hat the rarity of sens i t iv i ty to lepromin  in 
ch i ldren of less than 3 years could be due in part to t he long i ncu­
bat ion of leprosy which seems to be on  an average of 2 to 3 years. 

Another poin t  i s  t hat th i s  i mmuno-al lergic state which ca n be
d iscovered by the Mi tsuda react ion i s  often vary ing i n  i ts  i n tensity 
and can even d isappear. At the t ime when chaulmoogra oi l  was the 
on ly  remedy for leprosy we were able to note on many occasions 
t hat pat ients  wi th  ben ign leprosy who reacted at first, often strongly ,  
to lepromin  would become anergic.  (At  t he present t ime, the 
treatment by su lphones, i f  i t  i s  regular ly cont i nued,  prevents a lways 
the malignant evol ut ion and that even in the originally anergic 
leprosy patien ts . )  The appearance of this i n sens i t iv i ty to lepromin 
did not show i tsel f i n  a weaken ing  of the general cond i t i on nor  i n  a 
c l in ical deteriorat ion (sometimes the cutaneous and neuritic les ions 
improved) nor  even i n  an  i ncrease i n  t he n umbe r of baci l l i  i n  t he 
les ions .  I t  was on ly later, at the end of  several months and someti mes 
after many years, that this benign anergic leprosy changed q u ick ly  
in to mal ignant  leprosy. The anergy then i s  not caused by a �trong 
i ncrease i n  baci l l i  i n  the lesions  as some authors c la im,  as i t  precedes 
the i nvasion of the body by the pathogen ic  agent .  I mmuno-al lergy 
in  leprosy does not depend on  the k i nd of i n fect ion,  on t he contrary 
i t  is the factor that determines the benign or mal ignant developmen t 
of the di sease. This  confirmation i s  extremely i n terest ing s ince i t  
provides an important  proof o f  the immunological a n d  prognost ic 
va l ue of the M i tsuda test .  

Rotberg1 7 be l ieves that sens i t iv i ty to leprom in  can o n ly  be 
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prod uced i n  a body wi th  a special power of re sistance, the natural 
N factor. This factor in the presence of leprosy or tubercu los is  
i nfect ion or of BCG vaccinat ion wou ld br ing about sensit iv i ty to 
lepromin ,  whi le  organisms without this  N factor would be i ncapable 
of react ing to thi s antigen . 

It i s  futile to say that factors which bring about the appearance 
and d isappearance of a l lergy i n  leprosy are not known .  Yet, every 
body has the i nnate faculty to react to i n fect ions ,  but seem ingly i n  a 
varil;lble manner ac�ord i ng  to the race, the fam i ly, t he age, t he sex, 
and the physio logical i nd iv idual i ty .  In leprosy, anergy does not  seem 
to depend on  the absence of a hypothetical N factor, but rat her on 
metabol ic phenomena capable of deprivi ng the body of the faculty 
to react to the i n fect ion ,  e i ther  temporari ly  or for good . 

So the resu l t  of our  resea rch done at Saigon showed t hat leprosy 
has a more serious  development i n  the male sex. Moreover, it seems 
that puberty br ings about an appreciable i ncrease i n  the number of 
malignant cases among boys whi le  i t  d im ini shes t he r isk of mal ignant 
development among girls .  This resistance of the female body to the 
bacil lary d isseminat ion and i nvas ion gives way i n  a marked man ner 
between 20 and 30 years, an act ive period concerned with gestat ion . 
C l in ical observat ions ind icate moreover that p regnancy and confine­
ment often cause an i ncrease in the development of leprosy. Besides, 
this res i stance to infect ion weakens among the Vietnamese and the 
Chinese between 40 and 50 years, that i s  to say d ur ing the menopause. 
In  our op in ion ,  the original  anergy and the loss of the i mm uno­
allergic state in leprosy cou ld be the resu l t  of modificat ions  in the 
metabol ism, partl y  determined by physiological changes or by 
pathological d i sturbances of the endocrine  secret ions4 •  5 .  

The immunological and prognostic value of the Mi tsuda reaction 
owing to the previous attack on the body by the leprosy baci l l us 
remains  indisputable. H owever, it i s  recogn i sed now that sens i t iv i ty 
to  lepromi n  can be i nduced, not  on ly  by a primary leprosy i n fection 
but also by tuberculosis or vacc inat ion by BCG and also, according  
to certai n  authors, by  repeated i n t radermal i njection  of lepromin ,  
that i s  to say  of heat-k i l led Hansen's baci l l i .  I n  these cases, may the 
Mitsuda reaction  be cons idered as the s ign of an immuno-allergic 
state equal in  value to that determined by a primary leprosy i n fect ion ? 
I t  i s  impossible to reply to th is  q uest ion with certai nty. 

As regards t u  berculosis ,  a mycobacterial i nfect ion related to 
leprosy as the haemagglut in ation of Midd lebrook- Dubos9• 18 showed , 
we are conv inced that a M i tsuda reaction ,  due to the impregnation 
or to the infect ion by the Koch baci l lus ,  is equal ly the sign of a 
certain state of res istance i n  the body to the Hansen's bac i l l us .  A l l  
the leprologists who have studied d ur ing epidemiological research 
the theory of antagon ism between tuberculos is  and leprosy which we 
put forward in 1 9441 have come to conclus ion s in favour of t hi s  
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theory. rn effect, leprosy d i sappears gradual ly wherever tubercu los is  
great ly spreads and .i t  can on ly  flourish i n  those parts  l i t t le or 
recent ly  attacked by tuberculosis .  Bu t  has th i s  para-a l l e rgy brought 
about  by the K och bacillus the same immunological s ignificance as 
the al lergy released by a leprosy infect ion ? I n  fact  we do not know.  
I t  i s  however possible that the  eventual  relat ive immunity caused 
by the tubercu los is  i n fection is more feeble than that produced by 
the pathogenic  agent  of leprosy, s ince t he Koch baci l l us is an 
acid-resistant germ of a s imi lar kind, yet d ifferent even so from 
t he Hansen's baci l l us .  New epidemio logica l ,  c l in ica l ,  and immuno­
logical s tudies wi l l doubtless br ing l ight on this  complex subject. 

Vaccinat ion by BCG determi nes i n  a very large percentage the 
convers ion of the M itsuda react ion among people  free from leprosy 
and tuberculos is .  For, if  tuberculos is  brings about a certai n state of 
defence in the body against  leprosy, vaccinat ion by BCG should have 
the same effect,  but seemingly to a lesser degree, BCG bei ng a germ 
of bovine origin and of very s mal l virulence which can on ly  maintain 
i t se lf  i n  a body for a relat ively short t ime7 •  

J f  i t  should come about t hat the para-al lergy set up by BCG was 
real ly the s ign of a certa in state of res istance to the Hansen's baci l lus, 
the problem of the prophylaxi s  of leprosy would be very largely  
so lved . But a l though n u merous publ icat ions on this subject have 
given favourable results ,  new experiments should be undertaken in 
t he course of which we shal l  see how the control group not vaccinated 
compares with the vaccinated group as regards exposure to the 
infection ,  age, sex, and notably the previous clinical examination .  
Moreover, periodic revaccinat ions seem essential as occurs in 
premuni t ion against tuberculosi s .  

I t  seems to  us that the fol lowing experiment, carried out  with 
children resistant to lepromin and to strong doses of tubercul in,  
could furnish usefu l  indications of the even tual prevent ive action 
of BCG against leprosy. 

G roups of control s and of those to be vaccinated would be 
formed according to the recommendations given above. Children to 
be vaccinated would receive 100 mg. of BCG oraLLy and would be 
revaccinated every year by the same method. FinaLLy, those vaccinated 
and the controls would undergo every year a thorough clinical 
examinat ion . 

The i nterpretation of the nature of the Mi tsuda reaction obtained 
after repeated injections of lepromin is very tricky. One m ust at once 
state that trials in man have been carried out in a way open to 
criticism. In  effect, this experiment had been carried o ut in t he first 
place on the children of leprosy patients and then on people 
apparent ly healthy, living in regions where leprosy and tuber­
culosis were more or less endemic10• 1 1 •  It is therefore impossible to 
know if certain of these M itsuda reactions had been provoked by 
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t he repeated inject ion of lepromin  or by unk nown latent  i n fect ions  
due to Hansen's  baci l l us or Koch's baci l l us .  I t  wo uld seem bet ter 
to carry out  this experiment in co untries where leprosy has been 
unknown for many years. The subjects of th i s  research should be 
i n sens i t ive not  on ly  to lepromin but a l so to strong doses of t ubercu l i n .  
Moreover, these people should be  chosen from regions no t  exposed 
to the tubercu los is i nfect ion .  Final ly, among t hose who become 
sens i t ive to lepromin on ly  those remain ing  negat ive to strong doses 
of tubercu l in  should be taken into considerat ion .  

Can  we  c la im, at least theoretical ly, that i n  the absence of a l l  
leprosy or  t u berculos is  i n fect ion the repeated i nject ion of lepromin 
can assure a certai n  state of res istance to Hansen 's  baci l l us ? The 
s tudy of immuno-a l lergy in t ubercu los is  could t hrow some l ight on 
the subject. 

Thus, in a gu inea-pig, after a subcutaneo us i njection  of 0. 1 mg. 
of virulent Koch baci l l us ,  t he superinfections  produce after about 
10  days ulcerated les ions of developing tuberculos is .  However, as 
early as the appearance of sens i t iv i ty to tubercu l i n ,  which takes p lace 
about the 25th day, les ions of rein fection  appear at shorter and 
shorter i n tervals .  About 40 days after the primary inoculat ion i f  the 
animal i s  superinfected i n t radermal ly with a sufficient dose of bacil l i  
t he phenomenon of K och appears. 

In fact, one or  two days after this s uperi nfect ion one notes the 
formation of a necrosi ng  ecchymotic infil trat ion at  t he po in t  of 
i njection .  The injected bacil l i  are generally e l im inated with the scab, 
and there is no  glandular  les ion .  The superin fection  is arrested wh i le 
t he primary i n fect ion fol lows i t s  normal fatal evolut ion .  The Koch 
phenomenon consists of two superimposed reactions, one of 
hypersensi t iv i ty characterised by the ecchymotic and necrotic 
changes, the other of immunity,  expressed by the arrest of the 
tuberculos is  superin fection .  

H ypersens i tiv i ty can be  d i scovered and  even provoked j ust a s  
wel l  w i th  l i v i ng  baci l l i  as with dead baci l l i .  There i s  an  ant igenic 
sens itivity, analogous to t ubercul i n  sens i t iv i ty .  On the contrary, the 
state of res istance to superinfections ,  or premu ni t ion  can on ly be 
obtained after a primary infect ion,  that is to say after an i n oculat ion 
of l iving  Koch baci l l i .  So the normal guinea-pig, previously i njected 
with dead bacil l i ,  w i l l  become al lergic to t u bercul i n  and present a 
typical Koch phenomenon after a second  i nject ion of dead baci l l i ,  
given about 4 0  days later. However, i n  sp i te of the i nd i sputable 
Koch phenomenon,  the animal wil l  not be immune s ince an  i nocu­
lation of l iv ing bac i l l i  w i l l  produce developing t ubercu losis ,  I t  
appears then from one poi n t  of v iew that the allergic test is not  the 
sign of a state of immunity but only of an acqu i red sens i t ivity, and 
from another that the immunity of superi nfection or  prem un it ion can 
only be induced by t he presence of l i vi ng baci l l i  i n  the body. More-
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over, i f  the superi n fection i s  carried out  at a feeble dosage, on ly  the 
phenomenon of resistance wi l l  appear. A state refractory to superi n­
fect ion can therefore be prod uced without  being preceded by local 
or general  s igns of hypersens i t iv i ty .  

I t  i s  poss ib le  to concl ude that  a l lergy and i mmunity represent 
two react ional  capacit ies,  which,  even j f  t hey are habi tua l ly  joined 
and superimposed , remain separate, whether in spontaneous 
condi t ions of i nfectious  pathology or i n  experiment (Gastine l ) .  

I t  should also be stated that i n  1 944 we brought about for 
t u berculos is  a react ion s imi lar  to the M i tsuda one,  from which came 
the BeG test2 • 3.  6 .  The ant igen was composed of a suspens ion of 
vi rulent Koch baci l l i ,  heat-k i l led, in  0 .5% carbo l i sed physio logical 
sa l i ne .  The number of germs i n  the ant igen was app'roximate ly 
eq ual to the number of Hansen 's  baci l l i  contained i n  lepromin .  
We were ab l e  to show wi th tubercu lous  patients t ha t  the reaction 
provoked by t hat antigen was macroscopica l ly  and histologica l ly  
s im i lar  to that of M itsuda. Moreover, the phenomena of hyper­
sens i t iv i ty were more marked and the i r  evo l ut ion was more rap id .  
r n effect, the height of the  reaction ,  which showed i t se lf  by u lcerat ion ,  
was obtained as ear ly  as at I or 2 weeks .  

Now we had to prove on guinea-pigs that th i s  reaction  s im i lar to 
that of M itsuda in leprosy was not a lways accompan ied by an 
immune state, s ince an imals  inoculated with dead baci l l i  and 
sensit ized to th is  react ion ,  d ied after a later i nocu lat ion of v iru lent  
K och baci l l i .  On the contrary, the gu inea-pigs with a posit ive 
reaction after a pr imary i n fect ion of tubercu losis resisted super­
i n fect ions .  I n  t u berculosis  the react ion to the antigen prepared with 
heat-k i l led K och baci l H  i s  only,  l ike the Koch phenomenon ,  a 
hypersens i t iv i ty reaction .  I t  on ly  acqu i res an immunological sign ifi­
cance in  a body previous ly impregnated with l i v ing germs.  

The nature of the sens i t ivity to lepromin of a body i mpregnated 
or  i n fected by Hansen 's  baci l l u s  seems to be close to that of the 
Koch phenomenon and to the react ion that we have suggested for 
tuberculosis .  I n  effect ,  the Mitsuda reaction is equally shown by a 
hypersens itivity, accom panied by an immune state. However, the 
signs of hypersensitivity are less pronounced, while the relative 
immun ity shows i tself more powerfu l  s ince it h inders the malignant 
evo lut ion of the primary i n fection .  Nevertheless, t hi s  immuno­
al lergy can d iminish in intens i ty and even d isappear completely. 
M oreover, the M itsuda reaction usua l ly  begins  1 or 2 days after the 
i nject ion of the antigen (early reaction of Fernandez), but  i t s  final  
development i s  less acute and of longer durat ion .  Final ly,  to the 
lepromin ic  al lergy properly so cal led i s  jo ined a foreign body 
reaction . The ant igen contains in fact tissue debris and Lopes de 
Faria showed i n  1 953  that an  inject ion of 0 . 1 ml .  of a suspension of 
normal cutaneous t issue, crushed and fi l tered , i n  physiological sal ine  
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(1 :20) cou ld  provoke a weak react ion ,  but macroscop ical ly and 
h i stological ly ident ical to that of M i tsuda 1 2 , i n  lepromin  sens i t ive 
subjects .  I t  i s  a lso known that t he bac i l lary antigen of Fernandez, 
which no longer contain s  tissue debris, in practice gives late Mitsuda 
react ions clearly more feeble than lepromin  prepared accord ing  to 
the H ayashi-Wade techn ique .  

I t  appears from t he study of i mmuno-al lergy i n  t uberculos is ,  
a mycobacterial  i n fect ion related to  leprosy, that it  i s  very un l ikely 
that the repeated i nject ion of lepromin ,  t hat i s  to say of dead 
Hansen 's  baci l l i ,  could bri ng about the appearance of relative 
immunity .  This proceed ing could more or less determine  a hyper­
sens i t iv i ty, bound to a foreign body reaction .  Besides, the c l i n ica l 
and typical histological aspect of a Mitsuda react ion is not  always 
witness of an immune state. 

Thus, Convit ,  Lowe, and t he ir  col laborators cou ld  note that 
in t radermal BCG vaccinat ion brought ·about in 1 1  to 4 1  % of 
lepromatous patients a s l ight sensi tivity to lepromin8, 13 .  Now it 
seems improbable that this sensit ivity could be in terpreted as t he 
sign of an  immune state. One wi l l  hardly bel ieve that a BCG inject ion 
can cause such an immunological change in  t he body of pat ients very 
strongly bacil l iferous and anergic to t he H ansen's baci l l us, s ince one 
knows that a lepromatous pat ient ,  ulteriorly impregnated or i nfected 
by the Koch's baci l lus ,  always remains i nsensitive to lepromin .  Lowe 
has also shown t hat these weakly positive Mitsuda react ions noted 
in  lepromatous cases vaccinated with BCG are of short duration and 
are not fol lowed by c l in ical or  bacteriological improvement in  spite 
of co:nt inued treatment .  I t  can only be i n  t hese cases a transitory 
cutaneous sensitivity without immunological sign ificances. 

From this i t  seems that sensit ivity to lepromin can be considered 
as an a l lergic phenomenon,  l i nked to a foreign body react ion .  It w i l l  
not  be ipso Jacto witness of an immune  state and wil l  on ly  assume an  
immunological value w i th  subjects a lready impregnated by  l iv ing 
Hansen's  baci l l i .  The present theory, which is  to interpret the early 
reaction of Fernandez as a phenomenon of hypersensitivity and the 
late Mitsuda reaction as a test of immunity, will  have to be revised . 

Tuberculosis  and leprosy are related mycobacterial infections  and 
i t  i s  therefore possible that the para-al lergy to the Hansen 's  bacil lus 
of subjects attacked by tuberculosis or  BCG vaccinated i s  a lso bound 
up with a certain degree of resistance in the body to the leprosy 
infection.  However, only clin ical observat ion will final ly give us 
grounds to affirm this .  

As regards t he al lergic Mitsuda reaction ,  provoked by the 
repeated injection  of lepromin ,  i t  is  apparent t hat i t  only represents 
a cutaneous sensitivity wi thout immunological significance. 
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Summary 

The author  attempts to def ine the nature and sign ificance of the 
M i tsuda react ion by studying the c l in ical and immunological data 
on leprosy and tuberculos is ,  which are related mycobacterial 
i nfect ions ,  as evidenced by the M iddlebrook-Dubos haemagglut i -
nat ion react ion . 

The author considers sens i t iv ity to lepromin as an al lergic 
phenomenon,  associated with a foreign body reaction .  Th is  sensit ivity 
does not  necessar i ly prove immuni ty ,  and should only have immuno­
logical s ignificance i n  i ndiv iduals  a l ready contaminated by l i v ing  
H an sen baci l l i .  The current theory, considering  the early Fernandez 
react ion as a s ign of sens i t izat ion and the late Mitsuda react ion 
as an immun i ty test, shou ld then be rev i sed.  H owever, the para­
a l lergy to  Hansen baci l l i  observed in t ubercu lous  or BeG-vacc inated 
ind iv iduals  m ight be related to a certai n  degree of resistance to 
leprosy i n fect ion :  Only  cl in ical study w i l l  allow a concl us ion .  

M itsuda al lergic react ion i nd uced by  repeated i nject ions  of  
lepromin ( i . e .  dead Hansen baci l l i) seems to  be  d ue exclus ively 
to cutaneous sens i t izat ion without immunological s ign i ficance. 
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