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Sum mary The relations hip between delayed hypers ens itivity and granuloma
tous hypers ens itivity to hos t  res is tance in mycobacter� al infections has 
been dis cuss ed .  The grounds for a diss ociation between allergic reactions 
and res is tance to infections is reviewed firs tly in tuberculos is and then in 
lepros y .  Evidence from clinical obs ervations is compared with data from 
animal experiments ,  particularly in mice infected with My coba cterium 
lepraemurium . Further comparis o n  is made of the us e o f  s onicated bacterial 
extracts vers us autoclaved whole organis ms .  The relevance of this dis cuss ion 
to the ass ess ment of the efficacy of the various 'lepros y  vaccines ' ,  now 
being tes ted ,  is considered . 

Since the development of  tuberculin! and its introduction as a skin testing 
reagent ,  there has been considerable controversy as to the role of allergic or 
hypersensitivity reactions in acquired resistance in mycobacterial infections .  
Thirty years ago this was reviewed extensively by Rich,2 who identified the 
earliest work on this subject. 3  In this study it was shown that hypersensitivity 
produced markedly destructive effects  in the tissues and this was related to the 
level of organisms present .  The hypothesis was therefore put forward that 
acquired resistance in tub erculosis is effected by the accelerated inflammatory 
reaction caused by local hypersensitivity . The basis of this view was 
that inflammation is a known protective mechanism in bacterial infections.  
Inflammation can wall off and prevent the spread of bacteria . In addition,  
inflammatory exudates are usually strongly bactericidal. Hypersensitivity 
reactions are among the strongest causes of local inflammation. This view 
was strengthened by the statement that hypersensitivity as shown by the 
tuberculin reaction parallels immunity so closely that they must represent 
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manifestations of the same phenomenon . Experimentally, guinea-pigs infected 
with M. tuberculosis develop acquired resistance and tub erculin sensitivity in 
parallel .  Neither can be transferred passively with serum, but both can be 
transferred with lymphoid cell suspensions. Both are therefore manifestations 
of cell-mediated immunity produced by T-Iymphocyte-antigen interaction 
resulting in the release of lymphokines and macrophage activation. This mech
anism of resistance is important as mycobacteria are facultative intracellular 
parasites capable of multiplying within macrophages , as are other bacteria such 
as Listeria and Brucella and c'e rtain fungi .  

This view was questioned ,2 re- enunciated4 and questioned againS in  the 
case of tuberculosis . However, it is now important to question the subject 
again as this view has arisen once more in connection with current work on 
the production of a leprosy vaccine . It  is important that the evidence for 
parallelism between skin hypersensitivity and host resistance be studied as 
closely in this infection as in tuberculosis . 

Delayed hypersensitivity and cell-mediated immunity in tuberculosis 

Delayed hypersensitivity reactions in the skin are erythematous indurated 
reactions reaching maximum intensity 24-7 2 h after contact with antigenic 
material . Two types of delayed hypersensitivity reactions may be observed ; 
the tuberculin-type reaction and the Jones-Mote type of reaction.  In  the 
tuberculin reaction the skin reaction persists for up to 96 h,  and is highly 
indurated . The Jones-Mote reaction may be observed maximally only 24 h 
after skin test . Jones-Mote reactions are highly regulated by suppressor cells 
and are characterized by large numbers of  basophils in a subepidermal position 
as a result of which they are often referred to as cutaneous basophil hyper
sensitivity (CBH) reactions. Both these reactions have been shown to be 
T-Iymphocyte mediated reactions . A number of other phenomena have been 
shown to be similarly T- cell mediated . These include contact sensitivity , skin 
allograft rej ection,  organ specific autoimmune processes , tumour immunity, 
granuloma formation and cellular immunity.  Two in vitro tests for cell
mediated immunity were introduced . These are the lymphocyte transformation 
test (LTT) and the leucocyte migration inhibition test (LMIT) . All these 
phenomena have been grouped under the heading cell-mediated immunity 
(CM!) . It  therefore appeared natural to consider that they measure the same 
biological reaction . Numerous attempts have been made to correlate delayed 
hypersensitivity reactions, LTT and, LMIT,  both with each other and resistance 
to infection . One such study in the field of tuberculosis6 defines three types 
of skin test reactions to tuberculin : (a) typical Mantoux reactio n ;  (b) Jones
Mote hypersensitivity ;  ( c) mixed reaction .  

Patients with localized lesions and a prompt response to chemotherapy 
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showed typical Mantoux reactions and consistently positive results in the 
LMIT .  Patients with chronic disease with surrounding fibrosis showed Jones
Mote or mixed reactions and negative LMIT .  Patients with rapidly dissemin
ating lesions showed absent skin reactions and LMIT .  

However i t  i s  stated2 that a high degree of  hypersensitivity may be associ
ated either with rapidly progressive tuberculosis or with lesions that are being 
successfully resisted : and a low degree of  hypersensitivity is compatible either 
with lesions that are being well resisted or with devastating ones . 

The d issociation between allergy and immunity in tuberculosis in man 
has also been highlighted in the results of the Medical Research Council trial 
of tuberculosis vaccine .7 In this study there was no correlation between 
tuberculin sensitivity and protection from tuberculosis in subj ects immunized 
with BCG vaccine. Moreover, one of the sub-strains of  the vole bacillus M. 
microti conferred good protection against tuberculosis and poor levels of  
post-vaccination tuberculin sensitivity . 

In a classical study in the guinea-pig, Rothschild et  al.8 in Rich's labora
tory , showed that immunized hypersensitive guinea-pigs could be desensitized 
with tuberculin so that they no longer reacted hypersensitively with accelerated 
and exaggerated inflammation and necrosis to the local injection of large 
amounts of virulent tubercle bacilli or tub erculin . These desensitized guinea
pigs remained as highly resistant to the proliferation and invasion of the bacilli 
as were the normal immunized hypersensitive controls . These studies were 
confirmed in a large number of centres in subsequent years . 2  The converse 
was shown9 by injecting guinea-pigs with tuberculoprotein and Wax D, so that 
they became highly tuberculin sensitive but showed no increased resistance 
to infection . Similar experiments were performed 1o which produced tuberculin 
sensitivity in guinea-pigs with an extract of BCG. This hypersensitivity was 
not accompanied by any increase in resistance when the animals were chal
lenged aerogenically with small numbers of virulent tubercle bacilli . A further 
disso ciation between resistance to infection and hypersensitivity in tubercu-
10sis 1 1  was demonstrated in inbred guinea-pigs . It was shown that the strain 
which showed the most marked hypersensitivity reactions following infection 
was that which showed the least resistance . In a study12  of the resistance of 
inbred rabbits the conclusion that tuberculin reactivity bore no relation to 
resistance was reached . 

Despite the demonstration,  in, man, that allergic reactions may not result 
in immunity , there is the observation that immunity and delayed hypersensi
tivity develop at the same time in experimental animals . This was shown 
convincingly for tuberculosis in rabbits13 and for Listeria infections in mice ,14 
and led to the view that immunity to tuberculosis was j ust another manifes
tation of tuberculin hypersensitivity in which one stable immunogen was 
involved that was present in killed as well as viable attenuated mycobacteria . 
It was implied , moreover, that viable mycobacteria immunized better than 
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dead organisms because of their ability to multiply in vivo . This produced 
more antigen and a more sustained immune response. This view,  which held 
considerable attention , was challenged in a series of studies bOy Youmans and 
Youmans .  15 These workers were able to prepare a highly immunogenic fraction 
from attenuated M. tuberculosis H37Ra by disrupting the cells carefully in the 
cold .  Fractionation of the material revealed that the antigen which would 
confer protection to mice was in a preparation that contained RNA precipitated 
by ethanol from a ribosomal fraction . No DNA or polysaccharide could be 
detected but there were significant amounts of protein . Despite producing 
immunity , neither the bacterial ribosomal fraction nor the RNA produced 
tuberculin hypersensitivity . Thus immunity to tuberculous infection and 
tuberculin hypersensitivity would appear to be separate responses of the host 
to different components of the bacterial cell . Both are mediated by a specific 
T-Iymphocyte response and probably involve macrophage activation . How
ever, as different antigens are involved , the responses can be dissociated 
although more frequently they run in parallel .  It  is likely that the granuloma
tous response is a manifestation of the response to the antigen which produces 
the allergic reaction , rather than being associated with the basic mechanism 
involved in host resistance to infection . 

Leprosy and Related Animal Models 

Various preparations have been used to assess skin reactivity in man to 
M. leprae . The most frequently used is  a preparation of autoclaved whole 
organism - Mitsuda lepromin . Another reagent commonly used is Dharmendra 
lepromin in which the organisms are treated with chloroform and ether to 
remove lipids .  A third is  a sonicated preparation known as leprosin . Lepromin 
reactions occur in two phases ; there is an early delayed hypersensitivity 
reaction read at 24 and 48 h and a later nodular reaction read at 3 weeks. 

Leprosin reactions are generally read at 48 h .  All these reagents may be derived 
from human skin containing M. leprae or from infected armadillo tissue. 
Reagents are best standardized by a bacillary count of the starting material 
and reagents containing material from 1 07 organisms/ml give the best results 
for the Dharmendra antigen.16•17 The presence of intact bacilli in the reagent , 
whether Mitsuda or Dharm endra , is necessary for the development of  the 
late nodular component.  Soluble or ultrasonicated reagents produced enhanced 
24-48 h reactions and poor late 3-week Mitsuda react ions .  It has been found 
that the late 3-week nodular reaction was the best correlate of  the clinical 
status of  the individual tested . Patients with lepromatous leprosy (LL) in which 
there is a specific defect in host resistance to M. leprae are inevitably Mitsuda 
negative , that is they are unable to manifest 3-week nodular reactions, whereas 
patients at the tuberculoid pole (TT-polar tuberculoid or BT borderline 
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tuberculoid) who show a high host resistance to the organism are usually 
Mitsuda positive . The histology of the 3-week Mitsuda reaction is that of a 
typical epithelioid cell granuloma,  very similar to the lesions in the skin found 
in IT and BT leprosy . In  addition to  the lepromin test , cell-mediated immunity 
may be assessed by the lymphocyte transformation test (LTT) and the leuco
cyte migration inhibition test (LMIT) .  Impaired host resistance to M. leprae 
at the lepromatous pole is associated with a failure of cell-mediated immune 
response in the L TT and LMIT to specific M. leprae antigens as well as a 
negative Mitsuda reaction .  

I t  has been found 18 that circulating lymphocytes from patients with 
lepromatous leprosy failed to be transformed in vitro by whole M. Zeprae 
in the LTT . There was a similar failure of M. leprae to produce a positive 
LMIT.  This defect decreased across the leprosy spectrum. Patients at the 
tuberculoid end showed strong reactivity in both these tests .  Although LL 
lymphocytes could not be transformed by M. leprae in many cases they could 
be transformed by BCG . Although this indicated a strong correlation between 
the LTT with specific antigen and host resistance,  it has been suggested 19 that 
the correlation was not necessarily with the ability of the host to eliminate 
the infecting organism, but with the strength of the allergic reaction shown 
by the patient . LTT tests were frequently stronger in actively inflamed BT 
than in TT. In patients with BT leprosy with silent skin lesions there were 
fairly low L TT responses . Similarly , BL patients with inflamed lesions will 
react quite strongly in the LTT, and the response may be stronger than in 
BT patients in whom there is no evidence of inflammation . These observations 
indicated that the LTT response was related to the state of hypersensitivity 
of the patient rather than to his resistance to  infection.  Moreover, the response 
in the lymphocyte transformation test may vary depending on the nature of 
the antigenic preparation .2o Borderline patients with active nerve damage 
may show a stronger response using sonicated antigen rather than whole 
bacilli . Patients with predominantly cutaneous lesions,  however, react better 
with whole b acilli than with sonicated preparations.  

I t  is extremely difficult to  compare allergic reactions with host resistance 
to M. Zeprae in experimental models.  The limited growth of M. Zeprae in con
ventional experimental animals precludes such an approach despite the fact 
that M. Zeprae induces a strong state of delayed hypersensitivity in guinea-pigs . 
However, comparison o f  infection with M. lepraemurium in high resistance 
and low resistance strains of mice provides a useful model for comparing 
such reactions.21 In these studies C 5 7 Bl and BALB/c mice were infected 
sub cutaneously with M. lepraemurium . C 57 Bl  mice are a high resistance in 
that they are able to limit local multiplication of the organism, whereas 
BALB/c mice are a low resistance strain in which there is rapid multiplication 
of the organism and centrifugal spread to the draining lymph node. In spite 
of this difference in local immunity the delayed allergic response induced in 
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the contralateral footpad and the in vitro proliferative response of draining 
lymph node cells to sonicated organisms , were similar in the two strains of 
mice . 

The footpad inj ection of  autoclaved whole M. Zepraemurium into infected 
C 57Bl mice gave a prolonged footpad reaction lasting for 4 weeks.22 This 
reaction , which could not be elicited in infected BALB/c mice , was considered 
to be analogous to the Mitsuda reaction in man and showed infiltration with 
cells of the mononuclear-phagocyte series as well as lymphocytes.  

C 57Bl  and BALB/c mice were also infected with BCG vaccine .  Both 
strains were equally resistant to the organismsY Footpad testing with soni
cated BCG produced a Jones-Mote type of reaction (transient at 24 h) in 
BALB/c mice and a tuberculin type of reaction (persisting up to 72 h and 
beyond) in C 57 Bl mice during the first 2 1  days after infection.  There was , 
no relationship .• "bet�een the antigen specific lymphocyte transformation 
test using, prainin�;ly'{l1pb node cells and the footpad react ion.  H would also 
appear that the nJlture�Qf the delayed hypersensitivity test bore little relation 
to host resistance in this model.  

Certain conclusions can therefore be drawn from these studies. Firstly , 
that delayed hypersensitivity reactions to sonicated mycobacterial preparations 
may bear little relation to the lymphocyte response to specific antigen in vitro . 
Secondly , these reactions do not appear to be a good monitor of host resistance 
to mycobacteria during the development of  infection in inbred strains of mice . 
A Mitsuda-type of reaction to autoclaved whole mycobacteria would appear 
to be a better test and shows strong parallelism with host resistance . However, 
even this is only a true measure of granulomatous hypersensitivity and there 
is no evidence that it is a real reflection of host resistance . 

Skin reactions and in vitro Tests to Assess the Efficacy of Leprosy Vaccines 

There are a number of  preparations that have been or are about to be tested 
for use as a leprosy vaccine . These include the use of Cobalt irradiated or 
autoclaved M. Zeprae with or without the addition of BeG vaccine2 4 (and in 
IMMLEP trials) , the ICRC b acillus from Bombay2S and Mycobacterium W 
from Delhi (P . Talwar, personal communication) . A full trial of a vaccine 
for increasing host resistance against M. Zeprae in a particular population 
takes many years to perform . There is therefore pressure to use these vaccines 
for immunotherapy in lepromatous patients,  particularly those with DDS 
resistance. It is tempting to look for a simple skin test or an in vitro test that 
would indicate that an individual has regained host resistance . One should 
therefore ask whether the development of a positive allergic skin test reaction 
is a true monitor of increased host resistance . There is no doubt  that positive 
delayed hypersensitivity or lymphocyte transformation tests with sonicated 
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mycobacteria are no more than reflections of  allergic reactivity and need bear 
no relation to host resistance as has been shown in the mouse models . The 
main question is what is the significance of a positive granulomatous reaction 
of the Mitsuda type . There is no doub t  again that this is a true allergic reaction, 
no different from the type of epithelioid cell granuloma produced by metals 
such as beryllium and zirconium, where there is no question of a relation to 
host resistance . The animal model shows a strong link with high host resistance, 
but can a positive granulomatous hypersensitivity response exist in the absence 
of an increase in host resistance? In the clinical situation can one find cases 
of a movement across the hypersensitivity spectrum of leprosy towards the 
tuberculoid pole while the patient remains highly bacilliferous? Can one 
have a reversal reaction without an increase in host resistance? A rare clinical 
picture of Lazarine leprosy is describ ed26 in which borderline patients develop 
a tuberculoid clinical picture , but remain a pronounced bacillary population.  
In this reaction the prognosis as far as nerve involvement is concerned,  is poor, 
as many nerve trunks may be involved and pronounced paralysis may super
vene . Thus, there is a risk that the development of a positive Mitsuda reaction 
in vaccinated leprosy patients might herald the onset of a far more severe 
neuritis than that seen in the reversal reactions following sulphone therapy . 
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