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Introduction 
Mycobacterial infections and diseases through the world have focused much attention on the 
often exaggerated immune response which has been investigated from the standpoint of im­
munity to disease , diagnosis , analysis of the basic immune responses and immunotherapy of 
several unrelated diseases .  However there are few diseases that so effectively express es­
sentialy the entire spectrum of immune responsiveness as leprosy and , to a lesser extent , tu­
berculosis . For other mycobacterial diseases apart from leprosy and tuberculosis , infection is 
far less apt to lead to disease in a normal immunocompetent individual . Opportunism in com­
promised host may be one factor and recent examples in AIDS patients give concrete ex­
ample of such disseminated mycobacteriosis ( 1 ) .  Many recent investigative efforts are direc­
ted towards the explanation of the nature of the immune responsiveness variabil ity seen in le­
prosy (2) and in tuberculosis (3) . Some progress has been made in elucidating the role of sup­
pressive or helper influences of cells , or their mediators , and in reconstituting the immune 
defects . However, many parameters are involved , concerning dependent and independent 
variables in the different assays used , and need to be clearly identified in order to clarify their 
exact role , which they play in induction , expression and regulation of the immune protection 
induced after a natural or experimental infection . 

Immune responses after mycobacterial infections 

Chronic mycobacterial infections develop through an immunological spectrum that ranges 
from a state of high resistance (protection) to an opposite extreme of low resistance and an­
ergy . However, expression of high resistance can be associated in certain individuals with 
diseases expressing severe immunological reactions such as tuberculoid leprosy , upgrading 
reactions in borderl ine leprosy , or increased pulmonary lesions at the onset of efficient che­
motherapy in pulmonary tuberculosis . Both leprosy and tuberculosis encompass the entire 
gradient of the immune spectrum, which may also be seen with other mycobacterial diseases 
in man and in animals ( i . e .  Johne ' s  disease in cattle) . 

In susceptible hosts , inoculation of pathogenic mycobacteria through its own multipli­
cation in macrophages induces specific and non-specific immune responses . Undoubtedly 
specific antibodies are produced in response to natural or experimental mycobacterial infec­
tions ,  but there is evidence that they play no role in host protection (4) , even if some reports 
have shown that passive immunization with specific anti mycobacteria sera in BCG infected 
mice to a certain extent promote the growth of bacilli in the spleen (5) . The mechanism of 
such an enhancement has not been fully explored but does not seem to involve a higher bac­
terial uptake of the spleen .  However , since it occurred only after a low inoculum, it might in­
volve a particular distribution of the mycobacteria in subpopulations of macrophages which 
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are either less able to kill the mycobacteria or more able to promote the growth of the bacil l i  
in absence of the T-cell dependent response , as measured by the DTH reaction (6) . More­
over , no data were given concerning the effects of such passive transfer on the acquired resis­
tance of the infected mice . 

Thus , most of our knowledge about immunological mechanisms control ling mycobac­
terial diseases concerns only cell-mediated immunity in experimental or human tuberculosis 
and leprosy . The specific responses are well characterised by mechanisms which prevent fur­
ther multiplication and spreading of mycobateria .  These events , called macrophage activa­
tion and granuloma formation , are specific in their induction but are non-specific in their 
expression , since they are locally able to inhibit growth and dissemination of other obligate 
or facultative unrelated intracellular multiplying microorganisms (7) . Several excel lent re­
views have appeared during the past few years on the immunology of mycobacterial infec­
tions (8- 1 2) ;  from these and other relevant l i terature , it can be concluded that the specificity 
of the immune response to pathological or non-pathological mycobacteria has been shown to 
be mediated by thymus-dependent lymphocytes (T lymphocytes) . Specific ,  uncommited T 
cells become stimulated in the T-cel l  areas of the draining lymphoid tissues d.uring the in­
duction phase occurring soon after inoculation of the l iving bacteria (1-2) . This T-cell stimu­
lation can be evaluated in vivo qualitatively and quantitatively , by measuring the kinetics of 
the cells incorporating radiolabelled precursors of DNA (i . e .  tritiated thymidine) . But this 
global evaluation only partially reflects the clonal expansion of specifically engaged T cell s .  
I t  was shown recently that , after intravenous injection of BCG,  among the radiolabelling 
present in the spleen suspension 10 or 20 days after BCG inoculation , only a small (25 %) but 
significant proportion of [3H] thymidine uptake was due to T cells ( 1 3 ) .  And amongst these ra­
diolabelled T cel l s ,  only one tenth may represent specific committed T lymphocytes .  In order 
to obtain a precise analysis of the number of cells engaged in protection , it is necessary to re­
sort to a passive transfer of these cells in naive animal s .  

For instance , passive protection against tuberculosis but not leprosy can be  evaluated in 
age and sex matched syngeneic recipient mice which had been rendered T-cell deficient prior 
to transfer by exposure to 500 rad of ionizing radiation ( 1 4) . 

As soon as these specific committed T -cells are stimulated , part of them leave the drai­
ning T-cel l  areas via the lymphoid ducts through the systemic circulation and reach the in­
flammatory foci at the inoculation site or everywhere bacteria are present , and the host 
develops granulomatous reaction and macrophage activation . These reactions are elicited by 
specific recognition of antigens on the surface of infected macrophages by the circulating 
committed lymphocytes .  these events stop further multipl ication and dissemination of the 
mycobacteria .  In addition, the host may also express a delayed-type hypersensitivity (DTH) 
reaction to mycobacterial antigens . usual ly ,  in the normal host , the development of this cel­
lular hypersensitivity to mycobacterial antigens is associated with the occurrence of an ac­
quired resistance to subsequent challenge of the same or related mycobacteria ( 1 5 ) .  Non­
specific immunity that has increased during mycobacterial infection can also be detected in 
vivo and in vitro by measuring the increase in resistance of the mononuclear phagocyte sy­
stem against unrelated pathogen (i . e .  Listeria monocytogenes) , and adjuvant effect of DTH 
or Ab production to unrelated thymus-dependent antigens .  This non-specific immunity can 
mask or modulate the real efficacy of the specific acquired resistance . However , such non­
specific resistance is not directly transferable in naive recipients , without the coinjection of 
mycobacterial antigens ( 14) .  All of these independent variables can be measured in the ex­
perimental animals in order to evaluate factors involved in the induction of the immune res­
ponse after mycobacterial infections .  But many of these variables are only correlates of pro-
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tective immunity , and thus only the transfer of immune T lymphocytes in chal lenged animals 
or in vitro microbicidal assays , may give the final results on protection . 

Activated blood-borne macrophages accumulating in the newly formed tubercle seem to 
be the major cells involved in acquired rsistance against intracellular multiplying mycobac­
teria .  However , the virulent tubercle baci l l i  may replicate within these cells or persist in a 
dormant state for a prolonged period . In has been shown that not all macrophages in a tuber­
cule granuloma have the same function ( 1 1 ,  1 6) .  The subcellular mechanisms , which allow 
mycobacteria to resist intracel lu lar kil l ing in normal macrophages ,  and the nature of the bac­
teriostatic (rather than bactericidal) mechanisms observed within the phagolysosomes of ac­
tivated macrophages ,  are sti l l unknown . Evidence exists of the involvement of reactive oxy­
gen ( i . e .  hydrogen peroxide - HP2.) in kil l ing mycobacteria ,  and a good correlation was de­
monstrated between the capacity of a host macrophages to produce H202 after mycobacterial 
infection and the natural capacity , tested in vitro , of these macrophages to inhibit the growth 
of BCG ( 1 7) . Experiments ,  with both human and mouse cell s ,  in which the criteria for ac­
tivation were the enhancing macrophage capacity of both to release H202 and kill protozoal 
and bacterial intracel lular multiplying pathogens , give evidence that interferon gamma is the 
principal factor activating macrophages in infectious immunity ( 1 8 , 1 9) .  Recently Douvas et 
al . (20) showed that IFN gamma stimulates human macrophages to become leishmanicidal , 
but M. tuberculosis grew better in these stimulated macrophages .  It wil l  clearly be important 
to discover which functional subsets are involved in mycobacterial ki l l ing and how mycobac­
terial products , antibodies and T-cell products , influence the distribution of microorganisms 
between those subsets . 

Thus ,  an important question remains :  what are the nature and functions of the macro­
phages subsets in which the clinically relevant mycobacteria are present during infection and 
their relationship with immune T-cells (2 1 ) .  However , activation of macrophages alone may 
represent only one part of the acquird resistance mechanisms . Observations in guinea-pigs , 
mouse and man , show that distinct effector T-cell functions are not necessarily mediated by 
the same cells ( 1 1 )  and recent evidence shows,  that in li steria infection , distinct murine 
T-cell subsefs were involved in promoting immune granuloma formation associated with sys­
temic protection and those involved in locally induced protection and IFN gamma production 
(22) . Thus increasing knowledge of the heterogeneity of antigens ,  lymphocytes , Iymphoki­
nes and macrophages forces to reevaluate all experimental models used to explain the classi­
cal pathway of CMI to intracellu lar bacteria ( 1 1 ) .  The careful  analysis of factors involved in 
induction of protective immunity to mycobacterial infection might help in such a way . 

Factors involved in induction of protective immunity 
Numerous models  in different experimental animals have been used to evaluate protective 
immunity in mycobacterial diseases (23) . At present , in vivo assays are more numerous and 
less discussed than in vitro assays . Mortality rate , evaluation of the kinetics of the growth of 
mycobacteria in the target organs and immunopathological reactions are the most used tests . 
However direct estimates of the viabil ity of non-cultivable mycobacteria are always more 
time consuming because the organisms do not produce colonies in the normal way . usually , 
the total numbers of acid-fast baci l l i  (AFB) present in homogenates of whole organs are de­
termined at varying time intervals after the challenge . 

It has been claimed that if mixtures of l ive or dead bacteria were injected, the dead bac­
teria would have no obvious influence on growth of the l ive component (23 ) .  However, such 
an antigenic mass might influence regulatory mechanisms and , at least , modify the expres­
sion of the immune responses (24) . Viabi lity assays after intravenous injection of mice with 
M. leprae are not possible because growth in internal organs in very l imited . However the 
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bacil l i  grow in the mouse footpad and estimates of the proportion of viable bacil l i  present in 
suspensions of M. leprae and their doubling time can be made from the footpad growth cur­
ves (25 ) .  Uptake of a radio-labelled substrate , such as [3H]uracil or the metabolite of a radio­
labelled substrate , have been proposed . But in order to obtain measurable uptake in reason­
able time it is necessary to have a rather large number of viable bacill i , this restriction is one 
of the l imits of the application for such methods . 

The only natural «experiments» showing protection performed in man are the BCG vac­
cination trials against tuberculosis or leprosy . Results from such trial s against tuberculosis ,  
but  also against leprosy , showed wide variations in protection , ranging from 0 % to 80 % 
(26) . However the design inconcistencies and the epidemiological bias of such trials have 
been so numerous that interpretation is difficult . Nevertheless important points have emerged 
from these trials and from subsequent experimental studies: BCG vaccination has both suc­
ceeded and failed to protect simultaneously against tuberculosis and leprosy in different trials 
(27) ; BCG might fai l  in protecting against secondary tuberculosis in areas where it does pro­
tect against both disseminated phase of primary tuberculosis and leprosy (other than multi­
bacillary cases) . As already discussed , the first point is in agreement with the fact that pro­
tection from mycobacterial strain , as shown also in experimental models , can also be achie­
ved by immunization with a different strain (28 ) .  

Such results support the hypothesis that common antigenic determinants possessed by 
different mycobacterial strains are relevant to the generation of protective cellular immunity 
and are either identical or closely cross reactive in various mycobacterial strains .  However , 
the acquired resistance to mycobacteria or other intracellular mUltiplying bacteria appears to 
be critically dependent on immunizing with live rather than dead organisms (28) . The basis 
for the requirement of living organisms for the induction of specific acquired antimycobac­
terial immunity is not yet understood . It may depend on the characteristics of the bacteria and 
host factors , since it is  speculated that parasitization of host macrophages by live prolifera­
tive organisms may allow the presentation of so-called replication bacterial antigens to host T 
lymphocytes in a fashion which most efficiently induces immune protection . 

MYCOBACTERIAL FACTORS IN THE INDUCTION OF PROTECTIVE IMMUNITY 
Live BCG induces an effective antituberculosus immunity whether introduced into tissues by 
the intravenous ,  subcutaneous , intraperitoneal , aerogenic or oral route . Usually introduction 
of 1 05to 1 06 viable BCG organisms through the IV route induces a maximal degree of pro­
tection against a virulent M. tuberculosis challenge given by the same route , 3 weeks after 
vaccination , but the presence of specific immune T cells can be detected as soon as after one 
week after immunization when higher doses of vaccine were given ( 1 3) .  No protection could 
be achieved when dead BCG in saline , whatever the dose given , was inoculated into mice 
(29) . Moreover, not only live BCG need to be injected but also proliferating organ isms need 
to be inoculated in order to induce protection . This evidence was demonstrated by a compari­
son between two BCG strains , one being streptomycin-susceptible , the other being strep­
tomycin-resistant (SMY -res) . Only the former was able to induce antituberculous res istance , 
the inabil ity of the latter to immunize mice after IV injection was shown to be associated with 
a rapid inactivation of the in vivo population , so that viable counts in both liver and spleen 
decreased to subthreshold numbers , before significant degrees of antituberculous resi stance 
can be induced (30) . Subcutaneous injection of BCG-SMY -res did not induce any lympho­
proliferative response in the draining lymph node (24) . Thus it seems that only live and pro­
liferative BCG strains , able to resist non-specific resistance , are able to induce acquired pro­
tection .  Moreover, evidence that IV injection of heat-killed mycobacteria ,  such as murine 
disseminating M. lepraemurium can trigger mechanisms which allow increased proliferation 



Induction of protective immunity 235 

of a s imultaneously l ive homologous inoculum (3 1 ) ,  shows that ki l l ing does not have the 
same effect on immunogenicity for mice of all mycobacterial species (32) . By contrast , hu­
man or armadi l lo derived i rradiated and/or heat-ki l led M. leprae inoculation in mice is able 
to induce immune protection against homologous organisms (33) or against M. tuberculosis 
(34) or M. bovis BCG (35) . Cloned T-cell l ines were also obtained after in vivo immuniza­
tion with irradiated M. leprae without any adjuvant (36) . They exhibited helper type activ ity , 
producing interleukin-2 ,  macrophage activating factor and interferon gamma , and were furt­
her characterized in terms of cross-reactivit ies with other species of mycobacteria .  However ,  
induction of cross protection against BCG infections by i rradiated M. leprae lymph node 
cells occurred only in part icular strains of mice ( i . e .  in C57B 1 /6 but not in C3H mice) (35 ) ,  
indicating that the immune response pattern evoked after mycobacterial infections ,  i s  deter­
mined partly by the organism used and partly by genetic  factors of the host . 

HOST FACTORS IN INDUCTION OF PROTECTIVE IMMUNITY 
Experimental studies indicate clearly that protection from superfic ial infections differs from 
protection from systemic challenge , depending on the capacity of mycobacterial strains to 
disseminate and also on propert ies of the various mouse strains used . Also differences in the 
cl inical course of tuberculos i s  and leprosy in human population and individuals have long 
been recognized (2 1 ) .  Recent associations with certain HLA antigens have suggested a c lose 
association with the expression of leprosy rather than susceptibi l ity or res istance to the infec­
tive organism (37) . It is c lear from experimental studies that many genes interact to deter­
mine the level of res istance in an individual . Experimental infectious murine models  with 
intracel lular multip l iying organisms using outbred , inbred , congenic , recombinant and mu­
tant strains have been used in recent years in order to analyze such genetic control ( 1 1 ,  23 ) .  
Hence studies with mycobacteria have shown that inbred and outbred mouse strains can be 
classified into those which are res istant and those which are susceptible . It was of interest to 
note about the results of such studies that strain s ,  previously designated ltyr (Salmonella ty­
phimurium res istant) and Lshr (Le i shmania donovani res istant) were also res istant to intra­
venous challenge , with M. bovis (BCG) (38) , or M. lepraemurium (39) and that strains des­
ignated Itys , Lshs , were susceptible . Resistance was shown to be dominant and was at least 
expressed through the control of a gene (or group of genes) located in the chromosome I .  

Although thi s  gene(s) i s  not mapped , its express ion seems to influence of both early mult ipl i­
cation of the organisms w ithin the macrophages (40) and the later development of acquired 
res istance mechanisms (38 ,  4 1 ) .  In the case of the BCG study (38) , differences in res istance 
were revealed mainly in the spleen , after three weeks of a low inoculum (2x 1 04viabie 
BCG/mouse) of well d ispersed bac i l l i  ( strain Montreal) inoculated intravenous ly .  No such 
differences were observed in other organs or when higher doses were used . When BCG was 
inoculated subcutaneously , with various doses ( 1 04 to 1 06) , growth curves kinetics showed 
no significant differences in res istance in the draining node or at the inoculum site , except at 
day 1 after chal lenge (4 1 ) .  Variations in differences of res istance were also noticed when va­
rious BCG vaccine strains or atypical mycobacteria were used , being related to the natural 
abi li ty of such strains to repl icate in the mouse (42) . Usual ly low inocula of viru lent , well  
dispersed BCG strain , injected intravenously into Bcgr mice showed l ittle multipl ication , 
whereas i n  Bcgs mice progress ive growth occurred , peaking at three weeks and then decl in­
ing . Subsequently lower numbers of viable bac i l l i  were detected , for several weeks , in Bcg' 
than in  Bcgr strains :  thi s  difference was more marked in l iver and lungs and was dose depen­
dent (fig .  I ) .  
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Growth curves of BCG Pasteur (1 1 73 P2) in spleen, liver and lungs of Bcgs (C57B 1/6 : clos­
ed symbol) and Bcgr (C3H/lco : open symbol) mice injected intravenously with varying num­
bers of live organisms - 2xl OJ, 2xl 04, 2xl07 BCG/mouse - (arrow) . The representative 
growth curves in the lungs are those which were obtained with the highest dose of BCG in ­
oculated into the two strains of mice . Mean of 5 mice per group ± SEM . 

These results seem to indicate that the non-specific natural resistance in mice is quite able 
to prevent multipl ication and persistance of a low inoculum of an attenuated living strain of 
M. bovis, without any help from a T-cell response . However , when a higher inoculum is gi­
ven , Bcgr mice ( i . e .  C3H) were less able to prevent late multiplication and dissemination (in 
lungs) . Classically it was shown that mice that had recovered from the primary infection 
developed DTH to tuberculin and showed strong resistance to further chal lenge with BCG or 
virulent tubercle baci l l i  (29) , but when mice were inoculated IV with a low inoculum of 
BCG,  only the Bcgs mice developed a 48 h DTH to tuberculin (43 ) .  Further, when several 
strains of mouse were inoculated subcutaneously with 4x 1 06 BCG Pasteur and tested with tu­
berculin at varying periods of t ime after senitization , the time course patterns of such DTH 
reactions can be clearly separated into three groups ,  independently of the time after sensiti­
zation . 

The results summarized in fig .  2 ,  showed that for all mouse strains tested , except for 
Balb/c , a good correlation existed between natural susceptibil ity (Bcgs strains) and the pro­
tracted DTH type (type 3 ) .  
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Figure 2 :  
Schematical different time-courses of DTH reaction to tuberculin (4 /Lglmouse) in Bcg' ( + )  
and Bcg' (-) inbred mouse strains,  immunized 14 days previously by one subcutaneous in ­
jection of 4x106 live BCG Pasteur into the left hind footpad. L . ab (low antibody) and H. ab 
(high antibody) mice are representative of mouse strains selected by Biozzi and coli. : in vivo 
curves of BCG Pasteur after a low inoculum given intravenously, showed the indicated Bcg 
gene phenotype. 

Type I and type 2 were observed in Bcgr strains . Acqui red res istance after such immuni­
zation was then evaluated in  Bcgs and Bcgr strains . Fourteen days after immunization , a l l  mi­
ce , including controls , were inocu lated IV with 1 05 ,  1 06 ,  or 1 07 viable BCG and fourteen da­
ys later numbers of viable BCG were counted in spleens . The res istance index was calculated 
for each mouse strain , and compared to the tubercul in DTH level measured 1 8  or 42 h after 
e l ic itation , given on the chal lenge day in other gourp of mice used only for DTH measure­
ments without any challenge . 

Figure 3 :  
Acquired resistance to BCG Pasteur, in 
mouse strains expressing the 18 h (left) or 
the 42 h (right) DTH reactions to tuberculin. 
Separate groups of different inbred mouse 
strains were inoculated with one SC injec­
tion of 4x} (}6 live BCG and 14 days later, 
each group (including one control group per 
mouse strain) were either i .  v. challenged 
with lx105 ,  lx106 or 1x10l live BCG, or sc 
inoculated in the contralateral footpad with 
4 /Lg tuberculin . For each tested strain, the 
resistance indexes were calculated from 
numbers of CFU found in spleen 14 days aft­
er the challenge in the normal control and in 
immune mice. The resistance indexes were 
then plotted against the peak level of the 
DTH reaction measured at 18  and 42 h .  
Mean of 5 mice per group ± SEM. 
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As shown in fig 3 ,  a higher resistance index was found in strains presenting a protracted 
DTH type , and a good correlation was found between the resi stance index and the DTH 
levels measured 42h after elic itation . On the other hand no such correlation was found in 
strains of mouse presenting a 1 8h reaction . This  might be correlated with the fact that Bcgr 
mice had only a tenth of the number of granuloma in liver and spleen compared to the Bcgs 
mice (43 ) .  

The Balb/c mice constitute an  exception from the observed correlation between Bcg  gene 
expression (classified as Bcgs) and DTH expression , developing a type 2 DTH reaction . It 
was shown by Adu et at . (44) that such DTH reaction in Balb/c mice resembled the type 3 
after 4 weeks ,  and there was no difference in the numbers of AFB recovered from the infect­
ed footpad between CS7B 1 16 and B alb/c mice during the periode of 7 days to 6 weeks .  But it 
is difficult to draw conclusions from this , s ince AFB represent the total count of live and 
dead bacil l i . When viable BCG was recovered from spleen in CS7B 1 16 and Balb/c mice , at 
varying intervals after an IV injection of a low inoculum of BCG Pasteur, no major differ­
ence between strains was observed during the first three weeks after challenge , but later a lo­
wer clearance rate was observed in Balb/c mice as compared with CS7B 1 /6 mice (Table I ) .  

Table 1 :  
Viable counts of BCG in spleens of C57B /16 and Balblc mice measured at varying time inter­
vals after an intravenous challenge of /x] (}4 BCG. 

Days after challenge Log l OCFU of BCG/spleen± SEM (N = 5 )  

C 5 7 B  1 16 Balb/c 

2 2 . 96 ± 0 . 09 3 . 04 ± 0 . 04 
9 3 . 1 0  ± O . OS 3 . 3 3  ± 0 .04 

1 6  3 . 76 ± 0 . 06 3 . 64 ± 0 . 1 6  
23 4 .43 ± 0 . 04 4 . S I ± 0 .06 
37 3 . 96 ± 0 . 07 4 . 28 ± 0 . 08a 
6S 3 . 4 l ± 0 . 08 4 .08 ± 0 . 06· 
70 3 . 32 ±0 .03 4 .02 ± 0 . 09· 

a = p<O . OS Student ' s  test ,  compared to CS7B 1 16 infected groups . 

Such low clearance rate was shown to be radiosensitive , since an increased delayed clear­
ance rate occurred in Balb/c mice that had been sublethaly irradiated (SOO rads) 24 hours be­
fore the IV injection of I x l 04 viable BCG (fig . 4) . 
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Growth curves of BCG Pasteur in spleen of normal (closed symbol) and sublethaly irradiat­
ed (open symbol) Balb. c mice, inoculated intravenously with lxJ (}4 live BCG. The histo­
gramms represent the tuberculin footpad reactivity (42h) following injection of 4 p,g tuber­
culin into the right hind footpad of separate groups of normal (hatched column) or (500 
rads) irradiated (white bar) Balblc mice inoculated with the same inoculum . Mean of 5 mice 
per group ±SEM. 

Moreover such infected preirradiated Balb/c mice expressed higher levels of the 42 DTH 
reaction to tuberculin , as compared to infected normal Balb/c mice , and this occurred as they 
recovered from the primary infection .  

No such radiosensitive phenomena were observed in other Bcgs or Bcgr strains of  mouse 
tested (fig .  5 ) .  

• 
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Growth curves of BCG Pasteur in spleen (left) and day 56 DTH reactivity to tuberculin (4 /.L 
glmouse) (right) in normal (closed symbol) and sublethally irradiated (open symbol) Bcgs 

and Bcgr mouse strains, which were inoculated intravenously with /x/(}4 live BCG . Mean of 
5 mice per group ± SEM. 

Thus , the disappearance of the 42h DTH reaction in Balblc mice , associated with a low 
clearance rate after the primary infection might be due to the induction of an active particular 
subset of T-cel l s ,  with regulatory functions , observed here after a low inoculum of non-dis­
seminating mycobacterial strain such as BCG .  Simi lar results were also found after M. lepra­
emurium (45 ) and leishmania tropica (46) infections . 

A nylon-wool adherent radiosensitive suppressor cell population in spleen was demon­
strated in the case of M. lepraemurium infect ion , which was able to decrease resistance when 
injected in infected syngeneic mice . Thy- l + , L3T4+ , and 1-J phenotype cell s ,  capable of in­
hibiting the induction and express ion of DTH as well as revers ing the healing of lesions were 
demonstrated in leishmanial infections . Such susceptibility to irradiation of this suppressor 
T-cell population in those infections ,  including the BCG , was not found in other Bcg· strains 
of mouse . These suppressor T cells are thus different from those induced after a higher dose 
of BCG or after SC inoculation of M. lepraemurium (47 ) .  They might be triggered by differ­
ent mechanisms either directly or indirectly through primary defects in macrophages or in a 
particular subpopulation of macrophages unable to present the protective antigen(s )  to the 
right population of T lymphocytes .  This  hypothesis is now being tested in the laboratory . 
Thus depending upon the time , the multiplication , and the pers istance of the microorga­
nisms , accumulation of L3T4 lymphocytes wil l  occur and function as suppressor cells , ex­
plicating non-heal ing lesions ,  dissemination ,  or low clearance rate after primary infection . 
The immune response may then vary from upgrading reactions ( if  L3T3 cells are prevented 



Induction of protective immunity 24 1 

from functioning) to downgrading reactions (if mycobacteria continue to multiply and dis­
seminate) . Such variations in the immune response may resemble those observed in human 
borderline leprosy or in non-reactive intermediate tuberculosi s .  Other regulatory mecha­
nisms have been described in Bcgs and Bcgr mouse strains , trying to explain acquired anergy , 
in vitro unresponsiveness and dissemination of microorganisms ( I I ,  2 1 ,  23) . Usually they 
were produced after IV injection of high doses of non-di sseminating mycobacteria ( i . e .  
BCG) , o r  after subcutaneous injection o f  disseminating mycobacteria (M. lepraemurium , M. 
avium or M. intracellulare) in mice . 

Lymphocyte trapping and induction of at least two types of regulatory suppressor cells (T 
lymphocytes and macrophages) may contribute to the nonspecific component of the defect , 
but these cells have never been shown to have any detrimental effect on the course of the in­
fection , so they may be irrelevant to the immune protection mechanisms . 

Conclusions 
Conclusions drawn from experimental models of mycobacterial infections have been useful 
in the past in order to evaluate bacterial factors involved in the induction of CMI in general 
and peculiarly about protective immunity . Results obtained from BCG vaccine human trials 
on tuberculosis and/or leprosy , showing geographic variations in the acqu ired protection did 
lead to many hypotheses . 

Two main hypotheses were developed during the sixties concerning the potency of vari­
ous daughter BCG strains ,  and influence of previous sensibi lization with atypical mycobac­
teria .  However , careful analysis of such trials and experimental animal models did show that 
such hypotheses might not be involved in the results of the last trial , realized in south India 
(26 , 28) , since the 2 vaccines selected for the trial were the best selected strains , and that the 
only effect of atypical mycobacteria might be to immunize partially and then mask differ­
ences amongst vaccines and placebo vaccinated population ,  both being sensitized prior to 
vaccination . Thus other factors need to be looked out to explain differences in protection 
against tuberculosis and leprosy after BCG vaccination . Among such factors environmental 
and genetic factors might be involved concerning resistance and susceptibil ity to mycobac­
terial diseases . 

Apart from the fact that nutritional and socioeconomic factors might be coagents in de­
pressing immune responses and increasing contacts with pathogenic mycobacteria ,  interest 
in the genetic factors controll ing immune responses after mycobacterial infections has in­
creased in recent years . However , some confusion arose in l iterature concerning mostly the 
definition of the res istance or susceptibil ity in mouse models . In general , it results from the 
use of different species and strains of mycobacteri a (without any definition of their virulence , 
abil ity or not to disseminate in the host) , various inoculum doses , different routes of ad­
ministration , different expressions of resistance , different patterns of CMl respons iveness or 
unresponsivenes s .  During the seventies ,  Smith gave an example of such situation: when 
several laboratories used animal test systems for evaluating vaccines against tuberculos is , no 
two laboratories were found using the same system (48) . Further controlled studies of this si­
tuation showed that each major variable in animal test system, -such as species , vaccination 
route and dose , interval between vaccination and challenge , challenge route and dose- , con­
tributed to induce a difference in ranking order of the effectiveness of a serie of live attenuat­
ed vaccines . If one adds variables concern ing the host genetic factors , an increasing confu­
sion is not surprising . Thus there is an urgent need for further in vivo and in vitro studies in 
several areas , primarily the existence and nature of the interrelationship between living my­
cobacteria and subpopulations of phagocytic mononuclear cel ls , and , further, the interaction 
between such infected subpopulations and the recruitment, clonal expansion and functions of 
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the specific T-cell subpopulations that arise after immunization . It wil l  then be possible to 
proceed with the determination of the protective antigen , after having selected and cloned the 
right subpopulations of specific T cells capable of transferring efficient protection s imi lar to 
that expected in humans .  
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