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The evidence for the presence of sub-clinicaI infection in leprosy, based on 
information acq uired by the Iymphocyte t ransformation test ( L TT) and the 
leucocyte migration inhibition test ( L M IT) ,  is reviewed.  These methods appear to 
have sufficient specificity to be useful  as monitors of immune responses elicited by 
Mycobacteriu m leprae. The results obtained suggest that sub-clinicaI infection 
com monly follows exposure to Myco. leprae and t herefore indicate that leprosy is 
more highly infectious than denoted by prevalence and incidence rates. Some 
observations imply that the intensity of ex posure may modify host  responsiveness 
to Myco. leprae. 

In most, if not a l i ,  infectious diseases, apparently only a proportion of those who 
become ex posed to the germ will develop the disease , while the rest will combat 
the infectious agent by developing effective immunity before i t  has time, ei ther 
directly or indirectly, to cause overt disease . Such individuais are said to pass 
through the stage of sub-clinicai infection. In some infectious diseases, e .g. 
poliomyelitis and tubercuIosis, sub-clinicaI infection is a common outcome after 
exposure, while in others, such as smallpox, sub-clinicaI  infection is a very rare 
event .  

The epidemiological understanding of an infectious disease is dependent ,  to a 
very large extent,  on how precisely the relationship between the infectious agent 
and each individual of a given population can be determined.  At any one time 
subjects may be classified into ei ther of the following categories : 
(A) Not exposed. 
(B) Exposed 
( 1 )  Non-immune : These individuais are incubating the germ but have not yet 

mounted an effective immune response . 
(2)  Immune :  Such individuais may or may 110t harbour the germ. Their 

characteristi c feature is  that they have recovered and mounted an effective 
immune response subsequent  to : (a) sub-clinicai infection (no history of 
disease) ,  or (b)  clinicai infection. 

(3) Clinicai disease. 
The methods available for classification of a subject into either of the 

above-mentioned categories vary from one disease to the other. In genera� they 
are of three kinds : 
(A) Detection of the infectious agent .  This can be done quite accurately in 
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diseases where the germ is harboured in an organ easily accessible for 
microbiological examination, such as the upper respiratory tract in the case of  
diphtheria. However, often the target organ is  inaccessible to direct examination 
(e.g. lungs in tuberculosis) and the proport ion of carriers , therefore ,  cannot be 
precisely determined. 
(B) Detection of immune response .  In diphtheria the presence of an effective (or 

·protective) immune response may be assessed by toxin neutralizing skin reactivity 
(Schick test). However, in many other diseases , where the immune response to the 
infectious agent may be monitored,  the response m ay be associated with, but no\  
directly related to, protective immunity .  This apparently applies to the tuberculin 
test in tuberculosis. 
(C) When the above methods were lacking or unsatisfactory , attem pts have been 
made to acquire information about the frequen cy of  sub-clin icai infection by 
searching for minor pathological changes in the target organ ,  e .g. slight alterations 
in liver function tests in dicating sub-clinicai hepatitis .  

l t  should be noted that the estimation of the total proportion of a population 
which has been exposed to an  infectious agent is usual ly  dependent on a l I  three 
categories of tests. Thus, only a proportion of exposed individuais can be detected 
by any one kind of test alone. 

In  leprosy also these three diferent types of approach h ave been applied. 
(A) Detection of leprosy bacilli. FolJowing the observations of  Figueredo and 
Desai, ( 1 949), Taylor, Elliston and Gideon ( 1 965)  searched for acid fast bacilli in 
the ear lobes of contacts of leprosy patients .  They found 7 /7 1 ( J  0%) of the 
contacts of lepromatous patients and 2/80 (2 . 5%) of the contacts of tuberculoid 
patients to be positive for acid fast baciJI i ,  while out of 50 contacts examined in a 
leprosy non-endemic area none were found to be posit ive . Although direct 
evidence that these bacilli were in fact leprosy bacilli still appears to be lacking, 
"positive" contacts have subsequently been found to have a sixfold increased risk 
of  acquiring leprosy (Chatterjee et aI. . 1 97 3 ) .  This suggests not only that the acid 
fast bacilli were leprosy bacilli but also that m any , if not most, of these "carriers" 
were in the incubation period of the disease . 
(B)  Detection of immune response to Myco.  leprae . Previously the most wide1y 
used immunological test for examination of the im mune response to Myco. leprae 
was the late (Mitsuda) 1epromin test.  However, because the test has been found to 
be positive in individuais not exposed to leprosy (see Rees, 1 964) it  has been 
disregarded as a useful test for detection of immune responses elici ted by Myco. 
leprae. M oreover, even with the early ( Fernandez) reaction, which is read a fter 
48-7 2 h ,  positive reactions have been observed in subjects from non-endemic areas 
(see Rees, 1 964,  Shepard and Saitz,  1 967 , Waters, 1 97 3 ) ,  although strong 
reactions a ppear to be much less common among non-contacts,  including TB 
pat ients,  than 1eprosy contacts ( Rotberg, Bechelli and Keil,  1 9 50) .  With the 
Fernandez reaction Waters found that only 1 out of 65 tuberculin negative 
vo1unteers reacted positive1y, while approximate1y 1 /3 of the tuberculin positive 
subjects showed positive reactions . These results indicate that there .is a 
considerable degree of cross-reactivity between Myco. tuberculosis and autoclaved 
Myco. leprae. However, Myrvang ( 1 97 3) ,  who has done lepromin testing on a 
smalJ number of contacts and non-contacts in Addis Ababa, found non-contacts 
uniformly negative with the Fernandez reaction , even though many responded 
strongly to BCG in vi tro. In  contrast ,  a high proportion ( 5 0%) of occupationa1 
contacts responded to lepromin by the Fernandez reaction. 
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(C) Detection of su b-clin icai pathological changes in leprosy. I t  has been claimed 
that a large proportion of contacts have an enlargement of the larger auricular 
nerve (Karat ,  personal com munication).  

From these studies i t  appears d i fficult to d raw any definite conclusions either 
beca use the results are conflicting, as is the case with the lepromin test, or because 
their rela tionship to leprosy remains unclear. Thus, there would appear to be a 
need for new methods to be found for the study of the epidemiology of leprosy. 

Recent ly ,  methods by which it has become feasible to measure immune 
responses associa ted with cell-mediated immunity to Myco. leprae have been 
established in vitro. They include the Iymphocyte transformation test ( LTT) and 
the leucocyte migration inhibition test (LM IT). I shall now turn to discuss in  
some detail these tests and observat ions made in contacts of leprosy patients in  
order to try to reveal the ir potential as epidemiological tools in leprosy . 

Detection of Cell-mediated Immunity to Myco. leprae in vitro 

I t  is now a well-established fact that Iymphocytes carry antigen receptors on 
their surface. When exposed to an antigen which can interact with the receptors , 
the Iym phocyte, being either a T or a B cell ,  will en large and start to divide. This 
phenomenon is called blastoid transformation or simply Iymphocyte transforma
tion.  Ly mphocyte transformation may be monitored in vitro by counting the 
number of transformed cells morphologically or measuring the associated DNA 
synthesis by uptake of radioactive thymidine . I f  the stimulated cell is a B cell the 
end result will be antibody sy nthesis and generation of many B cells with the 
same specificity. If the stimulated cell is a T cell, a more complex pattern and 
only partly understood chain of even ts will follow bringing about both 
cell-mediated immunity and a delayed-type hypersensitivity reaction in vivo.  One 
of the early results of T cell  stimula tion is the liberation of molecular mediators 
(hereafter called Iymphokines). The Iymphokines have a number of key functions 
in the expression of cell-mediated immunity, one being their capacity to stimulate 
t he macrophages to increased antibacterial activity (Godal,  Rees and Lamvik , 
1 97 1 ;  Fowles et aI. . 1 97 3 ) .  The production and release of these Iymphokines can be 
monitored i n  vitro by various tests, of which their ability to inhibit macrophages 
from migrating out of a capillary tube is the best established method . In man 
there is no easy access to macrophages, except for blood monocytes which are 
present in too small numbers for ordinary capi llary tube methods. In search of 
methods applicable to man , the migration of bu ffy coat leucocytes (mainly 
granulocytes) has beco me utilized. However, the mechanism of this test and the 
involvement of Iymphokines are not yet fully established.  M oreover, i t  has been 
shown that humoral immune reactions can modify the test. Thus, i t  is evident 
that neither LTT nor LMIT is specific  for delayed type hypersensitivity reactions. 
However, both tests have been found in man , in a number of test sytems , to  
correIa te  to delayed type hypersensitivity reaction . For more detailed information 
the reader is referred to recent reviews on the subject ( Bloom , 1 9 7 1 ;  David and 
David , 1 97 2 ;  WHO, 1 97 3 ) .  

The practical conclusions to be drawn from these observations are that  n either 
the LMIT nor the L TI can a priori be judged as in vitro correlates to delayed type 
hypersensitivity and cell-mediated immune reactions . The existence of .such a 
relationship has to be established in each individual test system. 

Information regarding the relationship be tween LTT and LMIT delayed 
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hypersensitivi ty and host resistance (cell-mediated immunity) is derived,  in 
leprosy , mainly from studies of leprosy patients .  I t  may, therefore , be pertinent 
to review briefly these studies before discussing the results obtained using these 
tests in contacts and non-contacts of leprosy patients .  

LTT and LM IT in Leprosy . Patients  

Immune responsiveness to Myco. /eprae has been studied throughout the 
clinicai and histopathological spectrum of leprosy both by LTT and LMIT 
(Myrvang et ai. . 1 973) .  By both these methods, as well as the early and late 
lepromin reaction, the responses continuously decreased from the polar 
tuberculoid (TT) group to the polar lepromatous (L L) group.  Thus, the overall 
picture revealed was that these tests are correlated to histological and clinicai  signs 
of host resistance . It is most l ikely that all these phenomena are related to the 
expression of T cell fun ction to Myco. /eprae antigens in these patients .  On  the 
contrary, B cell functions, as examined by the presence of precipitating antibody 
to other mycobacteria (Myco. /eprae is not available in large enough quantities for 
the test), gradually increased from the TT to the LL end of the spectrum 
(Myrvang and Feek, 1 97 3 ). 

LTT and LMIT in Healthy Contacts o f  Lepro sy Patients 

(a)  MEDICA L A TIEN DANTS 

Out of 1 22 medicai attendants who had been working with leprosy patients ,  7 1  
( 5 8%) were found to respond to Myco. /eprae by LTT ;;;;' 2%. * Thirty-six of the 
1 22 medicai attendants tested were non-Ethiopian residents working at leprosy 
institutions in various parts of the world ,  who had come to ALERT to participate 
in courses organized there. Twenty out of the 36 ( 5 6%) responded positively .  
Fifty-two individuais belonging to the medicai  attendant group were examined by 
LMIT. Thirty-seven ( 7 1 %) were found to give rise to � 8 0% migration in the 
presence of Myco. /eprae (Myrvang, 1 973)  

(b)  HOUSEHOLD CONTACTS 

Out of 1 0 5 subjects living in the same hut or compound as a leprosy patient ,  49 
(47%) responded by LTT to Myco. /eprae. The majority were family members of 
the patient  and living in the same straw hut as the patient .  Out  of these 88  could 
be sub-divided, according to the d iagnosis of the patient ,  into contacts of 
tuberculoid or indeterm inate patients (29)  and lepromatous (BL-LL) patients 
( 59) .  Out of the 29 tuberculoid contacts, 1 8  (62%) responded to Myco. leprae by 
LTT, while only 24/ 5 9  (4 1 %) of the lepromatous contacts gave a positive 
response (Godal and Negassi, 1 9 7 3 )/ Further subdivision of the contacts of  
lepromatous patients provided suggestive evidence that  contacts of treated 
patients responded better than contacts of untreated patients and that spouses  
behaved similar1y to genetically related contacts. This was a most  unexpected 
observation as obviously untreated lepromatous patients are the most infectious 
ones. 

* I t  should be noted that this definition of a "responder" deviates from that of our recent 
publications (Godal, Lõfgren and N egassi, 1 9 7 2 ; Godal and N egassi, ( 1 9 7 3 )  where the 
cross-reactivity to Myco. tuberculosis was also taken into account ( this will be  discussed below). 
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Only 1 2  household contacts have been examined by LM IT (Myrvang, 1 97 3 ). 
Six ( 5 0%) gave a positive reaction . The restricted numbers investigated did not 
al low meaningful subdivision according to the diagnosis of the patient .  

L TI and LM IT in Non-contacts 

(a)  SUBJ ECTS FROM NON- ENDEMIC A REAS 

None of 26 individuais tested within 2 months of their arrival in Addis Ababa 
responded by L TI and ali of  1 0  similar subjects were negative with LMIT. 

(b)  SUBJECTS LI V I NG IN ENDEMIC AREAS WITHOUT A N A MNESTIC 
EVI DENCE OF CONTACT WITH LEPROSY PATI E NTS 

Out of 45 subjects who had lived in Ethiopia for more than I year, 1 3  (29%) 
responded by LTT, while none out of 7 of a similar group gave a positive response 
by LM IT to Myco. leprae (Myrvang, 1 97 3). The L TI group was heterogeneous 
concerning duration of stay. Thirty-one were expatriates who had Iived in Etoopia 
between I and more than 1 0  years and 1 4  were Ethiopian medicai personnel 
(nurses and dressers),  most of them were working at  the TB centre in Addis 
Ababa. 

On the Specificity of  L TI and LMIT 

The most striking difference between the results obtained with LMIT and LTT 
and those obtained previously with the early lepromin reaction , was the uniform 
lack of response among definite non-contacts, i . e .  individuais fram non-endemic 
areas. This would indicate that L TI and LMIT are more specific than the early 
lepromin reaction. Thus, what is the evidence that L TI and LMIT are specific to 
Mycà. leprae vis-à-vis Myco. tuberculosis (var. humanus and BCG)? 
( 1 )  The average respone to Myco leprae among 1 2  nurses and dressers a t  the TB 
centre in Addis Ababa, who had been working with tuberculosis patients for more 
than 4 years, was only 3 . 08% as compared with a response of 2 1 . 1  % to BCG. 
Since only two of them had been BCG vaccinated , this finding indicated that the 
tubercle bacillus only has a limited cross-reactivity with Myco. leprae in the LTT 
(3 . 08/2 1 . 1  = 1 4.7% cross-reactivity) (Godal , LOfgren and Negassi, 1 97 2) .  Since 
these individuaIs had been living in the endemic area ali  their lives , i t  was argued 
that these figures could show too high values as the subj ects could have been 
exposed to Myco. leprae as well .  
(2) A group of 8 subjects,  who showed initially a low response to BCG ( 1 . 08% 
mean) and to Myco. leprae (0 .34%), was vaccinated with BCG. This was followed 
by a rapid increase to a maximum of 9 . 1 6% one month after vaccination,  while 
the response to Myco. leprae remained low ,  showing a maximal response of 1 . 28% 
also one month after vaccination. 
(3) In a study undertaken in Norway the response to Myco. leprae was studied in 
BCG vaccinated subjects (Closs, 1 97 3 ). The responses to Myco. leprae were found 
to be related to the tuberculin reactivity of the subject and the mean 
cross-reactivity to Myco. leprae as compared to BCG was 27%. However, the 
study is not strictly comparable to our studies in  Addis Ababa as a micro-LTT 
method was used .  

AlI these observations indicate that  there is a high degree of specificity to 
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Myco. leprae v .  Myco. tuberculosis in the LTI. However, the studies of Closs, in 
particular seem to indicate that responses to Myco. tuberculosis may influence the 
responses to Myco. leprae and that 'the leveI of cross-reactivity may vary according 
to technique used. The influence of threshold leveI selected for cross-reactivity 
between Myco. tuberculosis and Myco. leprae on the proportion of responders in 
various groups is shown in Table 1 .  By increasing the threshold of cross-reactivity 
from O to 50%, the proportion of response to Myco. leprae falls from 29 to 2% 
while more than 30% of contacts remain responsive even at a 50% leveI. This is in  
spite of the  fact that the  non-contact group had  a higher mean response to BCG 
than both the contact groups. 

Another question is whether other mycobacteria in the environment in Addis 
Ababa include a mycobacterium with a much higher cross-reactivity to Myco. 
leprae. This seems unlikely for the following two reasons. 
( 1 )  Th.e proportion of LTT responders among staff in Ethiopia (60%) is virtually 

the same as the proportion of responders among occupational contacts from 
outside Ethiopia ( 5 6%). 

(2) A striking difference in responders to Myco. lepra e between Ethiopian staff at  
ALERT has been found between those who are working with patients as  
compared to administration staff (Godal and Negassi , 1 973) .  

The LMIT has  only been studied in  a more limited number of subjects.  
However, there appears to be no correlation in any group between responses to 
Myco. leprae and BCG. Thus, the LMIT might turn out to have even a higher 
degree of specificity than LTT (Myrvang, 1 973) .  

These findings suggest that both L TI and LM IT appear to have sufficient 
specificity to become promising tools in epidemiological studies of leprosy . 
However,  the specifici ty of the tests needs careful attention in each case . I t  might 
perhaps be improved by using sub-optimal concentrations of Myco. leprae and 
more purified antigenic prepara tions, as there is evidence that a more purified 
antigen increases the specificity of the Fernandez reaction (Dharmendra, 1 948) .  

Although our observations at present do not allow any detailed analysis 
between the in vitro tests and the Fernandez reaction, the results suggest a higher 
specificity in the in vitro tests. One factor which may explain this difference is 
that fresh Myco. leprae is used in L TI and LM IT. Thus, i t  is possible that 
denaturation by autoclavation may make the antigens of Myco. leprae less specific 
in the Fernandez reaction . 

Epidemiological Implications 

The results obtained with L TI and LMIT have provided a considerable amount 
of new evidence that sub-clinicaI infection occurs frequently in leprosy ; in fact it 
appears to be the most common outcome after exposure. This concept is not new 
as a similar conclusion has been reached by the common observation that only a 
few of those who live together with a high infectious patient will acquire the 
disease (see Skinsnes, 1 9 64) .  Our observations suggest that such individuaIs are 
not resistant ,  but develop resistance subsequent to infection . 

It appears that leprosy is more contageous than indicated by the prevalence and 
incidence rates. However, the degree of infectiousness cannot be precisely 
determined for two reasons. Firstly, as outlined above , immunological methods 
will only detect a proportion of the exposed part of any population . Secondly , 
the interpretation of our results will depend on threshold leveI for cross-reactivity 



TABLE I 

The influence of vario us threshold leveis of cross-reactivity between Myco .  lepra e and 
BeG on per cen t  responders by Iymphocy te transformation  among con ta cts and non-contacts of 

leprosy patients 

% respond ers to Myco. leprae % responders to BCG Mean responses to BCG 
(>  2%) (> 2%) ( %  transformat ion) 

Threshold leveI of cross-reactivity 
Myco. leprae/BCG x 1 00) 0% 1 5% 30% 50% 

Non-contacts from 
non-endemic areas O O O O 5 3  3 . 5 9  

Non-contacts living in 
endemic areas ;;. I year 29 24 9 2 7 8  1 3 .80 

O ccupational contacts 5 8  5 3  3 8  3 1  8 4  1 1 . 5 7  

Household contacts 47 44 39 3 5  7 3  8 .40 
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to Myco. tuberculosis. If 1 5 % is chosen,  our data would indicate that a 
considerable proportion of individuais would become exposed without their 
knowledge when living in endemic areas . While if a threshold of 5 0% is chosen ,  
only very few non-contacts living i n  a n  endemic area remain a s  responders . 
However, a considerable proportion of contacts would still be classified as 
"exposed" . 

In fact ,  since the LTT appeared in our han ds to be qui te specific to Myco. 
leprae. the cross-reactivity being in the order of 1 5% or less ,  I would favour the 
interpretations based on a 1 5% cross-reactivity leveI .  Further support for this high 
degree of infectivity in leprosy may be found in the observation that only a smaIl 
proportion of individuais know their source of infection (Badger, 1 964) and the 
observations that patients with active lepromatous leprosy shed as many bacilli 
from the upper respiratory tract as an open case of tuberculosis (Davey and Rees, 
1 97 3) .  These observations may sound very alarming to medicai  personnel 
concerned with leprosy . However, i t  must be stressed that these observations do 
not change the fact that in any case only a very smaIl proportion of medicai 
a ttendan ts develop the disease. 

The high proportion of response found among contacts of tuberculoid patients 
may be interpreted in two ways : 

( 1 ) Tuberculoid patients are infectious ; 
(2)  Both the tuberculoid patien t and the contact may have been exposed to an 

unknown lepromatous patient in the community . 
Although the second explanation would seem more l ikely than the first one , 

our observations do not permit  distinction be tween these two possibilities. 
The low proportion of response found among contacts of active lepromatous 

patients was unexpected and would appear paradoxical. However, there have been 
similar findings with lepromin which showed that children who had close contacts 
with lepromatous patients had nega t ive lepromin tests more often than children 
whb had not had such contact (see Dharmendra , 1 948) .  These fin dings raise 
several questions concerning risk factors in leprosy, other than exposure alone ,  as 
contributing factors in the susceptibility to leprosy , narnel y :  

( 1 )  Role o f  genetic factors .  
(2)  I ntensity and nature of exposure : (a) initial dose , (b)  duration of exposure , 

(c) route . 
(3 )  NutritionaI status of host. 
(4) Age . 
Recent genetic studies on twins suggests that genetic factors , although possibly 

contributing, do not pIay a decisive role in Ieprosy (Chakravartti and Vogel ,  
1 97 3). Since spouses of lepromatous patients also responded poorIy , genetic 
factors aIone wouId not appear to expIain our observations (Godal an d Negassi , 
1 97 3 ). 

Since our observations may indicate that contacts tend to recover when the 
patient is put on treatment ,  their suppressed response may be related to intensity 
of exposure, perhaps in combination with other suppressive factors on the 
immune system such as malnutrition. 

These possibilities are at  present hypotheticaI and can only be rejected or 
supported by further studies, not onIy in man but perhaps in experimental 
animaIs where the condit ions can be much more precisely regulated to give 
specific answers in this very complex fie ld .  
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