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Summary I t  h a s  been reported t h a t  lepromi n  test ing i n  h u m a n  subjects i nd uces 
sensi t izat ion ,  and that  wi th  repeated test ing the i ncidence of  'posi t i ve'  M i tsuda 
react ions increases. On repeated test ing in  two Sri Lankan popula t ion groups, 
with M i tsuda react ions of6 mm or less, we found that  a second lepromin test at  28 
days seemed to ind uce to lera nce wi th red uction in  react ion s ize or  even zero 
react ions .  This  tolerance phenomenon was seen marked ly  wi th  M i tsuda react iv i ty 
and less  so wi th  Fernandez react iv i ty .  There was evidence also that  whi le tolerance 
seemed to be occurr ing wi th  the second test ,  a th i rd test a t  56 days seemed to 
reind uce and elicit resensi t izat ion,  though weak ly ,  with both types of  react iv i ty .  
Evidence i s  a lso produced that  reactors and non-reactors wi th  both Fernandez 

and M i tsuda react iv i ty ,  behave d ifferent ly  on repeated lepromin tes t i ng, sugge�t
ing that  immunologica l ly  they a re d ifferent populat ion groups .  

I t  is  now bel ieved that the M i tsuda response observed with the lepromin test is  a 
'vaccinat ion'  response, J and that lepromin testi ng by i tsel f may ind uce sensit iza
t ion to a subsequent lepromin tes t .  Thus i t  has been shown that repeated test ing 
with lepromins of human origin2 and also a rmadi l lo  o rigin3 wo uld i ncrease the 
incidence of 'posit ives' i n  the populat ion so tested; Dharmendra and Chatterj i 2 
also showed that the incidence of leprosy, i n  those tested repeatedly-but yielding 
a persistent ly negat ive response on examinat ion 1 6  years later,  was markedly 
high .  Further, a recent report from Cuba,4 found that lepromin test ing with 
lepromins of human origin ,  ind uced ant ibody format ion detected by the FLA
ABS test persist ing up to 1 80 days after lepromin test ing .  Thus the present ly  
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avai lable evidence strongly supports the  view tha t  lepromin test ing induces 
immune responses, and that these may be of both the humoral- and cel l -mediated 
types . 

The study reported here is of an investigat ion of the pattern of sensit ization 
occurring with repeated lepromin test ing in Sri Lanka .  

Materials and methods 

The methods of sk in test ing and reading of resu l ts  have been described in detai l  
elsewhere . 5 The protocol fol lowed for repeat test ing was as described by the Thi rd 
I M M LEP Scient ific Working Group . 6 B riefly the methodology was as fol lows. 

Two ·populat ion groups in  Sri Lanka were invest igated (at  Pussel lawa and 
Pedro) .  Their characteristics and pattern of reactivity on init ia l  lepromin test ing 
have been described earl ier . 5 After in i t ia l  lepromin test ing ( u sing lepromin A with 
a baci l lary content of 3 x 1 07 baci l l i /ml )-after which both Fernandez and 
Mi tsuda react ions were read ;  those who had a M i tsuda reaction d iameter of 
6 mm or less, were similarly retested on an upper volar s i te on the opposite arm .  
Fol lowing the second retest Fernandez and M itsuda reactiv i ty were read aga in .  
At  Pussel lawa, where the  s tudy was  carried out  first ,  a th i rd retest was  carried out  
at  a l ower vo lar  s i te  of the forearm (with a single test ) ,  * when the second M i tsuda 
react ion was read ,  the plan being, again ,  to retest only those showing reactions of 
6 mm or  less .  H owever,  only three ind iv iduals  showed such increases in  reaction 
size, and therefore with the excl usion of these i ndivid uals  a l l  the others were 
retested a th ird t ime.  At  Pedro (where testing was done after Pussel lawa),  only 
one retest with lepromin A (a  second test)  was carried out .  On each occasion of a 
test (or retest) ,  both Fernandez and M i tsuda reactivity were read . 

The n umber of indiv iduals i n  whom the resul ts  of such repeated retest ing were 
avai lable is l i sted in  Table I .  

' 

Table I .  Avai labi l i ty  of resu l t s  ( number of persons)  wi th  lepromin retest resu l t s  ( i nc luding 'soft'  reactions) 

F i rst retest resu l t s  
( second test )  

Second retest resu l t s  
( th i rd test) 

Where both first and 
second retest resu l ts  

a re avai lable 

A rea Fernandez M itsuda Both Fernandez M i tsuda Both Fernandez M i tsuda Both 

Pussel lawa 
Pedro 

1 0 1  
65 

1 37 
67 

94 
35  

73  80 63 58 80 

* A tubercu l in  test had been done on the same forearm with the fi rst lepromin  test. 
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I n  Figure I are presented the freq uency distr ibut ions of M i tsuda react ivity to 
lepromin A in the two areas on first testi ng. Figures 2 and 3 show the freq uency 
distr ibut ions of Mi t  sud a react ions elici ted on retest ing of those showing reactions 
of 6 mm or less with the in i t ia l  test .  

Figure 4 shows the freq uency distribut ions  of Fernandez react ivity to 
lepromin A. Figures 5 and 6 sho», the freq uency distribut ions of Fernandez 
reactions of those retested, whose in i t ia l  M i tsuda reaction size was 6 mm or less .  

The change observed here with M i tsuda reactions on retest ing the first t ime 
(second lepromin test) ,  is one of reduction i n  size, demonstrat ing the induction of 
' tolerance ' .  In fact many react ions of larger sizes ( ' reactors' or  'posit ives' of 3 mm 
or more)5 became total ly negat ive (0 mm) (43 % of the whole at  Pussel lawa and 
2 5 %  at Pedro) .  Further, only approximately 1 0% of 'non-reactors' or 'negative' 
M i tsuda reactors of2 mm or less, became ' reactors' (posit ive) with the first retest .  
Of the whole retested populat ion in  both areas only approximately 4% showed a 
' s ignificant ' *  increase (of more than 2 mm over the first test )  in react ion size. On 
the other hand, approximately 60% at  Pussellawa and 44% at  Pedro showed 
' significant' reductions in M itsuda reaction size with the second test . 
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Figure I .  Freq uency distr ibutions of  M itsuda reactions  to lepromi n  A with the first test at  
Pussel lawa ( ) and Pedro (- - - - - -) . 

* I t  should be noted that 's ignificant '  (when wi th in  q uotes) refers to a change i n  react ion size 
(an i ncrease or decrease) of more than 2 m m  making a l lowance for possible vagaries of testing and 
readi ng proced ures and does not mean significant i n  the statist ical sense .  
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Figure 2. Freq uency distr ibut ions of M i tsuda react ions to lepromin  A of the same i ndiv iduals ,  
whose first test  M i tsuda react ion s izes were 6 mm or less  wi th  the first ( ) and second 
(- - - - - -) tests (a) at Pusse l lawa,  and (b) at  Pedro . 

Figure 3. Freq uency dis tr ibut ions of M i tsuda react ions to lepromi n  A of the same indiv iduals ,  
whose first tes t  M i tsuda react ion sizes were 6 mm or less  at  Pussel lawa (a )  w i th  the second 
( _ _ _ _ _ _  ) and th i rd (--0--) tests and (b)  wi th  the first ( ), second (- - - - - -) and 

th i rd (--0--) tests .  

In the case of Fernandez reactivity,  the picture observed with the frequency 
distr ibutions i s  not as dist inctive as  with Mitsuda reactivity .  While the freq uency 
distr ibut ions show evidence of possible 'tolerance' at Pussel lawa, the pattern at 
Pedro shows no statistica l ly  s ignificant d ifference between the distr ibutions of the 
first and second tests .  In both areas the majori ty of individuals  (52% at  
Pussel lawa and 67 % at  Pedro) showed no ' significant'  change in  reaction size .  A 
small number ( 1 7 % at Pussel lawa and 1 4% at  Pedro) showed a 's ignificant' 
i ncrease in reaction size, whi le reduction in reaction size was shown by 3 1  % at 
Pussellawa and 1 9 % at  Pedro . 

With the third lepromin test, which was carried out only at Pussel lawa, both 
Mitsuda and Fernandez reactivity seem to be showing patterns suggestive of the 
recurrence or i ncrease of reactivity . With M itsuda reactiv i ty the i ncrease i n  
reaction sizes (between the second and  third tests) i s  of the smaller sizes in the I 
to 3-mm range, and therefore (a l lowing for a 2-mm variabi l i ty i n  s ize) , roughly the 
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Figure 4. Frequency dis tr ibut ions of  Fernandez react ions to lepromin A wi th  the first  test  a t  
Pussel lawa ( ) and Pedro (- - - - - - -) . 

same smal l  numbers of individ uals  (7  and 5 %  respect ively) showed increases or 
decreases of reaction sizes .  While the majority ( 54%)  showed no change with 
Fernandez reactivity,  35% showed ' significant '  increases of react ion size with 
I I  % showing a red uction . 

Comparing s imi larly the first and third lepromin tests ,  with M i tsuda 
reactiv i ty,  9 %  showed an increase and 44% a decrease, with 47% no change.  With 
Fernandez reactivity the n umbers were 2 7 % ,  l 3 %  and 60% respectively. 

The correlat ions between the first ,  second and th ird lepromin tests were 
statist ica l ly  eva luated us ing the techniq ue of regression analysis and nonpara
metric statist ical methods .  These analyses added further detai l to the gross 
patterns observed in  the frequency distribut ions .  The resu l t s  of the above analyses 
may be summarized as fol lows :  

A With Mitsuda reactivity 

There was a s ignificant d ifference of the trend in the change of reactiv i ty 
between the first and second tests, i n  the reactors ( � 3  mm) as compared with the 
non-reactors ( � 2 mm)5 . 
2 The reactors showed a reduction in  reactivity between the first and second 
tests, while the non-reactors showed no change. 
3 I n  the s ubsets where the numbers of resu l t s  available permit ted statistical 
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Figure 5. Frequency distr ibut ions of Fernandez react ions to lepromi n  A of the same i ndiv iduals ,  

whose fi rst M itsuda reaction sizes were 6 mm or less  wi th  first ( ) and second (- - - - - -) 

tests at (a )  Pussel lawa and (b)  Pedro. 

Figure 6. Frequency distr ibut ions of Fernandez reactions to lepromi n  A of the same indiv iduals ,  
whose first  M i tsuda react ion sizes were 6 m m  or less  at Pussel lawa, with (a )  the second (- - - - - -) 
and th i rd (--0--) tests and (b)  the first ( ), second (- - - - - -) and th i rd (--0--) 
tests. 

Table 2.  Occu rrence o[ ' soft '  M i tsuda react ions with repeated 
lepromin  testing .  (Total number tested and read ( i nc luding 
'soft '  react ions)  wi th in  parenthesis) 

Area With first test With second test With th i rd test 

Pussel lawa 1 %  1 7% 1 5% 
(24 1 ) ( 1 37)  (80) 

Pedro 4% 1 8% 
( 1 6 1 )  (67) 

analysis ,  the difference between the second and third tests a lso,  was that reactors 
in the second test showed a reduction in  react ion size, whi le the non-reactors 
showed an i ncrease in reaction size. 
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4 Comparison of first and third tests also showed s imi lar patterns with an 
increase in  react ion sizes of  reactors and d iminut ion of reaction sizes of non
reactors . 

B With Fernandez reactivity 

Again ,  as with M i tsuda reactivity,  the trend of changes of react ivity between 
the first and subseq uent tests was d ifferent between the reactors ( � 3  mm) and 
non-reactors ( � 2 mm). 5 
2 The d ifference observed between the first  and the second test was a reduction 
in  reactivity in the reactor group and an i ncrease in  reactivity in  the non-reactor 
group (a trend d ifferent from that in  the Mi tsuda react ion ) .  
3 I n  subsets where the  numbers of  resu l t s  avai lable permitted stat ist ical 
analysis ,  the difference between the second and th ird tests was that reactors in  the 
second test showed a red uction in react ion size whi le non-reactors showed an 
increase in  react ion size .  
4 Comparison of the first and third Fernandez tests a lso showed that there were 
increases in reaction sizes of  the non-reactors and red uct ion in  reaction sizes in the 
reactors .  

All  the above discussed changes (with both Fernandez and M i tsuda 
reactivi ty) were s ignifi�ant at  an  a � O'O I leve l .  The ana lysis a l so showed that the 
changes found with M i tsuda reactivity were not in  any way infl uenced by sex, 
geographic location or BCG vaccinat ion status .  With Fernandez reactivity too, 
sex and BCG vaccinat ion status seemed to have no influence on the resul ts ,  
whereas there i s  a possibi l i ty that geographic locat ion does . 

The relat ionship between the first and second, second and th ird ,  and first and 
th ird lepromin tests ( in so far as  Fernandez and M itsuda reactivity are concerned) 
could be further examined by comparing the conversion of reactors to non
reactor status and vice versa with each subsequent test  using McNemar's 
nonparametric stat ist ica l  test for related samples . 7 With this eva luat ion i t  was 
found that with M i tsuda reactivity in  both areas with the first retest there was a 
significant i ncidence of those changing from reactor to non-reactor status 
(a � O ·O I )  as compared with those showing a change from 'non-reactor' to 
' reactor' status .  There was no difference between the second and third tests at 
Pussel lawa in this respect ,  while the first and th ird tests showed a s imilar 
d ifference to that between the first and the second . In other words the change seen 
between the first and second tests seemed to persist to the third test as  wel l .  With 
Fernandez react ivity the s i tuat ion was different .  There was no stati stical 
d ifference i n  the changes of reactor/non-reactor status between first and second 
tests, whereas there was a s ignificant (a � 0·0 1 )  increase in  the i ncidence of 
reactors between the second and third tests and a lso the first and third tests .  I n  
other words, Fernandez reactivity shows an immunizing effect between first and 
third tests and second and third tests ;  thus  while the first lepromin retest (second 
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test) showed no changes from the first , w i th  the  third test there was  an  increase in  
size (a t  Pusel lawa) . Thus  the  increase i n  reactivity (of  both  Fernandez and 
Mi tsuda types) with the third test seen in the pattern of the frequency 
distr ibut ions at  Pussel lawa, is  due to O-mm reactions in  the second test , becoming 
1 - or 2-mm reactions in  the third test . 

The foregoing analysis examines trends with repeated test ing of the whole 
populat ion group.  At Pussel lawa where three lepromin tests were carried out, the 
patterns of reactivity observed in  each individ ual ,  with the three tests, could also 
be examined . Hence an individual  could, in any one test, be a reactor or  non
reactor, and any i ndividua l ,  therefore, could show any one of eight patterns of  
reactivity,  ranging from reactor i n  a l l  three tests to non-reactor i n  a l l  three tests .  
The patterns of reactivity thus observed , showed the induced tolerance with 
M itsuqa reactivity clearly; and a l so revealed the difference between Mitsuda and 
Fernandez react ivity patterns wi th repeated test ing (sta t i st ica l ly significant at 
a � O ·O I ) .  

The above analysis of individual  reaction patterns would a l so a l low an 
opportunity of comparing the s imi larities and d ifferences between Mi tsuda and 
Fernandez reactivity patterns of i ndividuals .  The comparison here, showed that 
in  any one individual ,  no discernible t rend or correlat ion between Mi tsuda and 
Fernandez react iv i ty patterns in the three tests could be made. 

In the analysis described above only ' typica l '  M itsuda react ions have been 
inc luded (a well circumscribed and defined nodule was defined as ' typica l ' ) .  
However, some M i tsuda reactions did not manifest as above, and had a soft and 
sometimes plaque-l ike character .  The significance of the latter i s  uncertain . s  The 
occurrence of ' soft '  M i tsuda reactions with the different tests is  presented in Table 
2. It i s  seen that there is  a marked increase in such react ions with repeated test ing .  

Discussion 

The resul ts  of this study are at variance with those of studies reported earlier2•3 
which described only sensit ization,  or  persistent non-reactivity, with repeated 
lepromin testing, and make no mention of the possibi l i ty of the ind uct ion of 
tolerance .  The tolerance described here may be possibly of a t ransient nature but 
was nevertheless shown by many of those tested . Lepromin consists of k i l led 
whole Mycobacterium leprae, and hence this tolerance response between the 28th 
and 56th day (and perhaps beyond) i s  to the latter .  I t  i s  tempt ing to specu late 
whether such tolerance could occur in the early days of natura l  infect ion with 
viable M. leprae too .  

Tolerance with mycobacteria l  infection is  a wel l -known phenomenon .  The 
best-known example of this i s  with M. leprae in lepromatous leprosy . The 
induction of tolerance with M. leprae has also been demonstrated in  experimental 
s i tuat ions,  where in the mouse the in traperitoneal and intravenous routes of 
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administrat ion lead to to lerance, whi le the intradermal route leads to sensit iza
t ion . 8  In the investigat ion reported here the intradermal route in  man seemed to 
ind uce at least a transient tolerance in  contrast to the finding in mice. 

A dist inctive finding in  this study was the d ifferent behaviour of i ndividuals  of 
the reactor and non-reactor categories (with both Fernandez and M itsuda 
react ions) on repeated lepromin test ing .  These two groups seem to be showing a 
d ifferent immunological responsiveness, and perhaps belong to two different 
populat ions .  The resul ts  here also appear to val idate the conclus ions drawn 
earl ier as  to the points at  which separation of reactor and non-reactor should be 
made . s  

I t  was  found here, regarding the  change of reactor/non-reactor status ,  that  
Fernandez reactivity and M i tsuda reactivity seemed to behave differently with 
repeated lepromin test ing.  Further, the resu l t s  with the in i t ia l  test and with the 
repeated tests seemed to show differing correlat ions with tubercu l in  sensit ivity 
with the two types of lepromin react ivity .  Both lepromin react ions,  though 
evoked by suspensions of k i l led ,  whole M. leprae are said to be aetiological ly 
d ifferent . 9, l o  Fernandez reactivity i s  considered analogous to the tubercu l in  
response l l , I 2 in  M. tuberculosis infect ion;  and the M i tsuda react ion,  to BCG 
vaccinat ion,  in that lepromin itself induces reactivity to i tself  as does the 
latter, 1 3 , 1 4 namely a ' vaccinat ion response . ' 1 

One possible explanat ion for the d ifferences may be that Fernandez and 
M i tsuda reactivity are el icited by d ifferent antigens of M. leprae . Convit  et al. l s  
have shown that i f  the bacteria free supernatant of lepromin was used i n  skin tests, 
i t  prod uces a reactivity identical to the Fernandez reaction of whole lepromin .  On 
the other hand Mi tsuda type reactivity would be induced only by whole bacteria .  
I f  th i s  hypothesis (of  differences of antigens) be  true, then antigens which manifest 
with Fernandez reactivity do not seem to recognize ' tolerance' as clearly, or  at  the 
same leve l ,  that i s  ident ified with M i tsuda react ivi ty .  Also Fernandez reactiv i ty i n  
elici t ing reactiv i ty analogous to that of t h e  tubercul in  type, would only recognize 
pre-exist ing hypersensi t ivi ty of  the latter type, and play no role in inducing the 
lat ter .  
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