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Summary More than one-third of the patients with lepromatous leprosy, 
presumed previously untreated, who have thus far been admitted into the 
THELEP controlled clinical trials in Bamako and Chingleput, have been found to 
harbour dapsone-resistant Mycobacterium leprae. 
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Introduction 

Until 10 years ago, virtually all strains of Mycobacterium leprae isolated from 
patients with previously untreated multibacillary* leprosy by inoculation of mice 
were inhibited from multiplying by administering dapsone to the mice in a 
concentration of 0·000 1 g per 100 g mouse diet . 2, 5, 9 Strains of M. leprae capable of 
mUltiplying in mice administered this or a higher concentration of dapsone were 
defined as resistant . Strains that multiply in mice administered 0·000 1 g dapsone 
per 100 g diet, but are inhibited by dapsone administered in a concentration of 
0·001 g per 100 g diet are said to exhibit a low degree of resistance; strains that 
multiply in mice administered 0·001 g dapsone per 100 g diet but not in mice 
administered dapsone in a concentration of 0·0 1 g per 100 g exhibit an 
intermediate degree of resistance, whereas strains of M. leprae that multiply even 
in mice administered 0·0 1 g dapsone per 100 g diet exhibit a high degree of 
resistance . 

The isolation of a resistant strain of M. leprae from a patient with 
multi bacillary leprosy who has not received prior treatment indicates primary 
resistance to dapsone, i . e .  the patient was infected ab initio with dapsone-resistant 
organisms . Primary resistance to dapsone may also occur in patients with 
paucibacillary leprosy; however, resistance of the M. leprae to dapsone cannot be 
demonstrated by inoculation of mice, because too few organisms can be 
recovered from the skin-biopsy specimens of paucibacillary patients .  Secondary 
resistance to dapsone is now a widespread phenomenon . 3  As the frequency of 
relapse with secondary dapsone resistance increases, so must the likelihood of 
transmission of dapsone-resistant M. leprae, with primary resistance as a 
conseq uence . 

Recognizing that dapsone resistance represents a major threat to leprosy 
control efforts that depend so heavily on the efficacy of dapsone, the Scientific 
Working Group on the Chemotherapy of Leprosy (THELEP) of the UNDP/ 
World Bank/WHO Special Programme for Research and Training in Tropical 
Diseases undertook to support surveys for primary resistance to dapsone in 
various parts of the world . The results of two surveys-one in Ethiopia4 and one 
in the Philippines I-have been published . In addition, susceptibility to dapsone 
was measured routinely of the M. leprae isolated from patients with previously 
untreated multi bacillary leprosy recruited into THELEP-sponsored controlled 

* Multibacillary leprosy includes lepromatous (L) and borderline (B) leprosy in the Madrid 
c1assification, I 3  and LL, BL and BB leprosy in the Ridley-Jopling c1assification. 7 Paucibacillary 
leprosy includes indeterminate (1) and tuberculoid (T) leprosy in the Madrid classification, and I ,  
TT and BT in  the classification of Ridley and Jopling. 
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trials of chemotherapy in Bamako, Mali and Chingleput, South India; II the 
results of these measurements have provided estimates of the prevalence of 
primary dapsone resistance in these 2 areas . 

Materials and methods 

With their consent, patients with LL, LI or BL leprosy who denied prior 
treatment, and in whose urine no dapsone could be detected, were admitted into 
the controlled clinical trials at Bamako and Chingleput . As described in the 
accompanying paper," two skin lesions were biopsied, and portions of each 
biopsy specimen were immediately placed in a vacuum flask filled with ice and 
sent by air to London. In the Department of Medical Microbiology, St George's  
Hospital Medical School, the specimens were homogenized, and the M. leprae 
recovered and counted . 5  The organisms recovered from the specimen providing 
the larger number were diluted so as to provide an inoculum of 104 M. leprae per 
foot-pad, and 27 locally bred female CD- l mice were inoculated each in the right 
hind foot-pad. Beginning on the day of inoculation, one group of 8 mice was fed 
ordinary mouse diet, whereas other groups of 5-7 mice were fed diet into which 
had been incorporated dapsone in a concentration of 0·000 1 , 0·00 1 or 0·01 g per 
100 g diet. 

Six months later, several mice from the untreated group were sacrificed, and 
harvests of M. leprae were performed from the right hind foot-pads .  If at least 
5 x 105 organisms were harvested from 1 mouse, harvests were performed from 
the right hind foot-pads of the remaining untreated mice, and from the foot-pads 
of the mice administered dapsone in the lowest concentration. If M. leprae were 
found to have multiplied in the latter mice, harvests were performed also from 
mice of the groups administered dapsone in higher concentrations. If, on the 
other hand, the number of organisms harvested from the untreated mice was less 
than 5 x 105 per foot-pad, dapsone administration was continued for an 
additional 3 months, at which time additional untreated mice were sacrificed and 
harvests of M. leprae performed . At this time also, additional harvests were 
performed if at least 5 x 105 organisms were harvested from at least I mouse . If 

fewer than 5 x 105 organisms per foot-pad were harvested from the untreated 
mice, treatment was continued for an additional 3 months, at which time M. 
leprae were harvested from all remaining untreated mice, from the mice 
administered the lowest concentration of dapsone, and depending on the results 
of these latter harvests, from mice administered higher concentrations of 
dapsone . 

Results 

The results of mouse foot-pad inoculation with M. leprae recovered from the 
pretreatment specimens of 2 patients are presented in Table 1 as examples of the 
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Table 1.  Data exemplifying those encountered in study 

Treatment Patient 
centre no. 

Chingleput 002 

Chingleput 028 

No. M. leprae Time of Dapsone 
inoculated 

( x  1 04) 

1 ·0 

1 ·0 

harvest concentration 
(days) (g%) 

1 83 
268 
359 

1 89 
282 

o 
o 
o 
0·000 1 

o 
o 
0·000 1 

No. M. leprae recovered 
( x  WS) 

< 0' 1 ,  < 0· 1  
o ·n, 1 04, 2 '9  
0 ,20, 2 ' 5 , 6 ·8  
< 0, 1 ,  < 0, 1 ,  < 0· 1  
< 0' 1 ,  < 0 , 1 ,  < 0· 1  

0' 1 8 , 0 ·66, 0 ·66 
1 ·2 , 2 ·6  
0' 52, 0 · 80, 2 '7 , 4 ·0, 6 ·9  

0 ·00 1 < 0' 1 ,  < 0 ' 1 ,  < 0' 1 ,  < 0' 1 ,  
< 0' 1 ,  < 0, 1 ,  < 0· 1  

data analysed for this study. Shown first are the data from Chingleput patient No.  
002,  whose organisms are susceptible to dapsone . Considering only those 
harvests performed 268 and 359 days after inoculation,  M. leprae are noted to 
have multiplied in 5 of the 6 untreated mice harvested (the criterion of 
multiplication in a foot-pad is an increase of at least 5-fold, i .e. to 5 x 104 
organisms per foot-pad) . On the other hand, no evidence of multiplication was 
found in any of the 6 mice administered dapsone in a concentration of 0·000 1 g 
per 100 g diet . 

The results obtained from Chingleput patient No.  028 indicate resistance at 
the lowest dapsone concentration. M. leprae had multiplied in the 2 control mice 
harvested after 282 days.  At this time M. /eprae were found also to have 
multiplied in all of 5 mice treated with dapsone at the lowest concentration, and in 
none of 7 mice treated with dapsone at the concentration of 0·001 g per 100 g 
mouse diet . 

Table 2. Results of study 

Bamako Chingleput 

Not tested 5 I I  
Fully susceptible 26 35 
Resistant (g% DDS) 

0·000 1 1 0  1 6  
0 ·00 1 3 5 
0 ·0 1 0 

% resistant 35 ·0  37 · 5  
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The results of this study, summarized in Table 2, show that in a number of 
instances ,  representing 1 1 % of the patients in Bamako and 1 6% of those in 
Chingleput, the susceptibility to dapsone could not be measured . The M. leprae 
recovered from 1 0  pretreatment biopsy specimens (3 from Bamako, 7 from 
Chingleput) failed to multiply in untreated mice . In 6 instances (2 from Bamako, 4 
from Chingleput), M. leprae multiplied in some of the untreated mice, and in none 
of the mice to which dapsone had been administered; however, the proportions of 
treated and untreated mice in which multiplication occurred did not differ 
significantly, when compared by the exact probability calculation. 

The M. leprae isolated from 35 and 3 7 · 5% of the patients in Bamako and 
Chingleput, respectively, multiplied both in untreated mice and in mice 
administered dapsone in a concentration of 0 ·000 1 g per 1 00 g mouse diet, and 
more than one-fourth of these strains multiplied in mice administered dapsone in 
a higher concentration . However, only 1 patient was found to harbour M. leprae 
capable of multiplication in mice administered dapsone in the highest concentra­
tion . 

Discussion 

The requirement for testing the susceptibility to dapsone of the M. leprae isolated 
from the pretreatment biopsy specimens of all the patients admitted to the 
THELEP controlled clinical trials in Bamako and Chingleput was included in the 
THELEP Standard Protocol for Chemotherapy Trials in Lepromatous Leprosy !  1 
to ensure that patients with primary dapsone-resistant leprosy would be 
recognized, and the data resulting from their participation in the trial would be 
analysed separately from those of the majority of the patients, whose M. leprae 
were expected to be fully susceptible to dapsone . The demonstration that more 
than one-third of the patients, presumed to have received no prior treatment, 
admitted to the trials in both treatment centres harboured dapsone-resistant M. 
/eprae was unexpected . 

One may question whether patients found to harbour dapsone-resistant M. 
leprae had not in fact received prior treatment. Because of its grave importance to 
a leprosy control programme, every effort must be made to identify primary 
resistance correctly . Some patients may relapse with secondary resistance but be 
considered instances of primary resistance because no evidence of previous 
treatment is discovered . When, however, there has been close contact with a 
patient known to have relapsed with secondary resistance,8 or the patient's youth 
appears inconsistent with the long period of time required for diagnosis, 
treatment, response and relapse, 1 2  primary resistance appears likely . Consider­
able effort was expended to ascertain that the patients admitted to the trials in 
Bamako and Chingleput had not been previously treated . The patients' urine, 
obtained as soon as admission to the trials was considered, contained no dapsone, 
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and the patients steadfastly denied having received prior treatment .  There was no 
record of their having been previously treated at either of the 2 centres, nor was 
the appearance of the patients' lesions suggestive of prior treatment followed by 
relapse. Moreover, in only 3 of 2 1  instances was there history of contact with a 
patient known to have relapsed with dapsone resistance. Finally, one might 
expect to be able to distinguish primary from secondary resistance on the basis of 
the patient's age . Because of the time required for emergence of secondary 
resistance-usually from 1 0  to 20 years,3  patients relapsing with secondary 
resistance to dapsone should have suffered from leprosy much longer and should 
therefore be older than muItibaciIlary patients who have not been previously 
treated . In fact, as shown in Table 3, the age distribution of patients from whom 
dapsone-resistant M. /eprae were isolated is not different from that of patients 
whose pretreatment  isolates were susceptible to dapsone . 

Surveys for primary resistance to dapsone have been carried out in Ethiopia, 
where a prevalence of67 per 1 00 was found,4 and in the Philippines, where a much 
lower prevalence-3 ·6  per 1 00-was encountered. I 

This present report, only the third published description of the results of a 
systematic study of the susceptibility to dapsone of M. /eprae isolated from 
previously untreated patients, should be taken as cause for alarm and remedial 
action. The prevalence of primary resistance to dapsone encountered in Bamako 
and Chingleput signals the exten sive transmission of dapsone-resistant M. /eprae 
within these communities, and represents evidence that the epidemiologic 
background of leprosy in those communities has been transformed. Sources of 
new infections with M. /eprae are no longer confined to previously untreated 
patients with drug-susceptible, muItibaciIlary leprosy, but now include patients 
who have suffered relapse with secondary dapsone resistance . The more general 
ocurrence of leprosy resulting from infection with dapsone-resistant organisms 
portends additional difficulties for programmes of leprosy control, threatening as 
it does seriously to reduce the potency of one of the few effective drugs available . 

On the other hand, the discovery of primary dapsone resistance of low degree 
does not imply that dapsone therapy will not benefit the patient .  On the contrary, 
the patient may be expected to respond to treatment with dapsone in the full 

Table 3. Age distribution of patients 

Bamako Chingleput 
Age 

(years) Susceptible Resistant Susceptible Resistant 

< 20 
20-39 

> 39 

4 
1 8  
2 

1 1  
2 

30 
3 

5 
1 3  
3 
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dosage of 100 mg per day. However, because resistance to dapsone appears to 
develop in stepwise fashion-that is, low-resistant M. leprae give rise to mutants 
of a higher degree of resistance, multibacillary patients are likely to relapse in time 
with fully-resistant M. leprae (a strain not inhibited by dapsone administered to 
the mice in a concentration of 0·01 g per 100 g diet) if dapsone is employed as 
monotherapy. 6 

Finally, the combined drug regimens recommended by the WHO Study 
Group on Chemotherapy of Leprosy for Control Programmes lO  clearly were 
designed with the increasing frequency of dapsone resistance-both primary and 
secondary-in mind . The data presented in this report point to the urgency of 
adopting the Study Group regimens, and demonstrate the need to employ 
combined chemotherapy for treatment of paucibacillary as well as of multibacil­
lary leprosy. 
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