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Abstract 

 

 BCG vaccination and rifampicin chemoprophylaxis are both 

strategies for leprosy prevention. While the combined effect is unknown, 

the combination may give the desired push to halt leprosy transmission. 

Secondary analysis was done on results from a single centre, double 

blind, cluster randomized, placebo controlled trial. Individually, BCG and 

rifampicin showed to protect against leprosy (57% [95% CI 24-75%] 

and 58% [95% CI 30-74%], respectively). The combined strategies 

showed a protective effect of 80% (95% CI 50-92%). This is the first 

time that the additive effect of BCG and rifampicin are shown; the 

combined strategies can possibly lower leprosy incidence. 
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Introduction 

 

 Leprosy is an infectious disease caused by Mycobacterium leprae, 

which still persists in Asia, South-America and Africa, despite the 

availability of effective and free antimycobacterial treatment. In the past 

years emphasis in leprosy has been on the availability and accessibility 

of control activities, which include diagnosis, treatment with multidrug 

therapy (MDT), patient and family counseling, community education, 

prevention of disabilities/impairments, rehabilitation and referral for 

complications. [1] While these control activities need to be continued 

and where possible strengthened, innovative approaches are necessary 

to further lower leprosy incidence. The research community is actively 

involved in the development of prevention strategies, with the eventual 

aim to halt transmission of M.leprae. Methods under study are, among 

others, immunoprophylaxis and chemoprophylaxis. [2] 

 

 Bacille Calmette-Guérin (BCG) vaccination, originally developed 

for tuberculosis, is currently the only candidate for immunoprophylaxis 

in leprosy. It is part of the World Health Organization’s (WHO) Expanded 

Program of Immunization and is known to decrease the risk of leprosy. 

[3,4] Protection against leprosy by neonatal BCG vaccination can persist 

over long periods of time, [5] but the positive impact of BCG 

revaccination for people in contact with leprosy patients is disputable. 

[4,6,7] 

 

 Chemoprophylactic regimens in leprosy have been studied as 

well. Two recent studies showed that rifampicin chemoprophylaxis is 

protective against leprosy. [8,9] In a randomized controlled trial by Moet 

et al. (2008) a single dose of rifampicin gave a 57% reduction in leprosy 

incidence during the first two years. [8] Bakker et al. (2005) showed 

75% reduction after 33.5 months with two doses of rifampicin supplied 

to the complete population of three small islands. [9] No reduction, 
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however, was seen in a neighbouring island population where only 

spatially defined contacts of leprosy patients received rifampicin. [9] 

Both studies found that the protective effect was strongest in the 

contact groups furthest away from the index patients. 

 

 Both strategies are known to prevent leprosy, but the effect of 

the combination of these interventions has not yet been determined. By 

studying the protective effect of BCG vaccination given in infancy, in 

combination with rifampicin prophylaxis given to contacts of leprosy 

patients, we aim to establish evidence for the combined effect of these 

preventive strategies. 

 

Materials and Methods 

 

 Study population, intake and follow-up. The study population 

consisted of inhabitants of the Nilphamari and Rangpur districts in 

northwest Bangladesh who participated in the COLEP trial (ISRCTN 

61223447). The trial is a single centre, double blind, placebo controlled, 

cluster randomized trial to determine the effectiveness of rifampicin to 

prevent leprosy in close contacts of leprosy patients. The protocol and 

primary outcome have been published elsewhere. [8,10] Ethical 

approval for the COLEP study was granted by the Ethical Review 

Committee of the Bangladesh Medical Research Council in Dhaka 

(reference no.: BMRC/ERC/2001-2004/799). 

 

 The intake started in June 2002 and was completed by the end of 

December 2003. The study population consisted of 21,711 contacts and 

1,037 index patients. For the current analysis an additional exclusion 

criterion was missing BCG data, resulting in 21,526 contacts and 1,028 

index patients. Contacts were categorized according to their physical 

and genetic distance to the index patient. A person could only be 

included in the contact group of one patient. 
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The primary outcome of the trial was the development of clinical 

leprosy. Leprosy patients were classified as paucibacillary (PB) or 

multibacillary (MB) according to the 1998 WHO leprosy classification for 

treatment purposes. Contacts were asked to return to the clinic if they 

suspected to have signs or symptoms of leprosy; in addition they were 

actively followed up after 24 and 48 months. Leprosy diagnosis was 

confirmed by a leprosy control officer and a medical officer with 

minimum of 5 years’ experience in the diagnosis of leprosy at referral 

centre level. 

 

 Chemo- and immunoprophylactic interventions. At intake—that 

is, after the index patient had received the second supervised dose of 

MDT—all eligible contacts of a patient received a single dose of either 

rifampicin or placebo under direct supervision of a staff member. The 

dosage schedules were 600 mg for adults weighing 35 kg and over, 450 

mg for adults weighing less than 35 kg and for children older than 9 

years, and 300 mg for children aged 5 to 9 years. BCG vaccination 

status was assessed by examining both upper arms for the presence of 

a BCG scar. The vaccination program in Bangladesh is according to WHO 

recommendations with a dose of 0.05 ml scheduled within the first year 

after birth. 

 

 Statistical methods. Statistical analyses were done using SAS 

software, version 9.1 and SPSS software, version 16.0. We used 

techniques for the analysis of complex survey samples to account for the 

clustering at the level of the index patient in the sample. Bivariate 

associations were investigated using the SAS procedure “proc 

surveyfreq” and the Rao Scott chi square test instead of the Pearson chi 

square test. We also used the SAS procedure “proc surveylogistic” 

instead of the ordinary logistic procedure. We report odds ratios, but 

because of the low prevalence of the outcome these are comparable 

with relative risks. The protective effect of BCG was defined as  

100*(1 – OR). [11]  A significance level of 5% was used in all tests. For 
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multivariate analysis the risk variables age, sex, and physical distance to 

and classification of index patient were considered. The BCG protective 

effect against development of MB leprosy was analysed using logistic 

regression among the index patients with adjustment for the variables 

age, sex and geographical district. 

 

Results 

 

 BCG frequency among contacts of leprosy patients. The BCG 

frequency among the contacts of leprosy patients was 40% and well 

balanced over both arms of the trial for all characteristics except for age 

(Table 1). The population under 20 years of age had a distinctly higher 

BCG coverage (60%) than people aged 20 years or older (25%); this 

difference was the same between the two study arms of the trial. 

 

Table 1. BCG frequency among contacts of leprosy patients at intake, 
by variable category and stratified for intervention: placebo and 
rifampicin. 

Placebo group  Rifampicin group 

Variable no. 
% 
BCG  no. 

%  
BCG 

Total 10776 40  10750 40 
Age (in years)      
< 20 4601 60  4606 59 
≥ 20 6175 25  6144 25 

Sex      
male 5134 41  5116 41 
female 5642 39  5634 38 

Physical distance      
shares kitchen only 
or kitchen and house 1756 41  1749 41 
other 9020 40  9001 40 

Genetic distance      
closely relateda 1707 40  1629 40 
not closely relatedb 9069 40  9121 40 

Index patient      
multibacillary 3128 40  2881 42 
paucibacillary 7648 40  7869 39 

a Parent, child or sibling. b Other than parent, child or sibling 
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 BCG frequency among index patients. The BCG frequency among 

the index patients differed for leprosy type: 20% of the MB and 29% of 

the PB patients were vaccinated, showing a statistically significant 

association of BCG with leprosy type; the adjusted OR for being 

vaccinated was 0.70 (96% CI 0.49-0.98) in MB patients, compared to 

PB patients (data not shown, adjusted for age, sex and geographical 

district). 

 
 Protective effect of BCG against leprosy. Moet et al. (2008) 

showed that chemoprophylaxis with rifampicin given to contacts of 

newly diagnosed leprosy patients was effective at preventing the 

development of clinical leprosy during the first two years. The effect was 

maintained, but no difference was seen between the treatment arms of 

the trial beyond two years. [8] Table 2 shows the univariate effect of 

BCG vaccination on leprosy incidence during the first two years by 

variable category and stratified by intervention. In both trial arms, BCG 

had approximately the same overall protective effect (57% and 52% for 

placebo and rifampicin arm, respectively), although statistical 

significance was only present in the placebo arm. BCG vaccination 

appears to be effective (95% CI < 1) in male contacts and in contacts 

with more physical- or genetic distance to the index patient in both arms 

of the study. In addition, in the placebo arm, BCG vaccination appears 

to be effective (95% CI < 1) in contacts aged 20 years and older and in 

contacts of PB patients. The same overall protective effect for BCG was 

seen in multivariate analysis; 56% (95% CI 23-75%) in the placebo arm 

and 53% (95% CI 0-82%) in the rifampicin arm. Furthermore, the BCG 

effect on leprosy incidence persisted after four years of follow-up, the 

protective effect of BCG vaccination was 48% in the placebo arm (95% 

CI 19-67%) and 41% in the rifampicin arm (95% CI 0-69%) (data not 

shown). 
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Table 2. Effect of BCG vaccination on the incidence of leprosy after two years of 
follow-up by variable category and stratified for intervention: placebo and 
rifampicin. 

 BCG  No BCG  

Variable Leprosy
No 
leprosy Leprosy

No  
leprosy 

OR    
95% CI 
univariate 

Protective 
effect

BCG (%)
[100*(1-OR)]

 

PLACEBO arm       

Total 15 4291 52 6418 0.43 0.25-0.75 57 c 
Age (in years)       
<20 10 2734 14 1843 0.48 0.21-1.09 52 
≥20 5 1557 38 4575 0.39 0.16-0.97 61 c 

Sex        
male 8 2112 29 2985 0.39 0.18-0.83 61 c 
female 7 2179 23 3433 0.48 0.21-1.10 52 

Physical distance       
 shares kitchen  
 only or kitchen  
 and house           5 715 13 1023 0.55 0.20-1.53 45 
other 10 3576 39 5395 0.39 0.20-0.76 61 c 

Genetic distance       
closely relateda 4 672 14 1017 0.43 0.15-1.26 57 
not closely 
relatedb 

11 3619 38 5401 0.43 0.23-0.83 57 c 

Index patient       
multibacillary 6 1250 15 1857 0.59 0.26-1.37 41 
paucibacillary 9 3041 37 4561 0.37 0.18-0.75 63 c 

 

RIFAMPICIN arm       

Total 7 4259 22 6462 0.48 0.19-1.20 52 c 
Age (in years)       
<20 4 2724 7 1871 0.39 0.10-1.61 61 
≥20 3 1535 15 4591 0.60 0.17-2.07 40 

Sex        
male 2 2107 15 2992 0.19 0.04-0.84 81 c 
female 5 2152 7 3470 1.15 0.32-4.13 0 

Physical distance       
 shares kitchen  
 only or kitchen  
 and house           5 703 8 1033 0.92 0.29-2.96 8 
other 2 3556 14 5429 0.22 0.05-0.96 78 c 

Genetic distance       
closely relateda 5 641 8 975 0.95 0.27-3.30 5 
not closely 
relatedb 

2 3618 14 5487 0.22 0.05-0.96 78 c 

Index patient       
multibacillary 2 1196 8 1675 0.35 0.04-2.83 65 
paucibacillary 5 3063 14 4787 0.56 0.21-1.47 44 

a Parent, child or sibling. b Other than parent, child or sibling. c significant 
p<0.05.  (data not shown, adjusted for age, sex, physical distance to and 
classification of index patient). 
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 Additive protective effect of BCG and rifampicin against leprosy. 

In table 3 the effect of the combination of BCG and rifampicin 

chemoprophylaxis is shown after two years of follow-up. In both 

univariate and multivariate analysis, a protective effect was seen in 

contacts who received either rifampicin or BCG, compared to contacts 

with no intervention (BCG adjusted protective effect was 57% [95% CI 

24-75%]; for rifampicin 58% [95% CI 30-74%]). In contacts receiving 

both interventions—BCG and rifampicin—the protective effect was 80% 

(95% CI 50-92%). 

 

Table 3. Additive effect of BCG and rifampicin intervention on incidence 
of leprosy after two years of follow-up by variable category. 

  OR   95% CI 

Intervention Leprosy

No  

leprosy Univariate Multivariatea 

Protective 

effect (%)

[100*(1-OR)]
 

none 52 6418       1     1  

rifampicin only 22 6462     0.42  0.26-0.69 0.42  0.26-0.70 58 

BCG only 15 4291  0.43  0.25-0.75 0.43  0.25-0.76 57 

rifampicin and BCG 7 4259  0.20  0.08-0.49 0.20  0.08-0.50 80 
a adjusted for age, sex, physical distance to and classification of index 
patient. 
 

Discussion 

 

 This study shows that BCG vaccination in infancy halves the risk 

of getting leprosy in a high-risk population consisting of contacts of 

newly diagnosed leprosy patients. For the first time we show here that 

this effect is additive to the effect of the chemoprophylactic intervention 

with rifampicin. These strategies may therefore be combined with the 

aim to lower the incidence of leprosy. 

 

 The strength of this study is its robust design, being a single 

centre, double blind, placebo controlled, cluster randomized trial with a 
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large number of participants included in a short period of time. [10] 

When interpreting the results, it should be considered that the study 

was conducted in a high leprosy endemic area and that the results may 

be different in low leprosy endemic areas, although we see no particular 

reason to assume that this will be the case. Further research in different 

geographic and endemic areas is necessary to confirm this. The results 

confirm previous observations that BCG vaccination protects against 

leprosy. [3,4] It is, however, the first time that the combination of 

immuno- and chemoprophylactic strategies for leprosy control is studied 

and therefore we cannot compare our results with others. Yet the 

additive effect of both strategies was a rational outcome because they 

differ in their protective approach. 

 

 In tuberculosis prevention, the merit of BCG vaccination has been 

discussed continually and new vaccines are being developed with higher 

protection rates and fewer side effects. [12] The protectiveness against 

leprosy of this new generation of vaccines has yet to be determined, 

while it is well known that BCG protects against leprosy. The 

replacement of BCG by newer, more TB-specific vaccines may thus be 

detrimental for leprosy control. 

 

 We described previously that in our study population 

chemoprophylaxis with rifampicin had its main protective effect in those 

contacts groups with the lowest risk profile based on the intake data. 

[13] Analysis of the protective effect of BCG showed a similar pattern: 

contacts of a PB index patient and more physical and genetic distance to 

the index patient seem to benefit the most. A possible explanation for 

these findings could be that the prophylactic interventions used here—

be it immunoprophylaxis with BCG or chemoprophylaxis with a single 

dose of rifampicin—are not sufficient for more heavily M.leprae infected 

contacts. Such contacts will be found more frequently in the higher risk 

groups such as physically or genetically close contacts, and contacts of 

MB patients. Higher infection pressure, higher bacterial load and/or 
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genetic host factors could cause this effect. There was one exception: 

males are known to be at high risk than females. [13] In contrast, males 

benefitted more from the BCG vaccination. Since other risk factors, such 

as the above stated infection pressure and genetic host factors, are 

randomly distributed between the sexes, the most logical explanation for 

this differential risk pattern seems to be subtle differences in immune 

responses between males and females. Finally, our study also showed 

that in the index patients a statistically significant lower BCG frequency 

was observed among the MB patients, compared to the PB patients. This 

may imply that BCG protects against the development of MB leprosy, an 

observation that was in agreement with the meta-analysis by Setia et al. 

[4] 

 

 This is the first time that the additive effect of 

immunoprophylaxis by routine infancy BCG vaccination and 

chemoprophylaxis with rifampicin given to close contacts of newly 

diagnosed leprosy patients is demonstrated. Rifampicin and BCG 

vaccination are effective as a combined strategy to lower leprosy 

incidence. Monitoring of close contacts however, particularly at 

household level and blood relatives, remains necessary even when both 

immuno- and chemoprophylaxis are supplied. 
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