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Abstract 

 

 Objective. To examine the potential of anti-PGL-I IgM serology to 

identify high risk groups for leprosy. 

Methods. Single centre, cluster randomized, placebo-controlled trial to 

determine the chemoprophylactic effect of single dose rifampicin to 

prevent leprosy in contacts of newly detected leprosy patients. Analysis 

included 18,761 contacts followed for four years at two-yearly intervals. 

Results. The presence of anti-PGL-I IgM at intake was statistically 

significantly associated with the future development of multibacillary 

(MB) leprosy (HR 6.0, CI 95% 2.15-16.5), but not with paucibacillary 

(PB) leprosy (HR 0.5, CI 95% 0.15-1.48). This association was stronger 

for contacts that became seropositive (seroconverted) at first follow-up 

(HR for MB leprosy 15.6, CI 95% 3.73-65). Chemoprophylaxis 

suppressed the development of clinical disease for at least two years, 

but did not suppress seroconversion. 

Conclusions. Seropositivity and seroconversion of leprosy contacts are 

associated with MB leprosy disease. Due to the low incidence of leprosy 

in general, the predictive value remains low, hence further research is 

needed to find additional markers for the detection of leprosy infection 

and for the diagnosis of especially pre-clinical and PB leprosy. 
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Introduction 

 

 Leprosy is an infectious disease caused by Mycobacterium leprae, 

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

availability of effective treatment. Emphasis in leprosy control is on early 

detection and treatment of patients to avoid nerve damage and resulting 

physical disabilities and to reduce the transmission of M.leprae. [1] The 

leprosy research community is actively developing tests for early 

diagnosis and prevention strategies with the aim to reduce leprosy 

incidence. We hypothesize that anti-phenolic glycolipid-I (PGL-I) IgM 

serology can help focusing leprosy control activities on high risk groups 

for leprosy. 

 

 Contacts of leprosy patients have an increased risk of developing 

leprosy compared to the general population [2] and the use in this 

group of either chemoprophylaxis, [3-5] immunoprophylaxis, [6] or a 

combination of both [7] reduces the incidence of leprosy and may also 

have an impact on transmission. By further refining the definition of 

“high risk” for contacts, the effectiveness of prophylactic treatment may 

be further enhanced. 

 

 Douglas et al. (2004) studied the presence of anti-PGL-I IgM in 

contacts of multibacillary (MB) leprosy patients in a long-term 

prospective study and found that serology can identify contacts at high 

risk of developing leprosy: seropositivity gave a seven-fold increased 

risk. [8] The main shortcoming of this study however, was that contacts 

of paucibacillary (PB) leprosy patients were excluded, thereby 

overestimating the results, since contacts of MB patients have in general 

a higher risk of developing leprosy. Therefore, confirmation of these 

results is required for contacts of MB patients together with expansion of 

the investigations to contacts of PB patients. Two other prospective 

studies also found increased risks for leprosy among contacts positive 
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for anti-PGL-I antibodies. Bakker et al. (2006) reported an almost four-

fold higher risk [9] and Goulart et al., [10] found a six-fold higher risk 

for leprosy per se. In all three studies it was suggested that 

chemoprophylaxis may be suitable for the high risk group “seropositive 

for anti-PGL-I IgM” to prevent the development of clinical disease. 

 

 The data from a large randomized controlled trial of 

chemoprophylaxis with a single dose of rifampicin [11] were used to 

determine the risk of developing leprosy for seropositive and 

seronegative contacts of leprosy patients with or without a 

chemoprophylactic intervention and to establish the association of 

serology with clinical leprosy. 

 

Materials and Methods 

 

 Study population. The study population consisted of participants 

of the COLEP trial (ISRCTN 61223447), which is a single centre, double 

blind (for intervention and serology testing), placebo controlled, cluster 

randomized field trial in Bangladesh to determine the effectiveness of 

single dose rifampicin chemoprophylaxis to prevent leprosy among 

contacts of leprosy patients. [5,11] Approval was granted by the Ethical 

Review Committee of Bangladesh Medical Research Council 

(BMRC/ERC/2001-2004/799). All participants gave written informed 

consent. 

 

 In short, for this part of the study we included 18,761 contacts of 

1,037 new leprosy patients (index patients) that were registered at the 

Rural Health Program (RHP) in the Nilphamari and Rangpur districts in 

northwest Bangladesh. The intake of the contacts started in June 2002 

and was completed by the end of December 2003. Contacts were 

categorized according to their physical and genetic distance to the index 

patient. Exclusion criteria for the contacts were: refusing informed 
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consent; being pregnant; receiving tuberculosis or leprosy treatment at 

intake; suffering from (previously undiagnosed) leprosy at intake; 

younger than 5 years of age; suffering from liver disease or jaundice; or 

residing temporarily in the area. A person could only be included in the 

contact group of one patient. Finger prick blood samples for anti-PGL-I 

antibodies were taken from all index patients during intake and from all 

contacts during intake and follow-up. All samples were collected on 

Schleicher & Schuell blotting paper GB 002, air dried and stored at –

20°C until transport to the Netherlands. 

 

 Intervention. After the index patient had received the second 

dose of multidrug treatment (4 weeks after the first dose), all contacts 

of the patient received blindly either rifampicin or placebo under direct 

supervision of a staff member. The following dosage schedule was used: 

adults weighing ≥35 kg: 600 mg; adults weighing <35 kg and children 

>9 years: 450 mg; and children 5-9 years: 300 mg. 

 

 Follow-up. The primary outcome was the development of clinical 

leprosy. Contacts were asked to return to the clinic if they had signs or 

symptoms of leprosy; in addition, they were actively followed up after 

24 and 48 months. If leprosy was diagnosed, the date of official 

registration was recorded. For each newly found leprosy patient, the 

disease was confirmed by a leprosy control officer and a medical officer 

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

centre level. Microscopy on slit skin smears was also performed. All 

patients were classified as either paucibacillary (PB) or multibacillary 

(MB) according to the 1998 WHO classification for treatment purposes 

(12). 

 

 Serology. The presence of IgM antibodies against M.leprae was 

determined with a previously described enzyme-linked immunosorbent 

assay (ELISA). [13] A terminal trisaccharide of PGL-I linked to bovine 

serum albumin (BSA) via a phenolic ring (NT-P-BSA) was used as a 
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semi-synthetic analogue. [14] The level of IgM antibodies against 

M.leprae was expressed as net optical density (OD): the absorbance of 

NT-P-BSA minus that of BSA-coated wells at 450 nm. Tests were 

performed without knowledge of individual leprosy risk. Three control 

sera were tested on each plate: a standard four times, a negative and 

positive control sera two times. Standard serum was used to reduce 

day-to-day variation and if needed samples were retested. 

The following definitions for serology results were used in the analysis: 

 The status “seropositive at intake” was assigned if the net OD 

was ≥0.200 at intake. 

 “Seroconversion” was defined as seropositive at the first follow-

up (24 months), but seronegative at intake. 

 

 Statistical analysis. Data were analyzed using SPSS for Windows 

version 16. The dataset was not a random sample, but consisted of 

groups around the index patients. To correct for the dependency of 

observations caused by this design, we calculated the over-dispersion 

parameters for each outcome separately (leprosy per se, MB and PB). 

[15] None of these over-dispersion parameters was significant, so we 

concluded that clustering did not influence the significance of the 

results. When analyzing MB or PB cases specifically we censored the 

cases of the other type at the moment of incidence. Associations were 

investigated using the SPSS procedure “GENLIN”, with a Poisson 

distribution and link log and an offset variable “ln(time)”. A significance 

level of 5% was used in all tests. For multivariate analysis the risk 

variables age, sex, BCG scar, intervention, physical distance to and 

classification of the index patient were considered. We converted the 

probabilities of having developed leprosy during the follow-up period of 

two years to incidence rates at one year assuming a constant hazard 

during the period (rate=ln (leprosy/(number at risk*2)). To obtain 

confidence intervals for rates we applied standard errors (sqrt 1/leprosy) 

around the log (rate). 
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Results 

 

 Study population follow-up. Originally, 21,711 contacts were 

included in COLEP. [5] Missing data on serology at intake was an 

additional exclusion criterion for the present analyses, resulting in 

18,761 contacts at intake and 81 new patients after 24 months and 50 

new patients after 48 months. 

 

 Association between serological status at intake and leprosy 

incidence—placebo arm. The univariate association of serology and 

leprosy incidence among contacts who did not receive chemoprophylaxis 

is shown in table 1 (under placebo arm). In the placebo arm, a total of 

579 out of 9351 contacts were seropositive at intake, giving a 

seroprevalence of 6.2%. Among these 579 seropositive contacts, a total 

of six new patients were found after 4 years of follow-up — 4 with MB 

and 2 with PB leprosy. The MB incidence rate among contacts 

seropositive at intake is higher than seronegative contacts, 6.9 versus 

0.9/1000 person years at risk (PYAR) (IR 7.5, CI95% 2.3-25), whereas 

the PB incidence rate is lower, 3.5 versus 7.4/1000 PYAR (IR 0.5, 

CI95% 0.1-11.9). Since seropositivity was positively correlated with the 

development of MB leprosy but negatively with PB leprosy, the 

association with leprosy per se was non-informative and thus omitted. 

Of the 4 new MB patients found among the seropositive contacts at 

intake, 3 were found after two years and 1 additional patient after four 

years, giving MB incidence rates of 5.2 and 1.7/1000 PYAR, respectively. 

This indicates that the serological status at intake has a higher 

association with MB at the shorter 2-year term than at the longer 4-year 

term. 

 

 Association between serological status at intake and leprosy 

incidence—rifampicin arm. The univariate association of serology and 

leprosy incidence among contacts who received chemoprophylaxis is 

also shown in table 1—rifampicin arm. In the rifampicin arm, a total of 
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536 out of 9,410 contacts were seropositive at intake (5.7%). One new 

MB patient was found among these seropositive contacts (incidence 

1.9/1000 PYAR). 

 

Table 1. Cases of leprosy among contacts by anti-PGL-I serological 
status at intake during four years’ follow-up. 

leprosy 
inc. after  
2 years  

leprosy 
inc. after  
4 years  anti-PGL-I 

serology 
at intake 

number 
at risk PB MB  PB MB total 

PB 
inc. 

MB 
inc. 

MB 
incidence 

rate/10.000 
PYAR  

(95% CI)a 
 
Both arms 

     
    

positive 1115 2 4  1 1 8 2.7 4.5 5.3 (1.9-14)
negative 17646 69 6  39 9 123 6.1 0.9   1 

 
Placebo arm 

     
   

positive 579 1 3  1 1 6 3.5 6.9 7.5 (2.3-25)
negative 8772 49 4  16 4 73 7.4 0.9   1 

 
Rifampicin arm 

     
   

positive 536 1 1  0 0 2 1.9 1.9 2.4 (0.3-19)
negative 8874 20 2  23 5 50 4.8 0.8   1 

a PYAR= person years at risk; 95% CI= 95% confidence interval. 
PB= paucibacillary leprosy; MB= Multibacillary leprosy; inc.= incidence. 
 

 Effect of chemoprophylaxis on seroconversion and leprosy 

incidence. An additional serological test was performed at first follow-up 

(after 24 months), enabling analysis of the effect of rifampicin on 

leprosy seroconversion and incidence (table 2). Chemoprophylaxis 

suppresses the development of clinical disease for at least two years. A 

reduction of incidence was seen in the rifampicin arm after the first two 

years of follow-up: the placebo arm had 57 new cases versus 24 in the 

rifampicin arm. The incidence however, was similar in the third and 

fourth year of follow-up with the placebo arm having 22 new cases and 

the rifampicin arm 27. Detailed analysis is reported elsewhere. [5] 

Interestingly, chemoprophylaxis with rifampicin did not suppress 

seroconversion. Despite the decline in incidence of clinical disease in the 

first two years, the number of contacts that seroconverted during this 
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period is nearly equal (placebo 4.4% versus rifampicin arm 4.0%, 

p=0.263). 

 

Table 2. Cases of leprosy among contacts by anti-PGL-I serological 
status at first follow up during four years’ follow-up. 

leprosy 
inc. after  
2 yearsb 

leprosy 
inc. after  
4 years   

anti-PGL-I 
serology  
after  
2 years  
follow upc 

number 
at risk PB MB  PB MB total

PB 
inc. 

MB 
inc. 

MB incidence 
rate/10.000 

PYAR  
(95% CI)a 

 
Both arms (-2561) 

        

seroconverted 632 2 2  0 4 4 nd 6.3 18.2 (4.9-68) 
(still) negative 14453 60 3  32 5 37 2.2 0.3 1 

 
Placebo arm (-1272) 

      

seroconverted 328 2 2  0 2 2 nd 6.1 21.7(3.1-154) 
(still) negative 7172 43 1  13 2 15 1.8 0.3 1 

 
Rifampicin arm (-1289) 

      

seroconverted 304 0 0  0 2 2 nd 6.6 15.9 (2.7-95) 
(still) negative 7281 17 2  19 3 22 2.6 0.4 1 

a PYAR= person years at risk; 95% CI= 95% confidence interval. b data 
not used for prospective analysis. c data from contacts who were 
seronegative at intake. 
PB= paucibacillary leprosy; MB= Multibacillary leprosy; inc.=incidence. 
 

 Association between seroconversion and leprosy incidence—

placebo arm. 

Of the 7,500 seronegative contacts at intake, 328 (4.4%) became 

seropositive (seroconverted) after 2 years follow up (Table 2). Among 

these seroconverted contacts, no PB and 2 MB leprosy patients were 

found. The MB incidence rate among the seroconverted contacts is 

higher compared to contacts who remained seronegative: 6.1 versus 

0.3/1000 PYAR (IR 21.7, 95% CI 3.1-154). 

 

 Association between seroconversion and leprosy incidence—

rifampicin arm. Of the 7,585 seronegative contacts at intake, 304 

(4.0%) seroconverted. Among these seroconverted contacts, no PB and 

2 MB leprosy patients were found. The MB incidence rate among the 
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seroconverted contacts is higher compared to contacts that remained 

seronegative: 6.6 versus 0.4/1000 PYAR (IR 15.9, 95% CI 2.7-95). 

 

 Difference in association between seropositivity at intake or 

seroconversion and leprosy incidence. Notably, contacts who 

seroconverted during follow-up had a higher association with the 

development of MB leprosy than contacts who were seropositive at 

intake. The relative risks (RRMB) for serology at intake were 7.5 and 2.4 

for the placebo and rifampicin arms, respectively; whereas these risks 

for the contacts who seroconverted between intake and 2 years were 

21.7 and 15.9 (see Tables 1 and 2). Despite the protective effect of 

rifampicin on leprosy incidence in the first two years, similar 

percentages of MB patients were seropositive prior to diagnosis in the 

placebo and rifampicin arms: 6/12 (50%) in the placebo arm versus 3/8 

(38%) in the rifampicin arm (p = 0.670). Moreover, the MB incidence 

rates for the period 2-4 years, when rifampicin did not protect anymore, 

were similar: 6.1 versus 0.3/1000 PYAR for seroconverted versus still 

seronegative contacts in the placebo arm and 6.6 versus 0.4/1000 PYAR 

in the rifampicin arm (p = 1.000). 

 

 Association between seropositivity and leprosy incidence—whole 

study population. Chemoprophylaxis did not show interaction in the 

association of serological status and leprosy. Hence, no stratification for 

the intervention was required and therefore “intervention” was treated 

as a variable in the analysis. The multivariate association of serological 

status and leprosy incidence is shown in table 3. Overall, 1,115 out of 

18,761 contacts (5.9%) were seropositive at intake. Serological status 

was associated with MB leprosy: contacts that were seropositive at 

intake had a six times higher risk of developing MB leprosy than 

seronegative contacts (adjusted 95% CI 2.15-16.5). Contrary to this 

significant predictive effect (p < 0.001), we found a non-significant 

effect for PB leprosy (p = 0.11). Contacts who seroconverted had a 16 

times higher risk of developing MB leprosy than seronegative contacts 
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(adjusted 95% CI 3.73-65.4)(data not shown). The association between 

seroconversion and PB incidence could not be determined as no new PB 

patients were found among the contacts that had seroconverted. 

 

Discussion 
 

 Our results show that the presence of anti-PGL-I antibodies is 

associated with the future development of MB leprosy—seropositive 

contacts at intake and especially those who had seroconverted at the 2-

year follow-up had an increased risk of developing MB leprosy. The 

chemoprophylactic intervention reduced the number of cases with 

leprosy disease at 2-year follow-up, but not the number of 

seroconversions during this period. 

 

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

centre, double blind, placebo controlled, cluster randomized trial with a 

large number of participants included in a short period of time. [11] 

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. Our results 

confirm previous observations of a positive association of anti-PGL-I 

antibodies with leprosy incidence. [8-10] In these studies it was 

suggested that chemoprophylaxis may be suitable for the high risk 

group “seropositive for anti-PGL-I IgM” to prevent the development of 

leprosy disease. 

 
 Our results indicate that anti-PGL-I IgM detection is not 

predictive for PB leprosy or leprosy per se. Presence of anti-PGL-I IgM 

has a strong association with MB leprosy, but since overall numbers are 

low, the serological test lacks predictive value. However, the results  
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Table 3. Association between serology at intake and leprosy incidence 
of contacts after 4 years of follow-up—stratified for classification. 

Variables        Category 
aHRa for  

leprosy per se 95% CI 
Sex Female 1    
 Male 1.8 1.28 - 2.60 
BCG Yes 1   
 No 2.0 1.34 - 2.92 
Intervention Rifampicin 1   
 Placebo 1.5 1.09 - 2.20 
Serologyb Negative 1   
 Positive 1.1 0.5 - 2.28 
Index patient PB 1   
 MB 1.4 0.98 - 2.03 

not close 1   Physical 
distance Close 2.1 1.42 - 3.03 

  
aHRa for  

MB leprosy 95% CI 
Sex Female 1   
 Male 5.4 1.80 - 16.3 
BCG Yes 1   
 No 3.2 1.08 - 9.74 
Intervention Rifampicin 1   
 Placebo 1.5 0.61 - 3.62 
Serologyb Negative 1   
 Positive 6.0 2.15 - 16.5 
Index patient PB 1   
 MB 3.7 1.55 - 9.06 

not close 1   Physical 
distance Close 7.6 3.09 - 18.6 

  
aHRa for  

PB leprosy 95% CI 
Sex Female 1   
 Male 1.5 1.06 - 2.30 
BCG Yes 1   
 No 1.8 1.20 - 2.78 
Intervention Rifampicin 1   
 Placebo 1.6 1.07 - 2.29 
Serologyb Negative 1   
 Positive 0.5 0.15 - 1.48 
Index patient PB 1   
 MB 1.2 0.77 - 1.75 

not close 1   Physical 
distance Close 1.5 0.99 - 2.40 

a aHR= adjusted hazard ratio; adjusted for variables: sex, BCG, 
intervention, serology, index patient and physical distance. 95% CI = 
95% confidence interval. b anti-PGL-I IgM serology results at intake, 
positive was an optical density greater than 0.199nm. 
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from this cohort did indicate that of all 19 MB patients, 8 (42%) were 

seropositive prior to diagnosis. Therefore, serology may contribute to a 

 preventive strategy in which MB disease is targeted specifically. A 

potential benefit of such a strategy could be the interruption of 

transmission: MB leprosy is considered as the most infectious form of 

the disease and MB patients can be expected to transmit bacteria before 

their clinical diagnosis and treatment. An intervention that prevents MB 

disease among seropositive contacts could have a disruptive effect on 

the transmission of M.leprae and subsequently reduce the risk for the 

community. Such MB-specific intervention, however, still needs to be 

designed and evaluated. Moreover, because a substantial number of 

new patients—including MB cases—come from the seronegative contacts 

and other low risk groups, [5] it remains uncertain whether the above 

approach would have sufficient impact to halt transmission. A way to 

enhance the predictive value of a tests for leprosy is to identify 

additional markers for the development of a prognostic test that can 

predict all forms of leprosy. [16,17] A combination of a serological assay 

with an assay based on cell-mediated immunity against M.leprae may 

allow detection of both PB and MB and possibly pre-clinical leprosy as 

well. [17] 

 

 The number of contacts that seroconverted in the first two years 

was nearly equal in both arms of the trial. The group that seroconverted 

consisted of two subgroups: (i) contacts that were already infected but 

still seronegative at intake; and (ii) contacts that were newly infected 

and became seropositive between intake and first follow-up. 

Chemoprophylaxis suppresses the development of clinical disease in the 

first two years after its provision but apparently not seroconversion. This 

suggests that rifampicin did not prevent new infections after it was 

provided and that it could not influence the course of infection in those 

already infected but seronegative at intake. 
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 In conclusion, anti-PGL-I antibody detection and particularly 

seroconversion can contribute to the early identification of high risk 

groups for MB leprosy, but anti-PGL-I antibody detection is not efficient 

as a stand-alone test for the prediction of leprosy. It may add to the 

predictive value of a prognostic test, but further research is needed to 

find additional markers for the detection of leprosy infection to enable a 

prognostic or diagnostic test for (especially pre-clinical and PB) leprosy. 
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