
Symposium on the IMMUNOLOGY OG LEPROSY, Oslo, Norway, 1 986 
Lepr Rev (1 986) 57, Suppl 2 ,  83-93 

Simplification and standardization of 
serodiagnostic tests for leprosy based 
on phenolic glycolipid-I (PG-I) antigen 

G AGUADO S ANCHEZ , A MALIK , C TOUGNE , PH LAMB ERT & 
HD ENGERS 
WHO Immunology Research and Training Center , Dept . Pathology , 
University of Geneva Medical S chool , Geneva,  Switzerland 

Introduction 

Epidemiological studies suggest that one of the main objectives in leprosy control would be 
prevention of the spread of baci l l i  from multibaci l lary and subcl inical subjects to contacts . 
Therefore rel iable immunodiagnostic tests for the early detection of M. /eprae-specific anti
bodies and/or antigens are urgently needed . Such tests should be specific ,  s imple , rapid, eco
nomical and relatively easy to carry out in endemic areas . 

One of the first M. leprae-specific antigens to be isolated and characterized was phenolic 
glycolipid-I (PG-I) , a major glycolipid present in the serologically active l ipid preparation 
derived from M. leprae (Fig . I ,  ref. 1 -3 ) . The principal antigenic determinant of PG-I was 
shown to consist of an unique trisaccharide moiety ( I ) . Soon after its discovery , PG-I was 
employed in the native form as a substrate in enzyme-l inked immunosorbent assays (ELISA) 
for the detection of PG-I-specific antibody responses in leprosy patients (4-6) . However , sin
ce the PG-I molecule i s  quite apolar, sonication (4) , detergent treatment (5) or deacylation 
(6) was required to solubil ize the antigen molecule prior to coating the ELISA plates . Sub
sequently , an elegant study by Young et al. (7) confirmed that the primary site for antibody 
binding was the non-reducing 3 ,6-di-O-Methyl-�-O-Glucopyranose terminus of the PG-I 
molecule .  Five out of 9 monoclonal antibodies (Mabs) produced against PG-I recognized 
specifically the distal sugar epitope , and removal of the single terminal sugar was sufficient 
to abrogate antibody binding to the PG-I molecule . These and other results suggested that the 
chemical synthesis of the disaccharide moiety could perhaps provide a specific tool for the 
serodiagnosis of leprosy . Indeed, such a synthetic antigen has been synthes ized independent
ly by two groups (8- 1 1 ) and the serologically active disaccharide conjugated to bovine serum 
albumin (D-BSA) as a protein carrier for use in ELISA . The availabi l ity of this pure , defined 
synthetic antigen in gram amounts should now permit detai led, standardized studies to be 
carried out in leprosy endemic areas throughout the world .  

The detection of PG-I antigen in the saliva , serum or urine of multibaci l lary patients has 
been reported recently , using a radio label led Mab as a probe ( 1 2 , 1 3 ) .  However , the method 
as described is not suitable for use in endemic areas . S ince the levels of circulating PG-I anti
gen have been reproted to drop below detection 8- 1 2  weeks following initiation of chemo
therapy ( 1 3) ,  an appropriate PG-I detection assay may allow one to monitor the success of 
multidrug therapy,  as well as to identify those patients undergoing a relapse ( 1 3 ,  1 4) .  
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In this report we present data from our laboratory related to : ( i )  the standardization of the 
microplate ELISA for the detection of anti-PG-I lgM antibodies using the D-BSA synthetic 
antigen ; (ii) the simplification of sample collection techniques : ( i i i )  the development and 
evaluation of a modification of the rapid , sensitive , visual «dot ELISA» ( 1 5 )  using the syn
thetic D-BSA antigen and nitrocel lulose fi lters as the solid phase ; and (iv) preliminary re
sults concerning the detection of PG-I antigen in the urine of leprosy patients using a rapid ,  
simple ,  non-isotopic «dot ELISA» detection technique . 
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Figure 1 .  Chemical structure of the M. leprae-specific phenolic glycolipid 1 .  

Material and methods 

ANTIGENS 
Purified PG-I and D-BSA synthetic antigen were kindly provided by Dr P. Brennan , Fort 
Coll ins , CO through NIAlD contract No I AI-52582 .  D-BSA antigen was also supplied by 
Dr R. Gigg , Mi l l  Hi l l , London , England , under a contract to the Immunology of Leprosy 
(IMMLEP) program, W . H .O . , Geneva . 

MICROPLATE ELISA 
This assay was carried out fol lowing the methodology described by Cho . et al . (9) . Briefly ,  
the synthetic antigen ,  D-BSA (50 [l.g/ml in carbonate-bicarbonate buffer pH 9 . 6) was used to 
coat round bottom ELISA plates (NUNC , Gibco AG, Basel , Switzerland) at a concentration 
of 0 . 2  [l.g/ml , overnight at 37°C . Plates were then washed with phosphate-buffered saline so
lution containing 1 % v/v tween 20 (PBST) and blocked with 1 50 [l.1 PBST containing I % bo
vine serum albumin , (BSA) (fraction (V) , SIGMA, Chemical , Co . ,  St. Louis , Mo . )  for 1 h 
at 37°C . A dilution of the serum to be tested ( 1  : 300 in PBST containing 1 0  % (v/v) normal 
goat serum , (NGS , GIBCO,  A . G . »  was added to the plates (50 [l.1) and incubated at 37°C for 
I h .  After washing , the plates were incubated for 1 h at 37°C with peroxidase-conjugated an
ti-human IgM reagent (CAPPEL, COOPER B iomedical Inc . Malvern PA) di luted 1 :  1 000 in 
PBST- I O  % NGS . The substrate used was O-phenylene diamine (OPD) in citrate-phosphate 
buffer (pH 5 .0) together with 0 . 0 1  % H202 and the resulting absorbances were read at 492 nm 
in an automated ELISA reader (TITERTEK Multiskan; Flow Laboratories , A . G . ) .  

DOT ELISA FOR ANTIBODY DETECTION 
A plexiglass incubation chamber which allows one to incubate 96 sera at once on a nitrocel
lulose membrane was used for the «dot ELISA» test . The nitrocellulose membrane (0 .45[l.m 
pore size , SCHLEICHER & SCHUELL) was cut to the dimensions of the chamber , rinsed 
with distil led water for 10 min and dried for 30 min at 37°C . Us ing a template , 50 ng of 
D-BSA antigen in 1 [l.1 Tris Buffered Saline (TB S ,  50mM Tri s ,  200mM NaCI , pH 7 .4) were 
applied to the nitrocel lu lose membrane with a Hamilton syringe . The membrane was dried at 
R .T .  for 30 min and blocked by incubation with TBS containing 3 % BSA at 37°C for 30 min . 
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The membrane was placed into the chamber and the serum dilutions ( 1 : 300) in TBS contain
ing 1 % BSA were added in duplicate (200 !!Vwel l )  and incubated for 30 min at 37°C . 
Three-fold di lutions of the positive control serum were done for each fi lter sheet tested . The 
nitrocel lulose paper was removed from the chamber, placed into a large petri dish , washed 
three times 5 min each in TBS pH 7 . 4  with 0 . 02 % tween 20 . Peroxidase-conjugated anti-hu
man IgM reagent ( l :  1 000) (CAPPEL) , diluted in TBS 1 % BSA,  was added and incubated for 
30 min at 37°C . The membrane was washed and the test was revealed by adding 
4-Chloro- l -Napthol , 3 mg/ml (MERCK) in anhydrous methanol diluted 1 : 6 in TBS ;  Hy
drogen peroxide (MERCK) was added to a final concentration of 0 .03 % .  This peroxidase
substrate solution was prepared fresh before each use . The reaction was carried out for 30 
min at 37°C (agitating each 10 min) after which the nitrocel lulose membrane was rinsed with 
distilled water , dried and stored in the dark . 

DOT ELISA FOR PG-I ANTIGEN DETECTION IN URINE 
The extraction of l ipids from urine samples was carried out essentially following the method 
of B ligh-Dyer ( 1 6) .  After evaporation of the chloroform , the lipid extract was dissolved in 2 
ml hexane and further concentrated to 20 !!I in hexane . The «dot ELISA» was performed ac
cording the method described by Kumar et al . ( 1 7 ) , but using a polysulfone fi lter membrane 
as the solid support ( 1 3 )  as described by Young et al . Briefly , polysulfone strips were soaked 
in distilled water and dried . One microl iter of the extracted urine lipids (in hexane) was spott
ed on the membrane using a template . Then the non-specific sites were blocked by incuba
tion of the filter paper strip in TBS-3 % BSA for 1 h at 37°C . The fi lter papers were washed 3 
x 5 min in TBS and then incubated for I h at 37°C in a 1 :  1 00 dilution of a standard LL pa
tient' s  serum diluted in TBS- l % BSA.  This serum had been selected for use based on its high 
content of anti-PG-I antibodies . 

The filter paper strips were again washed 3 x 5 min in TBS and incubated l h 37°C with 
the same goat anti-human IgM-horseradish peroxidase conjugate (Cappel)  as used for the 
microplate ELISA ( l :  1 000 di lution) . After washing , the presence of PG-I antigen was 
revealed by incubation for 1 5  min in the substrate solution consisting of 4 chloro- l -napthol 
(3 mg/ml in methanol )  di luted 6 fold in TBS plus 0 .03 % H202 • Final ly ,  the filters were wash
ed in TBS ,  dried and stored in the dark . 

CLINICAL SAMPLES 
Serum and urine samples were collected from healthy normal individuals (Switzerland and 
India) , culture positive tuberculosis patients (Switzerland , Spain and Algeria) and leprosy 
patients (Switzerland , China , India ,  Ethiopia and Brazi l )  and stored frozen until tested . The 
samples of body fluids from leprosy patients originated from treated and untreated patients , 
unless otherwise noted . 

Results 

COMPARISON OF TWO INDEPENDENT SOURCES 
OF D-BSA SYNTHETIC ANTIGEN FOR ELISA 
When D-BSA synthetic antigens synthes ized in 2 independent laboratories (Dr J . P .  Brennan 
and Dr R. Gigg) were tested as substrates in microplate ELISA for the detection of human 
anti-PG-I IgM antibodies , virtually identical results were obtained (Tables I and 2) . With re
gards to the source of serum samples ,  the results were essentially as expected , control and 
culture positive tuberculosis sera were negative and sera from multibaci l lary leprosy patients 
generally positive unless they had undergone treatment for more than 2-3 years . 
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Table 1 .  Comparison of two independent sources of D-BSA synthetic antigen as ELlSA 
substrate for the detection of anti-PG-1  antibodies 

Serum Diln BSA 
D-BSA D-BSA 
Brennan Gigg 

LL patients (India)* 
1 1 : 300 0 .02 0 .05 0 . 1 1  
3 0 .0  0 .0  0 .04 
4 0 .06 0 . 1 9  0 . 20 
5 0 . 0 1  0 .05 0 .04 
6 0 .09 0 . 70 0 .72  
7 0 . 23 0 . 32 0 .4 1 
8 0 . 20 1 . 3 8  1 . 45 
9 0 . 5 1 0 . 99 0 . 87 

1 0  0 .07 0 . 8 1 0 . 99 

Untreated LL patients (China) * *  
1 1 : 300 0 . 0 1  0 . 59  0 .46 
2 0 .00 0 . 55  0 . 50 
3 0 .06 >2 >2 
4 0 .02 >2 >2 
5 0 . 1 4  >2 >2 
6 0 .00 >2 >2 
7 0 .00 0 . 90 0 . 82 
8 0 .02 >2 1 . 74 
9 0 .03 >2 >2 

10  0 .0 1  0 .49 0 . 36 

Controls (China) 
1 1 : 300 0 .00 0 .04 0 .02 
2 0 . 0 1  0 . 0 1  0 . 0 1  
3 0 .0 1 0 .04 0 .04 
4 0 . 0 1  0 .45 0 . 4 1  
5 0 .0 1 0 .02 0 .02 
6 0 . 0 1  0 . 0 1  0 .00 
7 0 .02 0 . 0 1  0 .0 1 

* Kindly provided by Dr U .  Sengupta, lalma Leprosy Institute , Agra , India. 
** Kindly provided by Dr Li Huan-Ying , Beij ing Tropical Medicine Research Institute , 

China. 

REFERENCE SERUM FOR THE DETECTION OF IGM 
ANTIBODIES AGAINST PG-I USING D-BSA SYNTHETIC ANTIGEN 
In the near future , in an attempt to standardize the D-BSA ELISA technique , the IMMLEP 
component of the UNDP/World BanklW . H . O .  Program on Tropical Disease Research wil l  
make available to interested investigators , freeze-dried samples of a D-BSA reference anti
gen , as well as positive and negative serum controls .  The results obtained with these refer-
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Table 2. Comparison of two independent sources of D-BSA synthetic antigen as ELISA 
substrate for the detection of anti-PG-I  antibodies. 

Serum sample Diln BSA 
B-BSA D-BSA 
Brennan Gigg 

PG-J standard l : l OO 0 . 1 8  0 . 22* 1 . 74 1 . 8 1 . 63 1 . 8 
(India LL) 1 : 300 0 . 08 0 . 09 1 . 3 1  l AO 1 . 20 1 . 5 1  

1 :900 0 . 02 0 . 03 0 . 65 0 . 55  0 . 59  0 . 6 1  
1 : 2700 0 .0 1 0 . 0  0 . 23 0 . 1 9  0 . 2 1  0 . 22 

Normal healthy 1 : 1 00 0 .0  0 . 0 1  0 . 02 0 .0  0 .0 1  0 . 0  
Control 1 : 300 0 . 0  0 . 0  0 . 0 1  0 . 0  0 .0  0 .02 

1 : 900 0 . 0  0 . 0  0 .0  0 .0  0 .0  0 .0 1 
1 : 2700 0 . 0  0 . 0  0 . 0  0 .0  0 .0  0 .0  

TB patients (Spain )**  
I 1 : 300 0 .0  0 .03 0 .02 
2 0 . 0  0 .02 0 .02 
3 0 . 0  0 .03 0 .03 
4 0 . 0  0 . 0 1  0 . 0  
5 0 . 0  0 .02 0 .02 
6 0 . 0  0 .02 0 .02 
7 0 . 0 1  0 . 0 1  0 . 0 1  
8 0 . 0  0 .02 0 .02 
9 0 . 0 1 0 . 02 0 .0 1 

* The results for 2 separate experiments are given . 
* *  Kindly provided by Dr R .  Aguero , Santander, Spain . 

ence preparations are given in figure 2 .  As observed above , (Tables I and 2) the results ob
tained with the proposed IMMLEP reference D-BSA and that provided by Dr P. Brennan 
were identical . In this way , each laboratory wishing to set up the D-BSA assay may use the 
D-BSA as substrate and the reference sera to establish and cal ibrate their own local positive 
and negative reference sera . 

SIMPLIFICATION AND STANDARDIZATION 
OF SERUM SAMPLE COLLECTION TECHNIQUES 
The rapid, s imple , socially acceptable collection of serum samples from individuals l iving in 
endemic areas often poses a problem for the clinical investigator. In addition , the storage and 
transportation of serum samples are not always easy in the fie ld .  For this reason , we have 
carried out preliminary experiments to compare frozen serum samples obtained by venupunc
ture versus whole blood finger prick samples dried on filter papers as a source of material for 
testing by the D-BSA ELISA.  The test results , conducted blind with 60 coded , paired serum 
and whole blood fil ter paper samples are given in figure 3 and table 3 .  When the results ob
tained testing frozen serum samples versus whole blood eluted from a «confetti» disc in 0 . 5  
m l  PBST are plotted relative t o  each other (figure 3 ) ,  a direct correlation was observed , with 
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a s l ight skewing in favor of the fi lter paper eluates . This became more evident when the re
sults were expressed a function of the number of individuals positive in ELISA relative to the 
sample source (Table 3 ) .  It would appear that the results using dried whole blood samples 
eluted from filter paper discs in fact provided higher predictive values for leprosy patients 
than did the results obtained using frozen serum samples . Further studies are required to 
confirm these promising observations .  
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Figure 2 .  Proposed reference serum and D-BSA synthetic antigen for the detection of I gM 
antibodies against phenolic glycolipid-I (e-e) ,  the D-BSA IMMLEP reference prepared by 
Dr R .  Cigg ; (0-0) ,  D-BSA prepared by Dr P.  Brennan ; ( � - � ) ,  normal human serum tes
ted on either of the D-BSA antigens. The reference serum consists of a strongly positive LL 
serum (provided by Dr R. Kaldany, AHRIIALERT, Addis Ababa , Ethiopia) , diluted I :  15 in 
the normal human reference serum. 

Table 3. Comparison of D-BSA microplate ELISA results using frozen serum samples versus 
dried, whole blood samples eluted from filter papers .  

Sample 
source* 

Normal controls 
Multibaci l lary (LL + BL) 
Paucibaci l lary (BT + TT) 
Contacts 

Number of individuals + ve in  ELISA 
Serum 

( 1 : 300) 

II 1 5  
1 1 1 1 9  
5/ l 8  
21 6 

Fi Iter paper 
(� 1 : 50) 

1 / 1 5  
1 6/ 1 9  
1 0/ 1 8  
41 6 

* Paired serum and dried whole blood fi lter paper samples were provided by Dr M .  Chris
tian , Schieffel in Leprosy Treatment Center , South India .  
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Figure 3. The comparison of frozen serum versus dried whole blood eluted from filter discs 
for the detection of antibodies against PG- J  using D-BSA synthetic antigen as ELISA sub
strate. 

COMPARISON OF «DOT ELISA» 
VERSUS MICROPLATE ELISA USING THE D-BSA SYNTHETIC ANTIGEN 
The use of D-BSA as a substrate and nitrocel lulose filters as a solid support avoids many of 
the problems related to the apolarity of the native PG-I molecule (e . g .  hexane as solvent , po
Iysulfone fi lter paper supports , etc) . The use of an incubation chamber allows one to test 96 
samples at once , a considerable saving of time and effort over previously described «dips
tick» methods ( 1 5) .  In addition , the D-BSA is spotted in 1 f,ll in the center of the sample wel l ,  
enabling one t o  distinguish between a true positive (@)  and a false positive due t o  non-spe
cific sticking ( e ) .  Of course , a false positive may mask a true positive reaction , and then ti
tration studies are required . 

In order to evaluate the « dot ELISA» technique , 239 sera were assayed blind at a di lution 
of 1 : 300 both by «dot ELISA» and the conventional microplate ELISA.  The study included 
1 04 normal sera , 60 culture positive tuberculosis sera and 69 leprosy sera (Table 4). It i s  evi
dent from the results that the two forms of ELISA gave virtually identical results , both in 
terms of % positivity (Table 4) and in terms of sensitivity and specificity (Table 5 ) .  

The reproducibil ity o f  the dot ELISA was quite acceptable . A titration o f  four multiba
ci l lary sera was carried out on seven different occasions ,  giving an average coefficient of va
riation of 7 . 7  and therefore a reproducibi l ity of 92 . 3  % .  None of the three normal sera ex
amined gave a positive result when tested a total of seven times . 

DETECTION OF PG-I ANTIGEN IN URINE SAMPLES USING «DOT ELISA» 
S ince antigen detection represents the ultimate measure of parasitic infection , the develop
ment of rapid , s imple diagnostic tests for the measurement of M. leprae-specific antigen(s) 
would be a major achievement . The recently reported assay for the detection of PG-I in body 
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fluids ( 1 3) requires the use of chromatography and autoradiographic techniques , methods 
which are not appropriate for most endemic areas . We have attempted to modify this assay , 
and the preliminary results obtained using a rapid, s imple ,  non- isotopic «dot ELISA» meth
od for the detection of PG-I antigen in the urine of multibaci l lary leprosy patients are given in 
figure 4. In figure 4a, the l ipid fraction extracted from a normal urine sample (India) was 
negative , whereas the urine from an untreated multibaci l lary patient (Spain) diagnosed in 
Geneva contained PG-I antigen .  A second experiment (figure 4b) confirmed these results i . e .  
normal urine (India) o r  urine from a culture positive TB  patient (Vietnam) was negative , 
whereas the urine samples from multibaci l lary patients from 4 different countries were posi
tive . Again ,  these prel iminary results need to be confirmed and extended to pilot field studies 
in endemic areas . 

Table 4 .  Comparison of «dot ELISA» versus microplate ELISA for the detection of antibodies 
against phenolic glycolipid 1 using D-BSA synthetic antigen. 

Serum No. of Dot ELISA Microplate ELISA 
classification cases Positive ( % )  Positive ( % )  

Multibaci l lary 43 3 1  (72) 32 (74) 
Paucibaci l lary 26 1 0  (38) 1 0  (38)  
Tuberculosis 60 5 ( 8) 7 ( 1 2) 
Normal 1 04 9 ( 9) 7 ( 8) 
Contacts 6 2 (33) 2 (33)  

Table 5 .  Sensitivity and specificity of dot ELISA versus microplate ELISA . 

Sensitivity 
multi baci l lary sera 
paucibaci l lary sera 

Specificity 
normal sera 

Discussion 

Dot ELISA ( % )  

72  
38 

9 1  

Microplate ELISA ( % )  

74 
38 

9 2  

The results presented above i l lustrate various attempts to  simplify and standardize existing 
techniques for the detection of M. leprae- specific antibodies and antigens . The avai labil ity of 
reference samples of D-BSA synthetic antigen and positive and negative control sera should 
contribute considerably to the standardization of assays and interpretation of results from va
rious laboratories , since the ELISA assay itself is extremely reproducible . The potential use 
of finger prick blood sample collection for the PG-I antibody assay appears promising . Ho
pefully , the sensitivity of the PG-I antigen detection assay can be improved (perhaps using 
PG-I specific Mabs) , so that the same fi lter paper sample could be tested for both antibody 
and antigen activity . The results presented for the simple , rapid , specific detection of PG-I 
antigen in the urine of multibaci l lary patients is also encouraging . The next step wil l  be to 
eliminate the lipid extraction step; e . g .  by passing the urine over a fi lter paper already spotted 
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Figure 4 .  Detection of PG-I antigens in urine samples from leprosy patients using a simple, 
rapid «dot ELISA» technique. The PG-I spots in I ,  2 and 3 represent /00 ng, 33 ng and 
10 ng of authentic PG-I. In figure A, NOR and L-6 represent lipids extracted from normal 
urine (India) and urine from an untreated multibacillary patient (Spain) respectively. Infigu
re B, TB refers to a urine sample from a culture positive tuberculosis patient (Vietnam) ; L-2 
and L-3 are 2 BL cases under treatmentfor I year (Egypt and Cambodia) . IX. represents an 
untreated LL patient (Brazil) . In all cases, I !-ll of lipid extract in hexane was spotted, cor
responding to 0 .4  ml of native urine, the lower level of detection in this assay. 

with anti-PG-I antibodies . And finally ,  the «dot ELISA» assay for anti-PG-I antibody detec
tion using the D-BSA substrate and nitrocel lulose membranes as a solid phase represents a 
rapid , s imple ,  direct visual means of identifying antibody positive individuals in endemic 
areas . The suitabi lity of these tests for routine use in endemic regions will have to be con
firmed by pilot field studies . 

As a direct result of the production of M. leprae specific Mabs ( 1 8) ,  several laboratories 
have reported the identification and characterization of M. leprae-specific antigens ( 1 9 , 20) , 
in addition to the PG-I described in this paper. It is to be hoped that eventually a battery of 
antigens and antibodies wi l l  become available which wi l l  allow the identification of all le
prosy patients , not only those at the multibaci l lary end of the spectrum.  The recent report by 
Klatser et al . (20) concerning the use of a 36 kd M. leprae antigen for the serodiagnosis of le
prosy certainly appears promising . The use of defined synthetic peptide epitopes for assess
ing the cellu lar immune status of leprosy patients (2 1 ,  22) also should provide a new ap
proach to the problems of diagnosis and monitoring the immune status of the participants of 
future vaccination trials . In this context , a defined synthetic skin test antigen preparation 
should soon be avail able . 

In spite of the recent technological advances which have led to the production of M. le
prae-specific Mabs , together with defined synthetic and recombinant antigens ,  the appl ica
tion of these tool s  to the improved control of leprosy remains to be defined . The detection of 
early leprosy when cl inical signs are equivocal , the detection of early relapse and the moni
toring of patients for progress under chemotherapy relate to selected groups , and therefore 
the use of a s imple , rel iable test could be cost efficient . However , it must be emphasized that 
while sero-diagnostic tests should be of great value in understanding better the epidemiology 
of leprosy , a direct application of such tests in leprosy control operations is  not l ikely to be 
highly beneficial or logistically feasible . 
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