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NOTE

The views expressed in this report are those of the members of the
Working Group on Rapid Diagnostic Test for Leprosy and do not necessarily
reflect the policies of the World Health Organization.

This report has been prepared by the Regional Office for the Western
Pacific of the World Health Organization for the governments of Member
States in the Region and for the members of the Working Group on Rapid
Diagnostic Test for Leprosy, which was held in Manila, Philippines, from
7-8 July 1987.
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1.

INTRODUCTION

A second WHO-sponsored Working Group on the Development of Rapid
Diagnostic Methods for Mycobacterial leprae was convened in Manila on
9-11 June 1986. The Group reviewed the progress in the development of
ELISA for the detection of anti-glycolipid antibody and its application to
the monitoring of multidrug therapy and epidemiological surveillance of
subclinical leprosy. It was recommended that synthesis of the
trisaccharide-based antigens and their application should proceed; that
simplified and sensitive methods for the measurement of glycolipid as an
indicator of bacterial load be developed; and that emphasis be placed on
simple and sensitive agglutination assays for measurement of antibody. It
was also recommended that the question of the dominant anti-glycolipid
antibody class in leprosy sera and the relative effectiveness of the
different semi-synthetic antigens in serodiagnosis be addressed.
A third working group was convened in the WHO Regional Office in
Manila on 7-8 July 1987 to review progress in these areas, especially
progress in the synthesis of the trisaccharide-containing antigens and in
the development of simple and sensitive agglutination tests.
2.

SUMMARY AND COMMENTS OF DISCUSSIONS

The objectives of the Working Group were:
(1) discussion of progress in the development of diagnostic methods,
especially of a simple gelatin particle agglutination assay;
(2) consideration of a regional protocol for the implementation of
gelatin agglutination for the rapid diagnosis of leprosy;
(3) comparison of IgM versus IgG reactivity in leprosy sera using the
available synthetic antigens.
The meeting was opened by Dr S.T. Han on behalf of Dr H. Nakajima,
Regional Director. Dr Han traced the developments over the two earlier
meetings in Tokyo on 18-21 June 1985 and in Manila on 9-11 June 1987, and
described the implications for rapid diagnosis of leprosy within the
Region. Dr P.J. Brennan and Dr Y. Yuasa were designated as Chairman and
Vice-Chairman, respectively, and Dr J.T. Douglas and Dr Sang-Nae Cho as
Rapporteurs. Dr Brennan proposed that the discussions be divided into four
separate areas:
(a) general considerations pertaining to seroepidemiology of leprosy,
focusing on rapid diagnosis based on the phenolic glycolipid;
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(b) discussion of the new gelatin agglutinati6n assay with a V1ew to
formulating a finalized regional protocol;
(c) discussions on the studies comparing IgG and IgM and different
synthetic antigens in the ELISA test for leprosy; and
(d) prospects for antigen detection in the diagnosis of leprosy.

2.1

General considerations

Dr NOORDEEN discussed progress in the development of serodiagnostic
tests for leprosy and their implications at a global level. He placed
particular emphasis on the advantages and disadvantages of assays based on
phenolic glycolipid and on monoclonal antibodies directed against the 3SKD
and the 6SKD proteins of ~. leprae. He also reviewed the advantages of
antigen measurement in leprosy diagnosis as a means of assessing viability
of the bacillus. He also discussed the future prospects of existing assays
and the need for new avenues of research, in diagnosing lepromatous
leprosy.
Dr Noordeen also outlined the requirements of an ideal immunological
test, stressing the critical need for specificity over sensitivity in view
of the low incidence of leprosy in most populations. A test with the
ability to detect early asymptomatic leprosy and to monitor the rate of
killing of~. leprae or bacterial load would be very desirable.
Dr BRENNAN reviewed for the Working Group the evolution of
serodiagnostics based on the phenolic glycolipid up to the present time.
In particular, he described early synthesis of the neoglycoproteins, their
high order of sensitivity and specificity at the lepromatous end of the
disease spectrum, and their relative inefficiency in diagnosis tuberculosis
leprosy. He described the synthesis and comparative testing of the natural
trisaccharide-octyl-BSA (NT-O-BSA) and natural trisaccharidephenylpropionate (NT-P-BSA) and their greater sensitivity and specificity
as compared with the native glycolipid or the earlier disaccharidecontaining neoglycoconjugates. Dr Brennan cautioned realism in the
application of the glycolipid-based assays and urged further research in
the direction of antigens more applicable to paucibacillary leprosy. In
this context, he described the use of lipoarabinomanannan (LAM), a dominant
highly immunogenic antigen of M. leprae, responsible for a copious IgG
response in leprosy patients. -The distinct disadvantage of LAM was that it
was highly cross-reactive among mycobacterial species and accordingly,
persons with exposure to other mycobacteria (M. tuberculosis; environmental
atypical mycobacteria) showed high titre antibodies. On the other hand,
tuberculoid leprosy patients also showed high antibodies to LAM. He
suggested that the importance of LAM might lie in the immunopathogenesis of
leprosy; perhaps it was implicated in antigen-antibody complex formation 1n
tissue or interfered with antigen presentation by macrophages or enabled
uptake of viable~. leprae by macrophages. As an example of the new
diagnostics required to meet all requirements of sensitivity, specificity
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and applicability to both pauci and multibacillary leprosy, Dr BRENNAN
cited, as an example, new research on the protein antigens within the cell
walls of M. leprae. These antigens appeared to be of large molecular
weight, were highly immunogenic and might offer some promise for the
diagnosis of both lepromatous and tuberculoid leprosy.
Dr FUJIWARA summarized his completed work on the total synthesis of
the trisaccharide segment of phenolic glycolipid, which carried a
hydroxyphenyl propionyl linker arm. From 100 grams of the starting
compound, 3-0-methylglucose, 199 of a disaccharide acetate had been
synthesized. This in turn yielded 2.5g of the trisaccharide
phenylpropionate. This product was then coupled to BSA to yield about 2g
of the natural trisaccharide-phenylpropionyl-BSA (NT-P-BSA). This was the
prototype antigen for the new gelatin particle agglutination assay.
2.2

Discussion of the gelatin particle agglutination assay

Mr IKEDA described the development of the gelatin particle
agglutination test, using both the chemically synthesized disaccharide and
trisaccharide neoglycoconjugates. The gelatin particles used in the assay
were spherical, about 3 um in diameter and composed of gelatin and gum
arabic. These particles were coated with the disaccharide or tisaccharide
glycoconjugates and, when added to diluted leprosy serum specimens in a
microtitre plate, resulted in specific particle agglutination, which could
then be read with the naked eye. Mr IKEDA described in detail the
mechanism of coating of the gelatin particles. Briefly, a solution of the
neoglycoconjugates was mixed with gelatin particles previously activated
with tannic acid, incubated and lyophylized. A 1% suspension of the
activated particles was then incorporated into a compact kit ready for
field applications. Mr IKEDA also stressed the importance of IgM in the
agglutination test.
Dr IZUMI in conjunction with Mr IKEDA and Dr FUJIWARA described
preliminary results in the application of the gelatin-particle
agglutination assay to the serodiagnosis of leprosy. Gelatin particles
were sensitized with either of NT-P-BSA or natural disccharide-allyl-BSA
(ND-A-BSA; synthesized by R. Gigg), or ND-O-BSA, and these three were
evaluated against 926 sera from various sources. It was found that
ND-O-BSA showed the lowest reactivity in particle agglutination, whereas
the ND-A-BSA had high reactivity by low specificity. The trisaccharide
containing-neoglycoconjugate (NT-P-BSA) showed the most satisfactory
results in terms of sensitivity and specificity and was highly sensitive to
IgM antibody and much less so to IgG antibody. Accordingly, NT-P-BSA
coated gelatin particles were adopted for more extensive studies.
Several of the workshop participants had participated in comparative
analysis of the particle agglutination test and reported their results.
Dr DOUGLAS was provided with two types of kits, one based on NT-P-BSA and
the other containing particles coated with ND-A-BSA. From a comparison of
the results acquired with sera from three population groups consisting of
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108 tuberculosis patients, 96 individuals free of leprosy or tuberculosis,
and 27 newly diagnosed lepromatous leprosy patients, Dr DOUGLAS
established that the sensitivity rate with the NT-P-BSAcontaining particles was 93% compared with 82% with the ND-A-BSA product.
The corresponding specificities were 89% and 82%, respectively. This and
other analyses indicated that the NT-P-BSA based kit was superior to the
ND-A-BSA based kit and was equal to or slightly more sensitive than ELISA
and was about 10% less specific than ELISA.
Dr LI FUTIAN, by comparing the NT-P-BSA based particle gelatin
agglutination assay with ELISA, using NT-O-BSA, reported a correlation
coefficient (in spearman ranking test) of Rs = 0.888. Only one serum
showed distinct discordance. In addition the particle gelatin
agglutination assay was compared with a latex agglutination assay recently
developed by Mr Lu Shengkai, using the same set of sera. The concordant
rate for the two tests was 89.5%. Only eleven sera showed discordant
results; ten out of these eleven sera gave positive reaction to sensitized
gelatin particles but were negative to the sensitized latex particles and
all of these 11 sera showed very low reactivity in the ELISA test. It was
concluded that the gelatin particle assay offered higher sensitivity than
the latex assay and that it was easier to distinguish a marginal positive
reaction from a negative reaction.
Dr CHO from his brief comparative study which involved conventional
ELISA and the gelatin particle agglutination test, concluded that the
particle agglutination assay was comparable to ELISA in both sensitivity
and specificity.
From an analysis of the presented scientific data the Working Group
concluded that the gelatin particle agglutination assay represented a
semi-quantitative, facile assay for the serodiagnosis of leprosy. It
reflected the earlier ELISA assay in terms of sensitivity with perhaps a
lower specificity but with the clear advantage of ease of operation and
thus suitability for large-scale applications in leprosy endemic regions.
Like the conventional ELISA assay the gelatin particle agglutination test
showed considerably more sensitivity for anti-glycolipid IgM antibody. It
seemed clear from most of the comparative studies that the trisaccharidecontaining glycoconjugates were superior to those containing the natural
disaccharide, although the natural trisaccharide-octyl-BSA(NT-D-BSA)
conjugate should be tested to further confirm this finding. It was also
agreed that in the initial stages of implementation of the particle
agglutination test, sera should also be tested by conventional ELISA.
Accordingly, the need for ELISA back-up was stressed; this was not a
problem since ELISA facilities were already available in several regional
laboratories.
Some minor concern was expressed on the issue of subjectivity/operator
variability in reading the agglutination plates, however, this was not
regarded as a serious issue. Concern over other minor technical matters
was also raised, for instance, quality control of sensitized particles;
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means of standardization of serum dilutions; and problems in reusing
plates. It was felt that these minor technical matters could be resolved
by the continuation of comparative testing the workshop participants.
In addition, there were, several other overriding considerations in
favor of the immediate implementation of the particle agglutination assay.
At present the bacteriological index (BI) was the primary laboratory tool
by which to judge the effectiveness of chemotherapy. However, BI
examination in the field was far from satisfactory due to many technical
difficulties, even in the hands of leprosy specialists. Nowadays, multiple
drug therapy was often handled by general health services personnel, who
could usually draw blood from patients without much difficulty but were not
expected to take skin smears from BI. Therefore, even if the particle
gelatin agglutination test was no more sensitive than BI, it would be of
great help to leprosy control in general, especially if the test could
eventually replace bacteriological indexing.
A comparative study of BI vs the agglutination should be undertaken in
an area where the multiple drug therapy programme was being implemented and
where reliable BI readings were currently being performed, such as in
Cebu. Also, in the South Pacific, many island countries had only a few
hundred cases, or even less, of leprosy, and multiple drug therapy
programmes being currently implemented would be completed within the next
three or four years. In such situations, it appeared justifiable to
conduct a seroepidemiological survey and, for those who were seropositive,
prophylactic treatment might be given or such individuals might be placed
under careful observation and treatment started as soon as clinical
signs/symptoms appeared.
This type of screening could be done with known contacts, either
household or geographical. To attempt to collect blood samples for the
agglutination assay alone from large populations was both time-consuming
and expensive; however, if an opportunity arose to collect blood from a
large population, say, for hepatitis, AIDS or for some other reasons, the
screening should be attempted and followed-up and should be conducted on at
least those who were positive every six months or so, to see whether
changes in the agglutination status resulted.
How long to keep on with
such observations and when and how to intervene, must be decided before
undertaking such studies. If the special follow up of agglutination
positive cases was particularly difficult, such activity should be
integrated into general medical services so that whenever such a person
visited clinics or hospitals for any reason, a blood sample could be
obtained for the agglutination assay.
2.3 Comparison of IgG and IgM and different synthetic antigens in ELISA
test for leprosy
One recommendation from the June 1986 Working Group meeting was the
exchange of coded sera and comparative testing for IgM and IgG content in
ELISA using the various semi-synthetic antigens. Dr Izumi, Dr Cho,
Dr Douglas and Dr Li Futian (working from Dr Brennan's laboratory) reported
on the results of their comparative testing.
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The following findings were apparent. In terms of the two
neoglycoproteins, NT-O-BSA and NT-P-BSA, representing the trisaccharide
portion of the glycolipid antigen, no discernable differences in
serological reactivity could be found; the addition of the phenyl group
provided by the phenylpropionyl linker arm of NT-P-BSA did not increase
serological function of the NT-P-BSA antigen over NT-O-BSA. The anti-human
IgM ELISA conjugates were found to be more useful than anti-human IgG
conjugates in detecting antibody in leprosy patients. This finding
reaffirmed the major role of the IgM response to the glycolipid molecule
during ~ leprae infection. Some increase in IgG reactivity with these
antigens was noted in sera from a few leprosy patients, most of whom had
been treated for several years. In most cases, the IgG reactivity, when
present, coexisted with elevated IgM reactivity. As a result of these
findings, the participants from the four cooperating laboratories agreed
that the anti-human IgM conjugate should be used as the standard screening
reagent in ELISA. The IgG conjugate might prove useful in further studies,
but should not be relied upon for initial screening. Likewise, anti-human
IgGAM conjugates should not be utilized in place of anti-human IgM
conjugates, since the anti-IgM fraction of these multi-class conjugates was
known to vary.
With respect to the disaccharide and trisaccharide antigens, it was
found that there were no major differences between the reactivities of the
three neoglycoprotein antigens ND-O-BSA, NT-O-BSA and NT-P-BSA when used
with the IgM conjugates. In other studies conducted by Dr Howard Engers,
IMMLEP Programme, WHO/Geneva, excellent correlation was found between
ND-allyl-BSA (ND-A-BSA) and ND-O-BSA. Some batches of ND-P-BSA were found
to be less reactive than later batches; however, ND-P-BSA was now being
replaced by NT-P-BSA. The participants from the cooperating
laboratories identified the following four synthetic neoglycoproteins for
continuing use, ND-O-BSA, ND-A-BSA, NT-O-BSA and NT-P-BSA, and recognized
the need for maintaining more than one source of production of these useful
semi-synthetic antigens.
2.4

Antigen detection and the serodiagnosis of leprosy

A major recommendation from the June 1986 Working Group was the
continuing exploitation of antigen assay (as distinct from antibody assay)
as a means for the rapid diagnosis of leprosy. However, no major
breakthrough was reported. Dr Cho had been able to apply his glycolipid
detection system to small biopsy specimens, including skin split smears,
and had been successful in observing glycolipid in borderline tuberculoid
leprosy. Such assays were now in used in Cebu and the Republic of Korea.
Dr BRENNAN emphasized the need for the application of the available
specific monoclonal antibodies to antigen detection and the need for
systems for assay of LAM in tissue specimens. All participants stressed
the usefulness of glycolipid detection and the need for more work on
increasing the sensitivity of current assays.
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3.

SUMMARY OF RECOMMENDATIONS

The Working Group strongly endorsed the previous recommendation of the
meetings held in Tokyo in 1985 and Manila in 1986, and further recommended
the following;
(1) The gelatin particle agglutination test developed in Japan was
very promising. Further study and field trial of this test should be
encouraged.
(2) In the ELISA assay, the anti-human IgM conjugate should be used as
the standard reagent. There were no discernab1e differences found
between the reactivities of the neog1ycoprotein antigens.
(3) Coordinated research should be continued in further developing
sensitive assays for antigen detection. Emphasis should be placed on
the simplicity, and extension of the reactivity to paucibacil1ary
leprosy.
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ANNEX 1

OPENING REMARKS OF THE REGIONAL DIRECTOR FOR THE
WORKING GROUP MEETING ON RAPID DIAGNOSTIC TEST FOR LEPROSY
MANILA, 7-8 JULY 1987

Distinguished Members, Ladies and Gentlemen:
I have pleasure in welcoming you to this meeting of the Working Group
for the Rapid Diagnostic Test for Leprosy.
Recent developments in leprosy research including the identification
of saccharide antigen specific to ~ leprae and success in the synthesis of
the antigen have opened the way to the development of the rapid diagnostic
methods for ~ leprae infection. I am happy to say that the WHO Regional
Office for the Western Pacific has taken a strong initiative in the
development of sensitive and specific methods for ~ leprae infection.
The working groups on the development of rapid diagnostic methods for
leprae infection were organized in 1985 and 1986, and a regional
standardized protocol for the ELISA test has been formulated. In addition,
reference laboratories have been designated in Japan, the United States of
America, the Philippines, and the Republic of Korea, and these have
contributed to the improvement of the methods through exchange of
information and experience.

~

I believe that the development of sensitive and specific diagnostic
methods for M. leprae infection is crucial in interrupting the disease
process at the earliest possible time. The efficacy of multiple drug
treatment could also be monitored by the above diagnostic method.
I am very happy to learn that a simple diagnostic test using the
agglutination method has recently been developed in Japan, and I expect
this kind of simple test will be made appropriate to the field of
application.
This is therefore, particularly opportune time to hold this meeting of
the working group which in the course of the next two days will be studying
the theoretical and practical aspects of these developments.
Allow me in conclusion to extend to you all my best wishes for the
successful outcome of this meeting and for your stay in Manila. Needless
to say, I await your findings and recommendations with great interest.
Thank you.
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