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1.11 Leprosy, agent and infection 

MycobacteriumMycobacterium leprae is an acid-fast, slow growing, obligate intracellular bacillus that 
preferablyy invades the nerve Schwann cells and macrophages. The rate at which leprosy 
spreadss in a community depends on the proportion of susceptible individuals in the 
population,, the opportunity for contact with an infected person and the force of infection 
inn the community. The outcome of infection is based on the capacity of the host to mount 
ann effective immune response. In the great majority of infected persons the cellular 
immunee response is efficient and clinical symptoms never appear (subclinical infection). 
Leprosyy has a long incubation period and it generally takes two to five years for the 
diseasee to appear. 

Vann Beers et al. 90 showed in an elegant and clear way that leprosy is clustered and that it 
spreadss in concentric circles around a patient similar to the "stone in the pond" model as 
describedd for tuberculosis. Therefore, definition of "contacts" is crucial to understand the 
transmissionn of leprosy. Fine 34 has also shown that large proportion of new leprosy 
patientss arises among individuals with temporary or indirect contact with known cases. 
Householdd contacts of leprosy patients have a risk of developing leprosy around 30 times 
higherr than non-contacts. I7, 5 In addition, other factors like socioeconomic status, 
sanitaryy conditions and genetic background also play a role in infection and development 
off  disease. 

1.22 Incidence and prevalence 

Thee latest available information on leprosy by the World Health Organization (WHO) 
indicatess that around 800,000 new cases were detected in 1998. l0° The number of new 
casess detected (rate per 100,000 as per 1998) per WHO region is as follows: South-East 
Asiaa 689,069 (46.5), Africa 53,096 (8.3), Americas 47,218 (5.8), Eastern Mediterranean 
5,9233 (1.2), Western Pacific 11,446 (0.7) and Europe 92 (-). This clearly shows that the 
majorityy of the new cases are concentrated in certain limited geographic areas. The 
worldwidee number of newly diagnosed patients has remained more or less stable or even 
increasedd over the past decade, going from 571,792 in 1990, through 552,416 in 1995, to 
755,3055 in 1998. 

Althoughh the detection rate remains constant or is in some countries even increasing, the 
prevalencee rate at the global level has dropped from 21.1 per 10,000 in 1985, through 13.9 
inn 1990 and 4.0 in 1995, to 1.4 cases per 10,000 people in 1999. However, this decrease is 
duee to administrative actions rather than to a true decline in leprosy incidence. With the 
introductionn of multi drug therapy (MDT), patients who were previously life long 
registeredd as leprosy cases are now removed from the register at the end of treatment, 
whichh is after two years at most. With even shorter treatment regimens which are being 
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introducedd (and more can be expected in future) this "artificial decline" in leprosy 
prevalencee may continue even though it is not corroborated by a decline in incidence of 
leprosy. . 

Inn order of prevalence the 12 most endemic countries are: Madagascar (8.0 per 10,000), 
Indiaa (5.9), Brazil (4.3), Nepal (3.6), Mozambique (3.3), Guinea (3.3), Nigeria (2.9), 
Myanmarr (2.4), Cambodia (1.7), Ethiopia (1.3), Indonesia (1.1) and the Democratic 
Republicc of Congo (1.0). Although the prevalence has dropped considerably, this is still 
higherr than the aimed target of the WHO by the year 2000, which is one case of leprosy 
perr 10,000 people. 

1.33 Clinical signs and symptoms in leprosy 

Physicallyy and psychologically, leprosy is a striking disease. Initially symptoms may be 
hardlyy noticed. During the course of the disease skin lesions become more visible and 
nervess may be damaged irreversibly, resulting in deformities and handicaps. The 
consequentt stigma generates an extensive fear in both patients and the general public. 

Lesionss are frequently noted on exposed surfaces of the skin but can be present all over 
thee body. They may be single or numerous, varying widely in form, appearance, and 
color.. The margins of lesions range from well delineated to rather vague, or may fade 
imperceptiblyy into the surrounding normal skin. Peripheral and cutaneous nerves may be 
palpablyy thickened. 

Sensoryy loss can be localized to the lesions but also total anesthesia involving hands and 
feett may be present. Once anesthesia has occurred, wounds are easily caused by trauma or 
burning.. Motor loss may result in muscle function loss. 

AA special type of leprosy is primary neuritic leprosy. The patient presents clinically with 
peripherall  neuropathy with functional impairment of one or more nerves but without skin 
lesions,, making diagnosis extremely difficult. 

1.44 Diagnosis of leprosy 

Thee diagnosis is based on clinical signs and symptoms that can be recognized by a health 
workerr after a period of training. In endemic countries the diagnosis is usually made 
clinicallyy on the presence of skin lesions, anesthesia of the skin lesions, thickened nerves, 
andd the presence of acid-fast bacilli in slit skin smears. 
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1.4.11 Clinical examination 

Thee whole body surface should be examined for skin lesions, and one or few of them are 
testedd for loss of sensation. The main peripheral nerves are palpated to ascertain any 
thickening,, or tenderness. Eyes, hands and feett are examined for any disability. 

1.4.22 Microscopy 

M.lepraeM.leprae bacteria are found by microscopy using acid-fast staining of skin smears or 
biopsies.. M.leprae presents as slightly curved, rod-shaped bacteria, around 0.3 urn wide 
andd about 1-8 urn long, lying either singly or in larger bundles, or in characteristic 
compactt masses known as globi. The bacillary load is expressed as the bacterial index 
(BI).. The BI reports the number of bacteria in one microscope field under an oil-
immersionn objective, on a logarithmic scale, from 1+ (1 bacterium in 100 fields) to 6+ 
(withh more than 1000 in an average field). Smears should be taken from a minimum of 
threee sites, including at least one earlobe. 

1.55 Classification of leprosy 

1.5.11 General 

Leprosyy classification used to be based on clinical, bacteriological and histopathological 
criteria.. Upon the introduction of multiple drug therapy (MDT), the WHO, as assistance 
too the assignment of patients, has introduced a simplified classification system in which 
patientss are categorized as either paucibacillary (PB) or multibacillary (MB). In PB 
patientss M.leprae is not found in skin smears or biopsies. This group includes tuberculoid 
leprosyy (TT), borderline tuberculoid leprosy (BT), and indeterminate leprosy (I). MB 
patientss are lepromatous leprosy (LL), borderline lepromatous leprosy (BL) and mid-
borderlinee leprosy (BB), in which bacteria are found by microscopy on acid-fast staining 
off  skin smears or biopsies. 

Facilitiess for bacteriological examination of skin smears and histopathological 
examinationn of skin and/or nerve biopsies are often not available, and when available the 
resultss may be subject to biased interpretation. Therefore, there is a serious risk of poor 
performance:: low densities of acid-fast bacilli are not detected, with the outcome that 
patientss are misclassified.39 Discrepancies in histopathological diagnosis of skin biopsies, 
evenn when performed by experienced pathologists, have been reported, 5 illustrating the 
difficultyy in correctly diagnosing the disease. 
Classificationn of leprosy based on clinical findings only is now a routine procedure in 
mostt places. With the attempt to overcome the problem of the absence of diagnostic 
facilities,, WHO adopted an even more simplified method of classification based on 
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countingg the number of lesions. Leprosy patients with less than 6 lesions will receive a PB 
treatmentt regimen and patients with 6 or more lesions will be treated as MB. 

Untill  1982, MB patients referred to those who had a BI of at least 2 at any site in the 
initiall  skin smear. 101 From 1988, MB leprosy includes all smear-positive patients, as well 
ass patients with more than five lesions. 

1.5.22 Classification according to immune response 

Ridleyy and Jopling proposed a classification based on the level of cellular immunity 
thatt a patient mounts against the bacterium. The specific cellular immune response can be 
vigorouss as in tuberculoid leprosy or deficient or absent as in lepromatous leprosy. 

Tuberculoidd leprosy represents the highly resistant form of the disease with no or few 
bacteriaa and few cutaneous lesions and extensive local nerve damage. The histological 
findingss include granulomata, which consist of multinucleated giant cells, epitheloid cells, 
macrophagess and T-lymphocytes.71 Low or absent anti-M.leprae antibody levels are seen 
inn tuberculoid leprosy. 

Lepromatouss leprosy represents extreme susceptibility to M. leprae as manifested by a 
largee number of skin lesions containing undifferentiated macrophages in which large 
numberss of bacilli are present. Few lymphocytes can be detected, mainly of the 
suppressorr CD 8 subset. 82 Such cells stimulate humoral responses while suppressing cell-
mediatedd response. 80 LL patients generally have high anti-M.leprae antibody levels as 
opposedd to TT patients. 

Inn addition to TT and LL, there are three intermediate forms of leprosy namely borderline 
lepromatouss (BL), mid-borderline (BB) and borderline tuberculoid (BT). Indeterminate 
(I)) leprosy is often the beginning of the disease and can be self-limiting, 32;10° but may 
progresss to other forms of leprosy. 

AA visual presentation of the cellular and humoral immune response in leprosy is given in 
Figuree 1. 
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Figuree 1 - Cellular  and humoral immune response in relation to leprosy 
classification. . 
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1.5.33 Clinical features 

1.5.3.11 Indeterminate leprosy (I) 
Thee skin lesions consist of a single flat macule, or a few macules in some cases, usually 
slightlyy hypopigmented or slightly erythematous, roughly oval or rounded in shape. 
Surfacee is flat and may be smooth and the texture of the skin is usually not affected. 
Marginss may be definite but are usually rather vague. The lesions are frequently localized 
onn exposed surfaces of the skin. Sensory loss over the macules is generally minimal, and 
mayy involve only sections of the macule. Bacteriologie smears are usually negative, 
occasionallyy slightly positive. 

1.5.3.22 Tuberculoid leprosy (TT) 
Inn TT leprosy, skin lesions are single or few, asymmetrical and well demarcated from the 
normall  surrounding skin. Margins may be thinly elevated throughout or only in segments. 
Thee surface is dry and may show central healing and slight atrophy. Definite sensory loss 
iss demonstrable. Loss of hair, and anhydrosis may be present. Bacteriologie smears are 
negative. . 

1.5.3.33 Borderline leprosy 
Thiss comprises the Borderline Tuberculoid (BT), Borderline (BB) and Borderline 
Lepromatouss (BL) types of leprosy. 

Borderlin ee Tuberculoid (BT) 
Thee skin lesions are few or numerous and hypopigmented. The individual lesions may 
bee elevated throughout or may have central clearing; margins are well delineated from 
thee normal surrounding skin. The surface may be smooth, but usually rough and may 
bee scaly. Peripheral and cutaneous nerves may be palpably thickened. Bacteriologie 
smearss can be positive. 
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Mid-Borderlin ee (BB) 
Thee skin lesions vary in number from few to numerous, rounded or oval in shape. 
Lesionss are infiltrated throughout or with a central clear area or areas producing a 
punchedd out appearance, with vague peripheral edges. Sensory loss is generally mild 
withh the exception of the central areas of the lesions. Bacteriologie smears are usually 
positive. . 

Borderlin ee Lepromatous (BL) 
Skinn lesions vary in size, are thickened or infiltrated, often numerous and widespread. 
Theyy may be bilateral in distribution, but not symmetric. The surface of the lesions is 
usuallyy smooth and shiny with ill-defined edges. Patchy areas of diffuse infiltration 
mayy be noted. Sensory loss is more generalized with usually asymmetric sensory loss 
involvingg hands and feet. Bacteriologie smears are positive. 

1.5.3.44 Lepromatous leprosy (LL ) 
Skinn lesions are widespread, generalized and symmetric, in the form of diffuse thickening 
andd appear small, il l defined, slightly hypopigmented or faintly erythematous. Papular or 
nodularr lesions are seen in advanced disease, commonly over areas already infiltrated. 
Sensoryy loss occurs later in the disease, is bilateral and symmetric resulting in "glove and 
stocking""  type of anesthesia. 

1.5.3.55 Primary neuriti c leprosy 
Primaryy neuritic leprosy is a form of leprosy without history or evidence of skin lesions. 
Thiss type of leprosy is characterized by neuritic manifestations caused by the 
asymmetricall  involvement of usually one or, at times, several peripheral nerves. The ulnar 
nervee is most commonly affected. In the majority of cases the underlying changes in the 
affectedd nerves in primary neuritic leprosy are due to tuberculoid or borderline leprosy. 
Bacteriologiee skin smears are negative but nerve biopsies near the site of the neurological 
deficitt may be positive. 

1.66 Leprosy treatment 

Thee treatment has changed over the years. In the 1940s dapsone was developed and 
introducedd in leprosy therapy. The treatment regimen was 100 mg daily for a minimum 
periodd of 5 years to treat paucibacillary (PB) leprosy, and lifelong to treat multibacillary 
(MB)) leprosy. The treatment of leprosy based on dapsone monotherapy was in use until 
recentlyy in some areas. " 

Inn the sixties M.leprae started to develop resistance to dapsone, and in 1981 the WHO 
recommendedd the introduction of a multidrug therapy (MDT). " PB patients are treated 
forr 6 months with 600 mg rifampicin supervised once a month and 100 mg dapsone 
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daily.. The recommended standard treatment for MB leprosy consisted until recently of 
244 months of treatment with rifampicin (600 mg once monthly, supervised), dapsone (100 
mgg daily), and clofazimine (300 mg once monthly, supervised and 50 mg daily). The 
durationn of the above MDT regimen for MB leprosy is currently recommended to be 12 
months.. 97 

Forr the treatment of single skin lesion PB leprosy WHO recommended, as an acceptable 
andd cost-effective alternative regimen, a single dose of rifampicin 600 mg plus ofloxacin 
4000 mg and minocycline 100 mg. 

1.77 Reactions in leprosy 

Thee two major complications in leprosy are reversal reactions (RR) (also known as type I 
reaction)) and erythema nodosum leprosum (ENL) (also known as type II reaction). These 
reactionn episodes may occur during and/or after treatment and often cause permanent 
disabilities.. Figure 2 represents the occurrence of reactions in relation to the leprosy 
spectrum. . 

1.7.11 Reversal reaction (RR) 

RRR appears to be associated with a sudden change in the cell-mediated immunity (CMI) 
againstt M,leprae antigens and occurs mainly in borderline (BT, BB and BL) patients. It is 
consideredd to be delayed type hypersensitivity (DTH) response to bacillary antigens and 
iss associated with clinical and histological changes towards the tuberculoid pole of the 
leprosyy spectrum. The bacilli are eliminated but the tissue is destroyed and extensive 
nervee damage occurs frequently. As an increase in the CMI is witnessed, RR is also called 
"upgradingg reaction". 

Inn RR, the expanding granulomata, seen on histopathological examination, are the cause 
off  the nerve damage. The nerves, especially the small nerve branches, are compressed and 
mayy become dysfunctional due to lack of nutrients. This lack of nutrients happens also in 
subcutaneouss nerves and in the nerve trunks but these are mainly destroyed indirectly by 
ann inflammatory edema in the non-elastic impermeable perineurium that causes an 
increasedd intraneural pressure, which compresses the axon. 
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Figuree 2 - The relation between leprosy classification, immune response and leprosy 
reactions. . 
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1.7.22 Erythema nodosum leprosum (ENL) 

ENLL is a type of reaction that can occur in BL and LL patients. A viral infection, 
vaccination,, pregnancy or a period of acute stress may trigger an ENL episode. During 
ENLL episodes painful, tender, erythema nodosum-like nodules are present. In severe cases 
thesee papules may even pustulate or result in necrosis. ENL episodes are often 
accompaniedd by fever and malaise and may be complicated by neuritis, orchitis, 
lymphadenopathy,, iridocyclitis, arthritis and proteinuria.7 '7I Nerve damage is less severe 
thann in RR, but a relapsing long-standing course of ENL can result in irreversible nerve 
damage. . 
Thee ENL reaction is associated with a migration of newly recruited monocytes and T cells 
intoo the site of the lesion, with predominance of T helper cells in the inflammatory 
infiltrate.. Although a role for immune complex-mediated injury has been suggested in the 
past,, ' convincing data are still lacking. More recent studies 78 suggest TNF-a to be a 
keyy mediator in the immunopathology of tissue damage in both the RR and the ENL. 

1.88 Relapse of leprosy 

Relapsee is the consequence of renewed multiplication and spread of surviving leprosy 
bacillii  after treatment. Diagnosis of a relapse in an MB patient is based on the increase of 
thee BI, and the presence of viable bacilli may be confirmed by inoculation in the footpads 
off  mice. '9 A PB relapse is more difficult to diagnose since the signs, including the 
histologicall  picture, strongly resemble those of reversal reaction. 
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Itt was observed that new activity in lesions during the first 3-4 years after MDT is mostly 
duee to a late reaction and that the longer the period after MDT, the higher the chance that 
signss of new clinical activity signify a relapse. 26 Still, there is no general rule and since 
therapyy differs - a reaction is suppressed by corticosteroids and a relapse is treated with 
MDTT - there is a need for easy tools to differentiate between reaction and relapse. 

1.99 Leprosy control 

Inn the majority of endemic countries, vertical leprosy control programs have existed for a 
longg time. At this moment, discussions are ongoing to integrate these leprosy control 
programss into the general health services. In a number of countries this integration is 
alreadyy being implemented. The future implications of this action are not known, 
especiallyy taking into account that leprosy elimination as a public health problem is more 
ann operational feature than a scientific fact. The long incubation period of leprosy and the 
riskss of transmission and relapse will pose challenges to leprosy control when merged into 
thee normal health care system. Integration implies that less experienced professionals are 
expectedd to diagnose and classify leprosy. In communities where leprosy has been 
eliminatedd as a public health problem hardly any case will be diagnosed. Most health 
professionalss would never encounter a leprosy patient and may not include leprosy in the 
differentiall  diagnosis if they believe it to have been eliminated. Furthermore, the social 
stigmaa of leprosy would not necessarily be eliminated, and stigma would continue to 
discouragee patients from self-reporting. In addition, if the socioeconomic situation 
remainss the same in high endemic areas, the susceptibility in the community will remain 
high. . 

Earlyy diagnosis is a key to the interruption of leprosy transmission. Silent transmission is 
facilitatedd by the slow growth characteristic of the bacilli, the long incubation period of 
leprosy,, the slow progress of the irreversible nerve damage and the stigma of leprosy. In 
leprosyy endemic areas, the number of undetected leprosy cases may increase and silent 
transmissionn over the years could finally reverse the achieved status of leprosy 
eliminationn to one of even high leprosy endemicity. 

Healthh workers in the field lack tools which could assist in establishing an early diagnosis, 
monitoringg chemotherapy and the emergence of relapse, and identifying patients with a 
riskrisk of developing leprosy reactions during and after therapy. 

Therefore,, the main challenges in the field of leprosy control are: (i) to develop a better 
understandingg of the mechanisms of transmission and protective immune response to 
furtherr boost the effectiveness of the control measures; and (ii) to develop efficient 
diagnosticc tests to help the public health systems in developing countries to overcome the 
problemss related to diagnosis of the various forms of leprosy and its complications. 
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1.100 Leprosy serology 

Ass indicated above, there is an urgent need for simple diagnostic tests for leprosy. For a 
numberr of other diseases, simple tests are based on serology, i.e. the detection of specific 
antibodiess in the body fluids from suspected patients. 

1.10.11 Development of leprosy serological techniques 

Serologicall  techniques for leprosy are aimed at the detection of specific anti-Mleprae 
antibodiess which reflect current infection and are useful for follow-up during therapy and 
forr the assessment of the prevalence of the disease and the spread of infection in the 
community.. Many serological techniques have been developed. 

Thee first generation of serological tests described for leprosy consisted of a 
radioimmunoassayy (RIA) using antigen 7, 61 the fluorescent leprosy antibody absorption 
testt (FLA-ABS) using crude M.leprae ' and a passive haemagglutination test (PHA). 49 

Evenn though lacking specificity, these tests made it possible to study subclinical leprosy 
infection. . 

Next,, indirect enzyme-linked immunosorbent assays (ELISA) using crude antigens or 
differentt proteins from M.leprae and other mycobacteria were described. 3'4,9-23'29'41-44-103 

Inn addition, monoclonal antibody inhibition ELISA using the 35kDa, 83 36kDa 52 and 
65kDaa l' proteins were developed. 

Thee low sensitivity, high cross reactivity and limited availability of the antigens restricted 
thee use of most of these tests to small-scale epidemiological studies of clinical and sub-
clinicall  infection, prevalence of infection and transmission of the disease. 

Withh the advent of M. Ieprae-specific phenolic glycolipid (PGL-I) 8 and the subsequent 
reproduciblee production of semi-synthetic neoglycolipids, 9;23;37;40;103 iarge s c ai e studies of 
thee humoral response in leprosy became easier and many studies were performed. Still, 
incorporationn of serology into the leprosy control services required a simpler test system 
thann ELISA. I0 "Simple assays" using the same neoglycolipids were developed. These 
includee the passive haemagglutination test (PHA) 1;67 and a particle agglutination gelatin 
testt (MLPA). 48 Sensitivities and specificities comparable to those obtained with ELISA 
weree found. These assays, however, are still dependent on a cold chain and require serum 
forr testing. 

1.10.22 Detection of antibodies to PGL-I 

Mostt mycobacteria have specific, highly antigenic glycolipids that can be used as tools 
forr the serodiagnosis of distinct mycobacterial infections. 43 As the mycobacterium enters 
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thee human body, the cell wall is the first to be encountered by the immune system. The 
celll  envelope of M. leprae mainly consists of lipids including a considerable glycolipid 
fractionn with a unique carbohydrate composition. 

Onee of the first M/eprae-specific antigens to be isolated and characterized was phenolic 
glycoplipid-II  (PGL-I), the major antigenic glycolipid in the bacterium. The PGL-I 
moleculee is composed of a unique trisaccharide, the 3,6-di-0-methyl-(3-D-
glucopyranosyl-(( 1 —»4)-2,3-di-0-methyl-a-L-rhamnopyranosyl-( 1 —»2)-3-0-methyl-a-L-
rhamnopyranose,, see figure 3. I8-37-21-45105 The principal antigenic determinant of PGL-I is 
thee ultimate disaccharide part of the molecule. 10'37 Monoclonal antibodies were used to 
furtherr analyze this antigenic determinant of PGL-I. It was shown that the removal of the 
terminall  sugar residue resulted in loss of binding of most antibodies, while removal of the 
longg chain fatty acids of the molecule had no effect on antibody binding. ' These and 
otherr results suggested that chemical synthesis of the ultimate disaccharide part would 
providee an antigenic epitope that would be specific enough to be applied in the serology 
off  leprosy. 

Figuree 3 - Chemical structure of PGL-I 

Thee main obstacle in obtaining larger quantities of the PGL-I molecule was the difficulty 
off  cultivating M. leprae in vivo. In addition, the PGL-I molecule is quite polar and in order 
too use it as an antigen in ELISA, deacylation, sonication or detergent treatment was 
required.. Therefore the option to produce the antigen synthetically was explored. The 
sugarr part of the PGL-I was synthesized and conjugated to bovine serum albumin (BSA) 
eitherr directly or through different linkers, namely an octyl (O) or phenyl (P) linker arm. 

Thee following neoglycolipids were produced: monosaccharide-octyl-BSA (M-O-BSA), 
disaccharide-BSAA (D-BSA), 40 natural disaccharide-octyl-BSA (ND-O-BSA) 18 and 
naturall  trisaccharide-phenyl-BSA (NT-P-BSA).36 
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Basedd on native PGL-I and its semi-synthetic derivatives, numerous serological assays 
havee been developed to detect the presence of antibodies of the immunoglobulin IgM, 
IgGG and IgA classes. As the semi-synthetic antigens could be produced in larger 
quantitiess and they could be applied easier than native PGL-I, a wide variety of 
applicationss ranging from clinical diagnosis to large epidemiological studies became 
feasible.. It soon became evident that the antibody response mainly consists of the 
productionn of IgM antibodies in a T cell-independent fashion. 3 

1.10.33 Serological studies using PGL-I 

Thee vast majority of studies published so far have used the ELISA technique. In the next 
paragraphs,, the results of these studies will be presented and discussed. However, for a 
properr understanding, it is essential to first discuss some of the advantages and potential 
pitfallss that may occur when using this technique. 

1.10.3.11 ELISA: advantages and pitfall s 

Thee advantages of the ELISA lie in (i) the wide availability of the necessary equipment as 
thee technique is almost universally applicable; (ii) the easy separation of solid and liquid 
phases,, and (iii ) the lack of a requirement for labeling the M/eprae-specific components 
off  the test (either antigen or antibody). Still, ELISA is a laborious technique and pitfalls 
duee to differences in antigen preparations, antigen concentrations, buffers, washing 
procedures,, serum dilution and type of substrate used in the technique must be taken into 
consideration. . 

Non-specificc binding 
ELISAA for PGL-I derivatives involves the immobilization of the protein part of the 
moleculee (BSA) to a plastic surface via passive interactions. The ability of the plastic 
surfacee to interact with proteins is an essential feature. However, non-specific binding 
off  other proteins or biomolecules to non-occupied spaces on the surface during the 
performancee of the assay can be detrimental to the specificity and sensitivity of the 
assayy results. Blocking is therefore essential. 

Thee use of non-sugar conjugated BSA coated wells is crucial to enable to correct for 
anyy (non-specific) binding that may occur to BSA when using the semi-synthetic 
antigens.. Similarly, one should correct for non-specific binding to uncoated wells (but 
treatedd with the same buffers) when using native PGL-I. 

Variation ss in the antigen preparation 
Thee ratio of sugar molecules to the protein (BSA) will vary in every antigen 
preparation.. Thus, it is important to report the sugar/protein ratio of the antigen, to 
alloww comparison between studies. 
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Precisionn and variation 
Inn order to maximize assay precision and sensitivity, complete removal of loosely or 
nott bound fractions is required. In addition, daily variation in assay performance will 
alsoo influence the results and is mainly related to the enzyme-substrate reaction. 
Severall  requirements, such as timing and development conditions, need to be 
optimizedd to result in a precise, accurate and reproducible assay. Since enzyme-
substratee reactions are kinetic, the time elapsed from the start of the reaction to the end 
off  the reaction as well as the temperature can and will affect the final concentration of 
productt developed. In order to obtain comparable results there is a need to include an 
internall  standard serum in the assay and to stop the reaction when the standard serum 
hass achieved a certain optical density (OD) value. 

Serumm dilution 
Thee reported serum dilutions in different studies ranged from 1:20 to 1:500. The serum 
dilutionn highly influences the end-result of an ELISA. For example, a low dilution 
usuallyy results in a lot of non-specific binding. On the other hand, it allows binding of 
loww affinity specific antibodies. Thus, serum dilutions may affect both specificity and 
sensitivity. . 

Standardd ELISA procedure for  PGL-I 
AA standardized ELISA protocol was published as a result of a workshop in June 1985, 
499 but still studies were and are being performed using a variety of alternative 
procedures.. Differences in the study design and methodology of the ELISA techniques 
usedd in the studies will directly affect the sensitivity and specificity of the test. 

1.10.3.22 Evaluation of serological studies using PGL-I 

Demographicc trends in serology 
Thee percentage of seropositivity in the general population was found to be consistently 
higherr in females at all ages. 17;33;73;87;91 Also, a consistent age trend in seropositivity is 
observedd in both sexes: the seropositivity rates being higher in younger groups and 
highestt in the group between 10 and 20 years of age. ' " 
Itt is well known that females and young people have higher IgM levels. 58 Adding the 
factt that leprosy does not manifest preferentially in women or children, these high 
levelss are more likely to be just a common feature of the immune system and do not 
specificallyy reflect differences in anti-PGL-I antibody levels in these groups. 

Beforee treatment 
Onee very important finding is that there is a significant correlation between antibody 
levelss and the BI. 4:i3:i4:2o:3o;46;5i;54:59;74;79;85 T h i g ig i m p o r t a nt because the classification 

off  patients for treatment is essentially based on the number of bacteria present in the 
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body.. Therefore, these findings are a first indication that serological results can be used 
ass an alternative technique for the classification of patients. 

Anotherr consistent finding is that antibody levels increase from TT to LL, which is in 
agreementt with the correlation between BI and antibody levels. 14;20;24;53;86;102 xhe 
percentagess of seropositivity in leprosy patients vary upon the classification criteria 
used.. It was reported that between 85% and 100% of the MB patients and between 5% 
andd 34% of the PB patients are seropositive. 2:9;13-16;20;46;75-77;86;i04 T h i s i s a g a in an 

indicationn that serology may be used as an (additional) tool for classification of leprosy 
patients.. Few studies were performed with PN patients, but in one study 30% of PN 
patientss were found to be seropositive.75 

Durin gg treatment 
Duringg treatment there is a decline in antibody levels which correlates with the decline 
off  BI. ' The initial load of bacteria in the body determines the slope 
off  decline. 

Afterr  treatment 
Inn patients with a high bacterial load before treatment, chronic elevated levels of 
antibodiess may persist for many years after therapy. 4;'2:i3;i9;20;24;30;35;38;46;47;5i;53;54;57;6o; 

76,92,944 p  ̂ abnormal increased antibody response after therapy could be seen prior to 
relapse.. 20;55 

Serologyy and disabilities 
Althoughh few studies compared serology and disability it is important to mention that 
theree is a positive correlation between seropositivity and the degree of disability in 
leprosyy patients: patients with established disability at the time of diagnosis are more 
likelyy to be seropositive. 73 However, as the PB group presents low antibody levels the 
relationn between neuropathy and serology may be weak.24 

Rochee and coworkers, in a selected PN leprosy group, found that when the neuropathy 
involvedd more than 2 regions there was also concomitant rise in seropositivity.73;75;76 

Serologyy among contacts of leprosy patients 
Manyy studies found a significant difference between seropositivity rates when 
comparingg contacts and non-contacts.50;89 

Thee fact that some studies found no significant difference may be due to one or more 
off  the following reasons: 

(i)) definition of the study population, such as inclusion of contacts from 
patientss who had been treated for leprosy in the (distant) past;42 

(ii )) comparison between contacts of leprosy patients and a group which had 
nott been matched for age and/or sex;t3;62 
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(iii )) a small sample size not representing properly the population of the study 
areaa or not giving significantly different results, ' and/or 

(iv)) the high incidence of leprosy in the studied area. 

AA study performed in Korea and in the Philippines 22 showed differences between 
contactss and non-contacts only in the Korean situation (low incidence), where a 
statisticallyy significant higher seropositivity was seen in the contact group in 
comparisonn to the non-contact population. This could not be repeated in the 
Philippiness (high incidence). The high seropositivity in non-contacts in high endemic 
areass may indicate that leprosy is widespread in these communities. 
Repeatedd testing of seropositive contacts suggested that an increase in antibody levels 
wass an indication of the development of clinical disease. 31 The risk of developing 
leprosyy was shown to be around 30 times higher for in seropositive contacts of MB 
patients.. 25 Contacts of MB patients exhibit a significantly higher seropositivity rate 
andd higher mean OD value than contacts of PB patients. 

Thee results indicate that testing close contacts of newly identified MB cases could help 
too identify those most probably infected who may be incubating leprosy and as a 
consequencee may function as a potential source of further transmission. The contact 
populationn is an important target for interrupting leprosy transmission. The earlier a 
neww case is identified, the shorter will be the time for transmission. 

Serologyy in the general population 
Itt was found that in the general population the seropositivity has a unimodal 
distribution.. 33;87 This means that it is not possible to make a clear-cut division of the 
generall  population into two groups, namely infected and not infected. It also means 
thatt it is impossible to distinguish between subclinical infection and disease. These 
findingss imply that serological tests based on detection of IgM antibodies to PGL-I 
cannott be used as a sole diagnostic tool for screening the whole population for the 
detectionn of leprosy patients. 

Thee seropositivity rate in the population varies from high to low depending on the 
15'22'47'87*88 8 

incidencee of leprosy in the community. ' ' ' ' 

Serologyy in relation to Mitsuda reaction and BCG 
Noo relation was found between seropositivity and Mitsuda reaction positivity. ' ' 
Thiss is not surprising, as Mitsuda positivity is an indication of cell-mediated immunity 
ass opposed to serology, which is a measurement of the humoral response. 

Noo difference was observed in seropositivity between individuals with or without BCG 
 .  33;84;87 

vaccination. . 
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1.10.44 Conclusion 

Detectionn of IgM antibodies to PGL-I can be used for the diagnosis of leprosy when the 
resultss are considered together with other diagnostic and clinical data. Antibody detection 
iss especially useful for the diagnosis of MB leprosy; antibody levels may be low or 
undetectablee in PB patients. 

Duringg treatment of MB patients, repeated testing provides an additional technique to 
measuree the effect of therapy. Furthermore, increasing antibody levels may indicate a 
relapse.. However, serological results must always be interpreted in combination with 
otherr diagnostic information. 

Clearly,, PGL-I antibodies are reflective of bacterial load in an individual, reflecting 
subclinicall  infection or disease. Serological screening and follow-up of contacts of 
leprosyy patients is a useful tool for early detection of new cases. In addition, it may be 
usefull  to measure the extent of the leprosy problem in a population. 
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1.111 Outlin e of this thesis 

Althoughh many studies were performed using ELISA for the detection of IgM antibody to 
PGL-I,, this assay is too complicated to be applied in most areas where leprosy remains a 
publicc health problem. In order to simplify the use of serology in leprosy control a simple 
assayy is urgently required. This thesis describes the development, evaluation and 
applicationn of a simple dipstick assay (ML Dipstick). 

Chapterr II describes the development of the ML Dipstick for the detection of IgM 
antibodiess to PGL-I of M. leprae in serum. The test does not require any specialized 
equipmentt and the highly stable reagents make the test robust and suitable for use in 
tropicall  countries. 

Chapterr III describes a further simplification of the ML Dipstick assay by using whole 
bloodd and an evaluation of the assay performance in the leprosy endemic area of Amazonas 
inn Brazil. 

Chapterr IV shows how ML Dipstick could contribute to improved classification of leprosy 
patientss for treatment purposes. In this chapter the results of ML Dipstick were combined 
withh clinical classification by counting the number of lesions. Results were compared 
withh the classification based on the bacteriological index. 

Chapterr V investigates whether ML Dipstick is capable of identifying patients with a 
higherr risk of relapse after treatment. With the integration of leprosy control into the 
generall  health system, diagnosis and classification will be primarily in the hands of less 
experiencedd professionals. Misclassification leads to a higher risk of relapse. Identifying 
thosee patients who have high antibody levels would in all probability recognize patients 
thatt have a high bacterial load and consequently should receive longer treatment. 

Chapterr VI shows the results of an epidemiological study performed in Brazil using ML 
Dipstickk for the detection of seropositivity among 7073 school children in three different 
leprosyy endemic states. It was examined whether seropositivity rates could be related to 
leprosyy detection rates and thus to be used as an indicator of the magnitude of leprosy 
problemm in the community. As such it would be useful to evaluate the effect of control 
measures. . 

Chapterr VII gives a summary and the main conclusions of the study. 
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Chapterr II 

2.11 Abstract 

Amongg the many reported applications of the detection of antibodies to phenolic 
glycolipidd -1 (PGL-I) of Mycobacterium leprae, in particular, the use of seroprevalence as 
ann indicator of the magnitude of the leprosy problem may turn out to be very useful in 
leprosyy control programs. An operational function of serology within the leprosy control 
servicess requires a simple test system. We have developed a simple dipstick assay for the 
detectionn of antibodies to PGL-I and we compared its performance with that of ELIS A. A 
highh degree of agreement (97.2%) was observed between ELISA and the dipstick assay 
whenn tested on 435 sera; the agreement beyond chance (Kappa value) was 0.92. No 
significantt difference was found between the dipstick assay and ELISA when 
seropositivityy rates obtained in groups of leprosy patients, household contacts, and 
controlss were compared. The interpretation of the dipstick results as positive or negative 
wass unequivocal, as illustrated by the high agreement between different persons reading 
thee test (Kappa values >0.88). Storage of the only reagents required, the dipsticks and the 
stabilizedd detection reagent, up to three weeks under tropical conditions of high 
temperatures,, high humidity, and exposure to light did not influence the results of the 
assay.. The dipstick assay described here is an easy-to-perform method for the detection of 
IgMM antibodies to PGL-I of M. leprae; it does not require any special equipment and the 
highlyy stable reagents make the test robust and suitable for use in tropical countries. An 
internall  control validates the performance of the assay. This dipstick assay may be the 
methodd of choice for epidemiologic mapping of leprosy. 

36 6 



AA simple dipstick assay for the detection of antibodies to Phenolic Glycolipid-I of Mycobacterium Leprae 

2.22 Introductio n 

Leprosy,, caused by Mycobacterium leprae, is a disease that at present has a registered 
prevalencee of 1.3 million people in the world currently on anti-leprosy chemotherapy, but 
thee estimated number of cases in the world reaches about 1.8 million. 15 Because of the 
severee handicaps, as a result of permanent and extensive deformities of the skin and the 
peripherall  nerves, leprosy is associated with social stigma and economic loss. Thus, the 
problemm of leprosy is greater than the number of cases would suggest. Although leprosy is 
likelyy to decrease to less than one case per 10,000 by the year 2000, 15 many more leprosy 
patientss can be expected to emerge in several leprosy-endemic countries beyond that year. 

Serologicc tests for detection of antibodies to M. leprae have a clear, though limited value. 
Notably,, serologic tests based on the detection of IgM class antibodies against the 
immunodominantt 3,6-di-O-methyl-glucopyranosyl residue of the trisaccharide component 
off  the phenolic glycolipid-I (PGL-I) antigen of M. leprae have been widely studied. These 
serologicc tests have been shown to be a useful addition to the classic methods of 
diagnosis.. 3;l° Furthermore, they may be valuable in monitoring the effectiveness of 
chemotherapy,, 6;9 the emergence of relapse, n and in identifying patients with a high risk 
off  presenting a sudden inflammatory phase of exacerbation (lepra reactions) during 
therapy.. i In addition, serologic testing of populations has been shown to be of value in 
monitoringg changes in the magnitude of M leprae infection 2;5 and as such may provide a 
rapidd method to establish the effect of control measures. 

Ann operational function of serology within the leprosy control services would certainly 
requiree a simpler test system than the ELISA. 3 Agglutination tests 8 are simpler than the 
ELISA,, but these are still too elaborate for widespread use under field conditions. 

Here,, a simple dipstick for the detection of antibodies to PGL-I is described and its 
performancee is compared with that of an ELISA. This dipstick test does not depend on 
anyy specialized equipment and makes use of highly stable reagents that do not require 
coldd storage. 
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2.33 Material s and Methods 

2.3.11 Study population 

Thee population studied included multibacillary (MB) and paucibacillary (PB) patients 
classifiedd according to the load of bacteria in the skin, household contacts, and controls 
fromm the Philippines. The MB leprosy patients included borderline, borderline 
lepromatouss (BL), and lepromatous patients with a bacterial index (BI) of at least 2+ at 
anyy one site. The PB leprosy patients included indeterminate, tuberculoid, and borderline 
tuberculoidd (BT) with Bis < 2+ at any one site. These parameters follow the World Health 
Organizationn (WHO) recommendation. 14 The contacts were persons living in the same 
householdd as the MB or PB cases in the last three years. The control population was 
composedd of persons living in the same community as the patients (presenting other forms 
off  skin diseases) but free of clinical signs of leprosy and with no case of leprosy in their 
households.. In addition, sera were tested from patients residing in The Netherlands with 
syphiliss (n=5), hepatitis A infection (n=5), hepatitis B infection (n=5), toxoplasmosis 
(n=5),, human immunodeficiency virus (HIV) infection (n=5), and autoimmune disease 
(n=5). . 

Thee collection of blood from the study subjects was approved by the Leonard Wood 
MemorialMemorial Institutional Review Board (Human Rights Committee) (Cebu, The 
Philippines)) and the Ministry of Health (Manila) Ethical Committee. Written informed 
consentt was obtained from all subjects. For collection of sera from patients residing in 
Thee Netherlands, approval was obtained from the Medical Ethical Committee of the 
Academicc Medical Center (Amsterdam, The Netherlands). 

2.3.22 Preparation of dipsticks 

Thee dipsticks were prepared exactly as previously described, except that disaccharide-
bovinee serum albumin (DBSA), a semi-synthetic analog of the PGL-I antigen of M. 
leprae,leprae, 3 was used at a concentration of 2 ug/ml to coat the nitrocellulose strips. The 
antigenn was provided by WHO/Steering Committee on Immunology of Leprosy through 
Dr.. J. Colston (National Institute for Medical Research, London, United Kingdom). The 
nitrocellulosee strips containing the antigen were then adhered to a plastic support with 
double-sidedd tape and cut in 2.5 mm-wide sticks. To obtain an internal control, anti-
humann IgM antibodies were coated onto the nitrocellulose as a separate band. 

2.3.33 Preparation of the detection reagent 

AA monoclonal anti-human IgM antibody was conjugated to palanil red, a colloidal dye, 
accordingg to a patented method. 7 The stained antibody was suspended in a special freeze-
dryingg solution as previously described 7 and lyophilized for preservation. 
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2.3.4.Executionn of the dipstick assay 

Serumm dilutions (1:50) were made directly into the reconstituted detection reagent. 
Dipstickss were wetted in distilled water for 15 sec to prevent adsorption of the detection 
reagentt to the solid support and then incubated for 3 hr at room temperature in a reaction 
viall  containing 0.2 ml of the detection reagent and 4 ul of serum. At the end of the 
incubationn period, the dipsticks were rinsed with tap water and after removal of excess of 
liquidd with a paper towel, air-dried at ambient temperature. A reddish-stained antigen 
bandd indicated a positive reaction. Staining of varying intensities was scored as positive; 
noo color was scored as negative. 

2.3.55 Internal control 

Thee internal control consisted of anti-human IgM antibodies coated to nitrocellulose. 
Thesee antibodies bind IgM molecules from the serum that are stained by the detection 
reagent.. 7 The internal control facilitates interpretation of the assay results and checks the 
integrityy of the ingredients. 

2.3.66 Serological assay 

Thee ELISA for the detection of IgM antibodies to PGL-I of M. leprae was performed 
essentiallyy as described previously 3 using the semi-synthethic analog DBSA. The DBSA 
(0.11 ug/ml) was diluted in carbonate buffer (pH 9.6) and coated overnight at 37°C in a 
moistt chamber onto wells (50 (il/well) of microtiter plates (Immunoplates-II (Nunc, 
Roskilde,, Denmark). As a control 0.1 ug/ml bovine serum albumin (BSA) was used. The 
microtiterr plates were blocked for 60 min with 100 ul of 1% BSA in phosphate-buffered 
salinee (PBS) containing 0.05% Tween 20 (PBST). After the plates were washed three 
timess with PBST, the sera were diluted 1:300 in PBST containing 10% normal goat serum 
(NGS)) and 50 ul was added to each well. The plates were then incubated at 37°C for 60 
minn and another wash step was performed. Peroxidase-conjugated anti-human IgM 
conjugatee (Cappel/Organon Teknika, Turnhout, Belgium) was added (50 ul/well) at a 
1:2,0000 dilution in PBST-10% NGS to the microtiter plate. After incubation at 37°C for 
600 min, the washing procedure was repeated and 50 ul of a 0.1 M citrate-phosphate buffer 
containingg 0.4 mg/ml of o-phenylenediamine and 0.0066% hydrogen peroxide were 
addedd to each well. To control for plate-to-plate and day-to-day variation, a positive 
referencee serum was included in triplicate on each plate. The color reactions of the entire 
platee were stopped with 50 ul 2 N H2SO4 when the optical density at 492 nm (OD492 nm) 
fromm a positive control serum reached a value of 0.6. The ODs were measured in a 
spectrophotometerr using a 492 nm filter. All sera were tested in duplicate and the ELISA 
resultss were expressed as mean absorbance of the duplicates. The final OD value of each 
serumm sample was calculated by subtracting the OD value of wells coated with BSA from 
thee OD value of the test wells coated with DBSA. The cut-off value for positivity was an 
ODD of 0.200. 
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2.3.77 Statistical analysis 

Thee variation between the dipstick assay and the IgM ELISA was determined by 
calculatingg Kappa values with 95% confidence intervals. Kappa values express the 
agreementt beyond chance. Generally, a Kappa value > 0.80 represents almost perfect 
agreementt beyond chance. 
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2.44 Results 

2.4.11 Reading the results of the dipstick assay 

Figuree 1 shows representative results of the dipstick assay obtained with serum from an 
endemicc control, a BT leprosy patient, and a BL leprosy patient. The internal control band 
iss clearly visible in all three cases (Figure 1), as was true for every tested serum. 

Figuree 1. Representative results of the dipstick assay. Dipstick A shows serum 
fromm an ELISA-negative (OD492nm = 0.001) endemic control, dipstick 
BB shows serum from a borderline tuberculoid leprosy patient 
(OD492nmm = 0.250) and dipstick C shows serum from a borderline 
lepromatouss leprosy patient (OD492„„, = 0.929). Both the antigen 
bandd (Ag) and the internal control band (IC) are indicated. OD = 
opticall  density. 

A B C C 

QQ <- Ag 

''  <- IC 

2.4.22 Comparison between ELISA and dipstick assay 

AA high degree of agreement (97.2%) was observed between the ELISA and the dipstick 
assayy (Table 1). The agreement beyond chance (Kappa value) was 0.92. 
AA similar number of sera was found positive for the study group with both tests (Table 2). 
Inn the group of MB patients, 74.1% and 79.6% seropositivity was observed for the ELISA 
andd the dipstick assay, respectively. In the PB group, we found 13.6% seropositivity for 
bothh the ELISA and dipstick assay. Seropositivity for household contacts was 3.7% for 
thee ELISA and 1.9% for the dipstick assay. In the group of controls from the same 
endemicc area, 1.7% seropositivity was observed in both tests. No significant difference 
wass found between dipstick assay and ELISA seropositivity in any of the groups (Table 
2).. When only endemic controls and household contacts were considered (n=224), 
agreementt between the two tests was 99.1 %, with a Kappa value of 0.79 (standard error 
off  Kappa: 0.06). All of the sera (n=30) from the patients with syphilis, hepatitis A or B, 
toxoplasmosis,, HIV infection or autoimmune disease were negative in both the dipstick 
assayy and ELISA. 
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Tablee 1. Comparison between ELISA and dipstick assay for  the detection of 
antibodiess to Mycobacterium leprae phenolic glycolipid I* 

ELISA A 

++ (N) - (N) Total 

++ (N) 96 8 104 
Dipstick k 

-(N)) 4 327 331 

Totall  100 335 435 

*Thee agreement was 97.2 % with akappa value of 0.92 (SE 0.04, pO.0001) 

Tablee 2. Comparison between ELISA and dipstick assay according to the 
classificationn of the study group 

ClaSSS N Dipstick Positivity (%) ELISA Positivity (%) P* 

Endemicc controls 116 
Householdd contacts 108 
PBB patients 103 
MBpatientss 108 

1.7 7 
1.9 9 
13.6 6 
79.6 6 

1.77 1.0 
3.77 0.68 
13.66 1.00 
74.11 0.41 

Totall  435 23.9 23.0 
**  No significant difference was found between ELISA and dipstick assay seropositivity in any of the groups 

(Chii  square test) 
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22 A3 Discrepancy analysis of the dipstick assay and ELISA results 

Sevenn MB leprosy patients and one PB patient were found to be ELISA negative (mean 
ODD = 0.165; SD = 0.037; minimum value = 0.037; maximum value = 0.200) and dipstick 
positive.. Conversely, two patients (1 MB and 1 PB) and two household contacts were 
ELISAA positive and dipstick negative (mean OD 0.260; SD = 0.044, minimum value = 
0.210;; maximum value = 0.310). Figure 2 illustrates graphically the relationship between 
thee dipstick and the ELISA results. 

Figuree 2. Graphic presentation of ELISA and dipstick results of 435 sera 
Thee horizontal line indicates the cut-off value of the ELISA (optical 
densityy [OD] = 0.2). 
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2.4.44 Reproducibilit y 

Thee results of 344 dipstick assays were independently read by two other observers and 
theirr results were compared with ours. The agreement was 97.1% (Kappa = 0.91, SE = 
0.05)) and 96.4% (Kappa = 0.89, SE = 0.05). The differences in the readings were due to 
interpretationn of very weak positive results. 

2.4.55 Test conditions 

Inn all experiments the dipsticks were incubated for 3 hr at room temperature (20-24°C). In 
addition,, we performed the dipstick assay with 10 of the samples at 37°C. Performance of 
thee assay at this temperature, while reducing the incubation time to 2 hr, did not affect the 
results.. Incubation at 37°C for 2 hr caused background staining. 

2.4.66 Storage 

Thee lyophilized detection reagent was stored for one year at various temperatures (i.e. 
4°C,, 20°C, 37°C and 56°C) without loss of activity. The dipsticks were stored at 
temperaturess of 4°C, 20°C, 37°C, 40°C and 56°C, and exposed to light (SON-T, 400 W, 
380-7800 nm; Philips, Eindhoven, The Netherlands) and high humidity. When a sample of 
thee sera (n=5) were tested with the dipsticks stored under the various conditions, we 
observedd that exposure to light and humidity longer than 28 days interfered with the 
readingg of the dipstick results: the staining of both the antigen band and the internal 
controll  band became weaker compared with the unexposed dipsticks. The dipsticks stored 
att 56°C showed an increased background staining after 14 days of storage, but the results 
couldd still be properly interpreted up to 21 days. The other conditions had no influence on 
thee readability of the test results up to three months of storage. 
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2.55 Discussion 

Amongg the many reported applications of the detection of antibodies to PGL-I of M. 
lepraeleprae is its use in leprosy control programs with seroprevalence as an indicator of the 
magnitudee of the leprosy problem. 
Severall  studies have documented a relationship between the leprosy burden in a 
populationn and seroprevalence in different parts of the world.31213 In addition, Baumgart 
andd others 2 found that a decrease in leprosy prevalence upon introduction of multi-drug 
therapyy in a confined community in Papua New Guinea was accompanied by a reduction 
inn the seropositivity rate among children. 

Mandatoryy to further evaluation of serology as a tool for epidemiologic mapping of 
leprosyy would be the availability of a simple assay. We have developed a simple dipstick 
assayy for the detection of antibodies to PGL-I of M. leprae with a performance 
comparablee with an ELISA, but which does not require specialized equipment or 
refrigeration. . 

Wee found high agreement between the dipstick assay and the ELISA on an individual 
specimenn basis. Seropositivity rates obtained with the dipstick assay in different groups of 
patientss and controls did not significantly differ from the ELISA and were in agreement 
withh ELISA seropositivity rates reported previously in this same population. 4 

Disagreementt between the results of the dipstick assay and the ELISA were found in only 
2.8%% of the sera tested. All these sera had values in the ELISA close to the cut-off value. 
AA high agreement (99.1%) was also found between the two tests when only the endemic 
controlss and the household contact population were considered for analysis. 

Thee specificity of the detection of antibodies to PGL-I in the ELISA has been previously 
shownn to be high. ' The dipstick assay is also specific, as illustrated by the absence of 
reactivityy with 30 sera from patients with common diseases other than leprosy. 

Althoughh the dipsticks results are assessed by the human eye as positive or negative, in 
contrastt with the ELISA results, which are determined by a spectrophotometer, the 
interpretationn of the dipstick results was unequivocal, as illustrated by the high agreement 
betweenn different test observers. 

Too mimic tropical conditions, we examined the influence of high temperatures, light and 
highh humidity on the performance of the dipstick assay. Storage of the dipsticks and the 
lyophilizedd detection reagent up to three weeks under such conditions did not influence 
thee results, while the lyophilized detection reagent was stable for at least one year under 
thesee conditions. Performance of the dipstick assay at a temperature of 37°C did not 
influencee the result of the assay, provided that the incubation period was reduced to 
preventt background staining. 
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Inn conclusion, the dipstick assay described here is an easy-to-perform method for the 
detectionn of IgM antibodies to PGL-I of M. leprae. An internal control validates the 
performancee of the assay. Due to its robustness and simplicity the dipstick assay seems to 
bee highly suitable for application under field conditions, and may prove to be suitable to 
quicklyy and easily assess seroprevalence and thus indicate the magnitude of the leprosy 
problemm in a specific area. 
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3.11 Abstract 

Wee describe a further simplification of a dipstick assay for the detection of antibodies to 
phenolicc glycolipid I of Mycobacterium leprae by using whole blood and evaluated the 
assayy performance in the leprosy endemic area of Amazonas in Brazil. The agreement with 
thee "gold" standard ELISA was 94.9% (K value= 0.87). This simple assay may be useful to 
identifyy those at risk of developing leprosy, for example among contacts of leprosy patients 
att lower levels in the health services. 

3.22 Introductio n 

Thee introduction of relatively short treatment regimens for leprosy, an infection caused by 
MycobacteriumMycobacterium leprae, has resulted in a sharp decrease of the number of registered leprosy 
patientss in the world. 7 Notwithstanding the approximately constant number of new cases 
detectedd world-wide every year, leprosy seems thereby to have been reduced to a tangible 
healthh problem. Health reforms combined with the recent push to further eliminate leprosy 
ass a public health problem 7 will result in decentralization of leprosy control services and 
theirr integration into general health services. Health workers in non-specialized peripheral 
facilitiess will have to be able to diagnose the disease and monitor treatment results. 

Elevatedd antibody levels to the phenolic glycolipid I (PGL-I) antigen of M. leprae indicate a 
riskk for developing disease, as well as the type, transmission and extent of the disease. 5 

Detectionn of antibodies may assist in diagnosis of leprosy and mostly recognition of 
potentiall  multibacillary (MB) cases among contacts. 

Ann operational role for serology at a peripheral level in leprosy endemic areas would re-
quiree a simple test system. To fulfi l that requirement, we have recently developed a simple 
dipstickk assay for the detection of antibodies to PGL-I, which does not require any 
specializedd equipment and makes use of highly stable reagents, not depending on 
refrigeration.33 However, in this test serum was used. 

Here,, we describe a further simplification of the dipstick assay, using whole blood. In 
addition,, we report on the performance of the test carried out by a leprosy field worker in an 
endemicc area in Brazil. 
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3.33 Material s and Methods 

3.3.11 Study population 

Thee population studied included untreated and treated multibacillary (MB) («=123) and 
paucibacillaryy (PB) leprosy patients («=55), household contacts of leprosy patients («=42) 
andd patients with skin diseases other than leprosy (n=33) attending the Institute "Alfredo da 
Matta",, Manaus, Brazil. MB leprosy patients were those with more than five skin lesions or 
aa positive bacterial index (BI) in any of 4 skin smears. The MB group was composed of 43 
lepromatouss (LL), 38 borderline lepromatous (BL), 24 borderline (BB) and 18 tuberculoid 
borderlinee patients (BT). PB leprosy patients were those with up to five skin lesions and 
negativee BI in all 4 skin smears. The PB group was composed of 12 indeterminate (I), 31 
tuberculoidd (TT) and 12 borderline tuberculoid patients (BT). This classification follows the 
Worldd Health Organization (WHO) recommendation. 6 The contacts were persons living in 
thee same household as the MB or PB cases. 

Serumm and blood samples were collected from all of the above mentioned study population 
(«=253).. Whole blood was collected by finger-prick in heparinized capillary tubes. 

Inn addition, serum from 112 healthy blood donors residing in Manaus, Amazonas was used 
ass negative controls in the ELISA (see below) to determine the cut-off value for positivity. 

3.3.22 Dipstick assay 

Thee dipstick assay for the detection of antibodies to PGL-I of M. leprae was used as 
describedd before. 3 The dipsticks bear two bands: an antigen band consisting of the M. 
leprae-speciücleprae-speciüc and immunodominant disaccharide epitope of phenolic glycolipid I (PGL-I) 
linkedd to BSA (disaccharide-BSA or DBSA)2 and an internal control band consisting of 
anti-humann IgM antibodies that bind IgM molecules from the serum. The antigen was 
providedd by WHO/IMMLEP through Dr. J. Colston (National Institute for Medical 
Research,, London, UK). The IgM detection reagent consists of a lyophilized monoclonal 
anti-humann IgM antibody linked with a colloidal dye. 4 Briefly, dipsticks were wetted in 
distilledd water for 15 s and then incubated for 3 h in a reaction vial containing 0.2 ml of the 
reconstitutedd detection reagent and 4 \i\ serum. At the end of the incubation period the 
dipstickss were rinsed with tap water and air-dried at ambient temperature. A reddish stained 
antigenn band upon visual inspection indicates a positive reaction. The results were scored as 
positivee when staining, irrespective of its intensity, was observed; no coloring was scored as 
negative. . 

Whenn whole blood was used, the procedure followed was the same, except that 10 ul of the 
bloodd sample was diluted, immediately after collection, in 200 uJ of the detection reagent. 
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Thee dipstick assay was performed in Manaus, Brazil by a fieldworker whose normal duty 
wass to collect skin smears from leprosy patients and who had no experience with 
serologicall  assays. 

3.3.33 ELISA 

Thee ELISA for the detection of IgM antibodies to PGL-I of M. leprae was performed 
essentiallyy as described previously 2 using DBSA as the semi-synthetic analogue of PGL-I. 
DBSAA (0.1 ug ml"1) was diluted in carbonate buffer (pH 9.6) and coated overnight at 37°C 
inn a moist chamber, onto wells (50 ul well" ) of Nunc-Immunoplates-II (Nunc, Denmark). 
Ass a control 0.1 ug ml"1 bovine serum albumin (BSA) was used. Microtirre plates were 
blockedd for 60 min with lOOul of a 1% BSA in PBS containing 0.1% Tween 20 (PBST). 
Afterr washing three times with PBST, the sera were diluted 1:300 in PBST containing 10% 
normall  goat serum (NGS) and 50ul was added to each well. This was incubated at 37°C for 
600 min and followed by another wash-step. Peroxidase conjugated anti-human IgM 
conjugatee (Capple/Organon Teknika, Turnhout, Belgium) was added (50 ul well"1) at a 
1:20000 dilution in PBST-10% NGS to the microtitre plate. After incubation at 37°C for 60 
min,, the washing procedure was repeated and 50 ul of a 0.1 M citrate-phosphate buffer 
containingg 0.4mg ml"1 0-phenylenediamine and 0.0066% hydrogen peroxide were added to 
eachh well. In order to control for plate-to-plate and day-to-day variation, a positive 
referencee serum was included in triplicate on each plate. The color reactions of the entire 
platee were stopped with 50 ul 2 N H2SO4 when the optical density at 492nm (OD492nm) from 
aa positive control serum reached an OD value of 0.6. ODs were measured in a 
spectrophotometerr using a 492-nm filter. All sera were tested in duplo and the ELISA 
resultss were expressed as mean absorbance of the duplicates. The final OD value of each 
serumm sample was calculated by subtracting the OD value of wells coated only with BSA 
fromm the OD value of the test wells coated with DBSA. The cut-off value for positivity was 
OD=0.250,, corresponding to the mean value of the presumably negative blood donors 
(«=112)) plus two times the standard deviation. 

3.3.44 Statistical evaluation 

Thee variation between the dipstick assay and the IgM ELISA was determined by calculating 
valuess with 95% confidence intervals, K values express the agreement beyond chance. 
Generally,, a K value of >0.80 represents almost perfect agreement beyond chance. 
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3.44 Results and discussion 

Thee agreement between ELISA (continuous measurement) and dipstick assay (discrete 
result)) critically depends on the cut-off value of the ELISA. As can be seen in Fig. 1, the 
concordance,, sensitivity and specificity of the dipstick assay performed on serum in relation 
too the ELISA are all consistently high above cut-off values of OD>0.25. At the cut-off 
valuee (OD=0.25) used in this study a high agreement (96.5%, K=0.89) was observed 
betweenn the ELISA and the dipstick assay both performed with sera («=253). This cut-off 
valuee resulted in a ELISA-positivity rate among healthy blood donors of 1.8% (2/112) 
whichh was comparable to the one previously reported (1.7%; 2/116). None of the blood 
donorss was positive in the dipstick assay. These findings confirm previously reported 
resultss on sera from a geographically different population. 

Figuree 1. Performance characteristics of the dipstick assay using serum in 
relationn to ELISA at different cut-off values 

00 " H ~ Concordance (%) ~ 0.2 

^ ^^ Kappa value 

^ ^^ True positives (%) 

" ^ "" True negatives (%) 

oo i 1 i i i i i i ho 

0.11 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

Cut-offf value ELISA (OD492 nm) 
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AA similar high agreement was found comparing the dipstick assay performed on whole 
bloodd compared to the ELISA on the corresponding serum (Table 1). The concordance was 
94.11 % (K=0.85). Table 2 shows the results of the dipstick assay performed on paired 
sampless of whole blood and serum. The agreement was 94.9% with a K value of 0.87. 
Together,, these results confirm the good concordance between dipstick assay and ELISA 
resultss using sera, reported previously and in addition, show that the agreement is equally 
goodd when the dipstick assay for the detection of antibodies to PGL-I is performed on 
wholee blood and under tropical field conditions. 

Tablee 1. Agreement between ELISA (serum) and dipstick assay (blood) 

Category y 

MBB leprosy 

PBB leprosy 

Householdd contacts 

Otherr skin diseases 

Total l 

ELISAA + / Dipstick + 

60 0 

5 5 

1 1 

1 1 

67 7 

ELISA A -- / Dipstick 

58 8 

44 4 

39 9 

30 0 

171 1 

Number r 

ELISAA + / Dipstick -

3 3 

2 2 

1 1 

2 2 

8 8 

ELISAA -// Dipstick + 

3 3 

3 3 

1 1 

0 0 

7 7 

Agreementt between ELISA and dipstick assay = 94.1% (kappa= 0.85) 
MBB = multibacillary 
PBB = paucibacillary 

Tablee 2. Agreement between dipstick assays performed with serum and with 
blood d 

Category y 

MBB leprosy 

PBB leprosy 

Householdd contacts 

Otherr skin diseases 

Total l 

Dip p SS + / Dip 

60 0 

6 6 

1 1 

1 1 

68 8 

BB + DipS S -/Dip p 

56 6 

45 5 

39 9 

32 2 

172 2 

Number r 

B-- Dip p SS + / Dip B -

4 4 

2 2 

1 1 

0 0 

7 7 

DipS S -- / Dip B + 

3 3 

2 2 

1 1 

0 0 

6 6 

Dipp S = dipstick performed on serum; DipB = dipstick performed on blood 
Agreementt between dipstick assay performed with serum and dipstick assay performed with whole blood = 
94.9%% (kappa= 0.87) 
MBB = multibacillary PB = paucibacillary 

Thee ELISA detected 39.3% (70/178), the dipstick 40.4% (72/178) of all leprosy patients 
usingg serum and 39.9% (71/178) using blood (Tables 1 and 2); these sensitivities were not 
significantlyy different from each other (%2 test; all P>0.8). It should be noted that the patient 
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populationn included paucibacillary patients and treated patients, both known to have a low 
bacillaryy load and presenting low antibody titers.5 

Sampless from 19 individuals (7.5%) showed discrepant results in any of the three tests. 
Thesee same samples produced the same inconsistent results between the assays upon 
repeatedd testing in the Netherlands (results not shown). The OD values found in ELISA 
withh most of these sera were close to the cut-off value for positivity (mean OD=0.322, 
SD=0.210).. Several explanations can be put forward to explain discrepancies between the 
resultss of the assays. A positive dipstick in combination with a negative ELISA result may 
bee due to the more stringent nature of the ELISA requiring a stronger affinity for the 
antibody,, as ELISA uses multiple washing with detergent to ensure tight binding of the 
antigen/antibodyy complex. The differences in dilution of the sample, 1:50 in dipstick vs. 
1:3000 in ELISA, may also favor sensitivity of the dipstick. On the other hand, substances 
presentt in blood/serum that may inhibit antigen/antibody interaction would favor sensitivity 
off  ELISA compared to the dipstick assay. The discrepancies between dipstick results 
obtainedd with blood and serum from the same patient may be due to the height of the 
hematocrit,, which could effectively result in a different dilution of antibodies in whole 
bloodd compared to serum. The limited volume of the samples prevented further 
investigationn of the precise nature of these few discrepant results. 

Inn conclusion, the findings presented here show that whole blood can be used to perform the 
dipstickk assay for the detection of antibodies to PGL-I of M. leprae and that this dipstick 
assayy performs well under tropical field conditions. This facilitates the use of the test under 
fieldd conditions by local health workers without the need of laboratory facilities. The next 
stepp will be to investigate the potential role of the dipstick test in the successful detection of 
leprosyy in potential patients and its value as a tool to classify leprosy patients as PB or MB 
forr treatment purposes. 
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4.11 Abstract 

Leprosyy control services face the problem of leprosy patients being misclassified by lack 
orr poor quality of skin smear examination services. Misclassification increases the risk of 
relapsee due to insufficient treatment if a multibacillary (MB) patient is classified as 
paucibacillaryy (PB), thereby also prolonging the time that the patient is infective. 

Thee WHO recommends at present an alternative classification based on the number of 
skinn lesions. Its reliability, however, has been questioned. Our investigation sought to 
determinee the usefulness of the ML Dipstick, a simple field assay to detect IgM antibodies 
too PGL-I of M. leprae, for the classification of leprosy patients in addition to lesion count. 

Inn this study 264 leprosy patients were investigated. Of 130 patients with a positive 
bacteriall  index (BI), 19 (14.6%) had less than six lesions and would have been classified 
ass PB. Out of 134 patients with a negative BI, 26 (19.4%) had six or more lesions and 
wouldd have been classified as MB patients if the lesion counting system would apply. 
Thus,, the classification based on the number of lesions only was found to be 85% 
sensitivee and 81% specific (using the BI as the gold standard) at detecting MB cases 
amongg the studied population. 

Sensitivityy would have increased if patients would have been classified according a 
combinationn of the number of lesions and the dipstick result. In that case patients are 
classifiedd as MB when they are either dipstick positive (n=16), have more than 6 lesions 
(n=43),, or both (n=94). Patients negative for both dipstick and number of lesions would 
havee been classified as PB (n=l 11). The classification based on the number of lesions 
alonee left 19 BI positive cases classified as PB, while the combination method of ML 
Dipstickk and number of lesions left only 8 BI positive cases classified as PB (5 borderline, 
22 borderline lepromatous and 1 tuberculoid), thus preventing undertreatment. The 
combinationn method of ML Dipstick and lesion counting was found to be 94% sensitive 
andd 77% specific, which is an improvement of 9% (Chi square test, p= 0.025) in the 
sensitivityy compared to lesion counting only. 

Thee results of this study indicate that testing with the dipstick all patients initially 
classifiedd by lesion counting as PB (48% in our study population) can significantly 
contributee to improved classification of leprosy patients for treatment purposes. 
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4.22 Introductio n 
Classificationn of leprosy patients into PB and MB determines the duration of their 
treatment.. MB patients are treated for a period of 24 months with a monthly-supervised 
combinationn therapy consisting of rifampicin, clofazamine and dapsone, whereas PB 
patientss are treated for 6 months with rifampicin and dapsone. 24 

Thee methods used for leprosy classification have changed significantly over the years. In 
19822 the WHO defined PB patients as those with indeterminate (I), tuberculoid (TT) or 
borderlinee tuberculoid (BT) leprosy with a bacterial index (BI) of less than 2 at all sites, 
MBB patients as those with a BI of 2 or higher at any site. 25 Later the definition was 
changedd and patients with a positive BI at any site were classified as MB. 23 However, as 
thee results of skin smears were often of poor quality or not available at all, 24 further 
simplificationn of the classification of patients has been introduced based on the number of 
bodyy areas affected by skin and nerve lesions 22 and by an even simpler classification in 
somee countries grouping patients with less than 6 skin lesions as PB patients and patients 
withh 6 or more skin lesions as MB patients.26 However, the reliability of classification on 
clinicall  criteria only has been questioned, since a classification system based on lesion 
countt only is prone to-underestimation of the number of lesions, especially in areas of the 
worldd where cultural factors may influence the physical examination of the patient. 
Underestimationn of the number of lesions can lead to misclassification of MB patients as 
PBB 10 and thus undertreatment. 

Thee changes over the years in leprosy patient classification systems illustrate the 
difficultyy of defining the border between PB and MB. Misclassification increases the risk 
off  relapse due to insufficient treatment of an MB patient classified as PB, thereby 
increasingg the time that the patient is infective. Long before a relapse becomes manifest, 
leprosyy patients may be highly infectious, transmitting the disease in the community. 

Thee classification systems based either on bacteriological smear examination or on 
clinicall  findings have the need for well-trained leprosy workers in common, a possible 
limitationn considering the integration of leprosy control into the general health service in 
manyy countries. In addition, both systems are liable to subjective interpretation. The 
currentlyy practised classification system based on clinical findings would benefit from a 
simplee and robust test, which gives results that are related to the bacterial load. 

Severall  studies have shown that the presence of antibodies to the Mycobacterium leprae-
specificc phenolic glycolipid-I (PGL-I) correlates with the bacterial load of a leprosy 
patient.. 7,n'21 The large majority of PB patients are seronegative whereas the large 
majorityy of MB patients are seropositive. 2;12-14;15;20'21 studies monitoring the serum 
antibodyy levels to PGL-I during treatment further demonstrate that these levels correlate 
withh the bacterial load: a decline during treatment corresponds with declining bacterial 
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indices.. 1;11:13:15:17 j n addition, increasing levels of antibodies to PGL-I in patients have 
beenn associated with the development of relapses. 916 Detection of anti-PGL-I antibodies 
mayy thus be a useful tool to confirm the diagnosis of MB leprosy. 

Recently,, we have developed a dipstick that detects IgM antibodies to PGL-I and which is 
suitablee for field use. Studies demonstrate a high degree of agreement (97.2%) between 
thee dipstick assay and the ELISA. 5 The dipstick is a simple and rapid test, not dependent 
onn specialized equipment and employs highly stable reagents that do not require 
refrigeration. . 

Heree we investigated the potential usefulness of the dipstick as a tool in classifying 
leprosyy patients into PB or MB for treatment purposes. 

4.33 Material s and methods 

4.3.11 Study population 

Thee population studied included 264 untreated leprosy patients attending the leprosy 
clinicc at Oswaldo Cruz Foundation, Rio de Janeiro, Brazil between January 1995 and May 
1999.. The Fiocruz Ethical Commission approved the study. All patients had given their 
consentt to participate in the study. 
Seraa from patients were collected and kept frozen at -20°C. Patients were diagnosed based 
onn clinical, bacteriological and histopathological findings according to Ridley and Jopling 
199 and the BI and the number of lesions were recorded. The BI was calculated as the mean 
BII  of 6 skin smears. Clinical, bacteriological and histopathological findings were 
recorded.. For our study, we use the BI results to divide the patients into PB and MB with 
aa positive BI result at any site leading to classification as MB patient. 
Thee study population was composed of 16 indeterminate (I), 4 tuberculoid (TT), 102 
borderlinee tuberculoid (BT), 47 borderline (BB), 42 borderline lepromatous (BL), 43 
lepromatouss (LL) and 10 primary neuritic (PN) leprosy patients. 

4.3.22 Dipstick assay 

Thee dipstick assay for the detection of antibodies to PGL-I of M. leprae was prepared as 
describedd before. 5 The dipsticks have two bands: an antigen band consisting of the 
M/eprae-specificc and immunodominant disaccharide epitope of PGL-I linked to bovine 
serumm albumin via an octyl linker arm (ND-O-BSA) 8 and an internal control band 
consistingg of anti-human IgM antibodies that bind IgM molecules from the serum. The 
IgMM detection reagent consists of a lyophilised monoclonal anti-human IgM antibody 
linkedd with a colloidal dye. Briefly, dipsticks were wetted in distilled water for 15 sec and 
thenn incubated for 1 h in a reaction vial containing 200 ul of the reconstituted detection 
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reagentt and 4 u.1 serum. At the end of the incubation period the dipsticks were rinsed with 
tapp water and air-dried at ambient temperature. A reddish stained antigen band indicates a 
positivee reaction. The results were scored as positive when staining was observed; no 
coloringg (but with a positive control band) was scored as negative. 

4.3.33 ELISA 

Thee ELISA for the detection of IgM antibodies to PGL-Ï of M. leprae was performed 
essentiallyy as described previously 3 using ND-O-BSA as the semi-synthetic analogue of 
PGL-I.. ND-O-BSA (0.0023 ug of sugar/ml) was diluted in a volatile ammonium acetate 
carbonatee buffer (pH 8.2). Nunc-Immunoplates-II (Life Technologies, Taastrup, Denmark) 
weree coated with 50 ul/well and left to dry at room temperature. As a control 0.1 ng/ml 
bovinee serum albumin (BSA) was used. Microtitre plates were blocked for 60 minutes with 
1000 ul of a 1% (w/v) BSA in PBS. After washing six times with PBS containing 0.1% (v/v) 
Tween-200 (PBST), the sera were diluted 1:300 in PBST containing 10% (v/v) normal goat 
serumm (NGS) and 50 ul was added to each well. This was incubated at 37°C for 60 minutes 
andd followed by another wash-step. Peroxidase conjugated anti-human IgM conjugate 
(Capple/Organonn Teknika, Turnhout, Belgium) was added (50 ul/well) at a 1:2000 dilution 
inn PBST-10% NGS to the microtitre plate. After incubation at 37°C for 60 minutes, the 
washingg procedure was repeated and 50 ul of the Sigma 3,3',5,5'- tetramethyl-benzidine 
(TMB)) liquid substrate system was added to each well. In order to control for plate-to-plate 
andd day-to-day variation, a positive reference serum was included in quadruplicate on each 
plate.. The color reactions of the entire plate were stopped with 50 ul 2.5N H2SO4 when the 
opticall  density (OD) at 450 run from the reference control serum reached an OD value of 
0.6.. All sera were tested in duplicate and the ELISA results were expressed as mean 
absorbancee of the duplicates. The final OD value of each serum sample was calculated by 
subtractingg the OD value of wells coated only with BSA from the OD value of the test wells 
coatedd with ND-O-BSA. The cut-off value for positivity was OD=0.200. 4 

4.3.44 Data analysis 

Dataa were analyzed using Epi-info version 6. The agreement between the dipstick, 
numberr of lesions and bacterial index was determined by calculating kappa values with 
95%% confidence interval (CI). Kappa values express the agreement beyond chance. 
Generally,, a kappa value of 0.60 to 0.80 represents a substantial agreement beyond 
chancee and a kappa value of >0.80 represents almost perfect agreement beyond chance. 
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4.44 Results 

Off  the 264 patients 134 were BI negative and classified as PB and 130 patients were BI 
positivee and classified as MB. 

4.4.11 Classification according to number  of lesions 

Thee columns in Table 1 show how patients would have been classified based on counting 
thee number of lesions: 137 as MB and 127 as PB patients. Out of 130 patients with a 
positivee BI, which are therefore by definition MB patients, 19 (14.6%) had less than six 
lesionss and would have been classified as PB using the lesion counting system. Eighteen 
off  them were treated with a MB regimen based on the histopathological results. The one 
treatedd with a PB regimen was a TT case with a negative dipstick result. Eleven were 
dipstickk positive: 4 BB, 4 BL and 3 LL patients. 

Outt of 134 patients with a negative BI, therefore by definition PB patients, 26 (19.4%) 
hadd six or more lesions and would be classified as MB patients if the lesion counting 
systemm would have been applied. Five were dipstick positive: 4 BT and 1 PN. Twenty-
threee were treated as PB patients. The three patients treated as MB (1 BT, 1 BB, 1 BL) 
weree all dipstick negative. The sensitivity of the WHO system of classification based on 
thee number of lesions for detecting MB cases in our study was 85% (95%CI, 77.9-90.7) 
andd the specificity 81%, for our study population the positive predictive value (PPV) was 
81%oo and the negative predictive value (NPV) 85%. The agreement between the 
bacteriologicall  classification and lesion counting classification was 83.0%, kappa 0.66 
(95%% CI, 0.54-0.78). 

Tablee 1. Comparison between the BI  and skin lesion counting systems of 
classification n 

Numberr of lesions 

>66 (MB) <6 (PB) Total 

BII  positive (MB) 111 19 130 

BII  negative (PB) 26 108 134 

Totall  137 127 264 
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4.4.22 Classification according to ML Dipstick 

Tablee 2 shows how patients would have been classified based on the presence of 
antibodiess to PGL-I using the results of ML Dipstick. One hundred and ten would have 
beenn classified as MB and 154 as PB patients. From 130 patients with a positive BI (MB 
patientss by definition), 30 (23.1%) (1 TT, 15 BB, 8 BL, 6 LL) were dipstick negative and 
wouldd have been classified as PB if only dipstick classification would have been applied. 

Outt of 134 patients with a negative BI, therefore by definition PB patients, 10 (7.5%) had 
antibodiess to PGL-I and would have been classified as MB patients according to dipstick 
results.. They were all treated as PB. The mean skin BI from the dipstick negative group 
wass significantly lower than that of the dipstick positive group (0.336 [SD=0.994] versus 
2.4500 [SD=1.518]; p=0.00005), as was the mean ELISA value (0.117 [SD=0.250] versus 
1.7166 [SD=1.164]; p=0). 
Thee sensitivity of the ML Dipstick was 77% (95% CI, 68,6-83.7) and the specificity 93%, 
withh a PPV of 91% and an NPV of 81% in our study population. The agreement was 85%, 
kappaa 0.7 (95% CI, 0.59-0.83). 

Tablee 2. Comparison between the BI  and ML Dipstick results 

MLL Dipstick result 

Positivee (MB) Negative (PB) Total 

BII  positive (MB) 100 30 130 

BII  negative (PB) 10 124 134 

Totall  110 154 264 

4.4.33 Classification combining ML Dipstick and number  of lesions 

Tablee 3 gives a detailed overview of the correlation between BI classification on one hand 
andd the results of ML Dipstick and lesion counting on the other. Table 4 shows how 
patientt classification systems based on either BI or a combination of lesion counting and 
dipstickk would compare. 
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Tablee 3. Comparison between BI, skin lesion counting and dipstick results 

Numberr of lesions and ML Dipstick 

N+/dip++ N+/dip- N-/dip+ N-/dip- Total 

BII  positive (MB) 89 22 11 8 134 

BII  negative (PB) 5 21 5 103 130 

Totall  94 43 16 111 264 

N++ = number of lesions >6; N-= number of lesions <6; 
dip++ = ML Dipstick positive; dip- = ML Dipstick negative 

Tablee 4. Comparison between the BI  classification system and the 
classificationn method based on a combination of lesion counting and 
dipstickk result 

Combinationn method result 

Positive(MB)33 Negative(PB)b Total 

BII  positive (MB) 122 8 130 

BII  negative (PB) 31 103 134 

Totall  153 111 264 
aa Positive (MB) = (N+/dip+) + (N+/dip-) + (N-/dip+) 
bb Negative (PB) = (N-/dip-) 

N++ = number of lesions >6 ; N- = number of lesions <6 ; 
dip++ = ML Dipstick positive ; dip- = ML Dipstick negative 

Patientss which scored positive in dipstick only (n = 16), in number of lesions only (n = 
43)) and in both methods (n = 94) would all be classified as MB. Patients which were 
negativee for dipstick and had less than 6 lesions would be classified as PB (n = 111). 
Eightt patients would be missed using the combined method (1 TT, 5 BB, 2 2 BL). All were 
treatedd with an MB regimen, except for the TT case. 

Thee sensitivity of the combination method was 94% (95% CI, 87.8-97.1) and the 
specificityy 77%. PPV and NPV were 80% and 93%, respectively. The observed 
agreementt was 85%, kappa 0.71 (95% CI, 0.59-0.83). 
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4.55 Discussion 

Forr operational use, in the great majority of leprosy endemic countries the classification 
off  patients into PB and MB for treatment purposes is not based on the bacterial index but 
determinedd on the basis of the number of lesions of the patient. Here, we have explored 
thee possibility of using the detection of antibodies to PGL-I through a simple dipstick 
assayy as a marker for the bacterial load of a patient and consequently as an additional tool 
forr the classification into pauci- and multibacillary leprosy. We showed that the system of 
clinicall  classification based on lesion counting in combination with the dipstick generated 
bothh a higher sensitivity for detecting MB patients and an increased ability to correctly 
identifyy PB cases. 

Classificationn of patients is subjective and therefore it is difficult to get consistency under 
fieldd conditions. Even in an ideal setting there will still be a small but significant number 
off  BI positive, therefore MB, cases being treated with a PB regimen. Croft and co-
workerss 10 reported a sensitivity of 89% for the WHO system of classification based on 
countingg lesions. In our study we found a somewhat lower sensitivity of 85%. It means 
thatt 15% of the MB patients would be incorrectly treated as PB. It is known that MB 
patientss receiving PB treatment due to misclassification are susceptible to develop a 
relapse.l l 

Whenn comparing dipstick and BI, the 85% agreement shows that the seropositivity found 
correspondedd well with the BI of patients. Others have reported comparable results. 711'21 

Sincee antibodies to PGL-I are thought to reflect the bacterial load of the host, 11113'1517 it 
iss likely that the dipstick negative and BI positive patients have less bacteria in their 
bodiess than the BI of the skin suggests, but it is impossible to assess whether these 
patientss are being over-treated. We have seen in our previous study that BI positive 
patients,, therefore MB, who did not present antibodies to PGL-ldid not relapse although 
theyy had received a short course of treatment. In contrast, all relapsed MB cases were 
seropositivee in the dipstick. 6 

Itt was shown before that patients may have a low or negative BI in their skin, while 
bacteriaa may be found in the deeper tissue and in nerves. 18 Since antibodies to PGL-I are 
aa reflection of the total bacterial load in the body, again we could argue that the 10 PB 
patientss with a positive dipstick result may have a higher bacterial load and therefore 
shouldd have received longer treatment. False-positive classification into MB and 
consequentt over-treatment, although slightly affecting cost-effectiveness of the control 
program,, can nevertheless be favored over false-negativity and under-treatment, since that 
wouldd result in a less effective control program due to the emergence of relapses. 
Ass described above, we found a sensitivity of 85% for the WHO system of classification 
accordingg to the number of lesions. When combining the two methods, dipstick and lesion 
counting,, we found a higher sensitivity (94%) to detect true MB cases and the chance of 
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classifyingg a PB patient correctly was 93%. Still, 8 BI positive MB patients (6%) would 
bee missed and treated as PB. Although they presented with low antibody levels it was not 
possiblee to assess if 6 months of therapy had been sufficient. For this, a trial should be 
performedd in which treatment is co-determined by the dipstick result. Previous studies 
indicatee that antibody detection can be used for classification of leprosy patients. 21 The 
usee of antibody detection as an additional tool for leprosy classification may be the key to 
decreasingg the significant numbers of MB patients suspected to be under-treated by the 
lesionn counting system. The results of this study suggest that testing all patients initially 
classifiedd as PB (48% in our study population) with the dipstick assay would be very 
helpfull  in this respect. 

AA combination of both methods showed a significant decrease in misclassification 
comparedd to the lesion counting only. We report an improvement of 9% (Chi square test, 
p== 0.025) in the sensitivity, therefore the combined method is a useful tool for the 
classificationn of leprosy patients under field conditions. The dipstick method is simple, 
cann be performed using either serum or finger prick blood, 4 and is easy for health 
workerss to use. 
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5.11 Abstract 

Classificationn of leprosy patients into paucibacillary (PB) and multibacillary (MB) 
determiness the duration of treatment; misclassification increases the risk of relapse due to 
insufficientt treatment if an MB patient is classified as PB. Due to the integration of 
leprosyy control into the general health service, diagnosis and classification will be 
primarilyy in the hands of less experienced professionals. Therefore, a system which 
circumventss subjective interpretation and which requires only simple training is very 
muchh welcome. 

Here,, we explored the possibility of using a simple dipstick assay based on the detection 
off  antibodies to the Mycobacterium /eprae-specific phenolic glycolipid-I (PGL-I) as a tool 
forr classification of patients into PB and MB for treatment purposes. The sensitivity of the 
dipstickk test for detection of MB patients was 85.1%, the specificity 77.7%. We found 
thatt of the 71 dipstick negative PB patients 25 (35.2%) were clinically cured at the end of 
treatment,, compared to only 2 (9.5%) of the 21 dipstick positive PB patients. Nine of 170 
(5.3%)) patients in the study population relapsed within the 5 year follow-up period. Seven 
weree MB patients, all of which were dipstick positive. Two PB patients relapsed, one was 
dipstickk negative and one was dipstick positive. 

Heree we show that dipstick positivity is a risk factor for the future development of 
relapses,, especially in those groups of patients who had received a shorter-than-usual 
coursee of treatment and that the dipstick can be used as an additional, simple tool for 
classificationn of patients and for identification of those patients who have an increased 
riskk of relapse. 
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5.22 Introductio n 

Leprosyy is an infectious disease in which clinical signs and symptoms vary widely. There 
iss no 'gold standard' for diagnosis and the diagnosis of leprosy is based generally on 
clinicall  symptoms. Classification of leprosy patients into paucibacillary (PB) and 
multibacillaryy (MB) determines the duration of treatment; misclassification increases the 
riskrisk of relapse due to insufficient treatment if an MB patient is classified as PB. MB 
patientss are treated for a period of 24 months with a monthly supervised combination 
therapyy consisting of rifampicin, clofazamine and dapsone, whereas PB patients are 
treatedd for 6 months with rifampicin and dapsone. 4 

Thee methods used for leprosy classification have changed significantly over the years. 
Thee classification criteria based on bacteriological findings have now been abandoned 
inn most places, as the setting up and maintenance of reliable skin smear services was often 
difficult.. 24 Classification is now based on allocation of patients with less than 6 skin 
lesionss to the PB group and patients with 6 or more lesions to the MB group. 26 The 
reliabilityy of classification on these criteria alone has been questioned since a 
classificationn system based on lesion counting only is prone to an underestimation of the 
numberr of lesions and will misclassify patients who have less than 6 lesions but should be 
classifiedd as MB based on a positive bacterial index (BI).7 

Duee to the integration of leprosy control into the general health service, diagnosis and 
classificationn will be primarily in the hands of less experienced professionals. Therefore, a 
systemm which is less liable to subjective interpretation and requires only simple training is 
veryy much welcome. 

Severall  studies have shown that the presence of antibodies to the Mycobacterium leprae-
specificc phenolic glycolipid-I (PGL-I) correlate with the bacterial load of a leprosy 
patient.. 5;!5;t6;21 The majority of MB patients have high levels of antibodies to PGL-I, 
whilee in general PB patients are seronegative. 1>11'14<20'21 Studies monitoring the serum 
antibodyy levels during treatment further demonstrate this correlation of serum antibodies 
too PGL-I as indicators of the bacterial load: declining antibody levels during treatment 
correspondd with declining bacterial indices. 1;1°;12'15'17 Trie observation that increasing 
levelss of antibodies to PGL-I in patients can be associated with the development of 
relapsess also indicates a relation between PGL-I antibody levels and the presence of M. 
leprae.leprae. 6;8;16 

Here,, we explore the possibility of using a simple dipstick assay based on the detection of 
thesee antibodies 3 as an easy tool for classification of patients into PB and MB for 
treatmentt purposes and for the prevention of relapse. 
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5.33 Material s and Methods 

5.3.11 Study population 

Thee samples used in this study were from leprosy patients that were included in a multi-
centerr prospective study in Manaus, Brazil from 1992 until 1994. The patients were 
treatedd according to a randomized, double blind World Health Organization (WHO) 
protocol. . 
MBB patients were submitted to therapeutic regimens, as follows: 

Regimenn A - WHO/MDT/MB for 1 year: Rifampicin 600 mg + clofazimine 300 mg once 
everyy 4 weeks, supervised; clofazimine 50 mg daily + dapsone 100 mg daily, 
unsupervised. . 
Regimenn B - The same as regimen A with the addition of ofloxacin 400 mg, daily for the 
firstfirst four weeks, supervised. 
Regimenn C - Rifampicin 600 mg + ofloxacin 400 mg daily, supervised, for four weeks, 
followedd by appropriate placebo preparations. 
Regimenn D - The same as regimen A for two years (control group). 
Inn PB cases the drug regimens tested were: 
Regimenn E - WHO/MDT/PB for 6 months: one monthly supervised dose of rifampicin 
6000 mg and dapsone 100 mg daily, unsupervised. 
Regimenn F - Rifampicin 600 mg and ofloxacin 400 mg in daily supervised doses for the 
firstt 4 weeks of the trial, followed by placebos for the remaining 5 months of the trial 
period. . 

Thee study population consisted of 67 untreated MB and 103 untreated PB leprosy 
patients.. The inclusion criterion for MB patients in the trial was a positive BI of 2+ or 
moree in at least one of five skin smears. MB patients with BI 1+ were not included in the 
trial.. Based on clinical and histopathological findings, the MB group was found to be 
composedd of 16 lepromatous (LL), 40 borderline lepromatous (BL) and 11 borderline 
patientss (BB). The inclusion criterion for PB leprosy patients was a negative BI in all 5 
skinn smears. The PB group was composed of 6 indeterminate (I), 57 tuberculoid (TT), 40 0 
borderlinee tuberculoid (BT). The number of skin lesions was only documented for the PB 
patients.. Serum samples were collected from all 170 patients mentioned above. 
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5.3.22 Follow-up 

Informationn on the clinical status after 6 months from the start of treatment was available 
forr 92 of 103 PB patients. Clinical cure was defined as absence of skin and nerve lesions 
orr a decrease in the number or clinical activity of lesions and nerves. 
Al ll  patients were followed for 5 years and relapses were recorded. In MB cases, the 
relapsee was clinically confirmed if treated patients developed the following signs or 
symptoms:: a) appearance of new skin lesion(s), not reactive lesions; b) increase in BI at 
leastt 2+ over previous value at any single site. In PB cases the relapse was clinically 
confirmedd when new skin and/or nerve lesion(s) appeared and the patient did not respond 
too a therapeutic test with the following corticosteroid regimen: weeks 1 and 2 prednisone 
100 mg four times per day; weeks 3 and 4 prednisone 10 mg three times per day. 

5.3.33 Dipstick assay 

Thee dipstick assay for the detection of antibodies to PGL-I of M.leprae was described 
before.. 4 The dipsticks contain two bands: an antigen band consisting of the M.leprae-
specificc and immunodominant disaccharide epitope of PGL-I linked to bovine serum 
albuminn (BSA) (DBSA, kindly provided by WHO/IMMLEP through Dr. J. Colston, 
Nationall  Institute for Medical Research, London, UK) 2 and an internal control band 
consistingg of anti-human IgM antibodies that bind IgM molecules from the serum. The 
IgMM detection reagent consisted of a lyophilized monoclonal anti-human IgM antibody 
linkedd with a colloidal dye. 

Dipstickss were wetted in distilled water for 15 sec and then incubated for 3 h in a reaction 
viall  containing 0.2 ml of the reconstituted detection reagent and 4 ul serum. At the end of 
thee incubation period the dipsticks were rinsed with tap water and air-dried at ambient 
temperature.. The results were scored as positive when staining was observed; no coloring 
(butt with a positive control band) was scored as negative. 

5.3.33 ELISA assay 

Thee ELISA for the detection of IgM antibodies to PGL-I of M.leprae was performed 
essentiallyy as described previously 2 using DBSA as the semi-synthetic analogue of PGL-
I.. DBSA (0.023ug of sugar per ml) was diluted in carbonate buffer (pH 9.6). Nunc-
Immunoplates-III  (Life Technologies, Taastrup, Denmark) were coated with 50 ul/well 
andd incubated overnight at 37°C in a moist chamber. As a control 0.1 ug/ml bovine serum 
albuminn (BSA) was used. Microtitre plates were blocked for 60 minutes with 100 \xl of a 
1%% (w/v) BSA in PBS. After washing six times with PBS containing 0.1% (v/v) Tween-
200 (PBST), the sera were diluted 1:300 in PBST containing 10% (v/v) normal goat serum 
(NGS)) and 50 ul was added to each well. This was incubated at 37°C for 60 minutes and 
followedd by another wash-step. Peroxidase conjugated anti-human IgM conjugate 
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(Capple/Organonn Teknika, Turnhout, Belgium) was added (50 ul/well) at a 1:2000 
dilutionn in PBST-10% NGS to the microtitre plate. After incubation at 37°C for 60 
minutes,, the washing procedure was repeated and 50 ul of the Sigma 3,3',5,5'-
tetramethyl-benzidinee (TMB) liquid substrate system was added to each well. In order to 
controll  for plate-to-plate and day-to-day variation, a positive reference serum was 
includedd in quadruplicate on each plate. The color reactions of the entire plate were 
stoppedd with 50 ul 2.5N H2SO4 when the optical density (OD) at 450 nm from the 
referencee control serum reached an OD value of 0.6. All sera were tested in duplicate and 
thee ELISA results were expressed as mean absorbance of the duplicates. The final OD 
valuee of each serum sample was calculated by subtracting the OD value of wells coated 
onlyy with BSA from the OD value of the test wells coated with DBSA. The cut-off value 
forr positivity was OD=0.250, which corresponded to the mean value of 108 local healthy 
bloodd donors plus two times the standard deviation. 

5.3.44 Statistical evaluation 

Dataa were analyzed using Epi-info version 6. The variation between test methods was 
determinedd by calculating kappa values with 95% confidence intervals (CI). Kappa values 
expresss the agreement beyond chance. Generally, a kappa value of 0.60 to 0.80 represents 
aa substantial agreement beyond chance and a kappa value of >0.80 represents almost 
perfectt agreement beyond chance. 

5.44 Results 

5.4.11 Comparison between dipstick and BI 

Tablee 1 shows the comparison between the dipstick results and the classification 
accordingg to BI of untreated leprosy patients. An agreement of 80.6%, kappa = 0.61 (95% 
CI,, 0.46-0.76) was observed. The sensitivity of the dipstick test for detection of MB 
patientss was 85.1%, the specificity 77.7%. The positive predictive value (PPV) for this 
studyy population was 71.3% and the negative predictive value (NVP) 88.9%. 
Thee agreement between the ELISA results compared to dipstick results for the entire 
studyy population was 87.6%, kappa 0.75 (95% CI, 0.60-0.90). 
Tenn patients (14.9%) were classified as MB according their BI, which was by definition 
positive,, but showed negative dipstick results. The mean BI of these ten MB patients was 
1.44 (SD = 0.8), which was significantly lower than the mean BI (3.3, SD = 1.5) of the 57 
MBB patients with a positive dipstick (t test, p=0.023). There were 23 PB patients (22.3%) 
whosee dipstick was positive and BI negative. 
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Tablee 1: Comparison between the dipstick results and the classification according to 
BII  of untreated leprosy patients 

Dipp pos (+) Dip neg (-) Total 

MBB patients BI (+) 

PBB patients BI (-) 

Total l 

57 7 

23 3 

80 0 

10 0 

80 0 

90 0 

67 7 

103 3 

170 0 

5.4.22 Comparison between dipstick result and number  of lesions 
Forr 95 patients classified as PB based on a negative BI, the number of lesions was 
recorded.. Table 2 shows how these PB patients would have been classified (PB or MB) 
onn the basis of lesion number and how on the basis of dipstick result. 

Bothh methods of classification resulted in a similar number of patients being misclassified 
ass MB (17/95 for lesion counting and 21/95 for dipstick, McNeraar test, p=0.57). In this 
populationn dipstick classified 78% according to BI and the counting lesions method 82%. 
Theree was no agreement between dipstick and lesions counting (kappa 0.08 [95%CI, -
0.12-0.28]). . 

Tablee 2: Comparison between lesion counting and dipstick results in 95 patients 
classifiedd as PB on the basis of their  negative BI 

Lesionss > 6 

Lesionss < 6 

Total l 

Dip p 

5 5 

16 6 

21 1 

pos s (+) ) Dip p 

12 2 

62 2 

74 4 

neg g (-) ) Total l 

17 7 

78 8 

95 5 
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5.4.33 Follow-up of PB patients - at the end of treatment 

Informationn on the clinical status after 6 months of treatment was available for 92 of 103 
PBB patients. Table 3 shows the clinical state of these patients in relation to dipstick 
results.. It was observed that of the 71 dipstick negative PB patients 25 (35.2%) were 
alreadyy clinically cured, at the end of treatment, compared to only 2 (9.5%) of the 21 
dipstickk positive PB patients (Chi-square test with Yates correction, p = 0.04). In contrast, 
noo significant difference in cure rate was found when these 92 PB patients were classified 
accordingg to their number of lesions: of the 77 PB patients with less than 6 lesions, 22 
(28.6%)) were cured after 6 months compared to 5 (33.3%) of the 15 patients with 6 or 
moree lesions (Chi square with Yates correction, p = 0.95). 

Tablee 3: Follow up of PB patients after  6 months from the start of treatment 

Dipp pos (+) Dip neg (-) Total 

Curedd 2 25 27 

Nott cured 19 46 65 

Totall  21 71 92 

5.4.44 Follow-up of all patients - after  5 years 

Ninee of 170 (PB-MB) patients relapsed within the follow-up period of 5 years. Seven 
weree MB patients that were ELISA and dipstick positive at the start of their therapy. All 
off  them were in the group that had received a shorter treatment than standard MDT. The 
meann ELISA OD of these 7 relapsed MB patients was 2.022 (SD = 1.016) (all strong 
dipstick-positive)) in comparison to a mean OD of 1.382 (SD = 1.118) for the non-relapsed 
MBB patients (Fisher exact test, p = 0.15). None of the 10 BI-positive (MB) patients that 
weree dipstick negative and of which 8 had received a short course treatment (one year or 
shorter),, relapsed within the five year follow-up period. 

Twoo of the relapsed patients were initially classified as PB on the basis of their negative 
BI.. One of them was dipstick and ELISA negative at the start of treatment (6 months 
MDT),, the other dipstick and ELISA positive at the start of treatment (1 month daily 
rifampicinn plus ofloxacin). The dipstick negative patient had 2 lesions and the dipstick 
positivee patient had 8 lesions at the start of therapy. The dipstick positive patient was, 
uponn recognition of his relapse (4 years after the release from treatment), retreated with a 
66 months PB treatment (MDT) schedule and relapsed again one year later; he was then 
reclassifiedd as MB and treated accordingly with good response. The dipstick negative 
patientt responded well to the MDT regime for PB. 
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5.55 Discussion 

Att present in many leprosy endemic countries the division of leprosy patients into PB and 
MBB is determined solely on the basis of the number of lesions. This means that patients 
aree classified without confirmation of the BI. Here, we have explored the possibility of 
usingg the detection of antibodies to PGL-I through a simple dipstick assay as a marker for 
thee bacterial load of a patient and thus for the classification into PB or MB leprosy for 
treatmentt purposes. The results of this study indicate that patients with a high bacterial 
loadd as shown by their dipstick result, have an increased risk for relapse. 

BII  does not necessarily reflect the total bacterial load in the body. It was shown before 
thatt patients may have a low or negative BI in their skin, while bacteria may be found in 
thee deeper tissue and in nerves. 18 On the other hand, a positive BI patient may not have 
M.M. leprae heavily disseminated in the body. Antibodies are likely to be a better reflection 
off  the total bacterial load in the body.5;8;10;15;21 

Inn our study dipstick positivity corresponded well with the BI of patients, as illustrated by 
ann agreement of over 80%. Of the 67 patients which were classified as MB on the basis of 
theirr skin smear result, 10 (14.9%) were dipstick negative. It may be that in these patients 
thee total bacterial load was located mainly in cutaneous lesions without dissemination. 
Theirr skin BI was significant lower than that of the dipstick positive MB patients. As the 
informationn on treatment received is still not available, it is at present impossible to assess 
whetherr these patients could have been treated for a shorter period of time. 

Twenty-threee of 103 (22.3%) patients with a negative BI had a positive dipstick result. 
Thee dipstick positive PB patients indeed showed a significantly lower cure-rate after 6 
monthss compared to the dipstick negative and BI negative leprosy patients. This might be 
ann indication that this group of patients indeed had a higher total bacterial load although 
theirr skin lesion BI was negative. The follow-up period of 5 years in which 22 of the 23 
dipstickk positive PB patients remained free of relapse support adequate treatment. 
However,, it is not possible to give a definite answer because we are not aware of the 
treatmentt these patients have received. The low cure rate is at least an indication that the 
bacteriall  load of patients from the PB dipstick positive group may require the regular 6 
monthss MDT. 

Withinn the follow-up period of five years from the beginning of treatment, 1 of the 23 
dipstickk positive PB patients relapsed compared to 1 of the 80 dipstick negative PB 
patients.. One can argue that the one PB patient who was dipstick-positive relapsed due to 
inadequatee treatment of one month with rifampicin and ofloxacin. However, this patient 
wass retreated with 6 months of MDT regimen for PB patients and then relapsed again, 
suggestingg that this patient should have been classified as MB as was indicated initially 
byy his dipstick result and this was confirmed in the end by his good clinical response 
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whenn treated as an MB patient. The other dipstick negative patient who relapsed had 
receivedd the regular MDT for PB and was negative by both dipstick and BI. This patient 
wouldd neither have been identified by number of skin lesions nor by dipstick result as 
requiringg a longer treatment course. 

Theree was no relation between the number of lesions of the BI-negative PB patients and 
thee dipstick result. The dipstick result correlated with the cure rate of these PB patients, 
butt the lesion counting results did not. If these BI-negative patients had been classified 
onlyy on the basis of dipstick result, 21/95 would have been classified as MB, while 17/95 
wouldd have been on the basis of the number of skin lesions. Over-classification of MB 
andd over-treatment, which would likely occur when classification criteria would include 
dipstickk result, is already general practice and fully accepted in leprosy control programs, 
whichh classify patients primarily on number of skin lesions. 

Thee seven MB patients that relapsed within the five year follow-up period had all 
receivedd one month of daily rifampicin treatment combined with ofloxacin instead of 
standardd two years MDT. The mean anti-PGL-I antibody level at the start of treatment in 
thesee relapsed patients was higher than that of the non-relapsed patients. Strictly speaking, 
thee difference was not significant (p = 0.15), but considering the small numbers involved, 
wee believe this result at least illustrates the importance of the bacterial load in relation to 
thee treatment given. The dipstick assay may be helpful in this respect as an indicator of 
thee bacterial status of the patient and thus may help in identifying patients that could 
successfullyy receive a shorter treatment. 

Thee WHO study on risk of relapse in leprosy judges it unnecessary to follow-up and 
carefullyy examine patients after MDT. 5 This is based on the observations that MDT is 
efficientt and at most follow-up studies show only a low percentage of relapses. 
Nevertheless,, when following up patients with high bacterial loads before treatment for 
longerr periods the relapse rate increases twenty-fold. 7 Furthermore, in one study, the 
frequencyy of viable M. leprae extracted from nerves and skin of MB leprosy patients 
releasedd from MDT was alarmingly high. 22 Based on the risk of relapse after MDT it is 
advisedd to give special attention to leprosy patients with high bacterial loads and that BI 
shouldd be performed. 9 

Thee risk of relapse is associated with both the sensitivity and the predictive value of a test 
orr method to classifying a MB correctly (PPV). 23 In our study population (39.4% MB 
patients)) we found a sensitivity of 85.1%, the chance of classifying a MB patient correctly 
wass 71.3% (PPV). It should however be taken into account that our study population may 
nott be representative for the total leprosy population in the study area since the MB group 
withh BI <2 was not included. This group comprises usually 5-20% of the total number of 
patientss depending on the leprosy control area. In a population predominantly formed by 
PBB patients the ML Dipstick test would increase the number of PB patients falsely 

78 8 



Identificationn of leprosy patients who have an increased risk of relapse using a simple dipstick assay 

classifiedd as MB and further studies must be performed in order to assess the validity of 
thee use of the test in such areas. However, false-positive classification into MB and 
consequentt over-treatment, although slightly affecting cost-effectiveness of the control 
program,, can nevertheless be favored over false-negativity and under-treatment, since that 
wouldd result in a less effective control program due to the emergence of relapses. 23 

5.66 Conclusions 

Thee long incubation period of leprosy and the risks of transmission associated with the 
difficultyy to distinguish relapse from late reactions, are challenges for the leprosy control 
programss especially now that they are being absorbed by the primary care system. Studies 
onn classification of patients with the help of a simple and robust tool maybe good to be 
considered.. We show here that a simple serological assay, which can be used by health 
workerss in the field, is capable of identifying those patients who have high antibody levels 
andd thus in all probability have a high bacterial load. As these patients could be at an 
increasedd risk of developing relapses after treatment, special attention would be 
recommendablee in the period after release from treatment, particularly in those groups of 
patientss who had received a shorter than usual course of treatment. 

Thee dipstick method is simple, can be performed using finger prick blood, 3 and is easy 
forr health workers to use. If it can be shown to provide a classification that fits better with 
responsee to treatment, then it could be an important additional tool for quick and accurate 
diagnosiss of leprosy. The results of this study suggest that the dipstick test could play 
suchh a role, but further studies are needed to confirm whether the dipstick method to 
detectt antibodies to PGL-I, alone or in combination with other criteria, would consistently 
producee more reliable patient classification. 
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6.11 Abstract 

Leprosyy control programs would highly benefit from an easy method to estimate the 
prevalencee of disease and to assess the effect of leprosy control measures on the 
prevalencee of disease. Recently, it was shown that the determination of the seroprevalence 
off  antibodies to PGL-I through school children surveys might be a useful indicator of the 
leprosyy prevalence at the district level, in a leprosy endemic area in Indonesia. 

Too investigate whether seropositivity rates could be related to leprosy detection rates and 
whetherr seropositivity could be used as a proximal indicator to predict the leprosy incidence 
inn other areas, 7073 school children in three different leprosy endemic states in Brazil were 
testedd using the ML Dipstick. Our results show a widely varying distribution of 
seropositivityy in the communities independent of the number of leprosy cases detected. 
Wee also found that at private schools the seroprevalence was lower. No differences in the 
patternss of seropositivity between ELISA and dipstick were observed. No correlation 
betweenn leprosy detection rate and seropositivity rates could be established. 

6.22 Introductio n 

Despitee the effort to eliminate leprosy as a public health problem the registered numbers 
off  newly diagnosed patients worldwide went up from 571,792 detected cases in 1990 to 
755,3055 in 1998, 20 representing an increase of 32% in the last decade. An optimistic 
explanationn for the increased number of cases could be the contribution of active case 
findingg during leprosy elimination campaigns (LECs). Still, attention must be given to 
somee peculiarities of the pathogen and the disease to guarantee control and maybe in the 
endd elimination of the disease. Silent transmission of leprosy is facilitated by the slow 
growthh characteristic of the bacillus, the long incubation period before the disease 
becomess apparent, the slow progress of the irreversible nerve damage and the social 
stigmaa of leprosy. 

Expertisee on diagnosis and treatment of leprosy will decline with the ongoing integration 
off  vertical leprosy control programs into the general health care service. I7 Integration 
impliess that less experienced professionals are expected to diagnose and classify leprosy. 
Inn communities where leprosy has been eliminated as a public health problem, less than 
onee leprosy case would be diagnosed per every 10,000 people. 18 Most health 
professionalss would never encounter a leprosy patient and might not include leprosy in 
thee differential diagnosis if they believe it to have been eliminated. Furthermore, the 
sociall  stigma of leprosy would not necessarily be eliminated, and stigma would continue 
too discourage patients from self-reporting. In addition, when in high endemic areas the 
socioeconomicc situation remains the same, the susceptibility in the community will 
remainn high. In leprosy endemic areas where leprosy elimination is supposed to be 
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achieved,, the number of undetected leprosy cases may increase and silent transmission 
overr the years could finally reverse the achieved status of leprosy elimination to one of 
evenn high leprosy endemicity. 

Too evaluate whether the health care services are able to control leprosy, the control 
programm must be monitored, but this presents certain difficulties. The epidemiological 
indicatorr used to monitor the number of leprosy cases is detection rate and not leprosy 
incidencee because of the difficulty of detecting all cases. Active case finding surveys are 
nott cost efficient for low incidence diseases such as leprosy. There is currently no 
alternativee simple way to establish the leprosy endemicity in a particular area. 

Thee detection of antibodies to M.leprae is potentially useful for epidemiological studies 
off  Mleprae infection, and could thus be useful to leprosy control programs. I2;13 Since the 
prevalencee of seropositivity in a population roughly reflects exposure/infection rates, the 
effectt of control measures could be evaluated by repeated serological screening. 2'9 

Recently,, it was shown that the determination of the seroprevalence of antibodies to PGL-
II  through school children surveys might be a useful indicator of the leprosy prevalence at 
thee district level in a leprosy endemic area in Indonesia. 

Here,, we report the results of an epidemiological study performed in Brazil using the ML 
Dipstickk to detect seropositivity among 7073 school children in three different leprosy 
endemicc states. We investigated whether seropositivity rates are to leprosy detection rates 
andd whether seropositivity could be used as a proximal indicator to predict the leprosy 
incidencee in a particular area. 
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6.33 Material s and methods 

6.3.11 Study areas 

Brazill  is divided into 26 States and these states are divided into a total of 5,507 
municipalities,, which may vary extensively in terms of both area and population. 

Wee aimed to select for our study three States in Brazil with different levels of leprosy 
incidence.. The incidence of leprosy, estimated by the leprosy detection rate should be 
reliablee and the areas should have well-established leprosy control programs. Therefore, 
wee analyzed the available epidemiological and operational leprosy indicators of the 
previouss five years. The criteria for selection of the area and inclusion in the study were: 
(i)) the presence of a well committed work team in the last 5 years, (ii) early diagnosis of 
neww cases, and (iii ) implementation of multi-drug therapy (MDT) in at least 90% of the 
patients.. To identify the study areas epidemiological data (detection rate, prevalence, and 
disabilityy grade in new cases) and operational data (MDT program coverage, % of cases 
evaluatedd for disability grade and % of cured among patients who completed treatment in 
assignedd period) were analyzed. 

Thee States included were Espirito Santo (ES), Minas Gerais (MG) and Santa Catarina 
(SC)) in which the general leprosy detection rates in 1998 were 4.1, 1.6 and 0.4 per 
10,000,, respectively. Based on the same criteria as above, in every State three 
municipalitiess were selected, namely Aracruz (ES), Santa Teresa (ES), Colatina (ES), 
Govemadorr Valadares (MG), Santa Luzia (MG), Barbacena (MG), Itajai (SC), Tubarao 
(SC)) and Laguna (SC). In each State a project leader carried out the survey with the 
assistancee of members of the local leprosy control programs from the Public Health 
System,, schoolteachers and university students. 

6.3.22 Study population 

Childrenn from the fifth class of the primary school were studied aiming at a target 
populationn of 10-14 years old children. All procedures involving human subjects fulfilled 
thee regulations of the local authorities and the Brazilian National Ethical Committee 
approvedd the project (619/99 REG CONEP: 806). Children for which the parents gave 
writtenn consent were clinically examined for signs of skin disease and whenever needed 
theyy were referred to the health center for treatment. 

6.3.33 Sample size 

Thee required sample size depends on the estimated prevalence of the characteristic to be 
studiedd and on the required precision of this estimate. In this study, the sample size 
calculationss are based on an estimated seroprevalence and precision in the low, medium 
andd high endemic areas of 5% (  3%), 15% (  4%) and 25% (+ 5%) respectively. The 
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precisionn of the estimate was based on a 95% confidence intervals. These expectations 
weree based on a previous school children survey. I6 

Becausee the method of cluster sampling was used, the required sample size also depends 
onn the design effect, which is related to the number of clusters and the homogeneity of the 
characteristicc within the clusters. 315;19 For practical and logistic reasons we choose a 
samplee size of 750 persons with a sampling design of 25 clusters of 30 persons in eight 
municipalitiess and of 30 clusters of 25 persons in one municipality. 
Thiss design would confirm the estimated prevalence and required precision while 
correctingg for a design effect of 2 to 5 in the low endemic areas, 1.9 to 3 in the medium 
endemicc areas and 1.3 to 4.2 in the high endemic areas. 
Thee total number of children participating in all 9 municipalities from three States was 
7,073. . 

6.3.44 Selection of clusters 

Forr the selections of the "clusters schools", a list of all schools in the municipality was 
preparedd and schools were selected by sampling with probability proportional to size 
(PPS).. This entails that the chance of being selected is not equal for every school, but is 
proportionall  to the size of the school. Depending on the school size more "cluster classes" 
cann be selected from the same school. Then, as the next step, the grade 5 to be included in 
thee sample was selected at random. If there ware not enough children in this class, another 
classs was randomly chosen. In Santa Teresa and Laguna all fifth classes were enrolled in 
thee study due to the small number of children in the study population. 

6.3.55 Blood collection 

Approximatelyy 10 ul of capillary blood for direct use in the dipstick test was obtained 
fromm all participating children by finger-prick in a heparinised (capillary) hematocrit tube. 
55 In addition, 3 drops of blood were collected on cards of 3 by 5 cm of Schleicher & 
Schuelll  blotting paper GB 002. On each of these cards, the personal identification label 
wass placed and the name, date of birth and date of blood collection were written. The 
cardss were air-dried and then stored in zip-seal plastic bags at + 4°C. 

6.3.66 Dipstick assay 

Thee dipstick assay for the detection of antibodies to PGL-I of M. leprae was prepared as 
describedd before. 6 The dipsticks have two bands: an antigen band consisting of the 
MJeprae-specificMJeprae-specific and immunodominant disaccharide epitope of PGL-I linked to bovine 
serumm albumin (Natural Disaccharide-BSA or ND-O-BSA)8 and an internal control band 
consistingg of anti-human IgM antibodies that bind IgM molecules from the serum. The 
IgMM detection reagent consists of a lyophilized monoclonal anti-human IgM antibody 
linkedd with a colloidal dye. Briefly, dipsticks were wetted in distilled water for 15 sec and 
thenn incubated for 1 h in a reaction vial containing the 200 ul of the reconstituted detection 
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reagentt and approximately 10 ul heparanised whole blood. 5 At the end of the incubation 
periodd the dipsticks were rinsed with tap water and air-dried at ambient temperature. A 
reddishh stained antigen band indicates a positive reaction. The results were scored as 
positivee when staining was observed; no coloring (but with a positive control band) was 
scoredd as negative. 

Thee results of the dipstick tests performed in Santa Luzia were not included because in a 
highh proportion of the dipsticks positive control band staining could not be observed. In 
thee other 8 municipalities all tests performed showed staining of the positive control band. 
6.3.77 Blood elution 

Thee blood was eluted the day before testing in ELISA. Two 3.17 mm-diameter discs were 
punchedd from the blood-impregnated paper and eluted overnight in 50 ul of phosphate 
bufferr saline containing 0.1% (v/v) Tween 20 (PBST). The two paper discs contained 
approximatelyy 5 ul blood, corresponding to 2,5 ul serum. The next day a final serum 
dilutionn of 1:100 was obtained by adding 200 ul of PBST containing 10% (v/v) normal 
goatt serum (NGS) at least one hour previous to use in ELISA plates. 

6.3.88 ELISA 

Thee ELISA for the detection of IgM antibodies to PGL-I of M.leprae was performed 
essentiallyy as described previously. 4 ND-O-BSA was used as the semi-synthetic analogue 
off  PGL-I. This antigen was diluted in carbonate buffer (pH 9.6) in a sugar concentration of 
0.0233 fig/ml. As a control 0.1 fig/ml bovine serum albumin (BSA) was used. Nunc-
Immunoplates-III  (Life Technologies, Taastrup, Denmark) plates were coated with 50 
^I/welll  of antigen or control. The plates were incubated overnight at 37°C in a moist 
chamber.. Microtitre plates were blocked for 60 minutes with 100 ul of 1% (w/v) BSA in 
PBS.. Next, 50 ul of the eluted blood was added to each well. This was incubated at 37°C 
forr 60 minutes. After incubation the plates were washed for times with PBS containing 
0.1%% (v/v) Tween-20 (PBST). Peroxidase conjugated anti-human IgM conjugate 
(Capple/Organonn Teknika, Turnhout, Belgium) was added (50 ul/well) at a 1:2000 
dilutionn in PBST-10% NGS. After incubation at 37°C for 60 minutes, the washing 
proceduree was repeated and 50 u.1 of the Sigma 3,3',5,5'- tetramethyl-benzidine (TMB) 
liquidd substrate system was added to each well. In order to control for plate-to-plate and 
day-to-dayy variation, a positive reference serum was included in quadruplicate on each 
plate.. The color reactions of the entire plate were stopped with 50 ul 2.5N H2S04 when 
thee optical density (OD) at 450 nm of the reference control serum reached 0.6. All sera 
weree tested in duplicate and the ELISA results were expressed as mean absorbance of the 
duplicates.. The final OD value of each serum sample was calculated by subtracting the 
ODD value of wells coated only with BSA from the OD value of the test wells coated with 
ND-O-BSA.. The cut-off value used for positivity was OD=0.150; any criterion for 
positivityy is arbitrary since the distribution of antibody concentration is unimodal. 
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6.3.99 Data analysis 

Dataa were analyzed using Epi-info version 6.04b and the Excel software package. 
Analysess of variance were applied as indicated in the text. All probabilities presented are 
two-tailed.. The heterogeneity of seroprevalence within the different clusters was 
examinedd with a goodness-of-fit test (X[(0 - E)2/E]). 
Kappaa values express the agreement beyond chance. Generally, a kappa value of 0.60 to 
0.800 represents a substantial agreement beyond chance and a kappa value of >0.80 
representss almost perfect agreement beyond chance. l 
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6.44 Results 

6.4.11 Geographic and demographic characteristics 

Thee population size, area and population densities of the municipalities are given in Table 
1.. The variation between municipalities was high. The concentration of inhabitants ranged 
fromm 29 to 672 persons per km2. 

Tablee 1: Geographic and demographic characteristics per  municipality (1998) 

Mi nn as Gerais 

Governadorr Valadares 

Santaa Luzia 

Barbacena a 

Espirit oo Santo 

Aracruz z 

Colatina a 

Santaa Teresa 

Santaa Catarina 

Itajai i 

Laguna a 

Tubarao o 

Population n 

2311 421 

1577 926 

1099 769 

611 339 

1055 591 

199 669 

1300 777 

477 839 

866 936 

Areaa (km") 

2.349 9 

235 5 

758 8 

1.427 7 

1799 9 

687 7 

303 3 

353 3 

284 4 

Populationn density 

(persons/km") ) 

99 9 

672 2 

145 5 

43 3 

59 9 

29 9 

432 2 

136 6 

306 6 

6.4.22 Leprosy indicators 

Thee leprosy detection rates for the last 5 years previous to the study are given in Table 2. 
Assessmentt of the data from the different municipalities showed that the leprosy detection 
ratee was relative stable over the last 5 years in most municipalities except for Santa 
Teresaa (ES), which had an abrupt increase in the case detection rate in 1998. Governador 
Valadaress (MG) was the municipality presenting the highest case detection rate with a 
meann of 11.2/10,000. Aracruz (ES) and Colatina (ES) presented similar, medium 
detectionn rates of 3.5-3.7/10,000 in the last 5 years. Santa Luzia (MG), Barbacena (MG), 
Itajaii  (SC), Laguna (SC) and Tubarao (SC) with mean case detection rates below 
1/10,0000 were considered low-endemic municipalities. 
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Tablee 2. Leprosy detection rate per  municipalit y 

Detectionn Rate/ 10,000 

19955 1996 1997 1998 1999 Mean* 

Minass Gerais 

Governadorr Valadares 14.8 7.7 11.8 10.9 10.6 11.2 

Santaa Luzia 1.3 0.9 0.6 0.9 1.2 1.0 

Barbacenaa 0.0 0.3 0.2 0.3 0.0 0.2 

Espirit oo Santo 

Arcruz z 

Colatina a 

Santaa Teresa 

Santaa Catarina 

Itajaii  1.6 1.5 0.4 0.8 0.3 0.9 

Lagunaa 0.9 0.2 0.5 0.2 0.2 0.5 

Tubaraoo 08 0.1 0.2 0.2 0_6 05 

**  Mean detection rate 1995 -1999 

6.4.33 Study population 

Thee characteristics of the study population are shown in Table 3 (next page). From all 
registeredd schools 162 were selected in which 224 clusters were studied. 
Dependingg on the permission given by the parents, the participation of the children varied 
significantlyy between the municipalities. As seen in Table 3 this participation ranged from 
45%% to 91%. 

Thee ratio males/females within municipalities varied from 43/57 to 54/46. The mean age 
variedd from 11.3 to 12.1. The BCG vaccination coverage was almost 100% in all 
municipalities.. There was a significant difference in the study population between 
municipalitiess with regard to sex (Chi square = 27.1, p < 0.001), age (F Statistic = 33.2, p 
<< 0.00001) and BCG status (Chi square = 128.2, p < 0.00000001). 

3.00 3.8 4.4 4.8 2.3 3.7 

4.11 2.9 4.3 3.4 3.0 3.5 

1.33 1.0 1.0 4.1 3.6 2.2 
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Tablee 3: Characteristics of the study population per  municipalit y 

Schools s 

NN N N 

Publicc Private Clusters 

MG G 

Gov.. Val. 28 0 30 

StaLuziaa 19 0 25 

Barbacenaa 12 0 25 

ES S 

Aracruzz 12 3 26 

Colatinaa 17 3 25 

Staa Teresa 6 1 18 

SC C 

Itajaii  21 4 25 

Lagunaa 12 2 25 

Tubaraoo 21 2 25 

Pupils s 

%% N N % Mean % 

Participation'' Registered2 Studied M/F3 Age BCG4 

455 6779 843 50/50 12.1 99.9 

511 4871 787 46/54 12.1 99.6 

511 2304 755 43/57 11.8 100 

844 2612 815 49/51 11.4 97.9 

911 2707 794 47/53 11.3 98.5 

700 613 432 54/46 11.5 93.8 

600 1789 1014 48/52 11.7 98.9 

600 1222 738 52/48 12.0 95.4 

399 2292 895 44/56 11.7 98.3 

NN = number, % = percentage 
('' ) Invited pupils that parents allowed to participate in the studied 
(2)) Total number of children in the 5th grade class 
CC ) males/females 
(4)) BCG vaccinated children 

6.4.44 Serology 

Tablee 4 shows the results of the serological examination by the ELISA and the ML 
Dipstick.. The overall agreement between the ELISA and the ML Dipstick was 90.2%, 
kappaa value 0.6. The seropositivity results ranged from 12% to 25% for ELISA and 8.5% 
too 14.4% for ML Dipstick. No correlation between leprosy detection rate and 
seropositivityy rates for both the ELISA and the ML Dipstick could be established. Figures 
11 and 2 show the percentage of seropositivity by the ML Dipstick and the ELISA, 
respectively,, in relation to the leprosy detection rates. 
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Tablee 4: Seropositivity rates among school children per municipality. 

Minass Gerais 

Gov.. Valadares 

Santaa Luzia 

Barbacena a 

Espirit oo Santo 

Aracruz z 

Colatina a 

Santaa Teresa 

Santaa Catarina 

Itajai i 

Laguna a 

Tubarao o 

ELISAA  (%) 

Seroprevalence e 

18.6 6 

23.0 0 

15.0 0 

24.0 0 

14.0 0 

15.0 0 

16.9 9 

12.0 0 

12.0 0 

LL L 

16.2 2 

18.9 9 

10.5 5 

22.8 8 

11.8 8 

11.9 9 

14.7 7 

9.6 6 

9.8 8 

UL L 

21.1 1 

26.8 8 

15.2 2 

25.3 3 

15.6 6 

18.2 2 

19.0 0 

13.7 7 

14.1 1 

ML L 

Seroprevalence e 

14.2 2 

--
12.8 8 

14.4 4 

10.1 1 

14.4 4 

14.2 2 

12.5 5 

8.5 5 

Dipstickk (%) 

LL L 

10.7 7 

--
12.4 4 

11.2 2 

7.3 3 

14.8 8 

12.5 5 

10.4 4 

7.0 0 

UL L 

17.7 7 

--
18.1 1 

17.5 5 

12.8 8 

19.9 9 

15.9 9 

14.6 6 

10.0 0 

LLL = lower limit, 95% CI 

UPP = upper limit, 95% CI 

Figuree 1. ML-Dipstick seropositivity and case-detection rate in 8 municipalities in 3 
Statess of Brazil 

Sero-- c a 5 e 

posittvft yy  detectio n 
ratee r a t e 

30 0 

20 0 

10 0 

0 0 

öö  J Municipalit y 

rr  I detection rate/10,CK)0 (mean of 5 years) 

—A—— % seropositiviy ML-dipstick 
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Figuree 2. ELISA seropositivity and case-detection rate in 9 municipalities in 3 states 
off  Brazil 

Too investigate how dipstick seropositivity rates were distributed among different clusters 
andd consequently in schools, the expected seropositivity rates were calculated and 
comparedd with the observed seropositivity rates. Out of 145 schools studied with dipstick 
inn 8 municipalities, 20 (13.8%) had a significantly different seropositivity from the mean 
seropositivityy observed in the municipality. In total there were 8 (5.5%) schools that had a 
significantt lower seropositivity than expected. Among the private schools there were 
significantt more schools with a lower seropositivity (5/15) than expected compared to the 
publicc schools (3/130). (Chi square = 19.2, p< 0.002). 
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6.55 Discussion 

Leprosyy control programs would highly benefit from an easy method to estimate the 
prevalencee of disease and to assess the effect of leprosy control measures on the 
prevalencee of disease. This would help them to monitor and maximize the effect of their 
interventions.. In a leprosy endemic area in Indonesia it was shown that the seropositivity 
ratess of antibodies to PGL-I through school surveys might be a useful indicator of the lep-
rosyy prevalence at the district level. 16 A strong correlation was found, but only two levels 
off  endemicity had been studied. In the present study more levels of endemicity were 
includedd and a methodology that could be easily used in the field was applied. 

Wee included clusters of school children from 9 municipalities in 3 States in Brazil 
differingg in leprosy detection rates. Seropositivity using both the ELISA and the ML 
Dipstickk was studied and results were compared with the reported leprosy detection rates. 
Ourr results show a widely varying distribution of seropositivity in the communities 
independentt from the number of leprosy cases detected. These results are not in 
agreementt with the school children survey in Indonesia. 16 The seropositivity was not 
capablee of differentiating between different levels of leprosy endemicity and no relation 
wass found between seropositivity and leprosy indicators. No clear differences in the 
patternss of seropositivity between the ELISA and the dipstick were observed. 

Assumingg that seropositivity is an indicator of infection, there may be a number of 
explanationss why we found that seropositivity was widely distributed in the community: 

i)) M.leprae subclinical infection may be widespread but the immunity of the 
populationn prevents leprosy from becoming apparent; 

ii )) M.leprae may be transmitted not only by contact with clinical patients but also 
withh the subclinically infected, M.leprae present in the environment u or even an, 
ass yet unidentified, reservoir host; or 

iii )) infection in the community by environmental (myco)bacteria and/or common 
infectionss may result in a cross-reactive anti-PGL-I antibody response. 

Inn addition to these more general factors, there are a number of other factors related to the 
studyy design and execution of the study possibly explaining why no clear relation was 
foundd between leprosy indicators and serology. 

First,, it may be possible that the reported detection rates were not always accurate. The 
selectionn of municipalities with different leprosy incidence rates was based on the data 
andd experience of the national leprosy control program. Only municipalities with stable 
leprosyy control programs during the last years were included. Still, we can not exclude 
thatt in some areas the number of hidden leprosy cases is higher than expected. Leboeuf 
andd Grossi estimated that only between 59 and 84% of all leprosy cases were detected in 
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Minass Gerais State. 14 This could explain the higher than expected seropositivity rates 
foundd in Santa Lucia and Barbacena, but not in Governador Valadares where the 
seropositivityy rate was lower than expected. 

Second,, we cannot rule out the possibility that, in some municipalities, the study 
populationn was not representative for the total population. The study design using cluster 
samplingg through a school children survey should have been appropriate and, in principle, 
thee sample size large enough to represent the community. However, participation of the 
childrenn was dependent on the consent of their parents and their presence at school at the 
timee of the study. These factors could have introduced a bias. It is possible that, especially 
inn high endemic areas, children being a household contact were not allowed by their 
parentss to participate because of the stigma associated with leprosy. Socio-economic 
factorss could be another reason for not participating in the study. During the fieldwork in 
Espiritoo Santo State, many children were missing school because they needed to help with 
harvestingg the coffee beans. Indeed, the highest leprosy endemic municipality 
(Governadorr Valadares) had a low participation rate. 

Third,, the antigen used for determining the seropositivity in the Indonesia study was the 
semi-syntheticc natural trisaccharide bound to bovine serum albumin through a phenyl 
linkerr (NT-P-BSA), which, in addition, was used in an agglutination test. In our study a 
similarr antigen was used, a semi-synthetic natural disaccharide bound to bovine serum 
albuminn through an octyl linker (ND-O-BSA). A good correlation between the two 
antigenss was reported (r = 0.81), the specificity of NT-P-BSA being higher (95.4%) than 
ND-O-BSAA (93.1%). 7 We cannot rule out that the use of different antigens with different 
specificityy may hamper the comparison of results from the different studies. Alternatively, 
thee use of whole blood instead of serum may have played a role. 

Whenn analyzing the 20 clusters for which the seropositivity was lower or higher than 
expected,, a significant difference was found between private schools and public schools. 
Privatee schools were more likely to present with a lower seropositivity. This difference 
wass statistically significant and is in agreement with the hypothesis that seropositivity is a 
reflectionn of exposure to M.leprae and is likely to be related to the socioeconomic status. 
Differencess in the socioeconomic status of the pupils attending public and private schools 
couldd be the explanation for the difference in infection distribution found. On the other 
hand,, the higher seropositivity found in public schools could well be the result of cross 
reactivity.. Exposure to other environmental mycobacteria and therefore higher than 
expectedd seropositivity rates could be just a reflection of non-specific binding of cross 
reactingg antibodies to the antigen. 

Basedd on our results it is not possible to make definite conclusion on the hypothesis that 
seropositivityy and leprosy prevalence in a community correlate. 
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Summaryy and Conclusions 

MycobacteriumMycobacterium leprae is an acid-fast, slow growing, obligate intracellular bacillus that 
preferablyy invades the nerve Schwann cells and macrophages. The rate at which leprosy 
spreadss in a community depends on the proportion of susceptible individuals in the 
population,, the opportunity for contact with an infected person and the force of infection 
inn the community. The outcome of infection is based on the capacity of the host to mount 
ann effective immune response. Leprosy has a long incubation period and it generally takes 
twoo to five years for the disease to occur. In the great majority of infected persons the 
cellularr immune response is efficient and clinical symptoms never appear (subclinical 
infection).. When clinical symptoms appear the disease manifestation varies according to 
thee immune response of the patient, the so-called leprosy spectrum. 

Physicallyy and psychologically, leprosy is a striking disease. Initially leprosy symptoms 
mayy be hardly noticed. During the course of the disease skin lesions become more visible 
andd nerves are damaged irreversibly resulting in deformities, and handicaps. The 
consequentt stigma generates an extensive fear in both patients and the general public. 

Lesionss are frequently noted on exposed surfaces of the skin but can be present all over 
thee body. They may be single or numerous, varying widely in form, appearance, and 
color. . 

Earlyy diagnosis is a key to the interruption of leprosy transmission. Silent transmission is 
facilitatedd by the slow growth characteristic of the bacilli, the long incubation period of 
leprosy,, the slow progress of the irreversible nerve damage and the stigma of leprosy. The 
diagnosiss of leprosy is based on clinical signs and symptoms that can be recognized by a 
healthh worker after a period of training. In endemic countries the diagnosis is usually 
madee clinically on the presence of skin lesions, anesthesia of the skin lesions, thickened 
nerves,, and, if suitable laboratory facilities are available, the presence of acid-fast bacilli 
inn slit skin smears. 

Serologicall  techniques for leprosy are aimed at the detection of specific anti-M.leprae 
antibodies,, which are reflective of current infection and useful for follow-up during 
therapyy and for the assessment of the prevalence of the disease and the spread of infection 
inn the community. Although the backbone for serology is at the moment the ELISA for 
thee detection of IgM antibodies to PGL-I, this assay is too complicated to be applied in 
mostt areas were leprosy remains a public health problem. In order to simplify the use of 
serologyy in leprosy control a simple assay is urgently required. This thesis describes the 
development,, evaluation and application of a simple dipstick assay (ML Dipstick) for the 
detectionn of IgM antibodies to PGL-I of M.leprae. 
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Chapterr VII 

Chapterr 1 gives a general introduction on leprosy. Epidemiology, clinical diagnosis, 
classification,, treatment and control are all discussed after which an extensive overview of 
thee knowledge in the field of leprosy serologyy is given. 

Chapterr 2 describes the development of the ML Dipstick for the detection of IgM 
antibodiess to PGL-I of M. leprae. A high degree of agreement was observed between the 
ELISAA and the dipstick assay when tested on 435 sera. No significant difference was 
foundd between the dipstick assay and ELISA when seropositivity rates obtained in groups 
off  leprosy patients, household contacts, and controls were compared. The interpretation of 
thee dipstick results as positive or negative was unequivocal. The test does not require any 
specializedd equipment and the highly stable reagents make the test robust and suitable for 
usee in tropical countries. 

Chapterr 3 describes a further simplification of the ML Dipstick assay by using whole blood 
andd an evaluation of the assay performance in the leprosy endemic area of Amazonas in 
Brazil.. The agreement with the "gold" standard ELISA was 94.9%. This simple assay may 
bee useful to identify those at risk of developing leprosy, for example among contacts of 
leprosyy patients at lower levels in the health services. 

Classificationn of leprosy patients into PB and MB determines the duration of their 
treatment.. MB patients are treated for a period of 24 months with a monthly supervised 
combinationn therapy consisting of rifampicin, clofazamine and dapsone, whereas PB 
patientss are treated for 6 months with rifampicin and dapsone. MB patients are thought to 
bee the main source of transmission, therefore it is especially important to diagnose MB 
patientss timely and correctly. Misclassification increases the risk of relapse due to 
insufficientt treatment if a multibacillary (MB) patient is classified as paucibacillary (PB), 
therebyy also prolonging the time that the patient is infective. 

Chapterr 4 shows how ML Dipstick can contribute to improved classification of leprosy 
patientss for treatment purposes. In this chapter the results of ML Dipstick were combined 
withh clinical classification by counting the number of lesions. Results were compared 
withh the classification based on the bacteriological index. In this study 264 leprosy 
patientss were investigated. The classification based on the number of lesions only was 
foundd to be 85% sensitive and 81% specific (using the BI as the gold standard) at 
detectingg MB cases among the study population. Sensitivity would have increased if 
patientss would have been classified according a combination of the number of lesions and 
thee dipstick result. This combination method was found to be 94% sensitive and 77% 
specific,, which is an improvement of 9% in the sensitivity compared to lesion counting 
only.. The results of this study indicate that testing with the dipstick all patients initially 
classifiedd by lesion counting as PB can significantly contribute to improved classification 
off  leprosy patients for treatment purposes. 
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Withh the integration of leprosy control into the general health system, diagnosis and 
classificationn will be primarily in the hands of less experienced professionals. 
Misclassificationn leads to a higher risk of relapse. Identifying those patients who have 
highh antibody levels would in all probability recognize patients that have a high bacterial 
loadd and consequently should receive longer treatment. 

Chapterr 5 investigates whether ML Dipstick is capable of identifying patients with a 
higherr risk of relapse after treatment. The sensitivity of the dipstick test for detection of 
MBB patients was 85.1%, the specificity 77.7%. We found that of the 71 dipstick negative 
PBB patients 35.2% were clinically cured at the end of treatment, compared to only 9.5% 
off  the 21 dipstick positive PB patients. Nine of 170 (5.3%) patients in the study 
populationn relapsed within the 5-year follow-up period. Seven were MB patients, all of 
whichh were dipstick positive. Two PB patients relapsed, one was dipstick negative and 
onee was dipstick positive. From this it can be concluded that dipstick positivity is a risk 
factorr for the future development of relapses, especially in those groups of patients who 
receivee a shorter-than-usual course of treatment and that the dipstick can be used as an 
additional,, simple tool for classification of patients and for identification of those patients 
whoo have an increased risk of relapse. 

Chapterr 6 shows the results of an epidemiological study performed in Brazil using ML 
Dipstickk for the detection of seropositivity among 7073 school children in three different 
leprosyy endemic states. It was examined whether seropositivity rates could be related to 
leprosyy detection rates and whether seropositivity could be used as a proximal indicator to 
predictt the leprosy incidence in other areas. As such it would be useful to detect the effect 
off  control measures. This study shows a widely varying distribution of seropositivity in 
thee communities independent from the number of leprosy cases detected. No differences 
inn the patterns of seropositivity between ELISA and dipstick were observed. Based on 
thesee results it is not possible to make definite conclusions on the hypothesis that 
seropositivityy and leprosy prevalence in a community correlate. 

Inn summary, this study shows that ML Dipstick test is simple and robust and suitable for 
usee in tropical countries. The results obtained correlate well with the ELISA results and 
thee ML Dipstick can be used on both serum and whole blood. It was also shown that ML 
Dipstickk can be used as an additional tool for the classification of leprosy patients into PB 
andd MB for treatment and to identify patients who have an increased risk of developing a 
relapse.. It may be used for early identification of infection in contacts. As such the test 
hass a wide applicability in the field of leprosy control and should be a valuable addition to 
thee leprosy field worker's diagnostic tools. 
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Samenvattingg en Conclusies 

MycobacteriumMycobacterium leprae is een zuurvaste, langzaam groeiende, obligaat intracellulaire 
bacteriee die bij voorkeur de Schwann cellen en de macrofagen binnendringt. De snelheid 
waarmeee lepra zich in de gemeenschap verspreidt hangt af van het aantal vatbare en 
infectieuzee individuen in de populatie en de mate van contact tussen die individuen. De 
uitkomstt van infectie is gebaseerd op het vermogen van de gastheer om een adequate 
afweerreactiee te effectueren. Lepra heeft een lange incubatietijd en het duurt over het 
algemeenn twee tot vijf jaar voor de ziekte zichtbaar wordt. In verreweg de meeste 
geïnfecteerdee personen is de cellulaire afweer efficiënt en treden klinische verschijnselen 
niett op (subklinische infectie). Wanneer er wel klinische verschijnselen zijn varieert het 
ziektebeeldd afhankelijk van de afweerreactie van de patiënt, het zogeheten 
"lepraspectrum". . 

Fysiekk en mentaal is lepra een markante ziekte. In het begin kunnen de symptomen van 
lepraa gemakkelijk over het hoofd worden gezien. Gedurende de ziekte worden de 
huidlaesiess duidelijker en de zenuwen worden onherstelbaar beschadigd, wat resulteert in 
afwijkingenn en handicaps. Het daaruit voortvloeiende stigma leidt tot angst bij zowel de 
patiëntenn als de rest van de bevolking. 

Laesiess bevinden zich vaak op een blootgesteld gedeelte van de huid, maar ze kunnen 
overr het gehele lichaam aangetroffen worden. Er kan sprake zijn van één of meerdere 
laesiess die zeer kunnen verschillen in vorm, uiterlijk en kleur. 

Eenn vroege diagnose is de sleutel tot het onderbreken van de transmissie van lepra. 
Onopgemerktee transmissie wordt vergemakkelijkt door de langzame groei van de 
bacteriën,, de lange incubatietijd van lepra, de langzame ontwikkeling van onherstelbare 
zenuwbeschadigingenn en het stigma van lepra. De diagnose "lepra" is gebaseerd op 
klinischee verschijnselen en symptomen die, na training, kunnen worden herkend door een 
werkerr in de gezondheidszorg. In endemische landen wordt de diagnose 
normaalgesprokenn klinisch vastgesteld op basis van huidlaesies, ongevoeligheid van 
huidlaesies,, verdikte zenuwbanen, en, indien laboratoriumfaciliteiten beschikbaar zijn, op 
basiss van de aanwezigheid van zuurvaste bacteriën in de huid. 

Hett aantonen van antistoffen tegen M.leprae middels serologische technieken is een 
indirectt bewijs voor een aanwezige infectie. Serologische technieken zijn nuttig bij het 
volgenn van de patiënt gedurende behandeling, voor het vaststellen van de prevalentie van 
dee ziekte en voor het onderzoeken van de verspreiding van de infectie in de gemeenschap. 
Opp dit moment is the ELISA voor het aantonen van IgM antistoffen tegen PGL-I de 
belangrijkstee serologische techniek, maar deze test is te ingewikkeld om te gebruiken in 
dee meeste gebieden waar lepra een gezondheidsprobleem vormt. Een eenvoudige test is 
dringendd nodig om het gebruik van serologic voor leprabestrijding te vergemakkelijken. 
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Chapterr VII 

Ditt proefschrift beschrijft de ontwikkeling, evaluatie en toepassing van een eenvoudige 
"dipstick""  test (ML Dipstick) voor het aantonen van IgM antistoffen tegen M. leprae 
PGL-I. . 

Hoofdstukk 1 is een algemene inleiding over lepra. Epidemiologie, klinische diagnose, 
classificatie,, behandeling en bestrijding worden beschreven, gevolg door een uitgebreid 
overzichtt van de kennis op het gebied van lepraserologie. 

Hoofdstukk 2 beschrijft de ontwikkeling van de ML Dipstick voor het aantonen van IgM 
antistoffenn tegen M.leprae PGL-I. Een hoge mate van overeenkomst tussen de ELISA en 
dee dipstick werd gevonden bij het testen van 435 serummonsters. Er werd geen significant 
verschill  tussen de dipstick en de ELISA gevonden met betrekking tot seropositiviteit in 
groepenn leprapatiënten, huishoudcontacten en controlepersonen. De interpretatie van 
dipstickk resultaten als "positief' of "negatief' was eenduidig. De test is onafhankelijk van 
enigerleii  apparatuur. Samen met de zeer stabiele reagentia maakt dit de test robuust en 
geschiktt voor gebruik in de tropen. 

Hoofdstukk 3 beschrijft een verdere vereenvoudiging van de ML Dipstick door het gebruik 
vann bloed in plaats van serum en een evaluatie van werking van de test in het lepra 
endemischee gebied Amazonas in Brazilië. De overeenkomst met de "goudstandaard" 
ELISAA was 94,9%. Deze eenvoudige test zou kunnen worden gebruikt door de meer 
periferee echelons van de gezondheidszorg voor het identificeren van personen met een 
verhoogdd risico op het ontwikkelen van lepra, bij voorbeeld onder contacten van 
leprapatiënten. . 

Classificatiee van leprapatiënten in paucibacillair (PB) en multibacillair (MB) bepaalt de 
duurr van de behandeling. MB patiënten worden 24 maanden lang behandeld met een 
maandelijkss combinatietherapie bestaande uit rifampicine, clofazimine en dapson onder 
begeleiding,, terwijl PB patiënten gedurende 6 maanden behandeld worden met 
rifampicinee en dapson. 
Menn gaat ervan uit dat MB patiënten de belangrijkste bron van transmissie zijn. Daarom 
iss het extra belangrijk MB patiënten op tijd en correct te diagnosticeren. Verkeerde 
classificatiee verhoogt het risico op recidief ten gevolge van onvoldoende behandeling 
wanneerr een MB patiënt als PB is geclassificeerd. Hierdoor wordt ook de tijd dat de 
patiëntt infectieus is verlengd. 

Hoofdstukk 4 laat zien hoe de ML Dipstick kan bijdragen aan een verbeterde classificatie 
vann leprapatiënten voor behandelingsdoeleinden. In dit hoofdstuk werden de resultaten 
vann de ML Dipstick gecombineerd met de klinische classificatie gebaseerd op het tellen 
vann het aantal laesies. De resultaten werden vergeleken met de classificatie gebaseerd op 
dee bacteriologische index. In deze studie werden 264 leprapatiënten onderzocht. De 
classificatiee op basis van het aantal laesies was 85% gevoelig en 81% specifiek (de 

106 6 



Samenvattingg en Conclusies 

bacteriologischee index werd gebruikt als goudstandaard) voor het aantonen van MB 
gevallenn in de studiepopulatie. De gevoeligheid zou hoger zijn geweest wanneer de 
patiëntenn zouden zijn geclassificeerd op basis van een combinatie van aantal laesies en 
dipstickk resultaat. Deze combinatiemethode was 94% gevoelig en 77% specifiek, wat een 
vooruitgangg van 9% in de gevoeligheid is vergeleken met alleen laesies tellen. The 
resultatenn van deze studie wijzen erop dat het testen met de dipstick van alle patiënten die 
oorspronkelijkk als PB waren geclassificeerd met laesies tellen een significante bijdrage 
kann leveren aan een verbeterde classificatie van leprapatiënten voor 
behandelingsdoeleinden. . 

Mett de integratie van de leprabestrijding in de algemene gezondheidszorg zullen diagnose 
enn classificatie voornamelijk in handen komen van minder ervaren gezondheidswerkers. 
Verkeerdee classificatie leidt tot een hoger risico op recidief. De identificatie van patiënten 
mett hoge antistoftiters kan dienen voor het opsporen van patiënten die een groot aantal 
bacteriënn bij zich dragen en die dus een langere behandeling zouden moeten ondergaan. 

Hoofdstukk 5 onderzoekt of de ML Dipstick in staat is om patiënten te identificeren die een 
verhoogdd risico lopen op recidief na behandeling. De gevoeligheid van de dipstick voor 
hett ontdekken van MB patiënten was 85,1%, de specificiteit 77,7%. We vonden dat van 
dee 71 dipstick negatieve PB patiënten 35,2% klinisch genezen was na behandeling, 
vergelekenn met slechts 9,5% van de 21 dipstick positieve PB patiënten. Negen van de 170 
(5,3%)) patiënten in de studiepopulatie kregen een recidief in de 5 jaar dat ze na 
behandelingg gevolgd werden. Zeven hiervan waren MB patiënten, die allemaal dipstick 
positieff  waren. Twee PB patiënten kregen een recidief, waarvan er één dipstick negatief 
enn één dipstick positief was. We kunnen concluderen dat dipstick positiviteit een 
risicofactorrisicofactor is voor de toekomstige ontwikkeling van een recidief, in het bijzonder in die 
groepenn patiënten die een verkorte behandeling ontvingen, en dat de dipstick kan worden 
gebruiktt als een extra, eenvoudige methode voor de classificatie van patiënten en het 
identificerenn van die patiënten die een verhoogd risico hebben een recidief te 
ontwikkelen. . 

Hoofdstukk 6 beschrijft de resultaten van een epidemiologisch onderzoek dat werd 
uitgevoerdd in Brazilië en waarbij de ML Dipstick werd gebruikt voor het aantonen van 
seropositiviteitt onder 7073 schoolkinderen in 3 verschillende lepra-endemische 
provincies.. Er werd onderzocht of seropositiviteitscijfers gerelateerd konden worden aan 
lepraa detectiecijfers en of seropositiviteit gebruikt kon worden als een proximale indicator 
voorr de voorspelling van de lepra-incidentie in andere gebieden. Als zodanig zou deze 
benaderingg nuttig kunnen zijn voor de evaluatie van het effect van 
bestrijdingsmaatregelen.. Dit onderzoek laat een wijd variërende distributie van 
seropositiviteitt zien in de gemeenschappen, die onafhankelijk was van het aantal 
lepragevallenn dat aangetoond werd. Verschillen in de seropositiviteitspatronen van ELISA 
enn dipstick werden niet aangetoond. Gebaseerd op deze resultaten is het nog niet mogelijk 

107 7 



Chapterr VII 

omm definitieve conclusies te trekken met betrekking tot de hypothese dat seropositiviteit 
enn lepraprevalentie in een gemeenschap een verband vertonen. 

Samenvattendd laat dit onderzoek zien dat de ML dipstick een eenvoudige en robuuste test 
is,, geschikt voor gebruik in de tropen. De verkregen resultaten correleerden goed met de 
ELISAA resultaten en de ML Dipstick kan gebruikt worden met zowel serum als bloed. 
Ookk werd aangetoond dat de ML Dipstick gebruikt kan worden als een aanvullende 
methodee bij de classificatie van leprapatiënten als PB of MB voor 
behandelingsdoeleindenn en voor het identificeren van patiënten die een verhoogd risico 
lopenn op een recidief. De test kan gebruikt worden voor het vroegtijdig opsporen van 
infectiee in contacten. In die hoedanigheid heeft de test een brede toepasbaarheid in de 
leprabestrijdingg en kan de ML Dipstick een waardevolle bijdrage vormen voor het 
diagnostischh arsenaal van de lepra veldwerker. 
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