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The Diagnosis and Classification of Leprosy

1. Introduction
The accurate diagnosis of leprosy is of
fundamental importance to all aspects of
leprosy epidemiology, case management
and the prevention of disability. Underdiagnosis will allow the continued transmission of the disease and much needless
individual suffering, whereas overdiagnosis
will involve overtreatment with antibiotics
and unnecessary stress and stigma for some
people; both will lead to misleading epidemiological statistics.
The diagnosis and classification of leprosy have traditionally been based on the
clinical examination, frequently with additional information from skin-smears.
Histopathologic examination, inoculation
of the mouse foot pad, serologic tests, skintesting and PCR have been largely confined
to research studies, but attempts are being
made to develop new tools that will make
the tasks of diagnosis and classification easier and more reliable in the field.
The ideal diagnostic test would be
simple, would identify all cases (100% sensitivity), and would be negative in people
who do not have leprosy (100% specificity). Combining individual tests may improve the precision of a diagnostic procedure. Using the "OR" connector (only one
sign of several is required for the diagnosis), sensitivity is increased at the expense
of specificity, whereas using the "AND" connector (a combination of two or more signs
must be present for the diagnosis) increases
specificity at the expense of sensitivity.
The sensitivity and specificity of a test
can be determined only by comparison with
another test known to be reliable—a socalled "gold standard." The gold standard is
rarely infallible, so the results will always
possess a degree of error. It should be noted
that, whereas the histopathologic examination may be the most reliable method for
confirming a diagnosis of leprosy, it is by
no means a perfect test in itself ("). Similarly, many practical problems affect the reliability of skin-smears (5 6).

2. What are the Sensitivity and Speci-

ficity of the Diagnosis of Leprosy
Based Solely on Various Combinations
of Clinical Signs, Using Biopsy as the
Gold Standard? What Contribution
Can Skin Smears Make to the Sensitivity and Specificity of the Diagnosis?
Three cardinal signs remain the basis for
the clinical diagnosis of leprosy 0:
• anesthetic skin lesions;
• enlarged peripheral nerves; and
• acid-fast bacilli in the skin smear.

Any one of these signs has been regarded
as sufficient for the diagnosis of leprosy
(the "OR" connector), so that sensitivity is
high. Each sign is also quite specific in itself, so that specificity is high. The most
important potential source of error is the
reliability of the examination of the individual patient, referred to as inter-observer
variation.
This was affirmed by the WHO Expert
Committee on Leprosy (8) at its seventh
meeting in 1997, which defined a case of
leprosy as follows: "A case of leprosy is a
person having one or more of the following
features, and who has still to complete a full
course of treatment:
• hypopigmented or reddish skin lesion(s)
with definite loss of sensation;
• involvement of the peripheral nerves, as
demonstrated by definite thickening with
loss of sensation;
• skin-smear positive for acid-fast bacilli.
This definition includes retrieved defaulters with signs of active disease, as well as
relapsed patients who have previously completed a full course of treatment, but does
not include cured persons with late reactions or residual disabilities" (8).
A widely quoted study in India (9) examined the agreement in the diagnosis of suspicious skin lesions in 811 children, who
were examined separately by two experienced leprologists. Approximately half of
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the children were eventually diagnosed
with leprosy, whereas half were found not
to have leprosy. In this group of patients, in
which the leprosy was mainly tuberculoid
or indeterminate, and which would be expected to include many doubtful cases (10.11),
the leprologists concurred in 90% of cases,
indicating that, in experienced hands, these
signs represent a reproducible means of diagnosing leprosy.
In a study of the diagnostic efficiency of
paramedical workers (PMW) in India, the
results were considered disappointing (12).
However, reexamination of the data reveals
that the sensitivity of the PMWs' examination was 97% and the specificity 92%. The
55 cases that were wrongly diagnosed were
almost all children with few lesions, the
most difficult group to diagnose accurately.
The weakness of this study is that the gold
standard was the diagnosis made by a medical officer, rather than the results of examination of a biopsy specimen. It can therefore be stated with some confidence that, as
traditionally practiced, the cardinal signs
represent good diagnostic tools.
As the clinical management of leprosy
becomes integrated into the general health
services, the majority of patients will be diagnosed and managed by non-specialists.
For this reason, attempts have been made to
simplify the guidelines for diagnosis by
field staff using a single sign—the finding
of a skin patch or patches with definite loss
of sensation ("). Other suspect cases, not
diagnosed by this single criterion, may be
referred to an appropriate center for further
examination. Such suspects will be people
with skin lesions suggestive of leprosy, but
without anesthesia; health workers can be
taught to recognize such suggestive lesions
by the use of photographs and atlases.
This simplified strategy for diagnosis,
which could be used in especially difficult
situations, and is being routinely applied in
many national programs, may lead to
significant underdiagnosis, particularly of
multibacillary (MB) disease. Underdiagnosis of MB patients is important for two principle reasons:
• MB patients are thought to represent the
major source of infection, so further
transmission of Mycobacterium leprae
may occur; and
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• because they are at greater risk of reactions and consequent nerve damage, they
may succumb to preventable disability,
with the accompanying psychosocial sequelae.
Overdiagnosis will result in unnecessary
treatment, but, more importantly, the psychosocial consequences of the diagnosis of
leprosy should never be minimized. Therefore, the contribution of each of the cardinal
signs will be examined.
2.1 Skin lesions with sensory impairment
Hypopigmented or erythematous macules are present in many newly diagnosed

leprosy patients, and are often the first clinical sign of the disease. Many other conditions produce similar lesions, however.
Therefore, to be specific for leprosy, the lesions must be accompanied by definite loss
of sensation. This greatly reduces the sensitivity of the test, especially in MB cases, in
which macules are less distinct and less
likely to be anesthetic.
The most rigorous study performed in
this area was carried out in Malawi, where
sensory loss in paucibacillary (PB) lesions
proved by histopathologic examination was
examined (14). Although this study may reflect some of the limitations of the
histopathologic examination already mentioned, the sensitivity as a diagnostic test of
loss of light touch sensation in a lesion was
48.5% and the specificity 72%.
Other published studies give higher figures for the sensitivity of this test among
PB patients. Figures of 93% in India (15),
92% in Bangladesh (16) and 86% in
Ethiopia (17) have been reported. It is likely
that the mixture of cases and the stage of
disease at which they were examined account for some of these differences. Specificity was not calculated in these studies, as
they were not population surveys. However, it is clear that hypesthetic lesions are
occasionally seen in conditions other than
leprosy, such as chronic dermatitis (18),
which may lead to some overdiagnosis.
Fewer studies have examined anesthetic
lesions in MB cases, because there is less
perceived difficulty in the diagnosis, using
the traditional cardinal signs, including
skin-smears (15). Published figures for the
sensitivity of anesthesia in the skin lesions
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in MB patients are remarkably similar: 49%
in Bangladesh (16) and 54% in Ethiopia (17).
In Ethiopia, the sensitivity of this single
criterion taken alone was 70% for all patients. A large proportion (74%) of those
whose lesions were not anesthetic were
smear-positive, and, therefore, represented
potential sources of M. leprae in the community (17). In other words, employing anesthetic skin patches as the single diagnostic
criterion, 30% of patients may be missed,
most of whom will be smear-positive.

it

2.2 Peripheral nerve enlargement
Thickened nerves generally appear later
than do skin lesions. They were found in a
greater proportion of new patients in
Ethiopia (ulnar nerve enlargement in 68%)
(17), where the patients typically present
late, than in India (ulnar nerve enlargement
in 23%) (20), where detection is generally
much earlier. The finding of one or more
enlarged nerves is more common among
MB than among PB patients: in Bangladesh
the figures were 96% and 86% respectively
(16), whereas, in Ethiopia, the corresponding
figures were 91% and 76% (17). One study
in India, which included only early PB patients, found that only 20% had enlarged
nerves (15).
The reproducibility and specificity of the
examination for nerve enlargement have
been questioned (2 1 ). One study in India
found good agreement among three experienced senior examiners; it is interesting that
the agreement for thickened nerves was better than that for typical macules with sensory loss (22). A second study in India found
only moderate reproducibility among eight
experienced PMWs (2 0).
False positive findings may occur because of poor examination technique (2') or
because of non-specific enlargement of a
nerve, seen in some manual workers (23, 24).
A compromise proposed in the recent ILEP
Learning Guide (") is to teach health workers to examine just two nerves, the ulnar
and the peroneal, thereby enabling them to
detect the vast majority of cases of nerve
enlargement (17."). The data show that, in
Ethiopia, 451 (91%) of 496 new cases with
nerve enlargement had involvement of either the ulnar (137 patients, 27.5%) or the
peroneal nerve (48 patients, 10%) or both
(266 patients, 53.5%). A balanced view
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may be to accept as diagnostic of leprosy a
thickened nerve with at least one of the following additional signs (17,26):
• a typical, hypopigmented skin lesion,
with or without sensory loss; or
• nerve-function impairment (NFI) typical
of leprosy, in particular, sensory loss on
the palms of the hands or soles of the
feet.
2.3 Neuritic leprosy
Primary neuritic ("pure neural") leprosy
presents as a peripheral neuropathy, in
which there are no skin lesions suggesting
leprosy. The diagnosis depends on finding
definite nerve enlargement and, often, NFI.
In general, these patients would be diagnosed by the classical cardinal signs, but
not by the single criterion of an anesthetic
skin patch. In one study in India, biopsy of
a cutaneous nerve was confirmatory in all
158 cases in which it could be done (27), indicating that, in experienced hands, the
clinical diagnosis is very specific. In
Ethiopia, this diagnosis was made in 3
(0.5%) of 594 newly detected patients (28),
whereas in India, 179 (4.6%) of 3853 patients exhibited this form of the disease (29).
In Nepal, 8.7% of new patients in the field
were found to have neuritic leprosy (30).
2.4 Slit-skin smears
Skin-smears have traditionally represented one of the cardinal signs of leprosy:
when positive, they directly demonstrate
the presence of M. leprae. The specificity of
this examination therefore approaches
100%. However, the sensitivity of smears
alone is low, because smear-positive patients rarely represent more than 50%, and,
sometimes, as few as 10% of all patients.
On the other hand, positive smears indicate
the most infectious group of patients.
Smears are useful in diagnosing MB patients and relapses; their disadvantages are
related to the logistics and reliability of taking, staining and reading the smears.
Whereas the standard of smear-taking
and microscopy may not always be very
high ('), every effort should be made to improve their quality by supervision and continuing education (6). The increased use of
acid-fast microscopy for the diagnosis of
tuberculosis may permit skin-smears for
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TABLE I. Sensitivity (%) of various combinations of the cardinal signs in the di-

agnosis of leprosy.
Author
Ponnighaus"
Groenen"
Saunderson''
Lefford"
Sirumban"

Signs
#1 or #2

#1 or #3

#2 or #3

#1 or #2 or #3

#1

#2

#3

49 (PB)
92 (PB)
49 (MB
86 (PB)
54 (MB)

86 (PB)
)96 (MB)
76 (PB)
91 (MB)

36

100

95

91

100

45

95

92

87

97

41

82

93 (PB)

20 (PB)

84

Abbreviations: #1 - anesthetic skin lesions; #2 - enlarged peripheral nerves; #3 - acid-fast bacilli in the skin
smear.

leprosy to be performed with greater reliability.
2.5 Sensitivity and specificity of
combinations of cardinal signs for the
diagnosis of leprosy
When all three cardinal signs were used
in Ethiopia, the sensitivity was 97% (17).
Specificity was not determined in this
study, but the positive predictive value was
98%. Although few published studies contain sufficient data to permit calculation of
the sensitivity of each cardinal sign, the figures presented in Table I suggest that any
single sign is inadequate as a diagnostic
test. The skin-smear does not add greatly to
the sensitivity of the diagnosis, because the
clinical diagnosis of MB leprosy employing
two signs—anesthetic patches and enlarged
nerves—is generally regarded as straightforward. Specificity is much more difficult
to measure, because of the need to include
details of all subjects examined who did not
have the disease. Thus, it is rarely possible
to determine the specificity of diagnostic
tests for leprosy from published data.
A study in Malawi (26) examined the certainty of diagnosis, particularly of PB leprosy, assuming that the cardinal signs possess a high degree of specificity when used
correctly. It was suggested that the diagnosis is "extremely likely" if any one of the
following was found:
• a skin lesion of typical appearance, and
definite anesthesia to light touch within
the lesion;
• a skin lesion of typical appearance without evidence of anesthesia, but with a

definitely enlarged nerve (near to or distant from the lesion);
• a skin lesion of typical appearance without evidence of anesthesia or nerve enlargement, but in a person with sequelae
typical of leprosy neuropathy;
• a definitely enlarged nerve together with
signs of damage to that nerve; or
• a skin lesion of typical appearance without evidence of anesthesia, but on the
face.
Unfortunately, "skin lesions of typical appearance" were not defined. These criteria
are very similar to a recent suggestion to
use any two of five signs to make a firm diagnosis (17).
2.6 Biopsy
Material from a biopsy specimen may be
used for a variety of purposes, including
histopathologic examination, studies of immunohistopathology, and "culture" of M.
leprae in the mouse foot pad. As already indicated, histopathologic examination cannot be regarded as the gold standard: even
in the best of hands, a significant proportion
of clinically obvious patients will yield negative or doubtful histopathologic pictures.
In practice, most studies employ a combination of clinical and histopathologic criteria. The specificity of the histopathologic
criteria is high, although it must be noted
that it may be difficult to distinguish relapse
from reaction in treated PB patients (3').
Immunohistopathologic techniques offer
the possibility of significantly increased
sensitivity and specificity of the diagnosis
of leprosy. A recent study of PB patients in
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TABLE 2. Sensitivity and specificity of various clinical criteria for classifying
leprosy patients, compared with a bacteriological method as the standard.
Criteria for classification as MB
Clinical
Becx6°
Groenee

>5 lesions
>10 lesions or
4-9 lesions and >1 nerve
van Brakel3°
>2 body areas
Croft
>5 lesions
Dasananjali"
>5 lesions
Buhrer-Sekula"
>5 lesions

Bacteriological

Sensitivity
(%)

Specificity
(%)

BI >1
BI >0 (biopsy)

92
92

42
41

BI >0 (biopsy)

93
89
88
85

39
88
88
81

BI >0
BI >1
BI >0

China showed (32) that staining for the
PGL-1 antigen was very specific, whereas
routine histopathologic examination was
generally non-specific; this preliminary
finding needs confirmation by additional
studies.
2.7 Serology and PCR for diagnosis
The only serological test that has been
widely studied is that for anti-PGL-I antibodies. Two methods have been employed:
the M. leprae particle agglutination assay
(MLPA); and an ELISA assay, which has
been further refined into a "dipstick" assay.
The ELISA or dipstick assay is preferred
because of greater specificity ("-"). The
disadvantage of this assay is its lack of sensitivity, especially for PB leprosy, although
studies vary in how close a correlation is
found with skin smears (36 ").
PGL-I antibody testing has been reported
to be helpful in the early detection of MB relapse ("). It may also provide an overview
of the epidemiology of subclinical infection,
as opposed to active disease (39-0). What has
thus far proved more uncertain is application of this test to the early diagnosis of clinical cases (42-46 ) , and to the prediction (either
among contacts of known cases or in the
general population) of who will develop
clinical disease in the future (47-50). Newer
serological tests based on recombinant technology may eventually overcome these difficulties and be useful in the field (). Tests
based on the polymerase chain reaction
(PCR) are potentially highly sensitive and
specific but because they require a sophisticated laboratory, they are not currently
applicable except as research tools.

3. What are the Sensitivity and Specificity of Classification Based Solely on
Counting the Number of Skin Lesions,
Using the Skin-smear Examination as
the Gold Standard?
The spectrum of disease in leprosy has
been characterized in a number of clinicoimmunopathological classification systems, the most widely used of which is the
Ridley-Jopling classification (7' "). Since
the introduction of MDT, however, the division of patients simply between PB and
MB treatment groups has become normal
practice. The most rigorous method of assigning patients to a treatment group is
bacteriological, employing the slit-skin
smear or biopsy. It should be noted that
classification is required because there are
two treatment regimens; if developments
in chemotherapy lead to one regimen for
all, classification will not be needed for
this purpose, but it is important to remember that PB and MB cases have been
shown to have very different risks for subsequent impairment and disability; classification may therefore remain an important
tool.
When MDT was first introduced in 1981,
the Ridley-Jopling classification was used as
the basis of the new system of classification,
with TT and BT cases termed PB, whereas
BB, BL and LL cases were termed MB. A BI
of 2 or more at any site required that the patient be classified MB, thereby changing the
classification of some BT patients. By the
time of the Sixth WHO Expert Committee
Report in 1988, it was concluded that there
were clinical and operational reasons for
considering all smear-positive cases MB (6).
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Since then, skin-smears have been done on
all patients in some programs, with all
smear-positive patients classified MB, and
smear-negative TT and BT patients PB.
Because of the unavailability or unreliability of skin-smears in many programs,
clinical methods of classifying patients
have been developed. The recent WHO
Guide asks the health worker to count the
number of skin patches; if there are
patches, the patient is classified PB,
whereas if there are >5 patches, the classification is MB ('').
The relevant published data comparing
clinical classification with bacteriologic
classification are presented in Table 2. Note
that the exact criteria for classification (both
clinical and bacteriologic) vary slightly
among the studies. The sensitivity and
specificity of the clinical criteria are stated
with reference to the bacteriologic criteria
as the gold standard.
Further analysis of data from Bangladesh
showed ( 1 6) that specificity cannot be very
much improved by any combination of
purely clinical criteria. The authors also
pointed out that the results of such studies
vary in different countries according to the
case-mix, making it difficult to set global
standards. The lower sensitivity and higher
specificity found in the last three studies,
compared with the first three studies in
Table 2, may be attributed to the greater
proportion of smear-negative PB patients
with lesions in the samples (in the last
three studies, PB patients comprise 41%—
83% of all patients, compared with only
19%-23% of all patients in the first three
studies).
As pointed out in a recent review (54),
"The WHO system of classifying leprosy
cases as MB is simple to apply and has a
reasonable balance between sensitivity and
specificity. However, it must be recognized
that the system will lead to a small but significant number of smear-positive MB
cases being treated with a PB treatment regimen." A study from Thailand also suggested that the risk of relapse may be greatest in the small group of MB patients
wrongly classified PB and, therefore, undertreated (55). Also, there are larger numbers of PB patients who are unnecessarily
treated with the MB regimen.
In a study carried out in Brazil (56), the
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anti-PGL-I antibody assay was found to
have a sensitivity of 77% and a specificity
of 93%, whereas the combination of the
anti-PGL-I antibody assay and the number

of lesions demonstrated a sensitivity of
94% and a specificity of 77% in the detection of true MB patients. However, a small
group of patients remains who will be undertreated.
Another problem is identification of the
small group of patients with an initially
high BI (BI N), who may be at greater risk
of subsequent relapse (57). A study in Nepal
(58), in which different methods of identifying highly smear-positive patients were examined, found three clinical features in
various combinations (LL classification,
more than five body areas involved, and
skin infiltration) to be sensitive (>95%) but
not specific predictors of this condition; by
combining these features using the "AND"
connector, specificity could be greatly increased, but sensitivity would be greatly
reduced. Whereas the skin smear is the
gold standard (i.e., it is taken to have 100%
sensitivity and specificity), anti-PGL-I antibody assay in the same study demonstrated sensitivity of 84% but very low
specificity (58).

CONCLUSIONS
It is clear that at least two of the traditional cardinal signs are necessary to
achieve a reasonable degree of sensitivity in
the diagnosis of leprosy; using anesthetic
patches as the only sign of leprosy is inadequate. One or more enlarged nerves is an
acceptable additional sign, to be supplemented by skin-smears when available.
This has implications for training: peripheral health workers should be taught to
suspect leprosy from the typical appearance
of leprosy skin lesions; they should be able
to diagnose leprosy in those patients with
anesthetic skin patches. Patients with suspicious patches but without anesthesia should
be referred, and health workers at the first
referral level should be able to diagnose almost all cases of leprosy among suspects
referred to them; therefore, they must know
how to examine for enlarged nerves.
For classification, no other test, either
clinical or serological, approaches the reliability of the skin-smear in classifying patients. However, because it is not reason-
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able to expect that all new patients will be
smeared for the purpose of classification,
classification should be based simply on the
number of skin lesions, as recommended by
WHO.
Recommendations. The following recommendations are based on the evidence just
described:

• Approximately 70% of leprosy patients
can be diagnosed using the single sign of
anesthetic skin patches, and this sign of
leprosy should be taught as widely as
possible.
• 30 per cent of all patients, including
many MB patients, do not present with
this sign, and health workers must be
taught to suspect and refer other possible
cases.
• Referral of suspects who do not have
anesthetic patches, to a person with
greater experience who has been taught
to palpate the peripheral nerves, must be
straightforward. Palpating just two
nerves (the ulnar and the common peroneal) may permit diagnosis of as many
as 90% of patients with any nerve enlargement.
• Classification should be based on the
number of skin lesions: PB 55 patches;
MB >5 patches. Skin-smears on a sample of new cases could provide quality
control.
• Research into laboratory tests (for example, serological or skin tests) that could
be useful in the field in identifying M.
leprae infection, diagnosing active disease and classifying cases of leprosy,
should be continued.
LITERATURE CITED
1. CREE,

I. A., SRINIVASAN, T., KRISHNAN, S. A. R.,
GARDINER, C. A., MELITA, J., FISHER, C. A. H. and
BECK, J. S. Reproducibility of histology in leprosy lesions. Int. J. Lepr. 56 (1988) 296-301.
2 FINE, P. E. M., JOB, C. K., McDouEALL, A. C.,
MEYERS, W. M. and PONNIGHAUS, J. M. Comparability among histopathologists in the diagnosis
and classification of lesions suspected of leprosy
in Malawi. Int. J. Lepr. 54 (1986) 614-625.
3. FINE, P. E. M., JOB, C. K., LUCAS, S. B., MEYERS,
W. M., PONNIGHAUS, J. M. and STERNE, J. A. Extent, origin, and implications of observer variation
in the histopathological diagnosis of suspected
leprosy. Int. J. Lepr. 61 (1993) 270-282.
4 NILSEN, R., MENGISTU, G. and REDDY, B. B. The

5.

6.

S29

role of nerve biopsies in the diagnosis and management of leprosy. Lepr. Rev. 60 (1989) 28-32.
GEORGIEV, G. D. and MEDouGALL, A. C. Skin
smears and the bacterial index (BI) in multiple
drug therapy leprosy control programs: an unsatisfactory and potentially hazardous state of affairs.
Int. J. Lepr. 56 (1988) 101-104.
WORLD HEALTH ORGANIZATION EXPERT COMMITTEE ON LEPROSY.

Sixth report, 1988. Tech. Rep.

Ser. 768.
7.
8.

HASTINGS, R. C. Leprosy. 1st edn. New York:
Churchill Livingstone, 1985.
WORLD HEALTH ORGANIZATION EXPERT COMMITTEE ON LEPROSY.

Seventh report, 1998. Tech. Rep.

Ser. 874.
9. NEELAN,

P. N., NOORDEEN, S. K., RAMU, G., DEK.V., PRABHU, K. P. M. and CHRISTIAN, M.
Inter-observer variations in diagnosis and classification of early lesions of leprosy. Leprosy in India
54 (1982) 485-488.
PONNIGHAUS, J. M. Diagnosis and management of
single lesions in leprosy. Lepr. Rev. 67 (1996)
89-94.
PONNIGHAUS, J. M. and FINE, P. E. Leprosy in
Malawi. I. Sensitivity and specificity of the diagnosis and the search for risk factors for leprosy.
Trans. Roy. Soc. Trop. Med. Hyg. 82 (1988)
803-809.
ASHOK, KUMAR, DURAI, V., SIVAPRASAD, N. and
SIRUMBAN, P. Diagnostic efficiency of paramedical workers in leprosy. Lepr. Rev. 56 (1985)
309-314.
SIKAN,

10.

11.

12.

13.

WORLD HEALTH ORGANIZATION. Guide to Eliminate Leprosy as a Public Health Problem. 1st edn.

Geneva, 2000.
14. PONNIGHAUS, J.

M. and FINE, P. E. M. A comparison of sensory loss tests and histopathology in
the diagnosis of leprosy. Lepr. Rev. 60 (1989)
20-27.
15. SIRUMBAN, P., KUMAR, A, DURAI, V. and NEELAN,
P. N. Diagnostic value of cardinal signs/symptoms in paucibacillary leprosy. Indian J. Lepr. 60
(1988) 207-214.
16. Groenen, G., Saha, N. G., Rashid, M. A, Hamid,
M. A. and Pattyn, S. R. Classification of leprosy
cases under field conditions in Bangladesh. II. Reliability of clinical criteria. Lepr. Rev. 66 (1995)
134-143.
17 SAUNDERSON, P. and GROENEN, G. Which physical signs help most in the diagnosis of leprosy? A
proposal based on experience in the AMFES project, ALERT, Ethiopia. Lepr. Rev. 71 (2000)
34-42.
18. NATRAJAN, M., KATOCH, K. and KATOCH, V. M.
Patients presenting with defined areas of sensory
loss-a preliminary study. Indian J. Lepr. 73
(2001) 17-26.
19. RANGANADHA, RAO P. V., BHUSKADE, R. A. and
DESIKAN, K. V. Modified leprosy elimination campaign (MLEC) for case detection in a remote tribal

S30

International Journal of Leprosy

area in the State of Orissa, India. Lepr. Rev. 71

(2000) 377-381.
20.

KOLAPPAN, C., SELVARAL
GOWDA,

B. N.,

R.,

KHUDOOS, A.,

34.

DATTA, M. and PRABHAKAR. R.

21. McDouGALL, A. C. The clinical examination of
peripheral nerves in leprosy. Indian J. Lepr. 68
(1996) 378-380.
22. GUFTE, M. D., VALLISHAYEE, R. S., NAGARAJU, B.,
RAMALINGAM, A., LOURDUSAMY, G. and KANNAN,
S. Inter-observer agreement and clinical diagnosis
of leprosy for prophylaxis studies. Indian J. Lepr.

62 (1990) 281-295.
23.

DHARMENDRA. Editorial: thickened nerves in di-

24.

LYNCH, P. Greater auricular nerve in the diagnosis

agnosis of leprosy. Lepr. India 52 (1980) 1-2.
of leprosy. Brit. Med. J. 6148 (1978) 1340.
GROENEN, G. and SAUNDERSON, P. R. How to diagnose and treat leprosy. ILEP Learning Guide
One, 2001. London: ILEP.
26. PONNIGHAUS, J. M., FINE, P. E. M. and BLISS L.
Certainty levels in the diagnosis of leprosy. Int. J.
25.

Lepr. 55 (1987) 454-462.
27.

SUNEETHA, S., ARUNTHATHI, S., CHANDI, S.,
KURIAN, N. and CHACKO, C. J. Histological stud-

ies in primary neuritic leprosy: changes in the apparently normal skin. Lepr. Rev. 69 (1998)

1020-1024.
35.

SAUNDERSON, P. R., GEBRE, S., DESTA, K. and

by measurements of antibodies to the M. leprae
35-kDa protein: comparison with PGL-I antibodies detected by ELISA and "dipstick" methods.
Int. J. Lepr. 67 (1999) 279-286.
36. CHO, S. N., CELLONA, R. V., VILLAHERMOSA, L. G.,
FAJARDO, T. T., JR., BALAGON, MV., ABALOS, R.
M., TAN, E. V., WALSH, G. P., Km, J. D. and BRENNAN, P. J. Detection of phenolic glycolipid I of
Mycobacterium leprae in sera from leprosy patients before and after start of multidrug therapy.
Clin. Diag. Lab. Immunol. 8 (2001) 138-142.
37. LAL, H., JAIN, V. K., MITTAL , R. A., CHAUDHARY,
S.D. and SAINI, V. Detection of antibodies to phenolic glycolipid by ELISA in leprosy patients. Indian J. Lepr. 65 (1993) 95-99.
38. CHIN-A-LIEN, R. A., FABER, W. R., VAN RENS, M.
M., LEIKER, D. L., NAAFS, B. and KLATSER, P. R.
Follow-up of multibacillary leprosy patients using
a phenolic glycolipid-I-based ELISA. Do increasing ELISA-values after discontinuation of treatment indicate relapse? Lepr. Rev. 63 (1992)

21-27.
39.

BYASS, P. The ALERT MDT Field Evaluation

Study (AMFES): a descriptive study of leprosy in
Ethiopia. Patients, methods and baseline characteristics. Lepr. Rev. 71 (2000) 273-284.
29. MAHAJAN, P. M., JOGAIKAR, D. G. and MEHTA, J.
M. A study of pure neuritic leprosy: clinical experience. Indian J. Lepr. 68 (1996) 137-141.
30. VAN BRAKEL, W. H., DE SOLDENHOFF, R. and MCDOUGALL, A. C. The allocation of leprosy patients
into paucibacillary and multibacillary groups for
multidrug therapy, taking into account the number
of body areas affected by skin, or skin and nerve
lesions. Lepr. Rev. 63 (1992) 231-246.
31. BECX-BLEUMINK, M. Relapses among leprosy patients treated with multidrug therapy: experience
in the leprosy control program of the All Africa
Leprosy and Rehabilitation Training Center
(ALERT) in Ethiopia; practical difficulties with
diagnosing relapses; operational procedures and
criteria for diagnosing relapses. Int. J. Lepr. 60

(1992) 421-435.
32.

WENG, X. M., CHEN, S. Y., RAN, S. P., ZHANG, C.
H. and Li, H. Y. lmmuno-histopathology in the diagnosis of early leprosy. Int. J. Lepr. 68 (2001)

426-433.
33.

J. L., BOUTIN, J. P. and
Roux, J. Evaluation of gelatin particle agglutination assay for the detection of anti-PGLI antibodies. Comparison with ELISA method and applicaCHANTEAU, S., CARTEL,

ROCHE, P. W., FAILBUS, S. S., BRITTON, W. J. and
COLE, R. Rapid method for diagnosis of leprosy

351-357.
28.

bility on a large scale study using blood collected
on filter paper. Lepr. Rev. 62 (1991) 255-261.
KAMPIRAPAP, K. Mycobacterium leprae particle
agglutination in diagnosis and monitoring of treatment of leprosy. J. Med. Assoc. Thai. 82 (1999)

Repeatability of nerve thickness assessment in the
clinical examination for leprosy. Lepr. Rev. 66

(1995) 224-228.

2002

J.,
Subclinical infection with Mycobacterium leprae-a problem
BAUMGART, K. W., BRITTON, W. J., MULLINS, R.
BASTEN, A. and BARNETSON, R. S.

for leprosy control strategies. Trans. Roy. Soc.
Trop. Med. Hyg. 87 (1993) 412-415.
40. CHO, S. N., KIM, S. H., CELLONA, R. V., CHAN, G.
P., FAJARDO, T. T., WALSH, G. P and Km, J. D.
Prevalence of IgM antibodies to phenolic glycolipid I among household contacts and controls in
Korea and the Philippines. Lepr. Rev. 63 (1992)

12-20.
41.

VAN BEERS, S., HATTA, M. and KLATSER, P. R.

Seroprevalence rates of antibodies to phenolic
glycolipid-I among school children as an indicator
of leprosy endemicity. Int. J. Lepr. 67 (1999)
243-249.
BAGSHAWE, A. F., GARSIA, R. J., BAUMGART, K.
and ASTBURY, L. IgM serum antibodies to phenolic glycolipid-I and clinical leprosy: two years' observation in a community with hyperendemic leprosy. Int. J. Lepr. 58 (1990) 25-30.
43. BAUMGART, K., BRITTON, W., BASTEN, A. and
BAGSFIAWE, A. Use of phenolic glycolipid 1 for
serodiagnosis of leprosy in a high prevalence village in Papua New Guinea. Trans. Roy. Soc. Trop.
Med. Hyg. 81 (1987) 1030-1032.
44. CARTEL. J. L., CHANTEAU, S., BOUTIN, J. P.,
PLICHART, R., RICHEZ, P., Roux, J. F. and GROSSF.T,
J. H. Assessment of anti-phenolic glycolipid-I
IgM levels using an ELISA for detection of M.
42.

Diagnosis and Classification of Leprosy

70, 1 (Suppl.)

leprae infection in populations of the South Pa45.

46.

47.

cific Islands. Int. J. Lepr. 58 (1990) 512-517.
GONZALEZ-ABREU, E., PON, J. A., HERNADEZ, P.,
RODRIGUEZ, J., MENDOZA, E., HERNANDEZ, M.,
CUEVAS, E. and GONZALEZ, A. B. Serological reactivity to a synthetic analog of phenolic glycolipid I and early detection of leprosy in an area of
low endemicity. Lepr. Rev. 67 (1996)4-12.
GROENEN, G., PATTYN, S. R., GHYS, P., TSHILUMBA,
K., KUYKENS, L. and COLSTON, M. J. A longitudinal study of the incidence of leprosy in a hyperendemic area in Zaire, with special reference to
PGL-antibody results. The Yalisombo Study
Group. Int. J. Lepr. 58 (1990) 641-650.
CHANTEAU, S., GLAZIOU, P., PLICHART, C.,
LUQUIAUD, P., PLICHART, R., FAUCHER, J. F. and
CARTEL, J. L. Low predictive value of PGL-I
serology for the early diagnosis of leprosy in family contacts: results of a 10-year prospective field
study in French Polynesia. Int. J. Lepr. 61 (1993)

533-541.

48.

KRISHNAMURTHY,

P., RAO, P. S., REDDY, B. N.,

SUBRAMANIAN, M., DHANDAYUDAPANI,

49.

50.

S., BHATIA,

A. Seroepidemiological study of leprosy in a highly endemic population of south India based on an ELISA using
synthetic PGL-I. Int. J. Lepr. 59 (1991) 426-431.
SOARES, D. J., FAILBUS, S., CHALISE, Y. and
KATHET, B. The role of IgM antiphenolic glycolipid-1 antibodies in assessing household contacts
of leprosy patients in a low endemic area. Lepr.
Rev. 65 (1994) 300-304.
ULRICH, M., SMITH, P. G., SAMPSON, C., ZUNIGA,
V., NEELAN, P. N. and

DUTTA,

M., CENTENO, M., GARCIA,

V.,

MANRIQUE,

X.,

A. and CONVIT, J. IgM antibodies to native phenolic glycolipid-I in contacts of leprosy
patients in Venezuela: epidemiological observations and a prospective study of the risk of leprosy.
Int. J. Lepr. 59 (1991) 405-415.
51. TRICCAS, J. A, ROCHE, P. W. and BRITTON, W. J.
Specific serological diagnosis of leprosy with a recombinant Mycobacterium leprae protein purified
from a rapidly growing mycobacterial host. J.
Clin. Microbiol. 36 (1998) 2363-2365.
SALGADO,

52.

S31

KURABACHEW, M., WONDIMU,

A. and RYON, J. J.
Reverse transcription-PCR detection of Mycobacterium leprae in clinical specimens. J. Clin. Microbiol. 36 (1998) 1352-1356.
53 RIDLEY, D. S. and JOPLING, W. H. Classification of
leprosy according to immunity; a five-group system. Int. J. Lepr. 34 (1966) 255-273.
54. CROFT, R. P., SMITH, W. C, NICHOLLS, P. and
RICHARDUS, J. H. Sensitivity and specificity of
methods of classification of leprosy without use of
skin-smear examination. Int. J. Lepr. 66 (1998)

445-450.

55.

DASANANIALI,

K.,

RAYAVARAPORN,

SCHREUDER,

P. A. and PI-

C. A study on the effectiveness

and safety of the WHO/MDT regimen in the
northeast of Thailand; a prospective study,
1984-1996. Int. J. Lepr. 65 (1997) 28-36.
56. BUHRER-SEKULA, S., SARNO, E. N., OSKAM, L.,
KOCIP, S., WICHERS, I., NERY, J. A., VIEIRA, L. M.,
DE MATOS, H. J., FABER, W. R. and KLATSER, P. R.
Use of ML dipstick as a tool to classify leprosy patients. Int. J. Lepr. 68 (2001 ) 456-463.
57. JAMET, P. and J1, B., MARCHOUX CHEMOTHERAPY
GROUP. Relapse after long-term follow-up of
multibacillary patients treated by WHO multidrug
regimen. Int. J. Lepr. 63 (1995) 195-201.
58. LEMASTER, J. W., SHWE, T., BUTLIN, C. R. and
ROCHE, P. W. Prediction of 'highly skin smear
positive' cases among MB leprosy patients using
clinical parameters. Lepr. Rev. 72 (2001) 23-28.
59. LEFFORD, M. J., HUNEGNAW, M. and SIWIK, E. The
value of IgM antibodies to PGL-I in the diagnosis
of leprosy. Int. J. Lepr. 59 (1991) 432-440.
60. BECX-BLEUMINK, M. Allocation of patients to paucibacillary or multibacillary drug regimens for the
treatment of leprosy-a comparison of methods
based mainly on skin smears as opposed to clinical
methods-alternative clinical methods for classification of patients. Int. J. Lepr. 59 (1991) 292-303.
61 GROENEN, G., SAHA, N. G., RASHID, M. A., HAMID,
M. A. and PATINN, S. R. Classification of leprosy
cases under field conditions in Bangladesh. I. Usefulness of skin-smear examinations. Lepr. Rev. 66

(1995) 126-133.

