
TROPICAL DERMATOLOGY (TL PHUNG, SECTION EDITOR)

Overview of the Histopathology and Other Laboratory
Investigations in Leprosy

Michelle Mei Fung Chan1
& Bruce R. Smoller2

Published online: 28 September 2016
# Springer International Publishing AG 2016

Abstract Despite the significant reduction in global leprosy
prevalence in the advent of multidrug therapy, epidemiologi-
cal evidence shows that new case detection rate in endemic
countries is still substantial. In the past three decades, there has
been much research effort into finding more sensitive and
specific laboratory techniques for the early detection of lepro-
sy infection to prevent the cutaneous eruptions and severe
disabling neurological sequelae. Correct classification of lep-
rosy subtypes for the purpose of instituting the appropriate
drug regimen can only be achieved by including laboratory
investigations with the clinical findings. Unfortunately, this is
not always possible in resource restricted endemic regions. In
this review, we aim to provide an overview of the traditional
laboratory methods that have been in use as well as the newer
serological and molecular tools that have shown potential in
improving specificity and sensitivity of leprosy diagnosis.
How these new diagnostic aids may contribute to the study
of reactions in leprosy and of the monitoring of treatment
efficacy, disease relapse, transmission, and risk of disease
manifestation in household contacts will also be outlined in
this article.
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Introduction

With the introduction of multidrug therapy (MDT), elimina-
tion of leprosy, which is defined as <1 case per 10,000 popu-
lation, was achieved at global level by the year 2000.
However, the new case detection rate and disease burden as-
sociated with leprosy are still significant in endemic countries
[1]. This continual transmission of leprosy is due in part to
delayed diagnosis and management of contacts. Delayed di-
agnosis and slow recognition of reactional episodes in turn
leads to more severe nerve damage and scarring [2, 3].
Diagnosing leprosy is straightforward when classic features
such as erythematous or hypopigmented skin lesions, anesthe-
sia, nerve thickening, and neuropathy are present. However, in
cases where skin lesions are subtle or inconclusive, laboratory
investigations are warranted for confirmation of the disease. In
1966, Ridley and Jopling devised the five-group classification
system of leprosy based on the correlation of histology
with clinical and immunological features and bacterial in-
dex (BI) [4]. This system delineates the tuberculoid and
lepromatous poles of leprosy and their borderline forms
where the categorization reflects the degree and type of
the individual’s immune response to the infection. Since
bacterial smears are not always available, the WHO recom-
mended in 1997 a simple operational classification system
to divide leprosy patients into paucibacillary (PB) and
multibacillary (MB) groups based on the number of skin
lesions, with a further single-lesion only PB category. The
following sections will describe the histology of leprosy
and the laboratory tests currently available or under inves-
tigation for leprosy diagnosis and research.
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Histology

A study of 1265 leprosy patient reports 58.1 % concordance
between histological findings and subtyping based only on
clinical features according to the WHO operational system
[5]. Another study showed that only 74.7% of suspected cases
of leprosy had histology corroborating with the clinical
subtyping [6]. In both studies, the best correlated form is the
lepromatous subtype. They serve to highlight the importance
of histological examination in placing patients into the correct
categories so that they receive the appropriate MDT regimen
and thus reducing deformities and disease transmission.

We will briefly examine the histological features of
the different subtypes of leprosy based on the Ridley and
Jopling classification:

Tuberculoid leprosy (TT) is characterized by multiple,
well-formed, noncaseating granulomas in the dermis rimmed
by lymphocytes (Fig. 1). These granulomas are composed of
epithelioid histiocytes which may fuse to form multinucleate
Langhans giant cells. The inflammatory process extends to the
epidermis. Nerve bundles are not well seen within the granu-
lomas and may require S100 immunostain for identification.
Acid-fast bacilli (AFB) are absent. Borderline turberculoid
leprosy (BT) shares the granulomatous appearance with the
TT group, but a grenz zone is present, even if it is very narrow.
The granulomas are cuffed by more lymphocytes than those
seen in the BB type described below, but less so than those in
TT. Swollen nerve bundles may be seen within the granulo-
mas. Bacillary index (BI) is 0 to 2+ in the granuloma or 1
to 3+ in the involved nerve bundles, on the logarithmic
scale of 1+ to 6+ with 1+ being at least 1 bacillus in
every 100 fields at ×100 oil immersion magnification,
and 6+ being at least 1000 bacilli in every field. In the
borderline (BB) group, the epithelioid histiocytes are dif-
fusely disposed and are not as large as those in TT type.
Langhans giant cells are absent, and lymphocytes may be

present diffusely. It is not uncommon to find plasma cells
within the inflammatory infiltrate. Nerve bundles show
moderate Schwann cell proliferation, and the BI is often
3 to 4 +. In the borderline lepromatous (BL) group, there
are aggregates of lymphocytes and macrophages with
granular to foamy cytoplasm. The number of lymphocytes
is variable and may be present around small dermal
nerves. The BI is usually 5+. Lepromatous leprosy (LL)
consists of sheets of foamy histiocytes (Virchow cells)
containing numerous AFB (Figs. 2 and 3), which some-
times take the form of large clumps called globi. These
globi are present within the cytoplasm of the enlarged,
foamy histiocytes. Lymphocytes are scanty. Nerve bundles
may show structural damage but lack cellular infiltrate.
This subtype corresponds to the high BI, typically 5+.
There is often a grenz zone separating the inflammatory
infiltrate and the epidermis.

The indeterminate group refers to the early cases of leprosy
when the immunological response is beginning to take place.
There is a sparsely cellular infiltrate of perivascular and
periadnexal lymphocytes and histiocytes. Bacilli are usually
scanty or absent. The histioid variant is a multibacilliary form
consisting of spindle cells filled with bacilli that line up along
the long axis of the cells. Special stains to highlight the bac-
teria are required to distinguish this from other differential
diagnoses such as tuberculosis, atypical mycobacterial infec-
tions, noninfectious sarcoidal granulomas, Crohn’s disease,
and xanthomas [7, 8].

In addition to providing a morphological diagnosis, skin
histology allows bacterial quantification by Ziehl-Neelsen
(ZN), Fite Faraco stains, and immunohistochemistry.
Previous studies have demonstrated the use of immunohis-
tochemistry in detecting Mycobacterium leprae antigens in
the frozen section skin tissue [9, 10]. Localization of the stain
is within macrophages and is more commonly positive in the

Fig. 1 Tuberculoid leprosy (H&E ×200) with well-formed granulomas
Fig. 2 Lepromatous leprosy (H&E ×200) with diffuse sheets of Virchow
cells
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MB subtypes as expected. In situ hybridization in skin smears
has also been shown to enhance the diagnosis of leprosy when
compared with ZN staining in skin smears [11].

Pure Neural Leprosy

Pure neural leprosy (PNL) is difficult to diagnose due to
the lack of skin lesions. Arrival at the correct diagnosis
requires correlation with nerve biopsies and demonstration
of AFB, as well as molecular detection if necessary. However,
some histological signs can still be useful for the diagno-
sis of PNL even in the absence of AFB. These include
epithelioid granulomas, mononuclear cell infiltrate, perineural/
subperineural edema, fibrosis, and a decrease in myelinated
fibers [12]. Immunohistochemistry using antibodies against
lipoarabinomanan and phenolic glycolipid 1 (PGL-1), which
are structural and highly antigenic mycobacterial wall compo-
nents involved in the regulation of cell mediated response to
M. leprae, has been shown to be useful when AFB cannot be
demonstrated in the nerve sample [13].

Reactions

Three important reactions can take place during the course of
leprosy, often after commencement of MDT. They are more
commonly seen in the lepromatous and borderline groups of
patients. Type I reversal reaction is the most important cause
of nerve damage and permanent disability, and it is character-
ized by abrupt inflammatory skin and nerve changes associat-
ed with spontaneous nerve pain and nerve function damage. It
is predominantly a clinical diagnosis but histological features
such as granulomatous destruction of the nerves, and dermal
edema can help support the diagnosis [14–16]. Early recogni-
tion of these acute reactional episodes is imperative for prompt
management and prevention of permanent disabilities. Type 2
erythema nodosum leprosum reaction is an immune complex-

mediated and cell-mediated immune phenomenon character-
ized by rapid onset of painful erythematous subcutaneous
nodules which may ulcerate. It can be accompanied by fever
and malaise, as well as systemic involvement such as iritis,
arthritis, lymphadenitis, and neuritis. Histology shows dermal
neutrophils with possible neutrophilic lobular panniculitis
and vasculitis. Bacilli-laden foamy macrophages are seen
[14, 17]. The third reaction pattern, the Lucio phenome-
non, is a necrotizing vasculitis presenting with abrupt onset of
painful macules to necrotic ulcer. Infiltration of endothelial
cells by M. leprae bacilli-laden macrophages can be seen on
histology [18].

Slit Skin Smears and Intradermal Skin Tests

In slit skin smears, fluid obtained from cutaneous lesions is
smeared and dried on a glass slide and then stained with Fite
stain. The number of bacteria is counted under light micros-
copy at high magnification with oil immersion to provide a
bacterial index using a logarithmic scale [4]. Since BI is high
in MB patients and often negative in PB patients, the use
of slit skin smears is limited to classification for treatment
purposes and cannot be extended as a standalone diagnos-
tic test for leprosy [19].

Along the same line, the lepromin test first described by
Mitsuda in 1919 [20] detects only the cellular immune re-
sponse to intradermal injection of heat killedM. leprae bacilli,
and hence it is only effective in the diagnosis of PB leprosy
but notMB. Its role is therefore also limited to classification of
leprosy. Recently, there has been interest in the search for
candidate synthetic peptides [21] that may provide an al-
ternative source of antigens for the lepromin test. MLSA-
LAM (M. leprae soluble antigen devoid of mycobacterial
lipoglycans, primarily lipoarabinomannan) and MLCwA
(M. leprae cell wall antigens) are two such candidates
[22], and they consist of the immunologically active pro-
teins from the soluble/cytosol and insoluble cell wall of
M. leprae. Other intradermal tests such as the histamine
and pilocarpine tests assess the integrity of neural function
[23] in leprosy and are not diagnostic screening tools for
the general population. In the histamine test, the lack of a
red dermal flare after injection of histamine signifies nerve
damage, while the lack of sweating is associated with
nerve damage in the pilocarpine test.

Serology

In the 1980s, numerous research studies looked into possible
M. leprae-specific antigens with the hope of developing
serodiagnostic reagents for leprosy confirmation when clinical
features are inconclusive, and other tests such as slit skin

Fig. 3 Fite stain (×400) showing bacilli-laden macrophages and globi
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smears and histology are unavailable. The most widely inves-
tigated antigen is phenolic glycolipid I (PGL-I) [24, 25],
which was demonstrated to be serologically active by
enzyme-linked immunosorbent assay (ELISA) [26]. Further
studies led to the development of ELISA assays against semi-
synthetic derivatives of PGL-I comprising the natural di- or
trisaccharide of phenolic glycolipid and a bovine serum albu-
min (BSA) protein carrier connected by a octyl and phenyl
linker, respectively [27, 28]. Since the majority of PB patients
are seronegative and majority of MB patients are seropositive,
testing for PGL-I antibody is useful for disease classification
for treatment purposes. However, it is unsuitable as a screen-
ing diagnostic test due to its low sensitivity for PB leprosy
[29]. Since ELISA-based assays are inconvenient in field set-
tings, a simpler method called the gel particle agglutination
method (MLPA) was devised that studies the agglutination of
gelatin particles sensitized with the trisaccharide-based anti-
gen, in the presence of patient’s sera [30]. A simple card test
kit for the detection of serological response to the recombinant
M. leprae-specific 35 kDa protein was also found to be a good
simple serodiagnostic aid [31–33]. It uses a cardboard folder
containing a nitrocellulose strip with the 35 kDa antigen,
on which patient’s sera can be applied and allowed to
diffuse down, producing a red line if the result is positive.
Following the discontinuation of MLPA and the 35 kDa
card test kit, investigators looked further for alternative
methods to overcome the problem of the slow turnaround
time of ELISA, which typically takes 1 day to run [34].
The dipstick serum-based [35] and whole blood-based [36]
assays which have a turnaround time of 3 h [34], and the
lateral flow test [34, 37, 38] which only takes 10 min to run,
are such alternatives. A recent study demonstrated human se-
rum albumin (HSA) [39] to be an effective substitute to BSA
as the protein carrier for semisynthetic PGL-I.

With the knowledge of the complete M. leprae genome
sequence, researchers began searching for species-specific
protein antigens that may be useful in the serodiagnosis of
leprosy [40]. Antibody to LID-1, a recombinant fusion protein
combining the antigens ML0405 and ML2331, was found to
be a robust serological marker for MB leprosy [41]. Antibody
response against LID-1 coupled with the natural disaccharide
octyl (NDO-LID) was shown to be more effective in identify-
ing subclinical infection when compared with the serological
response against NDO-HSA alone [42]. These recombinant
protein-based serological test kits have also been tested with
cell phone-based Smart Reader technology [43, 44] to provide
more consistent and quantifiable results. This android-based
smartphone rapid test reader platform mechanically attached
to the existing camera unit, collects test images, and objective-
ly quantifies signal intensities of the control and test lines in
each NDO-LID test.

Some studies suggested that seropositive contacts are at
higher risk for developing leprosy [30, 34, 45], and therefore,

serological tests may be of value in this aspect. However, this
requires further evaluation. While species-specific antibody
response may have a role in assessing treatment efficacy and
disease relapse [46], its utility in predicting reactions in lepro-
sy is still a subject for investigation [34].

PCR

Since M. leprae cannot be successfully grown in culture, the
use of polymerase chain reaction (PCR) to amplify M. leprae
DNA in clinical samples has been extensively investigated.
An earlier study amplifying the 530 bp gene fragment
encoding the 36 kDa species-specific proline-rich antigen in
purifiedM. leprae sample showed that it has a detection limit
approximating 1 to 10 bacilli [47]. PCR amplification of this
gene target in neutral formalin-fixed skin biopsies yielded
positive result in 92 % of untreated acid-fast bacilli (AFB)-
positive patients and in 61 % of untreated AFB-negative pa-
tients [48]. This PCR method was also shown to have higher
sensitivity than BI from slit skin smears and serological testing
for anti-PGL-I antibody, even in the PB patients [49]. Other
studies which amplified the 360 bp gene fragment encoding
the M. leprae 18 kDa protein [50] and the M. leprae-specific
repetitive sequence (RLEP) [51] also yielded good specificity.
In difficult diagnoses of PNL, PCR adds sensitivity to con-
ventional histological methods [52] and fine needle aspiration
[53]. Banerjee et al. found that multiplex PCR was a sensitive
method of detecting M.leprae and has potential in assessing
contact cases for risk of disease development [54]. However,
this requires longer follow-up of contacts for further evalua-
tion. A review article by Martinez et al. collated the results of
all the different DNA-based PCR assays on skin biopsies and
illustrated up to 100 % specificity for leprosy, and 34 to 80 %
and more than 90 % sensitivity for PB and MB patients, re-
spectively [55•].

Real-time PCR technology has the added ability to rapidly
detect and quantifyM. lepraeDNAwhich is not detectable by
conventional histological staining and can be used to differ-
entiate MB from PB leprosy [56]. In particular, molecular
enumeration of M. leprae bacterial load with real-time PCR
of the RLEP gene fragment [57] was shown to have good
sensitivity for detection of early M. leprae infection before
major clinical manifestations [58]. Furthermore, simultaneous
quantitative reverse transcriptase PCR of 16S rRNA and
RLEP appears to be useful in monitoring bacterial viability
[59–61] and hence, drug efficacy. Another group found that
real-time PCR coupled with high-resolutionmelt analysis may
facilitate the study of drug resistance and strain typing [62]. In
relation to contact risk assessment, Reis et al. demonstrated
that contacts with positive quantitative PCR of ML 0024 in
blood signified an increased risk of disease development dur-
ing a 7-year follow-up [63]. Used in conjunction with other
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prognostic markers, this test may be beneficial in the manage-
ment of contacts, but this will require further evaluation. A
recent interesting study suggested that an increase in mRNA
expression of vitamin D receptor is possibly related to type 2
reactions in leprosy [64].

With the recent advances in genomic studies, candidate
genes that appear to be associated with susceptibility to lepro-
sy development have been identified. These include TLR1
(toll-like receptor 1), TLR2 (toll-like receptor 2), HLA-DR,
NRAMP1 (encoding natural resistance-associated macro-
phage protein 1), PARK2 (encoding parkin), lymphotoxin al-
pha, and NOD2 (nucleotide-binding oligomerization domain-
containing protein 2) [65•]. These may have a future role in
leprosy risk assessment in endemic regions and in research.

Although PCR techniques seem to be more specific and
sensitive, they are also more expensive than the traditional
laboratory methods of slit skin smears and histology.
Therefore, they are not suited to field diagnosis and should
be reserved only for difficult diagnostic cases such as subtle
PB cases, indeterminate leprosy, and pure neural leprosy, es-
pecially in resource-limited regions. One cannot solely rely on
PCR as there is still a significant false-negative rate.

Conclusion

The diagnosis of leprosy is still primarily based on clinical
features, and while all of the laboratory tests discussed can
help clinch the diagnosis and subtype the disease, none are
considered enough as standalone diagnostic tests. There is still
room for improvement in the development of laboratory tech-
niques for the early detection of leprosy to prevent severe
disfigurement and neurological damage. Better identification
of high-risk contacts may have a role in the management of
contacts once the efficacy of chemoprophylaxis [66] and
immunoprophylaxis with BCG vaccination [67] in leprosy
contacts is thoroughly evaluated. The expansion of new mo-
lecular tools can give additional insight into the immunology
and pathogenesis of leprosy, as well as increase our under-
standing of drug resistance, which is important when there is
no novel drug in development for leprosy at the present mo-
ment. The cumulative knowledge on the M. leprae genome
also paves the road for vaccine development in the future.
With the reduction in the global prevalence of leprosy, clini-
cians are becoming less familiar with the disease and are less
able to diagnose leprosy promptly and institute treatment
early. However, due to common international migration
nowadays, physicians in developed countries need to
maintain a high index of suspicion when faced with patients
from endemics regions who present with concurrent dermato-
logical and neurological symptoms, and they should be aware
of the laboratory tests available.
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