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Hansen’s disease is as ancient as mankind,
yet it still poses challenges to science, to
people affected by the disease, and to health
workers who care for them. We have written
this book in the hope that, one day, those
challenges will be overcome. Until then, our
book is intended to serve as a practical guide
for doctors and other professionals who may
encounter Hansen’s disease in their clinical
practice.



Preface

The three editors and reviewers of this book are to be congratulated for bringing
together this important collection of chapters on Hansen’s Disease (Leprosy). The
various chapters use ‘Leprosy’ and ‘Hansen’s Disease’ interchangeably. The book
includes a section on the history of leprosy; it reflects on the important develop-
ments that have taken place over recent decades and indicates what research can
have an impact on the future. The book has a strong international flavour and repre-
sents the work of 42 authors from 10 different countries. It has been edited by three
internationally distinguished experts in the field.

The book highlights the key advances that have been influential in the very
significant progress that has been made to the field in recent years. These advances
include the discovery of Mycobacterium leprae as the primary cause of leprosy
and the more recent sequencing of the genome of the bacteria. Introduction of
effective short course Multidrug Therapy has changed the landscape of the epide-
miology of leprosy as well as changing the lives of people affected. The book also
recognizes the vital impact made by the UN endorsement of the principles and
guidelines for the elimination of discrimination against persons affected by
Hansen’s disease. The implementation of the guidelines by health care workers
can ensure people affected have access to the highest standards of physical and
mental health on an equal basis with others. These are important innovations that
have had a profound effect on our understanding of the disease and the quality of
life of those affected.

The changing epidemiology of leprosy is described as well as the interventions
that have an impact on the occurrence of leprosy. The inclusion of leprosy as one
of the Neglected Tropical Diseases is seen as an important global strategy to
strengthen and sustain leprosy programmes. The COVID-19 pandemic had a sub-
stantial impact on the detection and treatment of leprosy during 2020-21 and is
still to recover. It is anticipated that new diagnostics tests in combination with
new strategies particularly post-exposure prophylaxis will interrupt transmission
in the future. There is an intrigued chapter on the existence of both environmental
and zoonotic reservoirs of M. Leprae, there will be more on this topic, watch
this space.

vii
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The book also focusses on the innovations that can impact on leprosy in the
future. Attention is given to innovations in the detection of disease and diagnosis.
There are chapters on both molecular and immunological diagnostic methods as
well as the clinical application of existing tools using active case finding approaches
and targeted post-exposure prophylaxis. A whole chapter is dedicated to the impor-
tance of leprosy in children as an indicator of transmission in the community
stressing the critical issue of early diagnosis of leprosy in children. The potential
of novel diagnostic imaging is discussed using advanced radiological and ultra-
sound technologies, and electroneuromyography. The book includes helpful clini-
cal chapters on the differential diagnosis of dermatological and neurological
presentations.

The book provides comprehensive coverage of a range of issues in leprosy such
as ophthalmic, osteoarticular and otolaryngological complications of the disease.
Challenges of immunosuppression and co-infections are dealt with in a dedicated
chapter. There is a special focus on psychosocial implications of leprosy, a long-
neglected aspect of leprosy work. The frequency of depression and anxiety is now
well recognized, and the importance of social support and interventions aimed at
improving mental wellbeing. This complements the innovations on elimination of
stigma and discrimination and human rights-based approaches.

A strong theme in the book, which is addressed by many of the authors, is reac-
tions, nerve injury and the prevention of disability. This is very important both to
health care staff and to people affected. There is a chapter dedicated to reactions,
which recognizes the importance of early diagnosis and effective treatment while
much of the immunopathogenesis remains to be elucidated. A separate chapter by
leading experts explores the mechanism of nerve injury, and another chapter
addresses the evaluation, monitoring and prevention of disabilities.

Treatment of leprosy is covered in several chapters, a dominant theme is the
importance of early diagnosis, especially in children. The importance of multidrug
therapy is emphasized. There is coverage of the issues of drug reactions and drug
resistance in multidrug therapy and discussion of alternative regimens. The impli-
cations and options in both immune-prophylaxis and chemoprophylaxis are
described.

The book identifies the major advances in the past which have changed the
course of the history of leprosy. It also provides descriptions of the current priori-
ties in the diagnosis and treatment of leprosy, in the psychosocial interventions
and in the changing societal attitudes towards those affected. The authors also
identify the issues that could change future approaches to leprosy including the
potential for a range of novel diagnostic modalities to change the detection and
diagnosis of leprosy. Novel public health strategies can promote early detection
and implement approaches of prevention. There is the potential of research
described in the book to improve our understanding of the basic pathophysiology
of leprosy, particularly the work of the late Milton Ozorio Moraes and his col-
leagues on the metabolic, genetic and immunological mechanism in susceptibility
to leprosy.
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The Editors have compiled a fascinating and comprehensive series of chapters on
leprosy, past, present and future. They are to be congratulated for this contribution
to the literature on leprosy which provides something for everyone, no matter what
aspect of leprosy you are interested in or actively involved with, many thanks to the
Editors and to the many international authors.

University of Aberdeen Cairns Smith
Aberdeen, Scotland, UK



Foreword

Between diagnosis and cure of Leprosy or Hansen’s disease there are people. There
are also families, communities, bacillus, histories, policies, evidence-based knowl-
edge, drugs, technologies, stigma, discrimination, health services, advocacy ser-
vices, social welfare services, government entities, nongovernmental organizations
and organizations of persons affected. Regardless of the order of existence, persons
affected by leprosy should be at the centre of the process. This book has been writ-
ten by 42 persons from 10 different countries, committed to improving the process
of care and social inclusion for persons affected by Hansen’s disease.

Hansen’s disease is a communicable, chronic and curable disease. This statement
has become a mantra among the community of scientists and persons affected by
the disease. Throughout the twentieth century, the discoveries made in the natural
sciences contributed to the understanding of the health-disease process and led to
the organization of health care models. A century passed between the identification
of Mycobacterium leprae by Gerhard Armauer Hansen in 1873 and the combination
of antibiotics in multidrug therapy in 1982.

If on the one hand, we remember two World Wars. On the other hand, we forget
the daily struggles experienced by those marginalized by society. Among them,
people affected by Hansen’s disease who were isolated in institutions as a prophy-
lactic measure against the disease. Supported by science and health policies, segre-
gation continued after the discovery of the first antibiotic capable of treating the
disease. Compulsory isolation separated thousands of families around the world,
perpetuating the stigma related to Hansen’s disease and discrimination against those
affected by it in the following decades.

The first three chapters of this work introduce us to the historical and technical-
scientific aspects of the disease. In the first chapter, the professors and researchers
Marcos Florian, Marcos Virmond and Patricia Deps introduce us to the general
aspects of Hansen’s disease. In the second chapter, David Scollard discusses the
history of scientific advances, from the discovery of the bacillus to the production
of a vaccine. In the third chapter, Charlotte A. Roberts, fascinates us by unravelling
the mysteries of an almost prehistoric bacillus. Knowledge of the evolutionary and

xi
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socio-historical processes of Hansen’s disease are fundamental to understanding the
current situation and envisioning a future of ‘zero leprosy’.

At some stage, you will ask yourself: are there still people affected by Hansen’s
disease? The answer is simple: yes, there are. I am one of them! According to the
World Health Organization, the disease is still a public health problem for a group
of 23 countries, where high disease burden and discrimination against affected per-
sons and their families persist. Now, you may be asking yourself: why have these
countries not eliminated Hansen’s disease? Unlike the first one, this answer is com-
plex and traverses the integration of natural and social sciences.

In Chap. 4, Alice Cruz and Patricia Deps discuss a human rights-based approach.
For decades, persons affected by the disease and their family members have had
their rights violated. In some countries, discriminatory laws still exist. Regardless of
history, culture, self-determination of peoples and various forms of colonization, we
need to defend the life, equality and dignity of these people in society.

The Covid-19 pandemic reminded everyone of the importance of decisions based
on scientific evidence, both for the mistakes and the successes. Hansen’s disease as
a neglected disease has fewer resources for research. New research on the bacillus,
its integration with the environment and its interaction with humans (from transmis-
sion to disease development) is needed to understand the disease process, care and
prevention.

These topics are addressed in a set of Chaps. 5-10. Renowned researchers, such
as Milton Ozério (in memoriam), have dedicated their lives to research and to pro-
viding the opportunity to broaden knowledge on the clinical and epidemiological
aspects of the disease. This book is a strategy for translating and facilitating access
to knowledge for health professionals and people affected by Hansen’s disease in
places we cannot even imagine.

One of these days, I was approached to guide a family. Initially, the first health
professionals did not suspect Hansen’s disease, the person was a 5-year-old girl.
According to the mother, the first signs and symptoms started when she was 3 years
old. Such a small child with Hansen’s disease, how is this possible? In Chap. 11,
Jerome Leonard and Jessica Fairley teach us about the clinical complexity of these
cases. In addition, we need to remember that children and adolescents also suffer
discrimination in their living spaces. We must guarantee and preserve the right to
education, care, housing, food, and family love. In order to take care of both the
physical body and the mental health of our children.

One of the biggest problems of Hansen’s disease is physical disability. The phys-
ical deformities caused by the disease are among those responsible for stigma and
discrimination. Physical disabilities increase the chances of exclusion of affected
persons in different areas of life. Strategies to prevent disability need to articulate
the biopsychosocial and physical aspects of care. For this, we need to understand
the neurological and immunological aspects of the diseases, existing diagnostic
technologies, contact prophylaxis, as well as the psychosocial aspects that affect the
mental health of these people. These aspects are covered between Chaps. 12 and 25.

Hansen’s disease is curable. The discovery and implementation of multidrug
therapy has revolutionized the lives of people affected. The last chapter deals with
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the treatment of the disease. A combination of antibiotics capable of eliminating a
bacillus, with appropriate use and within a specified period. The free distribution of
the drug and follow-up in primary health care units have allowed more people to be
cured and reduced disability. However, the new challenge is to overcome bacterial
resistance and research new effective drugs in a shorter treatment time.

Reading this book contributes to expanding knowledge about leprosy so that
people affected can be at the centre of the processes and care. Being a person
affected by Hansen’s disease is not simple since any disease that also affects the
soul can upset and transform life. Perhaps the secret is in how and with whom we
face this process. However, we also need to remember that guaranteeing rights is a
constitutional political duty. So as people affected by Hansen’s disease, we need to
claim these rights. I thank the editors for this learning opportunity.

Faculty of Nursing, Rio de Janeiro State University Paula Soares Brandao

Rio de Janeiro, Brazil
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Introduction to Hansen’s Disease

Marcos Cesar Florian, Marcos da Cunha Lopes Virmond,
and Patricia D. Deps

Hansen’s disease (HD), also called leprosy, has been historically a worldwide prob-
lem, including as a major scourge of Europe in the Middle Ages. Nowadays, it is
considered to be a ‘neglected tropical disease’ that most often affect the poorest
people living in low- and middle-income countries in the tropical and subtropical
regions. Currently, the three countries with the highest number of people affected
are India, Brazil, and Indonesia [1].

Increased risk of Hansen’s disease has been associated with individual and
household factors including older age, male gender, poor sanitary and socioeco-
nomic conditions, lower level of education, and food insecurity. However, there is
limited understanding of the roles of infected and asymptomatic people in the trans-
mission of the disease [2]. The complex social, political, environmental, and human
health aspects of Hansen’s disease present challenges to the implementation of
effective public health policies to prevent and control Hansen’s disease.

Hansen’s disease is a chronic infectious disease that mainly affects peripheral
nerves and the skin. It typically starts as a localized disease which, in susceptible
individuals, can become generalized. Involvement of the peripheral nerves causes
motor and sensory dysfunction leading to disabilities especially in the hands, feet,
and eyes.

M. C. Florian
Universidade Federal de Sao Paulo, Sao Paulo, Brazil
e-mail: mcflorian @unifesp.br

M. da Cunha Lopes Virmond (<)
Universidade de Sdo Paulo, Bauru, Brazil
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Although the World Health Organization (WHO) multidrug therapy (MDT)
treatment regimen (dapsone, rifampicin, and clofazimine) has achieved high cure
rates and dramatically reduced the number of Hansen’s disease cases, a large num-
ber of people still develop long-term complications, including impairment of neural
function and consequent disabilities and deformities because MDT does not reverse
damage [3]. Further, the acute inflammatory responses—Hansen’s disease reac-
tions—which can exacerbate neural damage, among other causes can also be trig-
gered by MDT. To control these reactions, anti-inflammatory drugs, usually
corticosteroids at high initial doses, are frequently used alongside MDT.

MDT has been used for around 40 years. Second-line drugs include minocycline,
clarithromycin, and ofloxacin/levofloxacin/moxifloxacin. Unfortunately, therapeu-
tic failures, relapses, and Mycobacterium leprae with resistance to dapsone, rifam-
picin, or ofloxacin have been reported in several parts of the world [4]. Endemic
countries need to increase the investigation of resistance to components of MDT
and second-line drugs, while in vitro, in vivo, and in silico research is needed to
identify new drugs.

Much of the long-term morbidity experienced by people after treatment is sec-
ondary to the irreversible damage caused by Hansen’s disease. However, we cannot
rule out continuous primary effects of the pathological processes of the disease,
especially chronic or recurrent inflammation, causing parenchymal, neuropathic
and osteoarticular changes. This reinforces the need for prompt diagnosis and treat-
ment and the importance of specialized long-term care for people affected by
Hansen’s disease.

Whether Hansen’s disease can be eliminated is questionable [5, 6], but WHO
recognizes it as one of twenty neglected diseases and has adopted a global strategy
for the elimination of Hansen’s disease by 2030 (see box below) [1]. The ten chal-
lenges to be solved in this time span comprise: (1) delay in diagnosis; (2) decrease
in Hansen’s disease specialists; (3) meaningful engagement of relevant stakehold-
ers; (4) deep-rooted stigma and discrimination; (5) significant gaps in research; (6)
limited access or referral to essential care services; (7) non-existent routine surveil-
lance systems; (8) weak health information systems; (9) expansion of monitoring of
antibiotic resistance and adverse effects; (10) zoonotic transmission (in some areas).

WHO global Hansen’s disease strategies 2021-2030

120 endemic countries reporting zero new autochthonous cases

70% reduction in the annual number of new cases detected

90% reduction in the rate (per million) of new cases with grade-2 disabilities
90% reduction in the rate (per million children) of new cases in children

1 Aetiological Agents

Mycobacterium leprae was the only known etiologic agent of Hansen’s disease
since its discovery by Armauer Hansen in 1873, until a second apparently causative
mycobacterial species was identified in 2008.
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This new species was identified by Han et al. initially in a patient from Mexico who
died of diffuse lepromatous HD with a severe HD reaction, known as Lucio’s phe-
nomenon [7]. Investigation of the aetiologic agent revealed the presence of acid-fast
bacilli (AFB) and PCR identified a sequence of the ribosomal RNA (rRNA) gene that
differed slightly from M. leprae. The new strain, labelled FJ924, was then found in an
archived biopsy specimen from a second similar case (also from Mexico). Based on
these results, the existence of a new species of mycobacterium that causes Hansen’s
disease, named Mycobacterium lepromatosis, was announced [7].

Since this discovery, cases reports have identified M. lepromatosis infection in
19 patients, including four patients with dual M. leprae/M. lepromatosis infection,
and 10 retrospective specimen surveys have examined 1260 archived biopsy speci-
mens, detecting M. lepromatosis, M. leprae or dual infection in, respectively, 106
(15.8%), 798 (84.6%), and 28 (3.0%) of 943 PCR-positive specimens from Mexico,
Brazil, Malaysia, Myanmar, the Philippines and the USA [8].

With the development and validation of a primer for performing PCR testing
using a single repeating element for M. lepromatosis (RLMP, equivalent to RLEP
M. leprae) [9], a reliable molecular diagnostic method is now available to expand
the investigation of this new species as a causative agent of Hansen’s disease [10].

2 Natural History and Pathogenesis

Despite advances in biomolecular research, the fact that the etiological agent cannot
be cultured in vitro presents a significant challenge to studying the relationship
between agents and hosts (human and animal), leaving important gaps in our under-
standing of epidemiological, pathological, and immunological aspects of Hansen’s
disease, which need to be filled if efforts to eliminate the disease are to be successful.

3 Transmission Dynamics

The transmission pathways of the causative agents of HD are still not well under-
stood. Direct dissemination is clearly important in the transmission process.
However, the possibility of indirect dissemination cannot be ignored [11]. Even in
endemic areas, many newly detected cases report no known history of contact with
patients, suggesting a role for other transmission pathways.

Untreated multibacillary (MB) cases of Hansen’s disease are likely to be the
principal source of transmission of M. leprae, through infectious aerosols of nasal
secretions created by coughing and sneezing [12], but possibly also via skin-to-skin
contact through breaks in the continuity of the skin [13, 14].

Household contacts of MB cases have an estimated five to ten times higher risk
of developing Hansen’s disease than the general population, while paucibacillary
(PB) cases also present an increased risk of onward transmission.
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More controversially, transmission from people with subclinical infection by
nasal shedding of M. leprae has been demonstrated. M. leprae DNA has been
detected in nasal swabs in up to 5% of healthy individuals in endemic areas [12],
and the presence of anti-PGL-1 (phenolic-glycolipid-1) and anti-LID-1 (Leprosy
IDRI Diagnostic 1) antibodies in asymptomatic persons from endemic areas indi-
cates the importance of studying subclinical infection.

Isolated cases of M. leprae found in the placenta [15] and in breast milk [16]
have been reported, but risk of transmission via these routes is uncertain. The litera-
ture includes reports of cases of Hansen’s disease caused by accidental infection
with contaminated needles [17, 18], by material used for tattooing [19], after a dog
bite [20], and after BCG vaccination [21].

The incubation period of Hansen’s disease ranges from 3 months to 40 years
[22]. It has been estimated that 70-90% of the population is resistant to M. leprae
due to innate immunity, in some instances reinforced by vaccination with BCG or
by cross-reaction in people who have been exposed to Mycobacterium tuberculosis
or other mycobacteria.

It has long been known that M. leprae is able to survive outside the human body
for several months under favourable conditions. The finding of RNA indicating the
presence of viable M. leprae in environmental soil and water samples in Brazil and
India [23, 24], and that amoeba were capable of ingesting and harbouring viable
M. leprae, provided further evidence for the survival of M. leprae outside a mam-
malian host [25].

Adopting a One Health approach to Hansen’s disease, including consideration of
environmental reservoirs and zoonotic transmission of M. leprae and M. lepromato-
sis at population level, is more recent. Here transmission involves a circular sequence
of steps from transmission of the bacillus from the environment through contact
with soil, water, or animal hosts to development of the disease in humans and trans-
mission of the agent back into the environment [26].

4 Mitsuda Test

The intradermal reaction or ‘Mitsuda’ delayed-type hypersensitivity test evaluates a
person’s cellular immune response to M. leprae. The test is performed by intrader-
mal inoculation of a solution of bacilli killed by heat. In cases where the test is posi-
tive, it is possible to identify a papule-nodule type reaction that is considered
positive if larger than 3 mm in diameter at the inoculation site after 4 weeks. This
indicates an intense Th-1 type cellular immune response associated with low risk of
developing MB disease at the Virchowian (lepromatous) pole of the Hansen’s dis-
ease spectrum.

A negative Mitsuda reaction indicates the absence of a cellular immune response
against M. leprae, indicating a predominantly Th-2 type humoral response and a
higher risk of developing Virchowian (Iepromatous) Hansen’s disease.
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Most of the population in an endemic area will have a positive response to inocu-
lation with Mitsuda antigen and, if infected with M. leprae, a person will tend to
develop a PB of Hansen’s disease or remain free from disease. Although the Mitsuda
test has recognized value in clinical practice for assessing the cellular immune
response against the causative agent of HD, it is not currently available for use in
many countries.

5 Vaccines

The BCG vaccine, used to prevent severe forms of tuberculosis, is given routinely
to children in many Hansen’s disease endemic countries and has also been shown to
be effective in reducing risk of the disease [27]. In a country endemic for HD
(Brazil), a second dose of BCG is used in contacts of Hansen’s disease cases if signs
and symptoms of the disease are not detected. Administration of BCG jointly with
chemoprophylaxis against Hansen’s disease is being evaluated.

Vaccines derived from Mycobacterium indicus pranii [28], Mycobacterium
avium intracellulare complex (LepVax) [29], and anti-tuberculosis vaccines [30]
have been studied as possible future options in the prevention of Hansen’s disease.
One of the WHO’s strategic pillars for 2021-2030 includes scaling up prevention
and encouraging research into existing and potential new vaccines [1].

One such candidate is a vaccine developed specifically for Hansen’s disease
comprising a recombinant protein composed of four M. leprae antigens with a syn-
thetic TLR4 agonist (GLA-SE) as adjuvant. In phase 1 trial, this was shown to be a
safe and effective inducer of durable T-cell responses [31].

6 Diagnostic Tests

Skin smear microscopy and pathological examination of the skin are important
diagnostic tools, but the development of new diagnostic tests to aid clinicians in
diagnosing early and PB Hansen’s disease cases presents a challenge in Hansen’s
disease research. Such tests are of importance for those who work in non-specialized
centres such as in primary care and remote settings without access to laboratories.

Detection of nerve involvement by peripheral nerve ultrasound is being explored
as tool for the diagnosis and follow-up of nerve damage in Hansen’s disease patients
and will be discussed in a specific chapter on this book.

Biomarker tests for Hansen’s disease performed on peripheral blood using the
ELISA (enzyme-linked immunosorbent assay) technique to detect IgM anti-PGL-1
and anti-LID-1 antibodies are positive in higher titres in MB forms and in lower
titres in PB forms. Hence, lateral flow (rapid) tests using blood smears are more
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likely to be positive in MB Hansen’s disease, but negative results do not rule out PB
forms and their positive predictive value in endemic areas is questionable [27].

Molecular DNA detection tests such as rtPCR (real-time polymerase chain reac-
tion) have high diagnostic sensitivity and specificity and can be used with a range of
sample types including dermal and conjunctival scrapings and skin and nerve biopsy
specimens [10]. However, they require specific laboratory and technical apparatus
and expertise, which reduces their widespread use.

7 Nerve Damage

If Hansen’s disease were only a dermatological condition, it might not have acquired
the same degree of social and medical historical significance. Hansen’s disease as a
major public health challenge arises from its contagiousness and potential for severe
peripheral nerve damage.

It is known that M. leprae has a tropism to Schwann cells through pathways that
are still being elucidated [32]. However, the relationship between the pathogen and
each individual is often unpredictable, ranging from the absence of injury to highly
destructive immunological reactions. The latter can lead to damage to the peripheral
nerves to varying degrees ranging from slightly decreased sensitivity, to paraesthe-
sia, to complete anaesthesia and loss of muscle strength. Disabilities and deformi-
ties follow, often accompanied by neuropathic pain [33, 34].

Early detection to mitigate neural damage is a crucial aspect of Hansen’s disease
programmes. Although the use of reaction markers, nerve ultrasonography, and a
better understanding of neurophysiology have aided in the early detection and fol-
low-up of neural damage, it remains a challenge to completely prevent this conse-
quence of Hansen’s disease. Measures to train personnel and facilitate access to
specialist care are needed and, for people affected by deformities and disabilities
arising from nerve damage, physical rehabilitation should be provided as part of the
process of recovery and to aid in social reintegration.
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The Journey to a Scientific Understanding
of Leprosy: A Brief Outline

Check for
updates

David Scollard

1 Introduction

Leprosy is caused by a germ, but recognition of this dates only to the late 1800s. An
account of the long history of human struggle with leprosy before that time is
beyond the scope of this chapter. The International Leprosy Association’s History of
Leprosy Project [1] provides details of historical events, and paleopathological
studies are reviewed elsewhere [2]. Patients’ memoirs (e.g., see IDEA [3]) provide
insight into the suffering this disease has caused. This chapter focuses on the devel-
opment of the scientific understanding of leprosy that began in the 1800s and has
expanded rapidly in recent decades.

2 Beginnings

Leprosy was endemic in Norway in the nineteenth century, and in 1847 two distin-
guished Norwegian dermatologists, Daniel Danielssen and Carl Boeck, published
an Atlas of Leprosy [4]. This marks the beginning of the modern understanding of
this disease. The Atlas, with color illustrations, provided a definition of what lep-
rosy is—and is not. It was a four de force of clinical dermatology, as they recog-
nized that both individuals shown in Fig. 1 had leprosy although their appearances
differ greatly. The young lady’s illness they described as “macular” or “neural”’; the
gentleman’s was described as “nodular.” All subsequent classifications reflect this
basic distinction. These extreme differences, and the wide diversity of clinical
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Fig. 1 Two individuals illustrated in the Atlas of Leprosy by Danielssen and Boeck in 1847. The
young lady on the left they described as having “macular” or “neural” leprosy; the gentleman on
the right they described as “nodular” leprosy. This basic distinction is reflected in the classifica-
tions used since that time

lesions between the extremes illustrated in the Atlas, highlighted the conundrum
physicians and scientists faced for the next century: How can one disease have so
many different appearances? Danielssen and Boeck had no explanation for the etiol-
ogy of leprosy but, seeing it often occurring within families, they speculated—
incorrectly—that it was hereditary.

In the 1870s, another Norwegian doctor, Gerhard Armauer Hansen, was inter-
ested in the new scientific reports on germs. On February 28, 1873—exactly
150 years ago—while studying tissue samples under his microscope, he recorded in
his notebook that he saw ... small straight rods, which are not destroyed by addi-
tion of potash. These are the lepra bacilli” [5]. He published these observations in
1874 [6] (Fig. 2), asserting that the germs he saw caused leprosy. Physicians at that
time considered this preposterous because germs were not yet believed to cause
human diseases. A few years later, Robert Koch identified and cultured the
germ causing tuberculosis. The methods used to stain tubercle bacilli also stained
Hansen’s bacilli, but Hansen was unable to culture the germ he had discovered. The
First International Leprosy Conference in 1887 [7] finally acknowledged that
Hansen’s bacillus (later designated Mycobacterium leprae) caused leprosy. In the
1880s, Rudolph Virchow and others [8, 9] established that M. leprae infected nerves.
Hansen’s discovery was a monumental breakthrough and marks the beginning of
modern medical microbiology, but decades would pass before these discoveries
benefitted patients.
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Fig. 2 The expansion of knowledge about leprosy. Major discoveries and landmarks in the devel-
opment of medical and scientific knowledge about leprosy are indicated on a timeline from
1840-2020. Discoveries related to M. leprae and to animal models are shown below the timeline;
advances in treatment and understanding of the human host response are shown above the timeline.
(Note: The scale of the timeline is not uniform)

During the late 1800s and early 1900s, the realization that germs caused leprosy
became part of a global rationale to compel quarantine of patients. This was an
egregious distortion of the basic rationale for infectious disease quarantine, i.e.,
temporary isolation until the incubation period had passed. The incubation period
for M. leprae was unknown, so quarantine in leprosaria meant quarantine for life.
Often this meant severing family relationships, imposing grievous hardship.
Hawaiians called it ma’i ho’oka’awale, the separating sickness [10].

3 1900-1960: Discoveries and Frustrations

As medical microbiology blossomed in the early 1900s, many other germs were
discovered and cultivated, but M. leprae remained uncultivable despite diligent
efforts. Laboratory testing for antibiotics was impossible. While cures were discov-
ered for other infections, leprosy remained incurable. Scientists sought to demon-
strate transmission of M. leprae by insects, without success [11, 12]. Others tried
inoculating M. leprae into a wide range of animals, from frogs to rabbits, without
success [13]. Physicians continued to be mystified by the variety of clinical and
histological appearances of leprosy, unable to fathom how one germ could cause
such diverse lesions.
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The new science of histochemistry generated improvements in staining the
bacilli. Hansen, Neisser, and Koch had observed that M. leprae retained fuchsin (a
red dye) after exposure to acid-alcohol. This property, termed “acid-fastness,” is
now a defining feature of the genus Mycobacteria. But M. leprae is weakly acid-
fast: some bacilli stained poorly or not at all. In 1938, George Fite [14] in Hawaii,
and José Faraco [15] in Brazil, simultaneously described a modification of the basic
technique resulting in more dependable staining of M. leprae. This method remains
the gold standard for detecting M. leprae in biopsies.

During the 1930s, Drs. James Doull and Ricardo Guinto conducted ground-
breaking epidemiological studies of leprosy in the Philippines. Their observations
on the development of cases in two small island communities over several years
provided the only detailed study of the natural epidemiology of leprosy [16]. These
studies established that leprosy has an incubation time of 6-10 years and is not
highly contagious. The overall attack rate was <1/1000 person-years, but the peak
attack rate, in children 10-14 years old, was >2/1000 person-years.

In 1942, Dr. Guy Faget at Carville conducted a small clinical trial of promin, an
injectable sulfone [17] (Fig. 2) and observed slow but dramatic resolution of leprosy
lesions. Initially, experts were skeptical, but after seeing the results at the Havana
Leprosy Congress in 1948 they were convinced [18]. An oral form of the drug, dap-
sone, was soon developed [19, 20]. It was effective, safe, and inexpensive. Leprosy
was finally curable. Dapsone was distributed widely around the world after 1950,
following post-war re-establishment of international shipping. Outpatient treatment
became possible, and leprosaria began to close.

Although dapsone could cure the infection, leprosy reactions still caused consid-
erable suffering and little treatment was available. The potent anti-inflammatory
effects of corticosteroids were discovered in the early 1950s, and in 1957 Jonquieres
first reported dramatic benefits of prednisone in treating leprosy reactions [21, 22].

M. leprae infection of nerves may result in anesthesia that often leads to the
development of plantar ulcers. Leprosy hospitals commonly had daily foot ulcer
clinics. Surgeons performed amputations when necessary, but reconstruction was
seldom attempted because the tissues were considered unsuitable for healing. In the
1950s, Dr. Paul Brand challenged this, arguing that these were pressure ulcers pro-
moted by insensitivity, and relieving pressure would allow healing. He showed that
reconstructive surgery such as tendon transfers (or transpositions) could be per-
formed successfully on hands and feet to restore basic function [23, 24]. These
developments launched a new approach to leprosy rehabilitation, probably second
only to dapsone treatment in revolutionizing patient care.

4 1960-1999: Rapid Progress

Dapsone worked slowly: some patients were told they must take it for life. It was
nevertheless hailed as a miracle drug to cure individual patients, and by the
mid-1960s, in a clever home-exposure study, Robert Worth demonstrated that
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dapsone treatment also interrupted transmission of M. leprae. In families in which
one or both parents had leprosy, he compared the incidence of leprosy in children
born before and after the parent(s) were treated. Among 109 children born before
the parent(s) were treated, 10 developed leprosy, while among 35 children born into
the same families after the parent(s) were treated, none developed the disease [25].

Meanwhile, M. leprae remained uncultivable, impeding laboratory research for
new drugs. Physicians could only pursue small clinical trials, usually testing drugs
effective against M. tuberculosis, since both organisms are mycobacteria.
Hypothesizing that M. leprae preferred a cooler growth temperature, Charles
Shepard, at the United States’ CDC, discovered in 1960 that the bacilli would pro-
liferate to a limited extent after injection into mouse foot pads [26]. This was a
major breakthrough, enabling scientists to study M. leprae in the laboratory.

Antibiotics could now be tested, by feeding them to inoculated mice [27]. But
because M. leprae grows very slowly (dividing only once every 13 days), each test
took a year or more to complete. Nevertheless, field isolates began to reveal some
dapsone-resistant bacilli after dapsone had been used for only a decade [28]. Seeking
new antimicrobials, the efficacy of “B663” (clofazimine) was reported in 1962 [29]
and the bactericidal effect of rifampicin in 1970 [30].

In the mid-1960s, scientists had found that M. leprae grew abundantly in T-cell
deficient mice [31], increasing the quantity of bacilli available for research.
However, since the mice were immunocompromised, only limited immunological
investigations could be done with this model.

Although leprosy was curable, the wide diversity of lesions remained puzzling.
A clinical classification was proposed at the 1953 Leprosy Congress in Madrid [32],
identifying two extreme forms (recall the 1847 Atlas), with a “dimorphous” cate-
gory between them, but the basis for these variations was not understood. In 1964,
Olaf Skinsnes, an American pathologist, proposed that this diversity was based on
the patient’s cellular immune response (CMI). He reasoned that some patients
develop granulomatous inflammation in lesions and as a result have few bacilli,
indicating strong CMI; others have foamy cells filled with abundant bacilli, i.e., no
CMI to M. leprae. The broad borderline group displays every degree of CMI
between the extremes. He called this the “immunopathological spectrum of lep-
rosy” [33]. Two years later, the English physicians Dennis Ridley and William
Jopling published a classification system using clinical and pathological features to
position each patient along this immunological spectrum [34]. This classification is
still the gold standard for leprosy. Skinsnes’ spectrum concept intrigued immunolo-
gists and spurred numerous immunological investigations that dominated leprosy
research for the rest of the twentieth century. Today, more than 50 years later, the
exact mechanisms that regulate CMI to generate this wide spectrum are still not
clear and this continues to motivate research.

Prednisone relieved reaction symptoms, including neuropathy, but often required
prolonged administration of high doses resulting in serious side effects. In the early
1960s, an Israeli dermatologist, Jacob Sheskin, observed that thalidomide provided
rapid relief of erythema nodosum leprosum (ENL) [35], a common reaction. By the
time this was published in 1965, however, the severe teratogenic effect of
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thalidomide had been recognized. It was quickly banned worldwide, the only excep-
tion being for the treatment of ENL. Having remained in the pharmacopeia only for
ENL, thalidomide’s benefit in some malignancies would be discovered decades
later [36].

Since the 1930’s, concerns had been raised that the term “leprosy” was a major
contributor to the social opprobrium associated with this disease, and suggestions
were made that it should instead be called “Hansen’s Disease.” This cause was
championed from the 1960s onward by the Brazilian dermatologist Abrahdo
Rotberg [37]. After decades, this campaign finally bore fruit:

* 1975—The term Hansen’s Disease was mandated by presidential decree
in Brazil.

* 1986—The United States’ leprosy hospital at Carville was renamed the Gillis
W. Long Hansen’s Disease Center.

* 1995—The government of Brazil passed a law-making Hansen’s Disease the
official term for the disease [38].

* The WHO and other entities continue to use both terms interchangeably.

In 1971, researchers at Carville discovered that M. leprae proliferated in the nine
banded armadillo (Dasypus novemcinctus), providing an immunocompetent animal
model [39]. However, armadillos were of little interest to other immunologists and
no molecular probes, monoclonal antibodies, etc., had been developed for them, so
that only limited immunological studies were possible. However, M. leprae does
grow to considerable numbers in the armadillo, providing very large quantities of
bacilli that enabled quantitative biochemical and physiological studies [40]. A cen-
tury after Hansen discovered M. leprae, its physiology could finally be investigated.

In 1982, the World Health Organization recommended multiple drug therapy
(MDT) for leprosy, composed of dapsone, rifampin, and clofazimine [41]. This was
part of a global initiative that included training of health workers, new metrics—
e.g., defining “cure” as completion of MDT, and instructing national programs to
remove “cured cases” from registries. Implemented worldwide, it was the greatest
anti-leprosy effort in history. Leprosy prevalence declined rapidly [42], but it was
not clear how much of this was due to cures of new infections vs simply removal of
old cases from registries. The program oversimplified a complex disease in ways
that were often controversial [43]. By 1990, the WHO, greatly impressed with their
apparent success, declared their goal to eliminate leprosy as a public health problem
by the year 2000—in one decade [44]. Elimination was defined as a prevalence of
less than one case per 10,000 population.

Meanwhile, a 1989 report of trials in the Marquesas islands [45], suggested that
a reduction in new cases might be achieved with post-exposure prophylaxis using a
single dose of rifampin (SDR-PEP). This prompted renewed studies of prophylaxis
against leprosy [46].

As cure of infection advanced, preventing disability became a more urgent goal,
requiring earlier detection of nerve involvement. At a leprosy meeting in 1982,
nylon monofilaments were proposed as tools for sensory testing in leprosy patients
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[47]. The methods were subsequently developed at the Instituto Lauro de Souza
Lima in Brazil, and such testing became the global standard of care for leprosy [48].

The discovery of hybridomas in 1975 [49] enabled the development of monoclo-
nal antibodies to identify lymphocyte subsets. Immunostaining using these antibod-
ies revealed that the T-lymphocyte composition in skin lesions across the
immuno-pathological spectrum of leprosy [50, 51] correlated well with advancing
knowledge about the basic mechanisms of cellular immunity [52]. Discovery of a
unique glycolipid (PGL-1) in the cell wall of M. leprae in the 1980s [53], and the
discovery that some patients make antibodies against this molecule, initiated efforts
to develop a serologic test for leprosy. Such a serologic test has still not yet been
fully achieved, but the latest developments are very promising [54].

Advances in DNA sequencing in the 1980s and 90s [55] led to the use of poly-
merase chain reaction (PCR) to detect M. leprae DNA [56] and to identify the muta-
tions associated with drug resistance [57]. Similar developments in molecular
immunology accelerated leprosy immunology research, for example, correlating
T-lymphocyte subsets with cytokine production across the immunologic spectrum
[58, 59].

In 1996, researchers observed that nerve involvement in M. leprae-infected
armadillos closely modeled human nerve injury in leprosy [60]. The immuno-
inflammatory processes occurring during M. leprae infection of nerves could now
be studied under controlled experimental conditions [61, 62].

5 2000-2020

At the 54th World Health Assembly in 2000, the WHO announced that global lep-
rosy prevalence had fallen below their target level [63]. This was widely regarded as
a declaration that leprosy had been eliminated. Actually, surveillance was elimi-
nated, or widely reduced, and many new cases were still diagnosed in several coun-
tries. A later critique suggested that many millions of patients had been missed [64].
In 2018, the WHO revised the recommended treatment [65], an acknowledgment
that leprosy had not been eliminated.

After decades of effort to reduce stigma and discrimination, in 2010 the United
Nations General assembly adopted Resolution 66/215, Elimination of discrimina-
tion against persons affected by leprosy and their family members [66]. In 2015, the
Human Rights Council adopted this as Resolution 29/5 [67]. These resolutions,
together with pressure from patient advocate groups and others, prompted many
countries to rescind or revise laws that had sanctioned discrimination based on
leprosy.

Since 2000, basic research on M. leprae and on host immune responses has been
dominated by molecular and genetic techniques. Stewart Cole and colleagues at the
Pasteur Institute published the full DNA sequence of M. leprae in 2001 [68].
Analysis revealed the absence of several genes for proteins in key metabolic
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pathways, beginning to explain why M. leprae is non-cultivable [40]. Knowledge
of the M. leprae genome opened up nearly endless possibilities to explore the biol-
ogy of M. leprae. This led to large-scale studies of M. leprae function, measured by
mRNA transcription of multiple genes using reverse transcription PCR [69].
Studies of the M. leprae transcriptome continue to advance knowledge of its
metabolism [70].

In the 1800s, Danielssen and Boeck (and others before them) had proposed that
leprosy was hereditary [4], but genetic research methods were not sufficient to iden-
tify leprosy susceptibility genes until the late 1990s. In 2004, the same year that the
full human genome was published, Marcello Mira and colleagues used positional
cloning methods to identify a leprosy susceptibility gene on chromosome 6 [71].
Human genetic studies have since flourished and, in 2009, Zhang and colleagues in
China published the first leprosy genomewide association study [72].

DNA sequencing technology also enabled Han and colleagues to identify a new
organism, dubbed M. lepromatosis [73]. Based on a 5% genomic difference from
M. leprae, M. lepromatosis is denoted as a new species. Clinically and histologi-
cally it causes the same disease as M. leprae [74], but this—and other genetic vari-
ants of M. leprae—are valuable markers in the new field of molecular epidemiology
of leprosy [75].

Research had revealed that M. leprae infection had been present in wild armadil-
los (but never recognized) long before the experimental infections [76]. In 2011,
Richard Truman and colleagues demonstrated that M. leprae isolated from wild
armadillos share the same genotypes as isolates from leprosy patients in the south-
ern United States [77]. Leprosy is thus a zoonosis in this region. Preliminary data
indicate that this is also true in Central and South America. Therefore, interruption
of human—human transmission of M. leprae will not be sufficient to eliminate lep-
rosy from the Western hemisphere, and leprosy control measures must be revised
accordingly. Meanwhile, a new zebrafish model was described in 2017 [78] and
used to study mechanisms of M. leprae-induced nerve injury.

By 2020, several countries had implemented SDR-PEP [79], giving new energy
to control programs. Many technical and immunological advances have resulted in
the recent development of a candidate leprosy vaccine ready for clinical trials [80].
However, leprosy develops slowly and even with good interventions it declines
slowly. It is therefore too early at this writing to know how effective the PEP or vac-
cine initiatives will be in long-term reduction of new cases.

6 Conclusions

After 150 years of research, we understand a great deal about leprosy. Scientifically,
this includes landmark discoveries in microbiology, immunology, and genetics
(Table 1) led by advances in technology. Medically, effective treatment and physical
rehabilitation have made this an “outpatient” disease. Millions of patients have been
cured since 1950 and, as a result, millions more infections have been prevented.
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Table 1 Summary of advances in scientific and medical knowledge about leprosy since 1850, and
challenges remaining

Knowledge and capabilities gained

Major gaps remaining

Etiology Leprosy is caused by M. leprae
M. leprae is not cultivable Metabolism of M. leprae not fully
It grows very slowly understood
It can infect peripheral nerves Neurotropism of M. leprae is
unexplained
PCR identification is now available
Full genome is sequenced Much is still unknown about
M. leprae physiology
Drug-resistance mutations are identified
Epidemiology Attack rate is low Can prophylaxis prevent

infection?

Incubation time is very long

Transmission: human—human and
zoonotic (armadillo)

Mechanism of transmission is
uncertain

Host immune

Most people have native immunity: some

Mechanisms of native immunity?

response susceptibility genes are identified
Extraordinary immunopathological Mechanisms/regulation of
spectrum adaptive immunity?
Immunology of reactions remain
unclear
Can a vaccine prevent leprosy?
Clinical Curable—effective antimicrobials are Better/shorter drug regimens are

available

needed

Neuropathy is detectable earlier,
treatable with corticosteroids

Better methods are needed to
treat/prevent neuritis and reactions

Nerve injury model (armadillo) is
available

Mechanisms of nerve injury
remain unclear

Reconstructive surgery is available

Social response

International anti-discrimination policies
are promulgated

Fear prevails. Stigma and
discrimination continue

Increasingly articulate patient advocacy

Scores of leprosaria have been closed and the few that remain are specialized treat-
ment centers, not quarantine prisons. But reactions and nerve injury remain chal-
lenging, and basic questions such as the means of transmission and the mechanisms
of immune regulation remain unexplained. In addition, social and psychological
progress has lagged considerably in dispelling fear and ostracism. The knowledge
gained has not fully translated into a wide acceptance that this is a natural and cur-
able disease. Instead, fear prevails, and widespread stigma and discrimination
remain. This is a different kind of challenge. Possibly, advances in social science
research will lead to new approaches to reduce stigma and discrimination; perhaps
leprosy research will lead the way.
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of Leprosy Through a Palaeopathological
Lens
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1 Introduction

While leprosy remains a challenge for management today in certain parts of the
world, we should remember that it is an infection that has a long and interesting
history. This has been demonstrated by historians interrogating medical historical
evidence [1], and by documenting evidence in skeletons from archaeological sites
[2, 3]. This evidence can provide a deep time perspective for understanding the
disease today [4].

2 Palaeopathology and Leprosy

Palaeopathological study entails the identification of damage to bones that result
from different diseases, often using information gleaned from clinical sources [5]
with standard accepted methods and bearing in mind its limitations [6, 7], and in an
ethical manner [8]. Palaeopathology enables us to view the long history of disease
through the remains of people who were affected and link the evidence to major
transitions such as from foraging to farming and industrialization [9, 10]. The caus-
ative organism of leprosy is Mycobacterium leprae (or the more recently discovered
M. lepromatosis), and leprosy is one such disease that can affect the bones and teeth,
but it only affects a person’s skeleton in 3—-5% of untreated people [11]. Diagnosis
can be tricky, especially if a skeleton is not well preserved, which can be the case in
archaeological contexts. This is because the distribution of characteristic changes
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needs to be considered. Further, the disease affects often small and fragile parts of
the skeleton which, in particular circumstances, can be damaged postmortem during
burial in the ground (often for thousands of years), or in the course of excavation,
analysis or during storage for future work.

3 Bone Changes of Leprosy

Leprosy has a broad immune spectrum [12], but palaeopathologists usually recog-
nize the effects of low resistance leprosy in the skeleton, or lepromatous, leprosy,
while appreciating that high resistance, or tuberculoid, leprosy is much more chal-
lenging to identify [13] (but see Matos 2009 who suggests, from clinical data, that
bilateral or unilateral hand and foot bone changes with no rhinomaxillary syndrome
are consistent with tuberculoid leprosy). Palacopathologists of leprosy have benefit-
ted much from the research of two Danish doctors: Vilhelm Mgller-Christensen
(Fig. 1) who excavated and analysed skeletons from a medieval leprosy hospital
site in Denmark [14]; and Johs Andersen, who was a practising leprologist [15].
Leprosy affects the bones of the face, hands and feet and, albeit rarely, can affect the
normal development of the tooth roots, particularly of the upper incisors (leprogenic
odontodysplasia) [16]—Figs. 2 and 3.

Fig. 1 Vilhelm Mgller-
Christensen, who

first described the bone
changes of leprosy in
archaeological skeletons
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Fig. 2 Distribution of
bone changes in leprosy in
the skeleton (in black) n
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Fig. 3 Leprogenic
odontodysplasia affecting
the roots of the upper
incisors in a medieval
skeleton from a leprosy
hospital cemetery in
Odense, Denmark
(courtesy of Vitor Matos)
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3.1 Facial Bones and Leprosy

As the leprosy bacteria are inhaled, we must first turn to the facial bones of the skull
to appreciate how the bones are damaged (termed “rhinomaxillary syndrome”), and
recognize that there are differential diagnoses for these bone changes (e.g. tubercu-
losis and treponemal disease). The bacteria directly affect the mucous membranes
of the mouth and nose of the respiratory system and subsequently the underlying
bones, including the turbinate bones and the bony part of the septum. Due to the
development of inflammation of the mucous membranes, the nasal bones, anterior
nasal spine, and the alveolar process of the maxilla are subject to absorption/loss of
bone; and the nasal and oral surface of the palatine bones become pitted, with new
bone formation (Figs. 4 and 5). Destructive perforations in the palate can also occur
so that there is a connection between the nose and mouth.

Fig. 4 Rhinomaxillary
syndrome affecting the
facial bones of a medieval
skeleton from Denmark
(Naestved leprosy hospital)
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Fig. 5 Porosity of the oral
surface of the palate
(‘holes) affecting a
medieval skeleton from a
leprosy hospital in Odense,
Denmark (courtesy of Vitor
Matos)

3.2 Nerve Damage and Bone Changes of Leprosy

The bacteria also affect the sensory, motor and autonomic peripheral nerves, which
can indirectly and particularly affect the bones of the hands and the feet (Figs. 6 and
7). The damage to the sensory nerves causes a lack of sensation which leads to
injury, and ulceration of the fingertips and palms of the hand; if not treated second-
ary bacterial infection can spread to the bones and joints of the hands and feet.
Septic arthritis (infection of the joints that can lead to osteoarthritis) and an inflam-
matory bone response on the bone surfaces may ensue. Finger-tip absorption and
subsequent erosion of the ends of the distal phalanges can occur. The bones subse-
quently ‘shorten’ and the skin contracts around the remaining bone ends, with the
index and middle (longest) fingers most affected. The carpal bones may also disin-
tegrate, albeit rarely. A similar process occurs in the feet: loss of sensation and
ulceration, especially in the forefoot, precedes secondary bacterial infection of the
foot bones and joints; the tarsals disintegrate more readily than the carpals. Cup and
peg deformities of the joints may also occur. Motor nerve involvement can lead to
paralysis of muscles, and dislocation and subluxation of interphalangeal joints, with
hyperextension of the metacarpophalangeal and metatarsophalangeal joints, and
hyperflexion of the interphalangeal joints. The hyperflexion can cause palmar and
plantar defects of the phalanges, and lateral popliteal nerve involvement may lead to
a drop foot, causing new bone formation on the dorsal surfaces of the tarsal bones
caused by stress to the attached ligaments as the foot drops. Damage to the auto-
nomic nervous system leads to concentric diaphyseal remodeling of the metacarpal
and metatarsal shafts and proximal/middle phalanges. This may lead to loss of the
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Fig. 6 Destruction of
some of the distal ends of
the proximal and

middle hand phalanges of a
medieval skeleton from
Denmark (Naestved
leprosy hospital)

Fig. 7 Loss of the distal
ends of three metatarsals,
diaphyseal concentric
remodelling of two middle
phalanges, and fusion of
middle and distal
phalanges affecting a
medieval skeleton from a
leprosy hospital in
Chichester, England
(courtesy of Don Ortner)
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medullary cavity. The metatarsal heads may be destroyed with resulting cup-and-
peg deformity at the metatarso-phalangeal joints. New bone formation can occur on
long and short tubular bones, and often on the tibial and fibular shafts alongside the
described bone changes described above (Fig. 8). In summary, rhinomaxillary syn-
drome, or rhinomaxillary syndrome and involvement of the hand and foot bones,
may be accepted as evidence for lepromatous leprosy. However, we should also note
research that has helped researchers to estimate the specificity and sensitivity of
lesions of leprosy [17].

At this point, the osteological paradox should be mentioned [7] in relation to
diagnosis of leprosy. We have already seen that there is a low percentage of
untreated people whose skeleton may be affected and, as this is primarily a soft tis-
sue disease, many people with leprosy whose skeletons are found as part of the
archaeological record may not even have developed bone changes prior to death. To
a certain extent new methods of analysis in palaeopathology can solve some of the
problems.

Fig. 8 Inflammatory-
related new bone formation
on the lower leg bones
affecting a medieval
skeleton from a leprosy
hospital in Chichester,
England (courtesy of Don
Ortner)




30 C. A. Roberts
4 Methods of Analysis in Palaeopathology

Over the last 30 years or so, imaging, histological and biomolecular methods have
led to advances in diagnosis and new understandings of the origin, evolution and
history of leprosy as a human disease. This is notwithstanding that the routine
recording of pathologically induced bone changes in each skeleton continue to
underpin the use of more advanced diagnostic techniques. Easily the most advances
have been seen in ancient DNA analysis.

The first evidence for ancient DNA being preserved in an archaeological human
skeleton was reported just over 30 years ago [18], and it was not long before reports
of preserved ancient pathogen DNA started to appear. The first was evidence for
tuberculosis (1993), but it was closely followed by a paper reporting ancient bacte-
rial DNA of leprosy found in a sample of bone from a metatarsal dated to AD 600
from Israel [19]. By 2001, the modern genome of M. leprae had been sequenced
[20] while the more recently discovered M. lepromatosis had its genome sequenced in
2008 [21]. Schuenemann et al. became the first to sequence an ancient M. leprae
genome [22]. Most recently, M. leprae DNA has been found preserved in dental
calculus [23].

The study of leprosy aDNA has been helped by modern M. leprae sequencing,
including the important work documenting strains/subtypes of M. leprae across the
globe [24, 25]. This has led to researchers exploring the strains of M. leprae affect-
ing the skeletons of people who had the infection in the past [26-30], and in tandem
with stable isotope analysis looking at the impact of mobility of people with leprosy
on taking their infections (and strains) with them. However, it should be remem-
bered that even if aDNA of leprosy can be extracted from skeletons and analysed, it
does not mean that the person experienced the disease. They could have had sub-
clinical leprosy and had no signs or symptoms of the infection.

5 Skeletal Evidence for Leprosy

When considering the evidence for leprosy in the archaeological record, our direct
evidence is from skeletons (or mummies), although we should not forget that lepro-
saria were prominent institutions in medieval Europe in particular. However, very
few have been excavated and even fewer have seen attention paid to their associated
cemeteries. Some exceptions include those in Chichester and Winchester in England
[31, 32] and Naestved in Denmark [33]. Skeletons with signs of leprosy have been
excavated on four continents, to date and remain absent from the archaeological
record in the Americas, Antarctica and Australasia. Asia, the Pacific region, and the
Middle East have revealed very little evidence. The evidence is very much depen-
dent on what excavations take place, and most importantly who is available and well
versed with the bone changes of leprosy to be able to identify skeletons with those
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bone changes. Some parts of the world have few palacopathologists working in
them. Most evidence comes from medieval cemeteries in Europe (12th—16th centu-
ries AD), and especially Britain, Denmark, Hungary and Sweden; in fact, Northern
Europe as a whole has the most evidence. However, a general decline in leprosy in
Europe is noted from the fourteenth century AD onwards, overtaken by a rise in
tuberculosis, likely due to a cross immunity between the two infections [34]. This
perhaps reflects extensive palacopathological “activity”, but it appears to corrobo-
rate historical evidence for leprosy in this period. The earliest evidence is from
Hungary (3700-3600 BC), India (2500-2000 BC), Iran (6200-5700 BC), Pakistan
(2550-2030 BC), Sudan (2300 BC), and Turkey (2700-2300 BC). Of particular
interest, and relevant to challenging the myth that people with leprosy were all stig-
matized and ostracized, “The majority of the skeletons with bone changes of lep-
rosy around the world have been found in non-leprosy hospital cemeteries and were
buried normally for their communities in those regions and time periods” [16]. This
strongly suggests that people with leprosy were much more accepted within their
communities than is/has been thought. As stigma in relation to leprosy remains a
challenge to manage today, revisiting and reinterpreting the myth of stigma in the
past is important.

While no evidence has been forthcoming in the Americas, more recent documen-
tary data and modern DNA studies indicate that leprosy affected people in the
Americas as a result of the slave trade and colonialism [24, 25]. The modern
DNA studies also suggested that leprosy originated in East Africa or the Near East
and spread east along northern (Silk Road) and southern routes to Asia, and west to
Europe and west Africa with migrating populations, and finally to the Americas
over the last 500 years. These hypotheses are now being tested using ancient DNA
analysis using well-dated skeletal remains with leprosy that are geberating ancient
DNA strain data, according to modern geographic location, to explore the global
distribution of different ancient strains. Research to date on skeletons seems to be
supporting these hypotheses. Some really fascinating research is also combining
stable isotope analysis for dietary and mobility history from individual skele-
tons with DNA data. For example, a young male skeleton from an 11th—12th cen-
tury leprosy hospital cemetery in Winchester, England was buried with a scallop
shell (medieval pilgrim “badge”) [35]. Isotope data showed he was not locally
raised in the region where he was buried, and he harboured the 2F strain of M. lep-
rae which is common in Central Asia and the Middle East today. This suggests he
had been a pilgrim who had travelled around and was eventually buried in England
[26]. A skeleton at the same site also had a European strain of leprosy that is also
found in Europe today, and in the southern United States (including in nine banded
armadillos), the latter supporting evidence that leprosy was taken to the Americas
and then affected humans and other animals. A final strand of the interpretation
further noted that red squirrels on Brownsea Island, off the south coast of England,
and very close to Winchester, have been identified with the same strain as that found
at the Winchester site. Of course, in recent years red squirrels in Britain and Ireland
have been discovered to be affected by leprosy [36].
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Hansen’s Disease and Human Rights )

Alice Cruz and Patricia D. Deps

1 Introduction

Medical practice is intrinsically related to maintaining or restoring people’s health.
WHO defines health as a state of complete physical, mental and social wellbeing
and not merely the absence of disease or infirmity. This broad concept of health has
given rise to the paradigm of humanized medicine, biopsychosocial practice, or
person-centered medicine. In this context, it can be argued that physicians and other
healthcare workers need to engage actively in promoting equality, dignity, and
social justice and, in the case of Hansen’s disease, with tackling and eliminating
stereotyping, stigmatization, and discrimination against persons affected by the
disease.

Stigmatization related to Hansen’s disease, and its consequences, were discussed
in the previous chapter. In particular, how stigmatization can damage the well-being
of persons affected by Hansen’s disease. In 2021, stigma was identified by WHO as
an obstacle to the elimination of Hansen’s disease, classified into four types:

(a) Individual stigma—sometimes referred to as self-stigmatization, although the
authors agree with others that this classification blames the victim and would
propose the alternative concept of internalized stigma, placing society and not
the individual as the source.

(b) Stigmatization by healthcare workers.

(c) Institutionalized stigma, such as when clinics and hospitals fail to provide care.
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(d) Structural stigma—stigmatization at the level of officialdom, through policies
that lead to insufficient resourcing, lack of innovation in health technology such
as diagnostic and therapeutic methods, inadequate mental healthcare, and lack
of support for research and rehabilitation.

Disease-related stigma carries a destructive potential that is sometimes underes-
timated by public health policy-makers. Hansen’s disease has a long history of stig-
matization, discrimination, and violation of human rights, destroying countless
lives over thousands of years [1]. Yet, formal recognition of stigmatization as a
violation of human rights is a relatively recent development.

The second decade of the twenty-first century was marked by an acknowledg-
ment that the medicalization of stigma and discrimination namely, the idea that
providing medical treatment and disseminating medical understanding and scien-
tific knowledge of a disease would remove stigma and discrimination, was not
enough. Discrimination encompasses much more than the interpersonal stigmatiza-
tion which occurs at the level of the community, and which has been the primary
focus of most stigma reduction strategies. Discrimination can be direct and indirect,
leading to stigmatization, loss of opportunities, material deprivation, structural dis-
advantage, and limited access to public services and state benefits.

Adopting a human rights-based approach, the essence of which is full recogni-
tion of the rights of persons affected by Hansen’s disease, is necessary to move
public and private interventions in Hansen’s disease stigmatization beyond the pre-
dominant medical and charitable models. Attention needs to be paid to the “looping
effect” between biology and culture [2]. For instance, it is widely known that the
gender of the healthcare workforce can act as a barrier in the access of women to
diagnosis and treatment of Hansen’s disease in endemic regions, and that the physi-
cally demanding labor which is the daily reality for many persons affected can
aggravate physical impairments related to nerve damage caused by Hansen’s
disease.

In the present day, persons affected by Hansen’s disease are still subjected to
stereotyping and to interpersonal, institutional, and structural violence, manifesting
ultimately in the most dehumanizing form of stigmatization—internalized stigma
[3]. More than 100 laws that discriminate directly against persons affected by
Hansen’s disease persist in 30 countries, while indirect discrimination through the
discriminatory application of laws that appear neutral at face value has also been
reported [4].

Stigmatization and discrimination are major obstacles to the elimination of
Hansen’s disease. In recognition of this, the United Nations General Assembly
adopted, in 2010, resolution 65/215 on the elimination of discrimination against
persons affected by Hansen’s disease and their family members, documented in
principles and guidelines named after the resolution. These constitute a non-legally
binding human rights instrument that interprets and translates legally binding norms
in relation to the conditions and needs of persons affected by Hansen’s disease and
their family members. They provide countries with a road map to enforce
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Table 1 Principles and guidelines for the elimination of discrimination against persons affected
by leprosy and their family members

Principles
Persons affected by leprosy and their family members

1 | Should be treated as people with dignity and are entitled, on an equal basis with others, to all
the human rights and fundamental freedoms proclaimed in the Universal Declaration of
Human Rights, as well as in other relevant international human rights instruments to which
their respective States are parties, including the International Covenant on Economic, Social
and Cultural Rights, the International Covenant on Civil and Political Rights, and the
Convention on the Rights of Persons with Disabilities

2 | Should not be discriminated against on the grounds of having or having had Hansen’s disease

3 | Should have the same rights as everyone else with respect to marriage, family, and
parenthood. To this end: (a) no one should be denied the right to marry on the grounds of
Hansen’s disease; (b) Hansen’s disease should not constitute a ground for divorce; (c) A child
should not be separated from his or her parents on the grounds of Hansen’s disease

4 | Should have the same rights as everyone else in relation to full citizenship and obtaining
identity documents

5 | Should have the right to serve the public, on an equal basis with others, including the right to
stand for elections and to hold office at all levels of government

6 | Should have the right to work in an environment that is inclusive and to be treated on an
equal basis with others in all policies and processes related to recruitment, hiring, promotion,
salary, the continuance of employment, and career advancement

7 | Should not be denied admission to or be expelled from schools or training programs on the
grounds of Hansen’s disease

8 | Are entitled to develop their human potential to the fullest extent and to fully realize their
dignity and self-worth. Persons affected by Hansen’s disease and their family members who
have been empowered and who have had the opportunity to develop their abilities can be
powerful agents of social change

9 | Have the right to be, and should be, actively involved in decision-making processes regarding
policies and programs that directly concern their lives

Source: UN General Assembly “Principles and guidelines for the elimination of discrimination
against persons affected by leprosy and their family members” A/HRC/15/30 pp. 3-7

international human rights law in the specific case of persons affected by Hansen’s
disease and their family members (Table 1).

Discrimination related to Hansen’s disease often intersects with other identity
labels connected with oppression, marginalization, exclusion, and violence. Most
common among these social conditions and identities are gender, ethnicity and/or
race, age, disability, migration, and poverty [5]. In practice, this means that Hansen’s
disease discrimination affects in different ways a person according to his or her
social status and capital. Women and children are particularly vulnerable. In many
parts of the world, women’s access to healthcare services is dependent on permis-
sion from a third party, while children affected by Hansen’s disease are subjected to
bullying and can even be prohibited from attending school. The life course effects
of the multifaceted stigmatization experienced by adults who were diagnosed with
Hansen’s disease in childhood can end in attempts by people to end their lives [3].
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2 Issues Related to Treatment

Multidrug therapy was created by the WHO in the 1980s, combining three drugs to
prevent drug resistance. The component drugs were also cheap, which was impor-
tant in achieving and sustaining mass distribution [6]. Economic factors have always
been at play against the right to the highest attainable standard of health for persons
affected by Hansen’s disease. This is illustrated by decisions about the dosage of the
more powerful component of the multidrug regimen—rifampicin—being based
mainly on cost criteria [7]. Similarly, many Hansen’s disease experts disagree with
global guidance regarding the duration of multidrug therapy. According to the
WHO, almost all new cases can now be cured within 612 months. In reality, longer
treatment is often needed. Patients who have a weaker immune response to Hansen’s
disease may experience extremely severe, disabling and painful episodes and even
relapse after many years. Some Hansen’s disease experts also believe that central-
ized decisions about treatment might increase transmission, while others disagree
with guidance about the drugs themselves. In practice, patients with more purchas-
ing power may opt for drugs that have fewer side effects, such as alternatives to
clofazimine, a component of WHO multidrug therapy that causes darkening of the
skin which in turn reinforces stigmatization.

Hansen’s disease reactions are one of the biggest challenges in managing the
disease, and they can cause much physical and mental suffering. Reactions fre-
quently occur during and after anti-mycobacterial treatment. They are associated
with the nerve damage which is the main cause of physical impairment. Hansen’s
disease reactions may require prolonged treatment, sometimes for several years [8].
The mechanisms of reactions are poorly understood, and treatment is largely empir-
ical. Unlike multidrug therapy, most of the drugs used for treating Hansen’s disease
reactions are not provided to countries free of charge. These include steroids and
thalidomide—both of which can cause problematic side effects. As is well known,
thalidomide during pregnancy can harm the fetus and cause malformation of the
limbs, while steroids can cause dependence and dramatic bodily changes.

Hansen’s disease treatment and management of reactions both rely on obsolete
and cheap drugs that can cause major side effects. The commodification of health
and lack of interest of the pharmaceutical industry in neglected tropical diseases,
together with the low priority that governments give to Hansen’s disease, explain
why persons affected by Hansen’s disease are offered such low-quality medical
treatment.

Despite being curable with multidrug therapy, if not detected and treated
promptly, Hansen’s disease can become a chronic disease that demands a contin-
uum of medical and psychosocial care including rehabilitation, reconstructive sur-
gery, the provision of assistive devices, and psychosocial support. Such care should
be fully addressed by effective referral within national healthcare systems. However,
the harsh reality of healthcare for persons affected by Hansen’s disease has been the
progressive dismantlement of Hansen’s disease services and infrastructure, such as
laboratories, and a gradual loss of expertise [9]. These factors aggravate systemic
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barriers to access to diagnosis and treatment widely faced by persons affected by
Hansen’s disease in both endemic and non-endemic countries. Another issue of
great concern is that access to quality healthcare services after bacteriological cure
is extremely limited for persons affected by Hansen’s disease, despite this being
critical for preventing physical impairments. This inequity in provision of care is
another manifestation of discrimination against persons affected by Hansen’s dis-
ease within healthcare systems [10].

3 Roles and Responsibilities of Healthcare Professionals

As already mentioned, healthcare workers play an important role in eliminating
stigmatization and discrimination, including through the services that they provide.
However, here it is important to mention the role of intersectoral policy-making.
Elimination of discrimination cannot be expected to be undertaken through National
Hansen’s Disease Programs alone. This societal task needs to be mainstreamed into
government bodies other than the Ministry of Health, including those governing
education, employment, and justice, and also through agencies responsible for pro-
tecting the rights of vulnerable groups such as women, children, the elderly, and
people with disabilities.

Health systems should be people-centric and resourced to ensure the following
for persons affected by Hansen’s disease: (1) availability and physical and eco-
nomic accessibility of services; (2) active and informed participation of service-
users; (3) gender-sensitive and culturally sensitive strategies; (4) child-friendly
services; (5) accountability of healthcare professionals, using indicators to facilitate
monitoring. Healthcare systems should enable and encourage community engage-
ment and participation, by providing social support and individual and family psy-
chosocial counselling, linking with self-care and self-help groups, and peer support
and peer health promoters, establishing channels for patient-provider communica-
tion, and conducting outreach activities in partnership with organizations for per-
sons affected by Hansen’s disease. A holistic strategy needs to include a rights-based
approach to mental health, which should be ethically respectful, culturally appropri-
ate, gender-sensitive and empowering to individuals, making use of peer support an
integral part of recovery-based services.

Persons affected by Hansen’s disease require follow-up after being discharged
from treatment and should not be disconnected from healthcare services after appar-
ent cure. A continuum of care is essential to guarantee the right of persons affected
to the highest attainable standard of physical and mental health. This care should be
multidisciplinary, encompassing early diagnosis of reactions, prompt and appropri-
ate use of drugs, individual and group therapies including physiotherapy and occu-
pational therapy, and provision of wound care, surgery, orthotics, and prosthetics
according to patient need. For persons affected by Hansen’s disease who have
impairments or disabilities, provision of assistive devices is important in maintain-
ing quality of life.
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It is incumbent on healthcare professionals to support campaigns and assist pro-
grams that aim to guarantee a high standard of care by providing well-trained medi-
cal professionals, counselling, outreach and other allied services, and access to new
and better treatments, particularly for managing Hansen’s disease reactions.
Clinicians need to be up-to-date with alternative treatments, such as substitutes for
clofazimine which can cause dyschromia, a side-effect linked to stigmatization.
Healthcare professionals are responsible for preventing and reporting violations of
the rights of persons affected by Hansen’s disease. These include those summarized
in Table 2, with specific actions that health professionals can take, and as illustrated
in the two case studies at the end of this chapter.

To support healthcare professionals in these matters, clinical education and train-
ing should be extended to foster an in-depth understanding of the root causes of

Table2 Levels at which human rights violations can occur and actions that healthcare professionals

can take

Level Violation Action
Society Prohibition to marry, work (including | Combat practices that directly
public and elected posts), live, and discriminate against persons affected by
study in certain areas and schools, Hansen'’s disease including segregation
have a normal social life, use public | and legal prohibitions
transport and public offices, attend
churches, and move to another place
Workplace | Dismissal, removal, or segregation of | Identify physical limitations and
any nature restrictions, guiding employers to promote
adaptation or temporary change of tasks
or posts, avoiding dismissal
School Children and adolescents bullied at or | Guarantee the reception of young people
banned from schools in schools and promote the inclusion of
students in all appropriate activities
Healthcare | Discrimination at this level is often Building the patient—physician
imperceptible and perpetrated by relationship provides an opportunity for
healthcare professionals in their work | inclusivity. The healthcare professional
routine. It includes stereotyping should recognize physical and mental
persons affected by Hansen’s disease | suffering, ensure equal access to facilities
and making prejudiced assumptions, | and services, and counter and correct
disregard for physical and mental misinformation such as risk of
suffering, failing to facilitate access to | transmission. Healthcare services should
hospitals and clinics, and separating | ensure participation of persons affected by
persons affected by Hansen’s disease | Hansen’s disease, their families and
from other patients support groups, and organizations
All Structural discrimination and denials | Formal and substantive recognition of
of rights persons affected by Hansen’s disease and
their family members as holding equal
rights. Meaningful participation of
persons affected in policy-making,
monitoring, and evaluation.
Implementation of affirmative measures
and provision of accessible mechanisms
for filing complaints on the violation of
rights
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discrimination and pathways to the emotional distress experienced by patients. The
final two aspects of providing care for persons affected by Hansen’s disease in a
way that respects rights and counters stigma and discrimination are the fundamental
importance of the act of caring itself, by which we mean a compassionate patient—
physician relationship built on trust and understanding (important in any context)
[11], and participation, in the sense of meaningful inclusion (not as a mere formal-
ity) of affected persons and their family members to ensure that their rights are
protected.

4 Monitoring and Evaluation

To measure progress towards elimination of discrimination related to
Hansen’s disease, collection of monitoring data requires significant
improvement, for which we make the following recommendations:

e Clearly-defined targets, indicators, and benchmark measures need to be estab-
lished routine data collection should include disaggregation not only by demo-
graphic variables but also by other identities recognized in human rights law as
basis for discrimination, such as race/ethnicity and disability data collection,
processing, and dissemination must respect the principles of consent to partici-
pate (or opt out), data protection, and the right to privacy.

* Monitoring and evaluation should be supported by mechanisms to ensure
accountability and transparency, including sharing information with stakehold-
ers such as patient support groups and organizations for persons affected by
Hansen’s disease.

* An accessible mechanism should be provided for registering complaints or con-
cerns regarding violations of rights—these should be appropriate to the local and
national context and be developed, implemented, and maintained with the par-
ticipation of organizations for persons affected by Hansen’s disease.

5 Case Study 1: Rights-Based Counselling

Stigmatization and discrimination are multifaceted, demanding contextual and mul-
tisectoral approaches and interventions. In Indonesia, a Rights-Based Counselling
Module (RBCM) based on Cognitive Behavioural Therapy (CBT) raised awareness
of human rights in general and rights related to healthcare specifically [12]. The
module was offered to individuals, families, and groups. One interesting outcome
was that people who had experienced stigma then became counsellors, thereby ful-
filling Principle No. 8 of the principles and guidelines for the elimination of dis-
crimination which states that persons affected by Hansen’s disease and their family
members who have been empowered and who have had the opportunity to develop
their abilities can be powerful agents of social change.
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6 Case Study 2: Eliminating “Leprosy”’

Principle No. 9 of the principles and guidelines provides for the active involvement
of persons affected by Hansen’s disease in decision-making processes regarding
policies and programs that directly concern their lives. Recorded complaints of stig-
matization related to use of the word “leprosy” and requests to change it date back
to 1931, when Hansen’s disease patients in the USA reported that “leprosy” and its
derivatives (leper, leprous) brought humiliation and made life impossible in their
communities. In 1976, by presidential decree, Brazil adopted the term “hanseniase,”
with use of the old term in official and professional practice prohibited by law in
1995. Besides being the preference of persons affected by Hansen’s disease [13],
the change distances Hansen’s disease from “leprosy,” a disease associated in the
popular imagination with “biblical leprosy” and its strong negative connotations
(sin, uncleanliness, and contagion). Although officially only Brazil has effected the
name change by law, use of the term Hansen’s disease is increasingly widespread
either instead of or alongside leprosy, and we believe that this is an important step
towards eliminating stigma and discrimination [14].
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Leprosy Agents and Principal Methods
of Detection, Identification,

and Characterization of the Leprosy
Agents

Check for
updates

Sofie Marijke Braet (), Patricia Sammarco Rosa (), John Stewart Spencer @),
and Charlotte Avanzi

1 Characteristics of the Leprosy Agents

Leprosy is a neglected tropical disease caused by two acid-fast rod-shaped Gram-
positive mycobacteria, Mycobacterium leprae and Mycobacterium lepromatosis.
The genome of M. leprae and M. lepromatosis (3.26 Mbp [1] and 3.27 Mbp [2],
respectively) are extremely reduced and show a large proportion of pseudogenes. A
consequence is the complete dependency of both bacilli to host machinery and thus
on intracellular growth. This observation also explains the lack of success in grow-
ing these bacteria on axenic media. Alternatively, the leprosy bacilli can
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successfully be maintained for short periods in cell culture such as macrophages or
cultivated in laboratory models such as mouse footpad (MFP) and armadillos [3].
Growth of the leprosy bacilli in an animal model, requiring a high number of bacilli
to inoculate, takes several months because of the pathogen’s doubling time of
12 days [3]. These are expensive and technically challenging techniques that only a
handful of laboratories have the expertise worldwide.!

Both bacilli trigger the full spectrum of leprosy symptoms in humans, except for
M. lepromatosis, for which tuberculoid forms have not yet been described [4].
M. leprae infection in humans are found worldwide while M. lepromatosis cases are
mainly located in Mexico, the Caribbean region and in Central and South America
with sporadic cases in Asia [4, 5]. In Mexico, pure M. lepromatosis infections as
well as co-infections with M. leprae [4] are reported, whereas outside Mexico,
M. lepromatosis is mostly reported under the form of co-infection? with M. leprae
[4]. M. leprae naturally infects a wide range of animal reservoirs such as armadillos
[7], red squirrels [8], and chimpanzees [9]. M. lepromatosis was identified in the red
squirrel in the British Isles but no animal reservoir has been identified in the
Americas yet [8]. In the USA, leprosy is recognized as a zoonosis with sporadic
cases in the south-eastern part of the country while in other endemic countries,
human-to-human transmission is regarded as the main route of infection [5, 10, 11].

2 Methods of Identification of the Leprosy Causative Agents

Leprosy diagnosis relies on three cardinal signs: (1) definite loss of sensation in a
pale (hypopigmented) or reddish skin patch; (2) thickened or enlarged peripheral
nerve with loss of sensation and/or weakness of the muscles supplied by that nerve;
or (3) presence of acid-fast bacilli in a slit-skin smear (SSS), as defined by the World
Health Organization (WHO) guidelines [12]. The leprosy bacilli are mainly detected
in skin and nerve tissue (Table 1) with various sensitivity depending on the disease’s
form [26]. Multibacillary (MB) patients (>5 skin lesions) will harbor a high number
of bacteria in skin lesions while few or no leprosy bacilli are expected in paucibacil-
lary (PB) patients (<5 skin lesions). Diagnosis of PB patients will often require
several samplings (including nerve sampling in case of pure neural leprosy) and
methods to confirm the diagnosis microbiologically. SSSs and nasal swabs are less
invasive than skin biopsies and often preferred by patients, but fewer bacilli are usu-
ally observed, decreasing the sensitivity of detection especially for PB patients.
Moreover, healthy household contacts of leprosy patients or healthy individuals
from endemic countries may harbor bacilli in these samples, representing a

'National Hansen Disease Program, Baton Rouge, Louisiana, USA; Instituto Lauro de Souza
Lima, Bauru, Brazil; Centre National de Référence des mycobactéries, Paris, France; Schieffelin
Institute of Health, Karigari, India; National Institute of Infectious Diseases: Leprosy Research
Center, Tokyo, Japan.

2Except one case of pure M. lepromatosis case reported in Dominican Republic [6].
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Table 1 Methods available for the detection, identification, and viability measurement of the
leprosy bacilli in various clinical samples

Preferred
Purpose of the sample Commercially
detection type Principle Methods available References
Identification of leprosy bacilli
Qualitative
Immunodiagnostics | Venous Antigen-based ELISA Yes [13-15]
blood or | detection Lateral flow
fingerstick | Cellular immunity | test
blood Lateral flow
test
Quantitative
Microscopy SSst Bacterial Bacillary No [16-18]
Skin coloration index (ZN)
biopsies Bacillary
index (FF)
Molecular methods | SSS® Quantification of | qPCR Yes (RLEP) | [4, 19, 20]
Skin M. leprae and M. | RLEP (M.
biopsies | lepromatosis- leprae)
specific target RLPM (M.
from DNA lepromatosis)
samples
Viability of the leprosy bacilli
Microscopy SSse Assessment of Morphology | No [21]
Skin bacterial integrity | index
biopsies | (solid vs.
fragmented
bacilli)
In vivo - Inoculation from | Shepard No [22]
fresh skin biopsies | method
in the footpad of
immunocompetent
mice
Molecular methods | Skin Quantification of | qPCR?* No [23-25]
biopsies | M. leprae hspl8 and
transcripts in RNA | esxA
extracts, measured | 16S rRNA

on a defined
number of M.
leprae calculated
by RLEP PCR

aThere is no viability assay developed for M. lepromatosis ® Slit Skin Smear

prognostic marker rather than a confirmatory diagnostic marker [27]. The edges of
active skin lesions are the areas where the highest quantity of bacilli is found.
Therefore, for diagnostic purposes, a skin biopsy (4 mm) at the edge of an active
lesion is preferred for downstream molecular applications (detection, genotyping,
and drug susceptibility) as well as for inoculation in mouse footpad. Nevertheless,
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SSS is often used for monitoring bacterial load during treatment because it is less
invasive than skin biopsies. Given the tropism for skin and nerve cells, leprosy
bacilli are rarely found in the systemic circulation, only in patients with high level
of infection. Blood samples are thus less relevant for bacterial identification but can
be used for serological or immunological diagnosis.

2.1 Identification and Quantification of Leprosy Bacilli
in Skin Lesion by Microscopy

The most common method of identifying leprosy bacilli in tissue is microscopy on
SSS, biopsy of a skin lesion and in rare cases on a nerve biopsy. Ziehl Neelsen (ZN)
staining is the standard coloration for acid-fast bacilli (AFB). However, since
M. leprae and M. lepromatosis are weakly acid-fast [28, 29], the ZN procedure is
performed with a shorter discoloration time [16]. The adapted ZN method named
Fite-Faraco staining is recommended for skin biopsies preserved in formalin and
paraffin (Fig. 1) [17, 31, 32]. After staining, the rod-shaped bacilli turn uniformly
pink and can be identified as isolated or grouped in globi, which is characteristic for
a leprosy infection.

Subsequently to staining, the number of bacilli or bacillary index (BI) is counted
based on a semi-logarithmic scale from +1 to +6 (Table 2). A patient’s BI usually
represents the mean of Bls calculated from SSS collected from the ear lobe, elbow,
and knee. This measure is performed before and at different time points during
treatment. An increase of BI during treatment must be considered as treatment inef-
ficiency or failure.

In parallel, the type of leprosy is can be characterized by specific histopathologic
changes in the lesions following the well-described classification of Ridley and
Jopling from lepromatous to tuberculoid forms [18, 33-35]. Alternatively, in

Fig. 1 Bacilloscopy
varying from 4+ to 6+.
Presence of bacilli in
neural branches,
macrophages, interstitial
cells, in perivascular and
periadnexal inflammatory
infiltrates and occasionally
in the walls of vessels and
endothelium. In the center
macrophages with
intracytoplasmic vacuoles
filled with numerous bacilli
(globi) (Fite-Faraco x100).
Figure and caption adapted
from [30]
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Table 2 Bacillary index Negative (0)—no bacilli per 100 high-power field
Positive (1+)—1 to 10 bacilli per 100 high-power field
Positive (2+)—1 to 10 bacilli per 10 high-power field
Positive (3+)—1 to 10 bacilli per high-power field
Positive (4+)—10 to 100 bacilli per high-power field
Positive (5+)—100 to 1000 bacilli per high-power field
Positive (6+)—More than 1000 bacilli per high-power field

absence of microscopy, the WHO recommends the classification of leprosy solely
based on the number of skin lesions (MB vs. PB) patients for treatment purposes
[12]. MB usually includes lepromatous forms while PB includes tuberculoid
forms [36].

2.2 Molecular Methods

Molecular assay is currently the only method able to differentiate between M. lep-
rae and M. lepromatosis infection. The analysis of both genomes [1, 2] has revealed
genetic differences and singularities exploited to develop sensitive and specific
molecular assay to differentiate both pathogens.

The genome of M. leprae contains four families of dispersed repetitive elements
including one, RLEP, present in 37 copies [37]. The molecular amplification of the
conserved core region of this element is highly specific to M. leprae [38] and sensi-
tive with a limit of detection down to three bacilli using TagMan quantitative PCR
(Table 3) [19, 43, 44]. In case of waning clinical acumen or suspected early leprosy
or PB patients, which are difficult to detect clinically or histologically, molecular
detection using the RLEP target is the method of choice, provided that good practice
and control of the qPCR conditions are applied.

Two tests based on RLEP detection are commercially available. The GenoType
LepraeDR from Hain LifeScience (Germany) is a reverse hybridization DNA strip
that also allows detection of drug resistance, which requires a thermocycler and an
automated washing and shaking device [45]. The second test is a loop-mediated
isothermal amplification, the RLEP LAMP assay soon to be commercialized by
Amplex Diagnostics (Germany) [20]. The LAMP assay uses six primers and a Bst
DNA polymerase and can be executed at one single temperature, circumventing the
need for a (q)PCR machine.

There is no commercial test available yet for molecular detection of M. leproma-
tosis but infection by M. leprae or M. lepromatosis can be distinguished on the basis
of their 16S rRNA sequence being only 98% identical [46]. The method requires
sequencing of the amplicon. Similarly, the pathogens can be differentiated based on
a 45 bp insertion in the M. lepromatosis rpoT sequence and the difference can be
observed on agarose gel [40]. However, in case of co-infection with M. leprae, 16S
rRNA, and rpoT amplification can be difficult to interpret. Singh and colleagues
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Table 3 List of primers and probes to perform identification, quantification, and viability assay
for the leprosy bacilli

Target
Purpose of assays gene Primer/probe sequences (5'-3") References

Quantification of M. leprae RLEP Fw: [39]
GCAGCAGTATCGTGTTAGTGAA
Rv: CGCTAGAAGGTTGCCGTAT
P: CGCCGACGGCCGGATCATCGA
Quantification of M. RLPM Fw: TTGGTGATCGGGGTCGGCTGG | [40]
lepromatosis Rv: CCCCACCGGACACCACCAACC
P: AAGTGACGCGGGCGTGGATT
Drug resistance rifampicin® rpoB Fw: GTCGAGGCGATCACGCCGC [41]
Rv: CGACAATGAACCGATCAGAC
Drug resistance dapsone® JolP1 Fw: CCTGACGATGCTGTCCAGC [41]
Rv: CACCAGACACATCGTTGACG
Drug resistance ofloxacin® gyrA Fw: [41]
GATGGTCTCAAACCGGTACATC
Rv: ACCCGGCGAACCGAAATTG
Viability M. leprae hspl8 Fw: CGATCGGGAAATGCTTGC [39]
esxA Rv: CGAGAACCAGCTGACGATTG
P: ACACCGCGTGGCCGCTCG

Fw: CCGAGGGAATAAACCATGCA
Rv: CGTTTCAGCCGAGTGATTGA
P: TGCTTGCACCAGGTCGCCCA
Viability M. leprae 16S rRNA | Fw: GCATGTCTTGTGGTGGAAAGC | [23]
Rv: CACCCCACCAACAAGCTGAT
P: CATCCTGCACCGCA

Fw forward, Rv reverse
“Mutations conferring drug resistance and validated in mouse footpad are described by Aubry and
colleagues [42]

developed a specific 244 bp PCR amplification assay targeting hemN, a gene absent
in the genome of M. leprae due to reductive evolution [2, 6], but this gene is present
in other mycobacteria making the assay not specific. Recently, Sharma et al. devel-
oped a qPCR targeting the M. lepromatosis repetitive element RLPM [4], occurring
5-6 times in the M. lepromatosis genome and being highly specific. The RLPM
gPCR assay is currently the most sensitive and specific assay available to detect the
presence of M. lepromatosis in DNA samples. [47].

2.3 Immunodiagnostics

Molecular methods are highly specific but lack sensitivity at early stages of disease
progression when symptoms are rare or to measure exposure and assess risk of dis-
ease progression in healthy contacts [48]. This is where host biomarkers can be
complementary. However, due to the spectral variability in the immune response in
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leprosy patients, specific tests measuring antibody response (MB) and cell-mediated
immunity (PB) are necessary to cover the full leprosy spectrum [48]. Several anti-
gens are shown to mount a strong antibody response and include the native phenolic
glycolipid I (PGL-I) or its mimotope, the natural disaccharide octyl bovine serum
albumin (ND-O-BSA)? that is part of the cell wall of M. leprae and M. lepromatosis
(IgM response), and the leprosy IDRI diagnostic 1 (LID-1), which is a fusion pro-
tein of two known M. leprae antigens, ML0405 and ML2331 (IgG response) [49].
However, their sensitivity remains low especially for PB patients [49]. Additionally,
when performed in an endemic country, healthy contacts can also have positive
antibody response to these antigens, but the vast majority of these individuals will
not progress toward the disease [48]. The qualitative tests in a lateral flow test for-
mat are commercially available in Brazil for both NDO-LID and PGL-I antigens
[13, 50]. A qualitative test (ML Flow test) assessing the antibody response to PGL-I
is commercialized by Bioclin (Brazil) and a recently developed quantitative test is
commercially available in The Netherlands, the UCP-LFA [51] for quantification of
anti-PGL-I response.

To cover the full spectrum of leprosy forms, a lateral flow test measuring multi-
ple host proteins was recently developed and is currently being tested in several
endemic countries [14]. This multi-biomarker test includes six previously identified
host biomarkers able to diagnose all leprosy forms as well as differentiate between
MB and PB cases. The test is performed on fingerstick blood and is minimally inva-
sive [14].

3 Monitoring Treatment Efficacy

Leprosy is curable using multidrug therapy, combining rifampicin, dapsone, and
clofazimine for all forms of leprosy, for 6 (PB) to 12 months (MB). Drugs are
administered by supervised dose (monthly), taken at the health center, associated
with self-administered doses (daily) at home. The patient is discharged after full
completion of the number of doses recommended by the therapeutic scheme and
following to the results of the dermato-neurological examination [12]. MDT can be
pursued if clinical signs persist at the end of the recommended treatment period
(treatment inefficiency) up to 24 months. After this period, persistence of symptoms
is considered treatment failure [52]. A handful of laboratory methods are available
to support clinical assessment and are described below.

3 Antigens available through BEI Resources (pure PGL-I: NR-19342; ND-O-BSA: NR-19346).
LID-1 is not available from BEI Resources.
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3.1 Bacterial Index and Morphology Index by Microscopy

BI determination can be performed before and at different time points during treat-
ment to monitor the evolution of the bacterial load. BI determination is not a mea-
sure of viability, as a slow decrease in AFB is commonly observed during treatment
(one log/year). In contrast, the morphology index (MI) is measured of bacterial
viability based on cell integrity. Solid bacilli are considered viable while fragmented
or granular bacilli are non-viable (Fig. 2) [21]. This method relies on previous
observation that morphological changes of the leprosy bacillus correlate with effec-
tive treatment of lepromatous patients [35]. It is expressed as a percentage of viabil-
ity measured on 200 bacilli [35]. The MI in untreated MB leprosy usually ranges
between 25 and 75 and should decline to 0 after 6 months of effective chemother-
apy. This method might reduce the variation seen with acid-fast staining and can be
done subsequently to the BI measurement. However, it is considered to be an imper-
fect measure of viability since it is variable depending on the operator and requires
a high number of bacilli in sample.

Fig. 2 Morphology
assessment of bacilli in
microscopy—the arrow in
the upper part represents a
solid bacillus considered - Bk
viable while the arrow in .
the lower part of the figure 4 -
shows a fragmented i : :
non-viable bacillus - . s .
(x 1000). Figure provided ;’ *
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3.2 InVivo Inoculation

Alternatively, bacterial viability in clinical samples can be assessed by inoculation
of bacteria from human skin biopsies to MFPs in immunocompromised nude mice
followed by the microscopic evaluation of bacterial replication 6—12 months later
[24]. However, this method requires bacterial isolation to be performed from the
skin biopsies freshly collected (maximum 4 days after collection) and only few
laboratories in the world have the capacity to perform such experiments [16, 24].

3.3 RNA-Based Approaches

The current validated molecular viability assays (Tables 1 and 3) are based on the
quantification of transcripts, Asp/8 and esxA, or 16S rRNA measured on a defined
number of M. leprae calculated by RLEP PCR [25, 39]. Both assays determine
absolute viability at the time of harvest and do not rely on a paired “pretreatment”
sample [3]. Nevertheless, since patients’ response to treatment is variable from one
individual to another and because of the slow growth of the pathogen, longitudinal
viability testing should be performed to properly measure the impact of the drugs on
bacterial viability [25]. RNA-based methods represents currently the fastest way to
assess drug efficacy and strongly correlates with the MFP assay. They were also
validated on samples from infected mice and clinical isolates [23, 25].

4 Methods to Monitor Drug Resistance

The main cause of treatment inefficacy is the development of drug-resistant bacte-
ria. Systematic monitoring of drug susceptibility in leprosy is very important since
clinical signs of therapeutic inefficiency are seldom present before 12 months of
standard MDT treatment. In addition, resistance to dapsone may be hidden by the
bactericidal action of rifampicin, and most likely, dapsone-resistant patients will
relapse late after the end of treatment [53]. Therefore, drug susceptibility testing
should be performed in all cases prior to treatment initiation to detect infection with
drug-resistant strains and when treatment insufficiency and relapse is suspected.
Drug resistance in M. leprae is most often attributable to mutations in specific
part of chromosomal genes encoding drug targets, known as drug-resistant deter-
mining regions (DRDR) [54], rather than horizontal gene transfer [55]. Patients
with the highest BI (Iepromatous patients harboring 10''-10'2 M. leprae bacilli per
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gram of tissue) are more likely at risk of selecting drug-resistant mutants [54].
Empirically, the gold standard method for drug susceptibility testing is the Shepard
method [22]. Briefly, the method relies on the isolation of at least 10* viable bacilli
from lesions of MB patients and inoculation within about 3 days following collec-
tion of the clinical specimen into the footpads of immunocompetent mice. The
bacilli are recovered from the inoculated footpads after 6-10 months of treatment,
compared to untreated group and recovery of >1 x 10° bacilli per foot pad is con-
sidered positive growth. Because of the 12-days doubling time of M. leprae results
may only be available after the end of the treatment of the patient [3]. This method
is only applicable to patients with a high bacillary load. Alternatively, molecular
methods targeting the DRDR of specific targets have been validated and imple-
mented in all endemic countries as part of the WHO drug resistance surveillance
network [56]. The validated targets include folP1 (dapsone), rpoB (rifampicin), and
gyrA (ofloxacin) by identification of mutations in the DRDRs of these targets using
specific primers (Table 3). Recommended methods include a polymerase chain
reaction (PCR) step coupled with Sanger sequencing [41], the commercial DNA
strip test GenoType LepraeDR [45], or whole-genome sequencing [55]. There is
currently no validated targets for the leprosy drugs clofazimine, minocycline, and
clarithromycin [42].

Treatment of M. lepromatosis infection is empirically similar to the one admin-
istered for MB cases of M. leprae infection [6]. While it is likely that rifampicin is
active against M. lepromatosis, it is not yet clear whether the bacterium is suscep-
tible to dapsone or clofazimine [42]. There is currently no molecular test available
to amplify the drug resistant determining regions of rpoB, folPI, and gyrA for
M. lepromatosis and drug susceptibility testing in mice has not yet been performed.
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Epidemiology of Hansen’s Disease

Eliane Ignotti @ and Peter Steinmann @

Hansen’s disease (HD) is classified as a neglected tropical disease (NTD) amenable
to elimination. The epidemiology of this curable infectious disease is strongly asso-
ciated with social determinants, such as malnutrition, unfavorable living conditions
and poverty [1]. Besides Mycobacterium leprae, also M. lepromatosis causes a
closely related clinical picture [2].

The diagnosis of HD is mainly based on clinical signs and symptoms. HD cases
are operationally classified as paucibacillary (PB) or multibacillary (MB), with
implications for the treatment which is based on multidrug therapy (MDT) over 6
and 12 months, respectively [3]. Upon completion of treatment, HD cases are con-
sidered cured. However, many treated people depend on further medical and social
assistance due to disabilities and/or impairments that developed prior to diagnosis
or during treatment [4].

HD is likely transmitted directly and via droplets, from the nose and mouth, dur-
ing close and frequent contact with untreated cases. In endemic communities,
person-to-person spread is the main mode of transmission, but other pathways have
also been described [5]. Characteristic for HD is the very long incubation period of
up to several decades but more commonly around 2—7 years on average, and that
many exposed individuals never develop disease [6]. Healthy but infected individu-
als potentially contribute to transmission [7], but it is known that M. leprae is shed
in large numbers from the skin, mouth, and nose of untreated MB patients [8]. Close
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contacts of index patients—understood as the first documented case in a group—are
the most vulnerable population, with domestic, neighbor, and social contacts having
an elevated but decreasing risk which is further modulated by physical proximity,
contact duration, blood relationship, and HD type of the index patient [9].

There is consensus that M. leprae also circulates in the environment. Indeed, HD
is considered a zoonosis in the USA where cases can be clearly linked to direct and
indirect contact with armadillos which are a known reservoir of the bacillus and the
only available animal model [10, 11].

The current HD burden varies between countries. While cases are reported from
over 100 countries, most cases occur in poor developing countries in the tropical cli-
mate zone. India, Brazil, and Indonesia report more than 70% of the roughly 200,000
new cases notified every year (74% in 2020). Many developed countries have inter-
rupted local transmission but still report cases related to migration or patients diag-
nosed long after transmission ceased. The registered prevalence of HD (the number
of cases on treatment) was 129,192 at the end of 2020, with a rate of 16.6 per million
population. Globally, the number of reported cases was 127,396 for a new case detec-
tion rate (NCDR) of 16.4 per million population (WHO) in 2020 [12]. Illustrating the
start differences, Brazil reported 132,021 new cases per million inhabitants in 2019
while the Philippines and Portugal presented 19,627 and 0.587, respectively [13].

Only 127 countries (of 221) provided data to the World Health Organization
(WHO) in 2020; the reduction in 2020 reflected operational factors related to the
Covid-19 pandemic rather than an underlying epidemiological shift or progress in
leprosy control. Prior to the advent of COVID-19, the NCDR was following a steady
decline of around 3% per year while the pace suddenly accelerated to more than
37.1% between 2019 and 2020 [12]. The figures for 2021 were comparable but it is
conceivable that numbers will again increase after the cessation of COVID-19 bar-
rier measures and the resumption of normal-intensity primary health care services
(https://www.who.int/news-room/fact-sheets/detail/leprosy).

The epidemiology of HD is characterized by the clinical form of the case, aspects
of transmission, the clinical evolution, completeness of treatment, relapse after
treatment completion, and surveillance among cases and contacts including for anti-
biotic resistance. As a transmissible disease that is potentially disabling, we high-
light the need to interpret trends cautiously, especially variables that may suggest a
delay in diagnosis. The reduced number of cases in some countries or localities may
mean that primary health personnel is unfamiliar with the clinical picture. A lack of
awareness among the population, stigma as well as limited financial support for HD
programs govern access to diagnosis. For these reasons, in the last 5 years at least
7% of the new cases were diagnosed with physical disabilities or impairments
defined as new cases with grade-2 disability (G2D)—or “visible disabilities” [12,
13]. The delayed detection, often due to a lack of awareness in the community of the
early signs of HD, impact on care seeking while limited capacity of the health sys-
tem hinders to recognize symptoms early [13].

The epidemiological status of the disease in a country or area is described by
standardized indicators of the burden of disease—incidence, prevalence, relapse—
combined with indicators related to operational aspects. The latter describe the
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quality of the health services relevant for the HD program—including the propor-
tion of cases evaluated and diagnosed with disabilities, the proportion cured, and the
number of patients abandoning treatment. Cases with worsening disabilities during
and after MDT, misdiagnosis, and death due to HD are also relevant for the quality
of the program [4, 14].

There are no sudden leprosy outbreaks due to the long incubation period and the
slow evolution of the disease. Consequently, changes in the trend of incidence indi-
cators are slow except for the effects of operational factors. HD presents an asymp-
tomatic infection period with slow evolution, and it will regress without any
manifestation of the disease for the majority of those infected. Taken together, this
means that the patients diagnosed today were infected several years ago, and that
the effects of interventions to limit transmission only become apparent after several
years. Currently, the NCDR is the best proxy for the incidence indicator—repre-
senting the risk of illness in a locality and over a defined time. The NCDR can be
disaggregated by age group and gender or by other variables like ethnicity, educa-
tion level, and professional activity. For the general population and those younger
than 15 years old, there are parameters defined by WHO to facilitate the comprehen-
sive reporting of the endemicity level. Trends in the reduction of this indicator for
the general population but not followed by a reduction of the rates for children,
signal continued transmission in the community, particularly in the domiciliary
environment where children are commonly infected.

Differences in the detection rates or in terms of severity of the cases at the time
of diagnosis between gender indicate differences in the risk of illness between these
groups. In some countries, the disease is often more advanced in males at the time
of diagnosis, while elsewhere it is in females, indicating mainly differences in the
access to diagnosis for cultural or religious reasons [12, 13]. Nonetheless, biologi-
cal aspects also influence these differences in the evolution of the disease until diag-
nosis between gender and age groups [15].

The prevalence of HD indicates the number of people under treatment. Usually,
the rates are calculated as a point prevalence to facilitate temporal comparisons
among localities. As the prevalence is influenced by the duration of treatment, it is
important to consider changes in the therapeutic protocols when analyzing historical
series. The quality of the registries of cases under treatment also influences the prev-
alence rates. Not all countries have updated databases including healing of previous
cases post completion of MDT. Considering the long duration and chronic nature of
certain symptoms of HD, information systems must be more complex when com-
pared to the information system for acute infectious diseases. Usually, the preva-
lence rate for HD has been calculated per 10,000 population, the new case detection
rate per 100,000 population and the rate of G2D per million population. Globally, all
these indicators are currently calculated per million population using the standard
population projections of the United Nations (https:/population.un.org/wpp/
Download/Standard/Population/). A customized data collection tool was developed
within District Health Information System version 2 (DHIS2), which is an open-
source software. This way, the data can be verified easily by all interested stakehold-
ers (https://www.who.int/data/gho/data/themes/topics/leprosy-hansens-disease).
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Indicators related to new cases, G2D and MB cases at the time of diagnosis help
in the interpretation of epidemiological trends in terms of delay of diagnosis,
because G2D and MB are related to advance of the disease before diagnosis. For
this reason, data from areas presenting an increase of the proportion of cases with
G2D and/or MB while reporting a reduction of new cases overall should be inter-
preted cautiously. However, the proportion of MB cases typically increases with
progress towards interruption of transmission. In such situations, only sporadic
child cases would be expected.

Under a scenario of low and very low endemicity overall, it is expected that HD
cases would be living in isolated areas, and, therefore, they have a higher risk of
presenting G2D, and most of them would be MB cases. The declining awareness
and capacity of health workers to identify signs and symptoms of the disease
become major issues in such situations. The transmission occurring in low-
prevalence areas does not represent the same challenges as in high endemicity areas,
with most new cases occurring among very close (family) contacts of known index
patients [16]. On the other hand, sites with high endemicity commonly observe less
than 10% G2D. In both epidemiological situations, it is imperative to fully assess
the responsiveness of the health system and the burden of HD since the interpreta-
tion of the epidemiological profile depends on the local endemicity combined with
the capacity and infrastructure of the health system, and the level of integration of
the HD program into primary health care services.

There is an extensive literature speculating about thousands (or millions) of HD
cases left undiagnosed, maintaining the chain of transmission globally [17]. Indeed,
more intensive case finding activities in an area routinely identify leprosy cases that
were previously missed. Taking into count the number of cases prior to the
COVID-19 pandemic without diagnosis and adding those not diagnosed during the
pandemic period suggest the risk of an increase in transmission and of some of these
people developing disabilities which may reverse the trend of a slow and gradual
decline of HD observed during the last decade. Some of the undiagnosed cases are
relapses, but some were not cured even after completion of MDT. These relapses
influence partially the prevalence rate, but more than this, are important to evaluate
the quality of the HD program and follow-up of former patients. Although the case
characteristics have been shown to change during periods of declining incidence,
relapses do not represent a large ongoing source of human-to-human transmis-
sion [18].

Concomitantly to the COVID-19 pandemic and its economic and social impact
on leprosy control, WHO and its Global Leprosy Program published two important
documents, as follows: the “Road Map for NTDs 2021-2030" (https://www.who.
int/publications/i/item/9789240010352) and the “Global Leprosy Strategy
(2021-2030)” (https://www.who.int/publications/i/item/9789290228509). Both lay
out the main tools, approaches, and goals for the elimination of the disease. The
main strategy is focused on breaking the chain of transmission, mainly through
active case detection in both high- and low-burden settings. Innovative interventions
such as post-exposure prophylaxis are recommended as well as integration of activi-
ties into primary health services. These plans are coherent with wider NTD
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elimination strategies, and for HD are focusing on three main targets: zero autoch-
thonous cases in 120 countries; reduction of new cases by 70%, and reduction in
child and G2D case rates by 90%.

The base for the future interruption of transmission is provided by the introduc-
tion of new diagnostic tests in combination with the existing tools for active case
detection including contact-tracing, and the scaling up of leprosy prevention with
post-exposure prophylaxis [3, 13, 19].
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Hansen’s Disease and One Health )

Check for
updates

Simon M. Collin, Christina Pettan-Brewer, Peter R. Rabinowitz,
and Patricia D. Deps

One Health is the concept that links human health with animal health, plants, and
the environment: One Health is an integrated, unifying approach that aims to sus-
tainably balance and optimize the health of people, animals and ecosystems. It rec-
ognizes that the health of humans, domestic and wild animals, plants, and the wider
environment (including ecosystems) are closely linked and interdependent [1].

This idea has origins in ancient civilizations and indigenous wisdom, while its rela-
tively recent reintroduction is rooted in comparative pathology and the writings of
William Osler, Rudolf Virchow, Calvin Schwabe, and others, with a focus on “one
medicine” [2]. One Health recognizes that many aspects of human health and well-
being cannot be addressed in isolation but are intrinsically related with other living
beings and with the environment [3]. This relationship has come under immense pres-
sure from human population growth and globalization, climate change, wildlife trade
and associated health risks, and irreversible ecological damage [4].
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1 Animal Hosts and Zoonotic Transmission

Researchers in the USA reported in 1971 that Hansen’s disease could be reproduced
in armadillos inoculated experimentally with Mycobacterium leprae [5]. In 1977,
naturally infected armadillos of the species Dasypus novemcinctus were identified
in the southeastern USA [6]. Subsequently, autochthonous human cases of Hansen’s
disease from armadillo contact in the absence of other risk factors were reported [7],
and the disease in the USA is now considered primarily zoonotic [§-10].

In Brazil, persons affected by Hansen’s disease often report no known contact
with an index case as source of their infection. A study in the southeast of the coun-
try found that 55% of a series of 506 patients had no known contact with an infected
individual [11], but 68% of cases (and 48% of a control group without Hansen’s
disease) reported direct contact with armadillos [12]. Testing of specimens from
armadillos in the same region (Espirito Santo state) detected M. leprae in 53%
(19/36) animals, and a meta-analysis including this and seven similar studies
reported a pooled prevalence equivalent to one in ten animals in Brazil being
infected [13].

People who have direct contact with armadillos (including hunting, meat prepa-
ration, and eating) in Brazil have been found to have approximately double the odds
of developing Hansen’s disease compared with people who report no contact; in the
USA, direct contact is associated with four times higher odds [14].

In Brazil, where hunting and consumption of armadillos is illegal but common-
place, the fraction of Hansen’s disease in the population that is attributable to con-
tact with armadillos will depend on multiple factors, including: the risk of infection
associated with different types of contact; how prevalent these practices are in the
population; the role of human-to-human transmission; and the immunological sus-
ceptibility of people in exposed groups. The proportion of all cases of Hansen’s
disease in an endemic community attributable to contact with armadillos has been
estimated to be 3% if 10% of people have direct contact, 10% if one-third have
direct contact, and 15% if half the people in the community have direct contact [15].

In Hansen’s disease endemic communities where person-to-person spread is the
main mode of transmission, the additional risk of zoonotic transmission was evident
in a study which reported a higher median anti-PGL-1 titer in people who consumed
armadillo meat more than once per month compared with those who did not con-
sume any armadillo [16]. Similarly, a study among child and adolescent household
contacts of Hansen’s disease cases reported higher anti-NDO-LID antibody levels
in those who had consumed armadillo meat compared to those who had not [17].

Other than in armadillos, natural infection of wild animals with M. leprae has
been reported for only two other non-human species: red squirrels (Sciurus vul-
garis) in England [18] and chimpanzees in West Africa [19]. The recently discov-
ered second causal agent of Hansen’s disease, M. lepromatosis, has also been
detected in red squirrels in the British Isles [18, 20, 21] but not in armadillos in the
Americas [22]. Other than in relation to possible zoonotic cases of Hansen’s disease
during the Middle Ages, when direct human—squirrel contact was common (through
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trade in fur and meat), these other animal hosts are unlikely to be of concern for
human health today [15, 22].

2 Environmental Reservoirs and Insect Vectors

Viable M. leprae (but not M. lepromatosis) bacilli have been found in plants, soil,
and water sampled in non-endemic and endemic countries [22, 23], including
M. leprae detected in soil near the homes of persons affected by Hansen’s disease in
India [24]. However, any apparent associations of increased Hansen’s disease risk
with such sources are as likely to be reverse causation (affected persons in areas of
high endemicity shedding M. leprae into environmental sources) as indicative of
transmission from environmental reservoirs to people.

Studies investigating possible transmission of M. leprae to humans via arthropod
vectors are mostly outdated and unreplicated [23]. Recent experiments with the
hematophagous triatomine bug (Rhodnius prolixus) [25] and tick species
(Amblyomma spp.) and tick cell lines [26, 27] have revived interest in whether some
insect species might serve as vectors for Hansen’s disease, but the question remains
unanswered.

3 Implications for Policy and Practice

That Hansen’s disease in the Americas must be viewed from a One Health perspec-
tive (Fig. 1) is incontrovertible. Recognition of Hansen’s disease as a zoonosis in the
USA, a non-endemic country where few people have close contact with wild arma-
dillos, but not in Brazil, an endemic country where contact with armadillos is more
common, is an anomaly that must be challenged by raising awareness among

Fig. 1 One Health and
Hansen’s disease in the
Americas: presence of

M. leprae in soil, water,
armadillos, and humans.
[Source: Deps V & Deps P
(2022)]
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clinicians, public health agencies, and communities, and by conducting further
research to build an evidence base for public health interventions.

Although person-to-person transmission is believed to be the main driver in
sustaining Hansen’s disease endemicity, strategies that aim to achieve elimination
must consider animal hosts and environmental reservoirs. This was acknowledged
in the WHO Global Hansen’s Disease Strategy 2021-2030, which stated that
eradication of [Hansen’s disease] is not feasible at this point of time due to pres-
ence of a zoonotic reservoir in some areas and Studies to understand the mode of
zoonotic transmission and its overall epidemiological significance will be needed
[28]. A better understanding of pathways to infection that are not person-to-per-
son could also contribute to destigmatizing Hansen’s disease by reducing fears of
contagion.

Other important One Health aspects include the ecosystem role of armadillo spe-
cies, including pest control, seed dispersal, and nutrient cycling, which ultimately
benefit rural communities, and the risk of other zoonotic infections through contact
with armadillos which are known to host a range of bacterial, fungal, protozoal, and
other parasitic agents including members of the genera Histoplasma, Coccidioides,
Trypanosoma, Toxoplasma, Sarcocystis, Leptospira, Sporothrix, Leishmania, and
Paracoccidioides [29, 30].

In clinical practice, patients and communities in endemic areas need to be
informed of the risk of M. leprae infection through contact with armadillos. Newly
detected cases of Hansen’s disease could be asked about their own and their family
members’ contact with armadillos as part of tracing procedures to minimize risk of
infection within households and to increase awareness.
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1 Immune Activation in Disease Progression

After M. leprae exposure, only a minority of all individuals develop leprosy: the
disease is the result of an individual’s environmental (e.g., socio-economic condi-
tions, geographic location, vaccination and nutritional status, vitamin D shortage)
and genetic factors. Therefore, resistance or susceptibility to infection can vary
widely between different ethnic groups and within populations.

Concerning environmental factors, it is noteworthy that leprosy affects the most
vulnerable populations in poorer regions of low- and middle-income countries
(LMICs). In a cohort of 100 million Brazilians, it was shown that social conditions
significantly affected leprosy occurrence, whereas income, education, and sanita-
tion were associated with infection outcomes [1].

Leprosy is not a genetic disease. Instead, exposure intensity and frequency are
major risk factors for leprosy. Thus, household- and social contacts of multibacil-
lary (MB) patients have the highest risk of contracting the disease [2]. This is exem-
plified in follow-up studies of contacts of leprosy patients in Brazil [3] and
Bangladesh [4] in which 3.2% and 2% of the contacts, respectively, developed lep-
rosy. Unraveling the immune response induced by the BCG vaccine provided as
immunoprophylactic therapy to contacts, showed a protective effect induced by
trained immunity-associated genes leading to increased S100A12 and decreased
CCLA4 levels in healthy contacts [5].
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Nevertheless, in a unique study conducted in an isolated former leprosy colony
in the heart of the Amazon region with a high rate of endogamy, even 3—-5% of the
contacts progressed to disease [6]. This suggests that consanguinity and, conse-
quently, genetics represent an additional risk factor for leprosy outcome which is in
line with findings in Bangladesh [2].

A clear demonstration that human genetic variations can favor or block myco-
bacterial growth and are likely to affect leprosy as well, is TYK2, a gene that
controls the activation of different pathways involved in viral or bacterial
responses funneling to a protective response. In another mycobacterial disease,
tuberculosis (TB), a single nucleotide polymorphism (SNP) in TYK2 causes
reduced TYK?2 expression [7] leading to decreased production of microbicidal
cytokines such as IFNy and, consequently, to dampening of protective immunity.
In general, disruptions of the IFNy/IL-12 axis (by truncated gene mutations that
severely impair IFNy secretion) favor a phenotype in which avirulent and some-
times attenuated vaccine strains, such as BCG cause disseminated mycobacterial
diseases.

For diseases, such as leprosy, it is not expected that the complete abrogation of
the activity of a certain gene is solely responsible for disease development. Instead,
it is plausible that the combination of partial or moderate effects of several genes
underlies disease progression such that human genetic variation (along with envi-
ronmental factors) results in the plethora of phenotypes observed in the leprosy
spectrum.

Human-pathogen co-evolution generated an intricate interaction of checks and
balances. Complex and intertwined layers of immune surveillance attempt to elimi-
nate the pathogen, while in turn bacilli have refined escape and hiding strategies to
create a safe niche to survive. The bacilli can only reach a successful infection in
hosts, who present a combination of genetic and environmental factors advanta-
geous to disease. Innate immunity plays a relevant role in maintaining homeostasis.
In fact, in most individuals, innate immune responses clear mycobacteria without
induction of adaptive immunity. To this end, macrophages and dendritic cells recog-
nize and phagocytose M. leprae, activate autophagy and produce microbicidal pep-
tides to eliminate mycobacteria. Subsequently, these antigen-presenting cells
interact with regulatory T-cells that organize robust adaptive responses with secre-
tion of microbicidal cytokines such as IFNy and TNF and activates cytotoxic T-cells
providing a strong and long-term response. Altering the ability to direct the phago-
cytosed bacteria to autophagy disrupts bacterial clearance as demonstrated by the
association between susceptibility to leprosy and SNPs in genes regulating autoph-
agy (NOD2, LRRK2, PRKN, LACCI), metabolism (APOE, HIFIA, LACCI), or
effector pathways (TNF, IFNG, HLA) [8].

Nevertheless, M. leprae has evolved highly adapted strategies to avoid hostile
environments, such as autophagosomes from macrophages and Schwann cells by
altering host’s metabolism and unbalancing host immunity. These pro-pathogen
mechanisms favor maintenance, growth and, eventually, spread of M. leprae.
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2 Control of Metabolic and Immune Regulation Towards
Susceptibility to Infection

2.1 Activation of Autophagy in Resistance and Susceptibility

Resistance to M. leprae relies on the host’s ability to maintain intracellular homeo-
stasis through autophagy. The process of autophagy controls cellular metabolism by
sensing nutrients as well as organelles such as aged mitochondria that are marked to
mitophagy. The autophagy process is triggered when there is, for example, nutrient
restriction or the need to recycle organelles or process pathogens (xenophagy).
Through xenophagy, bacteria (and other pathogens) are phagocytosed and degraded;
the pathway, therefore, is central for the direct elimination of bacteria, as well as for
the activation of lymphocytes from the presentation of antigens resulting from this
processing. Autophagy occurs in all cell types and the activation mechanisms
involve several proteins. The process of xenophagy includes phagocytic cells, such
as macrophages, as central in organizing the response that eliminates microorgan-
isms. Given the central role of xenophagy in controlling the entry of pathogens into
cells, any genetic variation that alters the formation or function of autophagic com-
plex can alter the correct activation of the process and, consequently, favor the
escape of the pathogen. Ultimately, xenophagy is responsible for the formation of
phagolysosomes that degrade and eliminate the pathogen, which further activates
lymphocytes to processing and presenting antigens. Deregulation of this process
can progress to the clinical presentation of leprosy and other infectious diseases.

Bacterial survival and decrease in autophagy are also mediated by SNPs in
NOD?2, and PRKN. In 2004, a genomic screen in Vietnamese population described
the association of leprosy with variants of the PRKN gene that encodes parkin pro-
tein a protein of the ubiquitin pathway, which tags bacteria, by ubiquitination, direct-
ing them for degradation through xenophagy [9]. Ten years later, functional studies,
demonstrated that parkin is critical in the control M. tuberculosis infection as well.

The role of the NOD2 gene was highlighted in the first GWAS in leprosy, carried
out in a Chinese population sample in 2010. NOD?2 encodes a pattern recognition
receptor that identifies mycobacterial cell wall components, which is one of the first
steps in the signaling process for the formation of the autophagic complex. Lower
levels of parkin or NOD?2 fail to activate the autophagic flux blocking mycobacterial
killing. This failed response impairs the activation of T-cells.

3 Subversion Mechanisms

M. leprae tries to control numerous pathways such as nutritional immunity, type I
IFN pathway, [10] and glucose metabolism to trick the immune surveillance in
order to grant a safe niche for their replication and dissemination in the host. On the
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other hand, cells try to counteract and contain the bacterial onslaught. The success
of the infection is associated with a combination of subtle changes that impair
autophagy leading to bacterial survival.

3.1 TypelIFN Pathway

An interesting strategy is an activation of the type I IFN (IFNa and IFNf) pathway,
which is a typical immune response against viral infections. After being engulfed by
macrophages and delivered to phagosomes, M. leprae induces the rupture of the
vesicle membrane allowing the leakage of pathogen DNA into the host cell cyto-
plasm. This process leads to an activation of type I IFNs that hamper IFNy produc-
tion [11]. As a result, there is a reduction in the synthesis of microbicidal peptides.
Therefore, it is as if the bacteria assumed the role of “wolf in sheep’s clothing,”
using viral-like behavior as disguise to favor infection. Corroborating this pattern
clinical case reports demonstrate that prolonged treatment with IFN« in chronic
hepatitis C patients can lead to leprosy [12].

3.2 Nutritional Immunity, Tryptophan Metabolism, IDO,
and Kynurenines

IDO-1 mRNA upregulation in skin lesions is a marker of leprosy as compared to
other skin diseases irrespective of the clinical form with potential for diagnostics.
Although M. leprae infection triggers an innate defense mechanism to exhaust tryp-
tophan (trp) trying to block pathogen growth, the tryptophan catabolism generates
kynurenine metabolites that are not only microbicidal but can also contribute to
peripheral nerve damage. In order to survive, M. leprae induces a feedback mecha-
nism caused by high levels of IDO-1 associated with tolerance and immunosuppres-
sion of IFNy-mediated microbicidal responses.

3.3 Metabolism Rewiring a Warburg-Like Effect
and Lipid Biogenesis

Besides M. leprae-induced pathways, constitutive biochemical pathways also par-
ticipate in the process of controlling the M. leprae infection. Access to energy
sources is critical for growth of intracellular pathogens. Indeed, pathogens normally
induce metabolic changes that favor their survival. One of these processes is associ-
ated with increased glucose uptake towards the pentose pathway in a Warburg-like
effect improving glycolysis with decreased mitochondrial respiration. In this way,
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bacteria activate glucose-6-dehydrogenase whose main function is to produce
NADPH that might help obtain nucleotides for its replication and guarantee the sup-
ply of energy for their growth by lipid biogenesis.

In a longitudinal, transcriptomic study involving 5352 contacts of leprosy
patients, other genes involved in mitochondrial metabolism such as MT-ND2 (mito-
chondrially encoded NADH dehydrogenase 2) showed potential for prediction of
leprosy as it was downregulated in those contacts who later developed PB leprosy
[13]. MT-ND?2 together with MT-ND6 are essential for formation of the mitochon-
drial membrane respiratory chain NADH dehydrogenase which plays a critical role
in oxidative phosphorylation. One of the functions of mitochondrial reactive oxy-
gen species resulting from oxidative phosphorylation is to regulate immunity. M7-
ND?2 is under-expressed in leprosy progressors, hence presenting a disadvantage to
successful elimination of M. leprae.

Other genes associated with mitochondrial respiration are also modulated and
overall indicate the shutdown of mitochondrial function and mitophagy [11, 14].
Again, this rewires the metabolism directing it to lipid production [14].

In this context, it is of note that the role of genes such as APOE, known for its
association with Alzheimer’s disease, has been associated with leprosy [15].
Furthermore, SNPs in genes that link processes such as autophagy and energy
metabolism (HIFIA and LACCI) have been convincingly demonstrated to contrib-
ute to leprosy susceptibility. A profile of increased activation of lipid metabolism is
associated with multibacillary leprosy. The use of statins that reduce intracellular
lipids combined with chemotherapy accelerated the elimination of M. leprae in
experimental models [16].

4 Extreme Phenotypes: Leprosy Paradigm

In contrast to M. tuberculosis, M. leprae has tropism for Schwann cells or macro-
phages. It has been described in one study that after infection of Schwann cells,
metabolic changes are drastically reshaping cellular phenotype heading to a less
differentiated stem-like phenotype [17]. M. leprae is the only bacterium capable of
initiating this mechanism. This triggers the skin to reprogram host cells to lipid-
loaded foamy macrophages, which are highly permissive to bacterial replication
and a signature of the lepromatous pole (LL) [18]. Additionally, M. leprae induces
lipid droplets, which cover its surface antigens and work as a nutrition supply for the
pathogen. This cellular phenotype transition is an example of an epithelial-mesen-
chymal program observed in Schwann cells and likely in keratinocytes. Microarray
analysis displayed downregulated genes in LL patients clustered around pathways
like “epithelial cell differentiation,” “epidermis development,” “keratinocyte differ-
entiation,” and “cornification” pathways further supporting the mechanisms M. lep-
rae uses to evade host immunity [19].
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S Inactivation of Adaptive Immunity

Initial immunological studies provided evidence of the central role of immune
response proteins and mediators in leprosy progression and immunopathology [20].
The microenvironment of keratinocytes, endothelial cells, and fibroblast also par-
ticipates along with macrophages and Schwann cells. Proteins that directly control
lymphocyte activation are systematically associated with leprosy, prominently illus-
trated by HLA: genes and specific alleles in different HLA genes, HLA-A, HLA-B,
HLA-DQ, and HLA-DR have been consistently associated since the 1980s and later
confirmed in GWAS. Overall, HLA alleles are associated with protection against
leprosy, T-cell differentiation towards a protective Thl pattern, which is correlated
with increased production of IFNy, IL-12, TNF, and IL-17. Genetic variants that
increase IFNy production have been associated with resistance to leprosy. Clinical
studies demonstrated that long-term treatment with TNF inhibitors (anti-TNF or
TNF receptors) used for autoimmune diseases can trigger the progression of leprosy
in M. leprae-infected individuals. Therefore, patients undergoing treatment for pso-
riatic arthritis with “biologicals” such as anti-TNF should be screened for anti-
M. leprae antibodies before treatment as wells for leprosy lesions during/after
treatment. On the contrary, variants that increase TNF production may increase
resistance to leprosy outcomes. TNF at optimal doses is capable of inducing micro-
bicidal responses, leading to the elimination of the pathogen.

5.1 Granuloma Formation: Friend or Foe

Paucibacillary (PB) leprosy is an exemplary granulomatous disease. It is likely that
the process of granulomatous formation begins with macrophage activation that dif-
ferentiates into epithelioid cells. These modifications lead to the synthesis of che-
moattractant mediators that lead to the migration of lymphocytes that initiate the
highly organized structure called a granuloma.

Granuloma formation and the orchestration of this process by cytokines such as
IFN-gamma and TNF has been considered a central process in the resistance and
susceptibility to M. leprae infection. The process of granuloma formation leads to
the isolation of the pathogen and eventually its elimination, resulting in spontaneous
healing. However, if this process is exacerbated, it can lead to tissue damage, with
the appearance of lesions due to exaggerated activation of Thl immunity, which is
observed in PB leprosy.

Transcriptomic studies have shown that granulomatous diseases of the skin, and
even other granulomatous-based inflammatory diseases, such as Crohn’s disease
and juvenile arthritis, exacerbate the activation of pathways that jointly regulate the
cellular immune responses. Some pathways are predominant, such as macrophage
and lymphocyte activation, and mTOR which controls cellular metabolism, among
others. Therefore, the progression to granulomatous diseases with infectious
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triggers such as M. leprae, involves hyperactivation of immunity culminating in
granulomatogenesis. In other skin diseases similar to PB leprosy such as granuloma
annulare or sarcoidosis, the inhibition of cytokines using to facitinib blocks JAK/
STAT activation and suspends communication between macrophages and lympho-
cytes leading to a “relaxation” of the immune responses. Consequently, there is a
disruption of the flow of mediators that maintain the granulomatous structure, which
is associated with clinical improvement. Hyperactivation of the mTOR complex
(mTORC), another main player involved in granuloma formation can induce spon-
taneous sarcoidosis in mice. In this context, the use of everolimus, a known
mTORCI inhibitor, is capable of overturning the formation of granulomas.

6 Conclusion

Currently, we have a clearer, although probably still incomplete, picture of the genes
and pathways that participate in the process of susceptibility or resistance to lep-
rosy, which also contributes to better understand the pathogenesis in other chronic
inflammatory diseases (Fig. 1).

It should be emphasized that patterns of unregulated excessive inflammation, in
part due variation in genes that encode cytokines and proteins, involve granuloma
formation mostly in PB patients. Potentially, personalized and adjuvanted
treatments could be tailored for this clinical form using drugs that block granuloma
formation. On the other hand, for multibacillary leprosy, where lipid accumulates in
foamy macrophages statins could be applied as adjuvant therapy. The time is ripe
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Fig. 1 Schematic flowchart of leprosy progression. The main genes and pathways involved in
each stage of the disease (exposure, infection, and outcome) are presented: including the programs
involved in granuloma formation in paucibacillary patients and an epithelial-mesenchymal transi-
tion in multibacillary patients. Environmental factors such as BCG vaccination and nutrients (food,
vitamins) are involved in innate immunity and contribute to disease progression
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for the application of integrative biological and genetic knowledge to redefine clini-
cal studies aimed at incorporating new pharmaceuticals into the available resource,
improving clinical management, and enabling control of this neglected disease.
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Clinical Aspects and Classification
of Hansen’s Disease

Marcos Cesar Florian, Nkechi Anne Enechukwu, and Patricia D. Deps

Hansen’s disease is mainly characterized by peripheral neurological involvement
with possible diverse skin lesions. The skin lesions of Hansen’s disease (HD) can
occur in any area of the body and may be single or numerous, varying widely in
shape, presentation, and colour. The margins of the lesions also vary and can be
poorly or well defined.

Depending on the individual’s ability to react to M. leprae infection and the type
of immune response that sets in, the disease will develop as tuberculoid (T) HD, the
localized form of the disease that is considered less infectious, or as Virchowian
(V)/lepromatous (L) HD, which is the generalized, infectious form (we adopt the
term Virchowian instead of lepromatous). Between these two poles are clinical and
immunological variations comprising the borderline forms (B) of HD with varying
potential for transmissibility.

In an attempt to facilitate diagnosis in an endemic country or area, the World
Health Organization has established simple criteria by which a diagnosis of HD can
be made if a person has one or more of the following [1, 2]:

(a) Definite loss of sensation in a pale (hypopigmented) or reddish skin patch.

(b) Thickened or enlarged peripheral nerve with loss of sensation and/or weakness
of the muscles supplied by that nerve.

(c) Presence of visible deformities.

(d) Presence of acid-fast bacilli (AFB) in a slit skin smear (SSS).
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Numbness or tingling in hands and feet, painful sensitivity in nerves, swelling or
nodules on face or ears, and painless excoriations or burns on hands or feet should
also raise clinical suspicion of HD.

1 Classification of Hansen’s Disease

HD has four classifications based on the clinical features of the skin lesions and the
bacteriological, histological, and immunological characteristics of the disease
process.

Two classifications are operational, the other two are more informative and are
widely used by HD specialists and dermatologists. They consider histopathological,
immunological, and clinical features of the skin lesions such as type of lesion, num-
ber, extension, distribution, the definition of margins and the degree of symmetry of
the lesions.

The Madrid Classification from 1952 defines the polar groups, tuberculoid (T)
and Virchowian (V), and the interpolar borderline (B) form that encompasses unsta-
ble and intermediate pictures of HD. There is also an indeterminate form (I) com-
prising individuals in the early clinical stage of HD.

The Ridley—Jopling classification was introduced in 1966 [3]. Initially employed
in scientific research, it is used in clinical practice in many parts of the world. The
Ridley—Jopling system classifies HD as an immune-mediated disease with the
tuberculoid form at one end of the spectrum and the Virchowian form at the other.
The tuberculoid form (TT) correlates immunologically with cell-mediated immu-
nity capable of forming granulomas and phagocytosing the bacilli, while the
Virchowian form (VV) correlates with an inability of cell-mediated immunity to
contain bacillary multiplication. Between these two extremes lies the clinically
unstable borderline spectrum, subdivided into borderline-tuberculoid (BT),
borderline-borderline (BB), and borderline-Virchowian (BV).

In 1981, the World Health Organization (WHO) developed an Operational clas-
sification, used in HD control programs, which takes into account the number of
skin lesions and the bacilloscopy [1]. In 2017, WHO introduced a new concept
including nerve and skin involvement as follows: paucibacillary (PB) case with 1-5
skin lesions and without demonstrated presence of bacilli in a slit-skin smear (SSS);
multibacillary (MB) case with more than five skin lesions or with nerve involve-
ment (pure neuritis or any number of skin lesions and neuritis) or with demonstrated
presence of bacilli in SSS regardless of the number of skin lesions [1, 2].

In 1985, a classification was developed by the HD control programme in Nepal
based on the number of affected body areas. In this classification type, the body is
divided into seven or nine areas and disease severity is graded according to the num-
ber of affected areas [4]. Studies conducted using the Nepalese classifications
showed consistency with WHO Operational classifications: PB cases (up to five
skin lesions) corresponded with the involvement of up to two body areas; MB cases
(more than five skin lesions) with three or more body areas [5, 6].
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There is overall correlation between the Ridley—Jopling, Madrid, and WHO
Operational classifications. PB patients are comparable to the I, T, and TT forms of
the other two classifications, some of the B from the Madrid classification, and BT
(SSS negative) from the Ridley—Jopling classification—essentially, all forms in
which bacilli have not been found in skin or nerve smears and/or histopathology.
MB includes most of the Bs in the Madrid classification, the BTs (SSS positive) of
Ridley—Jopling and all the BBs, BVs, Vs, and VVs—whenever the bacilli have been
identified on skin or nerve smears and/or histopathology.

Detecting the clinical features of HD requires a methodical approach. The pre-
sentation is often subtle, especially in the indeterminate and tuberculoid forms. BT
is the clinical form that can be most ambiguous because cases can present with
single lesions but positive skin smears and histopathology consistent with MB forms.

2 Indeterminate Hansen’s Disease (IHD)

All patients pass through this stage at the onset of HD, but it may or may not be
noticeable. IHD is a clinical form that usually presents few lesions, represented by
hypochromic, hyper/hypo- or anaesthetic macules, with imprecise borders, often
with a more desquamative (‘dry’) appearance than the surrounding normal skin.

Lesions are most frequently found on the extensor surfaces of the limbs, but-
tocks, or face (Fig. 1). Lesions may heal spontaneously, remain unchanged for
years, or progress to any other form of leprosy. There is no nerve trunk involvement;
therefore, disability and deformity do not occur. The indeterminate form is most
often seen in those parts of the world where HD is endemic or hyperendemic.

The main differential diagnoses are pityriasis versicolor, pityriasis alba, vitiligo,
achromic nevus, and anaemic nevi (see chapter on differential diagnosis of skin
lesions in Hansen’s disease).

Fig. 1 Indeterminate HD
hypochromic macula on
left shoulder
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It should be noted that, in the Ridley—Jopling classification, the indeterminate
form (I) is that in which, after full investigation, a patient in whom HD has become
manifest is nevertheless unclassifiable in any of the TT-VV spectrum groups
because distinguishing features have not yet developed. Such patients would nor-
mally become classifiable if the infection is allowed to progress [3].

The exogenous histamine test may be useful for diagnostic suspicion. It consists
of placing one or more drops of millesimal histamine solution on an affected area of
skin, for example, a hypochromic patch, and on an area without lesions that acts as
a control. Small punctures are made in the skin with a needle so that the histamine
solution penetrates superficially into the skin.

The ‘full histamine test’ consists of the presence of erythema at the puncture site
followed by larger erythema around the affected area (reflex erythema) followed by
oedema at the puncture site. All these changes occur quickly, about 1-3 min after
the start of the test. When reflex erythema is absent, the test is considered “incom-
plete.” This occurs in cases of HD (Fig. 2) and is an additional finding that aids
diagnosis. Beyond IHD, the histamine test can be useful when there are difficulties
in obtaining responses to the skin-prick test, for example, in young children or peo-
ple who have difficulties in understanding.

It is possible to carry out an endogenous histamine test if histamine solution is
unavailable. This involves stimulating the release of histamine into the skin by lin-
ear compression with a blunt instrument, for example, the cap of a pen as used in
dermographism, of normal and affected skin. As with the exogenous test, absence of
reflex erythema in the area with skin lesions compared with the skin without lesion
is consistent with HD.

SSS are negative in patients with IHD. The histopathological findings of IHD are
a non-specific inflammatory infiltrate, consisting of undifferentiated lymphocytes
and histiocytes, around the nerves and skin appendages, and few or no bacilli.

Fig. 2 Histamine test: (a)
trunk control (presence of
erythema reflex—
histamine test complete);
(b) HD hypochromic
lesion on the arm (absence
of the reflex erythema—
histamine test
incomplete—the lower
erythematous area is a
biopsy scar)
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3 Tuberculoid Hansen’s Disease (THD)

THD may result from the untreated form of IHD in patients with good immunologi-
cal resistance to M. leprae. Lesions are usually erythematous plaques with well-
defined borders, often atrophic and hypopigmented in the centre (Figs. 3 and 4).

In THD, the degree of resistance to the bacillus is high and the number of lesions
is small, generally fewer than five. In most cases, THD manifests as a single lesion.

There is an alteration of thermal and painful sensitivity and, in older lesions, of
tactile sensitivity, which in turn may be associated with altered motor function.
There is hair loss and sweating is decreased or absent.

Skin nerves and peripheral nerve trunks are usually thickened in the region of the
lesion (Fig. 5).

The predominance of the tuberculoid form in a region is an important epidemio-
logical indicator of an increasing trend of the disease. Among the many differential
diagnoses of the tuberculoid form are granuloma annulare and tinea corporis or
dermatophytosis (see chapter on differential diagnosis of skin lesions in Hansen’s
disease).

In children under 7 years of age, nodular THD of childhood may occur. Here the
skin lesion is an anaesthetic nodule on the face or trunk. In this form, there is no
apparent peripheral nerve damage. It is important to distinguish nodular THD in
children from American Tegumentary Leishmaniasis in an endemic area (see chap-
ter on Hansen’s disease in childhood).

SSS is negative in patients with THD. The main histopathological findings are
granulomas with or without Langhans giant cells and damaged nerves infiltrated by
the inflammatory process with epithelioid cells arranged side by side (Figs. 6 and
7a). The few bacilli will show complete phagocytosis and are seen almost exclu-
sively in nerve trunks (Fig. 7b).

Fig. 3 Tuberculoid HD:
erythematous plaque
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Fig. 4 Tuberculoid HD:
well-defined plaques on
the face

Fig. 5 Tuberculoid HD:
ichthyosiform
hyperchromic lesion and
the thickened branch of the
superficial fibular nerve




Clinical Aspects and Classification of Hansen’s Disease 87

Fig. 6 Tuberculoid HD: s
superficial and deep :
tuberculoid granulomas,
usually following the path
of the neural branches
(haematoxylin—eosin x2)

Fig. 7 Tuberculoid HD: (a) tuberculoid granuloma consisting of epithelioid macrophages in the
centre and a lymphocytic mantle in the periphery (haematoxylin—eosin x40); (b) bacilloscopy
ranging from “0” to “1+”. Presence of bacilli in the centre of the granuloma (Fite-Faraco x100)
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4 Borderline Hansen’s Disease (BHD)

The borderline form is the most prevalent form of HD, with the immune response
varying between the T and V poles. The form with the highest resistance among the
borderline forms is BT, followed by BB and BV. Peripheral nerve damage is fre-
quent in this form, causing most of the disabilities and deformities seen in HD. BHD
is the form in which most HD reactions occur.

The clinical features observed in the different borderline forms resemble closely
the respective polar forms as they approach either end of the spectrum. BTHD may
be similar to THD or IHD both clinically and immunologically, but with a greater
number of lesions (Fig. 8). It is characterized by erythematous plaques with well-
defined borders and usually fewer than five lesions (Fig. 9a). Neural involvement
may be present (Fig. 9b). In most BT cases, the SSS is negative.

Histopathological findings in BTHD are similar to those in tuberculoid leprosy,
but with occasional bacilli usually in nerves. An area spared from the inflammatory
process may occur in the subepidermal region (Figs. 10 and 11).

The cases in the middle of the spectrum, borderline-borderline (BB), present
particular aspects with peculiar ‘bumpy’ or ‘foveolar’ or ‘Swiss cheese’ lesions
(Figs. 12, 13, and 14), with borders clearly adjoining the central portion and impre-
cisely bordering the external portion. The lesions take on a characteristic rusty tone
and there may be dryness of the skin (Fig. 15). In general, peripheral nerve involve-
ment is frequent, causing severe disability.

Skin smear microscopy is usually positive in BB and BV HD. Histopathological
findings in BHD are epithelioid cells, histiocytes, focal lymphocytes, increased cel-
lularity in the nerves, presence of localized bacilli in the nerves, and spared subepi-
dermal zone (Figs. 16 and 17).

BVHD differs very little from VVHD, with multiple plaques and infiltrated nod-
ules (Figs. 18, 19, and 20).

Histopathological findings in Borderline-Virchowian HD are histiocytes, few
epithelioid cells, foamy or Virchow cells (macrophages or histiocytes containing

Fig. 8 Borderline-
tuberculoid HD: “annular”
erythematous plaque
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Fig. 9 Borderline-tuberculoid HD: (a) erythematous plaques; (b) neural involvement

Fig. 10 Borderline-
tuberculoid Hansen’s
disease: superficial and
deep tuberculoid
granulomas, usually
following the path of the
neural branches, similar to
tuberculoid HD
(haematoxylin—eosin x2)
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Fig. 11 Borderline-tuberculoid Hansen’s disease: (a) tuberculoid granuloma consisting of epithe-
lioid macrophages in the centre and a lymphocytic mantle in the periphery, similar to TT but with
greater preservation of neural branches (haematoxylin—eosin x40); (b) bacilloscopy ranging from
“0” to *“2+”. Presence of bacilli in neural branches in the centre of the granuloma (Fite-Faraco x100)

Fig. 12 Borderline-
borderline HD:
erythematous plaques with
a ‘foveolar’ appearance
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Fig. 13 Borderline-
borderline HD:
erythematous ‘foveolar’
plaques in the abdomen
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Fig. 14 Borderline-
borderline HD:
erythematous ‘foveolar’
plaques on trunk
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Fig. 15 Borderline HD:
dry skin with thickening of
the ulnar nerve on
palpation
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Fig. 16 Borderline HD:
superficial and deep
inflammatory infiltrate
involving the neural
branches, interstitium, and
perivascular and
perifollicular spaces
(haematoxylin—eosin x2)

Fig. 17 Borderline HD: (a) inflammatory infiltrate consisting of macrophages and lymphocytes
concentrically involving the neural branches, without destruction of the neural branch, and absence
of tuberculoid granulomas as observed in tuberculoid and borderline-tuberculoid HD (haematoxy-
lin—eosin x40); (b) bacilloscopy ranging from “3+” to “5+”. Presence of bacilli in neural branches
(centre), macrophages, interstitial cells and in perivascular and perianexial inflammatory infiltrates
(Fite-Faraco x100)
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Fig. 18 Borderline-
Virchowian HD:
erythematous ‘foveolar’
patches on trunk and upper
limbs




96 M. C. Florian et al.

Fig. 19 Borderline-Virchowian HD: ‘foveolar’ patches on
the upper limb

Fig. 20 Borderline-
Virchowian HD: skin
lesions on trunk and upper
limbs




Clinical Aspects and Classification of Hansen’s Disease 97

Fig. 21 Borderline-Virchowian HD: (a) superficial and deep inflammatory infiltrate, similar to
those seen in borderline HD, but more extensive, involving the neural branches, interstitium, and
the perivascular and perianexial spaces (haematoxylin—eosin x2); (b) inflammatory infiltrate con-
sisting of multivacuolated or fusiform macrophages permeated with lymphocytes and plasma cells
concentrically involving the neural branches, without destruction of the neural branch. Tuberculoid
granulomas such as those seen in tuberculoid and borderline-tuberculoid HD are absent (haema-
toxylin—eosin x20); (c) bacilloscopy ranging from 4+ to 6+. Presence of bacilli in neural branches,
macrophages, interstitial cells, in the perivascular and perianexial inflammatory infiltrates and
occasionally in vessel walls and endothelium. In the centre, macrophages with intracytoplasmic
vacuoles filled with numerous bacilli (globia) (Fite-Faraco x100)

large numbers of bacilli), presence of bacilli in the nerves, and spared subepidermal
zone (Fig. 21).

5 Virchowian Hansen’s Disease (VHD)

In this form, infiltrated papules and/or nodules (HD nodules) are found over practi-
cally the whole skin, but more frequently in the ‘cold’ or cooler areas of the body,
such as the ears, the central part of the face, and the extensor surfaces of the legs and
arms. The so-called hot areas of the body like the scalp, armpits, and lumbar spine
are generally spared.

The skin is erythematous or brownish, dry, and infiltrated with enlarged pores
(orange peel appearance). The lesions are distributed symmetrically.
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Fig. 22 Virchowian HD
(VHD): infiltration of the
forehead (glabella)

Nerve damage progresses slowly, and the person with VHD has numbness in the
hands and feet. In more advanced stages, there is hair loss in some parts of the body,
such as eyelashes and eyebrows, known as madarosis. Other areas that may be
involved are the upper respiratory tract, mucous membranes, nerves, joints (joint
effusion), bones (multibacillary bone marrow nodules), and other organs such as
liver (hepatitis and periportal fibrosis), spleen, kidneys (glomerulonephritis with
nephrotic syndrome and subsequent amyloidosis), lymph nodes, testicles, and eyes.

Polymorphic lesions with varying features (macules, papules, nodules, and infil-
tration) can also be found, being multiple, symmetrical, and erythematous in colour
(Figs. 22, 23,24, 25, 26, and 27). Oedema of the feet and hands are often seen. Loss
of eyelashes, intense and diffuse infiltration leading to cutaneous induration and
accentuation of the natural furrows, and preservation of hair alter the physiognomy,
giving the aspect called ‘leonine facies’ (Fig. 24). The lesions can present them-
selves on the oral mucosa (Fig. 28a) and also on the lips (Fig. 28b).

Involvement of the nasal mucosa is frequent, causing symptoms such as nasal
obstruction and epistaxis, with possible perforation of the nasal septum and defor-
mation of the nose. Lesions in the mouth, tongue, pharynx, and larynx may also be
found. Rhinomaxillary syndrome, first described in skulls of people affected by HD
in the Middle Ages, can be identified in people with VHD by the presence of a
saddle nose, nasal sinking, concavity of the middle third of the face, thinning of the
maxilla, inversion of the upper lip, and loss of the central incisors (see chapter on
ENT and mouth alterations in HD). In men, testicular damage may cause atrophy
and consequent sterility, impotence, and gynaecomastia. It is important to be aware
of young men with VHD who experience testicular pain due to orchitis.

There are alterations in sensation in the skin lesions, and nerve trunk involve-
ment, but not as early and marked as in tuberculoid leprosy. Skin dryness and trau-
matic lesions are frequent, mainly on the hands (Fig. 29). SSS is usually strongly
positive.
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Fig. 23 Virchowian HD:
erythematous papules and
nodules on the face

and arm

Fig. 24 Virchowian HD:
“leonine facies” -
infiltration of the face and
partial madarosis
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Fig. 25 Virchowian HD:
papules, nodules, and
patches on the foot

Fig. 26 Virchowian HD:

diffuse papules and
nodules on the skin

M. C. Florian et al.
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Fig. 27 Virchowian HD:
nodules on the arm

Fig. 28 Virchowian HD: (a) lesions of the oral mucosa (b) lip lesions
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Fig. 29 Virchowian HD:
Anaesthetized hands
(‘glove anaesthesia’)
showing intense dry
scaling, oedema, fissures,
ulcerations, and crusts

Fig. 30 Virchowian HD:
superficial and deep
inflammatory infiltrate
involving all components
of dermis and
subcutaneous tissue.
Atrophic epidermis with a
subepidermal collagen
band (Unna’s band)
(haematoxylin—eosin x2)

M. C. Florian et al.

Histopathological findings in VHD are granuloma of the histiomonocytic type
with presence of Virchow cells. The picture also comprises few lymphocytes, mini-
mal intraneural cellular infiltration, and spared subepidermal zone (Figs. 30 and
31a). Tissue is strongly positive for AFB, including in the nerves (Fig. 31b).
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Fig. 31 Virchowian HD: (a) infiltrate consisting almost exclusively of multivacuolated or fusi-
form macrophages permeated with rare lymphocytes and involving all skin components, without
destruction of the neural branch and absence of tuberculoid granulomas (haematoxylin—eosin
x40); (b) bacilloscopy ranging from ‘5+’ to ‘6+’. Presence of bacilli in neural branches, macro-
phages, interstitial cells, in the perivascular and perianexial inflammatory infiltrates, vessel wall,
endothelium, and occasionally in squamous epithelial and glandular cells of the skin annexes. In
the centre (photo), several macrophages with intracytoplasmic vacuoles filled with numerous
bacilli (globia) (Fite-Faraco x100)

6 Histoid Variant of Virchowian Hansen’s Disease

VHD may present as the histoid variant. This is seen infrequently and manifests
with clinical keloid-like nodules (Figs. 32 and 33), whose histopathology shows
fusiform histiocytes (similar to those that occur in dermatofibroma) and abundant
bacilli with a predominance of typical bacilli (Fig. 34).
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Fig. 32 Histoid variant of
Virchowian HD: numerous
papules and nodules on the
face and ear

Fig. 33 Histoid variant of Virchowian HD: (a) individualized erythematous papules or small
plaque-forming papules on the forearm; (b) histopathological aspect (haematoxylin-eosin x2)
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Fig. 34 Histoid variant of Virchowian HD: histopathological aspect showing spindle-shaped his-
tiocytes (a). (haematoxylin—eosin x40) and abundant bacilli (b). (Fite-Faraco x100)

7 Diffuse Virchowian HD (DVHD)

This presentation of HD has been described in people from Mexico and is also
known as diffuse HD of Lucio and Latapi. It is seen in untreated patients and is
characterized by violaceous patches in which the lesions have a diffuse infiltrate
that does not alter the patient’s features, and by total superciliary and ciliary mada-
rosis. This form is also known as lepra bonita (‘pretty leprosy’) because the myx-
edematous infiltration of the skin leads to an apparent reduction of expression
wrinkles on the face of the patient. It may insidiously involve the nasal mucosa with
oedema and telangiectasias, evolving to the formation of serosanguinous crusts, fol-
lowed by ulceration and perforation of the nasal septum, collapse of the nasal pyra-
mid and a saddle nose. In severe cases that remain untreated, the larynx may be
involved, with dysphonia and even respiratory obstruction. There is significant vis-
ceral involvement and a large number of bacilli are detected.

An acute inflammatory event called Lucio’s phenomenon, a type 2 HD reaction,
can occur (see chapter on reactions in HD). In the Lucio’s phenomenon occurs
intense endothelial proliferation with narrowing of the vessel lumen, eventually
with vasculitis. At an advanced stage, this is reflected clinically by skin infarcts,
necrotic lesions, ulcers, thromboses, and haemorrhages.

Some studies point to Mycobacterium lepromatosis as the causative agent in
several patients diagnosed with DVHD and Lucio’s phenomenon, but these forms
can also be caused by M. leprae.
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8 Primary Neural HD

Primary neural HD (PNHD) or neuritic form (also called ‘pure neural’ by some
authors), is characterized by peripheral neural involvement without skin lesions
(Fig. 35). PNHD is not very prevalent, ranging from 2 to 13% of patients diagnosed
with HD [7, 8]. It is a condition that may be present as single or multiple mononeu-
ropathy, but also as polyneuropathy resulting from a confluence of
mononeuropathies.

Diagnosis of PNHD requires the absence of other aetiological causes of neu-
ropathy, absence of the skin lesions of HD, a negative SSS, and absence of signifi-
cant histopathological changes in the skin area with loss of sensitivity or near the
affected nerve. Neural involvement in PNHD may show any of the histological
patterns or any of the forms of HD (Fig. 36). PNHD remains a nerve disease in
most cases, but it may precede skin lesions by a few months and, if these appear,
the diagnosis changes to one of the other forms of HD. Reactions may occur in the
PNHD form, and it is not uncommon for a case of PNHD classified as BT or T to
present with granuloma or a nerve abscess, which characterizes a type 1 HD
reaction.

The nerves most commonly involved in PNHD are posterior tibial (sensory),
ulnar (sensory and motor), median (sensory), and lateral popliteal (motor) [5, 9].
Claw hand is the most frequently observed disability.

Fig. 35 Primary
neural HD
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Fig. 36 Primary neural HD: (a) neural branch containing lymphocytes—neural involvement may

show any of the patterns of the forms of HD (haematoxylin—eosin x40); (b) bacilloscopy showing
multiple bacilli within vacuoles in Schwann cells (Fite-Faraco x100)
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9 Subclinical Infection

Subclinical infection is a controversial subject. It describes the situation where
infection does not progress to clinical manifestations (skin lesions and nerve dam-
age). It is supposed that an infected person could remain in this stage and progress
to a clinical form of HD or to self-cure. A ‘healthy carrier’ status has been suggested
from the detection of M. leprae in nasal mucus using PCR [10, 11], and from the
presence of anti-PGL-1 antibodies in healthy individuals. It is hypothesized that
these persons are important in the chain of transmission of HD, especially in
endemic areas [12].

References

1. World Health Organization. Global Leprosy Strategy 2016-2020. Accelerating towards a
leprosy-free world. Monitoring and evaluation guide. Geneva: World Health Organization; 2017.

2. World Health Organization. Guidelines for the diagnosis, treatment and prevention of leprosy.
Geneva: World Health Organization; 2018.

3. Ridley DS, Jopling WH. Classification of leprosy according to immunity. A five-group system.
Int J Lepr Other Mycobact Dis. 1966;34:255-73.

4. International Nepal Fellowship (INF). Manual for the implementation of multi-drug therapy in
the leprosy programme of Nepal. 1985.

5. Van Brakel WH, de Soldenhoff R, McDougall AC. 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. 1992;63:231-46. https://
doi.org/10.5935/0305-7518.19920028.


https://doi.org/10.5935/0305-7518.19920028
https://doi.org/10.5935/0305-7518.19920028

108

6.

10.

11.

12.

M. C. Florian et al.

Rao PN, Sujai S, Srinivas D, Lakshmi T. Comparison of two systems of classification of
leprosy based on number of skin lesions and number of body areas involved—a clinico-
pathological concordance study. Indian J Dermatol Venereol Leprol. 2005;71:14. https://doi.
org/10.4103/0378-6323.13779.

. Garbino JA, Marques W, Barreto JA, et al. Primary neural leprosy: systematic review. Arq

Neuropsiquiatr. 2013;71:397-404. https://doi.org/10.1590/0004-282X20130046.

. Shukla B, Verma R, Kumar V, et al. Pathological, ultrasonographic, and electrophysiological

characterization of clinically diagnosed cases of pure neuritic leprosy. J Peripher Nerv Syst.
2020;25:191-203. https://doi.org/10.1111/jns.12372.

. Ramadan W, Mourad B, Fadel W, Ghoraba E. Clinical, electrophysiological, and immuno-

pathological study of peripheral nerves in Hansen’s disease. Lepr Rev. 2001;72:35-49. https://
doi.org/10.5935/0305-7518.20010007.

Klatser PR, van Beers S, Madjid B, et al. Detection of Mycobacterium leprae nasal carriers in
populations for which leprosy is endemic. J Clin Microbiol. 1993;31:2947-51.

Beyene D, Aseffa A, Harboe M, et al. Nasal carriage of Mycobacterium leprae DNA in healthy
individuals in Lega Robi village, Ethiopia. Epidemiol Infect. 2003;131:841-8. https://doi.
org/10.1017/50950268803001079.

Guerrero MI, Arias MT, Garcés MT, Leén CI. Developing and using a PCR test to detect sub-
clinical Mycobacterium leprae infection. Rev Panam Salud Publica. 2002;11:228-34. https://
doi.org/10.1590/51020-49892002000400004.


https://doi.org/10.4103/0378-6323.13779
https://doi.org/10.4103/0378-6323.13779
https://doi.org/10.1590/0004-282X20130046
https://doi.org/10.1111/jns.12372
https://doi.org/10.5935/0305-7518.20010007
https://doi.org/10.5935/0305-7518.20010007
https://doi.org/10.1017/s0950268803001079
https://doi.org/10.1017/s0950268803001079
https://doi.org/10.1590/s1020-49892002000400004
https://doi.org/10.1590/s1020-49892002000400004

®

Check for
updates

Reactions in Hansen’s Disease

P. Narasimha Rao, Sujai Suneetha, and Santoshdev P. Rathod

1 Introduction

Immunologically mediated inflammatory episodes occurring in a leprosy patient
during the course of the disease are collectively termed ‘lepra reactions’. Any type
of leprosy, except the indeterminate form, may undergo a sudden inflammatory
phase of exacerbation as a part of the natural course of the disease. Lepra reactions
are mainly of two types—type 1 reaction (T1R) and type 2 reaction (T2R), often
referred to as ENL reaction [1]. A third type of reaction rarely seen in some parts of
the world is the Lucio phenomenon. These may occur before, during, or even after
the successful completion of MDT and up to 50% of leprosy patients experience at
least one episode of reaction during the course of their disease [2].

Lepra reactions not only play a significant role in the morbidity associated with
the disease, but they constitute a major risk factor for the development of disability
and deformity in individuals affected by the disease. The importance of early and
accurate identification of these episodes and the need for their optimal management
cannot be over emphasized.
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2 Type 1 Reaction (T1R)

A type 1 reaction or ‘reversal reaction’ is expressed clinically by inflammatory
exacerbation of the skin lesions and nerve trunks, consequently leading to sensory
and motor alterations [3]. It occurs due to an acute upsurge in the cell-mediated
immune response to Mycobacterium leprae antigens and is mainly observed in bor-
derline tuberculoid (BT), mid-borderline (BB), and borderline lepromatous leprosy
(BL) patients.

2.1 Incidence

Despite being an important event occurring in leprosy patients, accurate data on the
incidence and frequency of occurrence of lepra reaction is not readily available.
However, data available from institutional studies and studies carried by individual
researchers indicates that, overall, the occurrence of TIR ranges in various studies
from 20 to 40% in multibacillary (MB) patients [4]. The incidence of T1R in PB
patients was found to be 20.4% in a study from north India [5]. Twenty-six percent
of Brazilian patients who had positive slit-skin smears experienced a T1R during the
2 years period they were taking MDT [6]. Frequency of lepra reactions experienced
by children with leprosy ranges from 3 to 34% [7, 8]. A recent study done in Brazil
showed that the occurrence of T1R was as high as 52.9% [9]. In the nation-wide
Dermlep study carried out in India, 26.1% of post-RFT patients experienced
T1R [10].

2.2 Immunological Basis

TI1R results from the activation of cell-mediated immunity (CMI) and represents a
type IV Gell and Coombs hypersensitivity reaction wherein there is an exaggerated
inflammatory response to M. leprae antigens, involving skin and nerves leading to
sensory and motor Nerve Function Impairments (NFI). TIR often occurs after the
start of treatment although it can be a presenting complaint in a significant propor-
tion of new patients [11]. The cytokine expression pattern in T1R reflects this upreg-
ulation of the Thl response along with an activation of CD4+ T cell-mediated
cellular immune responses and the release of proinflammatory cytokines, such as
TNF-a, IFN-y, IL-1B, IL-6, lysosomal enzymes, and reactive oxygen species
(Fig. 1), all of which cause leakiness in the endothelial barrier, tissue injury, and
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influx of activated lymphocytes and macrophages into the area [12—15]. The various
risk factors for triggering TIR are summarized in Box 1.

Box 1 Risk factors for T1IR

* Age of patient: >15 years Host-related immunological

» Sex: women carry higher risk than men and it | factors TLR gene polymorphism
is attributable to fluctuations in hormones, — TLR2 and 4 gene
pregnancy, and delivery polymorphisms, TLR4 SNP

» Type of leprosy: borderline forms of leprosy (1530G>T) predisposes to
with positive slit skin smear TIR [16]

* Individuals who have WHO disability grades 1
or 2 at diagnosis

e After starting treatment with multidrug therapy
(MDT)

» Skin lesions on the face and over nerve trunks

2.3 Clinical Features

T1R is characterized by acute inflammation in pre-existing, or occasionally in newly
appearing lesions, presenting as the sudden appearance of erythematous and raised
skin lesions (Pictures 1, 2 and 3). Involvement of the peripheral nerves in T1R pres-
ents clinically as acute neuritis, with painful tender swelling of the affected nerve of
sudden onset, often accompanied by sensory, motor, and/or autonomic NFI. A nerve
abscess can rarely occur in severe TIR, observed as a localized tender nodular
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Picture 1 Type 1 reaction
in skin lesions (borderline
form. Note mild scaling in
the centre of the lesion)

swelling of the nerve. Severe T1R of skin very seldom may progress to ulceration
of skin.

TIR can occasionally be limited exclusively to either the skin or the nerves.
Typically, when only skin is involved, TIR is considered a mild reaction. An epi-
sode of TIR manifesting with a new/sudden onset of motor weakness associated
with thickened and tender nerve trunk and in some cases nerve abscesses is consid-
ered a severe reaction. Nevertheless, a reaction which is initially confined to the
skin patches, often progresses to neuritis in one or more regional nerve trunks.
Hence, a T1R limited to the skin may therefore be taken as a possible pointer of
impending ‘neuritis’ [3, 11]. Special attention should be paid to T1R skin lesions of
the face (Picture 4), especially in the malar region or around the eye as it is associ-
ated with a higher risk of facial motor paralysis, resulting in lagophthalmos and its
sequelae [17].
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Picture 2 Type 1 reaction
in skin lesions

Picture 3 Type 1 reaction
in skin lesions (Note
swelling and erythema of
the plaque along ulnar
border of hand)
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Picture 4 Type 1 reaction
in BT. Patch of face
involving lip

2.4 Histopathology

As previously mentioned T1R occurs mainly in the borderline spectrum of disease;
BT and BB and sometimes in BL patients. On the background of this spectrum of
disease, the histologic features that characterize T1R are the presence of oedema in
the superficial dermis and in the granuloma, resulting in the disorganization of the
granuloma, dilated vasculature, wide separation of dermal collagen, in addition to
the presence of Langhans giant cells [18]. Rarely, epidermal erosion can occur when
granuloma extends into the papillary dermis and invades the overlying epidermal
layers. Severe reactions may be accompanied by fibrinoid necrosis and fibrosis [19].

Depending upon the changes observed in the histology T1R are further classified
as ‘upgrading’ reaction and ‘downgrading’ reaction. When there are shift towards
the tuberculoid spectrum with increased epithelioid cell differentiation, Langhans
giant cell formation and a fall in AFB in the section it is indicative of an ‘upgrading’
TIR (or true reversal reaction), which is more often observed in patients on MDT
and subsequent improvement in the immunity. Downgrading reaction usually
occurs in patients who are not on treatment, wherein there is an increase in
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macrophage differentiation, fewer giant cells and increasing bacilli in histopathol-
ogy is observed. However, clinically it is often very difficult to accurately identify
upgrading or downgrading T1R and probably an unnecessary academic exercise, as
the clinical course and complications do not differ between these two sub-
types of T1R.

2.5 Differential Diagnosis

Morphological mimics of T1R include cellulitis, erysipelas, urticarial vasculitis,
Sweet’s syndrome, erythema multiforme and steroid modified dermatophytosis
lesions which look inflamed with a red border. Differentiation of T1R from celluli-
tis/erysipelas can sometimes be difficult, nonetheless, the indolent course and cardi-
nal features of leprosy will point to the correct diagnosis. Typical targetoid
morphology of erythema multiforme and presence of itching in dermatophytosis
distinguish them from T1R.

2.6 Diagnostic Procedures and Laboratory Tests

While clinical signs and symptoms of inflammation in a skin patch of leprosy are
indicators of a clinical diagnosis of TIR, the confirmation of diagnosis can be done
by histopathology. Histological diagnostic criteria are described in Sect. 2.5.
Recently, dermoscopy is also being considered a supportive tool for the diagnosis of
TIR. Orange-yellow globules with telangiectasia observed by dermoscopy are gen-
erally considered to be the representative of dermal granulomas. In T1R, a reddish
background and white structureless areas with fine short linear blurry vessels, prob-
ably due to an increased number of lymphocytes and loss of normal granuloma
organization are considered pointers of lepra reaction [20]. High-resolution ultraso-
nography of nerve trunks in TIR occasionally show massive increase in cross-
sectional area (CSA) of the nerve accompanied by increased vascular signals within
the affected nerves on use of colour Doppler that reflects intraneural vascular dila-
tion due to inflammation associated with the lepra reaction in the nerve [21, 22].

2.6.1 Course and Duration of T1R

The natural course and duration of T1R varies depending on the clinical classifica-
tion. It can be 3-9 months in BT patients, and far longer, up to 15 months in BL
patients [23]. Patients who experience reappearance of reactional signs or symp-
toms after completion of a course of corticosteroid are diagnosed as having
‘Recurrent Reaction’. The recurrence of T1R becomes a clinical and therapeutic
problem, especially when they occur after the completion of treatment or after
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release from treatment (RFT) when there is no active surveillance of the patient
[10]. TIR tend to recur less than T2R (ENL) reactions. However, studies have
shown that about 1/3rd of all TIR patients can experience recurrence of reactional
episodes [24]. BT patients with fewer skin lesions are most likely to have a single
episode of T1R whereas BT and BL patients with multiple lesions and higher BI on
smears are more likely to have a second and even a third episode of TIR [25].

2.7 Management

The objective of treatment for T1R is twofold; (a) to suppress and abate inflammation-
mediated neuritis in order to prevent NFI; and (b) to restore normal nerve function
if the damage has already occurred. In all patients of T1R with or without neuritis,
standard MDT needs to be started and continued. The mainstay of the management
of TIR is oral corticosteroid therapy. It is ideal that patients should receive an indi-
vidualized treatment regime based on the severity of the reaction, but often in a field
setting a semi-standardized approach may be more appropriate. The management of
TIR in those with neuritis need closer monitoring and a more robust regimen for a
longer duration [26]. It is important to explain to the affected individual the nature
of the complication that can occur and the need for compliance to treatment.

2.7.1 Management of Mild T1IR

For mild TIR limited to skin lesions, the objective is to reduce the inflammation and
hence anti-inflammatory agents such as aspirin and other NSAIDs are drug of
choice. Additionally, chloroquine, which acts by lysosomal membrane stabilization,
inhibits prostaglandin synthesis, and complement activation, can also be tried.

2.7.2 Management of T1R with Neuritis

The aim of the treatment is to control the acute neural inflammation, ease pain, and
reverse nerve damage. This objective of reducing intraneural inflammation and
oedema is achieved by the judicious use of analgesics and corticosteroids. Rest,
splinting, keeping the limb immobilized with a pad and bandage are basic general
non-pharmacological measures. Oral corticosteroids while normalizing the intra-
neural pressure also improve vascular and axoplasmic flow and allow recovery of
nerve function. The starting dose for TIR in adults is 30—40 mg of prednisolone or
its equivalents, preferably in a single or in two divided doses. While WHO publica-
tions suggest a duration of 12 weeks, in practice patients in TIR usually need oral
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corticosteroids for up to 6 months [27]. It is advisable to follow the checklist given
in Box 2 before starting corticosteroids.

Box 2 Check list when starting corticosteroids

Investigations

* Monitor BP and weight at each visit

e Tests to exclude tuberculosis, as indicated (e.g. sputum examination,
chest X-ray)

e Tests to assess the possibility of diabetes (e.g. urine/blood sugar, test of
glucose tolerance)

e Stool examination

Drug Supplements
» Gastric protection with H2 blockers or proton pump inhibitor
e Calcium supplementation (to prevent osteoporosis)
* Prophylactic Albendazole or Ivermectin for Strongyloides stercoralis

infection in endemic areas

The use of a semi-standardized tapering course of corticosteroids given on an
out-patient basis opened up the wider use of steroids to treat T1R and neuritis on an
out-patient basis in field conditions [28-30]. The once-a-day morning dosage is
preferred as it causes less suppression of the hypothalamus—pituitary axis (HPA). It
is vital to understand the importance of gradually tapering the steroid dose. This
prevents many of the side effects of steroids as well as reduces the chances of HPA
axis suppression and dependence. Future treatment options for patients with TIR
are illustrated in Table 1.

Table 1 Future perspectives on management of TI1R

Class of
drugs
Type 1
interferons
(IFNS)

Drugs that
target IL-1b

PPAR
agonist

IL6
blockade

Proposed mechanism of action

Counteract antimicrobial effects of IFN-
gamma and of inflammasome activation

High level of this cytokine in sera of TIR
patient

PPAR-g gene expression is downregulated
nTIR. Due to their diverse biological
activities on keratinocytes, PAR agonists
represent a potentially important source of
investigation for the treatment of T1R
Uncontrolled production of IL-6 has been
associated with the onset of TIR

Names

Betaferon/Betaseron and
Rebif which are IFN-b and
IFN-a, respectively

IL1 receptor antagonist:
Anakinra

IL1 blocking agents:
Rilonacept, Canakinumab
Thiazolidinediones
Glitazones

Tocilizumab
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Various surgical techniques were developed to achieve surgical nerve decom-
pression in severe recurrent neuritis of TI1R, especially of the ulnar nerve. These
include epineurotomy, medial humeral epicondylectomy, anterior ulnar nerve trans-
fer, selective meshing of epineurium, partial or subtotal peri-neurectomy, and inter-
fascicular decompression [31]. However, at present they are not being practiced
widely, with the advent of effective corticosteroid therapy for T1R.

3 Type 2 Reaction or Erythema Nodosum Leprosum

3.1 Definition

Type 2 reaction (T2R) also known as Erythema nodosum leprosum (ENL) is an
acute immune exacerbation encountered usually in smear positive MB patients and
can occur before, during, or after multidrug treatment [5]. T2R occurs because of an
antibody response to M. leprae antigens; the formation of antigen—antibody com-
plexes which get deposited in the walls of capillary blood vessels and in other tis-
sues triggering the complement cascade and inflammation. T2R is a
neutrophil-mediated immune-complex reactional state, histologically defined by a
prominent neutrophilic infiltrate throughout the granuloma with associated leuko-
cytoclasis in the dermis and subcutis during the acute stage that is gradually replaced
by lymphocytes with the evolution of the lesion.

3.2 Incidence

The incidence of T2R is increasing with the increasing number of multibacillary
cases. T2R primarily affects individuals with LL and BL leprosy but may also occur
in a small percentage of individuals with BB leprosy. Approximately 10% of patients
with BL leprosy and up to 50-55% of those with LL leprosy are likely to develop
ENL [6, 32].

Triggers Various factors have been implicated as triggers for the occurrence of
T2R and include vaccinations, intercurrent infections such as malaria and typhoid,
parasitic infestation, dental sepsis, pregnancy, parturition, severe psychological
stress and hormonal changes. It is therefore prudent to look for and treat/manage
these conditions in newly diagnosed smear positive MB patients to prevent the
occurrence of ENL.
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3.3 Etiopathogenesis

T2R is an immune complex-mediated systemic inflammatory response correspond-
ing to Gell and Coombs Type III reaction that is triggered by the deposition of
immune complexes; activation of complement system; and secretion of several pro-
inflammatory cytokines in both skin lesions and peripheral blood. T2R is character-
ized by high levels of TNF; intralesional neutrophil, eosinophil, and CD4+ T cell
infiltrates; and prominent changes suggestive of vasculitis. Neutrophils are consid-
ered as the ‘signature cell” of T2R and contribute to the ENL-associated multi-sys-
temic inflammation in multiple ways [33]. Bioinformatic pathway analysis of the
gene expression profiles from ENL skin lesions have observed a role of an inte-
grated axis comprising TLR2/FcR activation/neutrophil migration/inflammation as
a mechanism of neutrophil recruitment in ENL [34]. Various steps in the immuno-
pathogenesis of T2R are described in Fig. 2.
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Fig. 2 Immunopathogenesis of ENL (Adapted from Luo Y et al. 2021)—Open source
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3.4 Clinical Features

Various modes of onset are described for T2R [35]. It could be a cutaneous onset
with multiple crops of evanescent, erythematous, tender nodules, and plaques com-
monly occurring over face, flexor aspect of forearms and medial aspects of the
thighs (Picture 5). The lesions are often tender, warmer than the surrounding skin
and blanch with light finger pressure. Some rare types include bullous, pustular,
ulcerated, haemorrhagic, and erythema multiforme-like lesions (Picture 6). The
rheumatic onset type typically presents with symmetrical involvement affecting the
small joints of the hands and feet, in the so-called ‘rheumatoid distribution’. Arthritis
in T2R is usually acute in onset and lasts for a few weeks, and in most cases, resolves
completely with treatment [36]. In the ‘mixed onset’ type both cutaneous and rheu-
matic symptoms are present simultaneously. T2R can also be associated with peri-
ostitis, usually involving the anterior aspect of the tibia. Neuritis is associated with
T2R, which is usually insidious with episodes of acute flares.

Picture 5 Type 2
reaction—erythematous
nodules and plaques

Picture 6 Type 2
reaction—erythema
multiforme-like lesions
(these lesions are difficult
to perceive on the black
skin)
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While fever is regarded as one of the hallmarks of ENL, interestingly only 19.8%
of patients had fever documented as a symptom. In severe T2R, there may be sys-
temic involvement of other organs like testes with a reduction in testicular functions
and eyes resulting in uveitis leading to blindness. Systemic involvement is less com-
mon now with the advent of MDT and early initiation of treatment. The natural
course of untreated ENL is about 2—3 weeks, but the reaction can be recurrent with
one episode overlapping another resulting in chronic ENL which may last many
months and even after completion of FDT of 1 year [10, 37]. ENL is observed rela-
tively common among younger females of childbearing age due to various biologi-
cal reasons [38]. The clinical course of T2R is summarized in Box 3.

Box 3 Clinical course of T2R:

Acute ENL

e Itis one ENL episode lasting less than 6 months with a steady decrease in
steroid tapering, no recurrence of ENL when receiving prednisolone, and
no increase in severity requiring an increased steroid dose

Chronic ENL

e [tis an episode lasting for more than 6 months

e This could include single and multiple episodes

» Patients with only one ENL episode with a borderline duration (5—6 months)
can be considered as having chronic ENL if during the steroid tapering
phase, they developed fresh ENL when receiving prednisolone and the ste-
roid dose had to be increased

Steroid-Dependent ENL

* In these patients, tapering off the dose of systemic corticosteroids causes
the patient to either get new ENL or had a worsening of their pre-
existing ENL

3.4.1 Grading of ENL

An modified method to classify T2R has been developed by the ENLIST consor-
tium based on the frequency of its occurrence. Acute ENL—A single episode last-
ing less than 2—4 weeks; Recurrent ENL—When a second or subsequent episode
occurs after the treatment of the first acute episode. Recurrence rate of T2R is
observed to be higher than T1R in leprosy patient [6]. Chronic ENL—When one
episode overlaps another, and the patient requires continuous treatment for the
T2R [39].
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3.4.2 Complications

Neuritis occurs insidiously in T2R and not as an acute phenomenon as observed
in T1R. However, patients who develop ENL reactions have a higher percentage
of nerve complications when compared to non-reactional MB patients, as it leads
to gradual deterioration in sensory, autonomic, and motor nerve function, occa-
sionally to glove and stocking type of anaesthesia. Early recognition and treat-
ment of T2R can stop the progress of NFI. Lepromatous patients who develop
TIR are prone to develop more paralysed nerves than those who do not expe-
rience it.

ENL-associated uveitis occurs due to the direct effects of bacilli at the site as
well as due to the M. leprae antibodies in the iris and anterior chamber. Left
untreated it can produce adhesions to the lens, hypopyon and glaucoma leading
to blindness. Effective treatment of the lepra reaction with corticosteroids, as
well as use of mydriatics can be sight saving. The slow involvement of the testes
in LL is heightened during T2R resulting in testicular pain and tenderness.
Orchitis is usually associated with a drop in sperm count and can lead to steril-
ity. In addition, as an immune complex disease, ENL can lead to synovitis,
nephritis, hepatosplenomegaly, and lymphadenopathy. The intensity of these
complications may vary from mild to severe and may last from a few weeks to
months or even years.

3.4.3 Variants of ENL

Severe ENL includes necrotic ENL or erythema nodosum necroticans (ENN),
which is a rare presentation seen in around 8% of patients. Other uncommon and
severe variants of ENL, presenting with ulceronecrotic (Picture 7) and pustular
lesions, have also been reported in the literature. This includes vesiculobullous, [40]
Sweet’s syndrome (SS)-like, (Picture 8) [41] erythema multiforme (EM)-like, Lucio
phenomenon (LP), and reactive perforating type [42].

3.5 Histopathology

Histologically, the ENL lesion is characterized by an acute influx of polymorphs
onto a background of macrophages which usually make up a lepromatous or bor-
derline lepromatous histology. Dermal oedema and a mild rise in eosinophils and
mast cells are present. Infiltration by neutrophils results in vasculitis, fibrinoid
necrosis and panniculitis which are usual accompanying features [19]. As the
reaction subsides, the acute stage cellular infiltrate is progressively replaced by
lymphocytes and plasma cells. During ENL reactions, neutrophils may invade the
nerves causing acute nerve abscesses which may cause extensive destruction of
the nerve.
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Picture 7 Type 2
reaction—ulceronecrotic
lesions

Picture 8 Type 2
reaction—Sweet’s
syndrome-like lesions

3.6 Differential Diagnosis

Nodular vasculitis, erythema nodosum, Sweet’s syndrome, erythema induratum of
Bazin and subcutaneous polyarteritis nodosa are important differentials in other-
wise undiagnosed cases of leprosy. These can be differentiated based on character-
istic clinical findings, and serological markers in case of autoimmune connective
tissue diseases.

3.7 Laboratory Tests

Routine haematological investigations, kidney and liver function tests are needed in
all suspected cases of T2R to know the extent of systemic involvement. They are
also useful as screening investigations before corticosteroids/immunosuppressant
drugs are given. Skin biopsy is often needed to confirm the diagnosis of ENL. Regular
nerve function assessment is also indicated to monitor silent damage to nerves. A
thorough ophthalmic examination is needed for all patients with ocular signs and
symptoms, including a slit lamp examination, to identify early signs of uveitis and
iridocyclitis.
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3.8 Management of T2R

MDT should not be stopped in patients who develop T2R. The precipitating factors
for reactions such as intercurrent infections and intestinal parasitic infestations
should be appropriately treated. Corticosteroids forms the mainstay of therapy. The
patient should be counselled about the symptoms and on the possible course of
ENL. Ideally, they should be given a steroid card and steroid information leaflet that
includes information on side effects, toxicity, and dangers of self-medication. It is
important that patients are monitored by a clinician experienced in managing
patients with ENL. The dose of corticosteroids required is dependent on the severity
of the T2R and starting dose ranges from about 40-60 mg prednisolone per day
(1 mg/kg body weight) for a duration for 3-6 weeks for each episode of
ENL. However, as already mentioned, chronic ENL may need treatment up to
9 months or even beyond in patients with a high BI. A flow chart on how to start
patients on corticosteroids for management of ENL along with dose optimization is
given in the flowchart below. Weight gain, unmasking of diabetes, Listeria monocy-
togenes meningitis, cataracts in about 26% of patients and reactivation of tubercu-
losis in 3% are the major adverse effects associated with long-term use of
corticosteroids. Steroid dependency due to adrenal insufficiency is a major chal-
lenge in management of chronic recurrent T2R and methods to overcome it is sug-
gested in the flowchart of Box 4.

Box 4 Steroid toxicity/dependency: prevention and management

Start at a dose of 1mg/kg * 12 weeks. Signs of
improvement in NFI.

Flare while on steroids or recurrent episode

within 1 month

No new lesion.
Slowly taper 10 mg * 2 weeks, till off steroid

[Responsnve Taper steroids to zero. CLF tapered Increase Prednisolone to previously controlled ]

once off steroids or duration approaching 1 year dose, and add clofazimine 300mg daily

}

No response or unacceptable pigmentation.

Responsive, taper steroids to zero Check for Thalidomide availability.
Follow Thalidomide flow chart if available Consider AZA / Mtx / Biologicals / Zinc /

High dose of Cetirizine / Pentoxifylline

!

If unable to taper, may
require, chronic low dose
steroids in addition to
thalidomide
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Clofazimine, which is an important component of MB MDT, also has anti-
inflammatory properties and is useful in the treatment of T2R. The dosage recom-
mended in T2R is a starting dose of 100 mg three times a day for 12 weeks, then
reducing to 100 mg twice daily for the next 12 week and 100 mg once a day for
12 weeks. It is a slow-acting drug, and the effect is seen only after 4-6 weeks.
Pigmentation of the skin and sclera as well as the crystallization with clofazimine is
a major drawback with its use.

Thalidomide is an effective treatment for T2R and is a drug recommended by
the World Health Organization (WHO) Expert Committee. Thalidomide is highly
effective especially in the treatment of patients with chronic or recurrent ENL. It
acts by inhibition of selective gene expression of tumour necrosis factor-a (TNF-a)
which is involved in the pathogenesis of nerve damage in leprosy and by other
mechanisms contributing to its anti-inflammatory effect [43]. Teratogenicity is a
major risk with use of thalidomide and therefore is a good treatment option for
males and post-menopausal females. If used in women of reproductive age group
close monitoring is required involving counselling on avoiding pregnancy through
use of double contraceptive methods. STEPS (System for Thalidomide Education
and Prescribing Safety) monitoring protocol is one such online monitoring
program.

The recommended starting dose of thalidomide is 300 mg per day, then reduced
more slowly by 100 mg each month. During this period, the patient should be
assessed to ensure that the ENL has not deteriorated. Any deterioration should be
treated by increasing the thalidomide again for a few weeks. The patient should be
stabilized on the lowest dose of thalidomide that controls the ENL and continue at
this dose for a period of 2-3 months. Patients may require thalidomide for a dura-
tion of up to 1 year. Citing the risk of thrombosis with use of thalidomide, 75 mg of
aspirin daily may be prescribed to prevent thrombosis. Major advantages of thalido-
mide are that it helps to attenuate steroid-induced morbidity and recurrence of ENL
is lower (less than 6%) than with prednisolone (25%). Common adverse effects
associated with the use of thalidomide are somnolence, constipation, nausea, head-
ache, vertigo, pruritus, rash, and the inability to concentrate.

Other drugs found useful in different studies include Azathioprine, a purine
antagonist which inhibits lymphocyte proliferation which has been used along with
prednisolone for its steroid sparing effect. Few clinical studies have advocated a role
for Methotrexate in the treatment of T2R; however, large trials are needed to con-
firm its benefit. Pentoxifylline acts by reducing the circulating levels of TNF-a, an
action similar to thalidomide but not to the same effectiveness. Mycophenolate
mofetil acts by inhibition of both B and T cell proliferation and blocking the pro-
duction of guanosine nucleotides required for DNA synthesis, but it has doubtful
benefit in type II but not in TIR (Table 2).
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Table 2 Immunosuppressive agents for management of T2R
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Immunosuppressive
agent Primary mechanism of action Role
Corticosteroids - Block transcription factors AP-1 and | Treatment of choice
NF-kB
— Inhibits synthesis of many pro-
inflammatory cytokines
Thalidomide Multiple dose-related mechanisms are Treatment of choice
described
— Inhibits TNF
- Stimulates IL-2. I
— Inhibits IgM response
— Promotes apoptosis in neutrophils
Methotrexate - Anti-metabolite: inhibits lymphoid and Beneficial
myeloid proliferation
Cyclosporine - Inhibits IL-2 and other cytokines Good results, but not
used in field conditions
Azathioprine — Purine antagonist: inhibits lymphocyte Beneficial
proliferation: exact mechanism not
known
Pentoxifylline — Inhibits TNF and other cytokines Conflicting results
Mycophenolate - Blocks guanosine nucleotides. Inhibiting | Sparce data
mofetil proliferation of T and B cells

Recently, the role of biological drugs, TNF-a inhibitors have been shown to play
a role in the management of ENL. Etanercept 50 mg administered subcutaneously
per week for 6 weeks and then tapered and given for 2 years has shown good
response. Alternatively, Infliximab 5 mg/kg body weight can be used. Management
options for the systemic involvement in ENL is summarized in Box 5.

Box 5 Management of multi-system involvement

Organ Presentation Appropriate referral + basic management
Eyes Acute iridocyclitis Referral to ophthalmologist is a must
Subacute uveitis Rest to the eye with pad and bandage
Mydriatics + local ocular corticosteroids, antibiotics
Joints Arthralgia/arthritis Thalidomide/corticosteroids
Temporary immobilization
Symptomatic treatment with analgesic
Bone Periostitis: bone pain | Keeping the limb warm by pad and bandage/stockings
Analgesics, sedatives, calcium
Testis Orchitis Bed rest. NSAIDS and oral corticosteroids
Scrotal support using a wide triangular bandage
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4 Lucio Phenomenon

4.1 Definition

Lucio Phenomenon (LP) sometimes referred to as type 3 lepra reaction is an uncom-
mon reaction characterized by severe necrotizing cutaneous lesions that occurs in
patients with Lucio’s leprosy and lepromatous leprosy.

4.2 Epidemiology

Lucio phenomenon is one such rare reactional state seen peculiarly in the diffuse
form of lepromatous leprosy (Lucio’s leprosy) and less commonly in borderline
forms. This phenomenon was first described by Lucio and Alvarado in Mexico in
1852 and further elaborated by Latapi and Zamora in 1948 [44] after the identifica-
tion of histopathological changes involving multiple acute, necrotizing cutaneous
vasculitis. It was considered a globally restricted phenomenon endemic to Mexico
and Central America until sporadic cases were reported from non-endemic areas of
the world, including the United States, Spain, Cuba, and countries in Southeast
Asia, the Middle East, South America, and the South Pacific.

4.3 Etiopathogenesis

The most accepted hypothesis for the pathogenesis of LP is that bacterial liposac-
charides stimulate active macrophages to release IL-1 and TNF-o which act on
endothelial cells producing prostaglandins, IL-6 and coagulation factor-1II, thus
causing the formation of thrombi inside the vessels, promoting tissue necrosis, and
a severe congestive vascular reaction which is usually haemorrhagic.

4.4 Clinical Features

Lucio phenomenon usually begins as painful purpuric lesions that evolve into well-
defined, multi-angulated, jagged ulcerations with a geometric shape involving in the
order of frequency—the feet, legs, hands, forearms, thighs, arms, and rarely, the
trunk and face (Picture 9). Ulcers heal in about 2—-8 weeks, leaving curvilinear jag-
ged atrophic hypochromic scars with a surrounding halo of hyperpigmentation.
There is an absence of associated fever, constitutional symptoms, and systemic
involvement and neuritis.
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Picture 9 Lucio
phenomenon

4.5 Histopathology

Lucio’s phenomenon is characterized by a large number of AFB aggregates in the
vascular endothelium, areas of fibrinoid necrosis, leukocytoclastic vasculitis, and
ischemic epidermal necrosis. Lucio’s phenomenon presents less neutrophil infiltra-
tion compared to erythema nodosum leprosum and confirmed colonization of endo-
thelial cells by solid-staining AFB. Involvement of bone marrow and lymph nodes
has been rarely described.

4.6 Differential Diagnosis

Lucio phenomenon should be differentiated from necrotizing erythema nodosum
leprosum by following features; it occurs only in patients with non-nodular diffuse
form of leprosy as erythematous spots of 0.5—-1 cm in size, associated burning sen-
sation and without localized infiltration which evolves into small superficial
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triangular or angular ulceration, that heals by leaving atrophic and hypochromic
scars. It usually does not affect nerves, without any general symptoms or vis-
ceral damage.

4.7 Laboratory Diagnosis

Slit skin smear examination of Lucio phenomenon shows high positivity of bacte-
riological and morphological indices. Histopathology of the Lucio phenomenon is
distinctive to distinguish it from ENL.

4.8 Management

Treatment of the Lucio phenomenon includes multibacillary multidrug therapy for
leprosy, which includes rifampicin, dapsone, and clofazimine for 12 months. A
short course of high-dose corticosteroids (1 mg/kg/day) can be effective in control-
ling the immune reaction in the initial phase, especially in severe cases. Unlike in
classical ENL, thalidomide does not lead directly to clinical improvement in Lucio
phenomenon, [45] compared to the use of corticosteroids.
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Hansen’s Disease in Children

Jerome S. Leonard and Jessica K. Fairley

1 Introduction

Pediatric Hansen’s disease (HD-Leprosy), defined as cases that occur in individuals
less than 15 years of age, is an important consideration for clinicians working in or
with patients from endemic regions, as it represents active community transmission.
The WHO designates HD as a neglected tropical disease (NTD) and reported 15,000
new pediatric cases, representing 7.4% of the total cases in 2019 [1]. The majority
of pediatric cases are detected in India, Indonesia, and Brazil, with the remainder of
cases primarily throughout southeast Asia and Africa [2]. However, Micronesia,
Kiribati, the Comoros, and the Marshall Islands carry the highest per capita rate of
pediatric disease [2].

In addition, there were 370 children reported with grade 2 disability (G2D) annu-
ally, signifying delayed diagnosis [1, 3]. The nerve damage and deformity caused by
HD is irreversible and continues to carry significant social stigma, placing undue
burdens on families and significantly affecting children’s mental health and quality
of life. With a variety of presentations, a prolonged incubation period and poor
diagnostic measures, pediatric cases can be difficult to detect early and often require
active contact tracing and community surveillance.
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2 Epidemiology/Demographics

Children at the greatest risk of contracting Hansen’s disease are those with pro-
longed, direct contacts of known cases, including immediate family members and
those within living within the same household [4]. Some research has shown poten-
tial genetic susceptibility to HD [3] although the contribution of this genetic com-
ponent remains unclear. Regardless, it is important to screen for HD among family
and household contacts of detected cases and to have heightened clinical suspicion
in the event of a family history of Hansen’s disease.

Most studies demonstrate a slight prevalence of pediatric cases among males vs
females [4-6]. Age does not appear to influence susceptibility, infants and adoles-
cents are at the same risk of contracting HD. However, greater than 70% of pediatric
cases are detected in the 10—15-year-old age group [4], which is likely due to the
prolonged incubation period of the disease, and delay in seeking treatment until
more advanced symptoms have developed [2, 5, 6].

3 Diagnostic Considerations

Due to its wide variety of potential presentations and differential diagnoses, HD can
be misdiagnosed even at advanced stages. Children can present at any stage on the
Ridley-Jopling scale (tuberculoid, borderline tuberculoid, borderline, borderline
lepromatous, lepromatous), or the WHO scale, of paucibacillary (<5 lesions, no
neuronal involvement) or multibacillary (>5 lesions or neuronal involvement);
however, they are more likely than adults to have paucibacillary disease [5].

The most common presentation in children is hypopigmented hypoesthetic mac-
ules [3, 4, 6] (Fig. 1). While hypoesthesia is the pathognomonic symptom, the hypo-
esthesia may be incomplete or difficult to elicit in younger children, resulting in
lesions that are difficult to distinguish from other common rashes such as tinea,

Fig. 1 HD hypochromic lesions on the legs and arm. (a) Indeterminate HD. (b and ¢) Borderline
Tuberculoid HD
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pityriasis, or vitiligo. Lesions can also appear as raised erythematous patches with
or without central clearing, papules, or nodules but the hypoesthesia remains the
primary diagnostic criteria. TT leprosy can present with papules or tubercles that
may group in a few well-demarcated plaques or annular lesions and may or may not
be associated with erythema. It has been noted that nodular HD (also known as
infantile nodular leprosy), a subset of tuberculoid disease is a presentation almost
exclusively seen in children, and often consists of a single nodular lesion commonly
on the face [7].

Another common symptom useful to differentiate HD from other common rashes
is anhydrosis [4, 6] which can be helpful in establishing diagnosis especially when
hypoesthesia is difficult to elicit or absent. While lesions can appear anywhere
M. leprae has a predilection for peripheral nerves in cooler areas of the body, com-
monly upper and lower limbs and the face. Figure 1 shows some typical skin lesions
in children.

Laboratory diagnostics, such as slit-skin smears and biopsies, can be helpful but
have low sensitivity in children. Slit-skin smears are relatively easy to obtain but
lesions are rarely positive for bacilli in paucibacillary cases. While biopsies are
more sensitive, only about 50% of cases have histopathology consistent with diag-
nosis [5], and biopsies can be difficult to obtain in endemic areas.

It is important to keep in mind that families may not seek treatment until later
stages of disease when there is notable neuronal involvement, development of dis-
ability or during a Type 1 (lepra, or reversal reaction) or Type 2 (erythema nodosum
leprosum) reaction. Detecting grade 1 disability (G1D), (anesthesia without visible
deformity) and grade 2 disability (G2D) (physical impairments or deformity) are
key to preventing worsening pediatric morbidity. G2D commonly presents as hand,
foot, or ocular deformity. Hand disability includes “claw hand” due to ulnar nerve
involvement, contractures, or atrophy of thenar or hypothenar muscles. Foot involve-
ment typically presents as foot drop or ulceration on the soles of the feet. Ocular
involvement is rare but generally presents as lagophthalmos, and in advanced cases,
loss of vision [4, 8].

Type 1 reactions present additional complications for morbidity in that they can
initiate or rapidly exacerbate neurologic or physical disability and can present at any
time during illness or treatment. Type 1 reactions (T1R) and Type 2 erythema nodo-
sum leprosum reactions (T2R or ENL) appear to be slightly less common overall in
pediatric disease when compared with adults [9]; however, reactions may also be
more common in children with paucibacillary or single lesion disease when com-
pared to adults with similar disease burden [9].

Type 1 reactions are due to a robust cell-mediated response with acute neuritis,
swelling of cutaneous or neuronal lesions, or development of new lesions. Signs of
reaction are usually localized to the original lesions with fever and systemic involve-
ment uncommon [3]. While rare, children with lesions on the face are at increased
risk of developing lagophthalmos and ocular involvement in the event they develop
a type I reaction [10].

Erythema nodosum leprosum reactions are due to a systemic immune complex
deposition and presents similarly to erythema nodosum with the development of
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tender papules and nodules across the body, not limited to sites of lesions, fever and
systemic involvement are common including migrating polyarthralgia’s, lymphad-
enitis, bone pain, and in rare cases, nephritis [6, 10, 11].

Close follow-up and neurologic monitoring during treatment is important to
detect these reactions. Follow-up visits should always include full neurologic evalu-
ation and monitoring of muscle strength and light sensation with monofilaments to
detect any worsening of symptoms, in order to promptly initiate treatment.

4 Prevention

Prevention of HD is a difficult task but the Bacillus Calmette—Guérin (BCG) vac-
cine at birth and single dose rifampicin (SDR) therapy in exposed contacts have
shown some efficacy at prevention; however, while endorsed by the WHO, this has
not been adopted in many countries including Brazil and the USA. The BCG vac-
cine at birth has shown about 55% reduction in risk for contracting Hansen’s disease
[3] and is recommended at birth for all high-burden countries by the WHO.

For children >2 years exposed to Hansen’s disease, the WHO recommends using
a single dose of rifampicin (SDR) as chemoprophylaxis, which has shown a 57%
reduction in Hansen’s disease over 2 years and 30% reduction over 5 years [3].
When used in a patient who has also received the BCG vaccine, the risk reduction
improves to 80% over 2 years with single dose rifampicin. This intervention is rec-
ommended by the WHO only once TB and Hansen’s disease are excluded, and only
for programs that can both obtain the consent of the index case to disclose their
disease status and ensure adequate management of contacts.

5 Pediatric Treatment Considerations

The standard treatment regimen for Hansen’s disease of rifampin or rifampicin,
dapsone, and clofazimine are all recommended as first-line in pediatric patients.
Weight-based dosage is recommended instead of standard adult doses. The WHO
does provide pediatric dosed “blister packs” of rifampicin, dapsone, and clofazi-
mine for children 10-14 years old and >40 kg for both paucibacillary and multi-
bacillary treatment regimens.

For resistant strains requiring alternate treatment regimens, tetracyclines such as
minocycline are not recommended in children under 9 years of age due to the risk
of enamel hypoplasia and permanent tooth discoloration, and fluoroquinolones
(levofloxacin, moxifloxacin) are not recommended for use in pediatric patients due
to risk of tendon rupture and arthralgias.
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Neuropathophysiology in Morbus Hansen
or Hansen’s Disease: Mechanisms of Nerve
Injury

Check for
updates

Bernard Naafs and Marlous L. Grijsen

1 Nose and Skin

Morbus Hansen (MH) is caused by Mycobacterium (M). leprae and M. lepromato-
sis. The infection is believed to be acquired through the nasal mucosa and/or small
skin injuries. When the infection with live, dead, or fragmented bacilli has entered,
these bacilli come in blood and lymph where they are phagocytosed by macro-
phages. M. leprae bacilli can multiply in these macrophages and other phagocytic
cells (Schwann cells), at least in those individuals whose host cells can be turned on
to support M. leprae bacilli [1].

When the antigens circulate in blood and lymph, they are exposed to the immune
system. Together with the innate, both the humeral and the cellular adaptive immune
system will respond, whether the host will develop “MH” or not.
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2 The Nerve

M. leprae has a predilection for Schwann cells and macrophages in the skin and
peripheral nerves. The bacilli survive and multiply in places with a relatively low
temperature (32-35 °C). It is difficult for the bacilli to enter the nerve fibres because
there are no lymph vessels in the endoneurium. They must enter through the blood-
stream and pass the so-called blood—nerve barrier. Graham Weddell observed that
MH-related damage occurred at locations where there is movement, for example,
the wrist, elbow, knee, and ankle (personal communication). Nerves move there
against bone or tunnel wall, such movements cause friction and lead to micro-
traumata triggering an reparation response.

The endothelial cells of the blood vessels in the endoneurium then express adhe-
sion molecules [2]. Macrophages, some loaded with M. leprae antigens will adhere
to the endothelial cells and enter via diapedesis into the endoneurium, where they
encounter the Schwann cells (Fig. 1). M. leprae then invades the Schwann cells as
suggested by Anura Rambukkana, using PGL-1 and other surface molecules, lead-
ing to proliferation and/or demyelination [3].

3 Damage due to M. Leprae Antigens

It is shown that PGL-1 alone, expressed by macrophages, can cause demyelination
[4]. Nawal Bahia El Idrissi, et al. showed that another important M. leprae surface
antigen, lipoarabinomannan, can cause demyelination by complement activation
(membrane attack complex (MAC)) [5]. These findings suggest that the presence of
antigens alone, without live bacilli, might be a sufficient cause for segmental demy-
elination, which is the hallmark of MH.

It is important to note that PGL-1 is broken down relatively quickly, whereas
lipoarabinomannan may be present for years and may continue to cause damage [6].
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Similarly, Toll-like receptors on the Schwann cells such as TLR9, which binds to
circulating DNA, and TLR1, 2 and 4, which bind to mycobacterial antigens, maybe
a persistent cause of MH-related pathology [7]. This could explain why MH con-
tacts can develop damage without having MH as actual disease [8].

4 Nerve Damage due to Reactions

Most of the MH-related damage occurs during reactions, episodes of exacerbated
inflammation in the chronic phase of the infection when there is an increase in
immune reactivity. Cell-Mediated Immunity (CMI) at the tuberculoid pole (Thl
response) Type—1-MH Reaction (T-1-MHR) as opposed to the humeral (Th2
response) Type-2-MH Reaction (T-2-MHR) at the lepromatous pole [9, 10].

Nerve damage may occur at three levels:

1. at the skin where the nerve endings are affected
2. at the subcutaneous nerves
3. at the nerve trunks

4.1 Inthe Skin

The histopathology of reactional tuberculoid MH [11] shows granuloma formation
high in the dermis and dermal papillae. This infiltrate may erode the epidermis and
destroys the nerve endings in the papillae. It is not unlikely that the driving force
behind these damaging reactions is antigenic determinants in the epidermis and in
the nerve endings, which are identical to those of M. leprae (antigenic mimicry).
This reaction could be an autoimmune phenomenon (Fig. 2) [12].

In borderline MH, the nerves of the lower dermis and especially those located
around the adnexa are most often involved. Granuloma formation can be seen in and
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around these nerves together with a proliferation of Schwann cells in and around the
perineurium. Damage can be attributed to compression and destruction of the nerve
fibres by the epithelioid granuloma. During the reactional episode, there is an influx
of immunocompetent cells with oedema formation and expanding granuloma. This
contributes to further nerve damage, especially when extracellular oedema accumu-
lates inside the thickened neural sheaths, converting it into a rigid tube compromis-
ing the axons inside [13].

4.2 In Large Subcutaneous Nerves and Nerve Trunks

The mechanisms that occur here are more complicated. At the tuberculoid end of
the spectrum, these processes are like those in the skin, with massive granuloma
formation with occasional colliquation and abscess formation. Further into the bor-
derline range, these features are usually less distinct and often even absent.
Frequently only oedema is observed [13].

Damage to cutaneous and subcutaneous nerves causes loss of sensation in the
affected areas and loss of autonomic nerve function like sweating and regulation of
vascular tone. However, it is the damage to the peripheral nerve trunks which is the
major consequence of reactions. This damage is partly caused by the immune sys-
tem, but mechanical factors are also involved [13] (Fig. 3). During a T-1-MHR
(increased CMI), inflammation and consequently oedema occurs in the nerve. The
reaction leads to oedema located within the interstitial tissues of the epi-, peri-, and

Physical nerve damage
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Fig. 3 Immune damage leading to physical damage (Courtesy Ben Naafs)
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endoneurium. Unlike the skin, the nerve cannot expand much, limited by its sheaths.
The perineurium, which is largely impermeable to fluids, forms a rigid compressing
tube around the expanding endoneurium. This results in an increase in pressure
within the nerve. As a result, the axons in the endoneurium are compressed by the
increased pressure and stop conducting leading to loss of muscular strength, sensa-
tion, and autonomic functions (Fig. 3). The intra-axonal flow which brings nutrients
from the cell body to the peripheral nerve ending is interrupted, and sooner or later
the nerve fibre dies and is destroyed [14].

When the pressure on and the tension along the perineurium increase due to the
increase of the pressure in the endoneurium, there is an increase in the pressure on
the blood vessels, which transverse obliquely through the perineurium. These blood
vessels then become compressed, the venules with relatively low pressure more
than the arterioles with higher pressure. The compression of the venules will lead to
higher pressure in the capillaries of the endoneurium, which may start “leaking” and
thus increase the pressure in the endoneurium. This “venostatic oedema” can main-
tain itself even when the immunological events subside [14] (Figs. 3 and 4).

In T-2-MHR, the mechanisms leading to tissue destruction, i.e. activation of
granulocytes, contribute to damage of nerves fibres and endings. It also has been
shown that the cytokines involved are able to demyelinise the nerve fibres.
Demyelination seems to be the major nerve damage in multibacillary MH as shown
by nerve conduction studies. The damage in multibacillary leprosy may also be
caused by lipoarabinomannan that on its own can lead to demyelination by comple-
ment activation and MAC formation when in contact with the Schwann cells [5].
Moreover, in the large nerve trunks, the immunological processes may give rise to
venostatic oedema with compression of axons similar as described for T-1-MHR.

A recent report may support parts of the above-presented theories: “We observed
that viable and dead bacteria distinctly modulate Schwann cell genes, with empha-
sis to viable bacilli upregulating transcripts related to glial cell plasticity, dediffer-
entiation and anti-inflammatory profile, while dead bacteria affected genes involved

_ ; ““~#-= Increased
Perineurium S tension and
> sipressure

Endoneurium Z/\ﬁ Oedema : increased

par e lNBUREP ] ) SRR

Before reaction During reaction

Fig. 4 The pressure on the perineurium compresses the venules more than arterioles which both
pass obliquely through the perineurium because the pressure in the venules is lower (Courtesy
Ben Naafs)
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in neuropathy and pro-inflammatory response. In addition, dead bacteria also upreg-
ulated genes associated with nerve support, which expression profile was similar to
those obtained from leprosy nerve biopsies. These findings suggest that early expo-
sure to viable and dead bacteria may provoke Schwann cells to behave differen-
tially, with far-reaching implications for the ongoing neuropathy seen in leprosy
patients, where a mixture of active and non-active bacteria are found in the nerve
microenvironment” [15].

After all these occurrences, the nerve may end as a fibrotic string and the patient
is severely disabled. With the knowledge available this can be prevented, provided
there are clinicians to diagnose the disease and complications in time and provide
proper treatment.
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Neurological Alterations In Hansen’s
Disease

Francisco Almeida

1 Introduction

Once Mycobacterium leprae infection is established, there is lymphatic and hema-
togenous spread by the pathogen. Admittedly, there is an early affinity for parasit-
ism to the Schwann’s cell. Despite the emphasis on skin lesions caused by Hansen’s
disease, it is fundamentally important to emphasize that the disease is primarily a
neural pathology [1].

Thus, the extensive network of innervation that is distributed throughout the skin
promotes the occurrence of visible or merely autonomous skin changes. However,
peripheral nerve trunks are affected together with the skin or separately, for reasons
not yet satisfactorily elucidated, characterizing cases of primary neural Hansen’s
disease [2].

The inflammatory process resulting from infection in the peripheral nerves is
responsible for the various clinical manifestations of Hansen’s disease neuropathy,
which are worsened during reactional episodes [3].

All peripheral nerves in addition to target organs such as the eyeball and testicles
can be compromised by Hansen’s disease, but the affected extremities (hands and
feet) exhibit the severe neural compromise of Hansen’s disease that leads to perma-
nent and irreversible disabilities. The involvement of the extremities can be verified
with several patterns described, from multiple mononeuropathies or polyneuropa-
thies [4-6].

All clinical forms of the disease will present neural involvement. Although clas-
sically not described in indeterminate Hansen’s disease, there are articles that dem-
onstrate cases where clinically and histopathologically, skin lesions compatible
with the indeterminate clinical form showed significant involvement of peripheral
nerve trunks [7].
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Thus, considering leprosy as a systemic infection, it can be assumed that there is
no involvement of a single isolated nerve although there may be a greater or lesser
clinical expression in a particular nerve, without ruling out the involvement of
other nerves.

This chapter is dedicated to describing the clinical neurological alterations of
Hansen’s disease, which, when not evidenced in a timely manner, may represent a
lack of early diagnosis, resulting in an advanced disease involvement.

2 Upper Limb Innervation and Alterations Caused by
Hansen’s Disease

2.1 The Ulnar Nerve

The ventral branch of the C8 and T1 nerve roots join to form the inferior nerve trunk
of the brachial plexus. This lower nerve trunk, in turn, is divided into anterior and
posterior, giving rise to the ulnar nerve fibers from the anterior division. These fibers
run from the axillae to the medial aspect of the anterior compartment of the upper
arm. The ulnar nerve is a mixed nerve, which contains both motor and sensory
axons. It is fundamentally clinically important the recognition of the anatomical site
to access possible changes in relation to its consistency and/or diameter, as well as
the terminal areas that will in turn lead to the sensory-motor changes in Hansen’s
disease (Fig. 1a) [8, 9].

Initial sensory changes will lead to loss of sensitivity in the dermatome high-
lighted in Fig. lc, d, which can be measured using Siemens-Weinstein monofila-
ments, according to the World Health Organization disability (WHO) scale [10].

The ulnar nerve supplies all the muscles in the hypothenar region. When crossing
the deep part of the hand, it also supplies all the interosseous muscles and the third
and fourth lumbrical muscles. Finally, it also innervates the adductor pollicis and
the medial head of the flexor pollicis brevis. This musculature will suffer amyotro-
phy, which will induce the evident semiflexion of the fifth and fourth fingers as well
as a loss of strength in the regions responsible for its innervation, limiting and dis-
abling the execution of many movements (Fig. 1b). Pain is a striking symptom in
most patients who are going through episodes of acute or chronic neuritis [11, 12].
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Fig. 1 Ulnar nerve. (a) Semiotic technique of palpation of the ulnar nerve. Slightly above and
medially to the epitroclean gutter, search the ulnar nerve with gentle up and down movements,
gradually increasing the pressure until you feel the nerve under the distal phalanges of the second
and third fingers. (b) Motor innervation of the hand supplied by the ulnar nerve. Note the amiotro-
phies and involuntary flexion of the fingers. (¢) Sensory territory of the dorsum of the hand sup-
plied by the ulnar nerve. (d) The sensory territory of the palmar region supplied by the ulnar nerve
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2.2 The Median Nerve

The median nerve is also a sensory-motor nerve that is usually also affected by
Hansen’s disease. It is responsible for a large area of tenderness on the palm side of
the hand, from the central region of the wrist to the hypothenar region. On the dorsal
surface of the hand, the responsibility for the sensitivity of the distal phalanges of
the second and third fingers and medially 50% of the distal phalanx of the second
finger is verified [13].

It is responsible for pronation, flexion of the first three fingers and wrist, in addi-
tion to antepulsion and opposition of the pollux (Fig. 2b). From the beginning of its
course in the brachial plexus to its terminal branches, this nerve passes through
several anatomical regions where it can be compressed, mainly in the carpal tunnel
and in the pronator teres. Anatomical variations have been described, with the pos-
sibility of communication between the median nerve and the ulnar nerve [14].

Median nerve involvement in Hansen’s disease is usually confused with carpal
tunnel syndrome (CTS), even with the knowledge that most cases of CTS are related
to traumatic, vascular, or metabolic causes [15].

When affected by Hansen’s disease, median nerve involvement can be followed
by ulnar nerve involvement, even in subclinical conditions, often evidenced only
with well-conducted electrophysiological studies [16, 17].

Ultrasonography can be a good tool to help distinguish between CTS of other
etiologies and median nerve involvement by Hansen’s disease (Fig. 3a). Nagappa
et al. (2021) analyzed 26 patients with Hansen’s disease and CTS, finding an
increase in the cross-sectional area at all measurement points in patients with
Hansen’s disease, with a maximum increase of 2 cm proximal to the wrist crease
and gradual proximal reduction. In patients with CTS, this observed increase was
maximal in distal wrist crease. Neural decompression surgery can demonstrate
these observations [18].

Sensitive alterations resulting from median nerve involvement can also be seen
in the corresponding innervation dermatomes (Fig. 5). It is important to mention
that in Hansen’s disease, due to the precarpal involvement, the sensory loss is not
restricted to the areas of the distal extremities of the fingers, but also to the region of
the palms of the hands. This fact can contribute to the differential diagnosis between
the two conditions, especially with the use of Semmes-Weinstein monofilaments
(MFSW) (Fig. 2¢, d) [19].

Motor impairment in Hansen’s disease leads to functional loss, mainly affecting
pinch and grip functions. In severe cases, there is also retraction of the third finger,
almost always followed by involvement of the ulnar nerve, with retraction of the
fourth and fifth fingers accompanying the changes. Palmar amyotrophies will also
be present [20].

Therefore, within an epidemiological scenario where Hansen’s disease is pres-
ent, one of the main etiological suspicions of CTS when other possibilities are ruled
out, should be Hansen’s disease making the investigation of all peripheral innerva-
tion mandatory.
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Fig. 2 Median nerve. (a) Semiotic technique to check the median nerve. This nerve is hardly
palpated. Just below the scaphoid bone and between the tendons of the palmaris longus and the
flexor carpi radialis muscles, this nerve can be perceived. As a rule, percussion is used to check it.
When affected, Tinel’s sign may be verified. (b) Motor innervation of the hand supplied by the
median nerve. The same patient in Fig. 1 has ulnar and median nerve involvement. (c¢) Sensory
territory of the dorsum of the hand supplied by the median nerve. (d) The sensory territory of the
palmar region supplied by the median nerve



152 F. Almeida

Fig. 3 Ultrasonography and surgical approach to the median nerve. (a—¢) Median nerve thicken-
ing before the carpal tunnel, in the carpal tunnel, and after the carpal tunnel. (d) Median nerve
thickening found on ultrasonography during surgery for its decompression. (Images courtesy of
Dr. Sideval Pontes—Recife, PE—Brazil)

2.3 The Radial Nerve

The radial nerve has its origin from the posterior cord of the brachial plexus. After
crossing the axilla, it passes posterior to the humeral diaphysis in the spiral groove
and pierces the lateral intermuscular septum to enter the anterior compartment of
the arm. Close to the elbow, it is subdivided into the posterior interosseous nerve
and the sensory radial nerve [21].

Consensually, radial nerve involvement in Hansen’s disease is less frequent and
usually occurs after involvement of the ulnar and median nerves. The radial sensory
nerve is most often cited as affected by Hansen’s disease. Its impairment leads to
sensory changes in the corresponding dermatome (Fig. 7) while motor impairment
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Fig.4 Radial nerve. (a, b) Semiotic technique to check the radial nerve before its subdivision. You
must search the radial nerve halfway between the greater humeral tuberosity and the lateral epicon-
dyle, initially by exerting greater pressure with your fingers, between the long head and the lateral
head of the triceps muscle until you locate it. Later, this nerve can be perceived only with the sec-
ond examiner’s second finger

even later leads to a progressive weakness of the dorsiflexor capacity of the car-
pus [22].

Palpation of the radial nerve is not always easy to perform. Even before its sub-
division, it can closely be found thickened approximately halfway between the
greater humeral tuberosity and the lateral epicondyle. Individuals with robust mus-
cle mass or obese individuals with a large adipose tissue make it difficult to palpate
(Fig. 4) [23, 24].

Distally close to the wrist, palpation of the radial nerve can be performed, com-
monly between the radial styloid process and the dorsal tubercle of the radius,
except for individual anatomical variations. When thickened, this nerve can be vis-
ible even by mere inspection [25].

In the clinical experience of this author in the field, when correctly approached
before its subdivision, the involvement of the radial nerve may be more frequent
than what is described in the literature, and may even contribute to the early diagno-
sis of Hansen’s disease.
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3 The Innervation of the Lower Limbs and the Alterations
Caused by Hansen’s Disease

3.1 The Common Peroneal Nerve and its Ramifications:
Superficial Peroneal Nerve and Sural Nerve

The common peroneal nerve represents the terminal lateral branch of the sciatic
nerve, which runs lateral to the lateral head of the gastrocnemius muscle. It surfaces
posteriorly near the head of the fibula, where it is easily accessible to palpation,
except in individuals with robust adipose tissue (Fig. 5) [26, 27].

Just below the fibular head, this nerve subdivides into two branches which are the
deep peroneal nerve and the superficial peroneal nerve. The deep peroneal nerve is
responsible for innervating the muscles of the anterior and lateral compartments of
the leg: the tibialis anterior muscle, the extensor hallucis longus muscle and the long
finger extensor muscle [28].

This nerve is frequently compromised in Hansen’s disease and leads to relevant
motor alterations, although it also responds together with the superficial common
peroneal nerve, through the cutaneous innervation of the leg. The progressive
impairment caused by Hansen’s disease initially leads to sensory losses in the leg,
in the aforementioned territories, and later the motor impairment will lead to the
inability to perform foot dorsiflexion, leading to “foot drop” [29].

These changes, in turn, lead to gait disturbances, with hip abduction occurring in
a compensatory manner to allow greater distance between the foot and the ground.
Another no less important motor alteration is the loss of ankle eversion capacity. In
cases of significant thickening, due to vascular compression, a decrease in distal
arterial pulses can still be perceived [30].

Just above and slightly anterior to the lateral malleolus, the superficial deep pero-
neal nerve arises. This nerve bifurcates into its two terminal branches, represented
by the medial dorsal cutaneous nerve and the intermediate dorsal cutaneous nerve.
The latter, as a rule, is considered to be only the superficial fibular nerve properly
known and is easily verified by simple semiotic techniques [31].

The superficial peroneal nerve is responsible for skin sensitivity in an extensive
range along the lower limb, extending over the entire dorsum of the foot, with the
exception of a small area between the hallux and the second toe, which is the respon-
sibility of the deep fibular nerve. This nerve location may represent a good region to
measure the initial involvement of this nerve, considering that the sensory fibers
intermingle with the superficial fibular nerve in the lateral region of the leg
(Fig. 6a) [32].

These changes, in turn, lead to gait disturbances, with hip abduction occurring in
a compensatory manner to allow greater distance between the foot and the ground.
Another no less important motor alteration is the loss of ankle eversion capacity. In
cases of significant thickening, due to vascular compression, a decrease in distal
arterial pulses can still be perceived and may represent a good region to measure the
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Fig. 5 The common
peroneal nerve. Semiotic
technique to check the
common peroneal nerve
before its subdivision. This
nerve is easily located just
behind the head of the
peroneum. Using the distal
phalanx of the second
finger, the examiner wraps
the head of the fibula until
it meets the common
peroneal nerve, performing
up and down movements,
with the leg’s patient
positioned at right angles
to the thigh

initial involvement of this nerve, considering that the sensory fibers intermingle
with the superficial fibular nerve in the lateral region of the leg [33].

This nerve also has a motor component. The motor component is responsible for
the innervation of the peroneus longus and peroneus brevis muscles, which in turn
perform light plantar flexion and foot eversion, helping to maintain the physiologi-
cal plantar arch [34].

The semiotic examination can be performed through inspection and palpation.
Upon inspection, the patient should preferably be seated with the leg at a 90° angle
to the thigh and with the feet flat on the floor. When frankly thickened, its visualiza-
tion will be possible (Fig. 8). If the thickening is not evident in this way, inspection
and subsequent palpation can be obtained by performing maximum plantar flexion
and eversion with the individual sitting on the stretcher with the feet suspended or
supported on the examiner’s lap without the plantar region touching any surface of
the foot support (Fig. 6b, c) [35].

Examination of the superficial peroneal nerve is very useful and may represent
the possibility of early diagnosis of Hansen’s disease [36].

The distal sural nerve arises most frequently from the union of the medial sural
cutaneous nerve and the peroneal communicating nerve although there are
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Fig. 6 The superficial peroneal nerve and the sural nerve. (a) Cutaneous dermatome correspond-
ing to the compromised superficial peroneal nerve. Note the exuberant cutaneous xerosis. (b)
Slightly above and anterior to the medial malleolus, the nerve can be visualized on mere inspec-
tion. (¢) Maximum eversion of the foot makes the nerve even more evident along the dorsum of the
foot. (d) Between the lateral malleolus and the Achilles tendon, the sural nerve can be seen by
inspection and palpation. (e) Cutaneous ulceration due to loss of sensation in the sural nerve
territory
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Fig.7 The posterior tibial nerve. (a) Semiotic technique of palpation of the posterior tibial nerve.
This nerve is easily found between the medial malleolus and the Achilles tendon. (b) Large and
profound plantar ulceration present on the right foot of the same patient of images C and D. (¢, d)
Dorsal view of patient’s both feet, exhibiting osteolysis, bone resorption, and deformity due to loss
of sensation. In this severe case, Hansen’s disease compromises all feet’s nerves
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Fig. 8 Other nerves affected by Hansen’s disease. (a) Magnus auricular nerve, perceived on
inspection, lateralizing the patient’s head, parallel to the external jugular vein. (b, ¢) Exuberant
supraorbital nerves infiltration. (d) Thickened cutaneous femoral nerve visible on inspection in the
middle of the left thigh, highlighted in the yellow circle

anatomical variations well described in the literature. It is essentially a sensory
nerve that branches to supply the skin in the third posterolateral distal of the lower
limb, and instep [37].

The sural nerve is easily found laterally and slightly above the lateral malleolus
between the Achilles tendon and the fibula (Fig. 6d). When affected by Hansen’s
disease and thickened, it can be seen by mere inspection or, like other nerves, by
palpation in this anatomical region. Compromise of the sural nerve can lead to the
appearance of skin ulcerations, commonly due to pressure exerted by shoes in its
dermatomeric territory (Fig. 6e) [38].

Involvement of the distal sural nerve by Hansen’s disease can lead to sensory loss
on the lateral surface of the foot. Because it is an easily accessible nerve, its electro-
neuromyography, ultrasound and its biopsy can be very useful, as well as the super-
ficial fibular nerve, in the early diagnosis of Hansen’s disease as well as in those
cases of primary neural Hansen’s disease [39, 40].

3.2 The Posterior Tibial Nerve

Recently, it was found that the most appropriate terminology of the posterior tibial
nerve is just “tibial nerve.” However, both propositions can be used and to avoid
confusion, this chapter will use the most common terminology in Hansen’s dis-
ease [41].
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The posterior tibial nerve arises from the sciatic nerve and is its largest terminal
branch. Classically, when mentioning the posterior tibial nerve in Hansen’s disease,
one remembers the entrance of the tarsal tunnel behind the medial malleolus [42].

The preference of Mycobacterium leprae for the coldest areas of the body justi-
fies that, in fact, this anatomical region of the tibial nerve is the most affected by
Hansen’s disease, with the deleterious thickenings and subsequent impairment of
plantar sensitivity. However, it is already known that the proximal parts of the nerve,
from its bifurcation in the popliteal fossa, may also be affected in a spurt, although
clinically difficult to detect [43].

Access to this nerve in the tarsal tunnel is performed between the medial malleo-
lus and the Achilles tendon (Fig. 7a) and the main way to verify its involvement, if
no morphological changes are detected, is through the measurement of plantar sen-
sitivity. For this purpose, routinely the MFSW assess the tactile sensitivity and may
contribute to the early diagnosis of Hansen’s disease [44].

The impairment of plantar sensitivity is dramatic for patients affected by
Hansen’s disease, leading to deep chronic plantar ulcerations that are difficult to
heal, in addition to repeated trauma and its consequences, requiring the use of
adapted shoes or surgeries for neural decompression and symptom improvement
(Fig. 7b—d) [45].

4 Other Nerves Affected by Hansen’s Disease

As mentioned, all peripheral innervation may be compromised. Therefore, changes
in other nerves can still be perceived. Worth mentioning:

e The supraorbital nerves: Supraorbital nerves Neurological alterations, in
Hansen’s diseases upraorbital nerves can be clearly seen thickened upon mere
inspection. When frankly compromised, they can lead to external supraciliary
madarosis (Fig. 8a, b) [46];

e The great auricular nerve, Great auricular nerve Neurological alterations, in
Hansen’s disease great auricular nerve whose thickening can be verified by plac-
ing the head laterally parallel to the external jugular vein (Fig. 8c) [47];

e The anterior cutaneous femoral nerve Anterior cutaneous femoral nerve
Neurological alterations, in Hansen’s disease anterior cutaneous femoral nerve
visualized and/or palpated along the antero-distal aspect of the thigh (Fig. 8d) [48].

* And trigeminal and facial nerves, whose impairment is classically identified by
checking the corneopalpebral reflex, as part of eyeball changes in Hansen’s dis-
ease. The affected trigeminal nerve leads to corneal anesthesia and the affected
facial nerve, due to the impairment of the orbicularis oculi muscles, leads in turn
to lagophthalmos [49].
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S Complementary Tests in Hansen’s Disease Neuropathies

Despite Hansen’s disease being an essentially neural pathology, early cases of
Hansen’s disease with subtle manifestations and/or cases of neural involvement
without thickening may go unnoticed when using the described semiotic techniques.
In this way, complementary exams can become a good ally to aid in the diagnosis,
even collaborating with the possible differential diagnoses.

Electroneuromyography is a recognized technique in the diagnosis of Hansen’s
disease. It has proven to be a tool for early diagnosis of Hansen’s disease, including
among asymptomatic household contacts [50].

Ultrasonography, especially high resolution, can help in the diagnosis of neural
impairment in Hansen’s disease, showing morphometric alterations of the nerves
even in the impossibility of detection on palpation, with neural elastography being
able to collaborate to increase the sensitivity of the technique. Confirmation of
asymmetry between right and left (bilateral) peripheral nerve (CSA), in addition to
the parameters of the absolute values of the CSA measurements, other authors [51,
52] suggest the asymmetry index [A CSA = (> CSA right or left) - (< CSA right or
left)] in the evaluation of Hansen’s disease neuropathy. The asymmetry index
between the right and left peripheral nerves has high sensitivity and specificity in
the differentiation between nerves of healthy individuals and nerves of patients with
leprosy [51-53].

Neural biopsy is consecrated for the diagnosis of Hansen’s disease, even in the
absence of apparent clinical manifestations, whether dermatological and/or neuro-
logical. However, it requires specialized training and sophisticated techniques that
are not widely available in the field. The same comment is appropriate for diagnos-
tic techniques involving molecular biology and anti-PGL-I serology, which together
can contribute to the early diagnosis of the neurological manifestations of Hansen’s
disease, not only in patients diagnosed with the disease, but also in apparently
healthy household contacts [54, 55].

6 Final Considerations

Within the spectrum of neurological manifestations of Hansen’s disease, in addition
to the peripheral nervous system, it is noteworthy that there are reports of central
nervous system (CNS) involvement by the disease (Table 1), and this possibility
cannot be disregarded, and may be more frequent than is believed to date.
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Table 1 CNS involvement by Hansen’s disease

Authors Year | Main findings

Aung T, 2007 | In 67 post-mortem lepromatous cases, 44 (67%) had vacuolar changes

Kitajima S, of motor neurons either in medulla oblongata (nucleus ambiguous or

Nomoto M, hypoglossal nucleus) or spinal cord. PGL-I was positive in vacuolated

et al. areas. PCR revealed Mycobacterium leprae-specific genomic DNA in
18 of 19 cases (95%) with vacuolated changes and 5 of 8 (63%)
without vacuolated changes [56]

Lee KH, Moon | 2014 | A cystic lesion was removed from the right patient’s frontal lobe and

KS, Yun SJ, the material reveals fragmented-acid-fast bacilli with Mycobacterium

et al. leprae-specific genomic DNA [57]

Sharma D, 2017 | Involvement of cranial nerve nuclei along with seventh cranial nerve in

Gupta A, the case of facial paralysis in a patient diagnosed with borderline-

Chhabra SS, tuberculoid leprosy [58]

Jain S. A

Baveja, Sukriti;
Sandhu,
Sunmeet;
Vashisht,
Deepak

2019

A lesion identified by MRI on the dorsal aspect of left pontomedullary
junction, with no postcontrast enhancement, suggestive of vacuolar
degeneration of leprosy [59]

Polavarapu K,
Preethish-
Kumar V,

Vengalil S, et al.

2019

MRI showed eight patients with Hansen’s disease with involvement of
the facial nucleus, nucleus ambiguous, and spinal cords [60]

Bhoi SK, Naik
S, Purkait S

2021

Pure neuritic Hansen’s disease in the CNS in three patients with
bilateral foot drop with the involvement of posterior column and
cranial nerves. MRI T2W sequence of cervico-dorsal cord showed
dorsal column hyperintensity in two patients. Diffusion-weighted MR
revealed decrease fractional anisotropy and an increase in the apparent
diffusion coefficient. Similar findings were also noted in the optic
nerves [38]

7 Conclusion

Knowledge of peripheral cutaneous innervation about semiotic techniques for ade-
quate physical examination and its alterations are essential for physicians to cor-
rectly perform the neurological examination of Hansen’s disease. The finding of a
single compromised nerve, according to the WHO, modifies the operational classi-
fication of the patient who must be treated for at least 12 months with multidrug
theraphy, regardless of the number or presence of skin lesions and the acid-fast
bacilli in slit skin smear [61].
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Evaluation, Monitoring and Prevention
of Disabilities in Hansen’s Disease

Marcos Tulio Raposo and Susilene Maria Tonelli Nardi

1 Who Disability Grade and Eye-Hand-Foot Score

It is estimated that between 3 and 4 million people worldwide live with visible
deformities caused by Hansen’s disease (HD) [1]. Nerve damage resulting from the
direct action of Mycobacterium leprae, inflammatory and immune-mediated
responses, traumatic mechanical factors, and edema [2] can lead to permanent dis-
abilities, and severe social consequences [1].

The assessment of nerve function in HD is focused on the “eyes, hands and feet”
examination. From this, the “World Health Organization Disability Grade” (DG) is
defined and the disabilities are graded on an increasing scale: Grade 0 (GOD), Grade
1(G1D), and Grade 2(G2D). The DG assigned to the person is defined as the maxi-
mum value given to any of the sites assessed [3, 4]. The sum of the grades assigned
to each of the six structures evaluated is equivalent to the eye-hand-foot score (EHF
score), which details the disabilities at the individual level, and can range from O (no
disability) to 12 points (maximum severity) [5—7]. Figure 1 shows the DG classifi-
cation according to the structures, the description of the signs and/or symptoms and
expresses the EHF score.
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CAPTION - DISABILITY GRADE
Disability Grade Eyas Hands Faet
Signs and symptoms Signs and symptoms Signs and sy
MNormal muscle strength MNormal muscle strength Normal muscle strength (foot)
(eyelid) (hand) AND
+ Can close eyes tightly; AND Sensitivity preserved: touch is felt on
symmetrical eyelid folds; Sensitivity preserved: the sole of foot (2g monofilament -
resists eyelid opening forced | touch is felt on the palm purple).
by the examiner. of the hand (2g
] AND monofilament - purple).
Preserved corneal sensation.
AND
Visual acuity =2 0,1
(Logarithmic table) at 3 meters
or Can count fingers at 6
meters.
Muscle weakness (eyelids) is Muscle weakness is Muscle weakness is present (on
present on testing but there is | present (on testing) but testing) but there is no visible
no visible impairment there is no visible impairment.
= Inability to hold the eyelids | impairment. AND/OR
closed against moderate AND/OR Altered sensitivity: inability to feel the
force to open them. Altered sensitivity: 4g monofilament (dark red).
1 AND/OR inability to feel the 2g
Decreased or loss of blink monofilament {purple).
reflex:
+ Delayed or absent
response to corneal
stimulation or
decreased/loss of blink
reflex
Visible impairment due to Visible impairment due to | Visible impairment due to Hansen's
Hansen's disease, for Hansen's di: for di for I
exemple: exemple: * Claw toe(s)
+ Lagophthalmos + Claw finger(s) « Bone resorption
+ Ectropion * Bone resorption * Muscle wastage
2 + Trichiasis + Muscle wastage + Foot drop
+ Corneal opacity = Wrist drop * Wound(s)/Ulcer(s)
AND/OR = Wound(s)/Ulcer(s) = Deep cracks
Severe visual impairment = Deep cracks
(cannot count fingers at 6
meters, visual acuity less than
6:60 regardiess of cause.)
RESULTS OF THE DISABILITY GRADE AND EHF SCORE
Eyes Hands Feet
Date 4 Disability Grade Ey?-ﬁaﬁg?;‘oot
R L R L R L (Maximum Grade) (atbictd+e+)
@ | (b | (€ | (d | (e) | (D
GoD[ )
GiD[ )
L G20[ ]

Fig 1 Disability Grade and Eye-Hand-Foot Score Source: Adapted from the Brazilian Ministry of
Health [6] and American Leprosy Missions [7]

2 Nerve Function Assessment Form

The “Global Leprosy (Hansen’s disease) Strategy 2021-2030” has set the goal of
achieving “zero leprosy” or “zero Hansen’s disease” by 2030: zero infection and
disease, zero disability and zero stigma, and discrimination [1]. Recent WHO guide-
lines have mandated that health programmes and services should incorporate regu-
lar nerve function assessment and monitoring in all patients into their routine. Use
of the Nerve Function Assessment Form (NFA) helps to: identify physical impair-
ments; correctly classify DG; detect acute nerve inflammation; monitor nerve func-
tion; support the diagnosis of HD, guide treatment of neuritis and leprosy reactions
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(LR); record clinical findings and case progression; analyse the results of interven-
tions and indicate therapies [4].

Nerve damage compromises the function of the nose, eyes, upper and lower
limbs. As a result, these problems can lead to severe disabilities and permanent
deformities [2, 7]. Accordingly, this chapter presents an NFA form, adapted from
models adopted by the Brazilian Ministry of Health [6] and WHO [4]. For the
NFA, see appendices 1, 2, and 3. It includes personal data and examination of the
nose, eyes, upper and lower limbs. In sequence, the most frequent impairments are
presented, as well as the suggested disability prevention and rehabilitation
measures.

Ideally, the NFA should be performed at diagnosis; every 3 months during mul-
tidrug therapy (MDT); when there are complaints such as neuropathic pain,
decreased sensitivity and or muscle strength, ocular or nasal discomfort; every
15 days, minimally, in cases on corticoid use, in reaction states and neuritis; in post-
operative follow-up of neural decompression, at 15, 45, 90, and 180 days; at the
conclusion of MDT [4]; and after completion of MDT [4, 8].

2.1 Facial Assessment, Treatment, and Care
2.1.1 Nose

Complaints: Nasal dryness, hypersecretion, obstruction, presence of crusts, and
deformity are frequently reported.

Inspection: Examine external nasal and internal structures of each nostril.

Management of Disability: Self-inspection and daily self-care measures are
essential.

Nasal mucosa dryness and crusting: Nasal washing with saline solution 2-3
times daily and application of 1-2 drops of glycerin/mineral oil in each nostril pro-
mote hydration and lubrication of the nasal mucosa [5, 9].

2.1.2 Eyes

Complaints: The most frequent are lagophthalmos, corneal hypoesthesia/anesthe-
sia, ectropion, trichiasis, impaired visual acuity, itching, burning, constant tearing,
irritation, photophobia, presence of foreign bodies, dry eye sensation.

Inspection: Investigate for conjunctival hyperemia, madarosis, blepharochalasis,
corneal opacity, ectropion, entropion, trichiasis and presence of foreign bodies, lep-
roma, secretion [9].

Visual acuity: Measure with the Snellen table and consider as valid the last line
in which the person can correctly read 2/3 of the optotypes. If the subject cannot
read the largest symbol, “finger counting”, “hand movement” and “light percep-
tion” can be used [5].
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Management of Disability: Visual function demands assessment and monitoring.
Measures such as self-inspection and daily self-care should be part of every patients’
routine.

Corneal insensitivity: Conscious blinking promotes natural ocular lubrication.
Artificial lubrication (eye drops), if necessary. Daytime sunglasses protect the eye.
In cases of decreased corneal sensitivity associated with lagophthalmos, indicate
use of night-time eye protection [5, 9].

Muscle strength reduction /lagophthalmos: Paresis of the eye orbicularis requires
strengthening exercises by closing the eyes gently and then with maximum strength,
holding for 5 s and relaxing. Repeat 20 exercises, three times a day. Inability to
blink requires use of eye protection and evaluation by ophthalmology as to whether
surgery is indicated [5, 7, 9].

Trichiasis: Using tweezers, health care professional should remove
inverted lashes.

Ectropion: Use of lubricating eye drops three times a day, sunglasses during the
day and night eye protection.

Central corneal opacity: Use of lubricating eye drops three times daily [5, 9].

2.1.3 Upper and Lower Limbs Assessment, Treatment and Care

Complaints: Frequent complaints are alterations in sensory functions (light touch,
pressure, heat and cold, pain, etc.), motor (decreased strength, paralysis, deformi-
ties) and autonomic (dry skin, wounds, ulcers, among others).

Inspection: Analyse the conditions of the skin and annexes (pigmentation, hydra-
tion, calluses, trophic and/or traumatic lesions, plantar ulceration, scars, among oth-
ers), muscles (trophism), joints (mobility, deformities), gait abnormalities (foot
drop) and other alterations such as absorptions, amputations, and signs of infection.
Palpation complements the examination. A “mobile claw” is when the flexion of the
fingers has a range of movement (ROM) above 25% and a “rigid claw”, when it is
equal to or less than 25%.

Nerve palpation: Evaluate and compare symmetrically the thickness, shape,
adherences to deeper planes, nodules and occurrence of pain or shock (to the touch)
[4, 10, 11].

Ulnar Nerve: Support and position the patient’s elbow at 120° extension. Palpate
the nerve in the epitrochlear groove and slide the fingers following its path (approxi-
mately 6 cm) in search of alterations.

Median Nerve: With the patient’s wrist turned upwards and in flexion of 10-20°,
percutate the anterior surface of the wrist between the flexor tendons of the fingers
and evaluate the occurrence of pain or “shock” (positive Tinel).

Radial Nerve: With the patient’s elbow (in 90° flexion) supported on the exam-
iner’s limb, palpate the posteroinferior region, approximately two fingers behind the
deltoid muscle insertion region [9, 11].
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Common Fibular Nerve: Patient seated, knee flexed (90°). Palpate the posterior
surface of the fibula, at the junction between the head and body of the fibula. Move
the fingers along the nerve pathway in search for alterations.

Posterior Tibial Nerve: Sitting patient, with the leg hanging down or in knee
extension, palpate behind and just below the medial malleolus, on an imaginary line
between it and the calcaneus tendon [4, 11].

Voluntary muscle testing: Measure according to the modified Medical Research
Council—MRC scale (5-0) [12]. Alternatively, the simplified scale (“S—strong”,
“D—decreased” and ‘“P—paralysed”) may be used. The movements assessed are:
wrist extension (radial nerve); fifth finger abduction (ulnar nerve); thumb abduction
(median nerve) [4]. For operational reasons, in lower limbs, only hallux extension
movements and dorsiflexion (peroneal nerve) [4, 6].

Sensory testing: The use of Semmes-Weinstein monofilaments (0.07 g, 0.2 g,
2 g,4 g, 10 gand 300 g) is recommended [4]. The test requires a calm environment,
without distractions, previous demonstration in an area of healthy skin and that the
examined person should not see the area being tested. Apply the stimuli to the skin
areas innervated by the radial, ulnar, median, common peroneal and posterior tibial
nerves (6).

Technique:

— Apply the monofilament perpendicular to the skin (1-1.5 s) until it bends (with-
out touching another point on the skin).

— Apply the 0.07 g and 0.2 g monofilaments up to 3 times per point, the others,
only once each.

— Start the test with the lightest monofilament (0.07 g) at each examined point. If
there is no response, apply the stimulus with the next heavier filament (in the
sequence of 0.07 g,0.2 2,2 g,4 g, 10 g up to 300 g).

— For each point tested, record the lightest monofilament that is felt, according to
the standardization (Fig. 2) [4, 11, 13]. The use of monofilaments is more sensi-
tive; however, if health services do not have them, the stimulus may alternatively
be applied with the tip of a ballpoint pen [4].

Management of Disability: All patients should receive guidance on hygiene, skin
care and daily hand/foot inspection [1, 4]. Worsening of chronic damage or acute
events, such as LR, may accentuate the impairment of nerve function and require
multi-professional interventions. For this reason, it is essential to provide periodic
assessments and monitoring of nerve function, increase health education actions
and stimulate self-care group activities.

Xerosis and hyperkeratosis: Indicate hydration. After washing hands, leave them
immersed in clean water, at room temperature or up to 36 °C, for 10-15 min. After
rinsing, massage the skin with moisturizing lotion/cream or emollient solution. For
calluses, after hydratation, gently sand the callus and apply moisturizer.

Sensory loss: Provide guidance on daily hand and foot self-examination, self-
care. Consider prescribing self-help devices if required, hand protection, inspection
of footwear before use, appropriate footwear or simple insole [5, 9].
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Aesthesiometer Light Touch with
(Semmes-Weinstein Monofilament)* :;I!polnt pen (2
Lightest filament
whose touch can be Interpretagdo Caption* Caption**
felt:
Green: Sensation within normal limits for the hand and glrlezn . Feels v
0,07g foot. e touch
circle
. Diminished light touch sensation in the hand with Blue -
Dhue: difficulty in fine tactile ied @ [25
8 discrimination. Within normal limits for the foot. circle w
Diminished protective sensation in the hand but Purple
Purple: sufficient to prevent injury. ﬁ"r::j . Loss of X
2g Gross tactile discrimination, shape and temperature - sensation
P circle
discrimination are difficult.
Loss of protective sensation for the hand; in some Red
Dark Red: cases, for the foot. filled . Loss of X
4g Hands particularly vulnerable to injuries. Usually, circle sensation
loss of temperature discrimination.
Definite loss of protective sensation for the foot. .
Orange: h . . Red Loss of
10g :‘;r:?surc and pain may still be felt in hands and cross ® sensation X
Light red/Pink . . Red Loss of
300 ¢ Still able to feel deep pressure and pain. circle o sensation X
Loss of deep pressure sensation. Black
Mo response Usually does not feel pain. filled . E:::azin X
Proprioceptive function may persist. circle

Fig.2 Sensory testing with monofilaments and ballpoint pen (Source: Adapted from the Brazilian
Ministry of Health [6] and SORRI [13])

Clawed fingers /clawed toes: After moisturising the skin, perform stretching
exercises when there are mobile claws. Avoid if there are wounds, cracks, signs of
infection and mycoses [5, 7, 9]. Devices that help an individual accomplish a task
must be indicated and manufactured according to functional demands (musculo-
skeletal conditions and sensory impairments) [7].

Muscle weakness: Recommend active exercises (resisted, active-free and active-
assisted). For paralysis, indicate passive mobilization and stretching.

Deformity: Referral to physiotherapy, occupational therapy and rehabilitation
services. Prescribe exercises; dynamic or static orthoses to correct deformities or
maintain the joint in the ideal position; gait-assistive devices; appropriate footwear;
AT and devices adapted for daily living, work and leisure activities [5, 7, 9].

Abnormal gait: Gait re-education therapy.

Ulcer, wound: Indicate rest; refer to medical, physiotherapy and nursing services
to assess specific therapies [5, 14].



Evaluation, Monitoring and Prevention of Disabilities in Hansen’s Disease 173
3 Assistive Technology

Assistive Technology (AT) devices contribute to increase functional abilities of
people with some kind of disability and to provide assistance or rehabilitation [7,
15], providing autonomy, independence in performing activities of daily living
(ADV) as well as of work, in leisure-related activities and favoring social inclusion
[15]. Figures 3 and 4 show some examples of AT devices indicated for Hansen’s
disease disabilities.

a f . b .
2o . e @ e
— — .

Copton st (v Blpempart Op T ¥ X

Fig. 3 (a) Sensory testing (Hands), i.e.; (b) Claw, dry skin, wound, callus and hypothenar region
muscle atrophy (L hand); (¢) Insensitive palm of the hand, burn lesions; (d) Dry skin, claw (ulnar
nerve), wound scar; (e) Wounds, hand sequelae with leprosy reaction (R, L), atrophy interosseous
muscles of hands, especially R, R hand fifth finger amputee; (f) Claws (L), atrophy interosseous
muscles of hands, especially L; (g) Using gloves for hot domestic utensils; (h) Using gloves for hot
domestic utensils and long wooden spoon; (i) Orthosis for metacarpal positioning; (j) Thumb
abductor and orthosis for metacarpal positioning (positioning of metacarpals and thumb); (k)
Universal adapter and object thickener; (1) Universal adapter and object thickener; (m) Multipurpose
silicone sponge; (n) Double strap fixer; (0) Object fixer in strips; (p) Multipurpose thickener
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Fig. 4 (a) Sensory testing (Feet) i.e.; (b) Drop foot; (¢) The shape of the shoe must fit the shape
of the foot; (d) Person with sensory loss to the sole of the foot; (e) Molded insole (Ethylene Vinyl
Acetate—EVA) for specific footwear; (f) Protective footwear custom-made with elastic band adap-
tation for ankle dorsiflexion; (g) Custom-made insole inserted into the patient’s shoe; (h)
Baropodometry (Measurement of pressure walking); (i) Foot scanning 3D; (j) Foot scanning; (k)
Custom-made footwear and insoles (3 D technology); (I) Right foot deformity, custom-made pro-
tective footwear (3D technology); (m) Person wearing custom-made shoes (3D technology); (n)
Suropodalic orthosis

4 Community-Based Rehabilitation

Community-Based Rehabilitation (CBR) was developed by WHO as a strategy that
prioritizes the collective needs of people with disabilities. It consists of five compo-
nents: health, education, livelihood, empowerment and social [16]. For CBR to be
comprehensive, it is necessary to strengthen its principles: empowerment, equity,
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awareness, self-advocacy, facilitation, attention to gender issues and special needs,
partnerships and sustainability [16, 17].

The needs of people with disabilities are individual and can be understood
through the application of validated instruments (e.g. Screening of Activity Limit
and Safety Awareness ‘SALSA’; Participation Scale ‘P-scale’; WHO Disability
Assessment Schedule “WHODAS’; 5-Question Stigma Indicator-community
stigma ‘5-QSI-CS’, and other tools [3, 18]. The use of several resources such as ATs
and multisectoral interventions [15], based on a multi-professional approach incor-
porating physical rehabilitation, health education and self-care groups enables peo-
ple to play their roles in civil, political, social and economic structures.

In the interventions proposed by professionals who promote CBR, it is essential
that the active involvement of the person with disability, the development of self-
confidence and motivation, in addition to the support and participation of the com-
munity for the inclusion to be effective and lasting [16, 17].

In this context, considering that “Global Leprosy (Hansen’s disease) Strategy
2021-2030%includes Assistive Technology, inclusive approach in CBR and reduc-
tion of stigma in the set of research priorities [1], the focus of CBR actions and
interventions aims to overcome activity limitations, promote social participation
and improve quality of life [17].

5 Complications Requiring Immediate Intervention and/or
Medical Referral

Acute decrease in visual acuity, iridocyclitis, glaucoma, lagophthalmos associated
with corneal lesion [9] LR, acute neuritis [4, 19, 20], infectious wounds and/or
ulcerations [3, 20], joint involvement and compressive syndromes require referral to
reference services [1].

6 Conclusions

Given the relevance of nerve damage and its impact on disability at the individual
and collective level, the adoption of a “Neurological Assessment Form in Hansen’s
Disease (NFA)” guides the clinical approach and data recording as an essential
component of routine care and for the proper management of persons affected by
HD (Figs. 5, 6 and 7). It also provides tools for the application of correct WHO
Disability Grade classification, definition of strategic actions and public health
policies.
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IDENTIFICATION DATA
Patient name: Date of birth:
/ /

Gender: Profession /Current occupation Medical chart:
Male[ | Female[ |
Address: Telephone:

Health Service: Examiner:

Operational Classification: PB[ ] MB[ ] Start  date of | MDT completion
Clinical forms: MDT: date:

I[ ] T[] B[ ] L[ ] Undefined[ ] . L

NOSE

Chief complaint

Dryness Y /N
Wound Y /N
Nasal septal perforation Y/N
Caption: Y = Yes N=No
Treatment:

EYES

Chief complaint

Diminished corneal Y /N
sensation
Orbicularis oculi Y /N
weakness
Closes eyes — gentle | Write 0 mm or “XX” mm
closure tested

(Lagophthalmos)
Closes eyes — strong | Write 0 mm or “XX” mm
closure tested

(Lagophthalmos)

Trichiasis Y/N
Ectropion Y /N
Corneal opacity Y /N

Technique used:

() Snellen Chart
() Counting fingers
() Hand Movement
() Light perception
Caption: — = Without specific complaints. Y = Yes N = No.

Lagophthalmos: The distance between the upper and lower eyelid edges is measured with a millimeter ruler
and recorded in millimeters (mm). If normal elosure of the eyelids, 0 (zero).

Visual Acuity: If the person wears corrective eyeglasses, it is recommended to perform the test: with
eyeglasses (W/E); no eyeglasses (N/E). If the patient is unable to read the biggest optotype on the chart, it is
reasonable to use "counting fingers", "hand movement” or "light perception”.

Treatment:

Visual acuity
(use Snellen Chart).

Fig. 5 Nerve function assessment form: identification, nose, eyes. Source: Adapted from the
Brazilian Ministry of Health [6] and WHO [4]
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Abductor digiti minimum
(Ulnar N.)

UPPER LIMBS
Chief R L
complaint
R
Inspection
Caption:  Mobile Claw =M oo T
Aption Ri;itli :,'In\:“-' R Bone Resorption 77 Wound/Uleer D Scar/Callus A
Nerves R L
Nerve Radial
Palpation Ulnar
Median
Caption: N = Normal T = Thickened P = Pain_ S = Tinel Sign (+)
Movements R L
Movement:
Wrist Extension.
Muscle/muscl
Wrist Extensors.
(Radial N.)
Movement:
Voluntary | Litte finger abduction.
muscle test | Muscle:

Movement:

Thumb abduction.
Muscle:

Abductor pollicis brevis.

(Median N.)

Caption: Muscle power - S = Strong; W = Weak; P=Paralyzed OR

Medical Research Council - 5 = Muscle activation against examiner’s full resistance, full range of
motion (ROM); 4= Muscle activation against some resistance, full ROM; 3 = Muscle activation against gravity,
full ROM; 2 = Muscle activation with gravity eliminated, achieving full ROM; 1 = Trace muscle activation,
such as a twitch, without achieving full ROM: 0 = No muscle activation.

R L
= =
t \
Sensory L C 2.
testing e —
O (o)
Caption: Monofilaments (colour-code)* or Ballpoint pen** (2g): Yes \/ Not X

Treatment:
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Fig. 6 Nerve function assessment form: upper limbs. Source: Adapted from the Brazilian Ministry
of Health [6] and WHO [4]
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LOWER LIMBS
Chief R L
complaint:
R L
Inspection
(=) Q
Caption:  Mobile Claw = M . ¥ i
Rigid Claw - R Bone Resorption Wound.-’U]ccrI I Scar/Callus A
Nerves R L
Nerve C Fibul
palpatiun ommc_)n l. l.| ar
Posterior Tibial
Caption: N = Normal T = Thickened P = Pain S = Tinel Sign (+)
Movements R L
Movement:
Hallux Extension.
Muscle:
Extensor hallucis longus.
Voluntary (Fibular Nerve)
muscle test
Movement:
Foot Dorsiflexion.
Muscle:
Foot dorsiflexors.
(Fibular Nerve) s
Caption: Muscle power - 8 = Strong W = Weak P =Paralyzed OR
Medical Research Council - 5 = Muscle activation against examiner’s full resistance, full range of
motion (ROM); 4 = Muscle activation against some resistance, full ROM; 3 = Muscle activation against gravity,
full ROM; 2 = Muscle activation with gravity eliminated, achieving full ROM; 1 = Trace muscle activation,
such as a twitch, without achieving full ROM; 0 = No muscle activation.
R L
Sensory
testing
o )
() O
Caption: Monofil (colour-code)* or Ballpoint pen** (2g): Yes v Not X
Treatment:

Fig.7 Nerve function assessment form: lower limbs. Source: Adapted from the Brazilian Ministry

of Health [6] and WHO [4]
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Ophthalmological Alterations in Hansen’s
Disease

Check for
updates

Adriana Vieira Cardozo

1 Introduction

Hansen’s disease (HD) is the systemic infectious disease with the highest incidence
of ocular involvement [1]. Ocular lesions triggered by M. leprae and M. lepromato-
sis can occur before, during or after multidrug therapy (MDT) [2—4], and present
variable severity, related not only to the organic component of the disease, but also
to its social determinants.

Blindness is the most serious ophthalmologic complication and reflects the
impact of HD on the lives of those affected: while the rate of blindness in the gen-
eral population ranges from 0.5-2% [5], in HD these figures vary from 2-11%,
depending not only on disease progression and individual inflammatory response,
but also on social and geographical factors, such as difficult access to specialized
treatment with delayed diagnosis [5-9]. Even if M. leprae does not cause complete
blindness, it can cause ocular symptoms in 70-75% of those affected, with 10-50%
suffering severe ocular symptoms, which may be sufficient to impair quality of
life [6, 7].

2 Mechanisms of Ocular Involvement

The damage caused by M. leprae can be didactically divided into two pathways: a
direct pathway, in which the damage is caused by the bacillus’ ability to invade and
replicate in the host’s cells; and an indirect pathway, in which the damage to the host
is a consequence of its own immune response. These pathways can be synergistic or
occur in isolation.
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The topography in which the bacillus settles also plays an important role in the
development of the lesion. It is known that M. leprae has a predilection for tempera-
tures below 37 °C, and experimental studies suggest that the eye has a temperature
up to 3 °C lower than ambient [10], so the anterior segment of the eye would be the
ideal site of primary infection [11]. Dispersion of the bacilli population begins in the
anterior structures (such as the sclera and cornea) and progresses to the more poste-
rior structures (such as the iris and ciliary body) [6, 12]. Scleral nodules, superficial
punctate keratitis, conjunctivitis, uveitis, and corneal nerve involvement may be
observed and become prominent [6, 11, 13].

As a result of the neurotropism of M. leprae, much of the ocular damage is due
to the involvement of nerve bundles around the eyes. Involvement of the trigeminal
and facial nerves, responsible for corneal sensitivity and eyelid motility, respec-
tively, can lead to indirect ocular changes, such as prolonged exposure of the ocular
surface [5-7].

In addition to the mechanisms of ocular involvement already mentioned, type 1
and type 2 reaction episodes can also cause ocular alterations, the most common
being lagophthalmos and uveitis, respectively [6, 14, 15].

3 C(Clinical Manifestations

HD is a disease with a wide range of ocular manifestations and the main manifesta-
tions are listed below, which will be topographically organized from the more
superficial structures in the ocular region to the deeper ones for didactic purposes
(Table 1).

Table 1 Table of ocular clinical manifestations associated with HD [2, 4, 16—19]

Manifestation site | Clinical manifestations

Eyelids Lagophthalmos; entropion; ectropion; Hansenoma

Eyelashes and Trichiasis; ptosis of eyelashes; Madarosis

eyebrows

Lacrimal system | Lacrimal hyposecretion; Dacryocystitis

Sclera and Scleritis; Episcleritis; vascular changes in the sclerocorneal limbus;

Episclera Hansenoma

Cornea Diminished sensitivity; spotty keratitis; nerve thickening; ulceration;
opacification; staphyloma; vascular changes in the sclerocorneal limbus

Uveal tract Acute or chronic iridocyclitis, Irian atrophy, Iris nodules, Irian pearls,
pupillary abnormalities

Pupil Pupil posterior synechiae with consequent pupillary deformity

Lens Cataract with decreased visual acuity

Ocular bulb Pathophthalmitis; phthisis bulbi
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The three most important causes of visual impairment and blindness in HD are
secondary to direct invasion of the anterior segment by M. leprae, or as a result of
neural damage to the eyelids. These include [13, 16]: Corneal opacification and
scarring

* damage to the structures of the uveal tract
* secondary cataract

4 Structures External to the Eye: Eyelids

Lagophthalmos—incomplete palpebral occlusion. It is due to dysfunction of the
orbicular eyelid muscle, which is responsible for eyelid occlusion, resulting from its
invasion by bacilli, or by damage to the facial nerve, and/or its occipitotemporal and
zygomatic branches (Fig. 1d).

This condition prolongs the exposure of the eyes to the environment, making
them more susceptible to damage from foreign bodies, and the cornea tends to dry
out, given the difficulty of lubricating it in the absence of blinking [13]. Its diagnosis

Fig. 1 (a) Bilateral blindness, lash, and eyebrow amaurosis. (b) ectropion left lower eyelid. (c)
entropion right lower eyelid. (d) lagophthalmos left upper eyelid. (e) Trichiasis. (f) Superficial
keratitis puntata (fluorescein stained and highlighted by cobalt blue light)
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is made by observing the ocular surface during execution of the command to close
the eyes gently: if the sclera or cornea are visible even in the patient with “eyes
closed,” lagophthalmos is confirmed [5, 13, 20].

Treatment of lagophthalmos can be pharmacological with systemic steroids,
usually resolutive when its recognition is early (before 6 months). Physiotherapy
can also help, but more severe cases usually require surgical intervention [13,
21, 22].

Ectropion (Fig. 1b) is an outward turning of the eyelid from the globe, his leaves
the inner eyelid surface exposed and prone to irritation, having the same clinical
repercussions as lagophthalmos [4, 7].

In the occurrence of inadequate eyelid occlusion, such as lagophthalmos and
ectropion, it is important to investigate Bell’s physiological phenomenon, which
is characterized by the elevation of the eye bulb during eye closure. It protects the
cornea from prolonged exposure since it is hidden by the upper eyelid [5]. A
weak Bell’s phenomenon increases the risk of corneal complications such as
opacifications, ulcerations, and perforations with loss of intraocular content and
blindness.

Entropion (Fig. 1¢c), characterized by the inversion of the palpebral border, which
turns toward the surface of the eye bulb, causing greater friction of the eyelid and
eyelashes on the corneal surface, which may cause ulcerations and/or staphyloma
(protrusion or ectasia of the cornea or sclera resulting from trauma or inflammation,
through which herniation of the uvea may occur). Such lesions may generate solu-
tions of continuity between the interior of the ocular bulb and the environment,
making it more susceptible to pathogen invasion [5, 20].

4.1 Eyelashes and Eyebrows

Eyelash ptosis refers to the lowering of the eyelashes secondary to loss of anterior
lamella tonus, a consequence of hypotonia of the orbicular muscle of the eye.

Trichiasis—refers to ingrowth or introversion of the eyelashes, coming into con-
tact with the surface of the eye bulb (Fig. le).

Trichiasis and ciliary ptosis may also contribute to corneal damage, since in
these two situations, the lashes that turn toward the eye bulb may rub against the
cornea. If corneal ulceration is not treated promptly, perforation of the ocular struc-
tures may occur, causing blindness [7, 20].

Madarosis is the loss of hair from the eyelashes and/or eyebrows. It is a common
manifestation in HD patients, which can occur on the eyebrow and/or eyelid [5, 20,
23] (Fig. 1a).
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5 Eye Structures

5.1 Cornea

As previously mentioned, most ocular damage in HD is not caused by the bacillary
invasion, but as a consequence of other repercussions, such as nerve damage. In
addition to the eyelid alterations already mentioned, the cornea can also suffer dam-
age due to a decrease in its sensitivity as a consequence of the fifth cranial nerve
lesion, which is responsible for its sensory innervation, and which will lead to a
decrease in tear production and consequent ocular dryness, as well as a decrease in
the blink reflex and in the perception of a foreign body on its surface, thus damaging
the protection of the eye. Such circumstances may lead to a process of corneal
opacification [13, 21], which may be potentiated by ulcerations (more frequent due
to infectious keratitis) [16, 24, 25]. In the treatment of ulcerations, steroid-free eye
drops and/or antibiotic ointments may be used in order to prevent complications,
remembering that these cases constitute an ophthalmological emergency. The use of
glasses and ocular lubricants can also be prophylactic, making it difficult for foreign
bodies to enter the eyes and avoiding dryness, respectively [5, 13].

Superficial keratitis puntata. Caused by exacerbated proliferation of M. leprae in
the cornea leading to the death of some cell groups [5], or by trauma to the corneal
surface, either by ciliary touch or even corneal dryness (Fig. 1f).

5.2 Upveal Tract

Complications in the uvea are one of the most serious causes of blindness in patients.
It may be asymptomatic and accompanied by small nodules in the iris. Bacillary
invasion into the structures of the eye is followed by vascular spread of M. leprae,
which follows with bilateral eye damage, manifested by conjunctival nodules and
involvement of the cornea and anterior uvea [5, 20, 25]. Irian pearls, a pathogno-
monic sign of leprosy, are formed from dead bacteria. They grow slowly and
coalesce, become pedunculated, and fall into the anterior chamber of the eye, where
they eventually disappear [26, 27] Anterior uveitis is inflammation of the anterior
uveal tract, which is composed of the iris and the ciliary body and may lead to iri-
docyclitis: a severe and silent condition that may be acute or chronic, caused espe-
cially when Hansen’s bacilli start multiplying in the ciliary body, making the ciliary
body and the iris vulnerable to inflammatory reactions. These reactions can also
occur despite the presence of bacilli, during episodes of hypersensitivity [5].
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Fig. 2 (a)Tear film breakup time test- BUT. Areas not stained by fluorescein demonstrate where
the cornea is dry. (b) iris atrophy (arrow). (¢) Shirmer test. (d) Dacryocystitis (arrow- enlarged
lacrimal sac)

The acute and subacute forms of iridocyclitis may go unnoticed or may be asso-
ciated with eye pain and redness [13, 20], which may evolve into gradual iris atro-
phy, leading to pupillary irregularity and defects in iris structure [14, 27]. Some
episodes may be severe enough to lead to irreversible vision loss, as in type 2 reac-
tion episodes [13].

The chronic iridocyclitis is almost exclusively developed by multibacillary
patients [13]. Clinical manifestations include pain, photophobia with tearing, visual
blurring, perilimbal injection, pupillary seclusion, and aqueous clouding with
inflammatory exudates [5, 6]. The inflammatory process may course with anterior
synechiae (Irian tissue adheres to the corneal tissue) and/or posterior synechiae
(Irian tissue adheres to the lens), which may restrict the aqueous humor flow and
cause glaucoma [4, 5, 18]. Some patients may develop ocular hypotension if adren-
ergic control is dysregulated, a situation that occurs due to impairment of autonomic
nervous system fibers. This condition also influences the ciliary body and the tra-
becular meshwork [28, 29]. The use of topical and mydriatic corticosteroids may be
useful in an attempt to reduce the sequelae in intraocular inflammatory reactions [5,
13], but it is worth noting that both topical and systemic corticosteroids may cause
increased intraocular pressure in some patients [11, 28]. Other important changes in
the uveal tract involve bacillary invasion and/or nerve damage: iris atrophy (Fig. 2b)
may be due to muscle breakdown and destruction, caused by an inflammatory pro-
cess, or secondary to muscle atrophy from damage to the iris autonomic nervous
system [14].
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Pupillary abnormalities, in general, are most commonly due to chronic iritis
with loss of the iris stroma, miosis, decreased reaction to light, difficulty dilating in
response to anticholinergic eye drops, and early presbyopia. There are reports in the
literature of a tonic pupil in a patient with the lepromatous form, characterized by
mydriasis, absence of reaction to light and near light, and hypersensitivity to weak
concentrations of cholinergic solution [26]. In advanced stages of the disease, Irian
stromal atrophy and synechia may be associated with the development of miosis [14,
28, 301, and severe forms of Irian atrophy may lead to polycoria and affect vision [3].

Over time, destruction of the ciliary body nerves may extend to the posterior cili-
ary nerves, beyond the posterior pole of the ocular bulb and lateral to the optic nerve,
in a process of ascending axonopathy, similar to glove and boot anesthesia [31].

Involvement of the posterior segment of the eye or optic nerve is rare in HD, but
some studies suggest subclinical optic nerve involvement, especially in the reac-
tional phase of the disease.

5.3 Thelens

Cataract is secondary to inflammatory processes, as demonstrated by histological
examinations [11], or as a result of the use of topical or systemic corticosteroids for
the treatment of reactors [32]. The treatment of patients with leprosy in these cases
differs from the others only in the caution regarding chronic uveitis since these are
complex cases and may have complications. Moreover, patients with iris atrophy
occasionally present greater difficulties in performing surgical intervention for the
treatment of cataract [33]. In children, cataract with decreased visual acuity is sec-
ondary to the inflammatory process of iridocyclitis [9].

6 Other Ocular Manifestations in HD

6.1 Dry Eye

HD patients may present with dry eye for several reasons: hyposecretion of the
aqueous layer of the tear film (due to injury to the parasympathetic nerve fibers that
innervate the lacrimal gland and accompany the facial nerve); hypoesthesia or cor-
neal anesthesia (corneal sensitivity is an important stimulus for tear production) [7,
8]; dysfunction of the sebaceous Meibomian glands, causing tear film instability
[7]; increased evaporation of the tear due to increased exposure of the ocular surface
secondary to eyelid changes (lagophthalmos, ectropion), as previously discussed.
These changes can be diagnosed by tear film breakup time test (Fig. 2a) shorter than
10 s (positive BUT) and decreased Schirmer I test (Fig. 2¢) (<10 mm), which can
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be attributed to infection or inflammatory process resulting from M. leprae invasion.
Patients, especially multibacillary patients, may maintain the same results after
MDT, with intensification of symptoms, by the use of clofazimine [3]. Clofazimine
crystals may be deposited in the periphery of the cornea, in the region of the palpe-
bral fissure [34, 35].

6.2 Dacryocistitis

Dacryocystitis (Fig. 2d) in HD patients results from alterations in the nasal mucosa,
which can cause a blockage in the tear duct and consequently bacterial infection
with an incidence of 2.6% of purulent dacryocystitis [7, 20].

Since the ocular manifestations of HD continue to occur, even with early diagno-
sis and adequate treatment of the disease, health professionals and all HD patients
need to be aware that new eye symptoms and signs require prompt ophthalmology
review to prevent avoidable blindness, due to the life-long risk of sight-threatening
ocular complications.
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Ear, Nose, Throat, and Mouth Alterations
in Hansen’s Disease

Check for
updates

Marilda A. Milanez Morgado de Abreu and Patricia D. Deps

1 Introduction

Hansen’s disease mainly affects the peripheral nervous system and the skin; how-
ever, the causative mycobacteria enter the human body via the mucosa of the upper
respiratory tract. In many cases, clinical manifestations of Hansen’s disease may be
limited to the head, particularly complaints and alterations associated with the nose.
Mucosal lesions often occur with long-term evolution of the virchowian (leproma-
tous) form of Hansen’s disease in untreated patients. At the tuberculoid pole, muco-
sal lesions are uncommon. Lesions in the mucous membranes of the upper airways
serve as sources of infection in people with Hansen’s disease, who can expel large
numbers of bacilli when they spit, sneeze, cough, or talk [1, 2].

2 Mouth

The frequency of oral Hansen’s disease lesions has dropped dramatically since the
institution of multidrug therapy although the reported prevalence of specific oral
mucosal involvement is highly variable, ranging from 0 to 70% [1-3]. Similarly,
there is lack of consensus regarding the bacillus’s preferred site of
involvement—hard palate or soft palate [4-8]. Both these areas have lower
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temperatures because of the airflow and are therefore preferred by M. leprae [6, 7].
Bacilli can be found on the uvula, pharyngeal walls, palatine tonsils, tongue, gums,
and lips, but the buccal mucosa is not usually affected except in the most severe
cases [4, 6, 9]. However, histopathological involvement may exist, even without
visible lesions [10]. Although there is no oral lesion pathognomonic of Hansen’s
disease [2], bilateral ulcers with symmetrical distribution, located on the palate, are
indicative [7]. These are typically asymptomatic and contain a large number of
bacilli [1].

Several classifications have been proposed for Hansen’s disease lesions in the
oral cavity, the most recent of which classifies lesions as specific or non-specific
according to the presence or absence, respectively, of acid-fast bacilli (AFB). This
classification is as follows [1, 2, 11]:

2.1 Specific Mouth Lesions in Virchowian Hansen’s Disease

Palate: Lesions begin with a change in the color of the mucosa, which becomes pale
or erythematous, and progress to infiltrations, papules, plaques, tubercles, and nod-
ules that ulcerate and, upon healing, leave scars, atrophy, and deformities (Figs. 1
and 2) [4-6, 9]. Hard palate injuries can result in bone perforation, albeit a rare
complication in the modern era. In the soft palate, they can result in reduced func-
tion [5].

Tongue: The dorsal surface is the most commonly affected area, especially the
anterior two-thirds [6, 12, 13]. Glossitis, geographic tongue, leukoplakia, papillary
hypertrophy, coating, plaques, nodules—sometimes separated by fissures (cobble-
stone appearance)—fissures, infiltration, erosions, ulcerations, macroglossia, fibro-
sis, and granulations are described (Fig. 3) [2, 5, 6, 10, 12—14].

Fig. 1 Soft palate
infiltration
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Fig. 2 Nodules on the soft r
palate and uvula 4

Fig. 3 Nodular infiltration
on the surface of the
tongue

Gums: There is a high incidence of gingivitis and periodontitis [4, 5], with hali-
tosis as a consequence (Fig. 4) [15]. Infiltration, retraction, atrophy of the maxillary
process, and nodules are also observed [5, 6]. In most cases, lesions on the gums are
an extension of those on the hard palate [6].

Uvula: The uvula may present with nodules or with atrophy and destruction
(Fig. 2) [5, 9].

Buccal mucosa: The buccal mucosa is not usually affected [4, 6].

Lips: Nodules can be observed, blurring delineation with the skin, infiltrations and
ulcerations with crusts (Fig. 5). When lesions compromise the orbicularis-oris muscle,
the mouth aperture can be reduced after healing, resulting in a “fish mouth” aspect [4, 5].
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Fig. 4 Gingivitis. Absence
of upper incisor teeth

Fig. 5 Lip nodules

2.2 Specific Mouth Lesions in Tuberculoid Hansen’s Disease

Lesions in the tuberculoid form of Hansen’s disease are rare (Fig. 6). Usually are
caused by nerve involvement. Lesions manifest as trophic ulcers and/or partial or
complete paralysis of the lips, face, and soft palate muscles; the muscles of mastica-
tion are spared [4, 9]. Mucosal sensitivity can be affected and taste may be reduced
or preserved [13, 14].

2.3 Specific Mouth Lesions in Hansen’s Disease Reactions

In reactional outbreaks, existing lesions become edematous, painful, and ulcerated,
leading to scarring and atrophy [5, 16]; the uvula can be destroyed [16]. Deformities,
macrocheilia, and pseudoparalysis may occur due to edema or paralysis of the
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Fig. 6 Erythemato-
edematous papules on the
upper lip in Type 1 reaction

palate muscles [7, 9]. In the borderline-tuberculoid form of Hansen’s disease, enan-
thema, infiltration, edema, papules and, less frequently, plaques and ulceration have
been described (Fig. 6) [17].

2.4 Non-specific Lesions

Non-specific lesions are those that can also be found in individuals without Hansen’s
disease [2]. The importance of distinguishing non-specific lesions from specific
lesions is because non-specific lesions are not a source of contagion, as they do not
present AFB [1, 2]. These are also more frequent in multibacillary Hansen’s disease,
especially in virchowian patients. Non-specific lesions include [2, 8]:

Palate: papules and plaques.

Buccal mucosa: erythematous, hypochromic or hyperchromic macules, enan-
thema, and pallor.

Tongue: fissured tongue (the alteration most frequently observed), edema, infil-
tration, atrophy, and geographic tongue.

Gums: gingivitis.

3 Dental Changes

The most common occurrences of dental change are periodontal disease, present in
81% of Hansen’s disease patients, and gingival bleeding (92%) [3]. In one study in
Brazil, 73% of Hansen’s disease patients had decayed teeth and at least 71% had
lost at least one tooth; the average number of lost teeth among the patients was nine
[18]. Maxillary central incisors are involved, especially in advanced virchowian
Hansen’s disease (Fig. 4). Radiological analysis of the alveolar bone shows an
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extensive interdental bone loss, sometimes followed by premature exfoliation of the
upper anterior teeth [18]. This can be explained by the infection of the nasal mucosa
that spreads, invading the anterior nasal spine and, further down, the maxillary inci-
sor region.

4 Nose

Hansen’s disease most frequently affects the nasal mucosa, and this can occur
before neurocutaneous alterations. The involvement occurs in 97% of patients with
virchowian Hansen’s disease. Nasal discharge in these patients contains millions of
potentially infectious bacilli, and it is therefore likely that it is mainly by this route
that infection is spread [19, 20].

The most common complaint is nasal obstruction, with secretion and formation
of crusts, either unilateral or bilateral [18]. More rarely, epistaxis occurs. Hyposmia
is common and may occur in more than 40% of patients with virchowian Hansen’s
disease [19, 20]. In clinical examination, anterior rhinoscopy should always be per-
formed, and nasofibroscopy may be necessary [18].

The anatomical site typically involved first is the anterior end of the inferior tur-
binate and next the nasal septum. Initially, the nasal mucosa presents hyperemia and
congestion. The earliest recognizable sign of virchowian Hansen’s disease is a pale
nodular or plaque-like thickening of nasal mucosa. With progression, diffuse infil-
tration occurs and nodules appear with inflammation and severe obstruction.
Subsequently, there is development of ulcers in the nasal septum, followed by
involvement of the lower turbinate bone, which is covered with granulation tissue
and crusts (Fig. 7).

Secondary infection and ischemia of the perichondrium can cause perforation of
the cartilaginous nasal septum (Fig. 8). The bony part of the septum is rarely
affected. Perichondritis and periostitis of the nasal cartilages, inferior turbinates,

Fig. 7 Nasal septum
ulceration
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Fig. 8 Nasal septum
perforation

Fig. 9 Saddle nose

and anterior nasal spine cause the collapse of the nose (saddle-shaped nose) and
atrophic rhinitis with pallor, drying, and loss of nasal hair with alteration of sensitiv-
ity (Fig. 9). The skin and alar cartilages are generally preserved. Perforation of the
external nose with fistulization occurs rarely. Occasionally, atresia or stenosis of the
airways can occur [19, 21, 22].

Rhinomaxillary syndrome is a set of seven maxillofacial bone alteration and
manifests clinically with saddle nose, sunken (retracted) nose, reduced maxillary
projection (maxillary retrognathia), and inverted upper lip [23-25].

5 Ear

Ear involvement in Hansen’s disease is reported in 38—73% of patients, seeming to
affect only its external part. This involvement may be minimal or extensive, typi-
cally affecting the ear lobes and helices. Initially, diffuse infiltrations or discrete
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Fig. 10 Nose and ear lobe
infiltration

Fig. 11 Erythema and
edema of the auricular
pavilion in Type 1 reaction

nodules occur (Figs. 10 and 11). In severe cases, ulceration takes place followed by
scarring of tissue. Later, the earlobe may be enlarged due to distention by infiltration
and may remain stretched, elongated, and pendulous. A rare deformity of the ear is
caused by reabsorption of cartilage leading to obstruction of the external auditory
canal by prolapsed soft tissue [9, 26].

Inspissated cerumen is common and otological evaluation should include otos-
copy. The membrana tympani may be estar retracted. It is common to see crusts and
debris hanging over and around the auditory tuba opening [9].

Otologic alterations such as ear pain, hypoacusis, tinnitus, and vertigo are
uncommon.
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Edema of the external hearing duct and hearing loss have been described. When
it occurs, the pathophysiology of hearing loss in Hansen’s disease is considered to
be attributable to involvement of cochlear, involvement of VIII cranial nerve (ves-
tibulocochlear nerve) or problems in the middle ear secondary to rhinopharyngeal
processes. Complementary exams such as audiometry and immitanciometry may be
required [9, 19]. Slit skin smear should be taken from ear lobes for demonstration of
AFB [26].

6 Throat

Lesions of the oropharynx and nasopharynx are extension, respectively, from the
oral and nasal mucosa, and are present only in the long-term development of
untreated virchowian Hansen’s disease. Infiltration and nodules followed by atro-
phy and pallor are observed [9].

Laryngeal involvement in Hansen’s disease was quite frequent in the pre-sulfone
era [26], with most reports being based on autopsy findings. Laryngeal stricture was
found to be the cause of death in 1.3% of necropsies, and laryngeal lesions were
observed in 65% of virchowian Hansen’s disease cases; involvement of the larynx
in 31% of early virchowian Hansen’s disease cases was reported [27].

The epiglottis is the site of predilection for M. leprae in the larynx because the
stream of inspired air flows over the epiglottis before entering into the larynx and the
temperature of the air at this point is approximately 2 °C cooler than body temperature,
creating favorable conditions for M. leprae [27]. Lesions develop gradually and may
be asymptomatic; the most common symptom is chronic cough and hoarseness [27].

Direct laryngoscopy or video laryngoscopy may be required to give a good view
of the entire larynx. In the early stage, only the anterior parts of the larynx are
affected. In the later stages, the entire larynx may be filled with grayish nodular tis-
sue [27].

Laryngeal lesions can appear in two forms: fibrotic, with immobilization of vocal
folds giving rise to hoarseness; or ulcerous, leading to hoarseness, pain, and dys-
pnea. The edema that occurs makes breathing difficult, but tracheotomy is not usu-
ally required until stenosis occurs. These lesions have not been observed under early
multidrug therapy [19, 27].
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Osteoarticular Alterations in Hansen’s
Disease

Rachel Bertolani do Espirito Santo and Patricia D. Deps

In addition to affecting the skin and peripheral nerves, Hansen’s disease may also
compromise nasal tissues and bones [1]. Facial and extremity skeletal deformities
are historical markers and part of the stigma of this disease [2]. Patients with multi-
bacillary (lepromatous) Hansen’s disease are at increased risk of developing physi-
cal disabilities, which are also found in paucibacillary patients [3].

The etiologic agents of Hansen’s disease, are an obligate intracellular pathogen
capable of invading the peripheral nervous system, where it is predominantly found
within the Schwann cells. It can also be found in the bone marrow, where it some-
times remains viable even after specific treatment [4]. Despite being one of the old-
est diseases recorded by humankind, the underlying mechanisms of Hansen’s
disease-induced bone damage are not completely known.

1 Pathogenesis of Bone Lesion

Bone lesion may be caused by direct invasion of causative agents into bone tissue
and may be a consequence of peripheral nerve involvement.

It has also been described that M. leprae inhibits the expression of the PHEX
gene (phosphate-regulating gene with homologies to endopeptidase on the X chro-
mosome) in osteoblasts and this can lead to bone resorption. Therefore, defects of
bone mineralization may also be involved in the pathogenesis [2].

Visible bone changes usually occur in long-term disease and are more pro-
nounced in the bacillary borderline and lepromatous presentations; however,
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increased bone resorption has been demonstrated in both pauci and multibacillary
forms of the disease, independent of duration and bacterial load [1, 5, 6].

The nasal mucosa is involved in transmission and is considered an important
entry and elimination route for M. leprae. Over the years, the nose has been con-
firmed as the initial site of lesions in Hansen’s disease [7, 8]. Ninety-five percent of
patients with the virchowian (lepromatous) form and about 80% of patients with
bacilliferous borderline forms have involvement of the nasal mucosa [9, 10].
Mucosal lesions comprise granulomatous infiltration, nodules (lepromas), ulcer-
ation, vasculitis, secondary infection, and atrophy. From the mucosa the bacillifer-
ous granulomas invade the cartilage. These alterations, associated with the decrease
of blood flow in the perichondrium, may generate perforation of the nasal septum
cartilage, whose extension may increase, evolving to the destruction of the entire
cartilage and extending to the bony portion [10]. Bacilliferous granulomas probably
also cause discrete shallow erosions in the bone and reach the bone marrow [11, 12].

The anterior nasal spine may also be affected by the bacillus [13]. Osteoclasia is
the main pathogenic factor for resorption of the anterior nasal spine, but secondary
infections in the cartilage and bony portion of the nasal septum also aggravate the
destruction of these tissues [14].

Oral lesions in Hansen’s disease are secondary to nasal involvement and occur
more frequently in multibacillary patients. M. leprae has an affinity for cooler
regions of the body. Mouth breathing due to nasal obstruction observed in patients
with the lepromatous form, favors the decrease of the mean temperature in the ante-
rior structures of the oral cavity. The hard palate has been described as the most
frequent site of involvement. A particularly favorable site for the development of the
bacillus is the incisive papilla, situated just behind the upper central incisors, where
the mean temperature remains around 27.4 °C. Nodular submucosal infiltrate, ulcer-
ation, and even perforation of the hard palate can be observed [9, 14, 15].

Hansen’s disease reactions may intensify the nasal and palatal bone resorptive
process due to the increase in pro-inflammatory cytokines that participate in the
induction of osteoclasia [14]. Erythema nodosum (reaction type 2) is postulated to
be an important cause of destruction, perforation, and deformation of the palate [9,
15, 16].

The gums are usually affected in the posterior region of the maxillary central
incisors, often by contiguity of lesions of the hard palate. Microscopic lepromatous
infiltration has been described in the gingiva, periodontal membrane, alveolar bone,
and bone marrow. Bacilli in osteoblasts disrupt the reorganization of the alveolar
bone with resulting fibrosis, osteoporosis, and local bone loss [11]. The changes
described are chronic gingivitis, periodontitis, and periodontoclasia [15].

The resorption of the maxillary alveolar bone is carried out by osteoclasts and is
independent of the occurrence of inflammatory periodontal disease in the upper
incisor teeth but may be intensified by the presence of M. leprae in the vicinity.

The pathogenesis of maxillary deformities in Hansen’s disease is likely to be
multifactorial; caused by the chronic inflammatory process in the adjacent connec-
tive tissue, by reactive bone changes, by loss of neurotrophic stimuli, and by the



Osteoarticular Alterations in Hansen’s Disease 205

involvement of the nasopalatine nerve, which originates from the sphenopalatine
nerve in the nasal cavity and penetrates the incisive canal until it exits into the inci-
sive fossa [14].

When invading the peripheral nerves, the Hansen’s bacillus causes inflamma-
tion, culminating in progressive loss of nerve function, known as primary nerve
damage [2]. It is also important to mention that Hansen’s disease reactions (type 1
and type 2) may cause neuritis, potentiating the primary nerve damage [17].

The peripheral neuropathy of Hansen’s disease is mixed, involving sensory,
motor, and autonomic nerve fibers. It generally affects one or more nerves [18],
generating paresis, loss of sensation, autonomic alterations such as dry skin, con-
tributing to the appearance of a sequence of events such as cracks and ulcerations in
the skin, secondary soft-tissue infection, osteitis, osteomyelitis, and bone resorp-
tion, finally causing bone deformities [19-21].

These deformities include “claw” hands and feet, bone resorption and loss of
distal, middle and proximal phalanges of the chiro and pododactyles [22-25].
Arthritis secondary to Hansen’s disease can lead to deformities in the hands known
as “boutonniere” and “swan” neck fingers and in the feet “hammer” toes [26]. The
feet may also present with neuropathic osteoarthropathy or Charcot deformity [27].
On the face, patients may present with a “saddle” nose due to the involvement of
nasal cartilaginous and bony structures [9].

Bone changes in Hansen’s disease are divided into specific, non-specific, and
osteoporotic.

2 Specific Bone Changes

Specific alterations are seen in patients with virchowian form of Hansen’s disease,
and their frequency varies from 3 to 5% [28]. They are due to bone invasion by the
bacillus and affect mainly bones of the face, hands, and feet (Fig. 1). Initially, there
is the involvement of the periosteum, and later of the cortex, cancellous bone, and
medullary canal. The bone trabeculae are invaded by granulation tissue containing
macrophages with large numbers of bacilli. Fragmentation, necrosis, and gradual
destruction of the trabeculae occur [29].

2.1 Specific Bone Changes in the Face

The “saddle nose” deformity corresponds to the loss of dorsal nasal height due
to cartilaginous and/or bony collapse. It also includes features such as: loss of
nasal tip support and definition, columellar retrusion, shortened vertical nasal
length, and retrusion of the anterior bony nasal spine and caudal septum [30, 31]
(Fig. 2).
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Fig. 1 Bones frequently
affected by specific
changes

Fig. 2 (a) Saddle nose, loss of nasal dorsal height, decreased support and projection of the nose
tip. (b) Arrow: retrusion of the columella [32]
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Fig. 3 Bones of the face
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Direct bone invasion by M. leprae causes granulomatous lesion seen as a focal
area of rarefaction on radiograph. The nasal lesion has been described as bone
change specific, with destruction of the nasal bone associated with destruction of
the septal cartilage, the alar cartilages, and the perpendicular lamina of the ethmoid
and vomer bones (Fig. 3) [28, 33, 34].

2.2 Rhinomaxillary Syndrome

The rhinomaxillary syndrome was first described by Andersen and Manchester in
1992 [12], based on paleopathological studies. However, this terminology should
also be adopted in the clinic [32, 35], and may present varying degrees of involve-
ment of the following structures:

(a) Anterior nasal spine—partial or total resorption.

(b) Alveolar processes (anterior) of the maxilla—partial bilateral and symmetrical
absorption, starting at the prosthion and culminating with the loss of the upper
incisor teeth.

(c) Posterior alveolar margins of the maxilla—much less affected than the anterior
portion, resorption can occur in the region of the molar teeth.

(d) Nasal and oral surface of the palatine process of the maxilla—inflammation,
localized bone destruction, definitive perforation of the palate.

(e) Nasal turbinates and septum—inflammation, partial or total destruction.

(f) Nasal aperture—progressive resorption of the margins leading to widening and
loss of the piriform shape (pear shape).

These bone changes above reflect a clinical picture with the following character-
istics (Fig. 4) [32]:

(a) Saddle nose (loss of nasal dorsal height and shortened length of nose).
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Fig. 4 Patient with rhinomaxillary syndrome. Frontal (a) and lateral (d) facial aspect showing
facial profile changes including moderate saddle nose which was sunken in concave middle third
of face, and reduced maxillary projection with inverted upper lip. Coronal (b) and sagittal (e) CT
images showing variable atrophy of the middle and inferior nasal turbinates (arrows) and marked
resorption of the anterior nasal spine (arrowhead) and a perforation in the nasal septum (star).
Frontal (c¢) and lateral (f) three-dimensional reconstruction CT images showing (c¢) resorption of
the nasal bones (arrow) and alveolar process of the maxilla (arrowhead); (f) marked resorption of
the anterior nasal spine (arrowhead) and nasal bones (arrow), as well loss of sharpness of the pyri-
form aperture (dashed line) [32]

(b) Concave middle third of the face with sunken (retracted) nose, caused by ero-
sion of the zygomatic process and enlargement and loss of the pyriform shape
of the nasal aperture (pear shape).

(c) Reduced maxillary projection (maxillary retrognathia).

(d) Inverted upper lip because of reduced maxillary height.

For the evaluation of the rhinomaxillary syndrome, computed tomography (CT)
is more recommended than plain sinus radiography. Images without overlapping
structures allow a 3D reconstruction and are better for identifying soft tissue and
bony anatomical variations [32, 36].

2.3 Specific Bone Changes in Hands and Feet

Upon reaching the medullary cavity, M. leprae can multiply in the bones of hands
and feet [37]. This involvement can trigger several events such as bone rarefaction,
cysts, widening of the nourishing foramen, necrosis, periostitis, osteitis, and



Osteoarticular Alterations in Hansen’s Disease 209

osteomyelitis. Eventually, the damage becomes irreversible. Pathological fracture
and epiphyseal collapse may occur [38, 39].

3 Non-specific Bone Changes

Non-specific bone lesions are the most common. They arise from peripheral nerve
involvement, with subsequent denervation and loss of proprioception leading to
neuropathic osteoarthropathy. Vascular changes, trauma, and secondary infections
may also contribute to the non-specific changes [28].

They can occur in all clinical forms of Hansen’s disease. The hands and feet are
the most commonly affected sites (Fig. 5) [38].

Bone resorption thins and/or shortens the phalanges, metacarpals, and metatar-
sals. Distal resorption reduces bone length, while resorption of trabecular bone, also

Fig. 5 Bones often
affected by non-specific
changes
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Fig. 6 (a) Right ulnar claw, ulceration on dorsum of left fourth finger. (b) Apparent reduction in
the length of the distal phalanges of the second and fifth right fingers. (¢) Radiography of the hands
shows resorption of the second and fifth right distal phalanges, the latter with a “licked candy
stick” appearance

called concentric bone atrophy, reduces width. The combination of the changes
gives the bone a “pencil” appearance, also called “licked candy stick” [40].

In the hands, bone resorption starts at the ends of the distal phalanges, the areas
most subject to trauma, with subsequent involvement of the middle and proximal
phalanges and, more rarely, of the metacarpal, carpal joint, and radiocarpal bones
[41-44].

Concentric bone atrophy of the diaphyses of the phalanges makes them gradually
diminished, and with gradual erosion of the cortical portion of the bones, a frequent
end result is the complete disappearance of the affected bone (Figs. 6 and 7) [45].

A neuropathic foot is defined as a foot in which there is loss of at least one of the
peripheral nerve functions (motor, sensory, or autonomic). The loss of protective
sensation and the paralytic lesions favor trauma. Since pain sensation is compro-
mised, the patient may not notice the trauma and continue walking, causing further
damage to the affected area.

Abnormal load distribution on the plantar surface also leads to trauma at the site
of greatest pressure, causing ulceration, bone resorption, or secondary osteoarthritic
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Fig. 7 (a) Cubitomedian claw and amyotrophy. (b) Resorption of phalanges. (¢) Radiography of
the hands shows resorption of multiple phalanges, most marked on the left hand. The proximal
phalanx of the left fifth digit has a “licked candy stick’ appearance

changes. Plantar ulceration, especially on the metatarsal heads, is a frequent com-
plication of Hansen’s disease neuropathy and secondary infection leads to cellulitis
and osteomyelitis. Besides the phalanges, the distal end of the metatarsals can also
be affected.

The neuropathic changes described facilitate the onset of fractures, which can
also be triggered by osteoporosis. Thus, the combination of neural impairment,
changes in biomechanical forces and osteoporosis may result in a neuro-
osteoarthropathic change called “active Charcot foot.” This foot, if inadequately
treated, may progress to an irreversible sequela, the “Charcot deformity” [22, 27,
38-42, 46-52]. The most commonly observed radiological image of neuro-
osteoarthropathy is the disintegration of the tarsal bones [42, 53]. The bones of the
feet can be seen in Fig. 8.

Five radiological patterns of disintegration of the tarsal bones are described:

1. Posterior pillar: involvement of the calcaneus and subtalar joint.

2. Central pillar: involvement of the talus and subtalar joint.

3. Anterior pillar medial arch: involvement of the talus-navicular and cuneiform
area. This is the most frequently seen pattern.
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Fig. 8 Bones and regions of the foot

4. Anterior pillar lateral arch: the cuboid and cuboid-metatarsal joint are involved.
5. Cuneiform-metatarsal region.

Figure 9 illustrates the osteoarticular changes in the feet

Radiological changes in the midfoot bones of persons affected by Hansen’s dis-
ease may be found without any clinical symptoms of neuro-osteoarthropathy and
with normal or nearly normal foot shape [42, 54, 55].

Osteomyelitis can also be triggered by trauma that predisposes to infection of the
affected bones. Less frequently, the bone marrow infection can be caused by M. lep-
rae itself. Osteomyelitis is mainly seen, therefore, as a complication of a neuro-
pathic hand or foot with an ulcer and may lead to amputation of the involved limb
[20, 38, 39, 42, 56, 57].

The diagnosis of osteomyelitis involves clinical, laboratory, and radiological
examination [42, 57, 58]. Early radiological features may be soft-tissue edema,
periosteal thickening, and osteopenia. Late cortical destruction appears as small
holes that coalesce, become larger lesions, and finally progress to completely
involve a region of the cortex.

During the follow-up and evaluation of patients with neuropathic foot, plain radi-
ology is often the first examination of choice. However, when clinical signs of
inflammation appear, it is often complicated to distinguish between cellulitis, osteo-
myelitis, and neuro-osteoarthropathy, both clinically and radiographically. MRI has
been shown to be the method of choice, enabling differentiation between soft-tissue
infection and osteomyelitis [40, 42, 59, 60].
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Fig. 9 (a) Phalangeal resorption. (b) Plantar ulcer on the head of the first right metatarsal and on
the proximal phalanx of the first left finger. (¢) Radiography of the feet shows resorption of mul-
tiple phalanges, more marked on the right foot, where metatarsal resorption is also observed. There
is ankylosis of the right first metatarsophalangeal and bilateral first to third tarsometatarsal joints.
Soft-tissue calcifications are also observed

3.1 Osteoporosis

Osteoporosis in women is characterized by marked bone loss after menopause,
while in men it is usually associated with diseases and medications that threaten
bone mass [61].

Osteoporosis triggered by Hansen’s disease may manifest in a localized manner,
due to immobilization or disuse of a paralyzed extremity; or it may manifest in a
diffuse manner, resulting from high bacillary load, testicular atrophy with low tes-
tosterone level in males, and chronic use of systemic corticosteroids in the therapy
of Hansen’s disease reactions.

Bone mass loss in male patients with Hansen’s disease is directly related to age,
occurring in about 33% in the 50-59 age group, increasing progressively, reaching
75% in patients aged 80—89 years [62, 63].

Its detection and treatment is very important since osteoporosis increases the risk
of bone fractures, which are also recognized as a common cause of disability and
can lead to death [42, 61, 64].
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3.2 Joint Changes in Hansen’s Disease

Although there is no formal classification to date, arthritis in Hansen’s disease can
be divided into five groups:

1. Neuropathic osteoarthropathy or “active Charcot foot.” This is a neuropathic
foot with complications (“warm and diffuse” edema of all or part of the foot,
osteoporotic changes, with or without fractures on X-ray). It is also described as
non-infectious destruction of bone and joint associated with neuropathy [24, 27].

2. Septic arthritis. Secondary infections can trigger septic arthritis.

3. Specific arthritis. M. leprae-specific arthritis is rare and results from localized
infectious focus extension into bone or periarticular tissue, or less commonly by
hematogenous dissemination. Occasionally, bacilli are detected in synovial
fluid [65].

4. Acute polyarthritis of Hansen’s disease reaction. Reaction arthritis is acute at
onset, evolving into a symmetrical inflammatory polyarthritis affecting small
joints of the hands and feet, similar to rheumatoid arthritis (RA).

5. Chronic arthritis of Hansen’s disease [26, 66]. In patients with Hansen’s disease,
chronic symmetric polyarthritis, identical to RA and not associated with reac-
tions, has also been described. Permanent joint damage occurs, especially in the
hands, leading to “boutonniere” finger deformities and “swan-neck” finger
deformities as well as ulnar deviation and “hammertoe” fingers: highly sugges-
tive of RA [26, 66—68] (Figs. 10 and 11). The clinical symptoms of arthritis are
pain and swelling with joint effusion. In patients presenting with inflammatory
joint involvement, the most common radiological changes are fusiform soft-
tissue swelling, juxta-articular porosis, erosions and joint space reduction. The
chronic polyarthritis of Hansen’s disease must be differentiated from
RA. Frequently, the radiographic changes in RA are more pronounced than those
seen in Hansen’s disease [26, 39, 40].

World Health Organization multidrug therapy, consisting of rifampicin, dapsone,
and clofazimine, is used as the main treatment for Hansen’s disease. This therapy
appears to have limited impact on bone loss, which can persist and progress even
several years after treatment has ended. Dental and otorhinolaryngological follow-
up, the institution of therapies that prevent bone resorption in the early stages of the
disease, prevention, and treatment of osteoporosis and other osteoarticular changes
are important measures [69]. This emphasizes the need for a multidisciplinary
approach to the treatment of Hansen’s disease.
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Fig. 10 (a and b) Right and left hands showing joint deformities of Hansen’s disease mimicking
rheumatoid arthritis (RA), with synovitis of the proximal interphalangeal and metacarpophalan-
geal joints. (¢) Radiography of the hands shows “Boutonniere” deformity (fifth right finger) and
“swan neck” deformity (third right finger, and third, fourth, and fifth left fingers)
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Fig. 11 (a) Right foot: hammer toes. (b) Radiography of the feet shows bilateral hallux valgus
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Imaging plays a pivotal role in the diagnosis of Hansen’s disease (HD)-related
abnormalities in multiple organs, primarily involving the bones, joints, and periph-
eral nerves. Each imaging modality has its advantages, drawbacks, and indications.
In this chapter, conventional radiography, computed tomography (CT), magnetic
resonance imaging (MRI), and dual-energy X-ray absorptiometry are discussed.
Ultrasonography (US) is covered in another chapter.

1 Conventional Radiography

HD typically involves the bones of the face, hands, and feet. The bone changes are
classified as specific (caused by bacillary invasion or direct action) and non-specific
(caused by trauma and infection imposed upon denervated tissues). Plain radio-
graphs are frequently used as an initial imaging modality to assess the bone changes
in the hands and feet, due to their high availability, low cost, and good accuracy [1, 2]

The radiographic findings of specific bone changes include bone rarefaction,
osteolytic granulomas (appearing as punched-out areas), endosteal thinning, wid-
ening of the nutritional foramen, and fusiform swelling of the surrounding soft
tissues. The distal aspects of the proximal and middle phalanges are more com-
monly affected in the hands. In the feet, the metatarsal heads are more commonly

R. M. Loureiro (P<))
Hospital Israelita Albert Einstein, Sdo Paulo, Brazil
e-mail: rafael.loureiro @einstein.br

R. B. do Espirito Santo (b<) - P. D. Deps
Universidade Federal do Espirito Santo, Vitéria, Brazil
e-mail: patricia.deps @ufes.br

© The Author(s), under exclusive license to Springer Nature 221
Switzerland AG 2023
P. D. Deps (ed.), Hansen’s Disease, https://doi.org/10.1007/978-3-031-30893-2_18


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-30893-2_18&domain=pdf
mailto:rafael.loureiro@einstein.br
mailto:patricia.deps@ufes.br
https://doi.org/10.1007/978-3-031-30893-2_18

222 R. M. Loureiro et al.

affected. As the disease progresses, imaging reveals bone destruction with a cystic
or honeycombed appearance. Pathological fractures frequently occur in later
stages [1].

A rare form of direct bone involvement in HD is virchowian (leprous) osteomy-
elitis, which leads to rapid bone resorption, pathologic fractures, and deforming
joint infection [3]. Periostitis and osteitis can occur in the long bones, such as the
tibia, fibula, and ulna, and are considered manifestations of acute HD reactions [1].

Primary arthritis caused by the infiltration of M. leprae into a joint is uncommon
in HD patients [2]. Possible presentations of HD-related arthritis include acute
polyarthritis of HD (lepra) reactions (which may rarely have chronic or relapsing-
remitting course) and chronic symmetrical polyarthritis; both presentations can
resemble rheumatoid arthritis. Radiological findings of HD-related arthritis include
juxta-articular erosion, bone rarefaction, swelling of the surrounding soft tissues,
joint space narrowing, and joint subluxation [4—6].

Non-specific bone lesions are much more common and often occur following the
loss of sensation and motor changes due to peripheral nerve involvement, leading to
repetitive trauma and infection. Imaging findings include fractures, varying degrees
of bone erosion, osteitis, and bone resorption [1, 2].

Bone resorption can be visualized as a decrease in bone width (also called con-
centric resorption) and/or length; the combination of decreases in the length and
width results in a tapered appearance of the bone, also called the “licked candy
stick” appearance. Partial or total loss of one or more phalanges typically occurs as
resorption progresses, possibly extending to the proximal bones (Fig. 1). Secondary
infection and pathological fractures may further increase the resorption and gradual
disappearance of multiple bones [3, 7].

Neuropathic osteoarthropathy represents a spectrum of destructive bone and
joint processes associated with neurosensory deficits, occurring more frequently in
the feet. HD is one among many potential causes of neuropathic osteoarthropathy,
such as syringomyelia, diabetes mellitus, and syphilis. Both the hypertrophic and

Fig. 1 Radiography of the
hands shows resorption of
multiple phalanges, more
prominent on the left hand.
The proximal phalanx of
the left fifth digit has a
“licked candy stick”
appearance (arrow)
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atrophic patterns of neuropathic osteoarthropathy are identified radiologically. The
hypertrophic form manifests as joint destruction and fragmentation, osseous sclero-
sis, and osteophyte formation. The atrophic form, classically observed in HD,
appears as bone resorption that often resembles surgical amputation. Mixed forms
can also occur [7].

Neuropathic osteoarthropathy in the feet, also called Charcot foot, is a non-
specific bone lesion in HD. The radiographic findings include bone resorption, joint
(sub)luxation, fractures, soft-tissue swelling, ankylosis, and flattening of the longi-
tudinal plantar arch (Fig. 2). Tarsal disintegration, characterized by fragmentation
and progressive collapse of one or more tarsal bones, can occur (Fig. 3). The navicu-
lar bone is often involved, usually in combination with the talus. The calcaneus is
less frequently affected, and the cuboid and cuneiform bones are rarely involved.
Secondary infections such as osteomyelitis and septic arthritis can occur as a conse-
quence of skin injury [2, 8].

If osteomyelitis is suspected, radiographs are useful as the initial screening
examination because they evaluate anatomic detail and other causes of pain, such as
radiopaque foreign body, fracture, and degenerative changes. However, radiographs
lack sensitivity in the detection of early stages of acute osteomyelitis since early
bone changes (such as bone rarefaction and destruction, endosteal scalloping, and
periosteal reaction) may take 10—12 days to develop. Soft-tissue swelling precedes
bone changes. After initial radiography, MRI is the modality of choice for the evalu-
ation of superimposed osteomyelitis [9].

Fig. 2 Radiographs of a foot with neuropathic osteoarthropathy show fragmentation and collapse
of the talus (arrows), diffuse joint space narrowing in the midfoot and hindfoot, talonavicular anky-
losis, and regional bone rarefaction (more prominent in the calcaneus and metatarsal IT) (arrowheads)
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Fig. 3 Radiographs of a foot with neuropathic osteoarthropathy show marked resorption of the
phalanges and metatarsal bones, diffuse bone rarefaction, tarsal disintegration, flattening of the
longitudinal plantar arch, and diffuse soft-tissue swelling with scattered calcification foci

2 Computed Tomography

HD can affect the facial bones, potentially leading to bone destruction, facial
changes, and disfigurement. These bone alterations have been examined in the
skulls from archaeological sites, and the associated changes are known as rhino-
maxillary syndrome (RMS). RMS features include collapse of the nasal bridge,
resorption of the central part of the maxilla, and inflammation of the nasal cavity
and the hard palate. The degree of bone alteration correlates with the type of disease
at diagnosis, ranging from scarcity or absence in the tuberculoid form of HD to
severe changes in the virchowian (lepromatous) form [10, 11].

Facial bone changes can be better assessed by CT of the maxillofacial region. CT
aids the accurate evaluation of the maxillofacial structures with sub-millimetric spa-
tial resolution, allowing reformation in all planes and three-dimensional reconstruc-
tion. These features overcome the limitations of radiographs, which produce
two-dimensional images of three-dimensional structures, potentially leading to
image superposition, magnification, and distortion. CT is also more accurate in the
evaluation of bone and soft-tissue structures than radiographs. The drawbacks of CT
include higher cost, less availability, and greater radiation exposure than that associ-
ated with radiographs [12].

CT findings include the resorption of the nasal bones and anterior nasal spine, the
loss of sharpness of the nasal piriform aperture, nasal septum perforation, atrophy
of the nasal turbinates, bone thinning and discontinuities in the hard palate, resorp-
tion of the alveolar process of the maxilla, and osteitis (Fig. 4) [10, 13].
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Fig. 4 A 78-year-old male patient with rhinomaxillary syndrome. Frontal (a) and lateral (d) facial
aspects show saddle nose, maxillary retrognathia, inverted upper lip, and concave midface. Coronal
(b) and sagittal (e) CT images show atrophy of the middle and inferior nasal turbinates (arrows)
and a large nasal septum perforation (asterisks). Frontal (¢) and lateral (f) three-dimensional recon-
struction CT images show partial resorption and deformity of the nasal bones (long arrows), total
resorption of the anterior nasal spine (arrowhead), and loss of some teeth with partial resorption of
the alveolar process of the maxilla (short arrows)

CT can also be used for the evaluation of bone involvement in the hands, feet,
and other joints, affording better imaging details, particularly in cases of diagnostic
uncertainty on radiographs.

3 Magnetic Resonance Imaging

MRI is a useful radiation-free tool for assessing the peripheral nerve involvement in
HD patients, providing optimal soft-tissue contrast. HD-related neuritis presents as a
tender enlargement of the peripheral nerves at the sites of predilection and can be
caused either as part of the infection course or as a result of HD reactions (types 1
and 2) [2]. The imaging features of peripheral nerve involvement include nerve
thickening with a preserved fascicular architecture, disruption of the fascicular archi-
tecture, and formation of nerve abscesses (initially micro-abscesses, which may
coalesce to form large abscesses that extend into the surrounding soft tissues) [14].
Martinoli et al. [15] reported that MRI and US exhibited similar results in dem-
onstrating nerve enlargement, endoneural structural abnormalities, and compressive
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signs. MRI had a greater sensitivity in detecting active type 1 reactions (92%) than
that observed with US (74%); active type 1 reactions appear as an increased T2
signal and gadolinium-based contrast enhancement. Compared with US, MRI is
also less operator-dependent. However, MRI has drawbacks, such as lower avail-
ability (particularly in HD-endemic areas) and higher cost. Conversely, US is acces-
sible, practical, and relatively inexpensive [15, 16].

MRI is a useful technique for assessing neuropathic feet in HD patients, allowing
the depiction of early bone changes and soft-tissue abnormalities, even in asymp-
tomatic patients [17]. In acute neuropathic arthropathy, MRI shows soft-tissue
edema (occurring in the absence of infection or ulceration) and bone marrow
changes, possibly associated with joint effusion and trabecular microfractures [9,
18, 19].

MRI is also ideal for the assessment of suspected osteomyelitis, septic arthritis,
and soft-tissue infections. Nearly all osteomyelitis result from an ulcer or abscess
in contiguous soft tissue. After initial radiography, MRI is the standard modality for
the evaluation of superimposed osteomyelitis. MRI is optimal for the detection of
bone marrow abnormalities (particularly in early phases, when radiographs and CT
reveal no bone abnormalities), observed as low signal on T1 sequence and high
signal on T2/fluid-sensitive sequence. The use of gadolinium contrast is useful to
determine fluid collection/abscesses, sinus tracts, and devitalized regions [9,
18, 19].

Abnormalities of the central nervous system have rarely been described in HD
patients. In this setting, MRI is the most accurate imaging modality for evaluating
the brain and the spinal cord [20].

4 Dual-Energy X-Ray Absorptiometry

Osteoporosis, the most common metabolic bone disease, is characterized by the
generalized loss of bone mass and deterioration of bone microarchitecture, leading
to increased bone fragility and fracture susceptibility. Common fracture sites include
the vertebral bodies, neck and intertrochanteric region of the femur, distal radius,
and tibia. Osteopenia is a milder form of bone mass loss that can progress to osteo-
porosis [21, 22].

Older methods of evaluating bone mineral density include conventional radiog-
raphy and single- and dual-photon absorptiometry. Currently, DEXA is the standard
technique for evaluating bone mass loss [23].

DEXA calculates the bone mineral density, preferentially in the lumbar vertebrae
and femur, and compares it against two reference populations, providing the resul-
tants T-score and Z-score, both expressed in terms of standard deviations.

The T-score is the comparison to a standard young adult population and is used
for postmenopausal women and men aged >50 years. The T-score is classified
according to the World Health Organization criteria into normal (>—1.0), osteope-
nia (<—1.0 but >—2.5), osteoporosis (<—2.5), and severe osteoporosis (<—2.5 with
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a fragility fracture). The Z-score is a comparison to age- and sex-matched controls
and is used for premenopausal women and men aged <50 years. A Z-score <—2.0 is
classified as being below the expected range/low bone density for a given age
[22, 24].

Bone mass loss may be identified as an early event in HD patients or even at
diagnosis, and likely has multiple causes, including social and nutritional factors,
hypogonadism in male patients (due to testicular involvement), and possible
increased production of pro-inflammatory factors. Bone mass loss appears to be an
occult and initially imperceptible manifestation that commonly occurs in these
patients. A prompt diagnosis and effective treatment of osteoporosis can prevent
bone fractures, thereby improving patient care [25, 26].

Osteoporosis may also be a local phenomenon that affects only part of the skel-
eton, usually the appendicular skeleton. Regional osteoporosis may have various
causes, such as immobilization or disuse (commonly associated with finger contrac-
tures in HD) and inflammatory arthropathy [21, 22]
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Co-infection and Immunosuppression
in Hansen’s Disease

Ciro Martins Gomes, Taynah Alves Rocha Repsold, and Patricia D. Deps

Hansen’s disease follows a chronic course punctuated by episodes of immunologi-
cal reactions that are treated by immunomodulatory drugs. These aspects of
Hansen’s disease mean that patients are susceptible to co-infections. In this chapter,
we describe some of the more common infections that can co-occur with Hansen’s
disease in endemic countries. We also describe how immunosuppressive drugs to
treat other diseases can allow Hansen’s disease to manifest clinically.

1 Hansen’s Disease and COVID-19

The COVID-19 pandemic created huge challenges for national Hansen’s disease
programs. Lockdowns, re-prioritization of services, and disruption to health sys-
tems had a major impact on new case detection rates, which fell by 40% in 2020
compared with the average over the previous 5 years [1]. Detrimental public health
effects of diagnoses include sustained transmission and increased risk of disabilities
due to diagnostic delay and treatment interruption [2]. The impact of the pandemic
was compounded by a shortfall in the supply of multidrug therapy (MDT), which is
distributed centrally to all endemic countries via the World Health Organization.
Both diseases affected disproportionately the most socioeconomically deprived
people [3].
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In clinical practice, concerns were raised at the start of the pandemic around a
possible increased risk of SARS-CoV-2 infection or severe COVID-19 in Hansen’s
disease patients receiving immunosuppressants to treat Hansen’s disease reactions,
and the potential for Hansen’s disease reactions to be triggered or exacerbated by
COVID-19 [4-6].

Clinical management of patients receiving treatment for Hansen’s disease who
developed COVID-19 in the pre-vaccination era has been described in a small num-
ber of published studies and case reports [7—11]. These suggest that Hansen’s dis-
ease and COVID-19 co-infection did not appear to change markedly the clinical
picture of either disease.

Specifically, concerns about increased frequency or severity of Hansen’s disease
reactions or that use of corticosteroids might contribute to the evolution of severe
COVID-19 did not materialize [12, 13]. Indeed, systemic corticosteroids became an
effective component of treatment of severe COVID-19 [14, 15]. Conversely, no evi-
dence emerged to support putative beneficial effects of clofazimine or dapsone
against SARS-CoV-2 infection [16-18].

Two studies in Brazil demonstrated that the proportion of Hansen’s disease
patients with COVID-19 who experienced reactions was similar to pre-pandemic
levels [11, 13]. Two of six coinfected cases described by Arora et al. in India had
persistent type 1 reactions with no change in severity during their COVID-19 illness
[10], while Saxena et al. reported a favorable outcome in a patient with severe type
2 Hansen'’s disease reaction and COVID-19 despite continued use of corticosteroids
and methotrexate [9].

Consensus from the start of the pandemic that MDT for Hansen’s disease should
not be suspended in cases of co-infection was therefore supplemented by no changes
in recommended case-by-case assessment and appropriate treatment of Hansen’s
disease reactions namely, corticosteroids for type I reactions and neuritis, and tha-
lidomide for type II reactions.

2 Hansen’s Disease and Leishmaniasis

Leishmaniasis is a neglected disease with systemic (visceral) and cutaneous (tegu-
mentary) forms that occurs in tropical countries, particularly in areas of lower
socioeconomic development where it can overlap with endemic Hansen’s dis-
ease [19].

“Old world” cutaneous leishmaniasis, caused mainly by Leishmania major,
L. tropica, L. aethiopica, and L. infantum, tends to heal spontaneously without dis-
semination to other organs, allowing the use of local and topical therapies. ‘New
World’ or ‘American’ cutaneous leishmaniasis, caused by several species including
L. braziliensis and L. panamensis, occurs mainly in Central and South America and
can lead to mucocutaneous involvement resulting in destructive and disfiguring
facial lesions.

Cases of leishmaniasis and Hansen’s disease co-infection have been reported in
Brazil [19-22], Central America [23], and India [24], but not in sufficient numbers
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to identify any patterns in host immune response to dual infection or interactions
between drug regimens, or to provide guidance on case management other than to
treat both diseases simultaneously.

3 Hansen’s Disease and Chagas Disease
(American Trypanosomiasis)

American trypanosomiasis is a vector-borne disease caused by Trypanosoma cruzi,
arising from contact with feces or urine of triatomine bugs. As with leishmaniasis,
this neglected tropical disease co-exists with endemic Hansen’s disease in poorer
regions [25], albeit with only a single published case report [26]. Chagas disease
can cause inflammation of cardiac muscles, hence use of thrombogenic medications
to treat Hansen’s disease reactions requires close monitoring.

4 Hansen’s Disease and HIV

At the beginning of the HIV epidemic, it was thought that immunodeficiency caused
by HIV might increase the incidence of newly detected cases of Hansen’s disease or
reduce the efficacy of MDT for Hansen’s disease, but neither of these effects mate-
rialized [27, 28]. Instead, the two diseases appear in most cases to follow indepen-
dent courses, including occurrence of Hansen’s disease reactions [29-31].

In clinical practice, the most important aspect of HIV co-infection is the onset of
Hansen’s disease and reactional states due to immune reconstitution syndrome
(IRIS) following initiation of antiretroviral therapy (ART) [32-37].

Four classifications have been proposed for IRIS in Hansen’s disease based on
case reports: Type 1 if ART unmasks undiagnosed Hansen’s disease; Type 2 if
Hansen’s disease was already diagnosed and MDT started prior to initiation of ART,
with IRIS manifesting as a type 1 Hansen’s disease reaction during the 6 months
post-ART initiation; type 3 describing IRIS manifesting as a type 1 Hansen’s dis-
ease reaction post-ART initiation in patients with undiagnosed or previously treated
Hansen’s disease and who are not receiving MDT; type 4 if Hansen’s disease is
diagnosed after ART initiation, the patient commences MDT, and subsequently
develops type 1 reaction [38].

5 Hansen’s Disease and Tuberculosis

The most common form of tuberculosis is pulmonary, with ten million new cases
worldwide each year. Tuberculosis is curable using MDT of 6 months’ duration,
extending up to 24 months in resistant cases. Bacillus Calmette-Guérin (BCG) vac-
cine is used in some countries and is effective against severe forms of the disease.
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Hansen’s disease and tuberculosis share some characteristics: both are caused by
obligate intracellular acid-fast bacilli of the genus Mycobacterium, with slow
growth and long incubation time; both are granulomatous infectious diseases which
develop along a spectrum determined by host immune response; and both are
strongly associated with socioeconomic deprivation [39].

Cutaneous tuberculosis has several clinical presentations and is diagnosed by
histopathological examination and culture of M. tuberculosis [40, 41]. Cutaneous
tuberculosis accounts for only 1-2% of tuberculosis cases, and cases of co-
occurrence with Hansen’s disease are rare.

Tuberculosis and Hansen’s disease may be treated concomitantly, adjusting drug
dosages if necessary to minimize toxicity and reduce risk of resistance [42—44].

6 Hansen’s Disease and Hepatitis

Hansen’s disease can occur concurrently with viral hepatitis. Some studies have
suggested a higher prevalence of hepatitis B virus (HBV) infection in persons with
Hansen’s disease [45], and vice versa [46], while others show no association [47]. It
is possible that persons with Hansen’s disease are more likely to be exposed to hepa-
titis infection, including hepatitis C virus (HCV) [48], rather than Hansen’s disease
co-infection increasing the risk of developing hepatitis [49, 50].

Evidence that HBV, HCV, and other viral hepatitis co-infections could be associ-
ated with Hansen’s disease reactions is inconsistent, with one study in Brazil show-
ing that groups of patients co-infected with HBV had higher rates of neuritis and
impaired nerve function compared to patients not co-infected [51], another showing
no association of anti-HBc or anti-HCV antibodies with type 1 or 2 reactions [47].

7 Hansen’s Disease and Immunosuppression

Chronic immune-mediated diseases, organ and stem cell transplantation, and the
corresponding demand for long-term or lifelong immunosuppressive treatments are
increasingly common in countries where Hansen’s disease is endemic [52].

There is limited evidence of possible adverse effects on Hansen’s disease devel-
opment of classical immunosuppressive drugs such as corticosteroids, methotrex-
ate, cyclosporine, and azathioprine [53], or potential effects of newer biological
agents and small molecules such as anti-TNF-alpha agents (infliximab, etanercept,
adalimumab, certolizumab, golimumab) used to treat autoimmune diseases includ-
ing rheumatoid arthritis, psoriasis, psoriatic arthritis, ankylosing spondylitis, and
inflammatory bowel diseases [54].

With the exception of a population-based observational study that showed an
increased risk of developing Hansen’s disease among patients receiving long-term
corticosteroids or anti-TNF-alpha agents for a range of dermatological and
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rheumatologic autoimmune diseases [55], most reports have been case studies
describing onset of Hansen’s disease or Hansen’s disease reactions after initiation or
cessation of immunosuppressive therapies [56—60]. Cases of Hansen’s disease after
kidney [61-63], heart [64], and liver transplants have been reported [65].

Clinical consensus in the absence of an evidence base is that patients in endemic

Hansen’s disease settings should be assessed and monitored for signs of Hansen’s
disease before, during, and after immunosuppressive treatments.
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Differential Diagnosis of Cutaneous
Lesions of Hansen’s Disease

Mecciene Mendes Rodrigues and Patricia D. Deps

A wide range of skin diseases can be mistaken for several forms of Hansen’s disease
(HD) and HD reactions. The complex pathogenesis of HD accounts for the remark-
able diversity of possible skin lesions caused by interaction between the agents of
the disease and the host, as represented in the Ridley-Jopling classifications. Skin
lesions vary in morphological appearance and color and may appear as hypochro-
mic (hypopigmented), erythematous (reddish), erythematous-violaceous, brownish,
or copper-colored. The form of HD depends on the host immune response, as do the
cutaneous lesions which can evolve gradually or appear spontaneously and which
can be localized or disseminated, including patches (macules), papules, plaques,
nodules or tumors, swellings, infiltrations, ulcers, vesicles, and blisters.

Skin lesions with anesthesia or paresthesia, enlarged peripheral nerves and a
definite loss of sensation to light touch, pinprick, or temperature are cardinal signals
and symptoms of HD. Numbness, tingling, nerve pain, dryness of skin and mucous
membrane, and hair loss may lead to suspicion of HD.
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1 Differential Diagnosis of the Indeterminate Form
of Hansen’s Disease

1.1 Anemic and Achromic Nevi

Characterized by hypopigmented patches. The limits are well defined, and the shape
and contours have the appearance of a geographical map. In general, this nevus
presents from birth although appearance during childhood is possible.

Clinical features are hypo or achromic macular lesions, usually single, varying in
size, and well-delineated (Fig. 1). In the anemic nevus, the abnormality is in cutane-
ous vascularization, and in the achromic nevus, an absence of melanin pigment.
Pressure or friction can differentiate the two types by the absence of erythema in the
area of the lesion in anemic nevus. Note that, in anemic nevi, the histamine test will
not be complete and should not be used in the clinical differentiation of the indeter-
minate form of HD.

1.2 Pityriasis Versicolor (Hypopigmented Form)

This is a superficial mycosis caused by fungi of the genus Malassezia. It occurs
frequently in tropical and warm regions. It generally affects regions of greater seba-
ceous production such as the upper trunk, neck, and face. It presents as lenticular

Fig. 1 Anemic nevus.
Macula that does not
become erythematous after
rubbing
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Fig. 2 Pityriasis versicolor. (a) Hypopigmented maculas well-defined limited and slight peeling
on the trunk. (b) Hypopigmented and erythematous macules with fine scaling on the face

lesions with furfuraceous desquamation, and discretely erythematous and brownish
lesions may also occur, hence the name versicolor, i.e., polychromic (Fig. 2). Zileri’s
sign (stretching of the skin) shows hypopigmented skin patch and the nail sign
allows the visualization of furfuraceous scaling.

1.3 Pityriasis Alba

A common disease of unknown etiology, possibly associated with Staphylococcus
aureus and environmental and nutritional factors, including vitamin A deficiency. It
is a cutaneous manifestation of atopy and seborrheic dermatitis although not
restricted to those conditions. Hypopigmented macula presenting light scaling, sin-
gle or in small numbers, often found on the face (Fig. 3), upper trunk, arms, and
thighs, rarely disseminated. Small follicular papules may be visualized and notice-
able on palpation. It affects mainly children and may present mild pruritus. Hair loss
may be present due to excoriation. Histamine test can be used to differentiate pity-
riasis alba from the indeterminate form of HD, especially in young children.

1.4 Post-inflammatory Hypopigmentation

This is a frequent dermatosis, common on arms and legs, which appears after several
cutaneous inflammatory processes (Fig. 4). It presents as hypopigmented macules due
to inflammatory, infectious, traumatic skin diseases or resulting from excoriations.

1.5 Vitiligo

Vitiligo is a common disease and occurs worldwide. It is a skin disease of multifac-
torial origin, with an autoimmune destruction of melanocytes. Patients with vitiligo
present with one to several amelanotic macules that appear chalk- or milk-white in
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Fig. 3 Pityriasis alba

Fig. 4 Post-inflammatory
hypopigmentation
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Fig. 5 Vitiligo

color. In general, lesions have a symmetrical distribution and can appear anywhere
on the body, including mucous membranes. Initial lesions occur most frequently on
the hands, forearms, feet, and face. When vitiligo occurs on the face, perioral and
periocular are the most common sites (Fig. 5).

1.6 Seborrheic Dermatitis

Seborrheic dermatitis has sites of predilection such as face, ears, scalp, and upper
part of the trunk (Fig. 6). In some cases, seborrheic dermatitis can be observed with
hypopigmented patches similar to macular lesions of the indeterminate form of HD.

1.7 Hypopigmented Mycosis Fungoides

This is a rare presentation of cutaneous T-cell lymphoma that differs from classic
mycosis fungoides because it affects younger people, with slower progression and
the majority of patients remaining in stage 1 with treatment. Initially, it appears as a
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Fig. 6 Seborrheic
dermatitis

Fig. 7 Mycosis fungoides
(hypopigmented macules)

hypopigmented patch (Fig. 7). Diagnosis is usually made by histopathological
examination [1].

1.8 Leukoderma Punctata

These are small, asymptomatic, achromic skin lesions, located mainly on the sun-
exposed areas of the upper and lower limbs (Fig. 8), and that begin in adulthood in
patients who have had heavy sun exposure.

1.9 Localized Scleroderma (Morphea) and Lichen Sclerosus
(et Atrophicus)

These are inflammatory diseases, with juvenile localized scleroderma (morphea)
the predominant form in childhood, affecting the skin and sometimes extending to
the underlying fascia, muscle, joints, and bone [2]. Hyperchromic plaques, which
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Fig. 8 Leukoderma
punctata

may be surrounded by a copper halo, evolve to hypopigmentation, atrophy, and
sclerosis (hardening).

Lichen sclerosus is characterized by hypopigmentation and skin atrophy. It
involves most commonly genital skin. Lesions can evolve towards the destruction of
anatomic structures, with functional impairment and risk of malignant evolution
[3]. The Table 1 presents hypopigmented skin disease according to clinical charac-
teristics such as external limit’ itching, sensitivity, sweating and peeling.
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Table 1 Skin diseases with hypopigmented lesions that are differential diagnoses of the
indeterminate form of Hansen’s disease

Clinical characteristics
External limit | Itching Sensitivity Sweating | Peeling
Indeterminate form of HD | In general, Absent In general, Often Absent
poorly defined changed absent
Anemic and achromic nevi | Well defined | Absent Preserved Preserved | Absent
Pityriasis versicolor Well defined | Can be Preserved Preserved | Generally
present present
Post-inflammatory Well defined | Absent Absent Preserved | Absent
hypopigmentation
Pityriasis alba Poorly defined | Can be Absent Preserved | Can be
present present
Vitiligo Well defined | Absent Absent Absent | Absent
Localized scleroderma Poorly defined | Absent Absent Absent | Absent

2 Differential Diagnosis of Tuberculoid
and Borderline-Tuberculoid Forms of HD

2.1 Granuloma Annulare

This is a benign inflammatory skin disease associated with many conditions such as
malignancy, trauma, thyroid disease, diabetes mellitus, and HIV infection. It can
occur at any age. A localized variant occurs more commonly in children with a skin
lesion characterized by a single or small number of erythematous, non-scaling
plaques with raised, hardened edges, located most frequently on the extremities
(Figs. 9 and 10). Spontaneous regression is observed. A generalized form presents
more commonly in adult diabetic patients [4].

2.2 Tinea Corporis

Tinea corporis is caused by dermatophytes and is a common skin disease in tropical
countries, affecting all age groups. It appears as a well-defined reddish plaque, scal-
ing at the edges, which may occur as single lesions or in small numbers anywhere
on the body (Fig. 11). Pruritus, excoriated lesions with secondary infection (impe-
tiginization) and eczematization are frequently found [5].

2.3 Pityriasis Rosea

This is a disease with a probable viral etiology [6]. It presents as small, centrifugally
growing papular erythematous lesions that evolve to annular lesions with discrete
scaling on the inner border, distributed in an arboriform arrangement, generally on
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Fig. 9 Granuloma
annulare

Fig. 10 Granuloma
annulare

Fig. 11 Tinea corporis

the trunk and neck (Fig. 12a). The first skin lesion is called the “herald patch”
(Fig. 12b). The disease is self-limiting and lasts about 8 weeks. Lesions may be
found in several stages of evolution: macules, papules, and annular lesions. Pruritus
may be present.
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Fig. 12 Pityriasis rosea. (a) Erythematous plaques with collared desquamation and "Christmas
tree" arrangement. (b) Initial lesion (herald patch)

2.4 Lupus Vulgaris (Cutaneous Tuberculosis)

Cutaneous tuberculosis (CTb) is a chronic infectious disease with several clinical
presentations that are rare and difficult to diagnose. Lupus vulgaris (LV) is the most
frequent form. Mycobacterium tuberculosis is the main causative agent of LV but,
more rarely, the disease can be caused by Mycobacterium bovis or bacillus Calmette-
Guérin (BCG). Lesions are most often located on the face, around the nose, eyelid,
lips, cheeks, and ears (Fig. 13). LV is characterized by an erythematous plaque with
multiple nodules that spread irregularly leading to scarring and destruction of
tissue [7].

2.5 Sarcoidosis

This is a chronic multisystemic granulomatous disease of unknown etiology. It
affects patients of all ages and races. The skin is the second most commonly affected
organ, with a polymorphous presentation (Fig. 14a, b). Lupus pernio manifests as
insidious purpuric or purplish-blue lesions localized on the nose, cheeks, lips, and
ears, associated with swelling of the fingers and toes [8]. Typical erythema nodosum
may be a manifestation of sarcoidosis, generally limited to the lower limbs, which
is a clinical differential from ENL lesions that can occur anywhere on the body.
Chest radiography and histopathology may help in the diagnosis. Histopathology
reveals a non-caseating tuberculoid granuloma without the presence of lympho-
cytes, also known as “naked granuloma” (Fig. 14c, d) [9].



Differential Diagnosis of Cutaneous Lesions of Hansen’s Disease 247

Fig. 13 Lupus vulgaris (Cutaneous tuberculosis)

2.6 Discoid Lupus Erythematosus

A chronic autoimmune disease, this is the form of lupus erythematosus limited to
the skin, occurring more frequently in young women. Lesions are located on photo-
exposed areas, including the face, scalp, upper limbs, and, more rarely, may gener-
alize to the whole integument. In this type of cutaneous lupus, the skin lesions are
round (disk-shaped), thick, scaly, and red. They may present as atrophic, alopecic,
and with erythema and edema of the borders when active. Residual lesions present
as achromic and hyperchromic.
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Fig. 14 Sarcoidosis. (a) Roughly defined erythematous-elevated nodule (a) and plaque (b). (c)
Compression with a glass slide showing the presence of an apple-jelly aspect characteristic of
sarcoidosis. (d) Histopathology (Hematoxylin-Eosin) with the presence of naked granuloma

2.7 Lyme Disease

A systemic disease common in the Northern Hemisphere caused by Borrelia burg-
dorferi transmitted by infected Ixodes ticks. Lesions occur as erythematous macula
with migratory “bulls-eye target” appearance and may be associated with fever,
headache, myalgia, and arthralgia. Diagnosis can be made by serological detection
of anti-B. burgdorferi antibodies.

2.8 Contact Dermatitis

This is a common inflammatory skin condition characterized by erythematous and
pruritic skin lesions that occur after contact with a foreign substance. There are two
forms of contact dermatitis: irritant and allergic [10]. Skin lesions often occur at the
site of contact and progress to erythema and scaling with visible borders (Fig. 15).
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Fig. 15 Contact dermatitis

3 Differential Diagnosis of Borderline and Virchowian
Forms of HD

3.1 Secondary Syphilis

This disease is caused by Treponema pallidum. Weeks or months after the primary
infection, numerous small, oval, erythematous papules may develop, and subtle
peripheral scaling (Biet’s collar) may be found. It can occur on the whole integu-
ment, including the palms and soles (Fig. 16a—d). On the face, in patients with
Fitzpatrick phototypes V and VI, arciform lesions with raised borders forming
“drawings” may be observed, a picture known as “elegant syphilis.” The lesions
are asymptomatic, last for 3—4 weeks and regress spontaneously. Recurrences are
possible, in a milder form, leaving residual hyperpigmented lesions with mild atro-
phy. The diagnosis must be confirmed by serological tests for antibodies to
T. pallidum.
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Fig. 16 Secondary Syphilis. Numerous small, oval, erythematous papules (syphilitic roseola) on
the face (a), trunk (b), and the palms (c) and soles (d)

3.2 Lobomycosis or Jorge Lobo’s Disease

Caused by the Lacazia loboi fungus, this mycosis is restricted to the Amazon region.
It affects the skin and subcutaneous tissue. Nodules and plaques with frankly keloid-
like nodules and plaques are present all over the body, with a greater predilection for
exposed areas. The lesions are asymptomatic and follow a chronic course. The diag-
nosis is made by histopathological examination and identification of the fungus in
the lesion. It may affect the auricular pavilion, as does the virchowian form of HD
(VHD), but unilateral involvement is more common in Jorge Lobo’s disease while
bilateral involvement is more common in VHD.

3.3 Kaposi’s Sarcoma

This is a proliferative tumor of vascular endothelial cells. Both macular lesions,
nodules and plaques of angiomatous appearance may be found, with coloration
ranging from erythematous-violaceous to brownish (Fig. 17).
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Fig. 17 Kaposi’s sarcoma

3.4 Diffuse Cutaneous Leishmaniasis

A disease caused by Leishmania amazonensis or Leishmania aethiopica, it consti-
tutes the anergic pole of infection, presenting as a generalized nodular eruption with
symmetrical distribution (Fig. 18). Diagnosis is made by identifying amastigotes
within macrophages obtained by biopsy or smear of skin lesions.

3.5 Neurofibromatosis
This is a genodermatosis where nodular and tumoral lesions appear in childhood or
later. The skin lesions vary in size and are asymptomatic (Fig. 19a, b).

3.6 Mpycosis Fungoides

This is a malignant proliferation of T lymphocytes (cutaneous lymphoma), produc-
ing infiltrated macules and plaques of varying sizes, shapes, and colors (Fig. 20a—c).
As the disease develops, nodules may appear in previously uninfiltrated areas.
Sensitivities are preserved. Diagnosis is confirmed by histopathology of the skin.

3.7 Plaque Parapsoriasis

A skin disease caused by the proliferation of T-lymphocytes. It presents initially as
macules evolving to yellowish-erythematous slightly desquamative plaques
(Fig. 21). The diagnosis is confirmed by histopathological findings.
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Fig. 18 Diffuse cutaneous
leishmaniasis

Fig. 19 Neutofibomatosis. Papules, nodules and tumours of skin colour (a, b)
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Fig. 20 Mycosis fungoides. Papules, nodules and erythematous plaques (a—c)

Fig. 21 Plaque
parapsoriasis

3.8 Actinic Reticuloid

A disease caused by persistent and severe photosensitivity. It presents with infiltra-
tion, erythema, edema, and thickening of the skin of the face, neck, and hands.
Sensitivities are preserved. The diagnosis is confirmed by histopathological
findings.
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3.9 Symmetrical Drug-Related Intertriginous and Flexural
Exanthema (SDRIFE)

SDRIFE or “Baboon syndrome” is characterized by symmetrical exanthema in the
gluteal, intergluteal, and inguinal region and at least one intertriginous area (Fig. 22).
It begins hours or up to 2 days after exposure to the causal agent. The most com-
monly implicated medications are beta-lactams, particularly amoxicillin, sulpha-
mides, anti-inflammatory drugs, barbiturates, tetracyclines, and carbamazepine.

3.10 Erythema Elevatum Diutinum

This occurs between 30 and 60 years of age in both sexes. It is characterized initially
by macules or purpuric plaques on the extensor surfaces of the extremities and
evolves with the formation of nodules that simulate keloids, HD, or fibrous tumors
(Fig. 23). It may be associated with tumors in solid organs, lympho-hematic, inflam-
matory, or autoimmune diseases.

Fig. 22 Symmetrical
drug-related intertriginous
and flexural exanthema
(SDRIFE)
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Fig. 23 Erythema
elevatum diutinum

4 Differential Diagnosis of Reactions in Hansen’s Disease

4.1 Plaque Psoriasis

This is a chronic inflammatory desquamative disease which can affect the skin and
joints. It is characterized by well-defined, erythematous-descaling plaque lesions,
generally affecting the scalp, elbows, knees, and the sacral region (Fig. 24). Psoriasis
is recurrent and can be physically or socially disabling. Plaque psoriasis is a differ-
ential diagnosis with borderline forms of HD and Type 1 reactions.

4.2 Erythema Multiforme

An acute and recurrent skin condition that is considered to be a hypersensitivity
reaction to infections or drugs [11]. The clinical picture may be preceded or accom-
panied by fever, malaise, arthralgia, and myalgia. It presents as a polymorphous
eruption of macules, papules, and characteristic “target” lesions (pale center) that
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Fig. 24 Plaque psoriasis

Fig. 25 Erythema
multiforme

are distributed symmetrically with propensity for the distal extremities, and which
may evolve to ulcerated lesions (Fig. 25). When the picture is more intense, general-
ized, and affecting mucous membranes, with vesicles and blisters, the possibility of
Stevens-Johnson Syndrome or Toxic Epidermal Necrolysis must be considered.
Differential diagnosis with Type 2 reactions of HD [11].

4.3 Erythema Nodosum (Non Leprosum)

The erythema nodosum is defined and characterized by erythematous lesions that
are more palpable than visible and may be caused by infections, as in the reaction
pictures of infection by M. tuberculosis, in pharyngitis caused by Streptococcus, or
caused by medication, among other causes. It can also occur in autoimmune dis-
eases such as systemic lupus erythematosus (SLE).
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Fig. 26 Post-kala-azar
dermal leishmaniasis

4.4 Post Kala-Azar Dermal Leishmaniasis (PKDL)

After treatment, visceral leishmaniasis (VL) may present clinically as macules,
plaques, or nodular lesions (Fig. 26), usually beginning on the face and spreading to
the neck and extremities. It also affects the small cutaneous nerves. Although rare,
co-infections of HD and VL have been reported [12].

4.5 Sweet’s Syndrome

This is an acute febrile neutrophilic dermatosis presenting with papules that tend to
group into painful erythematous and erythematous-violaceous plaques. The intense
edema of the lesions gives a characteristic appearance of the syndrome called
pseudo-vesiculation. In some cases, the lesions resemble those of erythema multi-
forme and should be differentiated from Type 2 reactions whose cutaneous picture
is indistinguishable from erythema multiforme. The presence of bacilli on histo-
pathological examination confirms the diagnosis [13].
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Differential Diagnoses of the Neurological
Manifestations of Hansen’s Disease

Check for
updates

Patricia D. Deps, Francisco Marcos B. Cunha, and José Antonio Garbino

Clinical suspicion of Hansen’s disease should be raised in patients presenting with
sensory alterations including paraesthesia, tingling, burning, and/or sensory deficit
corresponding to the area of a thickened nerve, associated or not with motor and/or
autonomic deficits, and with or without Hansen’s disease skin lesions [1].

In a Brazilian Hansen’s disease reference centre study involving 481 patients,
Hansen’s disease was confirmed in 320 (66.5%) cases, and differential diagnoses in
the other 161 patients included: (a) metabolic and deficiency diseases—diabetes
mellitus, hypothyroidism, uraemia, secondary amyloidosis, alcoholic neuropathy;
(b) hereditary neuropathies—Charcot-Marie-Tooth I and II (Fig. 1), congenital
insensitivity to pain, compression susceptibility neuropathy, neurofibromatosis
type I; (c) inflammatory and immune-mediated diseases—vasculitis, systemic
lupus erythematosus, panarteritis nodosa, chronic inflammatory demyelinating
polyneuropathy, monoclonal gammopathy; (d) traumatic and compressive spinal
and spinal cord diseases—radiculopathies, cervical syringomyelia, sequelae of
transverse myelitis, neurogenic thoracic outlet syndrome; (e) motor neuron disease;
(f) effects of drug toxicity—isoniazid, chloroquine, and antiretrovirals; (g) other
non-neurological diseases—palmar tendinopathy, camptodactyly (Fig. 2) and
osteoarthropathies [2].
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Fig. 1 Charcot-Marie-
Tooth I and II Disease

Fig. 2 Camptodactyly

Investigation of peripheral neuropathies begins with the anamnesis, research
of personal and family antecedents, and a physical-neurological examination.
Complementary examinations should include: general laboratory examinations,
skin smears, clinical investigations of sensibility and motor examination, electro-
neurophysiological evaluation, imaging examinations, and skin pathology.
Biopsy of the affected nerve may be needed if skin smear and PCR are
inconclusive.
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1 Differential Diagnoses in Primary Neural Hansen’s Disease
and Peripheral Neuropathies

Primary neural Hansen’s disease (PNHD) is characterised by the clinical and labo-
ratory absence of skin involvement, at least at the outset, when abnormalities are
restricted to the peripheral nervous system [3]. It is also referred to as the ‘pure
neuritic’ or ‘pure neural’ form of Hansen’s disease (see chapter “Neurological
Manifestations of Hansen’s Disease™).

The prevalence of PNHD may be overestimated when identification of skin
lesions in suspected cases is not correctly performed because of inadequate skin
smears or poorly conducted skin biopsy [4, 5]. Conversely, patients presenting with
nerve lesions of various aetiologies may be misdiagnosed as PNHD because of
failure to perform a dermatological examination. In a Brazilian study using nerve
biopsy on 162 patients with suspected PNHD, this diagnosis was confirmed in 34
cases (21%) [6].

Mononeuropathies and multiple mononeuropathies are the most plausible dif-
ferential diagnoses for Hansen’s disease neuropathy (HDN) (Table 1).
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2 Mononeuropathies

The mononeuropathies with the greatest similarities to HDN, especially the pauci-
bacillary forms, are ulnar tunnel syndrome, ‘Saturday night’ radial paralysis in the
arm spiral groove and ‘crossed leg’ fibular syndrome in the retrofibular tunnel [7—
9]. The latter two may be confused with the neural form of tuberculoid Hansen’s
disease, but their acute nature and spontaneous improvement help differentiate them
from HDN. Nerve tumours present difficulties in differentiation them from nerve
abscesses of the tuberculoid forms of Hansen’s disease [10].

3 Multiple Mononeuropathies

Multiple mononeuropathies can occur as a result of vasculitis, arteritis, collagen
diseases, systemic lupus erythematosus, and Sjogren’s syndrome (sensory or sen-
sory and axonal motor neuropathies), and infectious diseases such as hepatitis B and
C (axonal) and HIV (axonal or myelinated) [11] (Table 1).

Multifocal motor neuropathy may be confused with HDN, but the fact that it
preserves sensory fibres is a clear differentiator. Lewis-Sumner syndrome or
MADSAM (multifocal acquired demyelinating sensory and motor neuropathy) is
an inflammatory neuropathy with sensory involvement that can be more confusing.
Polyradicular involvement, i.e. in nerves proximally, assists in differential
diagnosis.

Hereditary neuropathy with susceptibility to pressure presents as asymmetrical
neuropathy with focal accentuation at sites of compression, involving the same
nerves as HDN; anamnesis may reveal its hereditary character. Evolution occurs in
outbreaks at compression sites, predominantly myelinic, with total or partial
improvement [12].

4 Plexopathies

4.1 Acute Brachial Plexus Neuritis, Brachial Neuralgic
Amyotrophy, or Parsonage-Turner Syndrome

This is an inflammatory neuropathy of probable immune-mediated cause often pre-
ceded by viral upper airway infections. Pain is sudden onset, intense and acute,
localised in the scapular girdle, generally unilateral, followed by weakness and/or
muscular atrophy, with partial anaesthesia of the limb (Figs. 3 and 4). It has a
myelinic and asymmetric character, like Hansen’s disease, but involvement of the
scapular waist is not frequent in Hansen’s disease [13].
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Fig.3 Compressive
syndrome of the posterior
interosseous nerve in the
left hand. The patient is
unable to make the

‘OK” sign

Fig. 4 Brachial Neuralgic
Amyotrophy or Parsonage-
Turner Syndrome.
Posterolateral view: shows
amyotrophy of the levator
scapulae, supraspinatus,
and infraspinatus muscles.
The patient will have
difficulty abducting the
shoulder
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4.2 Neurogenic Thoracic Outlet Syndrome (NTOS)

NTOS mimics HDN because it affects the Lower Trunk of the Brachial Plexus,
roots C8 andT1. Motor impairment predominating in the median nerve (C8, T1) and
sensory impairment in the ulnar nerve (C8) is characteristic of NTS [14]. The ves-
sels may suffer compression in the thoracic outlet which can be demonstrated by
decreased radial pulse when performing the Adson’s manoeuvre [5].

5 Polyneuropathies

Distal polyneuropathies resemble multibacillary forms of Hansen’s disease with
multiple confluent mononeuropathy [3]. They are defined by presenting diffuse
peripheral nerve involvement and bilateral, symmetrical, and length-dependent dis-
tribution, that is, compromising nerve fibres more distally, lower limbs first, than
proximally (Fig. 5).

The most relevant polyneuropathies in the differential diagnosis of HDN are
related to diabetes mellitus, acquired immunodeficiency syndrome, systemic lupus
erythematosus, familial amyloid polyneuropathy, poisoning by arsenic and other
metals, genetic neuropathies, and neuropathy related to alcoholism [15, 16].

5.1 Polyneuropathy of Diabetes

Diabetes mellitus is the most common cause of polyneuropathy and can present in
various forms including multiple mononeuropathy. In Hansen’s disease endemic
areas, these diseases coexist. Although it also affects the motor nerves, diabetic

Fig. 5 Carpal tunnel
syndrome. Atrophy in the
thenar region
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polyneuropathy is symmetric, length-dependent, and predominantly sensory. The
patient complains of burning pain, paraesthesia, and hyperaesthesia, and allodynia
is frequent in the lower extremities, making contact with bedsheets difficult at night.
It may progress with decreased tactile, thermal, pain and vibratory sensibility, dys-
autonomia and complete abolition of deep reflexes. Clinically, diabetic polyneu-
ropathy differs from HDN because it is length-dependent, i.e. it compromises long
fibres more intensely, predominating in the lower limbs, and the motor deficit is
symmetrical and diffuse, being initially sub-clinical [17-19].

5.2 Polyneuropathy of Systemic Lupus Erythematosus

This polyneuropathy appears as a sensory or motor disorder of the peripheral nerves,
of variable duration, characterised by symmetric symptoms and distal distribution.
In general, it is related to disease activity. It may affect 60% of patients with late-
onset disease [20, 21].

5.3 Polyneuropathy of HIV/IAIDS

The mechanisms of nerve damage include the direct action of the virus, immuno-
logical alterations, use of antiretroviral drugs, and opportunistic infections. HIV
neuropathy presents in multiple forms including: demyelinating inflammatory poly-
neuropathy; symmetrical distal sensory-motor polyneuropathy; mononeuropathies
and multiple mononeuropathies; progressive polyradiculopathies; ganglioneuropa-
thies and autonomic neuropathies; drug toxicity neuropathies caused by ddC (zal-
citabine), ddl (didanosine), d4T (stavudine), isoniazid, and metronidazole;
ascending neuromuscular weakness associated with metabolic acidosis and second-
ary to side effects of antiretroviral drugs, especially d4T [22].

5.4 Inflammatory Demyelinating Polyradiculoneuropathies

Guillain-Barré syndrome (GBS) is an acute extensive demyelinating polyradiculo-
neuropathy, sensory and motor, symmetrical and extensive, with onset within
2 weeks, progressing from distal to proximal [23]. Although also a demyelinating
disease, these clinical features easily differentiate GBS from Hansen’s disease.
However, chronic inflammatory demyelinating polyradiculoneuropathy (CIDP)
may present in a typical or atypical form, with only half of patients expressing the
typical phenotype exhibiting symmetrical sensory and motor symptoms over a
period of 8 weeks or more. It may progress in alternating outbreaks with periods of
stabilisation or remission. The atypical phenotype may present predominantly focal,



268 P. D. Deps et al.

sensory, motor, distal, or asymmetric symptoms. As a chronic demyelinating inflam-
matory neuropathy, this atypical form may be confused with Hansen’s disease [24].
Cerebrospinal fluid (CSF) examination is mandatory for the diagnosis of these poly-
radiculoneuropathies [25].

6 Hereditary Neuropathies

6.1 Familial Amyloid Polyneuropathy (FAP) 1 and 3

These are autosomal dominant disorders which occur in the age group 30—40 years.
The neuropathy progresses with sensorial and motor symptoms with predominant
involvement of fine fibres, resulting initially in loss of pain sensitivity and dysau-
tonomy and progressively affecting large fibres. Clinical features of FAP are: family
history of neuropathy and/or cardiomyopathy, neuropathic pain, orthostatic hypo-
tension, diarrhoea, constipation or alternating bowel rhythm, dysphagia, and severe
weight loss [26].

Sequencing of the TTR (transthyretin) gene should be requested to determine the
genetic form of FAP because the TTR V30M (Val30Met mutation) form progresses
more slowly (1015 years) than the non-V30M form [26].

6.2 Acute Intermittent Porphyria (AIP)

AIP is typically of autosomal dominant inheritance, with incomplete penetrance,
but occasionally autosomal recessive. Rare before puberty, it results from failure of
heme synthesis with accumulation of porphyrins and their precursors. The neuropa-
thy is predominantly motor due to axonal degeneration. Of acute or subacute onset,
with asthenia of the proximal muscles, more frequent in the arms than in the legs, it
may be asymmetric and focal and can involve cranial and sensory nerves. Neuropathy
will occur rarely without abdominal symptoms—colicky pain, nausea, vomiting,
and constipation.

7 Genetically Determined or Developmental Myelopathies
7.1 Syringomyelia

In syringomyelia, there is formation of a cavity in the central canal of the medulla,
with expansion of this canal, of the medullary substance and of the cerebral trunk
resulting from alterations in CSF circulation. It may be caused by Chiari’s malfor-
mation, tumoral growth in the marrow, infections, trauma, or have no identified
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cause (idiopathic) (Figs. 6, 7 and 8). It affects more the cervical and high thoracic
spinal cord, generating asymmetric segmental weakness and atrophy of the hands
and arms. There is a lesion of the fibres which form the lateral spinothalamic tracts.
Thermal and pain sensitivity is lost, while tactile sensitivity is preserved (‘hypoes-
thesia of suspended distribution’). As the involvement is preganglionic, sensory
conduction is preserved despite the clinical sensory loss, which differentiates syrin-
gomyelia from HDN.

Fig. 6 Chiari’s syndrome. (a) Amyotrophy of the first interosseous space. (b) Magnetic resonance
imaging of the cervical spine showing invagination of the brainstem and cerebellum by the fora-
men magnum

Fig. 7 Syringomyelia.
Atrophy of the
interosseous muscles of the
hands. Right hand with
radial-median-ulnar claw
and in the left-hand

radial claw
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Fig. 8 Syringomyelia. MRI
sagittal view—shows an
enlargement of the spinal
canal in the cervical and
thoracic region

Fig.9 (a) Cervical radiculopathy. Atrophy of the wrist and hand muscles. (b) MRI (sagittal view):
cervicoarthrosis, the rectification of the spine, and narrow cervical spinal canal

7.2  Myelopathy with Monomelic Amyotrophy or
Hirayama Disease

Hirayama disease is most prevalent in Asia, in young men. There are few reports
from the Americas [27]. In this disease, there is hypodevelopment of the spinal dura
mater, a posterior dural ‘detachment’ in the cervical and upper thoracic region dur-
ing neck flexion movements. It leads to focal and asymmetric compression and
ischaemia of the motor neurons in the anterior horn of the spinal cord, causing
paralysis without loss of sensation (Figs. 9a, 10a and 10b). These clinical findings
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Fig. 10 Distal juvenile muscular atrophy of the upper limb or Hirayama's disease. (a) Atrophy of
the forearm and hand and palmar interosseous muscles. (a, b) Hands showing atrophy of the left
thenar and hypothenar regions with clawing of the 2nd to 5th fingers

differentiate this disease from HDN and syringomyelia, which always present sen-
sory loss. MRI studies of the cervical spine in flexion may show the posterior venous
plexus intensely engorged compared to the neutral position (Fig. 9b) [27].

8 Toxicity-Related Peripheral Neuropathies

8.1 Drugs

Chemotherapy-induced peripheral neuropathy presents as sensory-predominant
and length-dependent polyneuropathy with a ‘gloves and socks’ distribution [28,
29]. The chemotherapeutic drugs most commonly implicated are oxaliplatin, cis-
platin, paclitaxel, bortezomib, vincristine, combination of cisplatin and pacli-
taxel [30].

8.2 Heavy Metals

The increase in environmental contamination by heavy metals means that reports of
their toxic effects on human health, including peripheral neuropathies are becoming
more common. The metals most frequently reported as causing peripheral neuropa-
thies are as follows:

(a) Inorganic mercury can cause peripheral nervous system disorders, as long as
30 years after exposure [31]. Ingestion of organic mercury in contaminated
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(b)

(c)

(d)
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foodstuffs such as fish affects the dorsal root and trigeminal ganglion, causing
proximal sensory polyneuropathy and ganglionopathy [32].

Lead poisoning causes asymmetric sensory and motor neuropathies similar to
the neuropathy of Hansen’s disease, including paralysis of the extensors of the
hands and fingers and dorsiflexors of the dropped foot [33-35].

Inorganic arsenic poisoning manifests as sensory neuropathy with neuropathic
pain and symmetrical distal polyneuropathy, progressing to severe polyradicu-
loneuropathy similar to Guillain-Barré Syndrome [36].

Use of thallium as a component of pesticides and rodenticides has been banned
in several countries. Thallium poisoning is characterised by alopecia
(1-2 weeks’ onset) and peripheral neuropathy similar to inorganic arsenic poi-
soning [33, 37] (Figs. 7, 8, and 10).
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Immune and Chemoprophylaxis
in Hansen’s Disease

Marcos Cesar Florian

The prevalence of Hansen’s disease in the world has decreased over the past decades
after the introduction of multidrug therapy (MDT) in the 1980s, but the detection of
new cases remains high with a slight decline of about 2% per year [1]. There are
numerous cases that are still undiagnosed, therefore unrecorded, leading to an
underestimation of the occurrence of the disease in some countries [2]. Because it is
a chronic disease with great clinical variability and with possible neurological
involvement as the initial signs and symptoms, there is the possibility of many late
diagnoses, contributing to the occurrence of physical disabilities and to the mainte-
nance of transmission in endemic countries and regions [3]. The understanding and
comprehension about Hansen’s disease, its signs and symptoms, as well as the gen-
eral perception of Hansen’s disease among the population are still low in many
endemic areas [4]. All these factors also contribute to the difficulty in controlling the
disease.

Some strategies to combat Hansen’s disease have been developed over the years:

e Early diagnosis through spontaneous demand, active demand through cam-
paigns, active search for new cases and training of health teams.

e Therapeutic with multidrug therapy (MDT) recommended by the World Health
Organization (WHO).

e Close examination of household and social contacts of people affected by
Hansen’s disease.

Thus, in addition to these control proposals, which seem insufficient to reduce
the number of cases more decisively, other strategies need to be sought [5].
Immunoprophylaxis and/or chemoprophylaxis, including the use of “post-expo-
sure prophylaxis” (PEP), are included in these proposals. PEP can be
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administered among contacts of Hansen’s disease patients, which include house-
hold contact, neighbor contact, and social contact [1]. PEP is a term used for
chemoprophylaxis and/or immunoprophylaxis and has been studied in random-
ized clinical trials and observational studies since the 1960s in some endemic
areas of the world [6]. The first clinical trials used dapsone and acedapsone.
However, with the advent of dapsone resistance, its use in population-based che-
moprophylaxis intervention studies has been discontinued. Rifampin, mainly as a
single dose, [6, 7] but also in combination with other drugs, has been evaluated as
a chemoprophylaxis option.

1 Immunoprophylaxis

Immunoprophylaxis is a mode of prevention in which the host uses its immune
system to fight an infectious process. It can be passive, such as the administration of
antiviral serum and breastfeeding, or active, such as vaccines.

The BCG (bacillus Calmette-Guérin) vaccine, which is produced with attenu-
ated Mycobacterium bovis, was developed for the prevention of tuberculosis, espe-
cially its severe forms, and is part of the immunization scheme for children. It is
routinely given to newborns in many parts of the world. In Brazil, in addition to
being applied right at birth, it is also applied again to the examined contacts. When
it comes to Hansen’s disease immunoprophylaxis, the BCG vaccine is the most
relevant since it confers a partial boost of immune response to Mycobacterium lep-
rae. BCG vaccination in childhood reduces by about 50% the chance of contracting
M. leprae in a high-risk population, such as contacts of patients newly diagnosed
with Hansen’s disease [8]. Its effectiveness against Hansen’s disease seems to be
significantly higher among contacts than in the general population: 68% versus
53% [9].

2 Chemoprophylaxis

Chemoprophylaxis is based on the administration of one or more drugs to stop
Mpycobacterium leprae infection in people who have had contact with Hansen’s
disease—affected individuals who are transmitters, or to reduce the chance that
someone who has already been infected will develop Hansen’s disease. Therefore,
chemoprophylaxis is primarily aimed at reducing the transmission of the bacillus,
especially among contacts.

Contacts living in the same household as people with Hansen’s disease are about
ten times more likely to be detected as having undiagnosed Hansen’s disease than
the general population, regardless of age, disease classification, and genetic dis-
tance [9, 10]. Thus, contacts should be one of the main focuses for applying plans
for monitoring and controlling the disease.
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In the 1960s and 1970s, clinical trials using dapsone and acedapsone as chemo-
prophylactics were conducted in children’s schools in Uganda and in endemic vil-
lages in India. An overall reduction of Hansen’s disease of 40% among contacts
where dapsone was administered and 51% among contacts where acedapsone was
administered has been demonstrated [4].

The disadvantages of dapsone as a chemoprophylactic agent are the development
of resistance to this drug and lack of patient compliance due to the need for long-
term administration. New drugs were considered, including rifampin.

Rifampin, a bactericidal drug against M. leprae and one of drugs of the multidrug
therapy, has been used in chemoprophylaxis studies, either as the sole drug (COLEP
study, Project PEP-Hans) or together with other drugs (ROM: rifampin, ofloxacin,
minocyclin. PEP++: rifampin and clarithromycin in three doses) [4, 11] or with
immunoprophylaxis.

* Some points in favor of using single-dose rifampicin post-exposure prophylaxis
(PEP-SDR):

— A beneficial and effective effect in reducing M. leprae infection in the first
2 years after administration of PEP with a single dose of rifampicin in con-
tacts of persons with Hansen’s disease [10].

— Allow greater adherence to treatment since it is very common for people with
Hansen’s disease to live long distances from the places where medication and
treatment are distributed. This situation often makes it unfeasible to receive
the treatment because the worker has difficulty in attending the health service
due to his or her work routine [10].

— Low cost.

— The possibility of being implemented in Family Health Strategies allowing
easy access to the person with Hansen’s disease, as well as their contacts for
the administration of PEP, facilitating the work of health professionals in the
treatment and epidemiological control of Hansen’s disease [10];

— No need of a second dose of medication [10].

— Low risk of side effects and resistance to rifampicin used as a single dose PEP
[10, 12].

— The possibility of a reduction in the number of new cases in the first 2 years
after chemoprophylaxis [10].

* Some unfavorable points for the use of post-exposure prophylaxis of one dose of
rifampicin (PEP-SDR):

— The goal of contacts who need to receive PEP to achieve a significant reduc-
tion in the incidence of Hansen’s disease must be achieved with difficulty
since there are many cases still undiagnosed, therefore with their contacts also
undetected [10, 13].

— The risk of resistance to rifampicin used as a single-dose PEP is considered
low, but it is not zero.

— Lack of information or inadequate information can lead to rejection of rifam-
picin use as PEP by contacts.
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— The risk of developing Hansen’s disease, even in people who are carriers of
the bacillus, tends to decrease naturally in all contacts, even those who have
not received PEP [10].

— The different results in the studies depend on the type of study and the obser-
vation time [14].

There are clinical trials looking at the efficacy of combining BCG with rifampi-
cin, including using the combination of BCG vaccine with heat-inactivated M. lep-
rae [6]. Chemoprophylaxis with rifampicin had an overall protective effect of
approximately 60% and, when combined with prior immunization with BCG vac-
cine, could reach 80%, and this effect was demonstrated within 2 years of the inter-
vention [15]. It is unclear whether this combination of BCG immunoprophylaxis
with single-dose rifampin chemoprophylaxis would have a lasting additional pro-
tective effect in preventing Hansen’s disease [15, 16].

The different chemoprophylaxis and/or immunoprophylaxis schemes target
especially the contacts [5].

The contact settings are:

— Household contact: contact living in the same dwelling or sharing the same
kitchen with an index case. This includes family members but also domestic staff
or aids or co-workers or others sharing the same accommodation. A family mem-
ber living elsewhere should not be considered as a household contact.

— Neighbor contact: a person living in the neighborhood of an index case, typically
defined as an adjacent household or living within 100 m [17]. Because of geo-
graphic proximity, these persons have a higher probability of being exposed and/
or infected.

— Social contact: other persons having prolonged contact with an index case and
who are not classified as household or neighbor contact. These may include
friends, persons sharing workplace (e.g., factory workers, office colleagues) or
school (students and teachers) or leisure venue (e.g., sports club) [1].

The World Health Organization (WHO) puts as one of the current strategic pil-
lars “tracing household contacts along with 25-50 neighbors and social contacts of
each patient, accompanied by the offer of a single dose of rifampicin as preventive
chemotherapy.” [18-21].

With the current information, endemic countries should evaluate whether to
adopt chemoprophylaxis (and what regimen) in their national programs based on
the pros and cons of this intervention modality [22, 23]. In countries where PEP-
SDR is adopted, it will be reviewed in terms of coverage of contacts provided with
SDR and number of new cases detected during chemoprophylaxis activities [20, 24].
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Psychosocial Aspects of Hansen’s Disease

Anna T. van ’t Noordende, Suresh Dhondge, and Wim H. van Brakel

1 Hansen’s Disease and Stigma

Persons affected by Hansen’s disease often have to deal both with physical effects,
such as damage to the skin, nerves, and eyes, and psychosocial aspects of the dis-
ease. An important factor, if not the most important, in producing and sustaining a
negative psychosocial effect on persons affected is stigma. Stigma against Hansen’s
disease dates back to many centuries ago [1]. Stigma refers to “a social process,
experienced or anticipated, characterised by exclusion, rejection, blame or devalua-
tion that results from experience, perception or reasonable anticipation of an adverse
social judgment about a person or group” [2].

Persons affected by Hansen’s disease may be stigmatised because of the visible
impairments associated with their condition, fear of transmission, a lack of knowl-
edge about Hansen’s disease and cultural and religious perceptions about the dis-
ease, for example, about the cause or mode of transmission [3-5]. Inequalities
between people in age, gender, and socioeconomic status can also contribute to and
increase experiences of stigma [6]. For example, women have been found to experi-
ence more Hansen’s disease-related stigma than men [7]. Stigma can occur in the
family, community, and at the health centre and people can also internalise
stigma [8].
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Both impairments caused by Hansen’s disease and stigma can affect mobility
and lead to participation restrictions, such as restrictions in work, education, and
participation in community life, and problems in interpersonal interactions and rela-
tionships, including marriage [9]. Stigma can also undermine the availability of
social support and psychological resources and may prevent people from seeking
help [8, 10]. Impairments and stigma may also negatively affect mental wellbeing
and quality of life [11]. Hansen’s disease has been associated with depressive and
anxiety disorders, suicide (attempts), and negative feelings such as fear, sadness,
shame, and low self-esteem [11]. Family members of persons affected, and health
workers sometimes experience stigma by association [11].

2 Hansen’s Disease Often Has a Psychosocial Impact

Being diagnosed with a major disease is often a turning point in an individual’s life
[12]. People may experience anger, vulnerability, sadness, shame, loss of control,
fear about the prognosis of the disease and of discrimination, and concerns about
the future. For some people, it may be a relief to find out their disease status because
it provides clarity. Before and after diagnosis, people may seek to conceal their
condition because of fear of what other people may think or do. Especially when
Hansen’s disease is visible, this may be difficult [9]. While concealment may avoid
negative attitudes from others, it may also lead to feelings of stress, anxiety, and
depression [13, 14]. Some people may decide to disclose their condition. This
makes them vulnerable to social stigma and mental distress but may also lead to
care and social support [13, 15].

Following diagnosis, persons affected by Hansen’s disease go through a process
of psychosocial adaptation and adjustment to their new situation. There is great
variation in how people adjust to their disease. This depends on personal and envi-
ronmental factors, but also on the manifestation and severity of the disease [16, 17].
Hansen’s disease is curable, but medication has to be taken daily for 6-12 months,
depending on the classification of the disease [18]. This requires adjustment to peo-
ple’s daily routine. Side effects of treatment are common and may include red urine,
darkening and dryness of the skin, itchiness, and feeling weak [19]. These side
effects may be a reason for people to stop taking their treatment [19]. In addition,
changes in appearance, because of side effects or because of Hansen’s disease-
related impairments, may cause a loss of self-esteem and fear of disclosure [20].

Hansen’s disease-related impairments may hamper people’s daily functioning,
such as their ability to perform certain tasks, and their social participation. When
people are for example no longer able to work and contribute to the family, this may
threaten their (social) identity, and may negatively impact their wellbeing and self-
esteem [21]. In addition, physical impairments may require people to change their
behaviour and lifestyle to prevent impairments from progressing [22, 23]. People
may need to use protective footwear and gloves, be careful when using a hot stove
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and regularly practise self-care. Self-management routines sometimes need to be
practised life-long [23]. The need to keep up with self-management may cause
stress, and it can be difficult to accept that some impairments may never go away. It
can be difficult to explain to persons affected, their family members and community
that the person is cured of Hansen’s disease, yet still continuous to have visible
signs and disabilities. Even after treatment, people may fear the recurrence of their
disease.

Both persons affected by Hansen’s disease and their family members are con-
fronted with (negative) perceptions of others [8]. Hansen’s disease can also have
psychosocial effects on family members. Family members may experience mental
distress, discrimination, and restrictions in social participation, and they may lose
family income. In addition, providing care can affect the psychosocial health of
family members [24].

3 Adapting to a Life with Hansen’s Disease

For most people, medical treatment for Hansen’s disease is available, but access to
mental health care is often either very difficult or not considered a need for persons
affected. There is a lack of mental health care for those who are living in the general
community. Grassroot health workers are providing medical care, but there is no
attention for mental health care. Even health workers who are trained in mental
health care do not have enough time to implement it in a systematic manner.
Grassroot health workers are overburdened, as they are taking care of all diseases of
community members, so the mental wellbeing of persons affected by Hansen’s dis-
ease is not given any priority.

Due to lack of awareness and social stigma many persons affected by Hansen’s
disease delay going for treatment, which may result in permanent, visible impair-
ments. These visible impairments can cause stigma and discrimination, loss of self-
esteem and hope. Many try to hide their disease or isolate themselves. Quite a few
develop depression and even suicidal tendencies [25, 26]. The disease may also
cause them to lose their faith and reduce spiritual activities, while others find com-
fort and hope in their faith and spiritual practices like prayer [8]. Professional and
social support from health workers, family members, friends, and colleagues plays
a vital role in the mental wellbeing of persons affected by Hansen’s disease.
Experiences of from many persons affected show that those who received such sup-
port were able to overcome the disease, as well as stigma and discrimination, and
become role models for others or even champions for the cause [27]. Family support
is crucial for learning to live with the consequences of Hansen’s disease and family
counselling has been found to be helpful in improving acceptance of the person with
the disease. This in turn will also help to reduce the stigma in the community (per-
sonal communication, Suresh Dhondge).
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Box 1: Personal Story of the Second Author, Who Has Had Hansen’s
Disease Himself

“When I was diagnosed with Hansen’s disease it was very shocking for me.
Due to side effects of the leprosy medicines I had to drop out of college. After
that I started working on a farm. Working on the farm was comfortable for me,
as there was nobody to ask me anything about my disease or about visible
signs of the disease and its treatment. [ was spending more time on the farm
and returned home after sunset so nobody would notice my disease. I even
chose routes that were less crowded. When I was admitted in the leprosy hos-
pital at Pune, I became habituated to watch television and Bollywood movies,
to reduce my stress. My faith in God was gone. However, I used to read books
which helped me to restart my education and completed a bachelor of law and
three master degrees (arts, business administration, and social work). I felt so
confident after that. With time I regained my faith. I found employment with
a leprosy organisation (the Leprosy Mission Trust India), first as a student and
later as a Programme Officer. This was also when I met my wife, Mangala,
who also has had Hansen’s disease. I work at TLMTI for over 20 years now,
am often invited as a speaker at religious events, and have three healthy
daughters!”

4 Interventions to Address Psychosocial Issues

A special focus is needed on mental wellbeing of persons affected by Hansen’s
disease, given the profound impact the disease can have on mental wellbeing.
General mental health services often have very limited coverage in countries and
areas where Hansen’s disease is endemic. Usually only few mental health profes-
sionals are available, such as psychiatrists and psychologists and they tend to prac-
tise in urban areas. Specialist Hansen’s disease centres often have a counsellor or
psychologist on the staff, but while their work is very important, their remit is often
limited to working with hospital in- and outpatients [28, 29]. Mental health pro-
grammes therefore focus on task shifting regarding diagnosis and management of
mental health conditions to other cadres of health workers, such as nurses in periph-
eral health centres, and even peers and community groups and volunteers. Lusli and
colleagues showed that peer counselling was effective in reducing the psychosocial
impact of Hansen’s disease in a trial in Indonesia [30]. They developed the so-
called Rights-based counselling module that included factual information about the
condition, training on how to use human rights and coping skills. Peer counsellors
conducted on average five weekly sessions, comprising individual, family, and
group sessions. This work has now been used to develop an NTD-adapted version
of the Psychological First Aid tool developed by WHO, called the Basic
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Psychological Support for persons affected by NTDs (BPS-N) (publication to be
submitted). The BPS-N approach is intended for use by peer supporters with per-
sonal experience of either Hansen’s disease or other NTDs, such as lymphatic
filariasis.

Somar and colleagues conducted a systematic review on the impact of
Hansen’s disease on the mental wellbeing of affected persons and their family
members, including interventions to address this. Very few intervention studies
were found [11]. Several interventions were shown to be effective in reducing
depression and/or anxiety among persons affected. In one study in Brazil, thera-
peutic workshops were conducted during which affected persons were able to
share experiences, socialise, and collectively work on problems encountered.
Several studies used forms of cognitive behavioural therapy (CBT) and showed
that this was able to reduce depression rates. One study in Taiwan showed that
reminiscence group therapy (RGT) significantly lowered depression scores
among elderly persons affected by Hansen’s disease. A few studies demon-
strated psychological benefits of combining either surgical or medical interven-
tions and psychological treatment. Available approaches to improving the social
and mental wellbeing of persons affected by Hansen’s disease have been detailed
in Guide 2 ‘How to reduce the impact of stigma’ of the ILEP/NNN Guides on
Stigma and Mental Wellbeing.! These approaches focus on the strategies to
adapt, described in section three, and include psychosocial (family) support and
counselling, peer and group support, role models and champions, and promot-
ing resilience. More research is needed to develop and test simple, low-cost, and
scalable approaches to the prevention and treatment of mental health problems
due to Hansen’s disease or other NTDs.

There are very effective tools to help persons affected to adapt to life with
Hansen’s disease. One is to provide a platform and opportunities for their partici-
pation and inclusion at various forums. There are many role models who used such
opportunities and now working for the cause. If persons affected by Hansen’s dis-
ease will get opportunities in the same way as other human beings, they will be
able to show the importance of their contributions to the society. Various skills
development and vocational training programmes have been shown to be effective
in enhancing their skills to promote social and economic growth [30, 31]. The suc-
cessful placements of persons affected by Hansen’s disease in reputed companies
by NGOs who are running Vocational Training Centres are good examples of
this [32].

"https://www.infontd.org/toolKits/stigma-guides/guide-2-how-reduce-impact-stigma
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Peripheral Nerve by Ultrasound
in Hansen’s Disease

Glauber Voltan ®

Ultrasonography (US) can be used as a complementary diagnostic method in
Hansen’s Disease (HD) by identifying neuropathy. HD is the only condition in
which assessment of neural hypertrophy is central to the diagnosis [1], and it is
proposed by the World Health Organization as one of the three criteria for case
definition of the disease [2]. The simplified neurological physical examination,
including palpation of the peripheral nerves, aids in the diagnosis of neural thick-
ening and neuritis but is subjective even for well-trained professionals [3]. HD is a
neural disease with or without cutaneous manifestations [4-10] (Fig. 1). On the
other hand, cases of peripheral neuropathy accompanied by neural thickening,
with or without cutaneous manifestations, should lead the clinician to suspect the
diagnosis of HD.
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Fig. 1 Nodule and erythema nodosum of Hansen’s disease, clinical image real photo (a) ultra-
sound image (b)

1 High-Resolution Ultrasound

High-resolution ultrasound (HRUS) two-dimensional and Doppler modes make it
possible to assess the entire extent of superficial and deep peripheral nerves; assess
and quantify the cross-sectional area (CSA) and the diameter of the epineurium and
perineurium in various neural segments; characterize fascicular patterns and echo-
genicity; identify the presence or absence of endoneurial or perineural vasculariza-
tion [11].

HRUS in two-dimensional and Doppler modes make it possible to:

e Assess the full extent of superficial and deep peripheral nerves.

* Gauging and quantifying the cross-sectional area (CSA) and diameter of the
epineurium and perineurium in various neural segments.

* Characterize fascicular patterns and echogenicity.

e Identify the presence or absence of endoneurial or perineural vasculariza-
tion [11].

HRUS is able to identify a greater number of altered nerves and a greater extent
of alterations, even in areas inaccessible to palpation or when the clinical examina-
tion of peripheral nerve palpation leaves the examiner in doubt as to whether or not
there is thickening. Being accurate and objective may help bring new parameters
for the diagnosis of HD and the early recognition of neuritis, especially in the reac-
tion phases of the disease [12—14]. Comparing HRUS with electrophysiological
study, it is concluded that they are complementary methods. And, HRUS is more
cost-effective compared to MRI [15, 16].
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2 Anatomical Aspects of Peripheral Nerves

Peripheral nerves are made up of axons held together by a thin endoneuro (inner
layer), grouped into fascicles covered by the perineural and reunited into the nerve,
which is surrounded by the epineural (outer layer) (Fig. 2). The echo graphic images
show the nerves as hypoechoic structures with a fine fascicular pattern. In the longi-
tudinal axis, it appears as hypoechoic tubular structures interspersed by hyperechoic
lines and externally lined by a hyperechoic line (cord or rope pattern) (Fig. 3a). On
the transverse axis, it appears rounded or oval, with multiple rounded hypoechoic
images (neural fascicles) inside, located on a hyperechoic background (epineu-
rium + perineurium), an appearance described as a “honeycomb” or connective fas-
cicular (Fig. 3b) [17-19].

Fig. 2 Schematic drawing
of the cross-sectional area
of a peripheral nerve image
seen by a high-resolution
ultrasound image

Epineurium

Perineurium

Endoneurium
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Longitudinal View Left Ulnar Nerve

Epineurium

Fig. 3 Ultrasound image of normal left ulnar nerve in longitudinal view (a); Ultrasound image of
normal common fibular nerve in transversal view, on the left side at head fibula and on the right
side proximal of head fibular (b)

3 Morphologic Aspects of Hansen’s Disease (HD)
Neuropathy Seen by High-Resolution USG

USG of the peripheral nerves should verify the CSA, analyze the presence or
absence of Doppler, and be done bilaterally. This method has high sensitivity
and accuracy to diagnose, localize, and evaluate peripheral nerve thickening
when compared with clinical neurological examination and other imaging
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methods. In general, it is performed on the following nerves: median in the car-
pal and forearm tunnels; ulnar in the cubital and proximal tunnels, common fibu-
lar in the fibular head and proximal, tibial in the popliteal fossa and/or tarsal
tunnel; sural in the leg and ankle; and radial in the radial groove of the arm
(Groove).

In HD, we observe greater thickening of the neural trunks represented by
increased CSA, in addition to more morphological alterations of echogenicity, fas-
cicular pattern, perineurium, and vascularization in the peripheral nerves. The find-
ings of the ulnar nerve with more severe thickening above the medial epicondyle,
the median nerve proximal to the carpal tunnel, the common fibular nerve at the
fibular head, and the tibial nerve at the medial malleolus are noteworthy; these
points should be in the routine ultrasound evaluation [9, 12].

In addition to the parameters of the absolute values of the CSA measurements,
other authors [9, 14], suggest the asymmetry index [A CSA = (> CSA right or
left)—(< CSA right or left)] in the evaluation of HD neuropathy, demonstrating that
the asymmetry index between the right and left peripheral nerves has high sensitiv-
ity and specificity in differentiating between nerves from healthy individuals and
nerves from HD patients. It is concluded that asymmetry of peripheral nerve thick-
ening is a characteristic of HD patients, regardless of their classification in multi-
bacillary or paucibacillary.

Focal thickening of the ulnar nerve starts at the ulnar sulcus and reaches its maxi-
mum 4 cm above the medial epicondyle [14, 20], and this characteristic finding may
help mainly in the diagnosis of primary or pure neural HD (PNH), in which skin
lesions are absent, and also in differentiating HD from other neuropathies in which
diffuse nerve enlargement may occur (Fig. 4).

The absence of neural thickening or other peripheral nerve changes does not
exclude a diagnosis of HD because the lesion may be in the neural ramus and not
in the nerve trunks. On the other hand, the identification of neural thickening does
not confirm the diagnosis of Hansen’s Disease, and a thorough investigation of the
clinical, bacteriological, and electrophysiological aspects of the disease is
required.
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Fig. 4 Fusiform or focal thickening of pathological ulnar nerve, on the upside dual ultrasound
image and on the downside panoramic view of the ultrasound image
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Electroneuromyography in Hansen’s
Disease

Ana Lucila Moreira

1 Introduction

Electroneuromyography is an ancillary test for peripheral nerve function investiga-
tion and comprises nerve conduction studies (that may include specific evaluations
for diagnosis of small nerve fiber involvement) and needle electromyography. There
are several techniques for performing nerve conduction studies, but basically, they
record nerve and muscle responses to electrical stimulation of nerves. All tests are
planned according to the clinical manifestation of the patient, and ideally should
include at least upper and lower limb assessment.

Neuropathy in these patients has different characteristics considering the spec-
trum of the disease and can occur even without skin lesions [1, 2]. Early recognition
is important to reduce the risks of permanent deficits.

Neurophysiological diagnosis is useful for: (1) defining the pattern and severity
of peripheral nerve involvement [2]; (2) indicating the need for surgical treatment
strategies [3]; (3) follow-up during treatment (including for monitoring nerve dam-
age secondary to drugs) [1]; and (4) differentiate worsening or new neuropathies
during type-1 and type-2 reactions.

2 Patterns of Peripheral Nerve Involvement
in Hansen’s Disease

Nerve damage in Hansen’s disease can be as small as single nerve involvement, but
as large as generalized peripheral nerve disease, including autonomic compromise.

A. L. Moreira (<)
CENEC, Campinas, SP, Brazil
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Some nerves are predominantly affected in specific locations, such as: (1) the
ulnar in the distal arm and elbow, and the dorsal cutaneous branch of the ulnar in the
distal forearm; (2) the median in the wrist; (3) the superficial radial in the distal
forearm and hand; (4) peroneal nerve above the fibular head; and (5) tibial nerve
above the ankle. Pure sensory nerves such as sural, posterior auricular, and supraor-
bital nerves can also be injured, some of those requiring special techniques for
investigation, and it may be necessary to extend nerve conduction studies to detect
involvement of nerves such as the facial and phrenic nerves [1]. And a major chal-
lenge for the clinical neurophysiologist is to suggest Hansen’s disease in the case of
an isolated mononeuropathy, which can sometimes mimic a common nerve entrap-
ment [4], in a patient referred without specific suspicion.

The most common pattern linked to Hansen’s disease diagnosis is the mononeu-
ritis multiplex, with multiple sensory, motor, or mixed neuropathies occurring in an
asymmetric, non-length-dependent pattern [2, 5]. However, as the disease pro-
gresses, the neuropathy can take on a confluent character, and it is very difficult to
differentiate it from a polyneuropathy [4].

The cardinal feature of Hansen’s disease nerve lesion is demyelination, and the
abnormalities can be localized or diffuse [5]. They can be documented by latency
prolongation, and segmental or generalized velocity reduction in the nerve portions
that can be assessed by conduction nerve study [1]. Segmented studies with atten-
tion to the vulnerable sites are necessary to properly identify focal lesions: there
may be temporal dispersion, and when there is weakness, there is a chance to detect
conduction block (Fig. 1) [1]. And in sites where there is conduction block, it is very
likely to find morphological changes of the nerve by ultrasound.

Axonal damage can occur as the disease progresses [6], and the patterns of axo-
nal injury are reduced amplitude or even absence of responses in conduction stud-
ies, but reduced conduction velocity can also occur due to loss of fast conducting
fibers. Axonal and demyelinating lesions can coexist, and demyelinating lesions can
cause distal abnormalities that mimic axonal damage; besides, if there is an absence
of responses, it is not possible to define whether the lesion is axonal or
demyelinating.

Late responses such as F waves or the H reflex may be altered even early in the
disease when other findings in conduction studies may not be present [1]. Similarly,
autonomic studies such as the cutaneous sympathetic response and the study of R-R
interval variability (Ewing tests) may be altered in isolation or accompany the neu-
ropathies already described [1].

Needle recordings can show reduced recruitment secondary to focal demyelin-
ation, and when there is motor axonal loss, active denervation findings (positive
sharp waves and fibrillation potentials) and those related to recent or long-term rein-
nervation (polyphasic and unstable units, stable units with larger duration of poten-
tials which can have larger amplitudes, with increased frequency and progressive
recruitment reduction) become present and are related to the territory of the affected
nerve or nerves [6]. Therefore, the findings can suggest whether the injury is recent
or chronic [1, 6], and whether there has been reinnervation; and considering recent
injuries, it is important to emphasize that acute lesions may take at least 3 weeks to
be detected in needle examination. Furthermore, it is important to plan the needle
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[site [tatt JLatz | Amp. [ Area [ Segment [Distance| nterval [ Ncv_| e
Median Left
Wrist-3 finger | 2.7ms 3.6ms 1 -576.‘:\;-"% 0.4uVms Wrist-3" finger 140mm 2.7ms 52.6m/s
Wrist-2 finger | 2.5ms 3.3ms i 78w i 0.2uVms | Wrist-2" finger 140mm 2.5ms 56.0m/s
Median Right
Wrist-3¢ finger = 3.8ms 4.7ms i 05uvms Wrist-3" finger 140mm 3.8ms
Wrist-2 finger | 3.3ms 41ms 02uVms | Wrist-2 finger 140mm 33ms
Ulnar Left
Wrist-5" finger | 2.5ms 32ms 186UV | 08uVms | Wrist-5" finger 140mm 25ms 55.1mis
Ulnar Right
Wrist-5" finger | 2.6ms 3.2ms 14.20V 0.3uVms Wrist-5" finger 140mm 2.6ms 54.7m/s
Radial Left
Wrist-dorsum | 2.2ms 27ms 1190V 06uvms | Wrist-dorsum 130mm 22ms 59.6m/s
Radial Right
Wrist-dorsum | 2.0ms 26ms 1220V % 04ums | Wrist-dorsum 130mm 20ms 64.4mis
Motor Nerve Conduction Study
[site [tat. Jour | Amp. [ Area [ Segment [Distance] Interval [ NCV_ |
Median Left A
Wrist 3.0ms 5.4ms i 16.3mvms  Wrist 3.0ms
Above elbow 9.0ms 4.4ms i 7.AmVms Wrist - elbow 250mm 6.0ms
Lumbrical Il 3.1ms 4.8ms 1.9mVms  Lumbr Il - interosseous Il 0.3ms
Interosseous Il = 2.8ms 4.6ms 16.3mVms
Median Righ
punho i aoms 10.4mV | 19.3mVms  Wrist 4.3ms
Wrist 5.0ms 98mV | 19.4mvms | Wrist - elbow 215mm 4.4ms
Above elbow | 1.8ms 4.9ms 112mV | 21.7mVms | Wrist- palm 60mm 2.6ms

Lumbrical Il

Interosseous Il

4.0ms

3.1ms

42ms

4.1ms

4.2mVms

9.4mVms

Lumbr Il - interosseous I

0.9ms

Fig. 1 A 64-year-old female patient with burning hands and symptoms of carpal tunnel syndrome
on the right hand. Sensory conduction studies (on top) showed reduced amplitudes for median
nerves and superficial radial nerves (suggesting polyneuropathy), and delayed latencies with
reduced conduction velocities only for right median. Motor conduction studies (bottom) confirmed
the right median nerve compromise in the carpal tunnel (entrapment neuropathy), with prolonged
distal latency (4.3 ms) and reduced velocity in the wrist-palm segment (23 m/s). And showed a
conduction block in proximal median nerve, with a marked reduction in amplitude in proximal
stimulation compared to distal stimulation (a 53% amplitude drop from 9.7 mV to 5.2 mV) and
conduction velocity slowing (41.5 m/s) in the location where there was a hyperemic lesion in the
proximal forearm (picture on the right). ms milliseconds, mV millivolts, m/s meters/second

study according to the clinical manifestations and the findings of the nerve conduc-
tion studies, and differentiation from pre-existing pathologies can be difficult
depending on the extent, nerve territory, and duration of symptoms.

Finally, silent neuropathy can be detected in electroneuromyography without
skin lesions, neurologic symptoms, or nerve enlargement [1, 5]. For that reason,
electroneuromyography should be considered in all patients in the scenario of
Hansen’s disease diagnosis.

3 Conclusion

Electroneuromyography is important for diagnosis, follow-up, and prognostic eval-
uation in Hansen’s disease, and abnormalities can be detected even in silent neu-
ropathies, without skin lesions, neurologic symptoms, or nerve enlargement.
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Considering the complexity of the neurophysiological study described above, it is
recommended that the professional performing the examination to be qualified in
clinical neurophysiology and have a previous experience in the diagnosis and fol-
low-up of this disease.
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Treatment of Hansen’s Disease

Marcos Cesar Florian and Patricia D. Deps

1 A Short History of Treatments

The treatment of Hansen’s disease, including drug approaches, is a challenge and
one of the crucial points in controlling the endemic. Information regarding conduct
in earlier times is scarce.

The history of Hansen’s disease includes several empirical attempts at curative
treatment. The first attempt at treatment was introduced by Mouat in 1854, who
used “Chaulmoogra oil” extracted from the seeds of trees of the genus Hydnocarpus,
in the Asian region [1, 2]. In the first decades of the twentieth century, it was widely
used with low therapeutic response, especially in patients in the virchowian pole of
the disease [3]. In the 1930s, medications against streptococcal infections began to
be used, among them sulfonamides. In 1941, Guy Faget and collaborators used
sodium glycosulfone (Promin®) to treat patients in Carville, USA, beginning the era
of sulfones for the treatment of Hansen’s disease [4]. Sulfones had been known
since 1833 and were used as artificial tannins and insecticides until the appearance
of DDT (dichlorodiphenyltrichloroethane). Diamino-diphenyl-sulfone (DDS) was
synthesized by Fromm and Whittmann in Germany in 1908 [5], and sulfonamides
were synthesized that same year. In the absence of toxicological and safety studies,
the use of analogous doses of the two drugs led to adverse side effects and treat-
ments using these drugs were unfeasible for many years.
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Following Faget et al. [4], Hansen’s disease experts in several regions of the
world—Cochrane and collaborators in India [6], Lowe in Nigeria [7], Floch in
French Guiana [§]—confirmed the drug’s activity at low doses given orally. This
brought about a profound change in the treatment of the disease which, until then
had been based mainly on isolation and segregation of patients.

In 1960, Shepard was able to multiply M. leprae in the plantar cushion of mice
[9], allowing proof of sulfone activity and experimentation with new drugs. Only a
few years later, clinical suspicion of sulfone resistance was demonstrated by the
same method [10].

The emergence of secondary resistance to sulfones in several countries led the
World Health Organization (WHO) to recommend, in 1976, a two-drug treatment
regimen instead of the sulfone monotherapy [11]. Rifampicin, a drug with high
bactericidal activity that had been used for the first time in 1963 by Opromolla, was
combined with dapsone [12].

In the 1970s, besides dapsone, several drugs were used in various combinations:
acedapsone, rifampicin, clofazimine, prothionamide/ethionamide, isoniazid, thi-
acetazone, thiambutosine, and long-acting sulfonamides.

The main objective of this recommendation—to prevent the emergence of pri-
mary dapsone resistance—began to fail as early as 1977, when Pearson described
sulfone resistance in five treatment-naive patients [13]. This led to a new recom-
mendation, in 1981, that the standard treatment should include a third drug, clofazi-
mine, a riminophenazine dye derived from aniline, first synthesized in 1954.

2  WHO Multidrug Therapy (MDT/WHO)

In 1981, the WHO organized an expert meeting in Geneva (Switzerland) and recom-
mended the adoption of MDT/WHO. The combination of three antimicrobial drugs
for the treatment of Hansen’s disease represents the most significant advance in the
fight against the disease [14].

Following the roll-out of MDT/WHO, the number of registered (prevalent) cases
decreased dramatically, mainly due to the effectiveness and shorter duration of
MDT. However, new case detection rates have remained stubbornly high in endemic
countries, and elimination of the disease remains a major public health challenge.

Prompt treatment of new patients is essential to reducing endemicity, and early
MDT treatment is effective in preventing disease progression, breaking the epide-
miological chain of transmission, avoiding resistance to monotherapy, and prevent-
ing or minimizing the onset of physical disability and the psychosocial consequences
of Hansen’s disease [14, 15].

In addition to the initiation of MDT, the comprehensive management of the indi-
vidual diagnosed with Hansen’s disease includes evaluation of the patient to moni-
tor the progression of skin lesions and his nerve involvement, checking and
monitoring for the onset of reactions and neuritis. This assessment should be per-
formed during monthly administration of treatment (supervised doses) plus
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whenever necessary. Patients should also receive guidance on self-care techniques
and prevention of disabilities [16].

MDT is effective, but multidrug-resistant strains have started to occur in the last
two decades, reaching 2% among new cases and 5% among relapsed cases that had
been adequately treated [17]. In such cases, MDT can be extended for an additional
12 months, or specific substitute regimens can be used, but these treatment deci-
sions should be evaluated in conjunction with a Hansen’s disease reference ser-
vice [16].

MDT/WHO comprises rifampicin (RMP), dapsone (DDS), and clofazimine
(CFZ) given according to a regimen determined by the operational classification of
Hansen’s disease [16]. In adult and paediatric cases where there is intolerance to
one or more of the component drugs, a substitute regimen is indicated usually with
referral to a disabilities reference service [16].

MDT is administered in supervised doses monthly (28-day) at a health unit, plus
daily self-administered doses at home. The patient is discharged as cured after
receiving at least the full number of doses in the recommended regimen and accord-
ing to the findings of dermato-neurological examination [16].

For the treatment of children under 15 years of age, weight is the most important
indicator. Children weighing more than 50 kg receive the adult dose; from 30 to
50 kg, use the MDT/WHO children's blister packs (brown/blue); for children under
30 kg, dose adjustments must be made [16].

Standard MDT is not contraindicated during pregnancy and breastfeeding.
Similarly, in cases of patients with COVID-19 or HIV co-infection (or on HIV/
AIDS treatment), the MDT/WHO regimen according to Hansen’s disease opera-
tional classification is maintained.

3 MDT/WHO Regimens for Paucibacillary (PB)
and Multibacillary (MB) Hansen’s Disease

PB patients receive a 6-month MDT/PB regimen (6 monthly doses supervised
over up to 9 months). MB patients a 12-month MDT/MB regimen (12 monthly
doses supervised over up to 18 months) [15]. For patients who still have multiple
skin lesions at the end of MDT, an additional 12 doses of MDT may be required.
Table 1 shows the dosages of clofazimine, dapsone, and rifampicin for adults and
children.

4 Treatment Insufficiency

Treatment insufficiency is evident in those patients who, at the end of the standard
treatment, need to continue MDT. Patients incorrectly classified as PB may com-
plete 12 doses of MDT-MB/WHO. Patients classified as MB should receive 12
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Table 1 Recommended treatment regimens [16]

Duration
Age group Drug Dosage and frequency® MB PB
Adult* Rifampicin 600 mg once a month 12 months | 6 months
Clofazimine 300 mg once a month and
50 mg daily
Dapsone 100 mg daily
Children Rifampicin 450 mg once a month 12 months | 6 months
(10-14 years)* Clofazimine 150 mg once a month, 50 mg
on alternate days
Dapsone 50 mg daily
Children < 10 years | Rifampicin 10 mg/kg once a month 12 months | 6 months
old or < 40Kg* Clofazimine 100 mg once a month, 50 mg
twice weekly
Dapsone 2 mg/kg daily

Note: The treatment for children with body weight below 40 kg requires single formulation
medications since no MDT blister packs are available
*At patient’s monthly clinic appointment, the daily dose on that day can be supervised.

additional doses if, after being treated with a 12-dose regimen, they still show signs
of clinical activity and/or have well-defined intact bacilli on dermal scrapings and/
or by histopathological examination of the skin and, if serological tests are avail-
able, have elevated levels of anti-PGL-1 antibodies (IgM). Treatment insufficiency
with standard MDT-MB/WHO is thought to occur due to sub-optimal bioavailabil-
ity, drug interactions, and/or absorption failure.

5 Treatment Failure

Treatment failure is when an MB patient has received 24 doses of MDT/MB due
to treatment insufficiency but still shows signs of clinical activity and/or has
well-defined intact bacilli on dermal scrapings and/or by histopathological
examination of the skin and, if serological tests are available, have elevated lev-
els of anti-PGL-1 antibodies (IgM). In such cases, tests to assess drug resistance
may be performed and treatment continued using a combination of three or four
drugs, substituting the drug identified in the resistance test if appropriate.
Hansen’s disease reactions after discharge from MDT in principle do not mean
treatment failure and may occur due to antigenic persistence of non-viable
bacilli. However, situations of persistent and/or sub-intrant Hansen’s disease
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reactions after MDT discharge should be carefully evaluated for possible treat-
ment failure or relapse, and in such cases should be retreated and evaluated for
drug resistance [18].

6 Treatment of Drug-Resistant Hansen’s Disease

As chemotherapy for Hansen’s disease has been used more than 70 years and
MDT is a treatment that has been used since the 1980s, surveillance, monitoring,
and knowledge of the actual rates of bacterial resistance in Hansen’s disease in
different parts of the world are of fundamental importance [19]. Rates vary in
reports, and it is important to know their magnitude in each country and region.
Molecular techniques are used to detect the level of drug resistance [20]. Although
MDT is considered effective, drug resistance rates to one or more drugs at or
above 8% are also reported [17, 21, 22]. The WHO guidelines for rifampicin-
resistant patients recommend using at least two of the second-line drugs (clar-
ithromycin, minocycline, or a quinolone) with daily clofazimine for 6 months,
followed by clofazimine plus one of these drugs for a further 18 months (Table 2)
[16]. When there is resistance to ofloxacin, quinolones should not be considered
(Table 3).

Clarithromycin is part of the therapeutic arsenal for Hansen’s disease. This drug
is important to replace rifampicin and dapsone, especially for children and pregnant
women contraindicated for minocycline and quinolones, and for patients diagnosed
with therapeutic failure.

Table 2 Recommended treatment regimens for Rifampicin intolerance and/or resistance [16]

First 6 months (daily) Next 18 months (daily)

Ofloxacin 400 mg* + Minocycline Ofloxacin 400 mg* OR Minocycline

100 mg + Clofazimine 50 mg 100 mg + Clofazimine 50 mg

Ofloxacin 400 mg* + Clarithromycin Ofloxacin 400 mg* + Clofazimine 50 mg
500 mg + Clofazimine 50 mg

2 Ofloxacin 400 mg can be replaced by levofloxacin 500 mg OR moxifloxacin 400 mg

Table 3 Recommended treatment regime for Rifampicin intolerance and/or resistance and
ofloxacin resistance [16]

First 6 months (daily) Next 18 months (daily)

Clarithromycin 500 mg + Minocycline Clarithromycin 500 mg OR Minocycline
100 mg + Clofazimine 50 mg 100 mg + Clofazimine 50 mg
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7 Substitute Regimens

If any of the MDT/WHO component drugs are not tolerated or if drug resistance is
detected, substitute regimens should be considered. Patients should be evaluated in
a referral centre and ofloxacin, minocycline), and/or clarithromycin should be used,
as described below.

e Dapsone intolerance and/or resistance
Discontinue use of dapsone and replace it with ofloxacin 400 mg OR minocy-
cline 100 mg daily. The duration of treatment remains the same as for standard
MDT/WHO.

e Clofazimine intolerance
Discontinue use of clofazimine and replace it with ofloxacin 400 mg OR mino-
cycline 100 mg daily. The duration of treatment remains the same as for standard
MDT/WHO.

* Dapsone intolerance and/or resistance and Clofazimine intolerance
Discontinue use of dapsone and clofazimine and replace them with ofloxacin
400 mg AND minocycline 100 mg daily. The duration of treatment remains the
same as for standard MDT/WHO.

e Rifampicin intolerance and/or resistance (with or without Dapsone intolerance
and/or resistance)

Use one of the regimens in Table 2 for 24 months for either PB or MB patients.
Maintain monthly patient clinical consultations.

e Rifampicin intolerance and/or resistance AND ofloxacin resistance (with or
without Dapsone intolerance and/or resistance)

Use the regimen in Table 3 for 24 months for either PB or MB patients. Maintain
monthly patient clinical consultations.

8 Treatment of Hansen’s Disease Reactions

All possible urgent care and attention should be given to patients experiencing sus-
pected reaction episodes, and correct treatment given according to the type of reac-
tion [23]. This requires comprehensive knowledge of reactional states in Hansen’s
disease. A thorough neurological examination should be carried out and treatment
should be started within the first 24 h, typically on an out-patient basis by a doctor.
In some cases, hospitalization may be necessary. Other interventions such as surgi-
cal drainage of abscesses and decompression of nerves may be required [24].
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8.1 Treatment of Type 1 Reactions

A corticosteroid (prednisone/prednisolone) is the elective treatment for type 1
Hansen’s disease reactions. The recommended starting dose is 1 mg/kg/day, main-
tained until regression of the reaction, then slowly reduced at fixed intervals, guided
by clinical evaluation [13]. Factors in prolonged use of oral corticosteroid therapy
should be considered and monitored: weight, fasting glycemia, blood pressure, ocu-
lar alterations, and proceed with prophylactic treatment for strongyloidiasis and
osteoporosis [23].

In cases of neuritis, the affected limb should be immobilized. If the patient is on
MDT/WHO treatment, this should be continued except in special cases as judged by
the medical team.

To avoid physical disability, the patient should always be regularly monitored for
affected peripheral nerve function through a simplified neurological assessment
with attention paid to the degree of disability. Neuritis can be early detected and best
followed by ultrasound, if available [25].

In cases of recalcitrant Hansen’s disease reactions with severe neuritis that do not
improve with long-term use of high-dose oral corticosteroids, intravenous pulse
therapy with corticosteroids is indicated [26]. This type of treatment must be carried
out in reference centres, with or without hospitalization. For the first pulse, intrave-
nous methylprednisolone at a dose of 1 g/day for three consecutive days is used.
Subsequent pulses are administered (single doses of 1 g of IV methylprednisolone)
at 15- or 30-day intervals. Discontinuation of pulse therapy and replacement with a
lower dose of oral prednisone is indicated by clinical improvement [16]. When nec-
essary, other strategies for control neuritis can be used using immunosuppressive
drugs, such as cyclosporin A and other drugs (see also Chap. 10) [27].

8.2 Treatment of Type 2 Reactions (Erythema Nodosum
Leprosum, ENL)

Thalidomide (alpha-N-pthali-midoglutarimide) is recommended as first-line treat-
ment [23, 28-30]. However, the use of corticosteroids is mandatory when there is
associated neural involvement, reactive hands and feet, neuritis, iritis, iridocyclitis,
orchitis, nephritis, and/or necrotic ENL [23].

Thalidomide is used in adults at a dose of 100400 mg/day, according to the
involvement and severity of the condition. The main contraindications are
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pregnancy or the possibility of pregnancy. It can only be prescribed to women of
childbearing age who use at least two effective methods of contraception (at least
one barrier method), according to the health rules of each country. In these cases,
the drug can be considered, but only where improvements due to thalidomide can-
not be achieved by other means. High-sensitivity pregnancy tests should be done
before the start of thalidomide use and regularly during treatment. Men taking tha-
lidomide must use a condom during sexual intercourse with women of childbearing
age, even if vasectomized.

If thalidomide is contraindicated, pentoxifylline at a dose of 400 mg 8/8 h can be
used with or without prednisone at a dose of 1 mg/kg/day or dexamethasone at an
equivalent dose (0.15 mg/kg/day). General caution should be observed when using
systemic corticosteroid therapy, and when using corticosteroids together with tha-
lidomide, acetyl salicylic acid should be prescribed at a dose of 100 mg/day to pre-
vent thromboembolism. The doses of thalidomide and corticosteroids should be
reduced slowly according to the therapeutic response. MDT/WHO treatment should
be maintained, and limbs affected by neuritis should be immobilized if necessary.

Betamethasone [31], pentoxifylline [32], clofazimine [33, 34], acetyl salicylic
acid [35], chloroquine [35], indomethacin [35, 36], levamisole [37], and other drugs
have been tried in the treatment of ENL, as has clofazimine at a dose of 300 mg/day
although with few reports on its efficacy (see also Chap. 10).

Especially in cases of reaction (type 1 or 2) with little improvement with treat-
ments, the possibility of comorbidities should be considered, such as concomitant
infections including orodental bacterial foci, hormonal changes, emotional stress,
anxiety disorders, and diabetes [23].

8.3 Treatment of Severe Nerve Pain

For chronic neuropathic pain, antidepressants such as amitriptyline hydrochloride at
adose of 25-300 mg/day or nortriptyline hydrochloride at a dose of 10-150 mg/day
can be considered. Other possible therapeutic agents include neuroleptics, such as
chlorpromazine at a dose of 25-200 mg/day: anticonvulsants, such as carbamaze-
pine at a dose of 200-3000 mg/day and gabapentin at 900-2400 mg/day [23].

Botulin toxin has been used for recalcitrant chronic neuropathic pain, and its use
can be evaluated in these situations in the Hansen’s disease [38]. Uncontrolled neu-
ral pain should be evaluated by a reference service for possible surgical
decompression.

8.4 Treatment of Reactions in Children

In type 1 and type 2 reactions and neuritis, corticosteroids are the drugs of choice in
doses that can range from 0.5-1.0 mg/kg/day. There are no studies on the safety of
thalidomide in the treatment of type 2 reactions in children under 12 years of age.
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9 Adverse Effects of Components of Multidrug Therapy

The frequency of side effects caused by MDT varies widely, ranging from 0.6% to
45% of patients treated in Brazil, for example. Although not serious or preventing
continuation of treatment, the most observed side effect is a change in skin pigmen-
tation which occurs in most patients who take clofazimine [15, 39-41].

9.1 Dapsone

Diamino-diphenyl-sulfone (DDS) is a bacteriostatic drug, and its mode of action is
to compete with paraminobenzoic acid for an enzyme, dihydropteroate synthetase,
thereby preventing the formation of folic acid by mycobacteria. Despite being con-
sidered a safe drug at the dosage used for MDT [39], it is the component that causes
the most serious side effects.

The main side effect is allergic reaction, ranging from pruritic rashes to exfo-
liative dermatitis [41]. Researchers have described not uncommon dapsone-related
side effects, including haemolytic anaemia, methaemoglobinaemia, jaundice, psy-
chotic reactions, and dapsone syndrome [15, 39-43]. The hepatic alterations,
when they occur, are more frequent in the first 3 months of treatment, usually
manifesting with increased bilirubin and transaminases, with or without jaun-
dice [15].

9.2 Rifampicin

Rifampicin has potent bactericidal action against M. leprae acting by inhibiting
DNA-dependent RNA polymerase [12]. Few side effects have been reported with
monthly administration [14]. However, there are reports of effects including skin
rashes, thrombocytopenic purpura, hepatitis, influenza syndrome, haemolytic anae-
mia, shock, respiratory failure, and acute renal failure [15, 3941, 43, 44].

9.3 Clofazimine

Clofazimine is a riminophenazine dye with bacteriostatic and anti-inflammatory
properties whose mechanism of action is not well understood. It is well tolerated but
can cause side effects including hyperpigmentation of the skin, conjunctiva and
body fluids, integumentary and eye dryness, gastrointestinal symptoms, abdominal
pain, nausea, vomiting, diarrhoea, anorexia, weight loss, and bowel obstruction. A
more serious side effect is small bowel syndrome, characterized by persistent diar-
rhoea, weight loss, and abdominal pain [45, 46].



310 M. C. Florian and P. D. Deps

A rare side effect of MDT is haemophagocytic lymphohistiocytosis (HLH) [47],
an abnormal (overactive) immune system response characterized by fever, spleno-
megaly, pancytopenia, marked hyperferritinaemia, hypertriglyceridaemia, and his-
tiocytic haemophagocytosis in the bone marrow. It can occur during Hansen’s
disease treatment because MDT does not reach the bone marrow, which serves as a
niche for M. leprae. HLH may be confused with dapsone syndrome and type 2
Hansen’s disease reaction, which means that bone marrow evaluation is essential for
correct diagnosis and management [48].
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