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Missed and delayed diagnoses of Hansen's disease (HD) are making the battle against
it even more complex, increasing its transmission and significantly impacting those
affected and their families. This strains public health systems and raises the risk of
lifelong impairments and disabilities. Worryingly, the three countries most affected
by HD witnessed a growth in new cases in 2022, jeopardizing the World Health
Organization’s targets to interrupt transmission. Artificial intelligence (Al) can
help address these challenges by offering the potential for rapid case detection,
customized treatment, and solutions for accessibility challenges—especially in
regions with a shortage of trained healthcare professionals. This perspective
article explores how Al can significantly impact the clinical management of HD,
focusing on therapeutic strategies. Al can help classify cases, ensure multidrug
therapy compliance, monitor geographical treatment coverage, and detect
adverse drug reactions and antimicrobial resistance. In addition, Al can assist in the
early detection of nerve damage, which aids in disability prevention and planning
rehabilitation. Incorporating Al into mental health counseling is also a promising
contribution to combating the stigma associated with HD. By revolutionizing
therapeutic approaches, Al offers a holistic solution to reduce the burden of HD
and improve patient outcomes.
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1 Introduction

Hansen’s disease (HD), commonly known as leprosy, is a contagious and chronic infectious
disease. It experienced a resurgence in new cases after a reduction during the COVID-19
pandemic in 2020 (1, 2). Reflecting this shift, the number of countries reporting HD
information increased from 143 in 2021 to 182 in 2022. Globally, 174,087 new cases were
reported in 2022, representing a 23.8% increase compared to the 140,594 cases reported in
2021. The rise in newly detected cases in 16 of the 23 global priority countries in 2022 was
attributed to improved leprosy services following the pandemic. While the overall increase in
all priority countries was 25% compared to 2021, the growth varied from 3.4% in Micronesia
to 107.4% in Myanmar (3).
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HD is caused by Mycobacterium leprae; in some regions,
Mycobacterium lepromatosis is also involved (4). The incubation
period is long (average of 5 or more years). The bacillus is likely
transmitted through droplets from the nose and mouth during
prolonged close contact with untreated patients (5).

HD is considered a clinical and immunological spectral disorder
that primarily affects the skin and peripheral nerves. Nerve damage is
not uncommon and affects sensory and motor functions in areas such
as the eyes, hands, and feet. This condition can be diagnosed by
identifying well-established clinical indicators and symptoms,
including a range of skin lesions, and detecting peripheral nerve
damage, such as sensory loss and (palpable) thickened peripheral
nerves. Diagnosis confirmation can be achieved by detecting acid-fast
bacilli in slit skin smears (SSS) or by specific findings in samples
obtained from skin and nerve biopsies. Moreover, laboratory
techniques such as molecular methods for detecting the M. leprae-
specific repetitive element RLEP in SSS and skin biopsy, along with
anti-phenolic glycolipid I (PGL-I) serology titers, play a supporting
role in clarifying cases, monitoring patients and household contacts,
and assessing subclinical infections within the community (5, 6).

This article discusses how artificial intelligence (AI) can
be instrumental in managing HD. AT’s applications include classifying
cases, selecting treatment regimens, assessing therapy compliance, and
monitoring local and national treatment coverage. It can also assist in
detecting adverse drug reactions and antimicrobial resistance.
Moreover, Al may enable the early detection of nerve damage, thereby
preventing disabilities and aiding in planning rehabilitation strategies.
Al can also contribute to mental health management by counseling
affected individuals and their family members, thus combating stigma
directly and indirectly.

2 World health organization’s
initiatives

The World Health Organization has set a target of eliminating (or
interrupting) transmission in 120 countries by 2030 (7). The specific
target for HD in 2030 is defined as “an epidemiological state in a
leprosy-endemic country or area where there is no more local
transmission of M. leprae;” demonstrated by zero new autochthonous
cases in children under 15 years of age for at least 5years (8). Of the 10
challenges that need to be addressed within this timeframe to achieve
this goal, two are related to delays in diagnosis and the lack of HD
specialists. In addition, this disease is strongly associated with
stigmatization. Discrimination against people affected by HD is an
obstacle to achieving the elimination target. Therefore, combating
stigma to ensure that human rights are respected is one of the four
strategic pillars to achieve the goals of the “Zero Leprosy Roadmaps”
in all endemic countries (7).

3 Challenges in the diagnhosis and
treatment of Hansen's disease

3.1 Late diagnosis

Delayed (or missed) diagnosis of HD can lead to serious health
problems, including disability and social exclusion. HD is usually
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diagnosed based on clinical signs and medical history. However,
untrained healthcare professionals, limited access to medical facilities
(especially in low- and middle-income countries), and the stigma
associated with HD often prevent timely diagnosis and treatment.
Therefore, this delay represents an obstacle to the effective
management of HD (6).

3.2 Adverse drug reactions due to
multidrug therapy (MDT)

MDT is the standard treatment for HD and typically consists
of a combination of drugs, including dapsone, rifampicin, and
clofazimine. While MDT is highly effective in curing HD, it can
also be associated with adverse drug reactions. An analysis of 194
patient records revealed that 88 patients (45%) had side effects
linked to MDT, leading to the discontinuation of the suspected
drug in 47 of 88 cases (24% of patients) (9). These adverse drug
reactions vary in severity and occurrence among individuals, and
healthcare providers monitor patients closely during MDT to
manage any adverse effects (6).

MDT has been a cornerstone in the global effort to combat
HD and reduce its prevalence. However, emerging concerns
about drug resistance highlight the importance of continued
research and personalized treatment approaches to ensure the
continued effectiveness of HD treatment. Considering the
patient’s specific Mycobacterium leprae strain and their clinical
and genetic factors, this approach is critical in ensuring that HD
remains a curable and manageable disease despite evolving drug
resistance challenges (5).

3.3 Underdiagnosis

There is a suspicion of underdiagnosis of HD cases in endemic
countries. The discrepancy between expected and observed cases
amounted to around 2.6 million from 2000 to 2012 and was projected
to exceed 4 million by 2020 (10). The COVID-19 pandemic caused a
40% drop in new HD cases in Brazil in 2020 (1). This highlights a
substantial pool of undiagnosed individuals, contributing to ongoing
transmission and burden for affected individuals and public
health systems.

4 Potential role of Al in HD programs

The rapid progress of digital technologies offers great potential
for transforming the approach to HD programs. At the
International Federation of Anti-Leprosy Associations (ILEP)
conference in 2020, various participants explored the application
of new digital technologies to enhance HD services. ILEP members
are adopting state-of-the-art technologies in mapping, diagnostics,
health information systems, and patient management (11). This
underscores the importance of staying updated on emerging
technological trends to improve HD programs and ultimately
enhance the well-being of individuals affected by the disease.
Figure 1 illustrates the integration of digital technologies and Al
in HD management.
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5 Role of Al in diagnosis of HD

The comprehensive strategy outlines decisive steps to combat HD
worldwide, especially in regions with a shortage of specialized
physicians. First and foremost, Al could be key in screening and
diagnosing new HD cases, thus bridging this “expertise gap.” This
includes implementing initiatives to identify cases and contacts in
regions with elevated HD detection rates, often referred to as HD
hotspots, with prior education campaigns at community level. In
addition, the evaluation of diagnostic tools such as antibody detection
and molecular techniques is particularly valuable in identifying
multibacillary cases, which account for approximately 69% of new HD
cases globally (12).

Machine learning, a branch of Al enables computers to learn from
data and make decisions without explicit instructions. It is widely used
in areas such as image recognition and speech processing. In healthcare,
machine learning models can be trained to recognize skin lesions by
analyzing images to identify disease patterns. Machine learning
algorithms can also analyze patient data for diagnosis and risk
prediction. These technologies, when validated and available in mobile
apps, could significantly improve timely HD diagnosis (11, 13-15).

Al algorithms to diagnose HD will initially classify people as
suspected cases. However, a “human” doctor will make the final
confirmation. Al can be a valuable tool for early detection and
identification, helping medical experts make more accurate and efficient
diagnoses. Finally, the availability of algorithms capable of diagnosing
HD also signifies that an increasing number of new cases can be detected.

Al effectively recognizes the typical clinical presentations of HD
(13-15), which experienced dermatologists or well-trained physicians
can readily identify. However, laboratory tests can be invaluable for
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atypical clinical manifestations, asymptomatic individuals, or
subclinical cases of HD, including SSS, skin or nerve biopsy, RLEP
quantitative polymerase chain reaction (qQPCR), and anti-PGL-I
serology (5).

6 Treatment personalization with Al

HD manifests differently among patients, requiring tailored
treatment approaches for better outcomes and fewer complications.
Al-driven personalized HD treatment starts with the comprehensive
collection and combination of various patient data. This includes
medical history, genetic information, clinical evaluations, past
treatments, and socioeconomic background. The remarkable ability
of Al to analyze this abundance of information offers a comprehensive
view of the patient’s situation, leading to more precise treatment
decisions (16).

Al can contribute significantly to personalized HD treatment
through two key aspects: risk stratification and prediction of
individual response to therapy. By analyzing the collected data, AI
algorithms can classify patients into risk groups based on factors such
as HD type, bacterial load, and comorbidities. This risk stratification
allows healthcare providers to allocate resources more effectively and
prioritize high-risk patients who require closer monitoring and
specialized care. In addition, based on a large dataset of treatment
outcomes, Al can identify patterns and factors that influence the
effectiveness of specific treatments for individual patients. Equipped
with this predictive capability, healthcare providers can make
informed decisions about drug selection and dosing, minimizing the
risk of adverse effects, drug resistance, and treatment failure (17, 18).
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FIGURE 1

Integration of digital technologies and artificial intelligence (Al) in Hansen's disease (HD) management. The application of digital technologies involves
digital mapping, accurate diagnosis through imaging, efficient data management, and communication among healthcare providers. Al predicts
treatment outcomes, enhances cure rates, and ensures treatment adherence. It also detects drug resistance and adverse reactions early, supports early
diagnosis, offers mental health counseling, and tailors patient-specific treatment plans. Al-integrated mobile apps provide educational resources,
improving remote patient care and disease management. ADR, adverse drug reactions.
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The role of AI can go beyond the prescription phase and actively
participate in the patient’s treatment journey. AI-powered applications
can provide real-time reminders and support and ensure that patients
adhere to their treatment plans. This technology improves not only
treatment outcomes but also the patient experience by providing
personalized guidance and encouragement.

7 Al revolutionizing stigma reduction
and early diagnosis

Stigma often acts as a significant barrier to individuals seeking
timely medical care (19).

Al-powered chatbots and symptom-checking applications offer
individuals a discreet way to assess their symptoms and provide
benefits such as anonymous assessment, education, and mental health
support. These tools allow people to seek information without fear of
social stigma or judgment. They ensure confidentiality and
personalization of information for greater engagement and address
concerns in a non-judgmental and empathetic way (20).

Al-driven chatbots and educational platforms can be employed to
develop and disseminate educational materials and campaigns, dispel
myths, and reduce fears. Mental health chatbots help those facing
emotional issues due to stigma by offering coping strategies,
connecting people with support groups, or recommending
professional counseling when needed (21). Also, these chatbots can
offer AI-driven translation services to bridge language barriers and
make accurate information accessible to individuals regardless of
their language.

Al tools can monitor social media and online platforms for
discussions related to HD. Sentiment analysis can identify negative or
stigmatizing discussions and enable organizations to intervene with
accurate information (22). Al algorithms can also analyze public
health data to predict areas with high stigma or low early diagnosis
rates. Health authorities can then conduct targeted awareness
campaigns and allocate resources more effectively (23).

By providing personal, confidential, and accessible support
and information, Al empowers people to overcome their fears
and misconceptions, ultimately improving health outcomes and
reducing stigma.

8 Addressing accessibility challenges

Al and telemedicine enter into a symbiotic relationship. AI can
improve telemedicine through advanced diagnostics, real-time
monitoring, and personalized care. It automates administrative tasks,
ensures data accuracy, and bridges language barriers, particularly
useful in regions with limited access to healthcare (20, 23-26).

In teleconsultations, Al can support healthcare providers with
cutting-edge diagnoses. For example, AI algorithms analyze
medical images in real time (13-15). Al-driven devices
continuously monitor vital signs and health data, which are
transmitted to healthcare professionals to track progress in real
time and adjust treatment plans (Figure 2) (24, 27, 28). Importantly,
Al is constantly learning and adapting as more patient data
becomes available, refining recommendations over time. Chatbots
and virtual assistants are streamlining telemedicine by taking over
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administrative tasks, appointment scheduling, medical reminders,
and language translation, improving communication between
patients and doctors (20). Additionally, AI can be used in patient
triage to prioritize critical cases for immediate assessment.
Moreover, Al collects and analyzes data for medical research,
clinical trials, and telemedicine best practices (16).

This synergy of Al and telemedicine has great potential to make
healthcare accessible, efficient, and effective, regardless of
geographical restrictions.

9 Ethical considerations and data
privacy

The integration of Al into HD diagnosis and treatment offers
immense potential but requires ethical diligence. The sensitive nature
of patient data requires reliable data protection and security. Patients
must be able to trust that their data is protected from unauthorized
access. Therefore, healthcare providers and AI developers have a
responsibility to implement robust safeguards to ensure data
privacy (29).

Informed consent is fundamental to ethical medical practice,
ensuring patients comprehensively understand the role of Al in their
care, encompassing its benefits, limitations, and potential risks.
Patients also have the legitimate right to comprehend how Al systems
arrive at diagnosis and treatment recommendations. Ethical AI
operates with respect for patients autonomy, recognizing their
authority in shaping their treatment plans. Developers are responsible
for prioritizing transparency and offering clear explanations and
justifications for AI-driven decisions. While AI provides valuable
recommendations, the ultimate authority in healthcare decisions rests
with the patient. Al should function as a tool that empowers patients
and amplifies their choices rather than attempting to undermine
them (30).

Another critical ethical dimension relates to bias and fairness. Al
algorithms, especially machine learning models, learn from historical
data. If the training data used to develop these models is biased, the
Al system may inherit and perpetuate this bias. In the context of HD,
Al systems can also be influenced by biases originating from patient
demographics, access to healthcare, or previous diagnostic decisions.
Biased AI can exacerbate inequalities in healthcare by potentially
misdiagnosing or undertreating certain groups. Several strategies are
needed to reduce bias in AI diagnosis, such as diversifying training
data, deploying debiasing techniques, and conducting regular audits
to ensure fairness and accuracy (16, 30).

Ethical principles demand that AI not replace medical
professionals but support them. It is crucial not only for patient safety
but also for ensuring medical ethics that physicians retain control over
Al-driven decisions. Integrating Al into healthcare raises complex
accountability issues, mainly when errors and adverse outcomes
occur. To address these concerns and protect patients’ rights and trust
in Al-enabled healthcare, it is essential to establish clear responsibilities
and liability issues between healthcare providers, AI developers, and
healthcare institutions (29).

Emphasizing transparency, fairness, patient autonomy, and
continuous improvement ensures the ethical use of Al technologies
that benefit patients while respecting their rights and dignity
throughout their healthcare journey.
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continuity and health outcomes for HD patients, even in remote areas.
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Artificial intelligence (Al)-enhanced telemedicine for remote monitoring of Hansen's disease (HD). It features an Al-powered mobile app that tracks
symptoms and provides diagnostic guidance, enhancing patient engagement and self-care. The e-health gateway securely integrates patient data into
healthcare networks via the internet, ensuring data privacy. Healthcare professionals use telemedicine platforms to access and manage this data,
supported by a secure cloud database for real-time analysis. This integrated system ensures personalized and timely medical services, improving care

10 Necessary steps to build a
trustworthy Al-based approach for HD
services

Specific guidelines for validating AI algorithms are needed for the
diverse use of Al in healthcare. This ensures the rigorous testing and
reliability of AI algorithms in HD management. To create a
trustworthy and reliable Al-based approach to HD programs and
services, several key steps must be followed. These steps include data
collection, pre-processing, feature selection, algorithm development,
training, and validation of AI models, all guided by ethical
considerations and collaboration with healthcare experts. The ultimate
goal is to develop Al systems compliant with regulatory requirements
and enable more effective disease management and improved support
for people affected by HD (29).

11 Conclusion

The future of Al in the management of neglected tropical diseases,
particularly HD, holds immense promise for equitable and accessible
healthcare. Pioneering initiatives have already made significant
progress in the application of Al in public health, providing insight
into its transformative potential in the diagnosis and treatment of
HD. Collaboration between healthcare organizations, technology
companies, and research institutions will be critical to achieving
this potential.
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While resource allocation for Al initially seemed simple, its
integration into current medical settings is complex. Financial
issues are less of a concern now, as many healthcare facilities can
afford AI technology. However, two critical factors are proving to
be the most significant obstacles: the availability of high-quality
data and the adaptability of existing processes to AI models.
Questions arise about the seamless integration of data into Al
models. Can data flow effectively into the models? Is there an
automatic mechanism for merging data from different sources? It
is also important to consider the location and usability of the AI
models. Even advanced AI solutions might be underutilized in
practice without usability, underscoring the need to address these
questions thoroughly.
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