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PROLOGO

La salud contemporanea se configura como un campo de conocimiento,
intervencion y cuidado atravesado por multiples dimensiones: bioldgicas, clinicas,
sociales, éticas, tecnoldgicas, educativas e institucionales. En este sentido, el
volumen Ciéncias da Saude: Investigacao e Pratica VI reine un conjunto de trabajos
que permiten observar la amplitud y la complejidad de los desafios actuales en el area
sanitaria, articulando reflexiones conceptuales, estudios clinicos, analisis de practicas
profesionales y debates sobre la organizacion del cuidado, asi como sobre los desafios
crecientes para la salud publica.

Los capitulos que integran esta obra evidencian que la investigacion en ciencias
de la salud no puede limitarse a una mirada exclusivamente biomédica. Si bien el
diagnostico, el tratamiento, la prevencion y la seguridad terapéutica siguen ocupando
un lugar central, los procesos de salud y enfermedad también exigen considerar las
trayectorias de vida, la autonomia, los derechos, las condiciones sociales, la formacion
profesional, la comunicacion clinica, la toma de decisiones y la calidad de los sistemas
de registro, gestion e investigacion. Esta perspectiva amplia permite comprender la salud
como una experiencia compleja, situada y profundamente vinculada a los contextos en
los que las personas viven, envejecen, enferman, se cuidan y son cuidadas.

La organizacion del volumen fue pensada a partir de una logica progresiva,
distribuida en tres ejes tematicos. El primero reune reflexiones que abordan topicos
de salud publica desde una perspectiva integral, humanizada y transdisciplinaria,
considerando temas como la violencia como problema de salud publica, el curso de vida,
el curso de vida, el envejecimiento saludable, la autonomia, el cuerpo, la educacién sexual
integral y los derechos. Este conjunto de trabajos invita a pensar la salud mas alla de la
ausencia de enfermedad, reconociendo su relacién con el entorno social, la capacidad
funcional, la participacion, la subjetividad, las decisiones informadas y las condiciones
éticas y sociales que permiten una vida digna.

El segundo eje se aproxima a la practica clinica, al diagndstico oportuno y a la
seguridad terapéutica. Los trabajos reunidos en esta seccion destacan la importancia
de la sospecha clinica, de la evaluacion integral y de la actualizacion profesional frente
a enfermedades que pueden presentar manifestaciones atipicas, diagnosticos tardios
o desafios terapéuticos relevantes. Asimismo, se subraya la necesidad de fortalecer
practicas clinicas basadas en evidencia, capaces de reducir riesgos, evitar intervenciones
innecesarias y mejorar la seguridad de los pacientes en distintos escenarios asistenciales.

El tercer eje se orienta hacia la investigacion clinica, los registros, la gestion del

cuidado y la formacion profesional en salud. En este bloque, la obra pone de relieve la



importancia de los equipos de investigacion, la calidad de los datos, la documentacion
clinica, los indicadores de desempeno, la profesionalizacion de funciones estratégicas
y el desarrollo del razonamiento clinico en los procesos formativos. Estas discusiones
son fundamentales para comprender coémo las instituciones sanitarias producen
conocimiento, organizan practicas, evallan resultados y forman profesionales capaces
de responder a demandas cada vez mas complejas.

En conjunto, los trabajos aqui reunidos -de autores tanto europeos como
latinoamericanos-muestran que investigar y practicar la salud implica un ejercicio
permanente de integracion. La atencion sanitaria requiere conocimiento cientifico,
sensibilidad ética, competencia técnica, capacidad reflexiva y compromiso con las
personas y las comunidades. Al mismo tiempo, exige revisar criticamente los modelos
de ensefanza, los sistemas de informacion, las decisiones clinicas y las politicas
institucionales que orientan el cuidado en la vida cotidiana.

De este modo, Ciéncias da Saude: Investigacao e Pratica VI propone una lectura
que avanza desde una comprension amplia y humanizada de la salud, pasa por los
desafios clinicos y diagndsticos, y culmina en la reflexion sobre las practicas profesionales,
investigativas e institucionales que sostienen la atencion sanitaria contemporanea.
Esperamos que este volumen contribuya al didlogo entre investigadores, docentes,
profesionales y estudiantes del area de la salud, favoreciendo nuevas preguntas, nuevas

practicas y nuevas formas de pensar el cuidado, la formacion y la investigacion en salud.

Dr. Guillermo Julian Gonzalez-Pérez

Dra. Maria Guadalupe Vega-Lopez
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ABSTRACT: Leprosy remains prevalent in
2026 and continues to cause irreversible
disability. This is despite efforts to increase
detectionrate of M. Leprae and M. lepromatosis,
reduce the social stigma of leprosy, and provide
afflicted patients with appropriate therapy at
the earliest opportunity. Improvements in the
accessibility of technology augmenting our
ability to detect pathogens goes some way
to improve detection rates. However, clinical
suspicion remains the most important factor
in increasing the rate of accurate and timely
detection. Misdiagnosis of leprosy results
from its ability to mimic many disease states
and due to the lack of suspicion held by the
examining clinician on first and repeated
presentations. This project considers the case
reports published either side of the start of the
most recent leprosy elimination campaign to
evaluate the factors which impede progress in
reducing the prevalence and burden of leprosy

Ciéncias da Saude: Investigacao e Pratica V

CLINICAL SENSITISATION

globally. Through a systematic literature
review, it is demonstrated that the average
duration of disease prior to classic cardinal
symptoms is over 18 months, and to accurate
diagnosis over 2 years, these are significant
results. Not only does this period of disease
impact the patient themselves, but this time
duration is also a period in which they pose
a potential infective reservoir. In addition to
this, environmental exposure is a factor which
is poorly evaluated and requires additional
exploration in the immediate future if we are to
reduce the risk of exposure through this route.
A gap in the literature exists to convincingly
explain autochthonous cases of leprosy in
non-endemic regions. A high level of clinical
suspicion is required in all territories to better
develop our control over leprosy pathogens.
Presented within is a novel pre-diagnosis
disease timeline, developed through the
analysis of included case reports. This timeline
will help sensitise clinical suspicion in endemic
and non-endemic regions alike.

KEYWORDS: Leprosy; M. Leprae; M.
Lepromatosis; Misdiagnosis; Delayed
diagnosis.

1. INTRODUCTION

Leprosy, first clinically defined in
the 1847 publication “Om Spedalsked”
(Danielssen et al., 1847), is a disease of hugely
characteristics.

variable clinical Presently,
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two pathogenic, obligate intracellular, rod-shaped, slow-dividing (12-14 days), acid-fast
(AFB) (Fite-Farco and Ziehl-Neelsen staining), parasitic bacilli Mycobacterium leprae
and Mycobacterium lepromatosis — first isolated in 1873 and 2008 - are implicated in
lepromatous disease states (Han et al., 2008; Uaska Sartori et al., 2020).

Both M. leprae and M. lepromatosis have undergone gene decay and genome
downsizing since their separation between 10 and 13.9 million years ago(Mark, 2017;
Singh et al,, 2015). The analysis of micro-polymorphisms within samples of M. Leprae
demonstrate a distributive pattern which closely resembles historical human migratory
routes over 100,000 years (Rinaldi, 2007). Current evidence of the historic distribution of
M. leprae and M. lepromatosis (Donoghue et al., 2019; Krause-Kyora et al., 2018; Pfrengle
et al, 2021; Monot et al., 2009) starkly contrast the present global human incidence of
leprosy in a way that is not easily explained.

The Global Leprosy Strategy, which aspires to have achieved global eradication
by 2030, is progressing slower than anticipated with 182,815 new cases detected in
2023 alone (Global leprosy (Hansen disease) update, 2023), this is 24% higher than the
projected 2023 milestone and at least 3 years behind the anticipated schedule of case
reduction (Towards zero leprosy, 2021). The SARS-CoV-2 pandemic has undoubtedly
contributed to this, although a multitude of factors are likely to be influencing the continued
high incidence and detection rate of leprosy across the globe.

The clinical presentation of leprosy is determined by the specifics of bacilli
infiltration and the host-pathogen reaction (Mi et al., 2024), as such, leprosy is associated
with numerous atypical signs and symptoms and has a firm reputation as a self-disguising
disease. Leprosy is a disease of mimicry leading to misdiagnosis or delayed diagnosis,
both of which may result in poor patient outcomes, this is increasingly common with
respect to autoimmune conditions (Chen et al., 2023). Rheumatic symptoms are the third
commonest presentation in leprotic disease (Labuda et al., 2017) and a feature of both
autoimmune and functional disease — the detection rate and disproportionately large
disease burdens of which are presently unaccounted for (Hedar et al., 2021; Rometsch
et al., 2024). Asymptomatic infection is associated with a genetic predisposition to
effectively irradicate detected bacilli or an immune response so slight that the typical
manifestations are not clinically detectable (Li et al., 2024), another factor linked to
asymptomatic infection includes low point or continuously low bacillary loading resulting
in subclinical infection (Godal & Negassi, 1973). It is not known what proportion of
asymptomatic infection eventually leads to clinical disease. Infected patients without

symptoms also represent pre-clinical latent leprosy and whilst these individuals present
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a lower risk of transmission prior to clinical manifestation, it is suggested that the
reservoir of individuals with latent leprosy might be partly responsible for difficulties
in reducing disease prevalence in some areas (da Silva et al., 2021). Latent leprosy
can remain hidden or dormant for extensive periods of time with incubation periods
generally expected to be measured in years with a suspected 30-year incubation period
existing within the literature (Jariyakulwong et al., 2022) and another in excess of 50
years (Taggart et al., 2022).

Presently, the World Health Organisation (2023) identify the diagnostic criteria
of leprosy as the identification of at least 1 of 3 cardinal symptoms, including: loss of
sensation in a skin patch with deranged pigmentation; thickened peripheral nerve with
evidence of loss of function of that same nerve; or an acid-fast bacilli (AFB) positive
slit-skin smear. On diagnosis WHO (2018) recommend management with rifampicin,
dapsone, and clofazimine for 6 months in patients with paucibacillary leprosy and 12
months for multibacillary leprosy. If treated appropriately and early patient outcomes
can be overwhelmingly positive, with total resolution of both signs and symptoms
and the cessation of bacillary shedding (Maymone et al., 2020). However, advanced
disease states demonstrating extensive damage and deformity to musculoskeletal or
nervous structures are less likely to be fully reversed, with disability and disfigurement
becoming permanent (Sinha et al., 2024), in some cases disability continues to progress
even after the infection itself is cured. Reactional states, including post-treatment
reactions are reported by some patients and can be experienced any time during the
disease progression or following the initiation of treatment (Nery et al., 2013). They
may be triggered without warning, by a period of ill health or, an intervention such as
vaccination (Shi et al., 2018; Bhandari et al., 2022). The reactional states are grouped
into type 1 and type 2. A type 1 reactional state describes the acute inflammation in
one or more of the affected tissue structures (Kahawita et al., 2008). Type 2 reactions
are alternatively termed Erythema Nodosum Leprosum and can be acute, subacute, or
chronic — these terms describe a typically painful multisystemic condition which may
reflect either disseminated systemic infection or a disseminated system-wide immune
response (Walker, 2020).

2. OBJECTIVES

This study compares data from before and after the launch of the Global Leprosy
Strategy 2021-2030 (World Health Organisation, 2017) by analysing discreet data
published between 01/01/2019-31/12/2019 and 01/11/2023-31/10/2024.
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The primary study aim is to evaluate the frequency of non-cardinal signs and
symptoms reported in leprosy patients and compare the time delay between the first
symptom of disease being detected with the delay following the first clinical cardinal signs
and the effect this has on time-to-diagnosis and/or delays to accurate diagnosis.

The secondary study aims are to evaluate: reported exposure risk factors; disease
time-course and characteristics; response to therapies and management. Additional
aims will be to report intermediate misdiagnoses patients may have received and the
response to treatments provided for these misdiagnosed conditions.

This study will record:

- individual characteristics of patients diagnosed with leprosy including age,
sex, previous leprosy diagnosis, and exposure risk factors to leprosy will be
evaluated.

- disease characteristics of patients diagnosed with leprosy including reported
signs and symptoms, chronology of signs and symptoms, intermediate
misdiagnosis if reported, response to intermediate treatments, delay between
being initial symptom presentation and achieving accurate diagnosis, and
response to appropriate and definitive MDT.

The methodology of this project is presented in figure 1.

Data analysis consisted of both descriptive analysis of qualitative data and
statistical analysis of quantitative data. For statistical analysis the software package
GraphPad PRISM 10.4.0 for Windows was utilised. As no interventions were measured in
this study, data was assessed for normality using Q-Q plotting and subsequently analysed
for statistical significance using an appropriate testing model. For all data statistically
analysed in this study, Mann Whitney testing was undertaken.
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4 A
Project protocol was developed in Spring 2024 and submitted
to the University of Warwick for approval with minor changes

to the protocol as required.

A4

Online systematic search using databases PubMed,
ScienceDirect, WileyOnline using the search term criteria
“((Leprosyftitle]) AND (case report)” published between

-

01/01/2014 and search date 01/11/2024
A

[ n=1160 publications
v

—

Exclusion criteria \
Patient age <18; Only cardinal symptoms reported;
Ongoing previous diagnosis of Leprosy or any history of
leprosy without successful remission being achieved;
symptoms reported after the initiation of MDT; Animal
models; studies solely published in non-English language;
final diagnosis not leprosy; archaeological paper.
Inclusion criteria

No ethical approval
required.

English language research articles, correspondence, letters
to editors containing at least one case report/summary of
newly diagnosed leprosy in a human patient with either:
one or more non-cardinal symptoms reported; where
symptoms have been previously diagnosed or treated as a
condition other than leprosy, or initially given authors the

\ impression of a non-leprosy diagnosis. /

L 2

n=361 publications

n=799 publications
excluded. n=545 did
not meet inclusion
criteria. n=105 leprosy
previously diagnosed.
n=42 patient under 18.
n=28 cannot be
accessed by current
University of Warwick
library permissions.
n=27 Only cardinal
signs reported n=18
final diagnosis not
leprosy. n=14 Not
available from source
in English Language.
n=10 archaeological
paper. n=7 multiple
diagnoses reported
and unable to
differentiate. n=3
reported cases of non-
human leprosy.

J

l Duplicates }

L

n=79 publications

[ n=282 publications ]

Searches filtered for publication between
01/01/2019 and 31/12/2019

Searches filtered for publication between
01/11/2023 and 31/10/2024

!

!

[ n=30 publications ]

[ n=28 publications ]

n=32 patient cases

n=30 patient cases

Data extraction was completed by the sole author working independently and methodically to extract data
in line with the project aims and objectives. Missing or unclear data was recorded as “Not Recorded (NR)".

Figure 1: A flowchart summarising the methodology of this project including approval processes,

search strategy, and data interrogation.
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3. RESULTS

Across the two sample years, a higher proportion of patients were male (75%
and 67%) with the average age at diagnosis being 37 for females and 43 for males.
Sequencing rate increased by 10% between 2019 and 2024 with M. lepromatosis reported
more frequently in 2024 while M. Leprae made up 100% of sequenced cases in 2019.
The reporting of musculoskeletal symptoms was lower in 2024 (47%) than 2019 (63%).
However, a broader variety of symptoms were reported in 2024 with 60% of patients
reporting symptoms of disease which cannot be classified as dermatological, neurological,
respiratory, or as any cardinal symptom of leprosy. The initial misdiagnosis rate for both
2019 and 2024 was over 40%, with 32 different misdiagnoses reported across both years.
Challenges in microscopy were more commonly reported in 2024, where 3 cases failed to
produce a positive microscopy sample (table 5). Field microscopy is extremely dependent
on user and equipment.

Symptomatic relief was reported in a majority of patients to be noticed within
one week of starting appropriate therapy. For the remaining minority of patients, mean
time to review was 27 weeks in 2019 and 16 weeks in 2024 meaning that their symptoms
were left unmanaged or drug reactions were experienced for a prolonged period. In the
interest of improving patient engagement with healthcare and their medical regimes,
patient reviews should be held sooner following treatment initiation, perhaps within 2
weeks where possible.

Of significance, fewer than 10% of patients in 2019 reported a known contact
with a current or previous diagnosis of leprosy, this proportion reduced in 2024 to 3%,
highlighting unidentified transmission routes and that potential background infection
rates may be higher than data shows, with unevaluated and poorly understood reservoirs
of community infection still existing unmanaged. Just half of reported cases in 2019 lived
in an endemic region. This reduced in 2024 to 37% with patients living in non-endemic
regions reporting emigration from endemic regions at reducing rates from 54% in 2019
to 38% in 2024. Cases with identified travel exposure were reported at a rate of just
15% in both 2019 and 2024. When risk of exposure was evaluated holistically given the
information which the patient shared, over one third of patients in 2019 had no identifiable
exposure to leprosy, this rate increased in 2024 to almost half. When considered
together, cases from 2019 and 2024 reported the first symptom to be a cardinal sign
in just 16% of cases, and there was an absence of clinical cardinal symptoms at a rate
of 47% although some aspects of clinical cardinal signs were reported in 93% of these.
They were identified only retrospectively, however, due to these symptoms not meeting

all the typical cardinal sign features.
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In 2019 an accurate diagnosis of leprosy was achieved quickly after the
identification of a clinical cardinal sign in both endemic and non-endemic regions, the time
over which the patient lived with symptoms of disease before diagnosis was significantly
longer. The same can be said for non-endemic regions in 2024, however the time between
the first symptoms of disease and the accurate diagnosis of leprosy was not significantly
longer to the time between the first identification of a clinical cardinal sign and accurate
diagnosis in endemic regions in 2024 demonstrating the clinical suspicion is a key factor
in correctly and accurately diagnosing leprosy early.

There was no significant statistical difference detected in symptom to diagnosis
time between 2019 and 2024 in both endemic and non-endemic regions, the same can
be said for the difference in detected clinical cardinal sign to diagnosis time. This shows
that despite increased efforts to screen for and identify cases of leprosy, there were no
significant improvements in reducing the delay of diagnosis between 2019 and 2024.

There was no significant sex-based difference in length of diagnostic delay
following the onset of symptoms, the data suggests that females may have a slower
response to medication and experience symptoms for a longer duration following the
initiation of treatment, however this study found that the difference was not statistically
significant. The age of the patient did not significantly affect the time between symptom
onset and diagnosis.

Patients definitively diagnosed with lepromatous leprosy endured a significantly
longer duration of symptoms before the accurate diagnosis was achieved compared to
patients diagnosed with tuberculoid leprosy. Similar significant differences were detected
in borderline lepromatous and borderline tuberculoid patients. This significant result was
not detected between lepromatous leprosy and histoid leprosy, nor was it for the time
between clinical cardinal signs and diagnosis of lepromatous or tuberculoid leprosy.

With patients diagnosed with tuberculoid leprosy, there was no significant
difference detected between the delay between first symptom onset and diagnosis and
the first cardinal sign being detected and diagnosis, meaning that the first symptom was
often a cardinal sign. Contrastingly however, patients diagnosed with lepromatous leprosy
were symptomatic of disease for significantly longer periods of time before diagnosis
than the duration for which they displayed cardinal clinical signs, this is shown in table 6.
This is significant because patients who go on to be diagnosed with lepromatous leprosy
have been atypically symptomatic for longer, increasing the time over which they have
potentially been exposing those around them to infectious material. Table 1 presents the

misdiagnoses associated with each diagnosed leprosy type.
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Table 1: Final diagnoses reported in the case reports analysed alongside the misdiagnoses reported as preceding

these.

Final diagnosis

“Borderline with t1 reaction”

“Chronic granulomatous inflammatory reaction with

focal Fite stain positivity, suggestive of leprosy

Borderline lepromatous leprosy

Diffuse multibacillary leprosy with Lucio’s
phenomenon

Histiocytoid variant of lepromatous leprosy

Indeterminate leprosy

Lepromatous leprosy

Lepromatous leprosy with ENL

Lepromatous leprosy with Lucio’s phenomenon

Lepromatous leprosy with type 2 reaction

Multibacillary borderline lepromatous leprosy

Multibacillary leprosy

Ciéncias da Saude: Investigacao e Pratica V

Misdiagnosed
condition(s)/incorrect clinical impression

Rheumatoid arthritis as erosive arthritis of
wrists and fingers

Sweet syndrome

Rheumatoid arthritis-associated vasculitis
Drug reaction

Vasculitic neuropathy

Central giant cell granuloma or
ameloblastoma

Vitiligo

Rheumatoid Arthritis
Fungal infection
Cutaneous Lymphoma

Lupus erythematosus panniculitis

Deep cutaneous mycoses

Vasculitis, neuritis
Inflammatory vasculitic neuropathy.

Syphilis

Perichondritis

Tuberculosis

Dermatophytosis

Short-lasting unilateral neuralgiform headache
with cranial autonomic symptoms

Pyrexia of unknown origin
Still's disease

Collagen Vascular disease
Tuberculosis

Lower extremity cellulitis

Gout
Cellulitis
Antiphospholipid syndrome

Testicular tuberculosis

Fungal infection
Carbamazepine-induced pancytopenia
Erythema multiform
Cryoglobulinaemic vasculitis

Carpal tunnel syndrome

Necrotising fasciitis
Toxocariasis
RS3PE syndrome
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Neural leprosy Cellulitis
Primary neural leprosy Rheumatoid arthritis

Tuberculoid leprosy Morbihan disease

Through the analysis of the data collected on cases reported in 2024 an illustrative
retrospective pre-diagnosis timeline is presented (figure 2), outlining an indicative disease
time-course between the patients last identified exposure, the first symptom of disease,
and the first detectable cardinal sign of leprosy, relative to confirmed diagnosis and
treatment initiation. This timeline can be used by clinicians identifying a case of leprosy
to understand the possible disease time-course to the point of diagnosis and further
extrapolate potential exposures to other individuals who may have subsequently become
infected. By familiarising themselves with this novel timeline, a clinician may better
appreciate that the patient they are assessing in clinic may indeed be presently within
the pre-cardinal phase of disease. By sensitising clinicians to the pre-cardinal timeline of
leprosy, as developed from the analysis of the data collected as part of this study, it may
be possible for clinicians to consider leprosy in their differentials earlier in the disease
course, thus reducing both the disease burden on the affected patient and additionally

reducing the transmission risk to others earlier.

Mean delay from last exposure to first symptom: 28 months

Mean delay from first symptom to diagnosis: 41.5 months

Mean delay from first cardinal sign to diagnosis: 10.0 months

—

Point of
diagnosis

Figure 2: lllustrative retrospective pre-diagnosis timeline outlining indicative
disease time-course between last reported exposure, first symptom of disease,
and first cardinal sign of leprosy.

Using this timeline, a clinician evaluating a patient for unexplained or refractory
symptoms within 60 months of a leprosy exposure but without cardinal symptoms may
have increased clinical suspicion that the patient is presenting with early and/or atypical

features of leprosy. This would then allow the clinician to request additional testing.
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The earlier any case of leprosy whether typical or atypical is identified, the better the
outcomes for the patient and the smaller the window of potential infectivity. Both of which

are required to effectively improve our control of leprotic disease.

4. DISCUSSION

Transmission of leprosy causing bacilli is poorly understood, the primary
theoretical mechanism of human-to-human bacilli movement is through exposure to the
respiratory excretion (Davey & Rees, 1974) or through skin-to-skin contact (Bratschi et
al., 2015) with an infectious individual. The theorised primary risk factor to transmission
is extended periods of contact with infectious individuals such as household contacts
(WHO, 2023). However, shedding of viable bacilli has been demonstrated in open skin
lesions (Franco-Paredes & Rodriguez-Morales, 2016) as well as washings taken from
competent skin and nasal mucosae of leprosy patients, even up to 3 months following
the initiation of appropriate treatment (Job et al., 2008). Potential routes of human-to-
human transmission require continued investigation to better understand the risks which
such exposure incurs. Despite humans being considered the predominant reservoir and
host for leprosy pathogens, a zoonotic distribution would explain failures to slow the
progress of international eradication campaigns in endemic areas (Franco-Paredes &
Rodriguez-Morales, 2016). The same authors suggest investigating the survival of such
agents in extra-host environments, with the presence of viable bacilli in environmental
samples being demonstrated in soil and water (Turankar et al., 2019). In addition, viability
of M. Leprae outside the body has been previously demonstrated for up to 5 months in
replicated environmental conditions (Desikan and Sreevasta, 1995). Zoonotic reservoirs
exist in North and South American Armadillos (Sharma et al., 2015) and United Kingdom
populations of red squirrels (Meredith et al, 2014; Simpson et al., 2015), with monkey-to-
monkey transmission evidenced in 1986 (Gormus et al., 1988). Wild reservoirs of bacilli
are detectable in at least 3 continents and zoonotic transmission has been previously
demonstrated from wild-host to human (da Silva et al., 2018). Furthermore, Ploemacher et
al. (2020) outline how vector transmission of bacilli present yet another potential exposure
and transmission risk. The results of the present project affirm a need to continue to
develop our understanding of both exposure risks and transmission with a significant
proportion of patients presented having no discernible exposure or risk factors to explain
their leprosy status.

It is surprising that despite almost two decades passing since the identification

of M. Lepromatosis a large proportion of published articles fail to make reference to or
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acknowledge the existence of two discovered causative agents of Leprosy and instead
only refer to M. Leprae in their texts. Further to this, genetic sequencing of samples
collected is completed in less than 50% of cases, genetic sequencing should be more
frequently carried out on samples to confirm the exact causative agent and build a better
picture of strain distribution. The literature is sparse when comparing the prevalence and
disease progression of infection between each respective mycobacterium species. High
rates of sequencing would likely help to develop a better understanding of clinical disease
states and prognosis between each species, with M. Lepromatosis specifically associated
with Diffuse Lepromatous Leprosy in Mexico (Collin et al., 2023), a severe manifestation
of disease.

Leprosy causing mycobacteria invade the tissue of hosts with a reported affinity
for peripherally located structures and tissues owing to an optimum thrive temperature
slightly below that of the human core temperature of 37 degrees Celsius (Brand, 1959), this
includes: skin, mucous membranes, testes, lymph nodes, synovial membrane, joint capsule,
tendon, tendon sheath, connective tissue, cartilage, bone, nerve, and nerve sheath, in
addition to others less well reported. Any combination of one or more tissue types may be
involved in a case of leprosy, this being dependent on successful mycobacterial infiltration,
one of the variables thought to be associated with genetic susceptibility (Cambri & Mira,
2018). At a cellular level macrophages and Schwann cells (Silva & Belisle, 2018) are
considered the respective primary host cells for leprosy causing bacilli in cutaneous and
neural variations of leprosy. Signs and symptoms of infection or disease differ based on
the cell and tissue structures infiltrated by bacilli. A multitude of inflammatory cells present
within leprosy lesions and may be implicated in disease states, which are determined and
mediated by the immune response of the infected individual (Alter et al., 2010). These
include epithelioid cells, macrophages, lymphocytes, plasma cells, neutrophils, and mast
cells (Massone et al., 2015), histopathological assessment of biopsies may reveal one of
several granulomatous reactions involving the aforementioned inflammatory cells. With
respect to vasculature, morphological and functional abnormalities of the capillaries have
been detected in leprosy patients (Treu et al., 2017) as has vascular deficit of the peripheral
arteries (Kaur et al., 1976). Characteristic perineural inflammation is suggested to indicate
a route of access via microvasculature in neural leprosy (Scollard et al., 2015), a theory
supported by animal models demonstrating the involvement of endothelial cells of the
vasa nervorum (Scollard et al., 1999). Genetic disposition is likely to explain the variation
in location of leprotic infiltration, if any at all, and the severity of disability experienced by

the patient over time. Protective immunity may prevent the development of disease states
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(Magill & Hunter, 2013) and is multifactorial with components including low exposure loads
priming immune system, protection afforded as a side-effect of BCG vaccination (Setia et
al., 2006), or natural genetic immunity (van Hooij & Geluk, 2021).

Musculoskeletal symptoms are the third most frequently reported within the
literature (Chauhan et al., 2010), this study shows that the proportion of patients reporting
musculoskeletal symptoms is falling, whilst symptoms other than the leprotic cardinal three
are on the rise. Perhaps this might be explained by increased levels of clinical suspicion
in recent years resulting in more sensitive detection of atypically presenting cases
followed by improved reporting of these. An alternative explanation is that the high rate
of misdiagnosis and disease refractory to initial treatment resulted in the investigation of
less likely differential diagnoses with advanced laboratory technology which is widening in
availability and accessibility (Sengupta, 2019) leading to the identification of unexpected
causative agents. Such technology will have averted potential delays to the diagnosis
of the 3 patients from whom no AFB were visualised under microscopy and with over
40% of patients showing no clinical cardinal signs, a negative AFB-stain might have
resulted in the diagnosis of leprosy being inappropriately excluded. Clinical suspicion for
leprosy would classically be inferred by clinically detectably cardinal signs, however as
over 40% of cases reported no detectable cardinal signs in this study and as such signs
were demonstrated as a first presentation of disease in only 1/6 of cases, this becomes
increasingly challenging alongside falling clinical awareness.

The review of patients post-initiation of appropriate therapy was 3 months sooner
in 2024 than 2019 and this shows that the symptomatic improvement of disease states
in the majority of cases can be achieved quickly, however extended management will
still be required to mitigate the risk of relapse, antibiotic resistance, or type 2 reactions
(Girdhar et al., 2000). Whilst improvement is typically measured in weeks and months,
these results affirm the potential for rapid resolution of symptoms over a period of days
and the importance of identifying the appropriate therapy to reduce the disease impact
on the patient’s quality of life. A comprehensive understanding of the appropriate therapy
including prophylaxis for side effects and reversal reactions will reduce the frequency of
such treatment complications from occurring.

This study demonstrates clearly that generic symptoms of disease are detectable
in lepromatous leprosy patients for a significantly longer time period than cardinal signs
are detectable and before an accurate diagnosis is achieved, however this cannot
be said for tuberculoid disease. In this context, it is not surprising that a significant

difference is present when comparing the delay between first symptom and eventual
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diagnosis for both lepromatous leprosy and tuberculoid leprosy, and their respective

borderline counterparts. This is unexpected and counterintuitive because tuberculoid

leprosy is generally considered to be a milder and less severe form of the disease (Le

et al., 2023), as such it would make sense for this form to go undetected for longer. An

explanation for this phenomenon is that the clinical symptoms of lepromatous leprosy

are more likely to contribute as distractors to diagnosis by mimicking other diseases, this

is found particularly prominently in the literature as resulting in the initial misdiagnosis of

autoimmune diseases, before the correct diagnosis of leprosy is achieved. A review of the

literature as outlined in table 2 reflects this.

Table 2: A summary of the literature shows how leprosy can mimic autoimmune diseases and delay their diagnosis
by presenting initially with symptoms of a rheumatic nature.

Author and year

Kolahi (2024) Kumar
et al, (2019)
Guevara et al.,
(2019)

Nunzie et al., (2014)
Kaliyadan et al.,
(2009)

Lee et al, (2014)

Salvi and Chopra
(2013)

Horta-Baas et al.,
(2015)

Youssef, Mahani,
Hojjati (2023)

Fasciano et al.,
(2019)

Misdiagnosis or

clinical suspicion Sex Age
M 42
M 38
F 32

Antiphospholipid F 76

Syndrome M 64

Buerger’s disease

Systemic Sclerosis  F 82

Clinical Rheumatoid

Arthritis F 52

Cutaneous

lymphoma vs

sarcoidosis followed

by

Systemic Lupus

Erythema F 50

Mixed connective

tissue disease

(scleroderma

variant) M 68

Polyarteritis nodosa F 36
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Delay to
diagnosis
from first
symptom of
disease

Several weeks
72 months
Several days

1 week

24 months

72 months

4 months

16 months

120 months

5 months

Initial clinical
symptoms
reported, leading to
misdiagnosis

Fatigue, arthralgia,
paraesthesia and
ulceration, tapered
digital arteries, fever,
blisters, myalgia,
asthenia, haemorrhagic
lesions

Fever, malaise,
oedema, Raynaud’s

Rapidly progressive
polyarthritis

Skin rash with
pathological results
consistent with
Jessner’s lymphocytic
infiltration.

Arthralgia, discoid
rash, neuropathy,
photosensitivity,
refractory

Erythematous plagues
with persistent non-
healing ulcers

Skin nodules on right
leg and foot, lower
extremity paraesthesia,
fatigue, low-grade
fevers
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Fever, pain in small
joints of hand with
morning stiffness, rash

Relapsing of elbow and knees,
Pruthi et al., (2016) polychondritis M 22 1month external ear pain
Sridana, Kurniari,
and Kambayana
(2007)
de Andrade, et al., M 20 2 months Bilateral joint
(2017) M 51 6years tenderness and
Salvi and Chopra M 72 3 weeks swelling of the hands,
(2009) Misra, et al., Rheumatoid Arthritis M 55 108 months elbows, knees, and
(2014) (seropositive) F 20 12 months feet, articular disease.
Qiang and Sheng
(2023)
Kaur, M,, et al., Bilateral hand and
(2007) wrist joint swelling
Salvi and Chopra M 61 6 months accompanied by
(2009) Rath, M 70 24 months painless skin nodules,
Bhargava, Kundu Rheumatoid Arthritis M 58 4 months peripheral synovitis,
(2014) (Seronegative) F 35 18 months polyarthritis.
Manoj and Dhakad Rheumatoid Symmetrical
(2020) Vasculitis F 38 36 months polyarthritis
Asymmetric
progressive large joint
pains of knees, ankles,
Rath, Bhargava, Spondylarthritis and and shoulders and
Kundu (2014) psoriatic arthritis M 40 30 months lower back pain
Bilateral hand and
Hsieh and Wu (2013) wrist pain, swelling,
Wijaya, Komarasari, and deformities, white
Esti (2024) M 40 48 months skin spots on calves,
Kusumaningrum et F 28 180 motnhs ear paraethesis, fever,
al.,, (2019) Ribeiro et F 33 74 months fatigue, asthenia,
al., (2007) Systemic Lupus F 43 16 months anorexia, myalgia,
Zawar et al., (2017) Erythema F 58 18 months pedal oedema
Symmetrical
polyarthritis bilaterally
Systemic Lupus in the hands, wrists,
Erythema and elbows, shoulders,
Ribeiro et al., (2007) Polyarteritis nodosa F 30 7 months knees, and feet.
Mono-neuritis,
Polyneuropathy,
Polyarthralgia,
Daameche et al., recurrent rhinosinusitis,
(2023) Vasculitis (ANCA- F 37 NR recurrent fever, skin
Yu et al., (2020) associated) M 26 24 months nodules
Vasculitis Palpable erythematous
Pallares et al., (2019) (Cryoglobulinaemic) F 31 24 months rash on face and arms
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Polyarthritis of small
joints with extensive
Vasculitis ulceration on skin with
Camps-Garcia (2011)  (Necrotising) F 32 NR low grade fevers

Erythematous nodules
Wong (1987) Vasculitis (Nodular) F 57 24 months with fever, chills, rigors

Even when leprosy is misdiagnosed and disease is refractory to the selected
therapy, it requires clinical suspicion to consider a treatable infectious cause. This is
exacerbated by the modification of symptoms or temporary relief achieved when
mismanaged, acting as a false confirmation of the misdiagnosis being correct. It has
been demonstrated that symptoms of leprosy may respond well to steroid therapy
which modifies and dampens the body’s immune responses (Hsieh and Wu 2013), thus
temporarily relieving symptoms of leprosy infection without addressing the causative
factor. This leaves the patient vulnerable to continued recurrence of leprotic disease
states and more severe health outcomes.

5. LIMITATIONS

This project collects data from a small number of case studies representing less
than 0.0002% of yearly cases detected but does so in favour of focussing on cases
reported as initially missed diagnoses and misdiagnosis. Late diagnosis and high levels of
disability are classically typical of leprosy and therefore such cases may not be typically
considered interesting for the literature base. Due to low levels of clinical suspicion,
cases are less likely to be correctly identified in non-endemic areas, this further reduces
the reporting of cases which remain hidden. Reporting in case studies is variable and
inconsistent, findings of “not reported” were commonplace across published literature
this confounds efforts to aggregate data effectively and further specific enquiries would

benefit the literature considerably.

6. CONCLUSION

The timely diagnosis of leprosy continues to be a challenge in the third decade
of the 21t century leading to avoidable increases in the number of quality and disability
adjusted life years lost by the leprosy patient cohort and an extensively prolonged period
of uncontrolled onwards infection risk to others. A lack of clinical suspicion for leprosy,
in addition to the ability of M. leprae and M. lepromatosis to mimic other more common

diseases continues to hamper efforts to achieve the global eradication of leprosy. The
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World Health Organisation has not forgotten leprosy; however clinicians are unlikely to
have such a diagnosis in the forefront of their mind unless they are practicing within
an endemic region. This article demonstrates the necessity for clinicians to be familiar
with and retain the differential of leprosy within their diagnostic repertoire irrespective
of classical leprosy signs, symptoms, and exposure risk factors to improve detection
rates and reduce disease burden. Additional evaluation of exposure risks associated with
human, animal, and environmental reservoirs is required to address the findings of this
project in relation to the high rates of patients without a reported exposure risk.

In order to effectively address the ongoing transmission of leprosy and continued
disease burden of this disease. We must, as a clinical cohort, be ready to consider
leprosy even before clinical cardinal signs present. The identification and diagnosis of
leprosy from unexplained, atypical, or refractory instances of disease, on a background
of suspected exposure could be achieved up to 60 months sooner than cardinal signs
present reducing the duration of risk of onwards transmission and reducing disease
progression within individuals. Whilst the current education of clinicians is invaluable for
identifying, treating, and rehabilitating typically presenting leprosy patients, it must be
developed further to specifically educate on the extent and nature of disease prior to the
patient development of classic cardinal signs. Without this educational development and
broadened scope of clinical suspicion, leprosy will not be fully controlled as is required
for future eradication due to prolonged mycobacterial transmission opportunity and the

growth of unidentified reservoirs.
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