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ABSTRACT

Introduction: Grade 2 disability at leprosy diagnosis marks late detection and often begins in the feet, yet its recent national distribution
in Brazil is incompletely described. Methods: Retrospective cross-sectional analysis of 221,820 new leprosy cases notified to the Brazilian
Notifiable Diseases Information System (SINAN) between 2015 and 2023. The proportion of grade 2 disability at diagnosis was estimated
among cases with the disability grade evaluated, and its association with demographic and clinical factors was assessed with multiva-
riable logistic regression. Results: Grade 2 disability was recorded in 9.3% of evaluated cases (95% Cl 9.17-9.43) and rose from 7.5% in 2015
to 11.1% in 2023. The proportion was highest in the Southeast (13.3%) and South (13.2%) and lowest in the Central-West (8.2%). Disability
was associated with two or more affected nerves (OR 5.91; 95% CI 5.67-6.17), multibacillary classification (OR 2.85; 95% Cl 2.63-3.08), age 60
years or older (OR 2.54; 95% Cl 2.28-2.83), illiteracy (OR 2.44; 95% Cl| 2.20-2.71) and male sex (OR 1.54; 95% CI 1.49-1.60). Conclusions: Grade
2 disability at diagnosis increased and concentrated in lower-endemicity regions, where late detection of plantar involvement persists.

Keywords: leprosy; Hansen disease; disability evaluation; foot; Brazil; health status disparities.

RESUMEN

Introduccién: La discapacidad grado 2 al diagndstico de lepra sefala deteccion tardia y suele iniciarse en los pies, pero su distribucion
nacional reciente en Brasil esta descrita de forma incompleta. Métodos: Analisis transversal retrospectivo de 221 820 casos nuevos de
lepra notificados al Sistema de Informagao de Agravos de Notificagdo (SINAN) entre 2015y 2023. Se estimo la proporcién de discapacidad
grado 2 al diagnostico entre los casos con grado evaluado y su asociacion con factores demograficos y clinicos mediante regresién logis-
tica multiple. Resultados: La discapacidad grado 2 se registré en el 9,3% de los casos evaluados (IC 95 % 9,17-9,43) y aumentd del 7,5% en
2015 al 11,1% en 2023. La proporcion fue mayor en el Sudeste (13,3%) y el Sur (13,2%) y menor en el Centro-Oeste (8,2%). La discapacidad se
asocié con dos o mas nervios afectados (OR 5,97; IC 95 % 5,67-6,17), clasificacion multibacilar (OR 2,85; IC 95 % 2,63-3,08), edad de 60 afos
0 Mas (OR 2,54, IC 95 % 2,28-2,83), analfabetismo (OR 2,44; IC 95 % 2,20-2,71) y sexo masculino (OR 1,54, IC 95 % 1,49-1,60). Conclusiones:
La discapacidad grado 2 al diagnéstico aumentod y se concentré en regiones de menor endemicidad, donde persiste la deteccion tardia
de la afectacion plantar.

Palabras clave: lepra; enfermedad de Hansen; evaluacion de la discapacidad; pie; Brasil; disparidades en el estado de salud.
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INTRODUCTION

Leprosy persists in Brazil as a disease of unequal geography. The country notifies tens of
thousands of new cases every year and contributed a large share of the global burden during the
last decade, even as the national detection rate declined.(1,2) Grade 2 disability occupies a central
place in the World Health Organization strategy for leprosy, because it is the most objective me-
asure of how late the disease is being recognized and the most direct link between surveillance
and preventable deformity.(3)Within the national decline in detection, that marker has not beha-
ved as expected. Grade 2 disability at diagnosis signals that the disease was recognized only after
irreversible nerve damage, and it is meant to fall as services improve, yet national and state series
show it stable or rising.(4,5) This disconnection between falling incidence and persistent disability
is the starting point of the present study.

The geography of that marker is disputed. Analyses of hyperendemic areas of the North,
Northeast and Central-West describe grade 2 disability as a burden of high-transmission territories,
where many cases accumulate and some are diagnosed late.(6,7) Whereas other studies report the
opposite gradient: the highest proportions of grade 2 disability appear in the South and Southeast,
regions of low endemicity where the few cases that occur are found only after nerve damage has
begun.(8,9) The two readings lead to different conclusions about where podiatric and surveillance
action should be directed, and the contradiction has not been resolved at the national level. The
first reading would concentrate resources in already-saturated hyperendemic municipalities. The
second would redistribute attention toward states whose programs are considered successful
precisely because they notify few cases. Choosing between them requires a national estimate that
neither camp has provided, because state series cannot by themselves resolve a national gradient.

The foot carries much of the clinical weight of that burden. The World Health Organization
grading classifies disability as grade 1 when there is loss of protective sensation without visible de-
formity, and grade 2 when visible damage to the eyes, hands or feet is already present; the plantar
manifestations of grade 2, ulceration, foot drop, claw toes and bone resorption, are among the
most disabling and the most preventable.(3)A meta-analysis estimated a high pooled prevalence
of plantar ulcer in leprosy, with sensory loss and foot deformity among its principal determinants.
(10)Neuropathic ulcers of the foot demand prolonged offloading and progress to infection, osteom-
yelitis and amputation when untreated.(11)

Pure neural forms of the disease, which present with nerve thickening and few or no skin
lesions, are especially prone to escape early recognition.(3)Even after bacteriological cure, plantar
lesions persist as lasting marks of the disease.(12)For podiatric practice, the grade 2 disability re-
corded at diagnosis therefore signals that the foot has already been exposed to the consequences
of untreated neuropathy.

National estimates exist but their period is limited. A cohort of one hundred million benefi-
ciaries of Brazilian social programs described physical disability in a large but selected population.
(13)State-level series in Maranhao and in low-endemicity southern states showed grade 2 disability
stable or increasing, but each covered a single state or a narrow period.(5,8) Indicator analyses at
the national level have tracked detection and operational quality, yet they have not dissected the
disability outcome with individual-level correlates.(2,14)

No recent national description has combined the temporal trend, the regional and state
distribution, and the demographic and clinical correlates of grade 2 disability at diagnosis for the
years 2015 to 2023. This gap matters because the distribution of the indicator determines where
case-finding and foot screening should be intensified.

This study aimed to describe the proportion of new leprosy cases diagnosed with grade 2 disa-
bility in Brazil from 2015 to 2023, its temporal and regional distribution, and the factors associated
with grade 2 disability at diagnosis. Consistent with the surveillance literature, we hypothesized that
grade 2 disability would be higher in the South and Southeast, regions of lower detection intensity,
and would be associated with male sex, older age, lower schooling and multibacillary disease.(15)
The findings are intended to inform foot-care prioritization in leprosy reference services and in the
podiatric community that increasingly manages the sequelae of the disease.

METHODS

Study design and data source
A retrospective cross-sectional analysis of anonymized individual records of leprosy notifica-
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tions was conducted. The records came from the Brazilian Notifiable Diseases Information System
(Sistema de Informacao de Agravos de Notificacao, SINAN), the nationwide compulsory surveillance
database maintained by the Ministry of Health through DATASUS.(16)

This source was chosen because the native DATASUS file-transfer service is not retrievable as
a plain dataset over HTTP without a portal session, and because the deposited microdata preserve
the original SINAN fields, including the disability grade recorded at diagnosis. The data dictionary
accompanying the deposit corresponds to the SINAN NET version 5.0 leprosy module. The study
followed the STROBE statement for the reporting of observational studies, and, given the use of
routine records, the RECORD extension where applicable.

Population and outcome

New leprosy cases notified between 2015 and 2023 were included, defined by the mode of
entry field as new cases, to exclude transfers, relapses and re-entries and to ensure that each record
represented a single episode of recently diagnosed disease. The study period was fixed a priori to
match the availability of complete notification years and the bibliographic window of the target
journal, and no exclusion was applied on the basis of age, sex or clinical form. The outcome was
grade 2 disability at diagnosis, recorded in SINAN as grade zero, grade |, grade Il or not evaluated.
The notification record registers the overall grade without specifying the anatomical site; grade
Il denotes visible deformity or damage to the eyes, hands or feet. Because plantar involvement
is the most frequent presentation of grade 2 disability in leprosy, foot impairment was treated as
the clinical frame of the outcome and interpreted against the literature on plantar ulcer and foot
deformity. The denominator for the main proportion was the set of cases with the grade evalua-
ted at diagnosis, and the share of cases not evaluated was reported separately as a completeness
indicator rather than imputed.

Demographic covariates were sex, age group, skin color and schooling. Age in completed
years was recovered from the numeric age field, which encodes age with an offset of 4000, and
cross-checked against the year of birth; implausible values outside O to 120 years were corrected
from the birth year. Clinical covariates were operational classification (paucibacillary or multibaci-
[lary), number of skin lesions, number of affected nerves, mode of detection and region of notifica-
tion. Region and federative unit were derived from the state of notification, and the twenty-seven
federative units were grouped into the five official macro-regions.

Statistical analysis

The proportion of grade 2 disability was summarized with its 95% confidence interval using
the Wilson method, chosen because the outcome is a proportion bounded between zero and
one and the Wilson interval behaves well when the event is uncommon. Annual proportions were
computed overall and by macro-region, and the temporal trend was tested with logistic regression
using year of notification as a continuous predictor, expressed as an odds ratio per additional year.
To test whether the COVID-19 pandemic period changed the trend, a sensitivity analysis repeated
the trend model after excluding the years 2020 and 2021, when detection was transiently depres-
sed.(17)The state distribution was summarized across the whole period and compared with the
five official macro-regions to place state-level variation in context.

Factors associated with grade 2 disability were assessed with univariable and multivariable
logistic regression among cases with the grade evaluated, with results expressed as odds ratios
and 95% confidence intervals. The multivariable model included sex, age group, skin color, schoo-
ling, operational classification, skin lesions, affected nerves, mode of detection, region and year of
notification, selected because each is either a documented correlate of disability or a marker of
detection intensity.(15,18)

Age was categorized into five groups with children under 15 as the reference. Skin color
followed the official census categories, and schooling was grouped into illiterate, elementary, se-
condary, higher and ignored categories. Skin lesions were grouped into none, one to five, and six
or more, and affected nerves into none, one, and two or more, following the cut-points used in
Brazilian surveillance analyses. Reference categories were chosen as the clinically least exposed
group. Records with an uninformative category, such as ignored schooling, were retained as their
own category rather than discarded, to avoid selection bias fromm complete-case restriction.

An alternative indicator that includes cases not evaluated in the denominator was computed
as a sensitivity check of the main proportion, because the not evaluated group could hide disability
and inflate or deflate the estimate.
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RESULTS

Between 2015 and 2023, 221,820 new leprosy cases were notified in Brazil. Their demographic
and clinical characteristics are summarized in (Table 1). The disability grade at diagnosis was eva-
luated in 194,957 cases and not evaluated in 26,863 cases (12.1%).

Table 1. Demographic and clinical characteristics of new leprosy cases by grade 2 disability at diagnosis,

Brazil, 2015-2023.

SAP Podiatry. 20241139

Characteristic Category Total (n=221820) (S:ggsgg) Grade 2 (n=18132) No(:\s\zlglsu:;)ed
Sex Female 98563 (44.4) 81667 (46.2) 5524 (30.5) N372 (42.3)
Sex Male 123247 (55.6) 95152 (53.8) 12607 (69.5) 15488 (57.7)
Age group (years) <15 12657 (5.7) 11023 (6.2) 392 (2.2) 1242 (4.6)
Age group (years) 15-29 32243 (14.5) 26780 (15.1) 1849 (10.2) 3614 (13.5)
Age group (years) 30-44 55466 (25.0) 45328 (25.6) 3443 (19.0) 6695 (24.9)
Age group (years) 45-59 64383 (29.0) 51131 (28.9) 5447 (30.0) 7805 (29.1)
Age group (years) >=60 57071 (25.7) 42563 (24.1) 7001 (38.6) 7507 (27.9)
Skin color White 53261 (24.0) 42893 (24.3) 4753 (26.2) 5615 (20.9)
Skin color Black 27062 (12.2) 21283 (12.0) 2443 (13.5) 3336 (12.4)
Skin color Brown 130632 (58.9) 104514 (59.1) 10031 (55.3) 16087 (59.9)
Skin color Indigenous 1078 (0.5) 846 (0.5) 110 (0.6) 122 (0.5)
Skin color Other/ignored 9787 (4.4) 7289 (4.1) 795 (4.4) 1703 (6.3)
Schooling llliterate 18474 (8.3) 13728 (7.8) 2431 (13.4) 2315 (8.6)
Schooling Elementary 102184 (46.1) 82214 (46.5) 8938 (49.3) 11032 (41.1)
Schooling Secondary 44874 (20.2) 37861 (21.4) 2616 (14.4) 4397 (16.4)
Schooling Higher 12428 (5.6) 10670 (6.0) 552 (3.0) 1206 (4.5)
Schooling Ignored/NA 43860 (19.8) 32352 (18.3) 3595 (19.8) 7913 (29.5)
Operational classification Paucibacillary 51455 (23.2) 44928 (25.4) 794 (4.4) 5733 (21.3)
Operational classification Multibacillary 170339 (76.8) 131885 (74.6) 17338 (95.6) 21116 (78.6)
Skin lesions (n) 0 13337 (6.0) 9720 (5.5) 2182 (12.0) 1435 (5.3)
Skin lesions (n) 1-5 110853 (50.0) 93222 (52.7) 5545 (30.6) 12086 (45.0)
Skin lesions (n) >=6 85134 (38.4) 66745 (37.7) 9118 (50.3) 9271 (34.5)
Affected nerves (n) 0 95411 (43.0) 85046 (48.1) 1800 (9.9) 8565 (31.9)
Affected nerves (n) 1 24603 (1) 20822 (11.8) 1795 (9.9) 1986 (7.4)
Affected nerves (n) >=2 77402 (34.9) 57980 (32.8) 13125 (72.4) 6297 (23.4)
Mode of detection Referral 99248 (44.7) 77340 (43.7) 9283 (51.2) 12625 (47.0)
Mode of detection Spggrfgﬁgus 86520 (39.0) 70219 (39.7) 6403 (35.3) 9898 (36.8)
Mode of detection ex;:;’i‘fg‘;iton 20356 (9.2) 17469 (9.9) 1108 (6.) 1779 (6.6)
Mode of detection Other 15696 (7.1) 1797 (6.7) 1338 (7.4) 2561 (9.5)

Note: Percentages within each column. Grade O-1 and Grade 2 restricted to cases with disability grade evaluated at diagnosis; the
not evaluated group (grade not assessed or missing) is shown for completeness. Source: Elaborated from SINAN leprosy notification
microdata (DATASUS), 2015-2023.

The proportion of new cases with grade 2 disability at diagnosis stood at 9.3% (95% CI 9.17-
9.43), corresponding to 18,132 of 194,957 evaluated cases. The geographic distribution inverted
the endemicity gradient. The Southeast presented the highest proportion (13.3%), followed by the
South (13.2%), whereas the North, Northeast and Central-West presented lower values (8.9%, 8.3%
and 8.2%). The state distribution spanned a wide range. Rio Grande do Sul reached 21.5%, and Santa
Catarina, Sdo Paulo, Minas Gerais and the Federal District all exceeded 14.4%. Piaui, Mato Grosso,

Goias and Bahia stood below 7.8% (Figure 1).
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Figure 1. Proportion of new leprosy cases with grade 2 disability at diagnosis by federative unit, Brazil,
2015-2023.
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Note: Proportion among cases with the disability grade evaluated at diagnosis. Source: Elaborated from SINAN leprosy notification
microdata (DATASUS), 2015-2023.

The annual proportion rose over the period, from 7.5% in 2015 to 11.1% in 2023, a difference of
3.6 percentage points, with an odds ratio of 1.06 per additional year (95% Cl 1.06-1.07; p <0.001). The
increase reached every macro-region but was sharpest in the Central-West, which passed from
6.4% 10 12.3%, and in the South, which passed from 10.2% to 14.4% (Figure 2). Notifications moved
in the opposite direction during the pandemic: the annual number of new cases fell from 28,856
in 2019 to 18,340 in 2020 and 18,773 in 2021, and reached only 23,206 by 2023. Excluding 2020 and
2021 left the trend essentially unchanged (OR 1.06 per year; p <0.001).

Figure 2. Annual proportion of new leprosy cases with grade 2 disability at diagnosis, Brazil and macro-
regions, 2015-2023.
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Note: Proportion among cases with the disability grade evaluated at diagnosis. Source: Elaborated from SINAN leprosy notification
microdata (DATASUS), 2015-2023.
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Nerve involvement was the strongest clinical correlate of grade 2 disability. Two or more affec-
ted nerves raised the odds almost sixfold (OR 5.91; 95% Cl 5.67-6.17), and one affected nerve raised it
more than twofold. Multibacillary classification (OR 2.85; 95% Cl 2.63-3.08), age of 60 years or older
relative to children under 15 (OR 2.54; 95% Cl 2.28-2.83) and illiteracy relative to higher schooling (OR
2.44;95% CI 2.20-2.71) were also associated with the outcome. Male sex (OR 1.54; 95% Cl 1.49-1.60) and
Indigenous skin color (OR 1.34; 95% CI 1.08-1.67) remained associated after adjustment. Six or more
skin lesions were inversely associated with disability (OR 0.61; 95% Cl 0.58-0.64), and cases detected
through contact examination showed the lowest odds relative to referral. After adjustment, the
North, Northeast and Central-West kept lower odds of disability than the Southeast (OR 0.60, 0.70
and 0.43, respectively) (Table 2).

Table 2. Crude and adjusted odds ratios for grade 2 disability at diagnosis among new leprosy cases,
Brazil, 2015-2023.

Variable Category Crude OR (95% ClI) Adjusted OR (95% Cl) P
Sex Male 1.96 (1.90-2.02) 1.54 (1.49-1.60) <0.001
Age group (years) 15-29 1.94 (1.74-2.17) 1.63 (1.45-1.84) <0.001
Age group (years) 30-44 214 (1.92-2.38) 1.52 (1.36-1.70) <0.001
Age group (years) 45-59 3.00 (2.70-3.33) 1.89 (1.69-2.10) <0.001
Age group (years) >=60 4.63 (4.17-5.13) 2.54 (2.28-2.83) <0.001
Skin color Black 1.04 (0.98-1.09) 1.09 (1.03-1.15) 0.003
Skin color Brown 0.87 (0.84-0.90) 1.01 (0.97-1.05) 0.708
Skin color Indigenous 117 (0.96-1.43) 1.34 (1.08-1.67) 0.007
Skin color Other/ignored 0.98 (0.91-1.07) 1.09 (0.99-118) 0.066
Schooling Illiterate 3.42 (311-3.77) 244 (220-2.71) <0.001
Schooling Elementary 210 (1.92-2.30) 1.89 (1.72-2.07) <0.001
Schooling Secondary 1.34 (1.22-1.47) 1.43 (1.29-1.58) <0.001
Schooling Ignored/NA 2.5 (1.96-2.36) 2.01(1.83-2.22) <0.001
Operational classification Multibacillary 7.44 (6.92-7.99) 2.85 (2.63-3.08) <0.001
Skin lesions (n) 1-5 0.26 (0.25-0.28) 0.47 (0.45-0.50) <0.001
Skin lesions (n) >=6 0.61 (0.58-0.64) 0.61 (0.58-0.64) <0.001
Affected nerves (n) 1 4.07 (3.81-4.36) 2.48 (2.33-2.63) <0.001
Affected nerves (n) >=2 10.70 (10.17-11.25) 591 (5.67-6.17) <0.001
Mode of detection Spontaneous demand 0.76 (0.73-0.79) 0.80 (0.77-0.83) <0.001
Mode of detection Contact examination 0.53 (0.50-0.56) 0.53 (0.49-0.56) <0.001
Mode of detection Other 0.94 (0.89-1.00) 0.96 (0.90-1.02) 0170
Region North 0.64 (0.61-0.67) 0.60 (0.57-0.64) <0.001
Region Northeast 0.59 (0.56-0.61) 0.70 (0.67-0.73) <0.001
Region South 0.99 (0.91-1.07) 0.84 (0.77-0.92) <0.001
Region Central-West 0.59 (0.56-0.61) 0.43 (0.40-0.45) <0.001

Note: Adjusted for all variables shown plus year of notification. Reference categories: female sex, age <15 years, White skin color, higher
schooling, paucibacillary classification, zero skin lesions, zero affected nerves, referral mode of detection, and Southeast region. OR = odds
ratio; Cl = confidence interval. Source: Elaborated from SINAN leprosy notification microdata (DATASUS), 2015-2023.

Completeness of disability assessment differed across groups. The not evaluated category
reached 12.1% of new cases and was larger among cases with unknown schooling and in the Nor-
theast and Central-West. When the cases not evaluated were included in the denominator, the
national proportion stood at 8.2%, consistent with the main estimate.

DISCUSSION

The discrepant authors can be named at the outset. Monteiro et al.,(6) working in a hyperen-
demic area, and analyses of the North and Northeast (7) framed grade 2 disability as a burden of
high-transmission territories. Our national data contradict that framing. The proportion of grade
2 disability at diagnosis was highest in the South and Southeast, the regions with the lowest ca-
se-detection rates, and lowest in the Central-West.
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This inversion, rather than an anomaly, reproduces the expectation that late diagnosis
concentrates where transmission is low and clinical suspicion has weakened.(8,9)

The overall proportion of 9.3% and its rise from 7.5% to 11.1% align with national and state
reports. A cohort of one hundred million Brazilians found that physical disability remained fre-
guent despite treatment access;(13)that cohort drew on beneficiaries of cash-transfer programs, a
population poorer than the national average, so its estimates cannot be taken as representative,
and our notification-based series, which covers all new cases regardless of income, complements
it by showing that the problem is no less real at the national level. In Maranhao, a hyperendemic
state, the proportion of new cases with grade 2 disability oscillated without a sustained decline.
(5)Municipal and state trend analyses likewise recorded a slow improvement or a plateau in the
indicator.(14,19)

Unlike those series, our data show a monotonic increase driven mainly by the South and
Southeast, where detection fell most sharply during and after the pandemic.(17)The finding is
sobering for a country that has invested for decades in leprosy elimination, because it shows that
the most preventable disability continues to be produced in the places where the disease is least
visible. Delayed detection is the common mechanism: reviews of case-detection delay consistently
link patient and health-system delay to a higher risk of disability at diagnosis,(18,20) and disability
once established tends to progress after treatment rather than resolve.(21,22) Underreporting in
low-endemicity areas compounds the apparent concentration of disability among the few cases
that do reach notification.(23)

The Brazilian proportion also sits within a wider international pattern. Series from China, India
and Indonesia report grade 2 disability proportions among new cases that range broadly, and all
identify diagnostic delay, male sex, older age and multibacillary disease as the same recurring co-
rrelates.(20,24,25)Long-term cohorts in India show that disability risk accumulates after treatment
as well, which makes the proportion at diagnosis a conservative snapshot of the eventual burden.
(22,26) The rise we document in Brazil, from 7.5% to 11.1%, therefore reflects a problem that is mea-
surable and shared, but its regional inversion is a Brazilian particularity that deserves explanation.

The regional inversion has a coherent operational explanation. In the South and Southeast,
where leprosy is rare, primary care clinicians see few cases, the index of suspicion is low, and pa-
tients are referred after neuropathy and deformity have appeared, a pattern documented by active
case-finding in Rio Grande do Sul and by delayed-diagnosis studies in the Northeast.(9,27) In the
hyperendemic North, Northeast and Central-West, sustained case-finding and contact examina-
tion bring in earlier, less damaged cases, which lowers the disability proportion even though the
absolute burden remains large.(28)The finding in Piaui, the state with the lowest proportion, is
consistent with its intense surveillance and high detection of early cases.(29)

The Central-West illustrates a third dynamic. Its overall proportion remained the lowest in the
country, yet it increased the most in relative terms over the period, from 6.4% to 12.3%. Mato Grosso
and Goias combine high detection with an epidemiological risk that has been rising in recent years.
(19)The coexistence of a low absolute proportion with a rising trajectory suggests that even strong
case-finding programs are beginning to miss the earliest cases, a warning sign for services long
regarded as models of control. Monitoring the grade 2 indicator together with detection, rather
than detection alone, is what exposes this drift.

The high proportions in the South rest on comparatively few cases. Rio Grande do Sul notified
870 new cases over the period and Santa Catarina 1,298, whereas Piaui notified 7,986. The elevated
proportions therefore describe a small absolute number of patients with established deformity,
which sharpens rather than weakens the finding. In low-endemicity states the challenge is not the
volume of disability but its concentration among the rare cases that escape early detection, and
each of those patients carries a heavy individual burden of foot deformity.

The foot emerges as the clinical bridge between the indicator and its podiatric meaning.
Grade 2 disability in leprosy is most often a plantar phenomenon: plantar ulcer, foot drop, claw
toes and resorption.(10)Neuropathic plantar ulcers, once established, require prolonged offloading
and are complicated by infection, osteomyelitis and deformity.(11)The elevated proportions in Rio
Grande do Sul, Santa Catarina and Sao Paulo therefore describe populations in which sensory
loss in the foot had already gone unrecognized at diagnosis. Surveys of the foot at risk in Brazilian
municipalities show that a large share of patients under treatment carry plantar sensory deficits
that predispose to ulceration.(30)

These states maintain structured health services, which suggests the residual gap is one of
clinical suspicion rather than access alone. For the podiatrist, the operational consequence is direct:
a new case with grade 2 disability is frequently a patient who already needs plantar offloading,
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footwear adaptation and ulcer prevention beyond chemotherapy alone. The plantar reading of the
indicator therefore converts an epidemiological marker into a concrete clinical workload and a me-
asurable target for prevention. Prevention of plantar ulceration in leprosy rests on three pillars that
the present data make actionable: early detection of sensory loss by monofilament testing, edu-
cation on self-inspection of the feet, and appropriate footwear that redistributes plantar pressure.
(10,11) Where the disability grade is already 2 at diagnosis, these measures arrive late, which is pre-
cisely why the geographic distribution of grade 2 disability doubles as a map of missed prevention.

The correlates of disability reproduced established risk factors and extended them to the na-
tional level. Nerve involvement was the dominant determinant, a finding expected because grade
2 disability is itself a neuropathic endpoint and because the count of affected nerves approximates
the extent of neural damage at presentation.(31,32) The gradient across the number of affected
nerves was steep: the odds doubled with one nerve and rose almost sixfold with two or more,
which places neural assessment at the center of early detection. Multibacillary disease remained
associated after adjustment with an odds ratio of 2.85, attenuated from a crude odds ratio above
seven once lesion count, nerve involvement and mode of detection were taken into account, in-
dicating that bacillary load operates partly through clinically visible severity. Older age showed a
monotonic gradient from young adulthood to old age, and illiteracy and male sex each remained
independently associated, in agreement with the systematic review and meta-analysis of de Paula
et al.(15)and with series from China, India and Indonesia.(20,24,25)

The age gradient deserves specific coomment. Disability rose steadily with age, and the oldest
group carried odds of 2.54 relative to children. Older patients accumulate sensory loss over years
of undiagnosed disease, may attribute plantar changes to aging, and seek care later, a pattern
consistent with the age effect reported in the meta-analysis of risk factors.(15)The concentration of
grade 2 disability among older people matters for podiatry because the same population already
carries age-related foot pathology, and the superposition of leprosy neuropathy on diabetic or
vascular foot disease complicates management.

Male sex remained associated after adjustment, a finding that recurs across Brazilian and
international series.(15,33) The explanation is partly behavioral, men seek care later than women,
and partly occupational, with manual work placing the hands and feet of men at higher exposure
to injury and ulceration. Gender-sensitive case-finding aimed at men in productive age groups
has been proposed in Brazilian analyses of the gender gap in leprosy,(33)and the persistence of
the gap in our national data suggests the proposal remains relevant.

The inverse association of six or more skin lesions with disability is plausible rather than pa-
radoxical. Cases with few or no lesions, including pure neural forms, are harder to recognize early,
whereas multibacillary cases with many lesions are visible and detected sooner despite a higher
bacillary load.(3)The mode of detection corroborates this reading: cases found through contact
examination, which reaches asymptomatic people early, showed the lowest odds of disability,
whereas spontaneous demand and referral, which capture people who already perceive symp-
toms, showed higher odds. Long-term follow-up studies in India indicate that the risk of disability
extends well beyond the moment of diagnosis, which reinforces the value of the grade recorded
at presentation,(26,34) and survival analyses after treatment show that disability continues to pro-
gress once established.(22)

The protective association of contact examination carries an operational lesson. Cases de-
tected by examining household contacts of known patients showed the lowest odds of grade 2
disability, which indicates that active search reaches people before symptoms and before nerve
damage. This finding aligns with reviews showing that contact tracing and early case-finding lower
the share of late diagnoses.(18)It also suggests that the low proportion of disability in hyperende-
mic areas is partly a reward of sustained contact examination rather than an intrinsic property of
those regions.

Indigenous skin color and lower schooling signal the socioeconomic gradient that persists in
Brazilian leprosy control. Occupation, schooling and social vulnerability have been linked to disability
and to delayed detection in Brazilian cohorts,(35,36) and gender differences in access to diagnosis
persist in endemic areas.(33)Spatial studies likewise place disability risk within socially vulnerable
territories.(37)The gradient by schooling, from illiteracy to higher education, was monotonic in our
data and independent of clinical severity, which points to information and access as modifiable
mediators. The excess risk among Indigenous people, although based on a small number of cases,
is consistent with the difficulty of reaching dispersed populations with specialized dermatoneuro-
logical assessment and deserves attention in services that cover Indigenous territories.

The schooling gradient has a mechanistic reading. llliterate patients and those with incom-
plete elementary education may not recognize early sensory symptoms, may not understand the
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need to complete treatment, and may face greater barriers in reaching specialized assessment, a
pathway documented in studies of delayed diagnosis.(27)The monotonic dose-response we ob-
served, with each lower level of schooling carrying a higher odds, argues that health literacy and
access operate jointly and could be addressed through targeted community education and active
search in areas of low schooling.

Strengths of this study are its national scope, the use of complete notification records rather
than aggregated tabulations, and multivariable adjustment across demographic and clinical do-
mains. The inclusion of all twenty-seven federative units over nine consecutive years allowed the
regional inversion to be documented with precision, and the sensitivity analyses showed that the
main findings were robust to the pandemic years and to the inclusion of cases without a recorded
grade. Assessment of the disability grade was complete in nearly nine of every ten cases, a level
of field completeness adequate for national surveillance, and the alternative denominator that
incorporated the unevaluated cases changed the estimate only marginally.

Nonetheless, limitations warrant emphasis. The notification record grades disability without
specifying the anatomical site, so the foot could not be isolated empirically from eye or hand in-
volvement; the plantar reading relies on the literature, and a dedicated field for foot assessment in
future surveillance would resolve this. The grade was not evaluated in 12.1% of cases, and although
the alternative denominator that includes them yielded a similar picture (8.2%), residual misclas-
sification cannot be excluded. Administrative data lack income, occupation and distance to care,
and the cross-sectional design precludes causal inference between the correlates and disability.
Each limitation points to a concrete remedy: site-specific disability recording, completeness audits
in low-endemicity states, and cohort designs that link diagnostic delay to plantar outcomes.

The indicator itself deserves a more prominent place in national monitoring. The World Health
Organization strategy for 2021 to 2030 sets the prevention of disability as an explicit pillar of leprosy
control and calls for a reduction in the rate of new cases with grade 2 disability.(38)Our national
series shows that Brazil moved away from that aim during the study period, and that the distance
from the target was widest in the regions where leprosy is least expected. The grade 2 proportion
is reported in Brazilian epidemiological bulletins, but it is seldom interpreted as a map of missed
opportunities. When detection and the disability proportion move in opposite directions, as they did
here, the disability proportion is the more informative measure of program performance, because it
cannot be lowered by increasing the number of notifications. Treating it as a primary rather than a
secondary indicator would focus attention on the states where late diagnosis is most concentrated.

The podiatric role in leprosy is underexploited in Brazil. Most disability prevention is carried
out by nurses and physicians in primary care, while podiatrists are concentrated in private urban
practice, and leprosy patients are seldom referred for structured foot care before ulceration occurs.
Integrating podiatric assessment, offloading and footwear provision into leprosy reference services
would target the very deficit this study documents: plantar sensory loss that remains unrecog-
nized until deformity is established. The regional map of grade 2 disability can guide where such
integration should begin.

For podiatric and public health practice, the findings redirect attention to the South and
Southeast of Brazil, where low incidence coexists with a high share of late diagnosis. Foot screening
of suspected cases, monofilament testing of the plantar surface, and surveillance of the grade 2
indicator in states with falling detection rates are measures that could shorten the interval between
first symptom and diagnosis and prevent plantar deformity.

CONCLUSIONS

Grade 2 disability at diagnosis increased among new leprosy cases in Brazil between 2015
and 2023 and concentrated in the South and Southeast, the regions of lowest endemicity. The
temporal rise persisted after excluding the pandemic years, and every macro-region followed the
same upward course. The proportion of new cases with grade 2 disability was associated with nerve
involvement, multibacillary disease, older age, illiteracy and male sex, a profile that identifies the
patients most likely to arrive with established deformity. The concentration of disability in the feet
of patients diagnosed late supports early plantar assessment, monofilament testing and protective
footwear as priorities for podiatric involvement in leprosy control.

https://doi.org/10.62486/pod2024139 9


https://doi.org/10.62486/pod2024139

Raydel Guerra-Chagime et al. SAP Podiatry. 20241139

REFERENCES

1. de Araujo VEM, Veloso GA, Kerr LRFS, Pescarini JM, Cardoso LSDM, Naghavi M, et al. Leprosy in Brazil: an
analysis of the Global Burden of Disease estimates between 1990 and 2019. Public Health. 2024,236:307-314.
doi: 10.1016/j.puhe.2024.07.035

2. Souza CDFD, Paiva JPSD, Leal TC, Urashima GDS. Leprosy in Brazil in the 2Ist century: analysis of epide-
miological and operational indicators using inflection point regression. Anais Brasileiros de Dermatologia.
2020;95(6):743-747. doi: 10.1016/j.abd.2019.09.031

3. Froes LAR, Sotto MN, Trindade MAB. Leprosy: clinical and immunopathological characteristics. Anais Bra-
sileiros de Dermatologia. 2022;97(3):338-347. doi: 10.1016/j.abd.2021.08.006

4. Pescarini JM, Teixeira CSS, Silva NBD, Sanchez MN, Natividade MSD, Rodrigues LC, et al. Epidemiolo-
gical characteristics and temporal trends of new leprosy cases in Brazil: 2006 to 2017. Cad Saude Publica.
2021;37(7):e00130020. doi: 10.1590/0102-311x00130020

5. Moreira RIDO, Bezerra IJM, Santos FS, Pascoal LM, Santos LHD, Santos Neto M. Clinical-epidemiological
characteristics and temporal trend of new cases of grade 2 disability leprosy in the state of Maranhao, Brazil,
2011- 2020. Epidemiol Serv Saude. 2023;32(2):€2022435. doi: 10.1590/52237-96222023000200026

6. Monteiro LD, Martins-Melo FR, Brito AL, Alencar CH, Heukelbach J. Physical disabilities at diagnosis of leprosy
in a hyperendemic area of Brazil: trends and associated factors. LEPROSY. 2015;86(3):240-250. doi: 10.47276/
Ir.86.3.240

7. Ferreira AF, Amorim de Sousa E, Soledad Mardero Garcia G, da Silva dos Reis A, Corona F, da Silveira Lima
M, et al. Leprosy in the North and Northeast regions of Brazil: an integrated spatiotemporal approach. Tropical
Med Int Health. 2020;25(2):193-208. doi: 10.1111/tmi.13343

8. Moraes PCD, Eidt LM, Koehler A, Ransan LG, Scrofeneker ML. Epidemiological characteristics of leprosy from
2000 to 2019 in a state with low endemicity in southern Brazil. Anais Brasileiros de Dermatologia. 2023;98(5):602-
610. doi: 10.1016/j.abd.2022.08.009

9. Vitiritti B, Lima FR, de Castilho NT, Somensi LB, Ogoshi RCS. Hidden leprosy in a low-endemic area in sou-
thern Brazil: changes in endemicity following an active search. The Brazilian Journal of Infectious Diseases.
2024;28(4):103853. doi: 10.1016/j.bjid.2024.103853

10. Govindasamy K, Darlong J, Watson SlI, Gill P. Prevalence of plantar ulcer and its risk factors in leprosy: a
systematic review and meta-analysis. Journal of Foot and Ankle Research. 2023;16(1):77. doi: 10.1186/s13047-
023-00674-4

11. Serrano-Coll H, Cardona-Castro N. Neuropathic ulcers in leprosy: clinical features, diagnosis and treatment.
J Wound Care. 2022;31(Sup6):532-S40. doi: 10.12968/jowc.2022.31.5up6.532

12. de Almeida Gongalves Sachett J, da Silva Moreira RM, Porto MCA, Nascimento TP, Monteiro WM. The marks
of leprosy: disabilities caused by plantar lesions in discharged patients. Arch Dermatol Res. 2024,316(8):490.
doi: 10.1007/s00403-024-03227-2

13. Sanchez MN, Nery JS, Pescarini JM, Mendes AA, Ichihara MY, Teixeira CSS, et al. Physical disabilities caused
by leprosy in 100 million cohort in Brazil. BMC Infect Dis. 2021;21(1):290. doi: 10.1186/512879-021-05846-w

14. Freitas LRS, Duarte EC, Garcia LP. Trends of main indicators of leprosy in Brazilian municipalities with high
risk of leprosy transmission, 2001-2012. BMC Infect Dis. 2016;16(1):472. doi: 10.1186/512879-016-1798-2

15. de Paula HL, de Souza CDF, Silva SR, Martins-Filho PRS, Barreto JG, Gurgel RQ, et al. Risk Factors for Phy-
sical Disability in Patients With Leprosy. JAMA Dermatol. 2019;155(10):1120. doi: 10.1001/jamadermatol.2019.1768
16. Ministerio da Saude do Brasil (SINAN/DATASUS). SINAN Hanseniase: anonymized microdata of leprosy
notifications in Brazil, 2001-2025 [Internet]. n.d. Available from: https://data.mendeley.com/datasets/gt5psxjpvv
17. da Paz WS, Souza MDR, Tavares DDS, de Jesus AR, dos Santos AD, do Carmo RF, et al. Impact of the CO-
VID-19 pandemic on the diagnosis of leprosy in Brazil: An ecological and population-based study. The Lancet
Regional Health - Americas. 2022;9:100181. doi: 10.1016/j.lana.2021.100181

18. Dharmawan Y, Fuady A, Korfage I, Richardus JH. Individual and commmunity factors determining dela-
yed leprosy case detection: A systematic review. PLoS Negl Trop Dis. 2021;15(8):e0009651. doi: 10.1371/journal.
pntd.0009651

19. Barbosa CC, Guimardes RA, Vieira NF. Trend in the epidemiological risk of leprosy in the state of Goids-Brazil
between 2010 and 2021. Epidemiol Serv Satde. 2024;33:e20231435. doi: 10.1590/52237-96222024v33e20231435.en
20. Srinivas G, Muthuvel T, Lal V, Vaikundanathan K, Schwienhorst-Stich EM, Kasang C. Risk of disability among
adult leprosy cases and determinants of delay in diagnosis in five states of India: A case-control study. PLoS
Negl Trop Dis. 2019;13(6):e0007495. doi: 10.1371/journal.pntd.0007495

21. Raposo MT, Reis MC, Caminha AVDQ, Heukelbach J, Parker LA, Pastor-Valero M, et al. Grade 2 disabilities
in leprosy patients from Brazil: Need for follow-up after completion of multidrug therapy. PLoS Negl Trop Dis.
2018;12(7):e0006645. doi: 10.1371/journal.pntd.0006645

22.dos Santos AR, Silva PRDS, Steinmann P, Ignotti E. Disability progression among leprosy patients released
from treatment: a survival analysis. Infect Dis Poverty. 2020;9(1):53. doi: 10.1186/540249-020-00669-4

23.de Oliveira GL, Oliveira JF, Pescarini JM, Andrade RFS, Nery JS, Ichihara MY, et al. Estimating underreporting
of leprosy in Brazil using a Bayesian approach. PLoS Negl Trop Dis. 2021:15(8):e0009700. doi: 10.1371/journal.
pntd.0009700

24. Chen X, Liu HB, Shui TJ, Zha S. Risk factors for physical disability in patients with leprosy disease in Yun-
nan, China: Evidence from a retrospective observational study. PLoS Negl Trop Dis. 2021;15(11):e0009923. doi:
10.1371/journal.pntd.0009923

https://doi.org/10.62486/pod2024139 10


https://doi.org/10.62486/pod2024139

Raydel Guerra-Chagime et al. SAP Podiatry. 20241139

25. Samosir PM, Axelia PG, Alkaff FF, Salamah S, Alinda MD. Prevalence and risk factors for disability in le-
prosy patients in Indonesia during the post-elimination era. Dermatol Reports. 2023;15(4):9777. doi: 10.4081/
dr.2023.9777

26. Pilaka KR, Srikantam A, Simic M, Lockwood DNJ. Long-term risk for developing leprosy-related disability:
a multi-centre longitudinal study from India. LEPROSY. 2024:95(4):e2024034. doi: 10.47276/Ir.95.4.2024034
27.Santos GMCD, Byrne RL, Cubas-Atienzar Al, Santos VS. Factors associated with delayed diagnosis of leprosy
in an endemic area in Northeastern Brazil: a cross-sectional study. Cad Saude Publica. 2024,;40(1):e00113123.
doi: 10.1590/0102-311xen113123

28. Martoreli Junior JF, Ramos ACV, Alves ID, Crispim JDA, Alves LS, Berra TZ, et al. Inequality of gender, age
and disabilities due to leprosy and trends in a hyperendemic metropolis: Evidence from an eleven-year time
series study in Central-West Brazil. PLoS Negl Trop Dis. 2021;15(11):e0009941. doi: 10.1371/journal.pntd.0009941
29. Barros IDCA, Sousa CDCM, Silva NRFD, Mascarenhas MDM. Characterization of cases and epidemiological
and operational indicators of leprosy: analysis of time series and spatial distribution, Piaui state, Brazil, 2007-
2021. Epidemiol Serv Saude. 2024;33:e2023090. doi: 10.1590/52237-96222024v33e2023090.en

30. Abreu C, Vilhena M, de Miranda ST, Alexander E, da Silva MCD, da Cunha AJLA, et al. Situation of the foot
at risk due to leprosy in the municipality of Rio de Janeiro. LEPROSY. 2021;92(2):124-133. doi: 10.47276/1r.92.2.124
31. Matos TS, Moura JCD, Fernandes TRMDO, Souza CDFD. Epidemiological, neurofunctional profile and preva-
lence of factors associated with the occurrence of physical disabilities due to leprosy in a reference center in
Northeast Brasil: a sectional study. Rev Assoc Med Bras. 2021;67(1):19-25. doi: 10.1590/1806-9282.67.01.20200139
32. Assis BPN, Lyon S, Grossi MADF, Rocha MODC. Risk factors for physical disability upon release from mul-
tidrug therapy in new cases of leprosy at a referral center in Brazil. Rev Inst Med trop S Paulo. 2019;61:e13. doi:
10.1590/51678-9946201961013

33.Souza EAD, Ferreira AF, Boigny RN, Alencar CH, Heukelbach J, Martins-Melo FR, et al. Leprosy and gender
in Brazil: trends in an endemic area of the Northeast region, 2001-2014. Rev saude publica. 2018;52:20. doi:
10.11606/51518-8787.2018052000335

34. Masresha BM, Yesuf KM, Moyehodie YA, Biresaw HB, Mulugeta SS, Addisia GD. Determinant factors of
leprosy-related disability; comparison of acceleration failure time and parametric shared frailty models. PLoS
ONE. 2023;18(4):e0271883. doi: 10.1371/journal.pone.0271883

35. Cisneros J, Ferreira JA, de Faria Grossi MA, de Filippis T, de Oliveira ALG, Lyon S, et al. Associations between
occupation, leprosy disability and other sociodemographic factors in an endemic area of Brazil. PLOS Glob
Public Health. 2022;2(9):e0000276. doi: 10.1371/journal.pgph.0000276

36. Pescarini JM, Strina A, Nery JS, Skalinski LM, Andrade KVFD, Penna MLF, et al. Socioeconomic risk
markers of leprosy in high-burden countries: A systematic review and meta-analysis. PLoS Negl Trop Dis.
2018;12(7):e0006622. doi: 10.1371/journal.pntd.0006622

37. de Souza CDF, Rocha VS, Santos NF, Leal TC, de Paiva JPS, Oliveira CCC, et al. Spatial clustering, social
vulnerability and risk of leprosy in an endemic area in Northeast Brazil: an ecological study. Acad Dermatol
Venereol. 2019:33(8):1581-1590. doi: 10.1111/jdv.15596

38. World Health Organization. Towards zero leprosy: global leprosy (Hansen disease) strategy 2021-2030 [In-
ternet]. 2021. Available from: https://www.who.int/publications/i/item/9789290228509

https://doi.org/10.62486/pod2024139 n


https://doi.org/10.62486/pod2024139

Raydel Guerra-Chagime et al. SAP Podiatry. 20241139

FUNDING

No financing

CONFLICT OF INTEREST

None

AUTHORSHIP CONTRIBUTIONS

Drafting — original draft: Raydel Guerra-Chagime, Juan Miguel Lima Rodriguez, Jhossmar Cristians
Auza-Santivanez, Diego Ernesto Suarez Lopez.

Writing-review and editing: Raydel Guerra-Chagime, Juan Miguel Lima Rodriguez, Jhossmar
Cristians Auza-Santivanez, Diego Ernesto Suarez Lopez.

https://doi.org/10.62486/pod2024139 12


https://doi.org/10.62486/pod2024139

	Grade 2 disability at leprosy diagnosis in Brazil: foot involvement and regional distribution
	INTRODUCTION
	METHODS
	Study design and data source
	Population and outcome
	Statistical analysis

	DISCUSSION
	CONCLUSIONS
	References
	Funding
	Conflict of interest
	Authorship contributions


