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RESUMO

Objetivo: Analisar a distribuicdo espacial e temporal dos episadios reacionais da hanseniase. Método: Estudo ecolo-
gico, com dados do sistema de informacao de agravos de notificacao referentes a 2001-2022. As variaveis sociode-
mograficas foram analisadas no software SPSS. A distribuicao espacial utilizou técnicas de georreferenciamento, Ge-
tis-Ord General G e Getis-OrdGi, enquanto a analise temporal empregou o método Prais-Winsten e a decomposicao
sazonal e de tendéncia por Loess. Resultados: Entre 26.298 casos de hanseniase natificados, 15.911 apresentaram
episodios reacionais, predominando em homens, pessoas brancas, com =60 anos, baixa escolaridade e residentes
em areas urbanas/periurbanas. Identificaram-se aglomerados espaciais em todas as macrorregioes, com maior con-
centracao nas regioes Norte e Oeste. Conclusao: A taxa de detecgao manteve-se estacionaria, evidenciando padroes
regionais que subsidiam acoes de vigilancia e manejo direcionadas as areas de maior risco.

DESCRITORES: Hanseniase; Reacoes hansénicas; Analise espacial; Estudos de séries temporais; Vigilancia em satde
publica.

ABSTRACT

Objective: To analyze the spatial and temporal distribution of leprosy reaction episodes. Method: Ecological study
using data from the Notifiable Diseases Information System for the period 2001-2022. Sociodemographic variables
were analyzed using SPSS software. Spatial distribution employed georeferencing, Getis-Ord General G, and Getis-
-OrdGi techniques, while temporal analysis used the Prais-Winsten method and Seasonal and Trend Decomposition
using Loess. Results: Among 26,298 reported leprosy cases, 15,911 presented reaction episodes, predominantly in
men, white individuals, those aged =60 years, with <8 years of education, and residents of urban/periurban areas.
Spatial clusters were identified in all health macroregions, with higher concentrations in the North and West regions.
Conclusion: The detection rate remained stationary, revealing regional patterns that support surveillance and mana-
gement actions targeted at higher-risk areas.

DESCRIPTORS: Leprosy; Leprosy reactions; Spatial analysis; Time series studies; Public health surveillance.

RESUMEN

Objetivo: Analizar la distribucion espacial y temporal de los episodios reaccionales de la lepra. Método: Estudio eco-
l6gico con datos del Sistema de Informacion de Enfermedades de Notificacion correspondientes al periodo 2001-
2022. Las variables sociodemograficas se analizaron mediante el software SPSS. La distribucion espacial empled
técnicas de georreferenciacion, Getis-Ord General G vy Getis-OrdGi, mientras que el analisis temporal utilizo el método
Prais-Winsten v la descomposicion estacional y de tendencia mediante Loess. Resultados: Entre 26.298 casos de
lepra notificados, 15.911 presentaron episodios reaccionales, predominando en hombres, personas blancas, de =60
anos, con baja escolaridad vy residentes en areas urbanas/periurbanas. Se identificaron conglomerados espaciales en
todas las macrorregiones de salud, con mayor concentracion en las regiones Norte y Oeste. Conclusion: La tasa de
deteccion se mantuvo estacionaria, revelando patrones regionales Gtiles para orientar acciones de vigilancia y manejo
en areas de mayor riesgo.

DESCRIPTORES: Lepra; Reacciones hanseénicas; Analisis espacial; Estudios de Series Temporales; Vigilancia en salud
publica.
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eprosy remains a significant pub-
Llic health challenge in Brazil,

which ranks among those with
the highest burden of the disease in
the world. ' Caused by the bacterium
Mycobacterium leprae, it is a chronic
infectious disecase that primarily af-
fects the peripheral nerves and skin. *

In 2024, 172,717 new cases of
leprosy were registered worldwide,
representing a 5.5% reduction com-
pared to 2023. In Brazil, 22,129 new
cases were reported, corresponding
to a 2.8% decrease compared to the
previous year. Despite this decrease,
the country remains the second with
the highest absolute number of cases,
behind only India, which recorded
100,957 new cases. ?

According to the Interministeri-
al Committee for the Elimination
of Socially Determined Discases
(CIEDDS), people's health status is
directly influenced by the environ-

mental, social, and economic factors
in which they live, which contributes
to the persistence of leprosy. ' Late
diagnosis, physical disabilities (PD),
and a lack of awareness among the
population and healthcare profes-
sionals contribute to social exclusion
and stigma related to the disease. ®
Leprosy reactions, also called re-
actional episodes of leprosy, are im-
mune-mediated manifestations that
can occur before, during, or after
treatment, frequently associated with
the interruption of multidrug therapy
and the onset of physical disabilities,
with a negative impact on quality of
life and social vulnerability. They are
classified into two main types: type
1 or reversal reaction (RR), predom-
inant in dimorphic forms and charac-
terized by the exacerbation of skin le-
sions and painful neuritis; and type 2,
erythema nodosum leprosum (ENL),
which affects multibacillary cases,
especially in lepromatous and dimor-

phic forms with a high bacillary load,
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manifesting with fever, painful nod-
ules, arthralgia, and inflammation of
nerves and other organs.

The distribution of infectious dis-
cases often exhibits spatial patterns
resulting from interactions between
pathogen, host, and environment
in specific geographic and temporal
contexts. These interactions reflect
how populations appropriate and
occupy territories, inﬂuencing the
occurrence and persistence of certain
diseases. ©

Over the past two years, there has
been an increase in the detection of
new cases, raising the country's ende-
micity level to "high" in 2023, in addi-
tion to a higher proportion of records
classified as "other re-entries,” which
may reflect the return of patients
who had abandoned treatment. This
fact maintains the disease as a signifi-
cant public health problem. '* Parand
stands out as the state in southern
Brazil with the highest detection rate
(3.99/100,000 inhabitants), corre-
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sponding to 463 new diagnoses in
2023.1

Given this scenario, the question
arises: how does the spatial distri-
bution and temporal trend of lepro-
sy reactional episodes occur during
the treatment of cases in the state
of Parand? Studies that identify spa-
tial clusters and assess the temporal
dynamics of reactional episodes are
essential to understanding the social
and ecological space of the disease.
Such analyses support the planning
and evaluation of health service ac-
tions and guide specific surveillance
and control strategies.

Thus, this study aims to analyze
the spatial and temporal distribution
of leprosy reactional episodes.

This is an ecological time series
and spatial analysis study, developed
from data on leprosy reaction epi-
sodes reported in the state of Parand,
from 2001 to 2022.

The data were obtained from the
Notifiable Diseases Information
System (SINAN), made available
by the Parani State Health Depart-
ment (SESA/PR) in February 2023.
Parand is located in the Southern
macro-region of Brazil, with a terri-
torial area of 199,298.981 km?®, an
estimated population of 11,890,517
inhabitants, and administrative sub-
division into 399 municipalities and
four health macro-regions (cast, west,
north, and northwest), being the 15th
largest state in territorial extension
and the 5th in population.”

The study population consisted of
leprosy cases reported between 2001
and 2022 in individuals aged > 18
years, residing in Parand, and with the
“reactional episode” field duly com-
pleted in the notification form. Cas-
es classified as “diagnostic error” and
those with the “reactional episode”
field blank were excluded. Cases with

missing or inconsistent data were

18674 satdecoletiva = 2025;(16) N.203

considered losses and discarded.

Data analysis was performed in
two stages: (1) descriptive analysis
and (2) spatial and temporal analysis.
In the descriptive analysis, the IBM
Statistical Package for the Social Sci-
ences® (SPSS°) software, version 29.0
for Windows, was used. The vari-
ables were expressed in absolute and
relative frequencies. The dependent
variable was the occurrence of the re-
actional episode (type 1, type 2, type
1 and 2 associated, or absence of reac-
tion). The independent variables in-
cluded: sex (male and female), race/
color (white and non-white), age
group (18-59 and 2= 60 years), edu-
cation (< 8 and > 8 years of school-
ing), and place of residence (urban,
peri-urban, and rural).

In the spatial analysis, georefer-
encing and spatial aggregation tech-
niques were used to identify distri-
bution patterns and clustering of
reactional episodes. This approach is
indicated for estimating the incidence
of infectious diseases and identifying
socio-environmental risk factors asso-
ciated with their geographic distribu-
tion. ®

Initially, leprosy cases and detec-
tion rates were georeferenced accord-
ing to the type of reactional episode,
using latitude and longitude infor-
mation per municipality obtained
via Google Earth’. The shapefile was
constructed based on the municipal-
ities of Parand. The municipal detec-
tion rate was calculated by dividing
the number of reactional episode cas-
es by the municipal population > 18
years (2010 Census), multiplied by
100,000 inhabitants !, and adjusted
for the 22 years of observation.

To assess spatial aggregation, the
Getis-Ord General G and Getis-Ord-
Gi* statistics were applied. The Gen-
eral G index tests the null hypothesis
of the absence of spatial clustering:
significant p-values and z-scores >
+3 indicate a 99% confidence level,
with positive z suggesting a concen-

tration of high values (hotspots) and
negative z, of low values (coldspots).
The Getis-OrdGi* technique identi-
fies local clusters, considering neigh-
borhood relationships between mu-
nicipalities. The z-score and p-value
values classify the areas into three sig-
nificance levels (99%, 95%, and 90%),
with values close to zero representing
the absence of statistical significance.
Spatial analyses and map creation
were performed using ArcGIS Pro®
software. ?

Na andlise temporal, a série foi
construida com base no més de noti-
ficagdao. As taxas mensais de detecgio
foram calculadas considerando o total
de episddios reacionais (tipo 1, tipo 2,
tipo 1 e 2 associados ¢ sem rea¢io) no
numerador ¢ a populacao municipal 2
18 anos no denominador. !

The temporal trend was evaluated
using the Prais-Winsten regression
method, which corrects for first-order
autocorrelation in time series. >!° The
annual (APC) and monthly (MPC)
percentage change in rates were esti-
mated, with 95% confidence intervals
(95% CI). A significance level of 5%
was adopted, classifying the trends as
increasing, decreasing, or stationary.
The analyses were conducted using
STATA® software, version 14.

Additionally, the robust Season-
al and Trend Decomposition using
Loess (STL) method was applied.
"' This technique is based on locally
weighted regression (Loess) and al-
lows the time series to be separated
into three components: trend, sea-
sonality, and noise. While Prais-Win-
sten evaluates the overall trend of the
period, the STL method makes it
possible to observe point variations
and seasonal fluctuations over time,
allowing the identification of periods
of increase, decrease, or stability. This
analysis was conducted using RStud-
io” software, with the Forecast pack-
age' 11,12

The study adhered to the eth-

ical principles of Resolution No.
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466/2012 of the National Health
Council, and was approved by the Re-
search Ethics Committee of the State
University of Londrina (CEP/UEL),
under opinion number 7.915.571 and
CAAE 92592625.0.0000.5231.
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Between 2001 and 2022, 26,298
cases of leprosy were reported, of
which 15,911 were included in this
study. Inclusion criteria were: age >18
years, residents of the state of Parana,
and with a reactional episode of type
1,2, 0r 1 and 2, or absence of reaction,
during treatment. Among the cases

analyzed, 2,072 (13.0%) presented
a type 1 reaction; 938 (5.9%) mani-
fested a type 2 reaction; 347 (2.2%)
evolved with a type 1 and 2 reaction
simultaneously, while 12,554 cases

(78.9%) did not register any reaction-
al episodes (Table 1).

Reactional episode of leprosy
Variables (n)* Type 1 Type 2 Type 1 and 2 No Reaction
n % n % n. % n. %
Sex* (n=15907)
Male 1237 13,2 607 6,5 237 2,5 7298 77,8
Female 835 12,8 331 51 109 1,7 5253 80,5
Race/Color* (n=15482)
White 1494 13,3 614 55 237 2,1 8899 79,1
Not White 527 12,4 301 7.1 97 2,3 3313 78,2
Age Group* (n=15911)
= 60 years 1427 13,2 679 6,3 263 2,4 8469 78,1
18 to 59 years 645 12,7 259 51 84 1,7 4085 80,5
Years of instruction* (n=14335)
< 8 years 1471 13,2 675 6,1 243 2,2 8738 78,5
= 8 years 390 12,2 163 51 68 2,1 2587 80,6
Residential Zone* (n=14809)
Urban + Peri-urban 1641 13.1 733 59 271 2,2 9863 78,9
Rural 297 12,9 123 53 53 2,3 1828 79,4

Source: Authors.
*Valid values.

When analyzing the spatial distri-
bution of the detection rate of leprosy
reactional episodes (Figure 1), het-
erogeneity was observed in the dis-
tribution of different reaction types
among the macro-regions of Parand.
The highest rates of type 1 reactions
were concentrated in the North and
West macro-regions, particularly in

municipalities such as Londrina and
Foz do Iguacu, followed by specific
areas in the East and Northwest re-
gions.

The type 2 reaction showed a sim-
ilar pattern, although with less terri-
torial amplitude, mainly concentrat-
ed in municipalities in the West and
East macro-regions. In contrast, type
1 and 2 reactions combined showed
restricted foci in the West, while cases
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without reaction exhibited wide dis-
persion, with higher detection rates
in the North and Northwest mac-
ro-regions.

These results highlight persistent
foci of transmission and the occur-
rence of immunological complica-
tions, indicating regional inequality
and the need for focused surveillance
and health care actions in territories
with the highest disease burden.

2025; (16) N.103 = saidecoletiva 18675




Original Article

Luquini VC, Scholze AR, Arcoverde MAM, Gongalves LC, Marques JO, Souza ABF, Sakai AM, Pieri FM
Temporal Evolution and Spatial Distribution of Leprosy Reaction, 2001-2022

in the East and Northwest macro-re-
gions (General G = 0.003; z = 3.258;
p = 0.001).

In Figure 2/B, referring to type 2
reactions, hot areas are also observed
scattered among the macro-regions,

Figure 1 - Spatial distribution of leprosy detection rate according to type of
leprosy reaction. Parana, Brazil, 2001 to 2022.

although with less intensity, and cold
zones predominate in the North and
Northwest (General G = 0.003; p =
o2 0.569).
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the East and Northwest (General G =
0.003; z = 6.698; p < 0.001).

Source: Authors.

Figure 2 shows the significant ar-
eas of spatial clustering of leprosy re-
actional episodes. In Figure 2A, hot
spots are observed distributed across

all macro-regions, with a higher con-
centration in the East and West re-
gions, especially in the central part
of the state. Cold spots, indicative of
protection zones, are concentrated

Figura 2 - Areas de aglomerado de reacdo tipo 1 (A), tipo 2 (B), tipo 1e 2 (C) e
sem reacao (D), de acordo com a taxa de deteccao. Parana, Brasil, 2001 a 2022.
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Source: Authors.
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These patterns reinforce the spatial
heterogeneity of leprosy and high-
light areas of greater vulnerability, es-
pecially in the western and northern
macro-regions of Parana.

Analyzing Figure 3, it can be ob-
served that the temporal trend of the
leprosy rate shows a distinct behavior.
Figures 3/A and 3/D show a decreas-
ing trend, while Figures 3/B and 3/C
indicate a stationary pattern.
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Figure 3 - Temporal trend of leprosy detection rate according to type of leprosy

reaction. Parana, Brazil, 2001 to 2022.
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Table 2, which presents the tempo-
ral trend of the incidence of reaction-
al episodes of leprosy type 1, type 2,

type 1 and 2, and no reaction, using
the Prais-Winsten method,
that the trend remained stationary for

shows

all variables analyzed.

Table 2 - Temporal trend of the incidence of reactional episodes of leprosy type 1, type

2, type 1 and 2, and no reaction. Parang, Brazil. (n=15,911), 2001 to 2022.

VARIABLE APC (Cl 95%) MPC (Cl 95%) P-VALUE TREND
Type 1 reaction O’OA%I(?:gf)Oh - O’Ooggg,’gw - 0,701 Stationary
Type 2 reaction —0,045;%)372 - _0’(3_031((3_203’?31 0,776 Stationary
Type 1 and 2 reaction O’BA%ISS’OZ)% - 0,02%’(62,2(;23 - 0,281 Stationary
No reaction —0,0932—705;73 - _0’0_03((3_203’?39 0.608 Stationary

ource: Authors.
Caption: APC - Annual Percent Change; MPC
- Monthly PercentChange; CI - Confidence

Interval

This study analyzed the spatial and
temporal distribution of reactional ep-
isodes of leprosy in the state of Parand.
The results reinforce the relevance of
integrating SINAN-Leprosy with oth-
er information systems, in order to ex-
pand the surveillance of complications
associated with the disease, including
reactional episodes.

The sociodemographic characteri-

zation showed a similar pattern among
the different types of reaction, with a
predominance of male, white individ-
uals with low levels of education and
residing in urban and peri-urban areas.
These findings corroborate national
and international studies that associate
leprosy and its complications with con-
texts of social vulnerability, especially
in populations with low income, pre-
carious housing conditions, and lower
educational levels. 1314

These factors reinforce the need for
carly detection and timely treatment,
which are fundamental to preventing
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disabilities and interrupting the chain
of transmission.

Spatial analysis revealed a concen-
tration of reactional episodes in the
North and West macro-regions of
Parand, coinciding with historically
endemic areas. This pattern reflects
the regional disparities observed in
the country, where the North, North-
cast, and Central-West regions present
higher detection rates compared to
the South and Southeast regions. De-
spite the reduction in the detection
rate in Parandi—from 9.63/100,000
inhabitants in 2011 to 3.43/100,000 in
2022—pockets of risk and intra-state
heterogeneity persist. ¢

The persistence of leprosy as a pub-
lic health problem is associated with
structural determinants such as pov-
erty, social inequality, and gaps in the
coverage and quality of primary health
care (PHC). A global study indicates
a 27.86% reduction in incidence be-
tween 1990 and 2019, but socioeco-
nomic and geographic influences on
transmission persist. Vulnerable popu-
lations face barriers to accessing diag-
nosis and treatment, perpetuating the
cycle of exclusion and stigma. "7

Literature suggests that technolog-
ical and educational integration can
contribute to disease control. Mobile
applications developed for primary
health care, such as the leprosy symp-
tom reactivation app (RSH), have
shown promise for the diagnosis and
of leprosy

18

managcment reactions,

re-entries, and relapses. However,
the effectiveness of these strategies de-
pends on the continuous training of
health teams and the consolidation of
coordinated care flows between prima-
ry health care and referral services.
Although the largest absolute num-
ber of cases occurs in cities with more
than 100,000 inhabitants, the highest
rates are observed in small municipal-
ities, where there are greater structur-
al difficulties in surveillance and in
maintaining qualified teams. ' The
geographical distance to specialized
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services and the lack of logistical and
diagnostic resources hinder access and
favor late diagnosis, contributing to an
increase in disabilities and reactive ep-
isodes. 1420

Several factors related to both the
individual and the health system influ-
ence late diagnosis, and addressing this
requires intersectoral actions, strength-
ening the care network, and increas-
ing social awareness. *' Although the
diagnosis of leprosy is predominantly
clinical, cases of pure neural leprosy
and atypical manifestations require
laboratory support and integration
between primary health care and refer-
ral services. In this sense, it is essential
to invest in continuing education and
professional development for health-
care professionals, especially in areas
with higher endemicity. *

The process of regionalizing health-
care presents another challenge, as the
availability of specialized services still
depends on demographic and econom-
ic factors. #* In areas of low endemicity,
actions such as active case finding and
professional training have increased
the number of cases detected, reveal-
ing hidden endemic diseases. *»** Fur-

thermore, low educational levels are
associated with up to twice the risk of
transmission and disabilities, reflecting
the social vulnerability of smaller mu-
nicipalities. 1'%

Particularly in border regions, such
as between Parand and the Argentine
province, studies indicate specific ep-
idemiological characteristics that are
still poorly explored. Intensifying in-
ternational health cooperation is fun-
damental to addressing challenges re-
lated to migratory flows, cross-border

surveillance, and regional integration.
25

Temporal analysis revealed a sta-
tionary trend in the detection rate
of reactional episodes between 2001
and 2022, suggesting cpidemiological
stability of the disease. Even so, the
presence of spatial clusters and the
persistence of cases indicate that con-
trolling leprosy requires territorial and
differentiated integrating
surveillance, carly diagnosis, and clin-

strategies,

ical management of reactions.
It was evident that reactional epi-

sodes of leprosy are present in all mac-
ro-regions of health in Parani, with
clusters of high rates in the West and
North regions and lower concentra-
tions in the East and Northwest re-
gions.

Among the study's limitations, the
shortcomings in filling out variables
in SINAN and the ecological design,
which does not allow for individual
inferences, stand out. Despite this, the
results offer valuable support for health
surveillance by identifying priority ar-
cas and temporal patterns of occur-
rence.

The study provides relevant sup-
port for the planning, evaluation, and
strengthening of health surveillance
actions aimed at controlling leprosy
in Parand. By highlighting regional
inequalities and identifying areas of
higher risk for reactional episodes, spa-
tial and temporal analysis proves to be
a strategic tool to guide decision-mak-
ing, promote carly detection of reac-
tions, and intensify care strategies in
priority territories. Such evidence con-
tributes to the implementation of more
effective public policies that are appro-
priate to local realities.
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