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ANALISE EPIDEMIOLOGICA E ESPACO-TEMPORAL DA COINFECCAO DE
LEISHMANIOSESE HIV NO ESTADO DA BAHIA

RESUMO

Os objetivos foram avaliar as caracteristicas epidemiolOgicas e espaco-temporais da
leishmaniose visceral (LV), leishmaniose tegumentar (LT) e HIV em escala espago-temporal
no estado da Bahia, Brasil. Para tanto, incluiu-se identificar e comparar o perfil dos casos
isolados e coinfectados, bem como prevaléncia, |etalidade, morbidade, faixa etaria, recidivas e
abandono de tratamento, além deilustrar e analisar suas distribuicdes geogréaficas. Tratou-se de
um estudo descritivo ecol égico de série temporal, que analisou os casos entre 2008 e 2022. Os
dados sociodemogréficos e clinico-epidemiol 6gicos foram coletados do SINAN e organizados
para andlises descritivas e estatisticas reaizadas nos programas R Studio e Jamovi. As
tendéncias temporais de incidéncia foram analisadas com modelos de regressdo joinpoint.
Mapas teméticos foram criados no QGI S para representar a distribuicdo espacial. Entre 2008 e
2022, foram notificados 8.664 casos de LV, com 57,18% confirmados, e 2,30% destes
coinfectados com HIV. E no mesmo periodo, foram notificados 41.303 casos de LT, com
98,40% confirmados e 0,48% coinfectados com HIV. A tendéncia dos casos de LV foi
decrescente de 2014 a 2022 (inclinagéo: -0,26; IC 95%: -0,32 a -0,20; valor de p: 0,002),
enquanto os casos de coinfeccdo LV/HIV permaneceram estaciondrios. Os casos de LT
apresentaram aumento em 2010 e 2012, mas também apresentaram tendéncia decrescente ap0os
2013. A coinfeccdo TL/HIV também apresentou tendéncia decrescente no periodo de 2010 a
2013. A andlise GLM mostrou que adultos e idosos tém maior chance de coinfecgdo LV/HIV
do que LV isolada, quando comparados a criancas. Homens e moradores de areas urbanas
também apresentaram maior risco de coinfeccdo, quando comparados a mulheres e moradores
de areas rurais. Dentre os sintomas, 90% dos casos de LV apresentaram febre e 30,4%
apresentaram edema, ambos mais comuns na LV isolada quando comparados a coinfeccéo
LV/HIV. Além disso, 8,9% dos casos de coinfeccdo TLHIV apresentaram presenca de dano de
mucosa, enquanto 3,8% dos casos de LT isolada apresentaram presenca de dano de mucosa. A
letalidade da LV aumentou ao longo dos anos, enquanto a letalidade da AIDS diminuiu,
mostrando correlacdo inversa (rho=-0,270, p=0,330, R2= 0,000997). Da mesma forma, a
letalidade da TL aumentou, enquanto aletalidade da coinfeccéo TL/HIV diminuiu (rho=-0,549,
p=0,034, R2=0,176). Os casos de LV foram mais prevalentes nas partes central e oeste do
estado, os casos de TL tiveram maior incidéncia nas regides sul e oeste do estado, enquanto os
casos de HIV se concentraram nas partes costeiras e extremo sul. As coinfecgbes LV/HIV e
TL/HIV ocorreram em locais focais, com aintensidade correspondendo aincidénciaisoladade
LV e TL, respectivamente. Clinicamente, as coinfeccOes apresentaram maior letalidade em
comparacdo as doencas isoladas, particularmente em populagbes socioeconomicamente
vulnerdvels. Os padrdes de utilizagdo de medicamentos também diferiram, com o antimonial
pentaval ente sendo amplamente usado em casos isolados, enquanto a anfotericina B foi mais
frequente em coinfecgdes. Astaxas de abandono de tratamento e recidivas foram mais elevadas
entre os coinfectados. Fatores como ata temperatura, baixa umidade, urbanizacéo e
desigualdades socioeconémicas foram associados a maior incidéncia de LV e coinfeccbes
LV/HIV. O estudo reforca a importancia de intervencOes integradas que considerem
determinantes sociais, controle vetorial e ampliacdo do acesso ao diagnostico e tratamento.

Palavras-chave: AIDS; Leishmania; |eishmaniose visceral, |elshmaniose tegumentar



EPIDEMIOLOGICAL AND SPACE-TIME ANALYSISOF LEISHMANIASISAND
HIV COINFECTION IN THE STATE OF BAHIA

ABSTRACT

The objectives were to evaluate the epidemiological and spatiotemporal characteristics of
visceral leishmaniasis (VL), cutaneous leishmaniasis (TL), and HIV on a spatiotemporal scale
in the state of Bahia, Brazil. To this end, the study included identifying and comparing the
profile of isolated and co-infected cases, as well as prevalence, lethality, morbidity, age range,
relapses, and treatment abandonment, in addition to illustrating and analyzing their geographic
distributions. This was an ecological descriptive time-series study, which analyzed cases
between 2008 and 2022. Sociodemographic and clinical-epidemiological data were collected
from SINAN and organized for descriptive and statistical analyses performed in the R Studio
and Jamovi programs. Temporal trends in incidence were analyzed with joinpoint regression
models. Thematic maps were created in QGIS to represent the spatial distribution. Between
2008 and 2022, 8,664 cases of VL were reported, with 57.18% confirmed, and 2.30% of these
co-infected with HIV. And in the same period, 41,303 cases of LT were reported, with 98.40%
confirmed and 0.48% co-infected with HIV. The trend in VL cases was decreasing from 2014
to 2022 (slope: -0.26; 95% CI: -0.32 to -0.20; p-vaue: 0.002), while cases of VL/HIV co-
infection remained stationary. LT cases increased in 2010 and 2012, but also showed a
decreasing trend after 2013. LT/HIV coinfection aso showed a decreasing trend from 2010 to
2013. The GLM analysis showed that adults and the elderly have a higher chance of LV/HIV
coinfection than isolated LT, when compared to children. Men and urban residents also had a
higher risk of coinfection, when compared to women and rural residents. Among the symptoms,
90% of LT cases presented fever and 30.4% presented edema, both more common in isolated
LT when compared to LT/HIV coinfection. In addition, 8.9% of LT/HIV coinfection cases
presented mucosal damage, while 3.8% of isolated LT cases presented mucosal damage. The
lethality of VL increased over the years, while the lethality of AIDS decreased, showing an
inverse correlation (rho=-0.270, p=0.330, R2= 0.000997). Similarly, the lethality of LT
increased, while the lethality of LT/HIV co-infection decreased (rho=-0.549, p=0.034,
R2=0.176). VL cases were more prevalent in the central and western parts of the state, LT cases
had a higher incidence in the southern and western regions of the state, while HIV cases were
concentrated in the coastal parts and extreme south. LT/HIV and LT/HIV co-infections
occurred in focal locations, with the intensity corresponding to the isolated incidence of VL and
LT, respectively. Clinically, co-infections presented higher lethality compared to isolated
diseases, particularly in socioeconomically vulnerable populations. Medication use patterns
aso differed, with pentavalent antimonial being widely used in isolated cases, while
amphotericin B was more frequently used in co-infections. Treatment abandonment and relapse
rates were higher among co-infected individuals. Factors such as high temperature, low
humidity, urbanization and socioeconomic inequalities were associated with higher incidence
of VL and VL/HIV co-infections. The study reinforces the importance of integrated
interventions that consider social determinants, vector control and increased accessto diagnosis
and treatment.

Keywords: AIDS; Leishmania; visceral leishmaniasis, tegumentary leishmaniasis
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1 INTRODUCAO

AsDoencas Tropicais Negligenciadas (DTNSs) afetam mais de um bilh&o de pessoas em
todo o mundo, impactando principalmente populacdes vulneravels, sem acesso adequado a
servicos de saude e infraestrutura basica (BANGERT et al., 2017; MAHESHWARI;
BANDYOPADHYAY, 2020). Essas doencas representam um desafio sanité&rio, social e
econdmico significativo, sendo agravadas por fatores como mudangas climaticas, conflitos,
migracdo e urbanizacdo acelerada (EHRENBERG; AULT, 2005; HOTEZ, 2013).

Dentre as DTN, as |eishmanioses s0 infecgdes parasitérias causadas por protozoarios
do género Leishmania, transmitidos por vetores flebotomineos. No Brasil, as duas principais
formas clinicas dadoencaséo aleishmanioseviscera (LV), que acomete 6rgdos internos e pode
ser fatal se ndo tratada, e aleishmaniose tegumentar (LT), que afeta pele e mucosas, podendo
causar lesdes desfigurantes (WHO, 2019). O Brasil € um dos paises com maior carga de
leishmanioses no mundo, e a Bahia se destaca como um dos estados mais afetados, com alta
incidéncia e ampla distribui¢do geografica da doenca (MACHADO et al., 20214a).

A coinfeccdo Leishmania/HIV tem se tornado uma preocupacdo crescente,
especialmente em regifes endémicas para ambas as doengas. A imunossupressao causada pelo
HIV predispde os individuos ainfeccao por Leishmania e favorece o agravamento da doenca,
reduzindo a eficéacia do tratamento e aumentando a letalidade dos casos (OKWOR; UZONNA,
2013). Estudos indicam que a coinfeccdo apresenta desafios adicionais para o diagndstico e
manejo clinico, além de exigir estratégias especificas de vigilancia epidemiol 6gica (SOUSA-
GOMES; ROMERO; WERNECK, 2017).

Diante desse cenario, é fundamental compreender a distribuicdo epidemioldgica,
espacial e temporal da coinfecgdo Leishmania/HIV no estado da Bahia. O estudo dessas
interacOes permite identificar &reas de maior risco, orientar politicas publicas e aprimorar
estratégias de vigilancia e controle da doenca, contribuindo para acbes mais eficazes em salide

publica.



14

2 OBJETIVO GERAL
Avdliar as caracteristicas epidemiolégicas e espaco-temporais da coinfeccdo entre

leishmanioses e HIV, bem como das formas i soladas das | ei shmanioses, no estado da Bahia

3 OBJETIVOS ESPECIFICOS

- Caracterizar e comparar o perfil epidemiol égico dos casos de leishmanioses isoladas
e em coinfeccdo com HIV, considerando prevaéncia, letalidade, morbidade, faixa etaria,
recidivas e abandono de tratamento;

- Identificar a distribuicdo geogréfica das |ei shmanioses isoladas e em coinfeccéo com
HIV;

- Detectar os fatores ambientais, climaticos e socioecondmicos associ ados aos casos de
|el shmanioses i soladas e em coinfecgdo com HIV;

- Relacionar a ocorréncia das leishmanioses isoladas e em coinfecgdo com HIV aos

municipios de residéncia e de notificacdo dos casos.
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4 REVISAO DE LITERATURA

4.1 Leishmaniose Visceral e Leishmaniose Tegumentar Americana

As leishmanioses sd0 ocasionadas por diversas espécies do género Leishmania,
apresentando as mais variadas caracteristicas clinicas, que vao desde a Ulceras cutaneas até
infeccBes em Grgados viscerais, principa mente namedula dssea, figado e baco (STEVERDING,
2017). Clinicamente, € dividida em leishmaniose viscera (LV) e tegumentar americana (L T),
sendo tltima apresentando a forma cuténea e mucocutanea (BURZA; CROFT;
BOELAERT, 2019).

Mundia mente classificadas como doencas tropicais negligenciadas, as leishmaniosesja
infectaram mais de 12 milhdes de pessoas em todo o mundo (INCEBOZ, 2019). Atrelado aessa
perspectiva, Leishmania € um protozo&rio parasito unicelular transmitido por fémeas de
flebotomineos do género Lutzomyia. Este parasito apresenta um ciclo de vida dimorfico,
dternando entre a forma promastigota (mével), presente no vetor, e a forma amastigota
(intracelular e imovel), encontrada nos hospedeiros infectados, incluindo humanos e outros
mamiferos (KUMARI et al., 2021; TORRES-GUERRERO et al., 2017).

No Brasil, as principais espécies de Leishmania causadoras da LV sdo L. chagasi, L.
donovani e L. infantum, ocorrendo de forma endémica no Pais (AGUIAR; RODRIGUES,
2017). A mesma pode apresentar uma condicado clinica fatal, por lesionar os 6rgaos viscerais
do hospedeiro humano e animal. Além de sintomas inespecificos, o principa quadro clinico &
caracterizado por febre e esplenomegalia associadas ou ndo a hepatomegalia (LIMA et al.,
2019; STEVERDING, 2017).

A LT no Brasil é causada pelos agentes Leishmania amazonensis, L. brazliensise L.
guyanensis (INCEBOZ, 2019). Clinicamente, a doenca se manifesta por lesdes ou Ulceras
cutaness, frequentemente localizadas em areas da pele mais expostas, como nariz, maos,
antebracos e pernas. No entanto, em formas difusas, as lesdes podem surgir em regides ndo
expostas a picada do vetor. Nos casos mucocutaneos, ocorrem lesdes metastaticas, com
inflamagdo dos tecidos moles da boca, nariz, laringe e faringe (THAKUR; JOSHI; KAUR,
2020).

As leishmanioses continuam sendo doencas infecciosas de extrema preocupacdo em
diversos paises endémicos (ORGANIZACAO PAN-AMERICANA DE SAUDE, 2021).
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Embora tenha havido uma reducdo no nimero de casos de LV, a doencga ainda causa impacto
significativo nas regides mais desfavorecidas desses paises (SASIDHARAN; SAUDAGAR,
2021).

A LV foi iniciamente registrada no inicio do século XX na Ameérica Latina, com
ocorréncia restrita a aldeias rurais. No entanto, a partir de 1981, observou-se a urbanizagdo
dessa parasitose no Brasil, com a disseminagéo do parasito para cidades proximas. Nas décadas
seguintes, esse processo |evou ao aumento do nimero de casos em areas urbanas, de modo que,
em determinado periodo, a proporcdo de infecgdes urbanas superou asrurais. Estima-se que, ao
longo dos anos, a LV tenha acometido mais de cem mil habitantes em diversas cidades
brasileiras (COSTA, 2008; WERNECK et al., 2007).

No Brasil, a LV apresenta uma distribuicdo heterogénea, com maior incidéncia nas
regides Norte, Nordeste e Centro-Oeste (BRUHN et al., 2024). Entre os estados mais af etados,
a Bahia se destaca como um dos principais focos da doenga, registrando alta endemicidade em
diversas areas. Ao analisar a situacdo no estado, constata-se uma disseminacdo abrangente da
LV, com maior concentracdo de casos na regido central. Além disso, essa area apresenta alta
vulnerabilidade socia e baixos indices de desenvolvimento humano, fatores que contribuem
para a persisténcia e expansdo da doenca (ANDRADE; SOUZA; CARMO, 2022).

Dentre os casos da LV, hduma prevaléncia maior no sexo masculino, especia mente em
criancas menores de 9 anos, em popul agdes com menor nivel de escolaridade ou que ainda ndo
frequentaram aescol a, e em residentes de &reas urbanas (MARTINS-MELO et al., 2014a; REIS
et al., 2017). Quando analisamos as opcdes de tratamento disponivels, fica claro que a LV
carece de alternativas terapéuticas inovadoras. Essa fata de progresso destaca a condi¢do da
LV como uma doenca tropical negligenciada, uma vez que os estudos mais avancados se
baseiam no uso de compostos ja aprovados para uso clinico, sgja em combinagcdo ou ndo com
compostos "redescobertos’ (SANGENITO et al., 2019).

Dentre os paises com casosde LT, o Brasil figura entre os dez que respondem por mais
de 70% dos casos (WHO, 2020). Ela se caracteriza por ser uma doenca endémica no estado da
Bahia, localizado no Nordeste do Brasil (SEVA et al., 2023). Além disso, tem havido um
aumento significativo no nimero de casos da forma mais grave da doenca, uma reducéo na
eficacia dos tratamentos com antimoniais e alteragbes na composicdo demogréfica da
populacéo afetada (JRMANUS et al., 2012; SESAB, 2024).
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A LT apresenta uma prevaléncia predominante em pacientes do sexo masculino e em
populagBes pardas. Além disso, a faixa etéria mais afetada no pais € entre 20 e 39 anos. Em
relacéo a escolaridade, observa-se que a maior proporcao de casos ocorre entre individuos que

possuem apenas o ensino fundamental (LOPES et al., 2023).

Por fim, as leishmanioses sGo doengas complexas que tem sido um desafio para a
humanidade ao longo dos séculos (BENCHIMOL ; JOGAS JUNIOR, 2020). No entanto, existe
a possibilidade de alcancar a eliminagdo das |eishmanioses em algumas décadas, caso novas
pesquisas explorando abordagens mais eficazes no tratamento da doenca sejam desenvolvidas.
Por fim, os esforgos conjuntos da comunidade politica e cientifica podem levar a um mundo
livre do parasita Leishmania (SASIDHARAN; SAUDAGAR, 2021).

4.2 Virus da Imunodeficiéncia Humana (HIV) e a Coinfec¢cao com as Leishmanioses

A coinfecgéo entre o HIV e as |eishmanioses representa um desafio significativo paraa
sallde publica devido asuaapresentacéo clinicainsidiosae ao impacto no sistemaimunol 4gico.
Tanto o HIV quanto aLV/LT possuem a capacidade de estabel ecer infeccdes assintomaticas e
comprometer a resposta imunoldgica do hospedeiro. Além disso, a interacdo entre essas
doencas pode potencializar a progressdo da infeccéo por HIV, acelerando a manifestacéo da
Sindrome da Imunodeficiéncia Adquirida (AIDS), a0 mesmo tempo em que favorece a
disseminacdo do parasito da leishmaniose no organismo. Como consequéncia, individuos
coinfectados podem apresentar maior risco de recorréncia da LV/LT e de agravamento do
quadro imunol gico, tornando-se potenciai s reservatérios do parasita (FERREIRA et al., 2018).

A infeccdo pelo HIV é endémica em diversas regibes do mundo e, com a sua
disseminacdo para areas rurais, aliada a expansdo da |lel shmaniose para regides suburbanas, ha
uma crescente sobreposicao geografica dessas doencas. Esse fendmeno tem resultado no
aumento da incidéncia da coinfeccdo por Leishmania/HIV. Casos de coinfeccdo foram
registrados em 35 paises, sendo que a maioria dos estudos descreve a associagdo entre LV e
HIV, enquanto ha menor nimero de pesquisas abordando a coinfecgdo entre LT e HIV
(NGOUATEU et al., 2012).
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No que serefere ao tratamento, atualmente ndo ha protocol os especificos e padronizados
para a abordagem da coinfeccdo Leishmania/HIV. Os féarmacos antileishmania, como os
antimoniais pentavalentes, a anfotericina B lipossomal e a miltefosina, apresentam eficéacia
reduzida em individuos coinfectados, além de estarem associados a altas taxas de recidiva e
mortalidade (LINDOSO et al., 2018). Dessa forma, a recomendacéo atual baseia-se no uso da
terapia antirretroviral (TARV) para o controle do HIV, combinada com esquemas terapéuti cos
individualizados para a leishmaniose, considerando fatores como resposta clinica, efeitos
adversos e condicdes do paciente. Diante desse cenario, torna-se essencia a redizacdo de
estudos para aprimorar as estratégias terapéuticas, incluindo aavaliagdo de novas combinactes
farmacol 6gi cas e protocol os especificos para essa popul agdo vulneravel.

4.3 Geoprocessamento em Saude

O geoprocessamento engloba diversas técnicas que abrangem obtencdo, processamento,
manipulacdo e representacdo de informactes espaciais. As principais ferramentas utilizadas
nesse contexto sdo0 0 sensoriamento remoto, estatistica espacial, a cartografia digital e os
sistemas de informagdo geogréfica (SIG). O SIG desempenha um papel fundamental ao
possibilitar a realizacdo de andlises espaciais. Utilizando tais técnicas, € viave identificar e

descrever os padrdes geograficos presentes em um conjunto de dados (BRASIL, 2006).

Na area da sallde, as técnicas de andlise espacial tém sido cada vez mais aplicadas para
compreender a distribuicdo de doencas e os fatores ambientais associados. Essas andlises
permitem avaliar condigdes como poluicdo, desmatamento e mudancgas no uso do solo, que
podem influenciar a propagacdo de enfermidades em diferentes contextos urbanos e rurais.
Além disso, aspectos soci oecondémicos, como condi¢des de moradia, acesso a servigos de sallde,
emprego, superlotacéo e estilo de vida, também sdo considerados, uma vez que impactam
diretamente a salde da populagcdo. Do ponto de vista epidemiolégico, essas ferramentas
possibilitam aidentificagdo de areas de risco, a model agem da distribuicéo espacial dos fatores
associ ados a determinadas patol ogias e aformulagdo de estratégias mais eficazes paravigilancia
e controle. A utilizac&o de mapas e outros recursos analiticos contribui para a visualizagdo dos
indicadores de saude, apoiando a tomada de decisdo em politicas publicas (BARBOSA et al.,
2014; MACHADO ¢t al., 2021a; ROQUETTE; NUNES; PAINHO, 2018).
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EPIDEMIOLOGICAL AND SPATIO-TEMPORAL ANALYSISOF CO-INFECTION
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Abstract

The objectives were to evaluate the epidemiological and spatiotemporal characteristics of
viscera leishmaniasis (VL), cutaneous leishmaniasis (TL), and HIV on a spatiotemporal scale
in the state of Bahia, Brazil. To this end, the study included identifying and comparing the
profile of isolated and co-infected cases, as well as prevalence, lethality, morbidity, age range,
relapses, and treatment abandonment, in addition to illustrating and analyzing their geographic
distributions. This was an ecological descriptive time-series study, which analyzed cases
between 2008 and 2022. Sociodemographic and clinical-epidemiological data were collected
from SINAN and organized for descriptive and statistical analyses performed in the R Studio
and Jamovi programs. Temporal trends in incidence were analyzed with joinpoint regression
models. Thematic maps were created in QGIS to represent the spatial distribution. Between
2008 and 2022, 8,664 cases of VL were reported, with 57.18% confirmed, and 2.30% of these

co-infected with HIV. And in the same period, 41,303 cases of LT were reported, with 98.40%
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confirmed and 0.48% co-infected with HIV. The trend in VL cases was decreasing from 2014
to 2022 (slope: -0.26; 95% CI: -0.32 to -0.20; p-vaue: 0.002), while cases of VL/HIV co-
infection remained stationary. LT cases increased in 2010 and 2012, but also showed a
decreasing trend after 2013. LT/HIV coinfection aso showed a decreasing trend from 2010 to
2013. The GLM analysis showed that adults and the elderly have a higher chance of LV/HIV
coinfection than isolated LT, when compared to children. Men and urban residents also had a
higher risk of coinfection, when compared to women and rural residents. Among the symptoms,
90% of LT cases presented fever and 30.4% presented edema, both more common in isolated
LT when compared to LT/HIV coinfection. In addition, 8.9% of LT/HIV coinfection cases
presented mucosal damage, while 3.8% of isolated LT cases presented mucosal damage. The
lethality of VL increased over the years, while the lethality of AIDS decreased, showing an
inverse correlation (rho=-0.270, p=0.330, R2= 0.000997). Similarly, the lethality of LT
increased, while the lethality of LT/HIV co-infection decreased (rho=-0.549, p=0.034,
R2=0.176). VL cases were more prevalent in the central and western parts of the state, LT cases
had a higher incidence in the southern and western regions of the state, while HIV cases were
concentrated in the coastal parts and extreme south. LT/HIV and LT/HIV co-infections
occurred in focal locations, with the intensity corresponding to the isolated incidence of VL and
LT, respectively. Clinically, co-infections presented higher lethality compared to isolated
diseases, particularly in socioeconomically vulnerable populations. Medication use patterns
aso differed, with pentavalent antimonial being widely used in isolated cases, while
amphotericin B was more frequently used in co-infections. Treatment abandonment and relapse
rates were higher among co-infected individuals. Factors such as high temperature, low
humidity, urbanization and socioeconomic inequalities were associated with higher incidence

of VL and VL/HIV co-infections. The study reinforces the importance of integrated
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interventions that consider social determinants, vector control and increased accessto diagnosis
and treatment.

Keywords: AIDS; Leishmania; visceral leishmaniasis, tegumentary leishmaniasis

Introduction

Neglected Tropica Diseases (NTDs) affect more than one billion people worldwide,
who are from the most vulnerabl e populations, without distinction of economic class or income
(BANGERT et al., 2017; MAHESHWARI; BANDY OPADHYAY, 2020) In thissense, NTDs
become a challenge for the health, social, and economic development of countries, in which
they are exacerbated by changes in the global scenario, such as climate change, conflicts,
migration, and urbanization processes (EHRENBERG; AULT, 2005; HOTEZ, 2013)

Among one of the main NTDs, leishmaniasis stands out, with a high number of casesin
several countries around the world (WHO, 2019) These are diseases that present little
pharmacological alternative for clinical treatment, in addition to requiring continuous patient
monitoring (SANGENITO et al., 2019) It is worth noting that only a small portion of patients
adhere to treatment, which requires specialized health services, located in urban centers, in
addition to promoting exposure to the risks of side effects and toxicological effects, due to the
long period of medication use (CHARLTON et al., 2018; SANGENITO et al., 2019)

Leishmaniasis is caused by protozoa of several species of Leishmania, presenting the
most varied clinical characteristics, ranging from cutaneous and/or mucocutaneous ulcers,
characterized as tegumentary leishmaniasis (TL), to lesions in visceral organs, especialy bone
marrow, liver, and spleen, characterized as viscera leishmaniasis (VL) (BURZA; CROFT;
BOELAERT, 2019; STEVERDING, 2017).

In Brazil, the main species of Leishmania that causes VL isL. infantumchagas (WHO,
2010) This disease generates a fatal clinica condition, especially if left untreated

(MADALOSSO et al., 2012; MAIA-ELKHOURY et al., 2019) Epidemiologicaly, some
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municipalities in the Northeast and North regions of the country with high relative risk for the
development of VL stand out (MELO et al., 2023) The state of Bahiaislocated in the Northeast
of Brazil, and awide spatia dispersion of VL can be seen in it. Especially in the central region
of the state, with the highest incidence of VL, it is an area that concentrates high social
vulnerability and low human development (ANDRADE; SOUZA; CARMO, 2022)

Studiesindicate ahigher prevalence of VL in males, especially in children under 9 years
of age, in populations with alower level of education or who have not yet attended school, and
in residents of urban areas (MARTINS-MELO et al., 2014a; REIS et al., 2017)

Regarding TL in Brazil, the causative species are L. amazonensis, L. braziliensis, and
L. mexicana (BRASIL, 2023) Such as cause clinical lesions such as prominent ulcers in the
areas of the skin (such as nose, hands, forearms, legs) where the insect vector bite occurred.
However, mucocutaneous cases may occur, with metastatic lesions, with inflammation of the
soft tissues of the mouth, nose, larynx and pharynx (THAKUR; JOSHI; KAUR, 2020)

It isworth considering that Brazil is among the ten countries that account for more than
70% of TL cases, and in the state of Bahia it is an endemic disease (WHO, 2020) In addition,
there has been a significant case series of the most severe form and a reduction in the efficacy
of antimonial treatments (JRMANUS et al., 2012)

TL has a predominant incidence in male patients and in brown populations. In addition,
the most affected age group in the country is between 20 and 39 years old. Regarding education,
it is observed that the highest proportion of cases occurs among individuals who have only
elementary education (LOPES et al., 2023)

Regarding the severity of leishmaniasis, co-infection with the human immunodeficiency
virus (HIV) stands out. HIV infection is an important public health problem worldwide
(UNAIDS, 2023) With the immunosuppressive effect of HIV, people affected by Leishmania

are also predisposed to the worsening of the parasitological disease (OKWOR; UZONNA,
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2013) Thus, severa studies have observed that the lethality of VL/HIV co-infection is higher
when compared to isolated parasite infection, emphasizing the importance of integrated
approaches in the diagnosis and treatment of these infections (MACHADO et al., 20214
SOUSA-GOMES; ROMERO; WERNECK, 2017) In addition, the coexistence of HIV and VL
presents a significant risk due to asymptomatic infection that goes unnoticed. Both HIV and
VL share similar characteristics, such as the ability to cause asymptomatic infection and
suppress the immune system (FERREIRA et al., 2018)

Regarding co-infection between TL and HIV, changesin the size of ulcers are reported,
in addition to therapeutic failures and recurrences of the disease, modifying the clinical and
therapeutic course of TL (GUERRA et al., 2011). However, there are no studiesin theliterature
describing the lethality rates of TL/HIV, emphasizing the need to know these epidemiol ogical
indicators.

In Brazil, the current spatia behavior of VL demonstrates an increase in the number of
priority municipalities, concentrated in the states of Tocantins, Maranhdo, Piaui, and Mato
Grosso do Sul, aswell as areas of Para, Ceara, Piaui, Alagoas, Pernambuco, Bahia, Sdo Paulo,
Minas Gerais, and Roraima (MELO et al., 2023) Regarding TL, it presents a scenario of
concentration of cases in the North region, with the state of Acre leading the incidence, in
addition to Mato Grosso, Maranh&o and Bahia (BELO et al., 2023) However, thereisalack of
studies that are specifically dedicated to the analysis of the spatial patterns of co-infection
between leishmaniasis and HIV in Bahia

There are several epidemiologica studies on leishmaniasis that have used spatial
analysisto identify regions at higher risk for the disease (MACHADO et al., 2020a; NUNES et
al., 2020; SEVA et al., 2017) Thus, the use of Geographic Information Systems (GIS) in
epidemiology plays acrucial role in understanding the health-disease process. This allows for

the strategic alocation of resources, the implementation of monitoring, and the adoption of
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effective preventive and control measuresfor various parasitic diseases, including leishmaniasis
(MARTINS-MELO et al., 2014b; SOUZA et al., 2018)

Therefore, the present study aims to know the epidemiological situation of VL and TL
co-infection with HIV, and to compare it with both when isolated in the state of Bahia. In
addition, we intend to map the geographic distribution of diseases in isolation and in co-
infection, identify environmental, climatic and socioeconomic risk factors associated with these
cases, analyze and compare the epidemiological profile, including prevalence, lethdlity,
morbidity, age group, recurrences and treatment abandonment, and relate the occurrence of

isolated and concomitant infections to the municipalities of residence and notification.

Material and Methods

Thisis an ecological time-series study, regarding cases of visceral leishmaniasis (VL),
tegumentary leishmaniasis (TL) and human immunodeficiency virus (HIV), isolated and in co-
infection (VL/HIV and TL/HIV), of Bahiastatein Brazil. That cases are obtained and analyzed
at the aggregate level, by municipality, from 2008 until 2022.

1. Studyarea

Thestudy was carried out in the state of Bahia, located in the Northeast Region of Brazil,
with an area of 564,760.429 km? and having the largest population in the Region, with
14,136,417 inhabitants. The 417 municipalities are grouped into nine Regional Health Center
(RHC), subdivided in Regiona Hedth Bases (RHB), that are represented by specific

municipalities, considered as Health Operational Basis (HOB) (SESAB, 2023) (Figure 1).
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Figure 1. Division of the Health Region and their Regional Health Centers, of Bahia state, in
the Northeast Region of Brazil.
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Legend 1. Regional Hedth Centers (RHC). I. Central-East, I1. Center-North, I11. Extreme
South, 1V. East, V. Northeast, VI. North, VII. West, VII1. Southwest, and I X. South.

2. Data description

There was obtained human cases of VL and TL with and without co-infection with HIV,
inaddition toisolated cases of HIV, per year from 2008 to 2022. They were previously provided
by the Health Department of the State of Bahia (SESAB) and available in the Notifiable
Diseases Information System (SINAN).

ThedataVL and TL casesrefer to thefillable fields of the investigation forms for each
disease cases in SINAN, which is composed by sociodemographic (race/color, age group, sex,
education, pregnant status and zone) and clinical-epidemiological questions (signs and

symptoms, co-infection with HIV, type of diagnosis and case classification, type of treatment
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and the evolution of the case). There were also record the municipalities of residence,
notification and probable location of infection (PLI). In case of PLI field is not filled in or
ignored, the place of infection was considered to be the municipality of residence of the patients
for the analyses, due to the chronic nature of the diseases, representing a higher probability of
being infected in the site with the highest frequency.

Cases of HIV infection are composed by sociodemographic (age group, sex, race, and
municipality of residence) and clinical-epidemiologica questions (kind of transmission, such
as sexual, through the use of drugs, blood transfusion, blood transfusion for hemophilia and
accident with biological material, in addition to the type of diagnostic test and evolution of the
case).

To calculate the incidence of cases, the population of each municipality was obtained
from the IBGE, available at the SINAN. They were specific of the census of 2010 and for the

other years they are estimated.

3. Dataanalysis
3.1 Descriptive analyzes
Descriptive analyzes were performed of all data, including their frequences were done
considering their confidence intervals (Cl) of 95%.
3.2 Satistical analyzes
To compare the symptoms of both diseases (TL, VL and HIV) and co-infection with
HIV (TL/HIV and VL/HIV), there was performed chi-square and or Fisher's exact test,
according to the data distribution. In order to identify the difference between the diseases
isolated and in co-infection and their personal features (schooling, age group, pregnant woman,
race/color, sex), zone of residence, treatment (Pentavalent Antimony, Amphotericin B,

Liposomal Amphotericin B, Pentamidine, and other drugs) and diagnostic confirmation criteria
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(clinical forms, epidemiological classification, and case evolution), there was used the same
analyzes above, but followed by the post-hoc Chi-square test or Fisher's exact test (depending
on the data distribution), with Bonferroni correction. Both analyzes were done in R program
(version 4.2.3), with "rstatix" and "rcompanion” packages, considering a significance of 5% of
p-vaue (KASSAMBARA, 2023; MANGIAFICO, 2024; RSTUDIO TEAM, 2023).

There was considered the temporality of both incidence and lethality and for their
comparison, there was performed linear and Spearman's correlation, once the not normal
distribution after evaluation with Shapiro-Wilk test. Both analyses were performed using the
jamovi statistical software (version 2.3.21), considering a significance of 5%. Trend analysis
for temporally incidence (by year) was performed using a joinpoint regression model. That
model evaluates whether a line with multiple segments is statistically better at describing the
tempora evolution of a dataset compared to a straight line or aline with fewer segments. The
annual percentage change (APC) was calculated, considering a Cl of 95% and significance of
5% for p-value. The following parameters were adopted: minimum of zero joinpoints and
maximum of two, Monte Carlo permutation test (4499 permutations), autocorrel ation of errors
based on the data, and constant variance. When there is no inflection in the analysis, the trend
is represented by a single straight line. The results were interpreted as follows. positive
significant APCswere considered asincreasing trends, negative significant APCs as decreasing
trends and with no significance as stationary. These analyzes were performed in Joinpoint
Regression program (version 5.2.0.1) and R, with car package and function ncvTest, to evaluate
the variance of data (NCI, 2023).

It is noteworthy that for the analysis of TL isolated and TL/HIV co-infection, it was not
possible to compare the variables as a function of the medications due to the lack of specific
information in the database.

3.3 Soatial analyzes
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The spatia distribution was performed using thematic maps of the incidence of both
diseases, performed in the QGIS software (version 2.18).

In order to identify areas of hot and cold spots, there were performed spatia
autocorrelation of the incidence of VL, TL, HIV, and VL/HIV and TL/HIV, per municipality,
by using Moran'sanalysis, including Local Moran (LISA) and global (IMG) indices. In addition
there was performed Moran’s bivariate correlation between these diseases and variables human
development (Municipal Human Development Index - HDI), education (illiteracy rate),
housing (frequency of the urban population living in households connected to the water supply
network and frequency of the urban population served by regular household waste collection
services), work (frequency of those employed in the agricultural and mineral extraction sectors),
environment (average rainfall, temperature and humidity), income (Gross Domestic Product -
GDP, Gini index, unemployment rate, frequency of poor, vulnerable to poverty and extremely
poor, frequency of people registered with CadUnico or beneficiaries of Bolsa Familia). For
these analyzes, the neighborhood matrix was defined considering the inverse of the distance
between the centroids of the municipalities, which defines that closer neighbors have greater
influence than more distant neighbors. A minimum distance of 91.20 km was defined, so that
all municipalities had at least one neighbor. In order to test de randomness of results and the
significance of the test statistics, the analyzes were tested through 999 randomizations
(empirical pseudosignificance) in order to obtain the. The analyses were performed using the

GeoDa 1.22.0.2 software, and the significance of 5% for p-value was considered.

4. Ethical Aspects
The study was authorized by SESAB and received ethical approval from the Research
Ethics Committee of the State University of Santa Cruz, registered with opinion no. 4.784.218

(CAAE 47443721.4.0000.5526).
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Results
VL and VL/HIV coinfection

From 2008 to 2022, 8,664 cases of VL were reported, of which 57.18% (4,954) were
confirmed, 2.30% (114; 95% CIl: 1.88%-2.72%) of them as VL/HIV coinfection. Of the
VL/HIV cases, the majority, 83.33% (95; 95% CI: 76.49%-90.17%) had the entry type as new
cases, rather than recurrence, transfer, or ignored, and this information was not present for
isolated VL cases. The other 42.8% (3,710) registered VL cases were not confirmed because a
change in diagnosis to other diseases, a hegative result in the confirmatory test, or the period
for confirmation had not ended until the present study were noted on the notification form.

(Figure 2).

Figure 2. Number and frequency of reported cases of VL isolated and in co-infection with HIV,
according to the type of entry and confirmatory status.
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Regarding temporality, VL cases remained constant from 2008 to 2013 (mean: 1.72 per
100,000 inhabitants; standard deviation: 1.81), with a notable increase in 2014 (Jan-Apr: 113;
May-Aug: 102; Sept-Dec: 94 cases), reduction in 2016 and subsequent declinein the following

years, until 16 casesin Sep-Dec 2022 (Figure 3). On the other hand, the proportion of VL/HIV



252

253

254

255

256

257

258
259

260
261

262

263

264

265

266

31

co-infection within VL cases isolated had their three highest number in the four-month period
from September to December 2022, with 25% (4/16; Cl 95%: 3.78% - 46.22%), in May to
August 2021, with 16.13% (5/31; Cl 95%: 3.18% — 29.08%) and in May to August 2013, with
11.76% (6/51; Cl 95%: 2.92% - 20.61%). No significant correlation was found between the
number of total VL cases and the proportion of VL/HIV co-infection cases in correlation
analysis (rho = -0.272, p=0.071, R?=0.236).

Figure 3. Number of total VL casesand proportion of VL/HIV co-infection within VL isolated,
by four -month period and year of first symptoms.
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The Joinpoint regression analysis showed an increase of the incidence of VL (slope =
0,13), from 2007 until 2014, with a broke to downward trend in the period from 2014 to 2022,
reducing annually an average of 26% (average annual percent change (AAPC) = -26%; slope:
-0.26; Cl 95%: -0.32 to -0.20; p-Vaue: 0.002), corroborating with decreasing of cases. No
significant data were found on the trend of VL/HIV co-infection, and it was considered

stationary and stable (APC: 0.02; CI 95%: -0.01 to 0.05; p-Vaue: 0.454) (Figure4).
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267  Figure 4. Trend of the Joinpoint regression coefficient of the incidence of VL and in VL/HIV
268  co-infection in Bahia, 2008-2022.
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269
270 When analyzing the age pyramid of new cases, it is observed that VL isolated and

271  VL/HIV co-infection have most cases in males (61.87%; 2737 and 73.27%; 74; respectively),
272  but different distribution according to age group. For isolated VL, in males they are more
273  frequent in groups from 1 to 4 (624), from 20 to 34 (525) and from 35 to 49 years (396), and in
274  females (1687), the cases are most frequent in groups from 1 to 4 (n=626) and from 5to 9 years
275 (Figure 7). Regarding VL/HIV co-infection, most cases are concentrated in males in groups
276  from 35to 49 years(35), from 20 to 34 (19) and from 50 to 64 years (11), and in females (n=27),
277  the high distribution of new casesisin groups of 35 to 49 (7), from 20 to 34 years (4) from 15

278 to 19 andfrom 5to 9 years (both with 4) (Figure5).
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Figure5. Agepyramid of new casesof VL and VL/HIV co-infection, according to sex, between
2007 and 2022, in Bahia, Brazil.
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Related to clinical signs and symptoms of all cases (new, recurrence and hospital
transference), the prevalence of fever was significantly (X2 5.760; p-Vaue: 0.016) higher
(90.0%) with VL isolated than with VL/HIV co-infection (83.2%) (Figur e 6). The presence of
edema was significantly (Xz 5.437; p-Vaue: 0.020) higher in VL cases (30.4%) than in
VL/HIV co-infection (20.3%). For the other clinical signs and symptoms as weakness, weight
loss, cough and/or diarrhea, palor, spleen enlargement, infectious condition, hemorrhagic
phenomena, liver enlargement, jaundice there were no difference at their frequences between

cases of VL and VL/HIV co-infection.
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Figure 6. Prevalence and respective 95% confidence intervals of clinical signs and symptoms
of casesof VL and in VL/HIV coinfection, between 2007 and 2022 in Bahia state, Brazil.
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Most patients with isolated VL had completed high school (33.0%; 515/1561), with
VL/HIV had completed elementary school (29.8%; 14/47) and with isolated HIV had
completed elementary school (36.6%; 6244/17053) (Figure 7A). Significant differences in
education pattern, regarding the distribution and proportion of categories, were found only
between the groups with isolated HIV and VL/HIV coinfection and isolated VL (both with
p<0.001). However, the proportions of illiterate individuals with complete el ementary school
and with incomplete high school were not statistically different among the three infected groups
(p=0.861 and p=0.191, respectively). The field of education was ignored in 64.4% (2820),
50.5% (48) and 36.6% (9835) of the cases of VL, VL/HIV and HIV, respectively, thus they
were not included at calculation of frequences.

Analyzing the data for the age group, the patients with both HIV and VL/HIV co-
infection were mostly adults (88%and 73.7% respectively), however the percentage of child
was higher (12,6%) in VL/HIV than HIV (1.3%), being significant differently the patterns of
age group frequences between the VL and other both groups (HIV and VL/HIV; p<0.001 for
both). On the other hand for VL isolated the major cases were child (46.5%; 2,015) and with

higher frequence of adolescents (14.0%) than the other cases with a statistical different pattern
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between them (p<0.001) (Figure 7B). However, the absence of asignificant difference between
adolescents and the old (p=0.775) suggests asimilarity between these two groupsin the context

analyzed.
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313  Figure 7. Characteristics associated with schooling (A) and age group (B) to the occurrence of
314 VL/HIV, VL isolate, and HIV isolate co-infection from 2008 to 2022 in the state of Bahia.

p<0.001

_ p<0.001 A

m Complele Higher Education

m Incomplele Higher Educat:on
m Complete High School

§ Incomplete High School

= Compilete Elementary School
= Incomplate Elemanlary School

« liiterate
%O 7enrz)
Coinfaction VLHIV WL
g p=<0.001 _ B
_ p=0.001 p<0.001
= Oid (> 60 years)

® Adult {20 to 589 years)
u Adolescent (11 to 19 years)
# Child {= 10 years)

Rt

315 Coinfection VL/HMN WL HIV



316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

37

In the group with isolated VL, 96.3% (422) of patients were not pregnant. Among those
with VL/HIV coinfection, 92.9% (13) were not pregnant. In contrast, in the HIV isolated group,
56.1% (5,968) of patients were pregnant, and 43.9% (4,678) were not. Significant differences
were observed between VL/HIV and HIV isolated groups, as well as between VL isolated and
HIV isolated groups (p<0.001), highlighting a higher preval ence of pregnant women in the HIV
group. Additionally, comparisons between pregnant and non-pregnant women across groups
showed a significant difference (p<0.001).

In the group with isolated VL, most patients were brown (70.9%; 2,806), followed by
black (17.2%; 681). Among those with VL/HIV coinfection, 72.3% (60) were brown, and
16.9% (14) were black. In the HIV isolated group, brown patients also predominated (60.8%;
14,103), while 26.7% (6,189) were black (Figure 8). Significant differencesin race/color were
observed only between the isolated VL and isolated HIV groups (p<0.001). Additionally,
significant differences were found among race/color categories, including yellow vs.
indigenous (p=0.003), yellow vs. black, white vs. brown (p=0.001), and white vs. black, and
brown vs. black (p<0.001). However, no significant differences were observed between yellow

and white (p=0.169) or between indigenous and black (p=0.554).
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Figure 8. Number and frequence of race/color of patientswith of VL/HIV, VL isolate, and HIV
isolate co-infection, from 2008 to 2022 in the state of Bahia.
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Men were more frequently affected by both diseases, being 61.9% (2,709), 72.6%
(1,670) and 53.1% (14,260), of them infected with VL, VL/HIV and HIV, respectively.
Significant differences were observed between all couple of group cases, such as VL/HIV and
VL (p=0.032), VL and HIV (p<0.001) and VL/HIV and HIV (p<0.001), indicating a higher
prevalence of meninthe VL and VL/HIV groups, while patients with HIV had amore balanced
gender distribution.

Related to the residence, for VL and VL/HIV 1.1% (47 and 1, respectively) of cases
lived in peri-urban area. Among the other areas (urban and rural), the most frequence of cases
lived in urban, mostly for VL/HIV (79.6%; 74), and significantly higher (p<0.001) than for VL
(52.4%; 2,228). Comparisons between rural and urban areas also showed significant
differences (p<0.001). However, no significant differences were found between peri-urban and

rural areas (p=0.546) or between peri-urban and urban areas (p=1.000).



347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

39

Regarding patients treated with drugs, Pentavalent Antimony was the most frequently
used for both diseases, but more frequently for VL (79.77%; 3,395/4,256) than for VL/HIV
(52.0%; 51/98). Amphotericin B was the other most frequently used drug, but liposomal drugs
were more frequently used than non-liposomal drugs for both diseases treated. Pentamidic
drugs were administered exclusively for VL, but in less than 1% of cases. For VL, “other drugs”
were also used in 7.24% of cases, and are commonly used as secondary treatment, since the
elective drug is not effective or the patient cannot receive it. No drug was used in 2.84% (9)
and in 97.16% (308) of the VL/HIV and VL cases, but it was not possible to identify their
evolution (death or not) in the data record (Table 1).

The most frequent cases recorded were new cases, with 96.18% (4,381) and 86.36% of
VL and VL/HIV, respectively. Recurrence was higher for VL/HIV (13.64%; 15) than for VL
(3.82%; 174) and notifications marked as transfer and ignored were rare for both diseases. The
most used diagnoses among positive cases of VL/HIV and VL were clinical-epidemiological
(6.40% and 8.02%, respectively) and parasitological (5.23% for VL/HIV) and IFAT (5.66% for
VL), reinforcing the relevance of laboratory confirmation and clinical-epidemiological
evauation in the detection of the disease. Among the negative results, clinical-epidemiological
ones stand out (6.69% for VL/HIV and 8.02% for VL), indicating the importance of the clinical
approach to exclude suspected cases.

Regarding the evolution of cases, cure was achieved in 10.81% (428) of VL cases and
10.84% (9) in VL/HIV co-infection. Deaths from other causes occurred in 70.88% (2,806) of
VL casesand 72.29% (60) in co-infection. Deaths directly dueto VL and cases of abandonment
were observed exclusively in VL cases, with frequencies of 0.28% and 0.83% (11 and 33,

respectively) (Table 1).
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Table 1. Characteristics of initial drug administered, type of entry, types of diagnosis, and evolution in VL/HIV and VL coinfection from 2008 to

Characterigtic Coinfection VL/HIV VL
N Freq (%) Cl 95% N Freq(%) Cl 9%%
Amphotericin B 20 2041 (12.43-28.39) 249 5.85 (5.15 - 6.56)
Liposomal Amphotericin B 27 2755 (18.71-36.40) 281 6.60 (5.86 - 7.35)
Pentavalent Antimony 51 5204 (4215-61.93) 3395 79.77 (78.56 - 80.98)

Initial Drug Administered  Pentamidine 0 0.00 - 23 0.54 (0.32-0.76)
Other 0 0.00 - 308 7.24 (6.46 - 8.02)

Not used* 9 - - 308 - -

Ignored* 7 - - 380 - -

Total 98 4256
New case 95 86.36 (79.95-92.78) 4381 96.18  (95.62 - 96.74)

Input Type Relapse 15 1364  (7.22-20.05) 174 382 (3.26 - 4.38)

Transfer* 2 - - 125 - -

Ignored* 2 - - 122 - -

Total 110 4555
gos‘“"e' Parasitological, IFAT and 558 (00p-138) 54 035  (0.25-0.44)
thers

Positive - Parasitological and IFAT 12 349 (155-543) 326 210 (1.87 - 2.32)
Types of Diagnosis Positive - Parasitological and Others 11 3.20 (1.34-506) 223 143 (1.25- 1.62)
Positive - IFAT and Others 10 2.91 (1.13-4.68) 355 2.28 (2.05 - 2.52)
Positive - Parasitological 18 523 (2.88-759) 445  2.86 (2.60 - 3.12)
Positivo - IFAT 13 3.78 (1.76 - 5.79) 881 5.66 (5.30- 6.03)
Positive - Other 13 378 (1.76-579) 756  4.86 (4.52 - 5.20)
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Positive - Clinical-Epidemiol ogical 22 6.40 (3.81-898) 1247 8.02 (7.59 - 8.44)
Negative - Parasitol ogical 12 3.49 (1.55-543) 370 2.38 (214 - 2.62)
Negative - IFAT 11 3.20 (1.34-5.06) 401 2.58 (2.33-2.83)
Negative - Other 14 4.07 (1.98-6.16) 447 2.87 (2.61-3.14)
Negative - Clinical-Epidemiological 23 6.69 (4.05-9.33) 1248 8.02 (7.60 - 8.45)
Not performed - Parasitol ogical 59 1715 (13.17-21.13) 3406 2189 (21.24-22.54)
Not realized - IFAT 62 18.02 (13.96-22.09) 2576 1656  (15.97-17.14)
Not performed - Other 62 18.02 (13.96-22.09) 2822 1814 (17.53-18.75)

Total 344 15557
Abandonment 0 0.00 - 33 0.83 (0.55-1.12)
Cure 9 10.84 (4.15-1753) 428 10.81 (9.84-11.78)

Evolution Death from VL 0 0.00 - 11 0.28 (0.11 - 0.44)

Death from other causes 60 7229 (62.66-8192) 2806 70.88 (69.46 - 72.29)
Transfer 14  16.87 (881-2492) 681 17.20  (16.03 - 18.38)
Ignored™* 12 - - 422 - -

Total 83 3959

Legend 2. *Not considered for frequency analysis; CI - Confidence Interval; IFAT - Indirect Fluorescent Antibody Test
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Among new cases and recidivism, the main treatment was with antimonial pentavalent,
however it was higher for new cases (80.87% and 66.44%, respectively) (Table 2). The patients
with recidivism receive more amphotericin B liposomal and no liposomal (17.45% and 9.40%,
respectively) than new cases (6.18% and 5.0%, respectively). Pentamidine was used most for
new cases (21) and for transferred (2) cases. However, it isimportant to cite that transferred is
not necessarily a severe case of the disease, it be a more accessible service for treatment.

The deaths of VL occurred mostly when using amphotericin B and amphotericin B
Liposomal (15.4% for both), compared with the cure (4.7% and 5.7%, respectively) and desths
by other causes (12.7% and 12.7%, respectively) (Table 2). The Pentamidine was used mostly
in cured cases (19) and just one death by VL. Other drugs for the treatment were used mostly
in deaths by other causes (10.91%), perhaps because they are target to secondary choose or
support for other complications. There was not abandoned of treatment when using
Amphotericin B Liposomal.

For VL/HIV the new cases were more treated with antimonial pentavalent (59.04%) and
the recidivism were treated most with amphotericin B liposomal (53.85%) followed by that
amphotericin B (38.46%), such asthe pattern of treatment of VL isolated. Regarding the deaths
from VL the most of them was treated with antimonia pentavalent (66.67%), followed by
amphotericin B (33.33%). There was no cases treated with amphotericin B liposomal that
resulted in death by VL, however this drug was used in high percentage of cases that died from
other causes.

Adolescent, child rand adult received more antimonia pentavalent for treat VL/HIV
than older patients, which received more amphotericin B liposomal (23.65%) than that not
liposomal (13.30%). No significant associations were found between confirmation criteria,
evolution, or age group and type of drug (p=0.382, p=1.000, p=0.246, p=0.266, p=0.297, and

p=0.089, respectively) (Table 3).
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Amphotericin

Amphotericin

Antimonial

Pentamidine

Other

Characteristic B B Lipossomal Pentavalent Total
N % N % N % N % N %
New case 216 5.50 243 6.18 3178 8087 21 0.53 272 6.92 3930
Case Type Recidivism 14 9.40 26 17.45 99 66.44 O 0.00 10 6.71 149
Transfer* 12 11.01 9 8.26 74 67.89 2 1.83 12 11.01 109
Ignored* 7 10.29 3 441 44 6471 O 0.00 14 20.59 68
Abandonment 2 8.33 0 0.00 20 8333 O 0.00 2 8.33 24
Care 148 467 180 569 2615 8260 19 0.60 204 6.44 3166
. Death from VL 34 15.04 34 15.04 144 6372 1 0.44 13 5.75 226
Evolution Death from other causes 7 1273 7 1273 35 6364 0 000 6 1091 55
Transfer* 19 7.66 19 7.66 191 7702 O 0.00 19 7.66 248
Ignored* 39 7.29 39 7.29 390 7290 3 0.56 64 11.96 535
Child 109 5.46 124 6.21 1634 81.78 13 0.65 118 5.91 1998
Adolescent 31 5.16 20 3.33 514 8552 3 0.50 33 5.49 601
Age group Adult 81 5.85 86 6.21 1088 7861 6 0.43 123  8.89 1384
Oold 27 11.74 48 20.87 128 5565 1 0.43 26 11.30 230
Ignored™* 1 2.33 3 6.98 31 7209 O 0.00 8 18.60 43

L egend 3. *Data not considered for chi-square analysis, Data not considered for chi-square analysis. IFAT - Immunofluorescent Antibody Test.
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403 Table 3. Comparison of the initia drug administered with associated characteristics in VL/HIV co-infection from 2008 to 2022 in the State of

404 Bahia
.. Amphotericin B Antimonial
Characteristic AETEEAEL 2 L?possomal Pentavalent Total
N % N % N %
New case 15 18.07 19 22.89 49 59.04 83
Case Type Recidivism 5 38.46 7 53.85 1 7.69 13
Transfer* 0 - 1 50.00 1 50.00 2
Care 14 22.58 14 22.58 34 54.84 62
Death from VL 1 33.33 0 0.00 2 66.67 3
Evolution Death from other causes 1 14.29 4 57.14 2 28.57 7
Transfer 2 22.22 3 33.33 4 33.33 9
Ignored* 2 - 6 35.29 9 52.94 17
Child 109 5.84 124 6.64 1634 87.52 1867
Adolescent 31 5.49 20 3.54 514 90.97 565
Age group Adult 81 6.45 86 6.85 1088 86.69 1255
Old 27 13.30 48 23.65 128 63.05 203
Ignored* 1 2.86 3 8.57 31 88.57 35

405 Legend 4. *Datanot considered for chi-square analysis; Data not considered for chi-square analysis. IFAT - Immunofluorescent Antibody Test.
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During the period studied, the overall mortality coefficient for VL was higher than for
VL/HIV (2.19, and 0.04 per 100 thousand inhabitants, respectively). The VL/HIV deaths
occurred in Municipalities of América Dourada, Juazeiro, Salvador, S&o Francisco do Conde
and Xique-Xique, both cities with one death each, located in the central-east, east, central-north
and north health regions. In addition, among these deaths, 100% (n=5) of the victims had more
than three VL symptoms, mainly severe symptoms, such as hemorrhagic phenomena (n=01/05)
and liver enlargement (n=02/05). Regarding sociodemographic characteristics, 60% (n=03/05)
of the deaths were male and of brown race/color, and 100% (n=05) of the victims only had
incompl ete elementary school.

The lethality rate of VL has increased over the years, with its highest rate in 2021
(13.33%), and the lethality of AIDS has been a decreasing, thus the correlation of them was
significant and inverse (rho=-0.729, p=0.003, R2=0.287). In the case of VL/HIV, there were
observed oscillation at lethality rate through the period, including zero cases in some years,
however it is important to know that the number of cases of co-infection was also low in that
period (maximum of 15). There was no significant correlation between lethality of VL/HIV co-
infection and of AIDS (rho=-0.270, p=0.330, R2= 0.000997) and of VL (rho=-0.190, p=0.270,

Re= 0.000865) (Figure 9).
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423  Figure9. Annual lethality rate of casesof VL, VL/HIV and AIDSin the state of Bahia, between
424 2008 and 2022.
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426 The incidence of VL, HIV, and VL/HIV co-infection showed a distinct pattern of

427  geographical distribution in the state, in which VL cases were more prevaent in the central and
428  western areas, while HIV cases were clustered in the coastal and extreme southern regions and
429 otherwise, the cases of VL/HIV co-infection are distributed spread throughout the state,

430 excluding the south and extreme south sites (Figure 10).
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Figure 10. Spatia distribution of incidences of cases VL, HIV and VL/HIV co-infection by
municipality in Bahiafrom 2008 to 2022.

YL HIV VL/HIV

el

g :

el -y
« b

-’u

- 5

/

‘Visceral Lekshmanizeis (WL inodence HIV incidence Coirfecticn YLHIV incidente

f Crmard ped 1000, 5000 pndabaantst [ates per EOO, 000 ihaddmni S per (00000 insabsmc)
[ 0 ]
I - 25 O-35 -4
135 -+ 50 e 1] 4-5
W 50 - 100 B 70 - 140 Bl 5-E
00 - 25 Bl 140 - W00 [ EXS0
20 - G 00 - 57 10 - 14,

] £ L] I ke ) E‘E
I |

The Moran’s Global autocorrelation index (IMG) for the incidences was higher for HIV
(0.581; sd = 0.0286), showing higher clusters of cases or absence of cases, followed by of VL
(0.445; sd = 0.0296), and VL/HIV (0.108; sd = 0.0286).

Regarding the incidence of VL, significant areas of spatial dependence were observed,
aswell aslow or zero incidence in 25.42% (106/417) at the municipalities in the southern and
extreme southern macro-regions (in dark blue"Low-Low" at Figure 11) and high concentration
of casesin 9.35% (39) of the municipalities located in the central-eastern and central-northern
macro-regions (in dark red "High-High" at Figure 11).

There were observed high concentration in the neighboring municipality in 6% (25) of
the municipalities dispersed in al regions of the state (light blue "Low-High") and high
concentration of casesin 2.64% (11) of the municipalities, located in the southwest and central -

eastern macro-regions, highlighted in dark red "High-High" (Figure 11).
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The incidence of isolated HIV cases, significant areas of spatial dependence were
observed, aswell aslow or no incidence in 18.94% (79) of the municipalities in the southwest
and west macro-regions (dark blue "Low-Low"), in addition to the high concentration of cases
in 9.83% (41) of the municipalities, located in the south and far-south macro-regions,
highlighted in dark red "High-High" (Figure 11).

In addition, regarding the incidence of isolated HIV cases, significant areas of spatial
dependence were observed, aswell aslow or no incidence in 18.94% (79) of the municipalities
in the southwest and west macro-regions (dark blue "Low-Low"), in addition to the high
concentration of cases in 9.83% (41) of the municipalities, located in the south and far-south
macro-regions, highlighted in dark red "High-High" (Figure 11).

Figure 11. Moran's local indices of incidence of VL, HIV and VL/HIV cases (mean between

2008 and 2022), by municipality in Bahia state, Brazil.
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Legend 5. The numbers in brackets represent the numbers of municipalities in each category.
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The incidence of VL/HIV had a positive (direct) spatial correlation with the incidence
of VL isolated (IMG: 0.213; sd = 0.0243). Moran's local bivariate analysis also indicated that
the major municipality with significant correlation (39.85%; 104) are in the northern, southern
and extreme southern areas of the state, presenting low incidence of VL/HIV coinfection and
of VL isolated (“low-low” pattern; dark blue at Figure 12A). On the other hand, for the
incidences of VL/HIV and HIV presented negative (inverse) correlation (IMG: -0.073; sd =
0.0212), in which there is of low coinfection and high incidence of HIV (“low-high” pattern)
in 13.59% (39) of the municipalities in the southwest and west areas of the state. For the
incidences of VL and HIV, there is also a negative (inverse) spatial correlation (IMG: -0.201,
sd =0.0216), with 15.33% (44) of the municipalitiesin the southwest and west areas of the state
presenting low of VL and high of HIV (“low-hight” pattern) (Figure 12).

Figure12. Local bivariate spatial correlation of theincidencesof: A — VL/HIV coinfection and

VL isolated; B - VL/HIV and HIV coinfectionisolated; C - VL isolated and HIV isolated in the
state of Bahia, Brazil, 2008-2022.
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The analysis of the Bivariate IGM between VL/HIV co-infection and socio-

environmental factors revealed a positive correlation for the Municipal Human Devel opment
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Index (IMG: 0.043; sd = 0.0212), access to piped water (IMG: 0.017; sd = 0.0206), and
employment in the agricultural sector (IMG: 0.063; sd = 0.0211). In contrast, a negative
correlation was found for theilliteracy rate (IMG: -0.098; sd = 0.0216), urban household waste
collection (IMG: -0.066; sd = 0.021), and employment in the mining sector (IMG: -0.007; sd =
0.0215) (Figure 13).

A lower incidence of VL/HIV co-infection was associated with low MHDI (15.36%;
47/417), high illiteracy rates (13.29%; 55/417), and extensive waste collection coverage
(12.24%;, 42/417), with spatial patterns distributed mainly in the eastern, western, southwestern,
and extreme southern regions. Conversely, a higher incidence of VL/HIV co-infection was
observed in municipalities with greater agricultural employment (3.47%; 11/417),
predominantly in the north and southwest, and in areas with better accessto piped water (3.95%;
12/417), primarily in the eastern and northern regions (Figur e 13).

Additionally, regions with significant mining employment (6.70%; 24/417) exhibited a
negative correlation, indicating alower incidence of the disease. (Figure 13).

Figure 13. Local bivariate spatial correlation of the incidence of VL/HIV co-infection with: A
— Municipa Human Development Index (MHDI); B — Illiteracy rate; C — Percentage of the

urban population residing in househol ds connected to the water supply network; D — Percentage
of the urban population served by regular household waste collection services; E — Percentage
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of those employed in the agricultural sector; F — Percentage of those employed in the mineral

extractive sector, in the state of Bahia, period 2008-2022.
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Continuing, the average rainfal (A) showed a negative correlation (IMG: -0.062; sd =

0.0207), with a predominance of low-low patterns in 47.55% (97) of the municipalities,

concentrated in the north and southwest regions. Regarding the mean temperature (B), a

positive association was identified (IMG: 0.060; sd = 0.0209). The high-high clusters

corresponded to 12.33% (27) of the municipalities, located in the central-north, north and west

areas, highlighted in red. These results suggest the existence of a direct influence, in which the

higher the incidence of VL/HIV co-infection, the higher the temperature. The mean moisture

content (C) exhibited a strong negative correlation (IMG: -0.155; sd = 0.0216). In this context,

low-high patterns prevailed in 56.63% (111) of the municipalities, distributed in the eastern,

southern and extreme southern regions of the state. These results highlight areas that indicate

low incidence of the disease and high humidity (Figure 14).
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In the case of Gross Domestic Product (GDP) (D), a direct (positive) correlation was
identified (IMG: 0.055; sd = 0.0218). High-high clusters represented 2.20% (8) of the
municipalities, indicating an association between higher incidence of the disease and locations
with greater economic prosperity. Nevertheless, for the Gini Index (E), adirect correlation was
detected (IMG: 0.056; sd = 0.0215). High-high patterns were identified in 1.54% (n=5) of the
areas, distributed in the central and northern regions of the state. Even so, the unemployment
rate (F) showed an inverse association (IMG: -0.015; sd = 0.0211). In this sense, low-high
clusters predominated in 8.41% (29) of the municipalities, distributed among the eastern,
southwestern, and southern regions of the state of Bahia (Figure 14).

Figure 14. Locad bivariate spatial correlation of the incidence of VL/HIV co-infection with: A
— Mean Rainfal; B — Average Temperature; C — Average Humidity; D — Gross Domestic

Product (GDP); E — Gini Index; F — Unemployment Rate, in the state of Bahia, period 2008-
2022.
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Consequently, socioeconomic variables related to poverty and accessto social programs

wereinvestigated. Regarding the percentage of poor (A), it showed apositive association (IMG:
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0.059; sd = 0.0214), with 5.30% (15) of the municipalities having high-high clusters, widely
distributed in areas of the central-north and west regions, indicating a high incidence of the
disease and a high poverty rate. The proportion of people vulnerable to poverty (B) also
revealed a direct correlation (IMG: 0.042; sd = 0.0213). In this context, high-high patterns
prevailed in 3.24% (10) of the municipalities, also highlighting the same regions, central-north
and west (Figure 15).

When the percentage of extremely poor people (C) was analyzed, a positive (direct)
association was found (IMG: 0.079; sd = 0.0213). Low-low patterns were predominant in
28.52% (75) of the localities, while high-high clusters were concentrated in 6.46% (17) of the
municipalities, revealing areas in which both variables have a direct relationship. Finaly, the
proportion of people enrolled in CadUnico or beneficiaries of BolsaFamilia(D) showed adirect
correlation (IMG: 0.055; sd = 0.0214). High-high clusters appeared in 4.17% (13) of the
localities, while low-low patterns were recorded in 14.10% (44) of the municipalities (Figure
15).

These results reinforce the existence of a significant relationship between the variables
analyzed. It is observed that the increase in the incidence of VL/HIV co-infection is associated
with ahigher proportion of people benefiting from social programs or in conditions of poverty.
Conversely, the reduction in cases of co-infection corresponds to a lower proportion of those
enrolled in these programs or with higher income.

Figure 15. Local bivariate spatia correlation of the incidence of VL/HIV co-infection with: A
— Percentage of Poor; B — Percentage of VVulnerable to Poverty; C — Percentage of Extremely
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Poor; D — Percentage of people enrolled in CadUnico or beneficiaries of Bolsa Familia, in the

state of Bahia, period 2008-2022.
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Also in the period from 2008 to 2022, 41,303 cases of LT were reported, of which

98.40% (40,644/41,303) were confirmed for the disease, 0.48% (195/40,644; 95% CI: 0.41% -

0.55%) of them as LT/HIV coinfection, and 86.15% (168/195; 95% ClI: 81.31% - 91.00%) of

the coinfected cases classified as new cases. The other 659 (1.6%) of LT were not confirmed
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because there was a change in diagnosis, a negative result in the confirmatory test or the
deadline for confirmation had not ended (Figure 16).

Figure 16. Description of the number of reports and frequency of cases of TL isolated and in
co-infection with HIV, according to the type of entry and confirmatory status.
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Inrelation to TL, the temporality of the cases shows an increase in the number of cases,
with a considerable increase in 2010 (Jan-Apr: 1848), 2011 (Jan-Apr: 1463) and 2012 (May-
Aug: 1658) and a decrease after that (mean: 2.98; standard deviation: 3.72). When analyzing
the proportion of cases of TL/HIV co-infection, the four-month period from January to April
2010 stands out, with 1.24% (23/1848; Cl 95%: 0.74% - 1.75%), with the highest proportions
of TL/HIV co-infection (Figure 17). Although few numbers of cases were recorded in May to
August 2019and 2020, they represented 0.87% TL/HIV co-infection (2/230; Cl 95%: -0.33% —
2.07% and /231; ClI 95%: -0.33% — 2.06%, respectively). No significant correlation was found
between the number of total TL cases and the proportion of TL/HIV co-infection cases, in

Spearman'’s correlation analysis, (rho=-0.088, p=0.563, R?=0.005).
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Figure17. Number of total TL casesand proportion of TL/HIV co-infection within TL isolated,
by four -month period and year of first symptoms.
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In the case of TL, the Joinpoint regression analysis showed an increase of cases (slope:
3.04) until 2010, with significant broke to downward trend in the period until 2014 (slope: -
5.23; Cl 95%: -1.51 — 0.18; p-Vaue: 0.012), and with other broke turning to slope: -1.17 in the
subsequent period. Regarding TL/HIV co-infection, there is also a similar pattern, increasing
until 2010 (slope: 0.05), with significant broke to downward trend in the period from 2010 to
2013 (dope: -0.06; Cl 95%: -0.08 — -0.04; p-Value: 0.025), and followed by another broke with

aslope of 0.00, representing establishment of cases during the period (Figure 18).
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581 Figure18. Trend of the Joinpoint regression coefficient of the incidence of TL and in TL/HIV
582  co-infection in Bahia, 2008-2022.
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584 The age pyramid of new cases of isolated TL and TL/HIV co-infection also shows

585 different distribution according to age group and most frequence in males (22,588 and 109;
586 respectively). For isolated TL the cases in males are more frequent in groups from 20 to 34
587  (6030), from 35 to 49 (4,203) and from 50 to 64 years (946). In females (15,203), cases also
588  occur in greater numbers in the age groups of 20 to 34 years (3,782), 35 to 49 years (2,739) and
589 50 to 64 years (1,924), respectively (Figure 8). In cases of TL/HIV co-infection, the most
500 frequencein malesisin groups from 35 to 49 (33), from 20 to 34 (29) and from 50 to 64 years
591 (6), being the age groups with the highest number of cases, respectively. For females, the
592  distribution of new casesis mostly in the groups from 20 to 34 years (11), from 35 to 49 years

5903  (10) and from 10 to 14 years (9), respectively (Figure 19).
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Figure 19. Age pyramid of new cases of TL and TL/HIV co-infection, according to sex,
between 2007 and 2022, in Bahia, Brazil.
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Regarding the clinical data of TL and TL/HIV co-infection, significant results were
observed regarding the higher prevalence of the presence of mucosal lesions, with 8.9% (95%
Cl: 4.62% - 13.24%) of the cases in TL/HIV co-infection, than in cases of isolated TL, with
3.8% (95% CI: 3.50% - 4.19%; X2 11.352; p-Vaue <0.001). The skin lesions were higher
frequent in both (TL and TL/HIV), with amost 100%.

In the group with isolated TL, most patients had completed primary education (70.3%;
18,902), and 11.8% (3,185) wereiilliterate. The education field was ignored in 28.9% (10,927)
of cases. Among patients with TL/HIV coinfection, 74.3% (78) had completed primary
education, 10.5% (11) wereilliterate, and the education field was ignored in 37.5% (63). In the
isolated HIV group, education was more diverse: 36.6% (6,244) had incomplete primary
education, 25.6% (4,359) completed secondary education, 8.5% (1,446) had higher education,
and the education field was ignored in 36.6% (9,835) (Figure 20A). Significant differences
were observed between TL/HIV and isolated HIV, as well as between isolated TL and isolated
HIV (p<0.001), with TL groups showing a higher proportion of incomplete primary education.
However, no statistical significance was found between complete elementary and incomplete

high school (p=0.419) or between complete and incompl ete higher education (p=0.126).
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Inthe group withisolated TL, adults represented the majority (53.6%; 20,269), followed
by other age groups. Among TL/HIV coinfection cases, adults were aso predominant (60.1%;
101). In the isolated HIV group, adults accounted for 88% (23,309), with the age group field
ignored in only 1.5% (408) of cases. Significant differences were observed between TL,
TL/HIV, and HIV groups (p<0.001), consistently reinforcing the predominance of adults across
all groups (Figure 20B). Statistical anaysis between age groups showed significant distinctions
in all comparisons, including adolescents vs. adults, children vs. adults, and the elderly vs. other

groups (p<0.001), highlighting marked differences across age categories.
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Figure 20. Characteristics associated with schooling (A) and age group (B) to the occurrence
of TL/HIV, TL isolate, and HIV isolate co-infection from 2008 to 2022 in the state of Bahia.
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In the isolated TL group, 97.9% (8,853) of patients were not pregnant, and 2.1% (193)
were pregnant. Among TL/HIV coinfection cases, 96.6% (28) were not pregnant, and 3.4% (1)
were pregnant. In contrast, in theisolated HIV group, 56.1% (5,968) were pregnant, and 43.9%
(4,678) were not. The pregnant field was ignored or not applied in 76.1% (28,761) of TL cases,
82.7% (139) of TL/HIV cases, and 60.4% (16,242) of HIV cases. These differences (p<0.001)
highlight ahigher prevalence of pregnant women in theisolated HIV group, while non-pregnant
women predominated in TL and TL/HIV groups.

Considering the data regarding race/color, in the isolated TL group, most patients
identified as brown (70.6%; 25,468), followed by black (21.5%; 7,743) and white (6.6%;
2,369). Among TL/HIV coinfection cases, 65.6% (103) were brown, 21% (33) were black, and
11.5% (18) were white. In the isolated HIV group, 60.8% (14,103) identified as brown, 26.7%
(6,189) asblack, and 11.3% (2,619) aswhite. Therace/color field wasignored or not applicable
in 4.6% (1,751) of TL cases, 6.5% (11) of TL/HIV cases, and 13.8% (3,703) of HIV cases.
Significant differences were observed between TL isolated and HIV isolated groups (p<0.001),
with a predominance of brown patients across al groups (Figure 21). Most comparisons
between race/color categories were statistically significant (p<0.001), except for yellow vs.
brown (p=0.169), yelow vs. black (p=0.318), and indigenous vs. brown (p=0.115), which

showed no significant differences.
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Figure 21. Characteristics associated with race/color to the occurrence of TL/HIV, TL isolate,
and HIV isolate co-infection from 2008 to 2022 in the state of Bahia
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In the isolated TL group, males predominated (59.8%; 22,588) compared to females
(40.2%; 15,203). Among TL/HIV coinfection cases, 64.9% (109) were male, and 35.1% (59)
were femae. In the isolated HIV group, males represented 53.1% (14,260), and females
accounted for 46.9% (12,582). Unknown gender cases comprised 4.6% (16) in TL cases and
0.2% (46) in HIV cases. Significant differences were observed between TL isolated and HIV
isolated (p<0.001) and between TL/HIV coinfection and HIV isolated (p=0.003), highlighting
a higher prevalence of males across all groups. Statistical analysis also reveaed significant
differences between sexes overal (p<0.001), reinforcing the trend of male predominance.

When analyzing the TL data, for the type of entry of the notified cases, it is observed
that, for isolated TL, most cases are classified as new cases, with 93.69% (10,171), while in
TL/HIV co-infection this frequency is lower, with 89.33% (134). Recurrence in co-infected

patients represents 10.67% of cases (16), compared to 6.31% (685) inisolated TL. Notifications
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marked as transfer and ignored were only observed in isolated TL cases, with absolute
frequencies of 68 and 61, respectively (Table 4).

Similarly, when analyzing the clinical form of reported cases, most isolated TL cases
were cutaneous (95.86%; 10,530), while this frequency was lower in TL/HIV coinfection
(88.24%; 135). The mucosal form was more frequent in coinfected patients (11.76%; 18)
compared to isolated TL (4.14%; 455). For confirmation criteria, laboratory confirmation was
predominant in isolated TL (65.59%; 7,205) and lower in TL/HIV coinfection (64.05%; 98).
The clinical-epidemiological criterion was used in 34.41% (3,780) of isolated TL cases and
35.95% (55) in coinfected cases (Table 4).

Regarding the epidemiologica classification, most isolated TL cases were
autochthonous (91.56%; n=10,058), with a lower frequency in TL/HIV coinfection (84.97%;
n=130). Imported cases accounted for 3.57% (N=392) in isolated TL and 8.50% (n=13) in
coinfected patients. Indeterminate cases were more frequent inisolated TL (4.87%; n=535) than
in coinfection (6.54%; n=10) (Table 4).

Finally, with regard to the evolution of reported cases, most isolated TL cases were
discharged due to cure (95.51%; n=10,492), while this frequency was lower in TL/HIV
coinfection (88.89%; n=136). Cases of abandonment occurred in 97.60% (n=244) of isolated
TL cases and 3.92% (n=6) of coinfections. Deaths dueto TL wererecorded only inisolated TL
cases (100%; n=22). Deaths from other causes were more frequent in isolated TL (95.40%;
n=83) than in coinfection (4.60%; n=4). Transferred cases were also higher in isolated TL
(95.36%; n=144) compared to coinfection (4.64%; n=7) (Table 4).

Dataon TL isolated and TL/HIV coinfection could not be compared by medications or

diagnostic methods due to the absence of these details in the analyzed database.
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678  Table 4. Characteristics of initial drug administered, type of entry, types of diagnosis, and evolution in TL/HIV and TL coinfection from 2008 to
679 2022 in the State of Bahia.

Char acteristic Coinfection TL/HIV TL
n Freq (%) Cl 95% n Freq (%) Cl 95%
New case 134 89.33 (84.39-94.27) 10171  93.69 (93.23-94.15)
Relapse 16 10.67 (5.73-15.61) 685 6.31 (5.85- 6.77)
Input Type Transfer* 2 i i 68 i i
Ignored* 1 - - 61 - -
Total 150 10856
- Skin 135 88.24 (83.13-93.34) 10530 95.86 (95.49 - 96.23)
Clinical Form
Mucosa 18 1176 (6.66-16.87) 455 4.14 (3.77 - 4.51)
Total 153 10985

. ) L Clinical-Epidemiol ogical 55 35.95 (28.34 - 43.55) 3780 34.41 (33.52 - 35.30)
Confirmation Criteria

Laboratory 98 64.05 (56.45-71.66) 7205 65.59 (64.7 - 66.48)
Total 153 10985
Autochthonous 130 84.97 (79.3-90.63) 10058  91.56 (91.04 - 92.08)
Epidemiological Classification Imported 13 8.50 (4.08 - 12.92) 392 3.57 (3.22 - 3.92)
Indeterminate 10 6.54 (2.62-1045) 535 4.87 (4.47 - 5.27)
Total 153 10985
Abandonment 6 3.92 (0.85 - 7.00) 244 2.22 (1.95 - 2.50)
Evolution Discharged by cure 136  88.89 (83.91-9387) 10492 9551 (95.12 - 95.90)
Death from TL 0 0.00 - 22 0.20 (0.12- 0.28)

Death from other causes 4 2.61 (0.09 - 5.14) 83 0.76 (0.59 - 0.92)
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Transfer 7 4.58
Total 153
Legend 6. *Not considered for frequency analysis; CI - Confidence Interval.
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The overall mortality rate for isolated LT was 0.26 per 100,000 population, while the
mortality rate for LV/HIV coinfection was 0.03 per 100,000 population. As for deaths from
LT/HIV, they occurred entirely in the municipalities of Ibirataia, Itabuna, Jaborandi and Pau
Brasil, both with one death each, located in the south and west health regions, affecting 50% of
adults (2), 25% of children (1) and 25% of the elderly (1). Regarding sociodemographic
characteristics, 50% (02/04) of deaths were male and black, with 75% (3) of the victims having
only incomplete elementary education and one death having incomplete high school education.

Regarding TL, the case lethality rate remains constant over the years (around 0% and
0.40%), increasing during the years 2019 to 2022, with 0.21%, 0.30%, 0.26%, and 0.40%,
respectively. On the contrary, the lethality of AIDS had been a decrease over the years (from
10.66% to 1.80%). When compare lethality of both TL and TL/HIV co-infection over the years,
asignificant and inverse correl ation was observed (rho=-0.549, p=0.034, R>=0.176). In the case
of coinfection, there were records only in 2010, 2017 and 2018, with alethality rate of 4.65%,
10% and 20%, respectively, which is higher than the other years (around 0%). There was no
significant correlation between lethality of TL/HIV co-infection and AIDS (rho=-0.232,
p=0.405, R2= 0.075) (Figure 22).

Figure 22. Annual lethality rate of TL, TL/HIV co-infection and AIDS in the state of Bahia.
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Figure 23. Annual lethality rate of TL, TL/HIV co-infection and AIDS in the state of Bahia,
Brazil.
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Regarding the spatial distribution of TL, HIV and TL/HIV co-infectioninthe state, there
isadistinction between the patterns of both diseases. It is observed that TL cases occurred with
a higher incidence in the southern and western regions, while HIV cases were grouped in the
coastal and extreme southern areas. In addition, cases of TL/HIV co-infection are present in
focal sites, wheretheir intensity isalso related to theincidence of isolated VL, intercepting with

these municipalities (Figure 23).
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Figure 24. Spatia distribution of incidences of TL, HIV and TL/HIV coinfection by
municipality in Bahiafrom 2008 to 2022.
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The Moran Global autocorrelation indices for the incidence of TL isolated, HIV
isolated, and TL/HIV co-infection were positive, with IMG: 0.619 (sd = 0.0280), IMG: 0.581
(sd = 0.0286) and IMG: 0.426 (sd = 0.0276), respectively.

When analyzing the incidence of isolated TL cases, significant areas of spatial
dependence were also observed, with a high concentration of cases in 5.04% (21) of the
municipalities located in the southern region, highlighted in dark red "High-High". Low or no
prevalence was aso observed in 28.06% (117) of the municipalities dispersed among the
southwest, central-east, central-north, and north macro-regions (dark blue"Low-Low") (Figure
24).

In addition, regarding the incidence of isolated HIV cases, significant areas of spatia
dependence were observed, aswell aslow or no incidencein 18.94% (79) of the municipalities

in the southwest and west macro-regions (dark blue "Low-Low"), in addition to the high
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concentration of cases in 9.83% (41) of the municipalities, located in the south and far-south
macro-regions, highlighted in dark red "High-High" (Figure 24).

Finaly, it is worth highlighting the incidence of TL/HIV co-infection, in which
significant areas of spatial dependence were observed, with a high concentration of cases in
4.80% (20) of the municipalities located in the south and west regions, highlighted in dark red
"High-High". A high incidence is aso observed in the local and high chance in the neighboring
municipality in 2.40% (10) of the municipalities dispersed among the macro-regions of the state
(light red "High-Low") (Figure 24).

Figure 25. Moran'slocal indices of incidence of TL, HIV and TL/HIV co-infection.
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Moran's global bivariate index showed that the incidence of TL/HIV had a positive
(direct) spatia correlation with the incidence of TL isolated (IMG: 0.462; sd = 0.0248). In the
local results, it is observed that 41.37% (115) of the municipalities in the northern,

southwestern, and western areas of the state showed a low-low pattern between the incidence
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737  of TL/HIV co-infection and the incidence of TL isolated. There was a predominance of direct
738  correlation between TL/HIV co-infection and HIV isolated (IGM = 0.087; sd = 0.0223). Thus,
739  thebivariate LISA shows that most municipalities (27.18%; 78) also had alow-low incidence
740  of both diseases. Finally, the bivariate spatial correlation of TL isolated with HIV isolated,
741  Moran'sglobal statistic showed a positive correlation (IMG: 0.071; sd = 0.0214). Regarding the
742  local Moran index, 27.87% (80) of the municipalities also had alow incidence of both diseases
743  (Figure25).

744  Figure26. Local bivariate spatial correlation of theincidencesof: A - TL/HIV co-infection and

745 TL isolated; B - TL/HIV and HIV co-infectionisolated; C - TL isolated and HIV isolated in the
746  state of Bahia, 2008-2022.
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748 Continuing with the analysis, the spatial associationsrelated to TL/HIV co-infection and

749 severa socio-environmental variables were evaluated. In this sense, the association between
750  TL/HIV co-infection and MHDI (A) was positive (IMG: 0.043; sd = 0.0212), with low-low

751  clusters, mostly observed in 16.99% (52) of the municipalities, concentrated in areas of the
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southwest, north, and central-north regions, indicating low incidence of the disease and low
MHDI. As for the illiteracy rate (B), a significant inverse correlation was identified (IMG: -
0.098; sd = 0.0216), reflecting a concentration of low-high patterns in 11.48% (38) of the
municipalities, concentrated mainly in the northern region (Figur e 26).

Regarding the percentage of households with access to piped water (C), the positive
(direct) correlation observed (IMG: 0.017; sd = 0.0206) showed low-low clusters in 13.82%
(42) of the municipalities. In the case of the percentage of personsin urban households served
by household waste collection (D), the association was inverse (IMG: -0.066; sd = 0.0210).
Low-high patterns represented 12.24% (42) of the localities, suggesting that the south and
central-east regions have a low incidence of co-infection and a high percentage of household
waste collection (Figur e 26).

In relation to those employed in the agricultural sector (E), there was adirect correlation
(IMG: 0.063; sd = 0.0211), with high-high patterns present in 2.84% (9) of the municipalities,
concentrated in the southwest and south regions. This result demonstrates that the higher the
incidence of TL/HIV co-infection, the greater the professional activity inthe agricultural sector.
On the other hand, employment in the mining sector (F) showed a negative relationship (IMG:
-0.007; sd =0.0215). Low-high clusterswere observed in 6.42% (23) of thelocalities, indicating
low incidence of the disease and high occupation in the mining sector, grouped in the north and
east of the state (Figure 26).

Figure 27. Local bivariate spatia correlation of the incidence of TL/HIV co-infection with: A
— Municipa Human Development Index (MHDI); B — Illiteracy rate; C — Percentage of the

urban population residing in househol ds connected to the water supply network; D — Percentage
of the urban population served by regular household waste collection services; E — Percentage
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of those employed in the agricultural sector; F — Percentage of those employed in the mineral
extractive sector, in the state of Bahia, period 2008-2022.
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In continuity, the bivariate analysis of TL/HIV co-infection with mean rainfall (A)
revealed a negative (inverse) correlation (IMG: -0.062; sd = 0.0207), with low-high patterns
predominant in 26.96% (55) of the municipalities. This result demonstrates alow incidence of
the disease and an increase in the average rainfall in areas of the east, south and extreme south
regions of the state. For the mean temperature (B), a positive (direct) relationship was observed
(IMG: 0.060; sd = 0.0209). High-high clusters were recorded in 1.83% (4) of the municipalities,
indicating that vulnerability to co-infection may be associated with high temperatures (Figure
27).

Regarding the mean moisture content (C), theinverse correlation detected (IMG: -0.155;
sd = 0.0216) showed patterns of low-high LI1SA in 41.33% (81) of the municipalities, indicating
low incidence of the disease and an increase in the average humidity in areas of the eastern,

southern and extreme southern regions of the state. On the other hand, the GDP (D) showed a
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positive association (IMG: 0.055; sd = 0.0218), with high-high LISA patternslocated in 1.37%
(5) of the areas analyzed, predominating specifically in the southern region of the state of Bahia
(Figure 27).

In the case of the Gini index (E), which measures economic inequality, it showed a
direct correlation (IMG: 0.056; sd = 0.0215). High-high clusters corresponded to 1.85% (6) of
the municipalities, while low-low patterns were found in 13.89% (45), both found in the south
and southwest regions of the state, respectively. These results suggest that areas of greater
vulnerability to TL/HIV co-infection are associated with high socioeconomic inequality.
Finally, the unemployment rate (F) showed a negative (inverse) association (IMG: -0.015; sd =
0.0211), with low-high patterns predominant in 8.70% (30) of the municipalitiesin the west,
east, and south regions of the state (Figure 27).

Figure 28. Local bivariate spatial correlation of the incidence of TL/HIV co-infection with: A
— Mean Rainfal; B — Average Temperature; C — Average Humidity; D — Gross Domestic

Product (GDP); E — Gini Index; F — Unemployment Rate, in the state of Bahia, period 2008-
2022.
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Moving forward in the analysis, the percentage of people living in poverty (A) showed
a positive (direct) association (IMG: 0.059; sd = 0.0214). High-high clusters were present in
1.41% (4) of the north-central and western areas of the state. Regarding the proportion of people
vulnerable to poverty (B), the correlation was also positive (IMG: 0.042; sd = 0.0213). Low-
low clusters accounted for 15.53% (48) of thelocalities, while high-high patternswere observed
in 0.65% (2) of the municipalities. These results demonstrate the correlation of TL/HIV co-
infection with poverty-related socioeconomic indicators (Figur e 28).

For the percentage of people in extreme poverty (C), a positive (direct) association was
recorded (IMG: 0.079; sd = 0.0213). The high-high clusters corresponded to 1.90% (5) of the
areas located in the central and western regions of the state. In the case of the proportion of
people enrolled in CadUnico or beneficiaries of Bolsa Familia (D), the association was direct
(IMG: 0.055; sd = 0.0214). The LISA high-high clusters were present in 2.24% (7), covering
the areas of the central-north and south regions of the state of Bahia, indicating that in these
locations when thereis a higher incidence of co-infection, there will also be ahigher proportion
of people enrolled in socia benefits (Figure 28).

Figure 29. Local bivariate spatial correlation of the incidence of TL/HIV co-infection with: A
— Percentage of Poor; B — Percentage of VVulnerable to Poverty; C — Percentage of Extremely
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Poor; D — Percentage of people enrolled in CadUnico or beneficiaries of Bolsa Familia, in the
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Discussion

The analysis of VL and LT cases from 2008 to 2022 revealed changes in incidence,
confirmation rate, HIV coinfection and case fatality between the two diseases. The findings
suggest a genera trend of reduction in VL cases over the years, while TL showed an initial
increase followed by amore recent decline. The case confirmation rate also varied, being higher

for LT compared to VL, which may indicate differences in diagnostic accuracy or quality of
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reporting. Furthermore, athough HIV coinfection was more frequent in VL than in LT, case
fatality was high in both cases, especially in specific periods.

VL had a confirmation rate of 57.18%, indicating that almost half of the reported cases
were not confirmed. This discrepancy may be associated with the limitations of diagnostic
methods, which present variability in sensitivity and specificity (RODRIGUES et al., 2021), in
addition to possible failuresin the reporting system, such as underreporting or duplicate records
(HEWAWASAM et al., 2020; SILVA et al., 2016). On the other hand, TL had a significantly
higher confirmation rate (98.40%), suggesting greater diagnostic accuracy, possibly due to
more evident clinical manifestations and greater sensitivity of diagnostic tests, such as direct
parasitological examination widely available in the SUS (ESPIR et al., 2016; MEDEIROS et
al., 2024).

VL/HIV coinfection accounted for 2.30% of confirmed VL cases, indicating arelatively
low incidence. However, this association is clinically concerning, as both diseases increase the
severity of symptoms, make treatment difficult, and reduce patients chances of recovery
(FONTES et al., 2024; LINDOSO et al., 2016). Most VL/HIV cases were classified as new
(83.33%), suggesting that coinfection occurs predominantly in individuals with no previous
history of leishmaniasis, which reinforces the hypothesis of greater immunological
vulnerability in individuals immunosuppressed by HIV (AKUFFO et al., 2018). TL/HIV
coinfection was less frequent, representing only 0.48% of confirmed TL cases. Despite its low
incidence, this condition is also associated with a worse prognosis due to immunological
impairment and therapeutic difficulties (LINDOSO et al., 2016).

Regarding lethality, an increase was observed over the years for VL, reaching the
highest rate in 2021 (13.33%). In relation to VL/HIV, there was a fluctuation in lethality rates,
with higher rates in the years 2016, 2018 and 2012. Similarly, a survey carried out between

2007 and 2018 in Brazil identified a co-infection rate of 8.81% among individuals with VL,
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with a higher chance of death in older age groups and in the presence of HIV coinfection
(CARVALHO et al., 2022). Similarly, AIDS mortality in Brazil has decreased, afact attributed
to adherence to ART and health policies for prevention and treatment of HIV infection
(BATISTA et al., 2023; SOUSA et al., 2021).

For TL, the lethality remained stable between 0% and 0.40%, with an increase between
2019 and 2022. The lethality of TL/HIV was recorded only in 2010, 2017 and 2018, reaching
peaks of 4.65%, 10% and 20%, respectively. A study indicates that co-infected patients may
present atypical clinical manifestations and greater resistance to conventional treatment, which
may result in higher lethality rates (RIBEIRO et al., 2002).

As observed in other studies, HIV-induced immunosuppression alters both the clinical
course and the therapeutic approach of TL. The management of these patients represents a
significant challenge, since, compared with immunocompetent individuals, they have a higher
frequency of therapeutic failure, greater susceptibility to drug toxicity, and higher mortality
rates (ALVAR et al., 2008; COUPPIE et al., 2004).

Joinpoint regression analysis revealed an initial upward trend in the incidence of VL
between 2007 and 2014, followed by a shift to a downward trend in the period from 2014 to
2022. However, these findings differ from national and regiona studies, as well as other
analyses conducted in the state of Bahia, which indicate a seasonal pattern in the incidence of
the disease. This discrepancy may be due to differences in methodological approaches, or the
specific periods analyzed in each study (ANDRADE; SOUZA; CARMO, 2022; BRUHN et al.,
2024).

For TL and TL/HIV, dynamic incidence patterns were demonstrated over time. The
significant increasein TL cases until 2010, followed by a sharp decline until 2014, suggeststhe
impact of public health interventions or changes in disease surveillance during this period.

Theseresultsare similar to the study carried out at the national level, which identified an overall
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decrease in the number of cases, from 15.3 to 8.4 cases per 100,000 population (PORTELLA;
KRAENKEL, 2021). The stabilization of TL and TL/HIV cases after 2014 may indicate
changes in transmission dynamics, requiring further investigation.

However, it is possible that the observed trend is influenced by specific environmental
and climatic factors, such as deforestation, temperature variations, and humidity levels, which
can directly impact vector populations and disease transmission dynamics (BUZANOV SKY;
SANCHEZ-VAZQUEZ, 2020; NADIA et al., 2021). Additionally, socioeconomic conditions,
including access to hedthcare, housing quality, and sanitation, may affect susceptibility and
exposureto TL. Therefore, continuous assessment of these variablesis crucial to understanding
their role in disease spread. Preventive strategies should be context-specific, focusing on
reducing vector habitats, improving living conditions, and enhancing public health
interventions aimed at mitigating transmission risks.

Regarding sex and age groups, for cases of isolated VL and VL/HIV, ahigher incidence
is observed in males, with peaks in the age groups of 20 to 34 years and 35 to 49 years, and for
VL aso in children aged 1 to 4 years. This pattern aligns with previous studies conducted in
Brazil and in states of the Northeastern Region (MACHADO et al., 2021b; SOUSA-GOMES
et al., 2011; VIANA et al., 2017). The higher incidence in adult males may be linked to
occupational exposure, outdoor activities, and greater mobility, which increase the likelihood
of contact with the vector (NINA et al., 2023; RIBEIRO et al., 2021). Additionally, the
prevalence of VL/HIV co-infection in young adults, particularly between 20 and 49 years, is
consistent with the epidemiology of HIV, where sexua transmission is the primary mode of
infection (CARVALHO et al., 2013; CLOOTS et al., 2021). This overlap suggests the need for
integrated surveillance and prevention strategies, particularly in vulnerable populations.

For isolated TL, the age pyramid reveals a higher incidence in males, with peaksin the

age groups of 20 to 34 years, 35 to 49 years and 50 to 64 years. In the case of TL/HIV
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coinfection, there is a predominance of casesin men, concentrated mainly in the age groups of
35 to 49 years, 20 to 34 years and 50 to 64 years. These predisposition was also found in other
Regions of the country, such as state of Minas Gerais (Southeast Region) and Pernambuco
(Northeast Region), which show the profile of involvement in adult men of working age (BELO
et al., 2023; PINTO et al., 2020; SILVA et al., 2022).

In cases of isolated VL compared with VL/HIV coinfection there was significantly
higher the frequency of fever, such as found in a study conducted in the state of Tocantins
(COUTINHO et al., 2017), and edema frequency. Both symptoms reflect differences in the
inflammatory and immunological status of patients, suggesting that the immune response and
clinica profile may be influenced by the presence of HIV (TAKELE et al., 2023). For TL and
TL/HIV, mucosal lesions were more frequency in TL/HIV coinfection compared with isolated
TL. Thisfinding is consistent with the literature, which associates coinfection with increased
severity of clinical manifestations and greater parasitic dissemination, in addition to treatment
failure due to the immunological deficiency caused by HIV (AMATO et al., 2009, 2024).

Regarding treatment, pentavalent antimonial continues to be the first-choice drug for
the treatment of VL, following the guidelines of the manual for the surveillance and control of
VL; however, it presents several toxic effects (BRASIL, 2014). In contrast, for the treatment of
VL/HIV coinfection, Liposomal Amphotericin B and Amphotericin B were used, respectively,
following the recommendations of the manual of recommendationsfor diagnosis, treatment and
monitoring of patients with leishmania-HIV coinfection (BRASIL, 2015). The absence of
recorded treatment in 2.84% of cases of VL/HIV coinfection may indicate missing data in the
records or clinical decisions influenced by patient conditions. This could be due to challenges
in diagnosis, disease severity, or other factors affecting treatment initiation. Further
investigations are needed to clarify the reasons behind these cases. It is worth noting that

therapeutic failures are observed in coinfection, demonstrating a greater recurrence of the



933

934

935

936

937

938

939

940

941

942

943

944

945

946

947

948

949

950

951

952

953

954

955

956

957

80

disease, which can be minimized by advising adherence to antiretrovira therapy (ART)
(TAKELE et al., 2023).

Thedatahighlight that most casesof VL areclassified asnew, whilein VL/HIV ahigher
proportion of relapsesis observed, and that could suggest that coinfection impacts the response
to treatment and increases the chance of disease reactivation.

The lower frequency of positive diagnoses in coinfection by methods such as
parasitology and IFAT suggests low accuracy of that diagnosis on immunosuppressed patients,
possibly due to the lower immune response, including hummoral (FONTOURA et al., 2018).
n addition, the extremely low cureratein coinfection (10.84%), associated with higher mortality
from other causes (72.29%), highlights the severity of the interaction between the protozoan of
VL and HIV, reinforcing the need for specific therapeutic and early diagnostic approaches for
this vulnerable population (MACHADO et al., 2021b).

However, in the case of VL, liposomal amphotericin B was significantly more used in
relapses compared to pentavalent antimony and pentamidine, indicating a preference for this
drug in scenarios of greater severity or resistance, due to its characteristic of lower toxicity,
which supports adherence to treatment, as is suggested an Brazilian Ministry of Health
(BRASIL, 2014). There was a greater use of amphotericin B and liposomal amphotericin B
before deaths due to VL. There was greater use of amphotericin B and liposomal amphotericin
B before deaths from VL. Both drugs are considered second-line treatment to pentavalent
antimoniate, becoming the main options in more severe cases and being associated with the
development of resistance by parasites (KUMARI et al., 2022).

The distribution of medication used in each age groups highlighted a significant pattern:
liposoma amphotericin B was more commonly used in the elderly, while pentavalent
antimonia was predominant in children and adolescents. It is important to highlight that the

selection of medication for treatment takes into account factors such as the presence of
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comorbidities, the severity of the clinical condition and the profile of associated side effects
(SCALZONE et al., 2016). For example, liposomal amphotericin B is only recommended as
thefirst choice of treatment for patients aged 50 years and older, pregnant women and children
under 1 year (BRASIL, 2014).

In the case of VL/HIV coinfection, the use of pentavalent antimonia was significantly
more frequent in new cases, which goes against the recommendations of the Ministry of Health,
since the first-choice drug is amphotericin B. For the visceral form, the use of the liposomal
formulation is recommended as a priority, while, in the tegumentary form, amphotericin B
deoxycholate isindicated, both for cutaneous and mucosal manifestations (BRASIL, 2015).

Therefore, in the case of TL and TL/HIV, relapse was more frequent in co-infection,
suggesting difficultiesin the clinical management of these patients, associated with factors such
as immunosuppression and greater severity of the disease. Co-infection of both diseases results
in complex immunological interactions that can worsen the clinical condition of patients
(RIBEIRO et al., 2002). Thisimmunological alteration favorsthe replication and dissemination
of Leishmania in the organism, resulting in more severe and disseminated clinical
manifestations of leishmaniasis in co-infected individuals. Although deaths from TL were
observed exclusively in isolated cases, deaths from other causes were more frequent in co-
infected individuals, indicating an influence of HIV-related conditions on mortality, especially
when there is no adherenceto ART (SHAW; MATIN, 2022).

VL casesare more prevalent in central and western areas, where climatic and ecological
conditions favor the presence of the vector and the disease reservoir (CARDENAS et al., 2006;
MACHADO et al., 2020b). In contrast, HIV cases are concentrated in the coastal and extreme
southern regions, areas associated with higher population density, urbanization, and social
vulnerability factors, such as sex tourism (OLIVEIRA-FILHO et al., 2020; QUEVEDO-

GOMEZ et al., 2020).
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Similarly, TL has a higher incidence in the southern and western regions, associated
with environmental conditions favorable to the vector. TL/HIV co-infection occurs in focal
locations, the intensity of which is directly related to the incidence of isolated TL and overlaps
with municipalities with ahigh incidence of HIV, creating high-risk areas. Similar results were
found in a study carried out in 2018 in Bahia, which aso identified specific regions for the
predominant occurrence of each form of leishmaniasis. Both can coexist in overlapping areas,
and even at the municipal level, risk levels can vary significantly (RODGERS et al., 2019).

For access to piped water, a positive correlation was identified, highlighting the
relevance of urban conditions in increasing the incidence of co-infection. On the other hand,
solid waste collection presented an inverse correl ation, showing that better sanitation conditions
are associated with alower incidence of co-infection. It isclear that urban devel opment without
planning for ecologically correct measures, which considers trade-offs between agriculture,
urbanization and conservation, leads to an increase in the incidence of VL and, consequently,
toanincreasein VL/HIV co-infection (SANTOS et al., 2021).

Occupation in the agricultura sector showed a correlation, indicating that regions with
greater agricultural activity have a higher incidence of co-infection, possibly due to exposure
to the vector in rural areas. In recent years, rapid deforestation has allowed the advancement of
agriculture and livestock farming, thus presenting high risks of irreversible changes in
biodiversity and ecosystems (ESPIRITO-SANTO et al., 2020; OLIVEIRA et al., 2017).

It is known that under high temperature conditions, the life cycle of sandflies is
accelerated, resulting in a faster maturation process (BRASIL, 2014) and higher temperatures
favor the transmission of co-infection. On the other hand, the results of the correl ation between
co-infection and humidity differ from studies carried out, which show that the population

density of sandflies is affected by abiotic variables such as temperature, precipitation and
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humidity, and more humid environments can favor the proliferation of these vectors (COSTA
etal., 2013)

Studiesindicate that economic inequality can aggravate vulnerability to co-infection, as
populations in poverty often lack adequate access to health services and live in conditions that
facilitate the spread of the disease (HOUWELING et al., 2016; RIBEIRO et al., 2021;
VALERO; PRIST; URIARTE, 2021) In addition, although social programs such as Bolsa
Familiaseek to mitigate the effects of poverty, dependence on these aids may indicate continued
exposure to risk factors associated with co-infection. On the other hand, economically more
prosperous areas may have a higher incidence of co-infection, possibly due to urbanization and
better access to diagnosis, which increases case reporting (SILVA et al., 2024)

In addition, lower unemployment rates may be related to greater occupational exposure
to the vector in rural or peri-urban activities, especially in sectors such as agriculture and civil
construction (BOZORG-OMID et al., 2023; MSELLEMU et al., 2024)

Finally, the study faced limitations associated with the use of secondary data, such as
the presence of gaps and incompl ete information on notification forms, as well as inadequately
completed records. Despite these constraints, the wide availability of data mitigated possible

information losses, ensuring the robustness of the analyses performed.

Conclusion

This study provided a comprehensive epidemiological and spatiotemporal analysis of
VL, TL, and their co-infections with HIV in the state of Bahia, Brazil, from 2008 to 2022. The
findings highlighted disparities in incidence, mortality, and spatial distribution across different
regions and population groups. Concentrations of VL cases were observed in the central and
western regions of Bahia, while TL cases predominated in the southern and western regions. In
addition, VL/HIV and TL/HIV cases were widely dispersed, often overlapping with regions of

high VL incidence.
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Men were more frequently affected by all diseases, with the highest concentration in the
20-49 age group. Educationa levels varied, with the majority of VL and VL/HIV patients
having only primary education. Clinically, VL/HIV patients had a lower prevalence of fever
and edema compared to isolated VL cases, while TL/HIV patients showed a higher frequency
of mucosa lesions. Furthermore, a positive spatial correlation was found between VL/HIV
incidence and MHDI, accessto piped water, and employment in the agricultural sector. Climatic
factors also played arole, with high temperatures showing a positive correlation with VL/HIV.

These findings reinforce the complex interplay between epidemiological,
environmental, and sociodemographic factors in the transmission and progression of
leishmaniasis and HIV coinfection. Therefore, improved surveillance and early detection
strategies, especially in high incidence areas, are needed, as well as integrated public health
policies that address the social determinants of health.

Finaly, by assessing disease trends from 2008 to 2022, this study contributes
information for future epidemiological monitoring and health policy planning in the state of
Bahia. The integration of leishmaniasis and HIV control programs, with an emphasis on
vulnerable populations, remains essential to reduce the burden of disease and improve health

outcomes.
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