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Resumo O diagndstico precoce da hanseniasepermanece essencialmente clinico, baseadono
reconhecimento de lesdes cutaneas com alteracéo da sensibilidade e envolvimento de nervos
periféricos. Entretanto, examescomplementares desempenhampapéis cruciais na con“rmagao
de casosincertos, orientando a classi“ca¢do operacional, detectando envolvimento neural sub-
clinico e diferenciando reages tardias de recidivas. Estareviséo sintetiza a aplicacdo préatica
dos métodos diagnosticos disponiveis para dermatologistas. A microscopia de raspado cutaneo
demonstra alta especi“cidade, massensibilidade limitada em formas paucibacilares, enquanto a
histopatologia revela o espectro imunopatoldgico caracteristico, com bacilos alcool-acido resis-
tentes perineurais sendo patognomonicos para hanseniase. A detec¢do molecular por reagdo
em cadeia da polimerase (PCR)aprimora o diagnostico em casospaucibacilares (sensibilidade
de 34%a 80%), mas nado conseguedistinguir bacilos viaveis de nao viaveis, limitando sua utili-

dade na avaliagdo pds-tratamento. Asorologia anti-PGL-1 auxilia na vigilancia de contatos, com
individuos soropositivos apresentando risco 3,5 vezesmaior de desenvolver a doen@, embora a
sensibilidade permaneg@ abaixo de 30%em formas tuberculoides. Paraavaliagdo neurolédgica, o
teste com mono“lamento de Semmes-Weinsteinfornece avaliagdo padronizada do limiar tatil,

enquanto o teste de histamina mapeia a disfungdo auton6mica, particularmente valiosa em
formas indeterminadas. Estudoseletrodiagndésticos revelam alteragdes subclinicas precoces e
monitoram a deterioragdo neuroldgica relacionada a reagdo. A ultrassonogra“a de nervos peri-
féricos demonstra sensibilidade superior a palpagio para detectar espessamento (97,4%vs.
30%de concordancia) e identi“‘ca atividade in"amatoéria por meio da avaliagdo por Doppler.
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Ao avaliar complicagdes pos-tratamento, a abordagem integrada que combina a trajetéria do
indice bacteriol6gico, padrées histopatol6gicos, valores de limiar de ciclo de PCRe tendéncias
sorolégicaspermite diferenciagdo con“avel entre falha terapéutica, reages tardias e recidiva.
Nenhumteste laboratorial isolado con“rma a hanseniaseprecoce; a experiéncia clinica derma-
toneurolégica permanece fundamental, com testes complementares interpretados dentro do
contexto epidemiolégico para otimizar a precisdo diagndstica e as decisdesterapéuticas.

© 2026 Sociedade Brasileira de Dermatologia. Publicado por Elsevier Espana, S.L.U. Este & um
artigo Open Accesssob uma licenca CCBY (http://creativecommons.org/licenses/by/4.0/ ).

Introducéo

Globalmente, a hanseniase continua sendo desa“o para a
saude publica, com a maioria dos novos casos concentrados
na india, no Brasil e na Indonésia. O diagndstico precoce e
preciso é essencial para interromper a cadeia de transmis-
sdo e prevenir a incapacidade permanente. O diagnéstico
€ principalmente clinico, com base no reconhecimento de
lesBes cutdneas com alteracdo da sensibilidade e envolvi-
mento do nervo periférico. Ossinais precoces incluem areas
de hipoestesia térmica, parestesias, redugdo da densidade
capilar e diminuigdo da sudorese, que muitas vezesprecedem
manifestagdes mais evidentes.

Nas formas iniciais e paucibacilares - precisamente
guando a intervencgdo é mais e“caz - a anamnese cuidadosa
e exame dermatoneurolégico sistematico sao fundamentais.
O teste do mono“‘lamento de Semmes-Weinsteine o teste
de histamina s&o as avaliagdes mais praticas no local de
atendimento para con“rmar a disfuncdo sensorial e auton6-
mica nessas apresentagdes.’ As investigag@ies laboratoriais
- microscopia de raspado cutaneo, histopatologia, deteccdo
molecular, sorologia e exames de imagem - desempenham
um papel complementar, com sensibilidades que variam de
acordo com a forma clinica. Eimportante ressaltar que esses
métodos apresentam limitagdes signi“‘cantes no inicio da
doen@, quando seriam mais necessarios.

A seledo criteriosa e a interpretacdo adequada desses
métodos ajudam a con“rmar casos incertos, orientar a
classi“cacdo operacional, detectar envolvimento neural
subclinico, distinguir episddios reacionais de recidivas e
investigar a resisténcia a medicamentos. Esta revisédo sin-
tetiza os principais testes diagnésticos complementares -
suasindicagdes, técnicas, interpretacdo e armadilhas diag-
nésticas -, oferecendo orientagdes praticas para otimizar
a investigacdo laboratorial, mantendo a primazia do exame
clinico.

Exame de raspado cutadneo (baciloscopia)

O exame de raspado cutaneo é técnica laboratorial que
detecta M. leprae em raspados intradérmicos e estima a
carga bacilar do paciente. O procedimento envolve incisdes
super“ciais na pele com coleta de amostras em locais padro-
nizados - lébulos das orelhas direito e esquerdo, cotovelos
direito e esquerdo - e, quando presente, uma lesdo cutanea
ativa. O indice bacteriolégico (IB) seguea escala logaritmica
de Ridley, variando de 0 (nenhum bacilo em 100 campos) a
6+(>10° bacilos por campo). A média dos indices obtidos nos
diferentes locais fornece uma estimativa da carga bacilar
total do paciente. ?

Para a coloragdo, utiliza-se o método Ziehl-Neelsen
modi“cado (frio), pois preserva as caracteristicas morfo-
I6gicas dos bacilos. A avaliagdo morfolégica complementa
a quanti“‘cagdo: bacilos uniformemente corados sugerem
viabilidade, enquanto formas fragmentadas e granulares indi-
cam organismos nao viaveis. Globos - agregados de 30 a
100 bacilos imersos em material lipidico - correlacionam-se
com doen@ multibacilar com altas cargas bacilares (Brasil,
2010). Apos o tratamento, bacilos fragmentados ou granu-
lares representam remanescentes bacilares ndo viaveis em
lenta elimina¢do e ndo indicam falha terapéutica. O IB nor-
malmente diminui em cerca de 0,85 unidades logaritmicas
por ano, com queda mais acentuada nos primeiros 24 meses
(aproximadamente 1,15 log/ano). ° Essadiminuicdo gradual
torna o teste inadequado para o monitoramento precoce da
resposta ao tratamento. *

Embora demonstre alta especi“cidade e baixo custo, com
execu@o relativamente simples quando realizada por pes-
soal treinado, a sensibilidade do teste depende diretamente
da carga bacilar. A deteccdo de bacilos alcool-acido resis-
tentes (BAAR)em raspados cutaneos ndo apenas con‘rma o
diagnéstico, mastambém classi“ca automaticamente o paci-
ente como multibacilar, independentemente do numero de
lesdes cutdneas.” O exame é particularmente valioso para
estabelecer o IB basal ao término do tratamento em paci-
entes multibacilares, fornecendo referéncia essencial para
comparagdes futuras quando houver suspeita de recidiva.

Exame histopatol6gico

O exame histopatolégico é componente central para con‘r-
mar o diagnéstico de hanseniasee contribui decisivamente
para a classi“ca¢do dentro do espectro imunopatolégico da
doen@. Ademonstragio inequivoca de BAARem nervos cuta-
neos- em células de Schwannou no perineuro - é diagndstica
e distingue a hanseniasede outras micobacterioses (“g. 1A-
-B).° Quandoa morfologia é duvidosa, a reagio em cadeia da
polimerase (PCR)pode complementar a avaliacgdo.
Emboraalgunsservigs relatem acargabacilar qualitativa-
mente (escassa,moderada, abundante), independentemente
do método de quanti“‘cacdo, a distribuicdo topogra“ca dos
BAARdeve ser documentada (nervos, macréfagos, endoté-
lio, anexos cutaneos).® Quando a quanti“‘cacdo € realizada,
o indice bacilar de granuloma (IBG) na biopsia de pele pode
revelar bacilos mesmoquando osraspadoscutaneos sdonega-
tivos e pode reclassi“car um subconjunto de pacientes clini-
camente PBpara MB- evitando, assim, o subtratamento. ’
Os padr6es histoldgicos da hanseniase abrangem espec-
tro imunopatoldgico caracteristico. No polo tuberculoide,
existem granulomas epitelioides bem formados contiguos a
epiderme, com adelgagamento epidérmico, histiécitos epite-
lioides e células gigantes do tipo Langhans, além de denso
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Figura 1  Bacilos &lcool-acido resistentes em nervos cuté-

neos. (A) Nervo cutaneo paucibacilar com bacilo alcool-acido
resistente dentro de uma célula de Schwann (Fite-Faraco,
100x ). (B) Nervo cutaneo multibacilar (se@o transversal) mos-
trando numerosos bacilos &lcool-acido resistentes dentro de
células de Schwanne perineurais. (Fite-Faraco, 400x ).

in“ltrado  periférico de linfocitos T CD4+(“g. 2A).° Peque-
nos agregados perigranulomatosos de linfocitos B (CD20+)
também podem estar presentes, com subpopulages recen-
temente caracterizadas.® Os bacilos s&o raros ou ausentes,
re"etindo resposta imune robusta mediada por células,
enquanto a destrui¢iio neural pode ser pronunciada.*°

No polo lepromatoso (virchowiano) predominam in“ltra-
dos difusos de macréfagos espumosos(células de Virchow;
“g. 2B) repletos de bacilos, formando globos (“g. 2C), sem
granulomas organizados (“g. 2D). A zona de grenz subepi-
dérmica - faixa estreita de derme super“cial preservada -
separaa epiderme do in“ltrado dérmico. ***? Osnervos apre-
sentam invasao bacilar com resposta in"amatéria minima,
desenvolvendo espessamentoperineural em bulbo de cebola
em virtude de hiperplasia perineural e “brose secundaria a
les&o neural cronica. '3

Entre os polos, as formas borderline exibem caracte-
risticas intermediarias, com a organizago do granuloma
inversamente proporcional a carga bacilar. ° Ao longo dessa
progresséo: na forma borderline tuberculoide (BT), granulo-
masparcialmente organizadoscom escassodacilos; naforma
borderline-borderline (BB), granulomas mal de“nidos com
carga bacilar moderada; e na borderline virchowiana (BV),
hé predominancia de histiocitos com numerososbacilos, mas
com focos granulomatosos residuais e rudimentares. & A hete-
rogeneidade intralesional é caracteristica, com variacdo na
organizag@o do granuloma e na densidade bacilar, mesmo
dentro de uma Unica biopsia.

Aforma indeterminada representa o estagio mais precoce
dainfecdo, caracterizada por in“ltrado linfocitico n&o espe-
ci“co com distribuicao perivascular, perineural e perianexial,
sem granulomas bem formados.'* A escassezde bacilos nesse
estagio limita a sensibilidade dos métodos convencionais;
a con‘rmacdo requer a demonstragio de BAARintraneural
ou detecgdo molecular por PCR, quando disponivel.® Cli-
nicamente, apresenta-se como macula hipopigmentada com
hipoestesia sutil e envolvimento sudomotor localizado. ®

A variante histoide € expressdo morfolégica pecu-
liar dentro do espectro lepromatoso, caracterizada pela
proliferacdo de histidcitos fusiformes dispostosem fasciculos
entrelagados, estroma hialinizado, densidade bacilar excep-
cionalmente alta e, paradoxalmente, poucos globos, com
preservad@o da zona de grenz caracteristica. Embora histori-
camente associadaa recidiva apésmonoterapia com dapsona,
atualmente € reconhecida tanto em casosde recidiva quanto
em pacientes sem tratamento prévio, tratados com poliqui-
mioterapia. Por sua semelhan@ histolégica com neoplasias
de células fusiformes em cortes corados com hematoxilina-
-eosina, a coloracdo de Fite-Faraco é obrigatéria para a
con‘rmag&o diagnostica. %16

Episédiosreacionais agudospodem se sobrepor a arquite-
tura basal do espectro e apresentar assinaturas morfolégicas
distintas. Na reagdo tipo 1, observa-se edema intersti-
cial, intensi“‘cacéo da resposta granulomatosa com aumento
de células epitelioides e células gigantes multinucleadas
(“g. 3A-B) e, ocasionalmente, necrose “brinoide perineu-
ral ou neural focal. Essasalteragdes podem ser sutis ou
mesmo ausentes, exigindo correlagio clinicopatolégica. *7-*°
Raramente, reagdes graves desenvolvem necrose caseosa, as
vezes centrada em ramos nervosos dérmicos (neurite granu-
lomatosa necrosante segmentar), produzindo focos nodulares
ou semelhantes a abscessos.Essaslesdes podem mimetizar
tuberculose cutanea ou, por meio de suamorfologia caseosa,
si“lis terciaria. A presen@ de BAARintraneural/perineural
sugere hanseniase; BAARcentrados na necrose sem tropismo
neural sugerem tuberculose; PCR espécie-especi‘ca pode
con‘rmar a etiologia. *°

Nareagdo tipo 2, ha in‘lrado neutrofilico agudo sobre-
posto a padrdo virchowiano ou BV preexistente (“g. 3C),
mais conspicuo nas primeiras 24 a 72 horas. A deposi@o
de imunocomplexos pode produzir paniculite lobular, vascu-
lite leucocitoclastica ou neurite aguda (“g. 3D). Em biopsias
tardias ou apos terapia com corticosteroides, 0 componente
neutrofilico pode estar ausente, di“cultando o reconheci-
mento histol6gico. >-?*Uma complicagdo rara associada a
hanseniase virchowiana difusa néo tratada é o fendmeno
de Lucio, histologicamente caracterizado por vasculopa-
tia necrosante com intensa invasdo bacilar do endotélio,
proliferacdo endotelial e trombose de vasos dérmicos de
médio calibre, tipicamente sem in“ltrado neutrofilico pro-
eminente nas fases iniciais. Clinicamente, apresenta-se com
Ulceras cutaneas dolorosase irregulares resultantes de infarto
tecidual secundario & ocluséo vascular.?+2°

Consideragdes técnicas sédo essenciais para o diagndstico
preciso em todas as formas. Para maximizar o rendimento
diagnéstico, a biopsia de pele deve ser feita na borda ativa-
mente in“ltrada da lesdo mais recente - evitando o centro
atr6“co ou areas de regressao espontanea - e deve incluir
a derme profunda e o tecido subcuténeo, onde os nervos e
as estruturas anexiais concentram os bacilos.?® A auséncia
de bacilos na coloracdo de Fite-Faraco ndo exclui a hanse-
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Figura 2

Espectro histopatologico da hanseniase. (A) Hanseniasetuberculoide: granulomas epitelioides bem formados com halo

linfocitico periférico acompanhando os feixes neurovascularesna derme e estendendo-se até o tecido subcutéaneo (Hematoxilina &
eosina, 200x ; detalhe 40x ). (B) Hanseniasevirchowiana: in“ltrado con”uente de macréfagos com abundante citoplasma vacuo-
lizado (e*espumosoee; Hematoxilina & eosina, 400x ). (C) Hanseniasevirchowiana: a coloragdo de Fite-Faraco destaca numerosos
bacilos no citoplasma dos macréfagos (1000x ). (D) Hanseniasevirchowiana: epiderme achatada separada de in“ltrado rico em
macrofagos por faixa subepidérmica de coldgeno (sszona de grenzes; Hematoxilina & eosina, 100x ).

niase, particularmente nasformas tuberculoides, nasquais a
escassezbacilar é caracteristica. Quando a biopsia de pele
mostra in"amagéo perineural mesmo sem demonstragio de
BAAR,esse achado apoia fortemente o diagnéstico em con-
texto clinico compativel. 2’

Quando a coloragdo inicial de Fite-Faraco é negativa em
caso clinicamente sugestivo, se@es seriadas adicionais com
exame meticuloso dasareas perineurais podem revelar escas-
sosbacilos inicialmente nao detectados, evitando re-biopsias
desnecessarias. Embora inespeci“ca, a imuno-histoquimica
anti-BCG pode ser adjuvante valioso: a positividade perineu-
ral demonstra antigenos micobacterianos e orienta revisao
direcionada da coloracdo de Fite-Faraco, aumentando a
detecgdo em casospaucibacilares.?®

As principais armadilhas diagnoésticas incluem: confundir
hanseniasetuberculoide com sarcoidose por ndo reconhecer
ain"amacao perineural sutil; o diagndéstico incorreto de han-
seniasevirchowiana como histiocitose com base unicamente

na coloracdo de Hematoxilina & eosina, sem a realizagdo da
coloragdo de Fite-Faraco; e a interpretacdo errbnea de in“l-

trados perineurais inespeci‘cos como hanseniasena auséncia
de BAARou correlagdo clinicopatolégica adequada. Os prin-
cipais diagnésticos diferenciais incluem tuberculose cutanea
(casei“cacdo central sem neurite; “g. 4A-B), sarcoidose
(granulomas eenuses poupando os nervos; “g. 4C), granu-
loma anular (degenerag@o central do colageno; “g. 4D) e,
em pacientes imunossuprimidos, micobactérias atipicas como
M. haemophilum.?°-3Além dos achados cutaneos descritos
acima, o componente neural justi“ca avaliacdo dedicada. No
polo tuberculoide, a intensa resposta granulomatosa leva a
destruicdo neural substancial; no polo lepromatoso, a inva-
sdo bacilar macica paradoxalmente preserva a arquitetura

geral do nervo, apesar da alta carga bacilar. > O in“ltrado

perineural é achado sentinela e deve motivar a coloragdo
de Fite-Faraco sempre que houver suspeita de hanseniase.
E importante ressaltar que, em alguns pacientes, a histo-
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Figura 3

Reagdes da hanseniase: tipo 1 vs. tipo 2. (A) Reaéo tipo 1: edema dérmico separando os componentes do in“ltrado

in"amatdrio (Hematoxilina & eosina, 40x ). (B) Regé@o tipo 1: granuloma epitelioide com dissocia@o de células in"amatérias
relacionada ao edema (Hematoxilina & eosina, 100x ). (C) Read@o tipo 2: exsuda@o rica em neutré“los dentro de um I6bulo de
gordura subcutanea em fundo rico em macréfagos; detalhe: imuno-histoquimica anti-BCG destaca o antigeno micobacteriano no
citoplasma do macréfago (Hematoxilina & eosinapara o painel principal, 200x ; detalhe 200x ). (D) Rea@o tipo 2: nervo subcutaneo
permeado por exsudato neutrofilico (Hematoxilina & eosina, 200x ).

patologia do nervo nao re”ete os achados da pele (p. ex.,
pele paucibacilar versus in“ltrado intraneural mais bacili-
fero e menos organizado); portanto, a classi“‘cacdo deve
integrar a pele e o nervo com o quadro clinico para evitar
rotular erroneamente a recidiva ou subestimar a atividade
in"amatoria. %%

Nahanseniaseneural primaria, quando indicada, a biopsia
do nervo deve ser interpretada em conjunto com dados clini-
cos, estudos de condud@o nervosa, ultrassonogra“a e testes
moleculares para garantir o diagnostico.*> Quando a biopsia
ndo é viavel, a aspirado por agulha “na (AAF)do tronco ner-
voso afetado - idealmente guiada por ultrassom para atingir
segmentos espessados/hipervasculares- pode auxiliar, per-
mitindo citologia, coloracdo de Fite-Faraco e PCRpara M.
leprae a partir do mesmo material. 3637

Quando a amostragem neural € necessaria, 0S nervos
sensoriais ou seus ramos sdo preferidos - sural (primeira
escolha), radial super‘cial no punho ou o ramo cutaneo
dorsal do nervo ulnar - para minimizar o risco de dé“cit
motor permanente; quando apenas nervos mistos sdo afe-
tados, a biopsia pode ser necessaria apesar do risco de
sequelas.®® O processamento deve incluir Hematoxilina &
eosina e Fite-Faraco, com avaliagdo da arquitetura geral,
in“ltrados in"amatoérios e alteragdes perineurais. Os princi-
pais diagnésticos diferenciais para a forma neural incluem
vasculite (necrose “brinoide vascular), polineuropatia des-
mielinizante in"amatdria crdnica (desmielinizacdo segmentar
proeminente) e neuropatias causadaspor micobactérias ati-
picas em pacientes imunossuprimidos (que ndo apresentam o
tropismo neural caracteristico de M. leprae).
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Figura 4
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Diagnostico diferencial das dermatoses granulomatosas. (A) Tuberculose cutanea: granulomas epitelioides, por vezes

con”uentes, ocupando a derme reticular (Hematoxilina & eosina, 100x ). (B) Tuberculose cutanea: necrose “brinoide dentro dos
granulomas (Hematoxilina & eosina, 200x ). (C) Sarcoidose: granulomas epitelioides compactos (ssnuse+) com minima in"amagao
periférica (Hematoxilina & eosina, 200x ). (D) Granuloma anular: histiécitos em palicada circundando focos de colageno alterado;
detalhe: azul de Alcian destaca a mucina em areas de degenera@o do colageno (Hematoxilina & eosina para o painel principal,

200x ; detalhe 200x ).

Detec¢do molecular de M. leprae

A PCRdetecta sequéncias de DNAespeci“‘cas do M. leprae
com maior sensibilidade do que a baciloscopia ou a coloragdo
de Fite-Faraco em tecido. As principais indicagdes incluem
suspeita clinica de hanseniase com baciloscopia negativa
- especialmente em formas paucibacilares - con‘rmagéo
diagnéstica em hanseniase neural primdria e diferenciagédo
entre episodios reacionais tardios e recidivas. A sensibilidade
varia de acordo com o tipo de amostra e a forma clinica.
Em biopsias de pele, a amostra de escolha, a sensibilidade
atinge 90%a 100%em casos multibacilares e 34%a 80%em
casospaucibacilares, re”etindo correlacdo direta com a carga
bacilar. **-*'Paraa amostragem ideal, a biopsia deve ser feita
na borda ativa da lesdo mais recente ou daquela com a
alteracdo sensorial mais evidente. Quandoa histopatologia e
a PCRsao necessérias, deve-se coletar duas amostras distin-
tas: uma “xada em formalina para histopatologia e outra ndo
“xada, mantida refrigerada, para testes moleculares. Tecido
previamente incluido em para‘na pode ser usado, embora
com sensibilidade reduzida em virtude da fragmentacdo
do DNA durante o processamento.*>**A interpretacdo dos

resultados exige a compreensao das limitagdes inerentes a
PCR. Como o DNA bacteriano permanece estavel por lon-
gos periodos, resultados positivos podem persistir anos ap6s
tratamento bem-sucedido, sem indicar falha terapéutica ou
doen@ ativa. Essapersisténcia de material genético resi-
dual é particularmente relevante na avaliagdo de pacientes
previamente tratados, em que o resultado positivo isolado,

sem achados clinicos compativeis, ndo estabelece recidiva

nem justi‘ca a retomada da poliquimioterapia. Por outro

lado, o resultado negativo ndo exclui o diagnostico, espe-
cialmente em formas paucibacilares, em que o ndmero de
bacilos frequentemente “ca abaixo do limite de detecc¢do

do ensaio.*>“® Em swabs nasais - particularmente em &reas
endémicas -, a positividade pode re”etir colonizagdo tran-

sitéria e, sem um quadro clinico compativel, ndo estabelece
doena ativa. “°*7*® Dadasessaslimitagdes, a leitura quanti-

tativa do limiar de ciclo (Ct, do inglés cycle threshold ) naPCR
em tempo real, quando disponivel, pode auxiliar na estima-

tiva da carga bacilar.

Ovalor de Ct - o numero de ciclos necessariospara detec-

tar o DNA- é inversamente proporcional a carga bacilar e
fornece estimativa semiquantitativa Util: valores mais baixos
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LABORATORIO DE BIOLOGIA MOLECULAR
CNPJ: XX XXX.XXX/0001-XX | ID da Unidade: XXXXXX

DETECCAO MOLECULAR DE_Mycobacterium leprae _— PCR EM TEMPO REAL

Paciente: M.S.O.
Data de Nascimento: 15-03-1978
Médico solicitante: Dr. Jodo Silva — CRM: XXXXX
Data da coleta: 10-08-2025
Data de liberacgao: 14-08-2025
AMOSTRA

Biopsia de pele — borda ativa da leséo, antebraco direito
Amostra recebida refrigerada em solucéo salina estéril

RESULTADO: DETECTADO
Alvo molecular: RLEP (elemento repetitivo especifico)

Ct (Limiar de Ciclo): 28,3

INTERPRETACAO

DNA de Mycobacterium leprae detectado na amostra analisada.
O valor de Ct (28,3) sugere carga bacilar moderada.

Faixas de referéncia do laboratorio:

« Ct < 25: alta carga bacilar (sugestivo de MB)

» Ct 25-35: carga bacilar moderada a baixa

¢ Ct > 35: carga bacilar muito baixa (sugestivo de PB)

OBSERVACOES

* Controle interno de amplificacdo (RNase P humano): Adequado
* Controles negativos (extracdo e amplificacao): Sem amplificagao
« Limite de deteccdo do ensaio: 10 c6pias do genoma/reagao

» Um resultado negativo ndo exclui hanseniase paucibacilar

METODOLOGIA

PCR em tempo real (qPCR) — quimica TagMan
Extracdo de DNA: kit comercial validado (QIAamp DNA Mini Kit)
Equipamento: Applied Biosystems 7500

Maria Santos, PhD
Biomédica — CRBM: XXXXX
Diretor Técnico

Figura 5 Exemplo de laudo de PCRquantitativa em tempo real para Mycobacterium leprae (alvo RLEP)de biopsia da borda
ativa de uma les@o, mostrando resultado positivo. (Ct 28.3). O Ct é inversamente proporcional a carga bacilar; neste laboratério,

valores <25indicam alta carga (formas multibacilares), 25 a 35 cargamoderada e >35 baixa carga (formas paucibacilares). Controles
internos e negativos validos con“rmam a qualidade do ensaio.
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indicam maiores quantidades de DNAbacteriano. Embora os
limites variem entre os laboratérios, valores de Ct <25 nor-
malmente indicam alta carga (formas multibacilares), 25 a
35 carga moderada e >35 baixa carga (paucibacilar). *° No
exemplo da “gura 5, o resultado positivo com Ct de 28,3 cor-
responde a carga intermediaria. E importante ressaltar que
a PCRdetecta fragmentos de DNAe nao consegue distinguir
bacilos viaveis de néo viaveis; portanto, um unico valor de Ct
ndo diferencia um episddio reacional - fendbmeno imunoin”a-

matorio semaumento real na cargabacilar - de umarecidiva,

que re"ete aretomada da replicagdo.

Em casossuspeitos de hanseniaseneural primaria, a abor-
dagem minimamente invasiva pode otimizar o rendimento
diagnostico antes de se considerar a biopsia do nervo. A PCR
em tempo real em raspadoscutaneos obtidos por incisdo em
eslocais frioses clinicamente nao afetados (I6bulos dasorelhas,
cotovelos, joelhos) frequentemente detecta envolvimento
cutaneo subclinico. Em uma coorte brasileira de hanseniase
neural primaria, a PCRem raspadocutaneo demonstrou 78,6%
de positividade e foi o Unico teste positivo em 17,1% dos
casos, enquanto a PCRem nervo atingiu 60,8% de positi-
vidade e a baciloscopia do nervo raramente foi positiva -
achadosque apoiam um algoritmo diagnéstico passoa passo,
reservando a biopsia do nervo para casosque permanecem
negativos ou inconclusivos apos testes néo invasivos.”® Séries
independentes usando o alvo multicépia RLEPcorroboram a
alta sensibilidade e especi“‘cidade da PCRem raspado cuta-
neo em todas as formas clinicas, com vantagens praticas,
incluindo o armazenamento em papel de “ltro para ambien-
tes com recursos limitados. *>°! Quandoessasabordagensnio
invasivas ndo conseguemestabelecer o diagnéstico, a andlise
molecular de um fragmento de nervo pode ser realizada.

Na hanseniaseneural primaria, a analise molecular de um
fragmento de nervo mostra positividade em cerca de 60%dos
casos/’>? mesmo quando a baciloscopia é negativa. Quando
a positividade do PCRno nervo coincide com anormalidades
eletroneuromiogra“cas topogra“‘camente compativeis, esses
achados, em conjunto, corroboram o diagnéstico nessecena-
rio clinicamente desa“ador. >

Testes sorologicos (anti-PGL-1)

O diagnéstico da hanseniasepermanece essencialmente cli-
nico, com base no reconhecimento de lesbes cuténeas e
anormalidades neurais. A deteccdo de anticorpos IgM anti-
-PGL-1 - contra o glicolipidio fendlico-1, componente da
parede celular especi“co da espécie M. leprae - é ferramenta
auxiliar com aplicacdo limitada, cuja interpretacdo requer
atencdo cuidadosaasindicages e limitagdes. O teste imuno-
cromatogra“co rapido, realizado em sangue capilar (pungio
digital), fornece resultado visual em 10 a 15 minutos e pode
ser realizado no local de atendimento.

Em relagdo ao desempenho, uma metandlise de testes
rapidos anti-PGL-1 relatou 92%de sensibilidade e 93%de
especi‘cidade na doen@ multibacilar e 36% de sensibili-
dade com 94%de especi“cidade nasformas paucibacilares. °*
A sensibilidade varia amplamente de acordo com a forma
clinica e a carga bacilar: as formas lepromatosas (virchowi-
anas) excedem 95%de positividade; as formas borderline ou
dimorfas variam de 70%a 85%;enquanto as formas tuber-
culoides e indeterminadas mostram apenas 15%a 40%%>%°6
Essepadrao re”ete apolarizacdo imunoldgica: pacientes mul-
tibacilares apresentam forte resposta humoral, enquanto a

doen@ paucibacilar é dominada por resposta celular Thl
(CD4) e tipicamente ndo apresenta anticorpos detectaveis.

Na préatica, o teste é mais Gtil para avaliar contatos
domiciliares e sociais. Em estudos prospectivos, os conta-
tos soropositivos apresentaram risco relativo de 3,54 (IC 95%
2,21-5,67) para desenvolver hanseniase, o que reforca a
importancia da vigilancia direcionada.®’->° Os marcadores
anti-PGL-1 também foram associados ao risco de envol-
vimento neural, ressaltando a importancia do seguimento
neuroldgico. °© De acordo com as diretrizes atuais, os conta-
tos com sorologia positiva, mas sem manifestagies clinicas,
requerem vigilancia anual por cinco anos.> Em contatos com
achadosclinicos inconclusivos, o resultado reativo aumenta a
suspeita e orienta investigag@es adicionais.

Ainterpretacdo errdbnea da sorologia é fonte frequente de
erro diagnéstico. Em &reas endémicas, 15%a 20%dos indi-
viduos saudaveis apresentam IgM anti-PGL-1 decorrente de
exposigio prévia sem doen@ ativa. °* O risco de diagnostico
incorreto aumenta no contexto de lesdes hipopigmentadas
ndo hansénicas(pitiriase, hipopigmentacido pds-in"amatéria,
vitiligo), em que a soropositividade concomitante pode levar
a tratamento desnecesséario. Na auséncia de comprometi-
mento sensorial, disautonomia localizada ou espessamento
nervoso, a soropositividade isolada ndo con‘rma o diagnos-
tico. Dadas essas limitagdes, o teste anti-PGL-1 ndo deve
ser usado para triagem populacional ou como critério diag-
noéstico isolado, permanecendo estritamente complementar
a avaliagdo clinico-epidemiolégica. *°

Ahanseniaseneural primaria exempli“ca limitag&o critica
da sorologia. Essaforma - neuropatia periférica sem lesGes
cutaneas - consistentemente apresenta sorologia negativa
em virtude da predominancia daimunidade celular. Umresul-
tado negativo nesses casos pode excluir o diagnéstico de
maneira inadequada, atrasando o tratamento da forma cli-
nica mais frequentemente associada a incapacidade fisica
permanente. Do mesmo modo, nas formas indeterminada e
tuberculoide, em que a detecg¢do precoce é crucial para pre-
venir sequelas, a sensibilidade abaixo de 30%torna o teste
de valor limitado. Assim, o resultado negativo ndo exclui a
hanseniasequando o quadro clinico é sugestivo.®°

Nota histérica — teste de lepromina (Mitsuda)

O teste cutaneo de lepromina (Mitsuda) historicamente indi-
cavaa imunidade celular contra M. leprae. Apdsa inoculagio
intradérmica de bacilos mortos, a reacdo de Fernandez pre-
coce em 24 a 48 horas e o nédulo de Mitsuda tardio em 21 a
28diasre”etem resposta Thldominante (IL-12/IFN- /TNF- )
- tipicamente positiva na doen@ tuberculoide/borderline-
-tuberculoide. Por outro lado, a doen@ virchowiana
/borderline-virchowiana apresenta desvio Th2/regulatério
(IL-4/1L-5/1L-10) com anergia a lepromina. Emvirtude dafalta
de padronizagio das preparagdes de antigenos e da falta de
utilidade diagndstica/terapéutica a nivel individual, o teste
ndo é mais recomendado na pratica clinica de rotina; seu
uso atual € amplamente restrito a estudos epidemiol6gicos
e imunologicos. 6263

Testes autondmicos

A disfungdo autondmica é caracteristica precoce e consis-
tente daneuropatia hansénica(NH), afetando principalmente
as“bras Cnéo mielinizadas que fazem a mediagdo dasrespos-
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tas sudomotoras e vasomotoras. A beira do leito, dois testes
complementares investigam componentes distintos: o teste
de histamina mapeia o re"exo axonal mediado por “bras C
(vasomotor), enquanto o teste de pilocarpina avalia a fungio
sudomotora por meio da estimulacdo direta das glandulas
sudoriparas.’

Teste de histamina

O teste de histamina avalia a integridade das “bras nervosas
autondmicas cuténeas por meio do re”"exo axonal mediado
por “bras C, propiciando o mapeamento direto da disfuncio
neural dentro da leséo suspeita. Suaprincipal utilidade reside
em formas indeterminadas com alteragdes sensoriais sutis
- particularmente em fototipos de Fitzpatrick mais baixos
(I-11) - e em criangcas ou pacientes que ndo conseguemrela-
tar alteragdes sensoriais de modo con“avel durante o teste
com mono“lamento de Semmes-Weinstein. O envolvimento
autonémico se manifesta como atenuagdo ou auséncia do
"are periférico (eritema re"exo axonal), componente dares-
posta tripla de Lewis.%*

Oteste pode serrealizado usandoduasmodalidades: hista-
mina exdgenae histamina endégena(dermogra“smo). Oteste
exogeno utiliza injegdo intradérmica de 0,1 mL de histamina
1:1000 na borda da lesdo e em um local de controle contrala-
teral. A sequéncia esperada, conhecida como resposta tripla
de Lewis, compreende eritema primario em 15 a 30 segun-
dos, eritema re”exo periférico ("are ) em 30 a 60 segundos
impulsionado pela vasodilatacggdo mediada por neuropeptideos
e uma papula de 3 a 4mm em 2 a 3 minutos em virtude do
extravasamento de plasma.

Aleitura de 10 minutos compara o didametro do "are peri-
férico entre alesdo e o controle. A resposta completa exibe
papula e "are em ambos os locais; a resposta incompleta
revela a formagdo de papulas com auséncia ou atenuagdo do
"are nalesdo, indicando disfungdo autonémica local. Nahan-
seniaseindeterminada, a respostaincompleta na borda ativa
aumenta a probabilidade diagnostica e identi“ca o local ideal
para biopsia.®*

O dermogra“smo avalia a histamina endégena liberada
pelos mastécitos apos estimulagdo mecanica. Uma linha é
desenhada com um objeto rombo (p. ex., a tampa de uma
caneta) aplicando pressao “rme e continua, da pele normal
proximal, através da lesdo suspeita até a pele normal distal.
Nahanseniase,o "are € reduzido ou ausente naleséo. Embora
mais simples de realizar e néo exija preparo farmacolégico, o
dermogra“smo tem menor sensibilidade diagnéstica do que o
teste de histamina exdgena. A “gura 6 documenta a sequén-
cia temporal dos testes e a abolicdo do "are na lesdo, com
preserva@o no local de controle.

As limitagdes incluem a falta de especi“cidade - res-
posta incompleta também ocorre em outras neuropatias e em
areas com cicatrizes. O nevo anémico € importante armadi-
Iha diagnostica: apresenta serespostaincompletass em virtude
da hipersensibilidade vascular as catecolaminas, e ndo a
desnervagdo. Distingue-se por histérico congénito, palidez a
diascopia e auséncia de anormalidades sensoriais.

Teste do suor com pilocarpina

O teste da pilocarpina complementa o teste da hista-
mina, avaliando diretamente a resposta sudomotora. Apésa

aplicacdo de tintura de iodo na borda da lesdo e em um local
de controle contralateral, injeta-se 0,1 a 0,2 mL de pilocar-
pina (0,5%a 1%)por via intradérmica e aarea é polvilhada com
amido. A transpiracdo normal produz descolorago escura
(reagdo iodo-amido); a reducdo ou ausénciade descolorad@o
na lesdo, em compara@o com o controle, indica disfuncdo
sudomotora. Esse mapeamento objetivo é particularmente

Util em pacientes nos quais a visualizagio da reagdo histami-
nica € dificil (p. ex., fototipos mais escuros) e em criangs. ?

Teste com mono“lamento  (Semmes-Weinstein)

O teste com mono“lamento de Semmes-Weinstein é a
avaliacdo mais atil para deteccdo e monitoramento da funcdo
nervosa periférica na hanseniase. Embora os testes térmicos
- especialmente os limiares de detec¢do de calor - possam
revelar anormalidades mais precocemente, 0s mono“lamen-
tos oferecem vantagens praticas ao quanti“‘car os limiares
tateis de maneira padronizada e permitir a documentagdo
longitudinal objetiva. 5566

Ostestes devem ser realizados no momento do diagnés-
tico e repetidos periodicamente, particularmente durante
0 primeiro ano, quando a deterioragdo neurolégica e
os episodios reacionais sdo mais frequentes, mesmo sob
poliquimioterapia. °7:58

Um conjunto padronizado de cinco mono“lamentos €
aplicado perpendicularmente até que se dobre, com breve
contato, enquanto o paciente - com os olhos fechados -
indica a percepgdo. O menor “lamento percebido em cada
ponto é registrado. Os seguintes territérios devem ser tes-
tados bilateralmente em locais padronizados: nervo ulnar
(polpa do quinto dedo e eminéncia hipotenar), nervo mediano
(polpa do polegar e eminéncia tenar) e nervo cutaneo radial
no membro superior; nervo tibial posterior (polpas plantares)
e nervo sural (borda lateral do pé) no membro inferior.

O mapeamento pode revelar padrdo irregular ou esem
ilhases - areas hipoestésicas intercaladas com pontos preser-
vados -, re’etindo o envolvimento irregular dos fasciculos
cutaneos com predilecdo por areas mais frias. Issocontrasta
com a distribuicdo simétrica em luva e meia tipica da neuro-
patia diabética e auxilia no diagnéstico diferencial. 557971

Para avaliacdo longitudinal, pequenas, mas consistentes
alteragddes orientam o manejo clinico e permitem a detec¢do
de neuropatia essilenciosaes. Apiora clinicamente signi“cante
€ de“nida como a necessidadede “lamentos mais pesadosem
dois ou mais pontos dentro do mesmo territério previamente
estavel, ouaausénciarecente de percepgio de pressfesleves
em local anteriormente normal; arepeticdo do teste em curto
intervalo é recomendada para con‘rmar a tendéncia. %% 72

Umavez con“rmada a piora, deve-se integrar essesacha-
dos com o exame neurolédgico (avaliando o espessamentoe
a sensibilidade do tronco nervoso correspondente) e, quando
indicado, complemente com ultrassonogra“‘a para documen-
tar o espessamentoe a vascularizado intra ou perineural,
bem como estudos de condu@o nervosa para caracterizar
padrdes desmielinizantes versus axonais.>’ Paralelamente, o
monitoramento da for¢ca voluntaria nos musculos-alvo - inte-
résseos(ulnar) e abdutor curto do polegar (mediano) - uma
vez que a perda de forca frequentemente acompanhao dé“cit
sensorial e precede a incapacidade. %7374

Comoilustrado na “gura 7, o mapeamento bilateral e a
compara@o longitudinal podem documentar piora clinica-
mente signi“‘cante - mudan@s em direcdo a “lamentos mais
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Figura 6  Testes de histamina exdgena (A-C) e enddgena (D). (A) Eritema con“nado ao local da pungio em 15 a 20 segundos,
presente tanto na pele lesionada (L) quanto na pele controle (C). (B) Eritema de re"exo axonal ("are ) em 30 a 60 segundos,presente
apenasna pele controle (C) e abolido na pele lesionada (L). (C) Forma@o de papula em 2 a 3 minutos, visivel em ambas as areas
(L e C). D, Dermogra“smo apoés estimulo mecanico linear, observado na pele controle (C) e ausente na pele lesionada (L).

Teste de monofilamento (Semmes—Weinstein): mapa de limiar

T Avaliagdo anterior “Avaliacdo atual
D ® ®
v \7
Caodigo para registro em prontuario médico ; L. , L
Pé esquerdo Pé direito Pé esquerdo Pé direito
. Ponto verde (Nominal: 0,07 gf)
“ Avaliacéo anterior “Avaliacédo atual
. Ponto azul (Nominal: 0,2 gf)
’ Ponto roxo (Nominal: 2,0 gf)

. Ponto vermelho (Nominal: 4,0 gf)

x “X” vermelho (Nominal: 10 gf)

O Circulo vermelho  (Nominal: 300 gf)

Mao esquerda Ma&o direita M&o esquerda Mao direita

. Ponto preto Sem resposta

Figura 7 Teste com mono“‘lamento de Semmes-Weinstein: mapeamento bilateral dos limiares tateis nas maos e nos pés.
Cadaponto registra 0 menor “lamento percebido no local testado; as cores seguem a legenda apresentada. A comparado entre
a eeavaliacdo anterioree e a eeavaliacdo atuale propicia o reconhecimento de piora clinicamente signi“‘cante - a necessidade de
“lamentos mais espessosem 2 pontos dentro do mesmo territério, ou o surgimento de areas ndo responsivas-, consistente com
neurite progressivanos nervos ulnar direito e tibial posterior esquerdo.

10
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espessosem mlltiplos pontos e o aparecimento de locais ndo
responsivos-, consistente com neurite progressivanosnervos
ulnar direito e tibial posterior esquerdo.

Estudos de conducdo nervosa e eletromiogra“a

Os estudos eletrodiagnésticos - que incluem os estudos de
condudo nervosa (ECN)e a eletromiogra“a (EMG)com agu-
Ilha - avaliam especi“‘camente a funcdo do sistema nervoso
periférico por meio do registro de potenciais de a@o do
nervo sensorial (PANS),potenciais de a@do muscular compos-
tos (PAMC)e velocidades de condugo sensorial e motora
ao longo dos nervos periféricos espinais e cranianos.”® Na
hanseniase, esses estudos detectam anormalidades aproxi-
madamente 12 semanasantes de se tornarem clinicamente
evidentes ou detectaveis pelo teste de mono“lamento. 5°

ANHtipicamente seapresenta como mononeuropatia mul-
tipla assimétrica, exigindo avaliagho de multiplos nervos. Seu
curso prolongado e indolente justi“ca o seguimento planejado
de acordo com afase dadoen@ - inicial, reacional e tardia -,
seguindo aproximadamente padrdo bifasico. Alteragdes des-
mielinizantes surgem precocemente, manifestando-se como
dispersdo temporal do PAMC, redu¢do da velocidade de
condudo e laténcias prolongadas, particularmente em locais
comuns de aprisionamento onde a vulnerabilidade neural é
maior. A medida que a doen@ progride, a in"amag&o e a
“brose progressivaslevam a perda axonal, identi“cada por
redugdes progressivasnasamplitudes do PANSe do PAMC/76

Durante os episddios reacionais, o padrdo eletrodiagnds-
tico muda: bloqueios de condudo agudos, mais frequentes
nas reagdes do tipo 2 (RT2), e disperséo temporal subaguda
nasreages do tipo 1 (RT1)- ambos potencialmente reversi-
veis com terapia imunossupressora(corticosteroides ou agen-
tes como ciclosporina e azatioprina). > A perda axonal estabe-
lecida tem potencial limitado de recuperagdo. Essesachados
sdo caracteristicos de neuropatias desmielinizantes in"ama-
térias, incluindo a sindrome de Guillain-Barré e a polirradicu-
loneuropatia desmielinizante in"amatoria cronica (PDIC),que
devem ser consideradas no diagnostico diferencial da NH.”’

A EMGde agulha complementa o ECNdocumentando a
desnerva@o ativa por meio de atividade espontaneaanormal
(“brilagdes e ondas agudas positivas) e caracterizando a
reinervacdo por meio da andlise do potencial da unidade
motora. Na hanseniase, os musculos inervados pelos nervos
mais frequentemente afetados - tibial, “bular comum,
ulnar e mediano (em ordem decrescente) - podem apre-
sentar anormalidades agudas ndo detectadas pelo ECNde
rotina. Essesachados corroboram o envolvimento axonal e
informam o progndstico.’®’® A “gura 8 ilustra as alteragdes
eletrodiagnosticas caracteristicas da NH.

O envolvimento sensorial assimétrico é o achado pre-
dominante nos laudos eletrodiagndsticos da hanseniase e
tipicamente precede as anormalidades motoras. O envol-
vimento motor exclusivo sem alteragdes sensoriais sugere
diagnosticos alternativos - como doen@ do neurdnio motor,
radiculopatias ou miopatias -, embora a hanseniase ndo
possaser totalmente excluida em contextos epidemiolégicos
especi“cos.® A principal indicagdo para ECN/EMG¢ a sus-
peita de hanseniaseneural priméria, caracterizada por perda
sensorial sem lesGes cutaneas; nessecontexto, o teste ajuda
acon‘rmar o envolvimento neural e a distinguir a hanseniase
de outras neuropatias. °

A interpretacdo requer o reconhecimento do padrao assi-
métrico de mononeuropatia mdltipla tipico da hanseniase.
Essepadrédo contrasta com a neuropatia diabética, que evo-
lui com uma distribuicdo distal-proximal simétrica; com as
sindromes de compresséo focal, que se restringem ao local
da compressédo; e com as neuropatias vasculiticas, que se
apresentam agudamente com dé“cits graves e padrao axo-
nal desde o inicio. O envolvimento assimétrico de multiplos
nervos, com predominancia sensorial e curso desmielinizante
insidioso, sugere fortemente hanseniase.*

Naneurite reacional, seja clinicamente manifesta ou silen-
ciosa, estudos seriadosa cada 30 a 60 dias podem documentar
a deterioracdo progressiva. As alteragdes iniciais incluem
velocidades de condudo reduzidas e laténcias prolongadas,
indicando desmielinizacdo ativa. Com a in"amagdo persis-
tente, surgemredug@es nasamplitudes do PAMC,sinalizando
perda axonal secundaria e prognéstico menos favoravel para
a recuperacdo. O ECN/EMGdemonstra superioridade sobre
outros métodos ao caracterizar em tempo real essaevolugio
“siopatologica da NH.B®8Y A “gura 9 ilustra um laudo ele-
trodiagndstico tipico na hanseniase, demonstrando o padrédo
caracteristico de mononeuropatia mdltipla assimétrica.

O ECN/EMGavalia principalmente “bras mielinizadas de
grande calibre; portanto, apresenta baixa sensibilidade para
0 envolvimento isolado de “bras de pequeno calibre que
afetam a sensgéo térmica e dolorosa, podendo apresentar
resultados normais apesar dos sintomas. Por outro lado, a
desmielinizagdo aguda ou subaguda é facilmente detectada
na condud@o motora como laténcias prolongadas, velocidade
reduzida, blogueio de condugio e dispersdo temporal. %73
A condu@o sensorial tende a ser paralela ao teste com
mono“‘lamento de Semmes-Weinstein (ambos avaliam “bras
grandes), embora o teste com mono“lamento seja menos
sensivel do que o ECN/EMGpara a detec¢do precoce de
anormalidades.®%%°

Ultrassonogra“a

Aultrassonogra“a de nervos periféricos é método ndoinvasivo
que fornece avaliagdo morfolégica detalhada das estrutu-
ras neurais usando transdutores lineares de alta frequéncia
(12-18 MHz). O exame oferece medidas objetivas do espessa-
mento do nervo e identi“ca sinais de atividade in"amatdria
com Doppler colorido, complementando a avaliagdo clinica e
eletrodiagnostica na hanseniase?83

Os principais achados incluem aumento da area de
sec@o transversal (AST), alteragdes na textura interna e
hipervascularizagdo intra ou perineural. O espessamentodo
nervo - ASTacima doslimites normais - é o achado mais con-
sistente; valores >10 mm? s&o considerados anormais para
os nervos ulnar e mediano, e >15 mm? para o nervo “bular
comum, embora essesintervalos de referéncia variem entre
as populages. &

Aarquitetura fascicular normal - fasciculos discretos den-
tro do tecido conjuntivo - é substituida por ecogenicidade
heterogénea, re"etindo edema, in“ltrac,do celular ou “brose.
Durante episodios reacionais, o Doppler colorido demons-
tra aumento da vascularizad@o intraneural - observa@o
que se correlaciona com neurite ativa e pode preceder as
manifestagdes clinicas.’®%

A técnica de exame requer varredura bilateral sistema-
tica dos nervos mais frequentemente envolvidos. O nervo
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Figura 8

Achados eletrodiagnésticos na neuropatia desmielinizante

. (A) Condu@o motora ulnar bilateral. Esquerda: Nervo

ulnar direito normal. Direita: Nervo ulnar esquerdo com blogueio de condugo parcial (redugdo do PAMC>50%acima do cotovelo,
seta amarela). (B) Nervotibial direito no tornozelo. A1/B1: Nervo plantar medial; C1/D1: Nervo plantar lateral. Dispersdotemporal
progressivaevidente em B1/D1 (setas vermelhas). Velocidades reduzidas no tunel do tarso (19,3-19,0 m/s, circulado). Bloqueio de
condu@o e dispersdotemporal caracterizam a desmielinizacdo segmentar.

ulnar deve ser avaliado com aten¢do especial ao tlinel cubital
e ao segmento proximal, onde o espessamentoé mais pro-
nunciado. O nervo mediano é examinado no terco médio e
distal do antebrago, e o nervo “bular comum na cabe@ da
fibula. A avaliacdo bilateral propicia a identi“‘cac,do de assi-
metrias, achado caracteristico da mononeuropatia mdaltipla
relacionada & hanseniase®®

Adocumentagdo deve incluir medidas transversais da AST,
descricio da ecotextura e avaliagio Doppler.?* O padrédo
tipico de hanseniaseé de“nido por (i) 2 nervos espessados
que excedem oslimites de referéncia; ou (ii) assimetria entre
oslados (  AST>2,5 mm?; diferenga na ASTno mesmo local
a direita em comparado com a esquerda) combinada com
espessamentofocal aolongo do mesmonervo (diferenga >2,5
mm? entre os locais proximal e distal). Em uma série multi-
céntrica brasileira, essescritérios apresentaram sensibilidade
de 76%e especi‘cidade de 88%% A “gura 10 demonstra
achados ultrassonogra“cos tipicos na hanseniase.

A ultrassonogra“a oferece vantagens signi“‘cantes em
relacio a palpadgio clinica para detectar o espessamento
dos nervos. O coe“ciente kappa, que mede a concordancia
entre os métodos [variando de O (nenhuma concordancia)
a 1 (concordancia perfeita)], é de apenas 0,30 entre a
palpagdo e a ultrassonogra“a, indicando baixa concordancia.
Issodemonstra que muitos nervos consideradosespessadoqa
ultrassonogra“a néo sdodetectados pela palpagdo e, inversa-
mente, nervos considerados espessadosna palpagio podem
apresentar medidas normais na ultrassonogra“a. &

No seguimento pos-tratamento, podem ocorrer alteragdes
paradoxais. Alguns pacientes apresentam aumento do espes-
samento dos nervos apesar da poliquimioterapia adequada,
enquanto outros apresentam redugdes. O aumento pode
representar RT1em evolugdo, que requer corticosteroides,
ou simplesmente re”etir atividade in"amatéria residual sem
signi“cancia clinica. Por outro lado, a redugdo néo indica
necessariamente melhora e pode representar atro“a secunda-

ria a danos axonais irreversiveis. Essaaparente contradi¢io
reforca que os achados ultrassonogra“cos isoladamente sao
insu“cientes - aimagem deve sempre ser correlacionada com
manifestagdes clinicas, como dor nosnervos e piora da funcdo
sensorial ou motora. ®3 A “gura 11 fornece um exemplo de
laudo ultrassonogra“co tipico de nervo ulnar espessadopela
hanseniase.

Comparada com ECN/EMG, a ultrassonogra‘a apre-
senta maior sensibilidade (97,4% vs. 78,9%), porém menor
especi‘cidade (69,4%vs. 93,5%)% Para o seguimento pds-
-tratamento, esses dados sdo relevantes, uma vez que as
anormalidades neuro“siologicas detectadas por ECN/EMGsédo
geralmente mais especi“cas do que as alteragdes morfol6gi-
cas observadasna ultrassonogra“a.

Ao planejar a biopsia do nervo, a ultrassonogra-
a identi‘ca segmentos com maior espessamento e
hipervascularizagdo, guiando a biopsia para regifes com
maior probabilidade de anormalidades diagndsticas. O
método também auxilia na diferenciagdo de neuropatias
compressivas, que apresentam espessamentofocal con“nado
ao local anatbmico da compressdo, em contraste com o
padrdo mais amplo e assimétrico tipico da hanseniase®”’

No entanto, o espessamentodo nervo ndo é especi“co
da hanseniase. Além dos aprisionamentos focais em locais
comuns (tinel do carpo, tlnel cubital), diversas condiges
podem apresentar espessamento e hipervascularizagdo dos
nervos - neuropatias hereditarias como a doen@ de Charcot-
-Marie-Tooth, neuropatia hereditaria com predisposido a
paralisias por pressao(HNPP)e polineuropatia amiloide fami-
liar; neuropatias in"amatodrias, incluindo a sindrome de
Guillain-Barré e a neuropatia motora multifocal (e a neuropa-
tia sensitivo-motora multifocal); bem como neuro“bromatose
e tumores da bainha nervosa.®® Avariabilidade nosvalores de
referéncia entre populagdes e a auséncia de padronizagdo
universal também limitam a interpretacio. ®® Os achados
devem, portanto, serinterpretados aluz da prevaléncia regi-
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ESTUDOS ELETRODIAGNOSTICOS (ECN/EMG) — MEMBROS SUPERIORES E INFERIORES

Paciente:

Bata do exame:
Indicacéo:
Técnica:

M.S.L., homem de 42 anos
15/03/2024

Suspeita de neuropatia relacionada a doenga de Hansen (hanseniase)

Estudos de condugdo nervosa motora e sensitiva, ondas F; temperatura da pele 32 °C

ESTUDOS DE CONDUGAO NERVOSA MOTORA

Nervo Laténcia distal (ms) Amplitude do PAMC (mV) VCM (m/s) Onda F (ms)
Ulnar D 5.8 (LSN <4) (LIN >6) 35 (LIN >50) 35.2 (LSN <32)
Ulnar E 3.2 8.5 58 28.3

Mediano D 3.5 9.2 56 27.8

Mediano E 3.3 9.8 57 215

Fibular comum D 7.2 (LSN <5.5) 1.8 (LIN >3) 32 (LIN >40) Ausente
Fibular comum E 4.2 4.5 45 48.5

Tibial D 4.8 52 42 523

Tibial E 4.5 5.8 44 51.8

Nota: Blogueio parcial de condugéo (~40%) no nervo fibular comum direito entre a cabeca da fibula e o tornozelo. Nervo ulnar direito com lentificacéo
ao nivel do cotovelo: velocidade segmentar 35 m/s no cotovelo vs. 52 m/s no antebrago.

ESTUDOS DE CONDUGAO NERVOSA SENSORIAL

Nervo Laténcia de pico (ms) Amplitude do PANS (V) VCS (m/s)
Ulnar D PANS AUSENTE

Ulnar E 2.8 18 48
Mediano D 3.2 25 52
Mediano E 3.0 28 54
Radial D 25 (LIN >15) 50
Radial E 24 20 52
Sural D PANS AUSENTE

Sural E 3.8 12 42
Fibular super cial D PANS AUSENTE

Fibular super cial E 3.5 8 40

Comentério: Potenciais sensoriais ausentes nos nervos ulnar direito, sural direito e fibular superficial direito, com preservacéo contralateral.

ELETROMIOGRAFIA COM AGULHA

Musculo

Atividade espontanea Potenciais de unidade motora (MUAPs)  Recrutamento
ADM D (ulnar) Potenciais de fibrilagéo (+), Ondas positivas agudas (+) Polifasico, Duragéo aumentada Reduzido
ADM E Nenhuma Normal Normal
1° interésseo dorsal D ( ulnar)  Fibrillation potentials (+) Polifasico Reduzido
1° interésseo dorsal E Nenhuma Normal Normal
EDB D (bula r) fibrilagdo (++), Ondas positivas agudas (++) Polifasico, Amplitude ZZchaiggmeme
EDBE Nenhuma Normal Normal
Tibial anterior D ( bular) PSWs (+) = Ondas positivas agudas (+) Polifasico Reduzido
Tibial anterior E Nenhuma Normal Normal
APB D (mediano) Nenhuma Normal Normal
Gastrocnémio D Nenhuma Normal Normal

Resumo : Evidéncia de desnervagéo ativa nas distribuicdes ulnar direita e fibular direita. Distribuicdes mediano e posterior tibial preservadas.

CONCLUSAO:

Neuropatia sensorial-motora assimétrica com padréo de mon

Nervo ulnar direito: neuropatia sensitivo-motora axonal com desmielinizagéo focal ao nivel do cotovelo

oneurite multipla:

Nervo fibular comum direito: neuropatia axonal com bloqueio parcial de condugéao
Nervos sural direito e fibular superficial direito: neuropatia sensitiva axonal grave
Nervos contralaterais e nervos mediano/tibial posterior: preservados

Figura 9 Exemplo de laudo eletrodiagnéstico em hanseniase. Nervo ulnar com velocidade de condu@o motora reduzida (35
m/s; normal >50m/s) e ausénciade resposta sensorial; nervo “bular comum com bloqueio parcial de condugio na cabe@ da fibula;
nervos mediano e tibial preservados. Padrdo compativel com mononeuropatia multipla assimétrica.
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Figura 10

Ultrassonogra“a do nervo ulnar (plano transversal ao cotovelo) . (A) A imagem em modo B revela espessamento

acentuado com perimetro de 3,52 cm e area de aproximadamente 0,91 cm? ( 91 mm?); para referéncia, o normal é de aproxima-
damente 0,10 cm? ( 10 mm?). Observe o espessamentoepineural e halo hiperecoico em forma de crescente (seta). (B) O Doppler

colorido no mesmonivel mostra trés focos de "uxo peri/intraneural
in"amatoria.

onal dessascondigdes, evitando o diagndstico precipitado de
hanseniase.

Abordagem diagndstica integrada

A interpretacdo adequada de exames complementares é
essencial na avaliagho de pacientes que apresentam piora
durante ou apdés o tratamento da hanseniase. Trés condiges
frequentemente sesobrepdemclinicamente por compartilha-
rem manifestagdes semelhantes: o aparecimento de novas
lesBes, a piora de lesdes preexistentes ou a progressao do
comprometimento neural. A falha terapéutica manifesta-
-se como persisténcia ou progressdo das lesdes apesar do
tratamento regular, com persisténcia de bacilos viaveis. Os
episodios reacionais tardios caracterizam-se pelo reapare-
cimento subito de lesdes antigas ou pelo surgimento de
novas, sem multiplicac@o bacilar. A recidiva apresenta-se
com o reaparecimento gradual de les@es tipicas da hanse-
niaseapdsperiodo de cura, indicando renovada multiplicac do
bacteriana. 8910 intervalo desde a conclusdo do trata-
mento € elemento orientador fundamental para o diagndstico
diferencial. A falha terapéutica manifesta-se durante o tra-
tamento ativo, antes do término da poliquimioterapia. As
reages tardias ocorrem predominantemente nos primeiros
trés anos apds a conclusdo do tratamento, periodo em que
os fendmenos imunoldgicos permanecem frequentes. Apos
trés a cinco anos, a probabilidade de recidiva aumenta
progressivamente, re"etindo o tempo necessario para a
renovada multiplicac@o bacilar. Embora n&o seja absoluta,
essa distincdo temporal orienta a investigagdo laboratorial
subsequente %3

Emcasosmultibacilares, amicroscopia de raspadocutaneo
fornece parametros Uteis para a diferenciagdo. Nafalha tera-
péutica, os bacilos uniformemente corados persistem apesar
do tratamento em curso, com IB que permanece inalterado ou
diminui insu“cientemente. Os episddios reacionais mostram
IBestavel ou com declinio esperado( 1log/ano), comapenas
formas fragmentadas ou granulares. Narecidiva, ha aumento
no IBde 2 pontos em comparago com o IB na conclusao

(circulos 1 a 3) dentro da area Doppler, compativeis com neurite

do tratamento em qualquer local, com a presen@ de bacilos
sélidos uniformemente corados. Emcasospaucibacilares com
baciloscopia negativa, € necessériaa correlacdo com outros
parametros. >

A histopatologia agrega valor diagndstico signi“‘cante.
Quando ha suspeita de falha terapéutica, o indice baci-
lar histolégico (IBH)  3+apresentou sensibilidade de 73%
e especi‘cidade de 78%para discriminacdo. A presen@ de
granulomas espumosos aumenta a probabilidade de falha
terapéutica em 7,36 vezes, e o in“ltrado neural/perineural
persistente, juntamente com IBH elevado, reforga ainda
mais essa suspeita. Episédios reacionais do tipo 1 mostram
intensi“cacdo da resposta granulomatosa com edema inters-
ticial e aumento de células epitelioides e gigantes, mas sem
aumento da carga bacilar. Narecidiva, o padréo caracteris-
tico inclui o reaparecimento de macréfagos espumososcom
bacilos viaveis e reconstituicdo da zona de grenz.?*'8

A PCRfornece informagdes semiquantitativas através do
Ct, inversamente proporcional a carga bacilar. Valores de
Ct <25 sugerem alta carga (formas multibacilares ativas),
25 a 35 carga moderada e >35 baixa carga ou fragmentos
residuais. Em caso de falha terapéutica, a PCRpermanece
persistentemente positiva com valores de Ct baixos, re’e-
tindo a manutengdo da carga bacilar apesar do tratamento.
Episddiosreacionais mostram Ct alto ou indetectavel, consis-
tente com apenasfragmentos bacilares. Emcasode recidiva,
a PCRé positiva com Ct baixo em associgéo com bacilos
sélidos e IB crescente. Em casos paucibacilares com baci-
loscopia negativa, PCRpositiva apés trés anos do término
do tratamento, especialmente com Ct baixo, aponta para
recidiva. 404!

A sorologia anti-PGL-1 tem valor complementar, mas
limitagdes importantes. Ostitulos diminuem em aproximada-
mente 50%ao ano durante e apds o tratamento adequado.®?
Titulos persistentemente altos ou crescentes ap6s poliquimi-
oterapia sugerem falha terapéutica ou recidiva. Um indice
ELISA 3,95 mostra 79%de sensibilidade, mas apenas59%de
especi‘cidade para falha terapéutica. °> A sorologia isolada-
mente ndo determina o tratamento, pois osanticorpos podem
persistir por anos ap6s a eliminacio e“caz dos bacilos. %
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ULTRASSONOGRAFIA DE NERVOS PERIFERICOS

Paciente: M.S.L., homem de 42 anos
Data do exame: 15/03/2024
Indicagéo clinica: Suspeita de neuropatia por hanseniase

NERVO ULNAR

Direito (tunel cubital): AST = 18,2 mm2 (LSN: até 10 mm2)

Ecotextura: Perda do padréo fascicular, ecogenicidade heterogénea
Doppler colorido: Hipervascularizacéo intraneural presente

Esquerdo (tunel cubital): AST =7,1 mm2 (LSN: até 10 mm2)

Ecotextura: Padréo fascicular preservado

Doppler colorido: Sem sinais de hipervascularizacéo

NERVO FIBULAR COMUM

Direito (cabeca da fibula): AST = 22,5 mm? (LSN: até 15 mm?2)
Ecotextura: Alteracéo focal da ecotextura, aspecto hipoecoico
Doppler colorido: Ausente

Esquerdo (cabeca da fibula):  AST = 11,3 mm?2 (LSN: até 15 mmz2)

Ecotextura: Preservada

NERVO MEDIANO

Bilateral (punho):  D: 8,5 mm2 | E: 8,2 mm2 (LSN: até 10 mm?2)

Ecotextura: Preservada bilateralmente

CONCLUSAO:
* Espessamento focal do nervo ulnar direito no tdnel cubital com altera¢éo da ecotextura e
hipervascularizagdo (neurite ativa)
* Espessamento do nervo fibular comum direito na cabega da fibula
* Assimetria acentuada entre os lados

* Achados compativeis com mononeuropatia multipla, sugestiva de neuropatia por hanseniase

Figura 11 Exemplo de laudo ultrassonogrd“‘co em hanseniase. Espessamentofocal do nervo ulnar direito no tinel cubital (area
de secdo transversal [AST]de 18,2 mm?; normal <10 mm?), com perda do padréo fascicular, ecogenicidade heterogénea e aumento
do "uxo intraneural ao Doppler colorido - achadosindicativos de neurite ativa. Observa-setambém espessamentodo nervo “bular
comum direito (ASTde 22,5 mm?) com alteragio ecotextural focal. A comparagio com o lado contralateral revela assimetria
acentuada. Essesachadossdo compativeis com padrao de mononeuropatia multipla assimétrica associadaa hanseniase.
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Tabela 1

Parametros laboratoriais para diferenciar reacdo tardia de recidiva na hanseniase

Diagnédstico diferencial: reagdo tardia versus recidiva

Rea@o

Recidiva Utilidade

Liberagdo do tratamento 0 a 3 anos

(LDT)

>3 a5 anos Alta

Multibacilar (MB)

IB diminuindo em 1
log/ano; bacilos
fragmentados e/ou
granulares
Edemaintersticial;
granulomatosa
intensi“‘cada; aumento de
células
epitelioides/gigantes
Positiva com alto Ct (> 35)
ou negativa

Baciloscopia (IB)

Histopatologia resposta

PCR

Sorologia (anti-PGL-1) Titulos baixos/em declinio

IB 2 pontos acima do valor Alta - critério o“cial
ao término do tratamento

e/ou coloragdo uniforme

Moderada- in“Iltrado rico
em macréfagos ndo persiste
por anos

Novosmacrofagos
espumosos;zona de grenz
reconstituida;
uniformemente

Positiva com baixo Ct (< 25
a 35)

Moderada - positiva em
74%quando IB é

negativo®?

Baixa - ensaios

guantitativos raramente

disponiveis

Titulos persistentemente
elevados ou crescentes

Nota: Documentar sempre o IB ao término do tratamento para futuras comparagies. A PCRe o anti-PGL-1
isoladamente ndo con“rmam a recidiva, mas reforgam a suspeita quando o quadro clinico é compativel.
Paucibacilar (PB)

Baciloscopia (IB)
Histopatologia

Sempre negativa
Edemaintersticial;
granulomatosa
intensi“‘cada; necrose
“brinoide perineural
Negativa ou Ct >35

resposta

PCR

Sorologia (anti-PGL-1) Geralmente negativa

Nenhuma- nao diferencia
Moderada- mudan@s
reacionais séo especi“cas

Sempre negativa
Granuloma estavel sem
alteragdes agudas

Moderada - orienta as
decisbes quando positiva
Nenhuma - sensibilidade
<30%em PB*

Ct <30 (alta carga)

Geralmente negativa

Nota: O diagnéstico baseia-se no tempo decorrido desde o término do tratamento, na evolugdo clinica e na
resposta aos corticosteroides empiricos (até 30 dias para lesdes cutaneas; até 90 dias para neurite).

IB, indice baciloscopico; Ct, limiar do ciclo; MB, multibacilar; PB, paucibacilar.

A abordagem integrada maximiza a precisao diagndstica.
A combinagio de IBH 3+, anti-PGL-1 3,95 e PCRposi-
tivo com in“ltrado neural/perineural fornece valor preditivo
de 95%para falha terapéutica. * A andlise conjunta deve con-
siderar: tempo desde a concluséo do tratamento; trajetéria
do IBem relacdo ao valor basal; morfologia bacilar (sélida vs.
fragmentada); padrdo histopatolégico (granulomas espumo-
sos, in“ltrado neural); valor de Ct da PCR;e tendéncias nos
titulos soroldgicos.*0:4%:92

Quando ha suspeita ou con“rmacdo de falha terapéu-
tica, o teste de resisténcia a medicamentos é obrigatério. Os
ensaiosde PCRdirecionados podem identi“car mutagdes em
folP1 (dapsona), rpoB (rifampicina) e gyrA ("uoroquinolonas),
propiciando o tratamento individualizado. Paratestes mole-
culares con“aveis, amostrasde casoscom IB 2 +apresentam
sensibilidade de 90%, enquanto valores de IB mais baixos
reduzem a sensibilidade para 20%a 40%?* Avigilancia brasi-
leira mostra baixa prevaléncia geral de resisténcia molecular
( 1,4%),em grande parte con“nada arecidiva ou suspeita de
falha do tratamento, o que justi“ca o foco dos testes nesses
cenarios.®®

Essaestrutura integrada possibilita a distingdo con“avel
entre falha terapéutica decorrente da resisténcia a medica-
mentos, reacdo tardia e recidiva, fundamentando decis6es
terapéuticas apropriadas para cada cenario clinico especi-
“co. Atabela 1resume os principais parametros laboratoriais
para distinguir reagdo tardia de recidiva - as duas situagdes
gue mais comumente geram incerteza diagnostica durante o
seguimento pods-tratamento.

Concluséao

Testes diagndésticos complementares séo valiosos no diagnds-
tico da hanseniase, cada um com indicagdes e limitagdes
de“nidas. A microscopia de raspado cutaneo e a histopato-
logia sdo mais informativas em casos avang@dos de doen@
multibacilar; em apresentagdes iniciais - quando o diagnos-
tico répido é crucial -, suasensibilidade € limitada. Métodos
moleculares podem aprimorar a detec¢do em casosselecio-
nados, embora a disponibilidade ainda seja limitada.
Paraavaliacdo neuroldgica, o teste com mono“‘lamento de
Semmes-Weinsteincontinua sendoo método preferido por sua
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praticidade e reprodutibilidade, devendo ser utilizado roti-
neiramente. O teste de histamina complementa a avaliagdo
autondmica e é particularmente Util em formas indeter-
minadas. Estudos de condu@o nervosa/eletromiogra‘a e
ultrassonogra“a fornecem informagdes adicionais quando dis-
poniveis, mas ndo substituem a avaliagdo clinica seriada.
Estudos recentes de ressonancia magnética descreveram o
envolvimento da medula espinal, juntamente com alteragdes
nos ganglios da raiz dorsal e no plexo braquial, ampliando
0 espectro reconhecido de envolvimento neural, embora o
papel diagnéstico da ressonancia magnética permane@ sob
investigagio. 5%

Nenhum teste laboratorial isolado con‘rma o diagnéstico
de hanseniase precoce. O julgamento clinico dermatoneu-
rolégico - apoiado por testes funcionais simples, como o
teste do mono“lamento e o teste da histamina - permanece
decisivo, com todos os outros testes interpretados dentro do
contexto clinico-epidemiolégico.

ORCIDID

Mirian Nacagami Sotto: 0000-0001-6380-7192
José Antdnio Garbino: 0000-0002-4042-5797
Jodo Avancini: 0000-0003-3038-6373
Maria Angela Bianconcini Trindade: 0000-0003-1011-766X

Suporte “nanceiro

Nenhum.

Disponibilidade de dados de pesquisa

Todo o conjunto de dadosque da suporte aosresultados deste
estudo foi publicado no préprio artigo.

Contribuicdo dos autores

Luis Alberto Ribeiro Frées Junior: conceitualizagdo; cura-
doria de dados; metodologia. andlise formal; investigago;
validagdo; visualizagdo; redagdo - rascunho original.

Mirian Nacagami Sotto: Curadoria de dados; redagio-
-revisao e edigio.

José Antdnio Garbino: Curadoria de dados; redagio-
-revisdo e edico.

Jodo Avancini: Curadoria de dados; redagdo-revisdo e
edigdo.

Maria Angela Bianconcini Trindade: Superviséo; redagio-
-revisdo e edigio.

Con’"ito de interesses

Nenhum.

Editor

Silvio Alencar Marques

Agradecimentos

Os autores agradecem ao professor Marco Andrey Cipriani
Frade, da Faculdade de Medicina de Ribeiréo Preto da Univer-
sidade de SaoPaulo, pela gentil autorizacdo para utilizagdo
dasimagens do exame de histamina.

Referéncias

1. Frade MAC, Rosa DJF, Bernardes-Filho F, Spencer JS, Foss NT.
Semmes-Weinsteinmono“lament: a tool to quantify skin sensa-
tion in macular lesions for leprosy diagnosis. Indian J Dermatol
Venereol Leprol. 2021;87:807-15.

2. Froes Junior LAR, Sotto MN, Trindade MAB. Leprosy in the
21st century: a comprehensive review of immunological mecha-
nisms, diagnosis, and treatment. Rev Inst Med Trop Sao Paulo.
2025;67:e74.

3. Amenu A, SaundersonP, Desta K, ByassP. The pattern of decline
in bacillary index after 2 years of WHOrecommended multiple
drug therapy: the AMFESohort. Lepr Rev. 2000;71:332-7.

4. CarvalhoDornelasB, CostaWVT, Abreu JPF, DaudJS, CamposFAR,
SenaACFet al. Role of histopathological, serological and molecu-
lar “ndings for the early diagnosisof treatment failure in leprosy.
BMCinfect Dis. 2024;24:1085.

5. Ridley DS. Clinical and histological aspects of the spectrum of
leprosy. Int J Lepr Other Mycobact Dis. 1964;32:255-69.

6. Ridley DS, Hilson GRF. A logarithmic index of bacilli in biop-
sies: the granuloma index. Int J Lepr Other Mycobact Dis.
1967;35:184-6.

7. Kumaran SM, Bhat IP, Madhukara J, Rout P, Elizabeth J. Compa-
rison of bacillary index on slit skin smear with bacillary index
of granuloma in leprosy and its relevance to present therapeutic
regimens. Indian J Dermatol. 2015;60:51-4.

8. Froes LAR Jr, Sotto MN, Trindade MAB. Leprosy: clinical
and immunopathological characteristics. An Bras Dermatol.
2022;97:338-47.

9. Froes LARJr, Pagliari C, Trindade MAB, Sotto MN. B-cell subsets
in leprosy lesions: unraveling the complex interplay. An BrasDer-
matol. 2025;100:501184.

10. Ridley DS, Jopling WH. Classi“cation of leprosy according to
immunity - a “ve-group system. Int J Lepr Other Mycobact Dis.
1966;34:255-73.

11. Massone C, Belachew WA, Schettini A. Histopathology of the
lepromatous skin biopsy. Clin Dermatol. 2015;33:38-46.

12. Ridley DS, Job CK. The pathology of leprosy. In: Hastings RC,
editor. Leprosy. New York: Churchill Livingstone; 1985. p. 100-13.

13. Antunes SL, Chimelli L, Jardim MR, Heise CO, Nascimento OJM,
Andrada-SerpaMJ, et al. Histopathological examination of nerve
samples from pure neural leprosy patients: obtaining maximum
information to improve diagnostic ef‘ciency. Mem Inst Oswaldo
Cruz. 2012;107:246-53.

14. FroesLARJr, Trindade MAB,Sotto MN. Immunology of leprosy. Int
RevImmunol. 2022;41:72-83.

15. Gobbo AR, Bouth RC, Moraes TMP, Pinto P, da Costa PF, Barreto
JG, et al. NDO-BSALID-1, and NDO-LIDantibody responsesfor
infection and RLEPby quantitative PCRasa con“rmatory test for
early leprosy diagnosis. Front Trop Dis. 2022;3:850886.

16. Canuto MJM, Yacoub CRD, Trindade MAB, Avancini J, Pagliari C,
Sotto MN. Histoid leprosy: clinical and histopathological analysis
of patients in follow-up in university clinical hospital of endemic
country. Int J Dermatol. 2018;57:707-12.

17. Silva LM, de SousaJR, Hirai KE, DiasLB Jr, Furlaneto IP, Carneiro
FRO, et al. The in"ammasome in leprosy skin lesions: an immu-
nohistochemical evaluation. Infect DrugResist.2018;11:2231-40.

18. Lockwood DN, Lucas SB, Desikan KV, Ebenezer G, Suneetha S,
Nicholls P. The histological diagnosisof leprosy type 1 reactions:
identi“cation of key variables and an analysis of the process of
histological diagnosis. J Clin Pathol. 2008;61:595-600.

19. Chandi SM,ChackoCJ, Fritschi EP,Job CK. Segmental necrotizing
granulomatous neuritis of leprosy. Int J Lepr Other Mycobact Dis.
1980;48:41-7.

20. Trindade MAB,Brandt H, Teixeira R, Sotto MN, Fleury RN. Leprosy
with necrosis in granulomatous reaction. Braz J Infect Dis.
2008;12:460.

21. MabalayMC,Helwig EB, Tolentino JG, Binford CH. The histopatho-
logy and histochemistry of erythema nodosum leprosum. Int J
Lepr Other Mycobact Dis. 1965;33:28-49.

17


http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0485
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0490
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0495
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0500
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0505
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0510
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0515
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0520
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0520
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0520
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0520
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0520
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0520
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0520
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0520
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0520
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0520
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0520
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0520
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0520
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0520
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0520
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0520
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0520
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0520
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0520
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0520
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0520
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0520
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0525
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0530
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0535
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0535
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0535
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0535
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0535
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0535
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0535
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0535
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0535
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0535
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0535
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0535
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0535
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0535
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0535
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0535
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0535
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0535
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0535
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0535
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0535
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0540
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0545
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0550
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0550
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0550
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0550
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0550
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0550
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0550
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0550
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0550
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0550
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0550
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0550
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0550
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0550
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0550
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0550
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0550
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0550
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0550
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0550
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0550
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0550
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0555
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0560
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0565
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0570
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0575
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0580
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0585

L.A. Frées Junior, M.N. Sotto, J. Avancini et al.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Wemambu SN, Turk JL, Waters MF, ReesRJ. Erythema nodosum
leprosum: a clinical manifestation of the Arthus phenomenon.
Lancet. 1969;2:933-5.

Trindade MA, Benard G, Ura S, Ghidella CC, Avelleira JC, Vianna
FR, et al. Granulomatous reactivation during the course of
a leprosy infection: reaction or relapse. PLoS Negl Trop Dis.
2010;4:€921.

MoschellaSL.Primary diffuse lepromatous leprosy with erythema
necrotisans (Lucio phenomenon). Arch Dermatol. 1968;97:593-4.
Fite GL. The vascular lesions of leprosy. Int J Lepr Other Mycobact
Dis. 1941;9:193-202.

Barreto JA. Diagnéstico laboratorial da hanseniase.In: Alves ED,
Ferreira TL, Nery |, editors. Hanseniase:avan®s e desa“os. Bra-
silia: NESPROM/UnB2014. p. 134-44.

Maymone MBC, Laughter M, Venkatesh S, Dacso MM, Rao PN,
Stryjewska BM, et al. Leprosy: clinical aspects and diagnostic
techniques. J Am Acad Dermatol. 2020;83:1-14.

Trindade MA, Miyamoto D, Benard G, Sakai-Valente NY, Vascon-
celos DM, NaafsB. Leprosy and tuberculosis co-infection: clinical
and immunological report of two casesand review of the litera-
ture. Am J Trop Med Hyg. 2013;88:236-40.

Zhu TH, KamangarF, Silverstein M, Fung MA. Borderline tubercu-
loid leprosy masquerading as granuloma annulare: a clinical and
histological pitfall. Am J Dermatopathol. 2017;39:296-9.
Chatterjee D, Bhattacharjee R, SaikiaUN.Non-infectious granulo-
matous dermatoses: a pathologistes perspective. Indian Dermatol
Online J. 2021;12:515-28.

Abbas O, Bhawan J. Leprosy: pathogenesis and histopathology.
Dermatol Clin. 2011;29:205-17.

Job CK. Nerve damage in leprosy. Int J Lepr Other Mycobact Dis.
1989;57:532-9.

Majumdar S, Srivastava G, Kumar P. Clinicohistological disparity
in leprosy. Indian J Dermatol Venereol Leprol. 2003;69:178-9.
Sehgal VN, Koranne RV, Sehgal S, Beoher PC, Sharma VK. Cor-
relation of morphological, bacteriological, histopathological and
immunological feature of leprosy. a double-blind study. J Derma-
tol. 1985;12:243-50.

Garbino JA, MarquesW Jr, Barreto JA, Heise CO, RodriguesMMJ,
Antunes SL, et al. Primary neural leprosy: systematic review. Arq
Neuropsiquiatr. 2013;71:397-404.

Theuvenet WJ, MiyazakiN, RocheP, Shresthal. Cytological needle
aspiration of the nerve for the diagnosisof pure neural leprosy.
Int J Lepr Other Mycobact Dis. 1993;61:597-9.

Reja AH, De A, BiswasS, Chattopadhyay A, Chatterjee K, Palit A,
et al. Useof “ne-needle aspirate from peripheral nerves of pure-
-neural leprosy for cytology and PCRto con“rm the diagnosis: a
pilot study. Indian J Dermatol Venereol Leprol. 2013;79:789-94.
Vengalil S, VasanthV, Thomas M, Kanikannan MA, Kurian R, Goel
A, et al. Appropriately selected nerve in suspected leprous neu-
ropathy yields high positive results for Mycobacterium leprae
DNADby polymerase chain reaction method. Am J Trop Med Hyg.
2020;103:209-13.

AzevedoMCS RamunoNM, Fachin LR, TassaM, RosaPS,Belone AF,
et al. qPCRdetection of Mycobacterium leprae in biopsies and slit
skin smear of different leprosy clinical forms. Braz J Infect Dis.
2017;21:71-8.

Martinez AN, Britto CF, Nery JA, Sampaio EP, Jardim MR, Sarno
EN, et al. Evaluation of real-time and conventional PCRtargeting
complex 85 genesfor detection of Mycobacterium leprae DNAIn
skin biopsy samples from patients diagnosed with leprosy. J Clin
Microbiol. 2006;44:3154-9.

Mohanty PS, Naaz F, Bansal AK, Kumar D, Sharma S, Arora M,
et al. Molecular detection of Mycobacterium leprae using RLEP-
-PCRin post-elimination era of leprosy. Mol Biol Res Commun.
2020;9:17-22.

Fiallo P, Williams DL, Chan GP, Gillis TP. Effects of “xation on
polymerase chain reaction detection of Mycobacterium leprae. J
Clin Microbiol. 1992;30:3095-8.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

18

Goulart IM, Cardoso AM, Santos MS, Goncalves MA, Pereira JE,
Goulart LR. Detection of Mycobacterium leprae DNAin skin lesions
of leprosy patients by PCRmay be affected by amplicon size. Arch
Dermatol Res.2007;299:267-71.

de Wit MY, Faber WR, Krieg SR, Douglas JT, Lucas SB, Montre-
ewasuwat N, et al. Application of a polymerase chain reaction
for the detection of Mycobacterium leprae in skin tissues. J Clin
Microbiol. 1991;29:906-10.

Kurabachew M, Wondimu A, Ryon JJ. Reverse transcription-PCR
detection of Mycobacterium leprae in clinical specimens. J Clin
Microbiol. 1998;36:1352-6.

Martinez AN, Talhari C, MoraesMO, Talhari S. PCR-basedechni-
quesfor leprosy diagnosis: from the laboratory to the clinic. PLoS
Negl Trop Dis. 2014;8:2655.

Araujo S, Freitas LO, Goulart LR, Goulart IM. Molecular evidence
for the aerial route of infection of Mycobacterium leprae and the
role of asymptomatic carriers in the persistence of leprosy. Clin
Infect Dis. 2016;63:1412-20.

de Wit MY, DouglasJT, McFaddenJ, Klatser PR. Polymerase chain
reaction for detection of Mycobacterium leprae in nasal swab
specimens. J Clin Microbiol. 1993;31:502-6.

Bertdo-Santos A, Dias LS, Ribeiro-Alves M, Pinheiro RO, Moraes
MO, Manta FSN, et al. Validation of the performance of a
point-of-care molecular test for leprosy: from a simpli‘ed DNA
extraction protocol to a portable qPCR. PLoS Negl Trop Dis.
2024,18:e0012032.

Santos DFD, Mendona MR, Antunes DE, Sabino EFP, Pereira RC,
Goulart LR, et al. Revisiting primary neural leprosy: clinical,
serological, molecular, and neurophysiological aspects. PLoSNegl|
Trop Dis. 2017;11:e0006086.

Lima FR, de Paula NA, Simées MMR, Manso GMC, Albertino GS,
Felisbino GC, et al. Bacilloscopy and polymerase chain reaction
of slit-skin smearsand anti-phenolic glycolipid-I serology for Han-
senesdisease diagnosis. Front Med (Lausanne). 2022;9:972244.
Pathak VK, Sharma A, Sharma A, Singh I, Kaur M, Narang T,
et al. Diagnostic utility of multiplex polymerase chain reaction
in clinically suspected pure neuritic leprosy by identifying Myco-
bacterium leprae in skin biopsy samples and nasal swabs. Am J
Trop Med Hyg. 2024;111:554-9.

Spitz CN, Pitta IJR, Versiani I, Sales AM, de SousaACS, Hacker
MA, et al. Multimodal approach to the diagnosis of pure neural
neuropathy in leprosy. Front Med (Lausanne). 2025;12:1645960.
Romero CP, Castro R, do Brasil PEA,Pereira DR, Pinheiro RO, Tos-
cano CM, et al. Accuracy of rapid serological tests for leprosy
diagnosis: a systematic review and meta-analysis. Mem Inst
Oswaldo Cruz. 2022;117:e220317.

Buhrer-Sékula S, Smits HL, GussenhovenGC, van Leeuwen J,
Amador S, Fujiwara T, et al. Simple and fast lateral "ow test
for classi“cation of leprosy patients and identi“cation of con-
tacts with high risk of developing leprosy. J Clin Microbiol.
2003;41:1991-5.

SpencerJS, Duthie MS,Geluk A, Balagon MF, Kim HJ, Wheat WH,
et al. Identi“cation of serological biomarkers of infection, disease
progressionand treatment ef‘cacy for leprosy. MemInst Oswaldo
Cruz. 2012;107:79-89.

da Silva MB, Li W, Bouth RC,Gobbo AR, MessiasACC,MoraesTMP,
et al. Latent leprosy infection identi“ed by dual RLEPand anti-
-PGL-I positivity: implications for new control strategies. PLoS
One. 2021;16:e0251631.

Niitsuma ENA, Bueno IC, Arantes EO, Carvalho APM, Xavier
Junior GF, Fernandes GDR, et al. Factors associated with the
development of leprosy in contacts: a systematic review and
meta-analysis. Rev Bras Epidemiol. 2021;24:€210039.

Frade MA, de Paula NA, GomesCM, Vernal S, Bernardes Filho F
LugdoHB, et al. Unexpectedly high leprosy seroprevalence detec-
ted using a random surveillance strategy in midwestern Brazil: a
comparison of ELISAand a rapid diagnostic test. PLoSNegl Trop
Dis. 2017;11:e0005375.


http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0590
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0595
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0600
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0600
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0600
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0600
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0600
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0600
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0600
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0600
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0600
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0600
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0600
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0600
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0600
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0600
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0600
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0600
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0600
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0600
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0600
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0605
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0605
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0605
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0605
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0605
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0605
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0605
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0605
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0605
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0605
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0605
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0605
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0605
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0605
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0605
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0605
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0605
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0605
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0605
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0610
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0615
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0620
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0625
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0630
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0635
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0635
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0635
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0635
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0635
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0635
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0635
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0635
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0635
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0635
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0635
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0635
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0635
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0635
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0635
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0635
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0640
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0640
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0640
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0640
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0640
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0640
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0640
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0640
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0640
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0640
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0640
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0640
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0640
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0640
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0640
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0640
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0640
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0640
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0645
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0650
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0655
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0660
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0665
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0670
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0675
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0680
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0685
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0690
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0695
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0700
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0705
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0710
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0715
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0720
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0725
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0730
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0735
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0740
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0745
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0750
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0755
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0760
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0765
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0770
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0775

Anais Brasileiros de Dermatologia 2026;101(2) :501297

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Santos DFD, Mendon@ MR, Antunes DE, Sabino EFP, Pereira RC,
Goulart LR, et al. Molecular, immunological and neurophysio-
logical evaluations for early diagnosis of neural impairment in
seropositive leprosy household contacts. PL0oS Negl Trop Dis.
2018;12:e0006494.

Barreto JG, GuimaraesLS, Frade MAC,RosaPS, SalgadoCG. High
rates of undiagnosed leprosy and subclinical infection amongst
school children in the Amazon Region. Mem Inst Oswaldo Cruz.
2012;107:60-7.

Hayashi F. Mitsudass skin reaction
1933;1:31-8.

Fernandez JM. The early reaction induced by lepromin. Int J Lepr.
1940;8:1-14.

Kumar B, Uprety S, Dogra S. Clinical diagnosis of leprosy. In:
Scollard DM, Gillis TP, editors. International Textbook of Leprosy.
Greenville (SC): American Leprosy Missions;2017.

van Brakel WH, Nicholls PG, Wilder-Smith EP, DasL, Barkataki P,
Lockwood DN, INFIRStudy Group. Early diagnosisof neuropathy in
leprosy - comparing diagnostic tests in a large prospective study
(the INFIRcohort study). PLoSNegl Trop Dis. 2008;2:€212.

Frade MAC, Bernardes Filho F, Silva CML, Voltan G, Lima FR,
Abi-Rached TLC, et al. Evaluation of altered patterns of tactile
sensation in the diagnosis and monitoring of leprosy using the
Semmes-Weinsteinmono“laments. PLoSOne. 2022;17:e0272151.
Richardus JH, Nicholls PG, Croft RP, Withington SG, Smith WC.
Incidence of acute nerve function impairment and reactions in
leprosy: a prospective cohort analysis after 5 years of follow-up.
Int J Epidemiol. 2004;33:337-43.

Saunderson PR, Gebre S, Desta K, ByassP, Lockwood DN. The
pattern of leprosy-related neuropathy in the AMFESpatients in
Ethiopia: de“nitions, incidence, risk factors and outcome. Lepr
Rev. 2000;71:285-308.

Khambati FA, Shetty VP, Ghate SD, Capadia GD. Sensitivity and
speci“city of nerve palpation, mono“lament testing and volun-
tary muscle testing in detecting peripheral nerve abnormality,
using nerve conduction studies as gold standard; a study in 357
patients. Lepr Rev. 2009;80:34-50.

Shelley BP, Shenoy MM. Revisiting Hansenesdisease: recognizing
the many neurodermatologic faces and its diagnostic challenges.
Arch Med Health Sci. 2018;6:157-70.

Khadilkar SV,Patil SB,Shetty VP.Neuropathies of leprosy. J Neurol
Sci. 2021;420:117288.

AndersonAM, Croft RP.Reliability of Semmes-Weinsteinmono“la-
ment and ballpoint sensorytesting, and voluntary muscle testing
in Bangladesh. Lepr Rev. 1999;70:305-13.

Akita J, Miller LHG, Mello FMC, Barreto JA, Moreira AL, Salgado
MH, et al. Comparisonbetween nerve conduction study and high-
-resolution ultrasonography with color Doppler in type 1 and type
2 leprosy reactions. Clin Neurophysiol Pract. 2021;6:97-102.
Frade MAC, Nogueira-BarbosaMH, Lug&o HB, Furini RB, Marques
Junior W, FossNT. New sonographic measures of peripheral ner-
ves: a tool for the diagnosis of peripheral nerve involvement in
leprosy. Mem Inst Oswaldo Cruz. 2013;108:257-62.

Garbino JA. Eletroneuromiogra“a em hanseniase.In: DuerksenF,
Virmond M, editors. Cirurgia reparadora e reabilitacdo em hanse-
niase. Bauru: Centro de EstudosDr. Reynaldo Quagliato; Instituto
Lauro de SouzalLima; 1997.

Garbino JA, Heise CO, MarquesW Jr. Assessingnerves in leprosy.
Clin Dermatol. 2016;34:51-8.

Van den Bergh PYK, van Doorn PA, Hadden RDM, Avau B,
Vankrunkelsven P, Allen JA, et al. European Academy of Neu-
rology/Peripheral Nerve Society guideline on diagnosis and
treatment of chronic in"ammatory demyelinating polyradiculo-
neuropathy: secondrevision. Eur J Neurol. 2021;28:3556-83.
RamadanW, Mourad B, Fadel W, GhorabaE. Clinical, electrophy-
siological, and immunopathological study of peripheral nervesin
Hansenesdisease. Lepr Rev. 2001;72:35-49.

Tomaselli PJ, DosSantosDF, DosSantosACJ, Antunes DE, Marques
VD, FossNT, et al. Primary neural leprosy: clinical, neurophy-

in leprosy. Int J Lepr.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

19

siological and pathological presentation and progression. Brain.
2022;145:1499-506.

Garbino JA, Virmond MC, Ura S, Salgado MH, Naafs B. A ran-
domized clinical trial of oral steroids for ulnar neuropathy in
type 1 andtype 2 leprosy reactions. Arg Neuropsiquiatr. 2008;66:
861-7.

Garbino JA, Naafs B, Ura S, SalgadoMH, Virmond M. Neurophysi-
ological patterns of ulnar nerve neuropathy in leprosy reactions.
Lepr Rev. 2010;81:206-15.

Jain S, VisserLH, Praveen TL, RaoPN, SurekhaT, Ellanti R, et al.
High-resolution sonography: a new technique to detect nerve
damagein leprosy. PLoSNegl Trop Dis. 2009;3:e498.

Lugédo HB, Frade MAC, Marques W Jr, FossNT, Nogueira-Barbosa
MH. Ultrasonography of leprosy neuropathy: a longitudinal pros-
pective study. PLoSNegl Trop Dis. 2016;10:e0005111.

De Martino Luppi A, Ferreira GE, Borges IS, Antunes DE,
Araudjo L, Dos Santos DF, et al. Role of multisegmental nerve
ultrasound in the diagnosis of leprosy neuropathy. PL0S One.
2024;19:e0305808.

Voltan G, Filho FB, de Paula NA, SantanaJM, Silva CML, Barreto
JG, et al. Point-of-care ultrasound of peripheral nerves in the
diagnosis of Hansenesdisease neuropathy. Front Med (Lausanne).
2022;9:985252.

Voltan G. Ultrassonogra“a de nervos periféricos na han-
seniase [Internet]. Info Hansen. 2020 [acesso em 19
set. 2025]. Disponivel em: <https://brinfohansen.org/
produ%C3%A7%C3%B5es/livros/livro-hnpc/ultrassonogra“a-
de-nervos-perif%oC3%A9ricos-na-hansen%C3%ADase

Elias J, Nogueira-Barbosa MH, Feltrin LT, Furini RB, Foss NT,
Marques W. Role of ulnar nerve sonography in leprosy neuro-
pathy with electrophysiologic correlation. J Ultrasound Med.
2009;28:1201-9.

Goedee HS, Brekelmans GJ, van AsseldonkJT, Beekman R, Mess
WH, Visser LH. High-resolution sonography in the evaluation of
the peripheral nervous systemin polyneuropathy: areview of the
literature. EurJ Neurol. 2013;20:1342-51.

Jamet P, Ji B, Marchoux Chemotherapy Study Group. Relapse
after long-term follow up of multibacillary patients treated
by WHO multidrug regimen. Int J Lepr Other Mycobact Dis.
1995;63:195-201.

Balagon MV, Gelber RH, Abalos RM, Cellona RV, BurgosJA, Guer-
rero MI, et al. Reactions following completion of 1- and 2-year
multidrug therapy (MDT). Am J Trop Med Hyg. 2010;83:637-44.
Nascimento ACM, SantosDF, Antunes DE, Gong@lves MA, Santana
MAO, Dornelas BC, et al. Leprosy relapse: a retrospective study
on epidemiologic, clinical, and therapeutic aspectsat a Brazilian
referral center. Int J Infect Dis. 2022;118:44-51.

Hungria EM, Oliveira RM, Souza AL, Aderaldo LC, Pontes MAA,
Cruz R, et al. Mycobacterium leprae-speci‘c antibodies in mul-
tibacillary leprosy patients decrease during and after treatment
with either the regular 12 dosesmultidrug therapy (MDT)or the
uniform 6 dosesMDT. Front Immunol. 2018;9:1100.

SilvaEA, lyer A, Ura S, Lauris JR, Naafs B, DasPK, et al. Utility of
measuring serum levels of anti-PGL-I antibody, neopterin and C-
-reactive protein in monitoring leprosy patients during multi-drug
treatment and reactions. Trop Med Int Health. 2007;12:1450-8.
Sevilha-SantosL, Pinto P, Lopes L, Bernardes Filho F, FossNT,
Martinez AN. Sensitivity of different DNAextraction methods and
PCRto detect resistance in patients with leprosy strati“ed by the
bacilloscopic index. Braz J Infect Dis. 2022;26:102381.

Andrade ESN, Brandao JG, Silva JSD, Coriolano CRF, Rosa PS,
Moraes MO, et al. Antimicrobial resistance among leprosy pati-
ents in Brazil: real-world data based on the national surveillance
plan. Antimicrob Agents Chemother. 2022;66:€02170-2221.
Verma S, Garg RK, Rizvi I, Malhotra HS, Kumar N, Jain A, et al.
Central nervous system, spinal root ganglion and brachial plexus
involvement in leprosy: a prospective study. J Cent Nerv SystDis.
2022;14:11795735221135477.


http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0780
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0785
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0790
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0790
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0790
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0790
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0790
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0790
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0790
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0790
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0790
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0790
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0790
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0790
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0790
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0790
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0790
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0790
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0790
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0790
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0790
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0795
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0795
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0795
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0795
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0795
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0795
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0795
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0795
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0795
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0795
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0795
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0795
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0795
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0795
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0795
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0795
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0795
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0800
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0805
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0810
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0815
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0820
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0825
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0830
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0835
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0835
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0835
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0835
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0835
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0835
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0835
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0835
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0835
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0835
http://refhub.elsevier.com/S2666-2752(26)00075-5/sbref0835

