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RESUMO
Introducdo: A tuberculose ainda é um grave problema de satde publica global, além de em
2019 ter sido a principal causa de morte, por uma Unica doenca, dentre as doencas infecciosas.
A incidéncia de tuberculose na populacdo privada de liberdade é 10 vezes maior que na
populacdo em geral e, o diagndstico precoce pode ser uma estratégia de controle nestes
ambientes, considerados de alta carga da doenga. O uso do raio-x do térax (RXT), associando
a inteligéncia artificial, pode acelerar a deteccdo de casos de tuberculose pulmonar durante a
triagem em massa nas prisdes. Nesta perspectiva, neste estudo o objetivo foi comparar quatro
métodos de interpretacdo automatizada de raio-x para triagem em massa de tuberculose em
prisdes. Métodos: Foi realizado um estudo transversal, em trés penitenciarias do estado do Mato
Grosso do Sul, entre os anos de 2017 a 2019. Um questionario foi aplicado para obter dados
demogréficos, historico de prisdo, estilo de vida, historico de saude e sintomas sugestivos de
TB. Em seguida foi realizado o RXT, e as imagens foram transferidas eletronicamente para
analise automatizada pelo CAD4TB verfes 5 e 6 e para o sistema LUNIT INSIGHT CXR2
versdes Th e MCA. E atribuido um escore de 0 a 100 para as versdes do CAD4-TB, e foi
considerado alterado o score > 60. Para o LUNIT o escore varia de 0 a 1, sendo alterado, o valor
> 0.88. Apos o RXT foi coletado uma amostra de escarro para realizagdo de teste molecular
Xpert MTB/RIF. O banco de dados foi gerenciado por meio do REDcap®. Para as analises
calculou-se a sensibilidade, a especificidade e a area sob a curva-AUC, e os resultados
comparados por meio do intervalo de confianca. Resultados: Foram analisadas 7081 imagens de
RXTx e observou-se uma AUC de 0,92 para o LUNIT-TB, 0,88 para os CAD4TB V5 e V6.
Identificou-se que os individuos com radiografias alteradas no LUNIT-TB, a sensibilidade foi
de 33,4% e a especificidade de 94,8%. Além disso, o0 LUNIT- TB teve um desempenho mais
potente ao diferenciar os individuos com pontuacdo baixa e alta quando comparado com as
versdes do CAD4-TB. Conclusdo: Os resultados sugerem que o uso de RXT auxiliado com
interpretacdo automatizada, pode ser uma estratégia eficiente de rastreamento em massa em

ambientes de alto risco para tuberculose.

Palavra-chave: Triagem em massa. Tuberculose. Prisdo. Raio-X. Interpretacdo automatizada.

Diagndstico



ABSTRACT

Introduction: Tuberculosis remains a serious global public health problem and it is the leading
isolated cause of death among infectious diseases. The incidence of tuberculosis in the
population deprived of liberty is 10 times higher than in the general population, early diagnosis
is a control strategy in these high-incidence environments. The use of x-ray combined with
artificial intelligence can accelerate the detection of active tuberculosis cases, during mass
screening in prisons. In this perspective, this study aimed to compare four automated x-ray
interpretation methods for mass tuberculosis screening in prisons. Methods: A cross-sectional
study was carried out in three prisons in the state of Mato Grosso do Sul, from which the data
were collected from 2017 to 2019. Demographic data, prison history, lifestyle, health history
and symptoms suggestive of tuberculosis were collected through a questionnaire. Then, the x-
ray was performed, and the images were electronically transferred for automated analysis by
CADA4-TB, versions 5 and 6, and to the LUNIT INSIGHT CXR2 system, versions Th and MCA.
For both CAD4-TB versions, with score range from 0 to 100, scores > 60 was considered
altered. While for LUNIT system, the score ranges from 0 to 1, being altered, the value > 0.88.
After the x-ray, a sputum sample was collected to be processed in the Xpert MTB/RIF. All
information was recorded in REDcap® and sensitivity, specificity and area under the AUC-
curve were calculated, and the results was compared using the confidence interval. Results:
7081 x-ray images were analyzed and observed an AUC of 0.92 was observed for LUNIT-TB,
0.88 for CAD4TB v5 and v6. It was identified that 33.4% of individuals with altered
radiographs in LUNIT-TB were diagnosed with tuberculosis and specificity of 94.8%. In
addition, in LUNIT-TB it performed more powerfully to differentiate individuals with low and
high scores when compared to the CAD4TB versions. Conclusion: The results suggest that the
use of chest radiography supported by automated interpretation can be an efficient strategy for
tuberculosis mass screening in high-risk environments.

Keywords: Mass screening. Tuberculosis. Prison. X-ray. Automated interpretation. Diagnosis.
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1 INTRODUCAO

A tuberculose (TB), apesar de ser uma doenca milenar, ainda representa um importante
problema de satde pablica mundial, acometendo principalmente paises de baixa e média renda
(SULLIS et al., 2014). E uma doenca ligada diretamente as condigdes sociais e econdmicas dos
individuos, portanto, se apresenta de forma heterogénea na populacdo, resultando maior
incidéncia em alguns subgrupos populacionais, como, por exemplo, na populacdo privada de
liberdade (PPL) (BASU; STUCKLER; MCKEE, 2011).

A prisdo é um ambiente ideal para a transmissdo do bacilo da TB, por apresentar
condi¢cdes ambientais favoraveis (ambientes lotados, mal ventilados com pouca incidéncia de
luz solar), soma-se a isso condi¢des individuais (usuarios de tabaco, alcool, de drogas ilicitas,
nutricdo precaria) e ainda, acesso limitado aos cuidados de saude adequados (CORDS et al.,
2021).

No Brasil, o conselho nacional de politica criminal e penitenciaria, recomendou a busca
ativa para TB, no momento da entrada do individuo na priséo, e posteriormente, uma vez ao
ano, usando a baciloscopia e a radiografia de torax (RXT). Porém, devido aos custos e logistica
envolvidos nessa triagem, a grande maioria das unidades prisionais ndo seguem integralmente
essa recomendacédo (BRASIL, 2010).

O RXT é uma ferramenta para diagndstico de imagem, rapida, pouco invasivo, com uma
alta sensibilidade e uma baixa especificidade para lesdes por TB (JANSEN; LOPES;
DOMENICO CAPONE, 2019). Embora tenha resultados satisfatorios na deteccdo da doenca,
exige tempo e trabalho, pois necessita de um profissional médico especialista para interpretar e
emitir laudos dos resultados destes exames, ou seja, um custo financeiro elevado,
principalmente para paises que vivenciam a limitacdo destes profissionais. Nos Gltimos anos
discutiu-se a utilizacdo de programas de interpretacdo automatizados de RXT, com a finalidadede
auxiliar no diagndstico da TB, ja que esse mecanismo podera reduzir o tempo de diagndstico
principalmente em locais com acesso restrito aos servicos de saude, como as prisdes (QIN et
al., 2019).

Portanto, 0 uso do RXT com interpretacdo automatizado para triagem em massa de TB,
em ambiente de alta incidéncia, pode ser uma oportunidade de agilizar o diagndstico e controle
da doenca. Este estudo teve por objetivo comparar 4 métodos de interpretacdo automatizada de

RXT para triagem em massa de TB em prisGes.



2 REVISAO DE LITERATURA

2.1 Mycobacterium tuberculosis e a tuberculose

A TB, no homem, geralmente é causada pelo Mycobacterium tuberculosis (Mtb),
descoberto por Roberto Koch em 1882. E uma bactéria aerdbica, imdvel, em forma de
bastonete, da familia Mycobacteriaceae. Pertence ao um grupo complexo, formado por varias
espécies de micobactérias, agentes causais da TB em diferentes hospedeiros: M. tuberculosis,
M. africanum, M. canetti, M. microti, M. bovis; M. pinnipedi, M. caprae e a cepa da vacina
BCG (Bacilo de Calmette e Guérin). Importante salientar que as diferentes cepas bacterianas
do complexo Mtb estdo intimamente relacionadas, pois possuem similaridade de 99,9% no
material genéetico, mas apresentam forte especificidade de hospedeiro (SMITH, 2003).

As principais caracteristicas do Mtb s&o: o alto teor de guanina-citosina em seu DNA,; o
longo tempo de geragé&o (diviséo celular entre 12 a 24 horas sob condig¢des favoraveis) e a parede
celular especial, compartilhada por todas as espécies do complexo Mth. O que torna essa parede
especial é sua composicdo: peptideoglicanos altamente reticulados e acido micolico, tornando
a bactéria altamente hidrofdbica e acido-resistente, caracteristica essa utilizada no diagndstico
da TB. A parede celular rica em lipidios forma a base para a resisténciaintrinseca do Mtb para a
maioria dos antibioticos (PALOMINO; LEAO; RITACCO, 2007).

Quando o Mtb entra no organismo, ele € fagocitado pelos macréfagos. No entanto, pode
ocorrer a inibicdo da fusdo fagossoma-lisossoma, que leva ao impedimento da digestdo da
bactéria. Os macrofagos infectados nos pulmd@es, atraem monaocitos, linfocitos e neutrofilos
inativados, que resultam na formacéo de lesdes focais granulomatosas (SMITH, 2003).

A principio cinco categorias sdo possiveis dentro da patogénese da TB: na primeira o
sistema imunolégico do individuo supera as bactérias, que sdo mortas e eliminadas
completamente; na segunda ocorre uma infeccdo latente (ILTBI), na qual o Mtb permanece
viavel no organismo, sem causar manifestacao clinica, havendo um equilibrio entre o sistema
imunoldgico e as bactérias; na terceira, tem-se a TB incipiente, quando ocorre uma infec¢do
pelo Mtb e progride para doenca ativa, mas ndo produz sintomas clinicos, anormalidade
radioldgicas ou evidéncias microbioldgicas; na quarta, tem-se a TB subclinica, da qual nao
apresenta sintomas, porém se tem anormalidades radioldgicas e evidéncias microbioldgicas; na
quinta tem se TB ativa, nesta conjuntura ocorre sintomas clinicos e evidéncias microbioldgica

e radiologicas. Em 90-95% dos casos as bactérias permanecem em estado latente e nunca se
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reativam. Nos 5-10% remanescentes a reativacdo das bactérias ocorre depois de alguns anos,
levando a doenca clinica, chamada TB secundaria (DRAIN et al., 2018; PAI, 2015).

A transmissdo da TB acontece por meio de individuos infectados pelo Mtb, apresentando
TB pulmonar ou laringea, que expelem aerossois durante a fala e, principalmente, no momento
da tosse. As goticulas maiores caem no chdo e em um rapido processo de evaporacao,
permanecem suspensas no ar até serem inaladas ou carreadas para fora do ambiente, portanto,
um ambiente mal ventilado favorece que as particulas figuem suspensas no ar por um periodo
significativo, favorecendo a transmissdo entre os contatos. O sintoma mais comum da TB é a
tosse produtiva e persistente por varias semanas, servindo, assim, comoum indicador para
triagem da doenca em paises endémicos. E frequentemente acompanhada por outros sintomas
inespecificos como fadiga, febre, suor noturno e, posteriormente, perdade peso, dor no peito
e dificuldade respiratoria (WORLD HEALTH ORGANIZATION, 2018;YATES et al., 2016).

O tratamento da TB ¢é realizado com uma associagdo de farmacos, que tem como
objetivo quebrar a cadeia de transmisséo e prevenir a selecdo de cepas naturalmente resistente.
No Brasil € realizado de acordo com as recomendacdes do Ministério da Satde e compreende
duas fases; uma intensiva de 2 meses com o esquema RHZE (rifampicina, isoniazida,
pirazinamida, etambutol) sob a forma de dose fixa (DFC) combinada, cada comprimido contém
150 mg de rifampicina, 75 mg de isoniazida, 400 mg de pirazinamida e 275 mg de etambutol;
seguido por uma fase de manutencdo de 4 meses com esquema RH (rifampicina, isoniazida)
em DFC, sendo utilizado para todas as formas da doenca em pessoas acima de 10 anos. A
excecdo € nos casos de pacientes com TB meningea e osteoarticular, os quais na fase de
manutencdo, sdo tratados por 10 meses e com a associacdo de um corticosteroide oral
(prednisona, na dose 1-2 mg/kg/dia por 4 semanas) ou um corticosteroide endovenoso
(dexametasona, na dose de 0,3-0,4 mg/kg/dia, por 4-8 semanas) (BRASIL, 2019; RABAHI et
al., 2017).

2.2 Epidemiologia da tuberculose

A TB ¢é uma doenca que acomete a humanidade ha muito tempo. Achados demonstram
existéncia de micobactérias em humanos ha 9.000 anos, identificados em dois corpos em Haifa,
uma cidade no norte de Israel. Em meados dos séculos XVIII e XIX a TB surge de forma
epidémica na Europa e na América, na Guiana Britanica a incidéncia aumentou de 240/100 mil

habitantes em 1873 para 391/100mil habitantes em 1893 e, inicialmente, este aumento foi
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explicado pela falta de imunidade hereditaria dos povos colonizados (HERSHKOVITZ et al.,
2008; MEDCALF et al., 2013).

Estima-se que 10 milhGes de pessoas adoeceram de TB no mundo em 2019. No entanto
os casos de TB estdo diminuindo globalmente na maioria dos paises, mas nao o suficiente para
alcangar as metas da estratégia “Stop TB” da Organizagdo Mundial de Saude (OMS), que era
obter uma queda na incidéncia de 20% de 2015 até 2020. A reducdo geral neste periodo foi de
9% (de 140 para 130 novos casos por 100 mil habitantes), incluindo uma reducédo de 2,3% de
2018 para 2019. A Regido Europeia teve bons avangos e quase atingiu a meta, obtendo uma
reducdo de 19% na taxa de incidéncia de TB entre 2015 e 2019, e na Africa a reducéo da
incidéncia foi de 16% (WORLD HEALTH ORGANIZATION, 2020).

A OMS estimou 289.000 casos novos de TB para a regido das Americas em 2018 (3%
dos casos de TB do mundo), representando uma incidéncia de 28,7 por 100.000 habitantes.
Entre 2017 e 2018 o nimero estimado de casos de TB nas Américas, aumentou 2,5%
(aproximadamente 8000 novos casos de TB), isso foi atribuido ao aumento da estimativa para
0 Brasil (4.000), Peru (2.000), México (1.000) e Venezuela (1.000) (PAN AMERICAN
HEALTH ORGANIZATION, 2020).

No Brasil, em 2020 foram diagnosticados 66.819 casos novos de TB, que correspondem
a uma incidéncia de 31,6 por 100.000 habitantes, com um coeficiente de mortalidade de 2,2
obitos por 100.000 habitantes. No Mato Grosso do Sul foram notificados 900 casos novos de
TB, com uma incidéncia de 32 por 100.000 habitantes e mortalidade de 1,8 por 100.000
habitantes (BRASIL, 2021).

A TB esta estritamente ligada a condicdo social e estilo de vida da populacdo, e um
dificil obstaculo para o controle da TB no Brasil e em outros paises de média e baixa renda,
pode estar relacionado as populagdes vulneraveis como os indigenas, moradores de rua, pessoas
vivendo com o virus da imunodeficiéncia humana/ sindrome da imunodeficiéncia adquirida
(HIV/IAIDS) e a PPL, segmentos sociais que funcionam como reservatérios ou amplificadores
para a transmissao da doenca (BASU; STUCKLER; MCKEE, 2011).

2.3 Sistema prisional e tuberculose

No Brasil existem 748.009 mil pessoas presas, 0 que torna o pais o terceiro em termos
de populagédo prisional no mundo, mantendo uma taxa de aprisionamento de 359,40 pessoas

presas por 100 mil habitantes, representando um aumento de 150% em todo o pais. O Mato
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Grosso do Sul tem terceira maior taxa de aprisionamento do pais, estando com 641,74 por 100
mil habitantes (BRASIL, 2019b).

Nos ultimos anos, a prevaléncia de TB na PPL foi 26,4 vezes maior do que a populacdo
geral. Estudo realizado por (URREGO et al., 2015) em prisdes brasileiras, mostrou que o
sistema prisional apresenta um ambiente ideal para a disseminacdo da doenca, devido as
condicOes de superlotacédo, pouca ventilacdo e baixa incidéncia de luz solar no interior das celas.
Tendo em vista essas caracteristicas, 0 Programa Nacional de Controle da Tuberculose (PNCT)
categorizou a PPL como populagdo mais vulneravel a infeccdo por TB, assim como 0s
individuos em situacdo de rua, indigenas e pessoas vivendo com HIV (BRASIL, 2011;MABUD
et al., 2019).

Uma meta-analise, recentemente publicada, avaliou a incidéncia global da infecgéo por
MTB, além da prevaléncia e incidéncia da TB nas prisdes. Os autores identificaram que a
incidéncia de TB foi consideravelmente mais alta nas prisdes do que na populacédo geral, com
uma taxa de incidéncia de 26,9% na América do Sul. Além disso, foi identificada uma
incidéncia combinada (infeccdo de MTB e TB ativa) de 40 casos por 100.000 pessoas-ano, nos
paises com incidéncia de TB de 0-9 casos por 100.000 pessoas-ano, ja nos paises com
incidéncia de TB de 250 casos por 100.000 pessoas-ano, a incidéncia combinada entre
prisioneiros foi de 2.090 casos por 100.000 pessoas-ano (CORDS et al., 2021).

Estudo realizado no Brasil, especificamente no estado no Mato Grosso do Sul, observou
que a taxa de incidéncia da TB aumentou de 111 por 100.000 pessoas, por ano no momento da
prisdo, para 1.303 por 100.000 pessoas por ano, em 5,2 anos, evidenciando que o individuo
entra na prisdo com baixo risco de TB e que este aumenta rapidamente com o passar dos anos.
Na saida da prisdo, a incidéncia é reduzida de 229 casos por 100.000 pessoas ao ano para 42
por 100.000 em 7 anos de avaliacdo. Esta alta incidéncia de TB no ambiente prisional representa
uma ameaca para o controle da TB na populacédo em geral (MABUD et al., 2019).

Em um estudo caso-controle associado a métodos moleculares, (SACCHI et al., 2015),
examinaram o papel da prisdo na carga de TB na populacdo de Dourados. Entre 240 casos de
TB notificados ao longo de um periodo de 46 meses, 180 (75%) ocorreram na populacdo geral
e 60 (25%) na populacdo prisional, mostrando um risco (incidéncia) 40 vezes maior entre 0s
presos de adquirir TB. Entre os casos de TB da populacdo geral, 23% ocorreram entre pessoas
gue estiveram previamente encarceradas. Encarceramento anterior foi o principal fator de risco
para a TB na comunidade (OR ajustada, 28,5). Entre 97 isolados para o qual realizou-se a
genotipagem por polimorfismo de fragmentos de restricdo (RFLP 1S6110), 79 poderiam ser

classificados em 17 grupos. Dos quais 10 destes 17 conjuntos, compreenderam 82% dos
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isolados em cluster, dois prisioneiros e membros da comunidade, incluindo os ex detentos.
Esses resultados demonstram um elevado grau de ligacdo entre as linhagens nas prisdes e na
comunidade; e indicam que a abordagem da transmissdo da TB nos presidios serd fundamental

para o controle da doenga em meio a populagao geral.

2. 4 Diagnostico da tuberculose

O diagnéstico rapido e preciso, associado a oferta de tratamento de acordo com as
recomendacdes internacionais, impede morte e reduz os danos de salde ocasionados pela TB
na populacdo. A OMS estipulou diagnosticar e tratar 40 milhdes de pessoas, entre 2018-2022.
E estabeleceu como meta, uma reparticao anual de 7 milhdes de casos diagnosticados em 2018,
e 8 milhdes de novas notificagdes para 0s anos subsequente, para que desta forma alcance o
objetivo proposto. Todo esfor¢o se faz necessario, para buscar novas estratégias de diagndstico,
pois uma das lacunas para o controle da TB é a subnotificacdo dos casos (WORLD HEALTH
ORGANIZATION, 2020).

Além do mais, € necessario 0 aumento dos casos diagnosticados bacteriologicamente,
pois, dessa forma, mais pessoas seriam corretamente diagnosticadas e iniciariam um tratamento
eficaz mais precoce possivel. Em 2019, 7,1 milhGes de casos novos e recidivas foram
notificados, e 57% destes foram diagnosticados bacteriologicamente; observa-se um discreto
aumento quando comparado a 2018, que teve 55% dos casos confirmado por exames
bacteriologicos (WORLD HEALTH ORGANIZATION, 2020).

A TB pulmonar é a manifestacdo mais comum do Mth em todo o mundo e a prioridade
de diagndstico da doenca. Para a deteccdo desses casos, 0s métodos a serem utilizados
necessitardo de especificidade, valor preditivo e sensibilidade elevada. Usualmente, os exames
utilizados para o diagnostico sdo: bacterioldgicos, moleculares, bioquimicos, imunoldgicos,
histopatolégicos e radiolégicos (PROCOPIO, 2014).

Um dos métodos utilizado no servico de saude para diagndstico € o bacteriologico, que
consiste na identificacdo do Bacilo Alcool-Acido-Resistente (BAAR), uma técnica
desenvolvida em meados de 1880, e ainda bastante usada, por sua simplicidade, rapidez e baixo
custo, com um preco de 1 a 6 dolares por amostra. No entanto apresenta uma sensibilidade de
20 a 80%, sendo necessario em média 10.000 bacilos/ml, e ainda ndo diferencia o Mth, ou seja,

qualquer bacilo do complexo Mtb é reagente na microscopia de escarro. Vale ressaltar que no
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Brasil, 71,9% dos casos novos (58106) diagnosticados em 2020, foi por meio de método
farmacolégico (BRASIL, 2021; HANRAHAN; SHAH, 2014; PROCOPIO, 2014).

A cultura do escarro se mantém como padrdo ouro para diagndstico de TB, a qual
necessita de uma baixa carga bacilar e ainda é sensivel para a identificacdo de uma cepa
multidroga resistente, porém demanda em média de 2 a 6 semanas para seu resultado, um tempo
consideravel para se ter um diagndstico final, e consequentemente, ocorre o atraso no inicio do
tratamento. Apresenta um custo variando de 12 a 35 dolares por teste, e ainda é necessaria uma
rede laboratorial de classe nivel 3 (NB-3, classe risco Il1), que é adequado para trabalho com
microrganismo de alta infectividade (HANRAHAN; SHAH, 2014; LE PALUD et al., 2014;
PAI; SCHITO, 2015).

Testes moleculares realizados por reacdo em cadeia da polimerase (PCR) ja estdo
disponiveis comercialmente, eles aliam um diagnostico rapido a detec¢do de resisténcia a
medicamentos por meio de amostra clinica, um desses é o Xpert® MTB/RIF. Trata-se de um
teste molecular, restritamente automatizado, que fornece um diagndstico em até 2h, que além
de fornecer o diagndstico para TB, verifica também a resisténcia a rifampicina. Quando
comparado com a baciloscopia apresenta uma sensibilidade de 88% e especificidade de 98%.
O uso do Xpert esté indicado pela OMS desde 2010, em decorréncia de seu bom desempenho
e rapidez, possibilitando um inicio de tratamento precoce e melhor expectativa na quebra da
cadeia de transmissdo, com o tratamento adequado (HANRAHAN; SHAH, 2014).

O Xpert tem grande sensibilidade para paciente com alta carga bacilifera, sendo pouco
sensivel para individuos paucibacilares, portanto, nestes casos, a cultura torna-se necessario,
uma outra limitacdo do Xpert € a resisténcia testada apenas para rifampicina. Estudos mostram
que seu uso é eficaz para diagnostico de TB extrapulmonar, incluindo TB meningea (SHEN et
al., 2019).

A radiografia de torax é utilizada em varios contextos para diagnostico médico, trata-se
de uma ferramenta de imagem répida e precisa para identificacdo de inimeras anormalidades
pulmonares, como, por exemplo, TB pulmonar. E um exame relativamente barato, pouco
invasivo, marcando uma sensibilidade e especificidade de 87% e 89% para lesdes por TB,
embora tenha resultados satisfatdrios na deteccdo, exige tempo e trabalho, pois necessita de um
profissional especialista para interpretacdo e laudo do exame, um custo financeiro elevado,
principalmente para paises onde existem limitacGes destes profissionais médicos (AYAZ,
SHAUKAT; RAJA, 2021; HWANG et al., 2019; VAN’T HOOG et al., 2012).

Nos ultimos anos, vem se discutindo o uso de sistemas de interpretacdo automatizada

(inteligéncia artificial) de raio-x para diagnostico de TB, que leva em consideracdo sua
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capacidade de ofertar rapidez no diagnostico, um custo relativamente baixo, e suprir a escassez
de radiologista, principalmente em paises de baixa e média renda (KHAN et al., 2020;
RAHMAN et al., 2017)

MELENDEZ e colaboradores., (2016), realizaram um estudo comparando, por meio de
curva ROC, o uso de programa de interpretacdo automatizado de RXT verso laudo emitido por
um profissional médico especializado, evidenciando resultados significativos, principalmente
na localizacdo da lesdo, mostrando que um algoritmo automatizado pode superar médicos na
deteccdo de lesdo de TB.

O uso de programa automatizado tem um grande potencial de auxiliar no diagndstico
para TB, principalmente em locais onde a disponibilidade de especialistas € limitada.
Recentemente, foi realizado um estudo realizado onde foram comparando 3 programas
automatizados de leitura de RXT e observou-se que todos tiveram melhor resultado para
deteccdo de lesdo de TB, quando comparados aos laudos de medicos especialistas. (QIN et al.,
2019),

Em estudo realizado com pacientes no Paquistdo, avaliou-se o desempenho do software
CADA4-TB como instrumento de triagem na deteccdo de TB pulmonar, para isso foi utilizado
teste rapido molecular (Xpert) como teste de referéncia, no qual mostrou capacidade de
identificar corretamente uma alta proporcéo de pessoas que foram diagnosticadas com TB no
Xpert, portanto teria potencial de reduzir o nimero de testes moleculares realizados (ZAIDI et
al., 2018),

Nesta perspectiva observa-se 0 quanto é importante um modelo confiavel para triagem
da TB. Santos e colaboradores (2020) avaliaram algoritmos para triagem em massa na prisdo,e
seus respectivos custos, para isso, utilizaram RXT, sintomas preconizados pelo OMS eo Xpert,
dos quais obtiveram um custo variando entre US$249 a US$395. O RXT com uso de
interpretacdo automatizada pelo CAD4-TB teve um custo calculado em US$ 370 e um
rendimento de 64%, a estratégia com menor custo e maior rendimento foi o uso do Xpert para
todos os participantes capaz de produzir escarro, que obteve um rendimento de 74% ao custo
de US$ 249 (SANTOS et al., 2020).

Cabe ressaltar a agilidade e praticidade da utilizagdo do RXT como estratégia de triagem
na TB, com o avanco da leitura por meio de inteligéncia artificial torna essa ferramentacada vez
mais promissora, permitindo escolhas claras e consistentes, diminuindo a proporgéo de pessoas
encaminhadas para testes bacteriol6gicos, neste sentido um estudo recente evidenciou uma
variagdo de 7,1% a 24% na reducdo de individuos encaminhados para realizar testes
bacteriolégico (FRASCELLA et al., 2020)
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3 OBJETIVO

Avaliar a acurcia de quatro programas baseados em inteligéncia artificial, para diagnéstico
de imagem por RXT, na triagem em massa de TB em prisoes.

3.1 Especificos
Comparar a acuracia de quatro métodos de interpretacdo automatizada de RXT para
triagem em massade TB na prisao.

Auvaliar a aplicabilidade de inteligéncia artificial, no diagnostico por RXT da TB.
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At a Glance Commentary

Scientific Knowledge on the Subject

Automated interpretation of chest radiographs using deep learning algorithms have demonstrated
promise for tuberculosis screening in resource-constrained environments. Studies among symptomatic
individuals presenting to healthcare facilities have demonstrated variable accuracy as a screening or

triage tool for pulmonary tuberculosis.

What This Study Adds to the Field

We evaluated the accuracy of three deep learning algorithms tested on x-rays collected during a
prospective, mass screening study in three Brazilian prisons, in which active case finding for
tuberculosis was performed irrespective of symptoms. Two of the algorithms exceeded WHO
accuracy benchmarks for a screening diagnostic, though all had markedly reduced specificity among

individuals with previous tuberculosis.
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ABSTRACT (252 WORDS)

Rationale: The World Health Organization (WHO) recommends systematic tuberculosis (TB)
screening in prisons. Evidence is lacking for accurate and scalable screening approaches in this setting.
Objectives: To assess the diagnostic accuracy of three artificial intelligence-based chest x-ray
interpretation algorithms for TB screening in prisons.

Methods: We conducted a prospective TB screening study in three male prisons in Mato Grosso do
Sul, Brazil from October 2017 to December 2019. We administered a standardized questionnaire,
performed chest radiography in a mobile unit, and collected sputum for confirmatory testing using
Xpert MTB/RIF and culture. We evaluated x-ray images using three algorithms (CAD4TB version 6,
LunitTB and gXR) and compared their diagnostic accuracy. We utilized multivariable logistic
regression to assess the effect of demographic and clinical characteristics on algorithm accuracy.
Finally, we investigated the relationship between abnormality scores and Xpert semi-quantitative
results.

Measurements and Main Results: Among 2,075 incarcerated individuals, 259 (12.5%) had
confirmed TB. All three algorithms performed similarly overall with AUCs of 0.87-0.91. At 90%
sensitivity, only LunitTB and gXR met the WHO Target Product Profile requirements for a triage test,
with specificity of 84% and 74%, respectively. All algorithms had variable performance by age, prior
TB, smoking, and presence of TB symptoms. LunitTB was the most robust to this heterogeneity, but
nonetheless failed to meet the TPP for individuals with previous TB. Abnormality scores of all three
algorithms were significantly correlated with sputum bacillary load.

Conclusions: Automated x-ray interpretation algorithms can be an effective triage tool for TB

screening in prisons. However, their specificity is insufficient in individuals with previous TB.

Keywords: active case finding, tuberculosis, prisons, X-ray, automated interpretation, triage,

diagnostics.
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INTRODUCTION

Globally, tuberculosis (TB) incidence in prisons is more than ten times higher than the general
population (1). This disparity is especially alarming in South America, where TB cases in prisons have
more than doubled since 2000 amid rising incarceration rates (1, 2). Several factors contribute to the
elevated risk of TB in prisons, including overcrowding, poor ventilation, high rates of smoking, drug

use, and limited access to medical care, leading to delays in TB diagnosis (2).

Interventions to address this growing burden are urgently needed, including improvements in case
detection. In 2021, the World Health Organization (WHO) released updated guidelines on screening
for TB, upgrading to a strong recommendation that systematic screening be conducted in prisons and
penitentiary institutions (3). However, the recommendation is based on “very low certainty of
evidence”, and guidance on specific means for screening in this setting is lacking. Moreover,
correctional health systems are often underfunded and poorly equipped, and few prison systems in
low- and middle-income countries perform systematic screening for TB despite the widely
acknowledged high burden. Therefore, effective, cost-efficient screening approaches are needed to
bring case-finding to scale in these settings. An important part of such approaches is a point-of-care

triage test that can substantially reduce the number of people who need further testing.

Chest radiography is among the oldest tools for pulmonary TB screening and historically played a
major role in TB control programs in high burden settings (4, 5). However, by the 1970s, concerns
were raised about the accuracy, logistics and personnel requirements for mass radiography, leading the
WHO to conclude in its 9" expert committee report that “indiscriminate TB case finding by mobile

mass radiography should be abandoned” (6).

Recently, there has been a resurgence in interest in the use of radiography as a screening tool for TB,
leveraging recent advances in machine learning approaches to automate x-ray interpretation (7, 8).
Clinic-based evaluations have demonstrated promising accuracy for several automated interpretation

systems among individuals with TB symptoms. However, it is less clear how well these algorithms
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will perform for the purpose of active case finding, irrespective of symptoms, in incarcerated
populations with high prevalence of smoking, drug use, and history of TB. To address this knowledge
gap, we evaluated the performance of three deep learning-based x-ray interpretation algorithms in the

context of mass screening for TB in three high burden prisons in Brazil.
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MATERIALS AND METHODS

Study Design and Participants

We performed a cross-sectional study from October 2017 to December 2019 in three male prisons in
Mato Grosso do Sul State, Brazil: Jair Ferreira de Carvalho Penitentiary (EPJFC), Campo Grande
Penal Institute (IPCG), and Dourados State Penitentiary (PED). The prisons have a combined
population of approximately 5,500 individuals. All incarcerated individuals in each prison were
invited to participate in TB screening. Those who agreed to participate in the study provided written
informed consent. The study was approved by the institutional review boards (IRBs) of the Federal

University of Grande Dourados (UFGD) (#3.483.377) and Stanford University (#40285).

Study Procedures

We outfitted a Volkswagen Constellation 24-240 truck with a 9.8 x 2.5-meter container, lead covering,
an access ramp, an x-ray machine (Altus ST 543 HF, Sawae®), an x-ray scanner and digitizer (Agfa
15-X CR, Mortsel Belgium) and a separate room for sputum processing with two 4-module GeneXpert
machines (Cepheid, Sunnyvale, USA). The mobile screening team consisted of a nurse, a laboratory

technician, and an x-ray technician, with a physician available for consultation.

Study nurses administered a structured questionnaire to obtain demographic data, incarceration
history, lifestyle factors, health history, and TB symptoms as recommended by the World Health
Organization (WHO) (6). A spot sputum sample was collected from all participants who were able to
produce sputum, with a target volume of at least 2 ml. Sputum samples were tested by Xpert
MTB/RIF G4 (Cepheid, Sunnyvale, USA) and, if volume was sufficient, culture on Ogawa-Kudoh
media. M. tuberculosis growth in cultures was confirmed by an immunochromatographic assay (TB

Ag MPT64 Rapid Test, Standard Diagnostics, Seoul, South Korea).

A posterior-anterior chest x-ray was performed for all participants and then scanned and digitized. The

images were electronically transferred for automated analysis by Computer-Aided Detection for TB
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version 6 (CAD4TBV6), developed by the Analysis Group at Radboud University Medical Center
(Netherlands); Lunit INSIGHT CXR2 (hereinafter LunitTB) developed by the South Korean medical
software company Lunit; and gXR, developed by Qure.ai in Mumbai, India. All information was

recorded in Research Electronic Data Capture (REDCap®) (9, 10).

Outcome Definitions and Analytic Approach

We defined TB cases as individuals with a positive Xpert MTB/RIF or culture growing M.
tuberculosis. We defined controls as individuals who had sputum testing for Xpert MTB/RIF and no
positive result by Xpert or culture. As a secondary analysis, we included as controls all individuals
who were screened for TB and did not have a positive test, regardless of whether they were able to

provide sputum. Individuals already undergoing treatment for TB were excluded from all analyses.

For CADATBV6, which provides a score range of 0 to 100, we used a positivity threshold score of >60
through calibration with radiographic imaging data from a subset of participants with (n = 80) and
without (n = 200) microbiologically confirmed TB. For LunitTB, which provides a score range of 0 to
1, we used a threshold of >0.72 as specified by the manufacturer and identified through prior
calibration (10) (11). For gXR (score range 0 to 1), we used a threshold of > 0.5 according to a
previous study (11). We also evaluated the performance of each algorithm with the WHO’s Target
Product Profile (12) (TPP) for a triage test by identifying the threshold that achieved 90% sensitivity

and examining the corresponding specificity.

For each algorithm we calculated the sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV), and area under the receiver operating characteristic (ROC) curve (AUC). We
calculated exact binomial confidence intervals (Cls) for sensitivity and specificity. We compared
algorithm AUCs using DeLong’s test. For demographic and clinical characteristics, continuous
variables were compared using the Mann-Whitney U test and categorical variables using the chi-
square test. To assess the influence of demographic and clinical characteristics on algorithm

performance, we conducted multivariable logistic regression controlling for age, race, drug use,
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smoking, previous TB, and presence of any TB symptoms (cough, fever, night sweat, weight loss, loss
of appetite, tiredness, and chest pain). We report predicted marginal estimates of specificity for each
characteristic at the WHO TPP threshold of 90% sensitivity. Finally, we investigated the relationship
between Xpert semi-quantitative result and x-ray algorithm score among confirmed TB cases using
Spearman’s rank correlation testing. Data were analyzed using SPSS version 25.0 and R version 4.0.3,

including the pROC package (13).
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RESULTS

Between October 2017 and December 2019, we enrolled 7,081 participants across three male prisons
in the Brazilian state of Mato Grosso do Sul. Sixty-six participants were excluded from further
analyses as they were already under treatment for tuberculosis. Among the remainder, 2075
participants were able to produce valid sputum samples for Xpert and were included in the primary
analysis (Figure E1). Participants in the primary analysis had a median age of 33 years (IQR 28-40)
(Table 1). Compared with participants who did not produce a valid sputum, those who did had a
higher prevalence of TB symptoms (73% vs 18%, p<0.001), smoking (73% vs 55%, p<0.001), illicit

drug use (70% vs 54% p<0.001), and previous tuberculosis (14% vs 5%, p<0.001) (Table E1).

During the screening period, 259 (12.5%) participants were diagnosed with pulmonary TB, of which
113 were diagnosed by sputum Xpert alone, 17 were diagnosed through sputum culture alone, and 129
had positive Xpert and culture tests. The prevalence of any TB symptom did not differ between TB
cases and controls (76% vs 73%, p=0.277); however, cough was slightly more common among TB
cases (66 vs 60%, p=0.037). Smoking, drug use, history of incarceration, and history of TB were

significantly more prevalent among TB cases compared to hon-TB cases (Table 1).

Among TB cases, 209 (80.7%) were classified as positive by CAD4TBvV6, 207 (79.9%) by LunitTB,
and 193 (74.5%) by gXR when using pre-defined thresholds (Table 2). At 90% sensitivity, only
LunitTB and gXR met the WHO’s Target Product Profile (TPP) with specificity of 83.7% (95% CI
72.4-87.3) and 74.2% (95% CI 60.2-81.3), respectively. At a 4% prevalence of TB, LunitTB had the
highest PPV (18.7%), followed by gXR (12.7%) and CAD4TBV6 (9.0%). Receiver operating
characteristic (ROC) curves for each algorithm are shown in Figure 1. Compared with CAD4TBv6
(AUC 0.877), LunitTB (AUC 0.912, p=0.0003) and gXR (AUC 0.901, p=0.0112) had higher AUCs,
though AUC did not differ between LunitTB and gXR (p=0.17). In a secondary analysis of diagnostic
accuracy in which we included the 4940 participants unable to provide sputum (total N=7081), AUCs
did not differ substantially from the primary analysis, with LunitTB at 0.926, gXR at 0.920, and

CADA4TBvV6 at 0.904.
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We next performed multivariable logistic regression analysis to examine whether the performance of
each algorithm varied by sociodemographic characteristics and risk factors, namely: age,
race/ethnicity, current smoker, drug use, previous TB, and TB symptoms. Specificity of all three
algorithms decreased with age and tended to be lower among current smokers and those without TB
symptoms, compared to their respective counterparts (Figure 2, Figure E2-E3). LunitTB was the only
algorithm that met WHO TPP criteria among individuals 45 years and older. Notably, specificity was

under 50% across all three algorithms for individuals with a history of TB.

To further investigate diagnostic performance depending on history of previous TB, we analyzed the
distribution of abnormality scores for TB cases versus non-TB cases as confirmed by sputum Xpert or
culture, disaggregated by history of TB. We focused on LunitTB for this analysis given its superior
overall performance and its relatively stable specificity by subgroup compared to the other two
algorithms. Strikingly, the thresholds required to reach WHO TPP benchmarks of 90% sensitivity and
70% specificity varied dramatically by history of TB (Figure 3). In participants without previous TB,
LunitTB score thresholds >0.04 had 70% specificity and those <0.15 had 90% sensitivity, providing a
range of thresholds (0.04-0.15) meeting TPP benchmarks. Conversely, in participants with previous
TB, a threshold of at least 0.73 was required for 70% specificity, and there was no score threshold to
satisfy both TPP sensitivity and specificity. In participants with previous TB, neither CAD4TBv6 nor

gXR had a score that satisfies both TPP sensitivity and specificity. (Figure S4-S5).

Finally, we assessed the relationship between sputum bacillary load and algorithm performance by
examining x-ray abnormality scores by Xpert semi-quantitative result (negative, very low, low,
medium, high). Among TB cases with a positive Xpert test for whom x-ray scores were available
(188/242), all three algorithms yielded abnormality scores that were positively correlated with sputum
Xpert semi-quantitative levels (p<0.0001) (Figure 4). Among the 67 participants with a medium or
high Xpert result, CADATBV6 had 97% sensitivity (65/67) and LunitTB and gXR both had 96%

sensitivity (64/67) at the 70% specificity threshold (Table E2).
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DISCUSSION

Active case finding for tuberculosis in high burden carceral settings is needed to address the
substantial excess burden among incarcerated populations. However, despite WHO recommendations
for routine TB screening in prisons, most facilities in low- and middle-income countries do not
perform systematic active case finding, often citing resource and infrastructure constraints. Effective,
cost-efficient screening strategies are needed to make active case finding more accessible in such
environments. In this study, conducted via a nurse-led mobile diagnostic unit in three prisons in
Central-Western Brazil, we found a very high prevalence of undiagnosed, microbiologically
confirmed TB (3.7%). Algorithms for automated interpretation of x-rays achieved high sensitivity and
specificity as a screening tool, with the LunitTB and gXR systems exceeding the WHO minimal TPP
thresholds for a triage test. Sputum molecular testing is still needed to confirm TB, but a limiting
factor in the speed and costs of screening has been the number of tests that can be run daily during
mass screening of thousands of individuals. Our findings suggest that screening by mobile x-ray
systems with automated interpretation could reduce the number of confirmatory tests required and
enable screening to be more rapid and cost-effective in high burden TB settings, while still

maintaining sufficient sensitivity.

Recent studies have evaluated x-ray interpretation algorithms among individuals presenting to clinics
with TB symptoms, finding variable results. An individual participant meta-analysis found that none
of the systems investigated met the WHO TPP criteria for triage, with specificities ranging from 54-
61% at 90% sensitivity (14). By contrast, a study in Bangladesh found that the gXR system achieved
74% specificity at the same threshold, and that all algorithms outperformed interpretation by
radiologists (15). Our study differed in that it was performed in the context of active case finding,
irrespective of symptoms, which could affect estimates of diagnostic accuracy in several ways. For
instance, the cases identified through systematic screening are often those in early stages of disease,
with lower bacillary burden, as evidenced by the fact that 54% of confirmed cases in our cohort had
low, very low, or negative Xpert results. Given the association we observed between sputum bacillary

load and x-ray scores, this could have resulted in the algorithms having lower sensitivity in our cohort.
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At the same time, we might expect higher specificity in the context of active case finding, regardless
of symptoms, compared to use in clinics among those presenting with TB symptoms, as the latter
setting may include more patients with other pulmonary diseases such as bacterial and viral
pneumonias that can be challenging to distinguish from TB. Furthermore, we evaluated these
algorithms in incarcerated populations, which tend to be younger, predominantly male, and with high

prevalence of various risk factors for TB.

LunitTB was the best-performing algorithm in this cohort, with greater accuracy and generalizability
among subgroups, with particularly superior robustness to age compared to the other two algorithms.
Nonetheless, performance of all three algorithms varied by subgroup, with consistently lower
specificity among older individuals and those with previous TB, corroborating previous findings (15,
16). We also found reduced specificity among current smokers and those without TB symptoms.
Therefore, different thresholds may be considered for individuals with different demographic or
clinical characteristics. Of note, our pre-defined thresholds for each algorithm led to overall sensitivity
under 90%, suggesting that setting- or population-specific threshold calibration may be an important

step in implementation.

Specificity of all three algorithms decreased considerably to less than 50% for those with previous TB,
indicating failure to meet the WHO TPP for this subgroup. For the 3 analyzed software tools, the
distribution of abnormality scores among non-TB cases was shifted higher for those with a history of
TB, suggesting the algorithm may not distinguish active TB lesions from fibrous scarring of the lung
parenchyma and other chest radiograph patterns indicative of previous TB (17). Thus, in populations

with high prevalence of previous TB, Xpert may be more appropriate for screening (18).

We found that x-ray scores were higher—suggestive of more abnormalities—in individuals with high
sputum bacillary loads. At the 70% specificity threshold, sensitivity for individuals with medium or
high bacillary loads exceeded 96% for all three systems. Given that Xpert bacillary load correlates
with smear status (19) , and smear status predicts infectiousness (20, 21) , it may be reasonable to infer

that x-ray automated interpretation algorithms may be more sensitive in identifying the most infectious
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individuals.

Even with the availability of automated interpretation algorithms, the cost-effectiveness of using x-
rays for mass screening in prisons is still unclear. Previous work found that mass screening in prisons
with sputum Xpert alone had high yield and was less costly than using x-ray and CAD4TB (version 5)
for triage prior to confirmatory Xpert (19). However, the prior study used a single CADATB threshold
for all individuals and evaluated an additional strategy where only individuals without symptoms were
screened with x-ray and CAD4TB prior to confirmatory Xpert. Our present findings suggest that such
strategies may be less effective due to the algorithms’ variable performance by subgroup, particularly
the reduced sensitivity specificity for individuals without TB symptoms. Furthermore, CAD4ATB
(version 6) was shown to have the lowest performance in this study; thus, screening with a more
accurate algorithm like LunitTB could increase cost-effectiveness. Additionally, emerging
technologies for portable, digital radiography could reduce consumable costs, making x-rays more

accessible and affordable in resource-constrained environments.

This study has several limitations. First, in our primary analysis, we only included participants who
were able to produce sputum for confirmatory testing, as sputum induction was not able to be
undertaken in this environment. The excluded participants were less likely to be current smokers, to
have TB symptoms, and to report previous TB; we expect that their inclusion may have affected
overall estimates of algorithm performance in this population. In secondary analyses of the entire
population, AUCs did not differ significantly. However, future research is needed to evaluate these x-
ray interpretation algorithms on this group, given that a strength of x-ray screening is the lack of
requirement for sputum. Second, we used solid media culture due to local availability costs; however,
solid media culture is less sensitive than liquid media and could have led to missed cases.
Additionally, we note that while for LunitTB and qXR we used the manufacturers’ recommended
thresholds, for CAD4TBvV6 we used a threshold determined from a subset of our population; therefore,
the thresholds at 90% sensitivity may be more appropriate than our pre-defined thresholds for
comparison of the three algorithms. Due to the low prevalence of HIV in our population, we did not

consider HIV status in our study (22). Moreover, our study only included those in male prisons as
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there are fewer than 10 cases annually among incarcerated women in this state; consequently, the

performance of these algorithms for TB screening in female prisons remains unknown (16).

Overall, our results suggest that the use of chest x-rays and artificial intelligence-based interpretation
algorithms can be part of an effective mass screening strategy in high-burden settings like prisons.
Although Lunit-TB had the greatest accuracy and robustness in our cohort, all three algorithms
exhibited similar performance, particularly as a rule-out-test, and could be used to reduce the need for
universal molecular testing. However, our findings suggest the need for future optimization of these
algorithms to improve generalizability across subgroups, especially for individuals with a history of
TB. Nevertheless, given their high overall accuracy in this population, especially among cases with the
greatest sputum bacillary load, automated interpretation algorithms could enable scaling of mass

screening to help mitigate disparities in TB diagnosis among incarcerated populations.
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TABLES AND FIGURES

Table 1: Sociodemographic characteristics and risk factors for TB among study participants, stratified
by TB status as determined by sputum Xpert or culture
Table 2: Sensitivity, Specificity, AUC, PPV and NPV of each algorithm at pre-defined thresholds or

with thresholds adjusted to 90% sensitivity as required by the WHO Target Product Profile.

Figure 1: Receiver operating characteristic (ROC) curves for CAD4v6, LunitTB and gXR.

Figure 2: Specificity of LunitTB, by sociodemographic characteristics and risk factors. Shown are the
predicted margins for specificity and 95% confidence intervals from a multivariable logistic
regression, holding sensitivity at 90%.

Figure 3: Sensitivity and specificity according to LunitTB score threshold, with the WHO sensitivity
(dashed line) and specificity (dotted line) benchmarks (top) among individuals without (A) and with
(B) previous TB. Distribution of LunitTB scores for participants without (C) or with (D) previous TB
(bottom).

Figure 4. Relationship between the bacillary load in the sputum and the performance of the algorithm

through the stratification of the scores by the semiquantitative Xpert result.
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Table 1 - Sociodemographic characteristics and risk factors for TB among study participants, stratified

by TB status as determined by sputum Xpert or culture.

Variables Total TB cases No TB P Value
N=2075 (%) N=259 (%) N=1816 (%)

Median age (IQR) 33 (28, 40) 33 (28, 39) 33 (28, 40) 0.497
Prison Unit

PED 889 (42.8) 65 (25.1) 824 (45.0) <0.001

EPJFC 840 (40.5) 144 (55.6) 696 (38.3) '

IPCG 346 (16.9) 50 (19.3) 296 (16.3)
Race/ethnicity

Mixed 1279 (61.6) 158 (61.0) 1121 (61.4)

White 508 (24.5) 56 (21.6) 452 (24.9)

Black 253 (12.2) 38(147)  215(1L8) 0.192

Indigenous 33(1.6) 7(2.7) 26 (1.4)

Asian 2(0.1) - 2(0.1)
<8 years of schooling 1546 (74.5) 198 (76,4) 1348 (74.2) 0.230
Current smoker 1520 (73.3) 208 (80.3) 1312 (72.2) 0.006
Ilicit drug use over the last year 1460 (70.4) 203 (78.4) 1257 (69.2) 0.003
Previously incarcerated 1557 (75.0) 214 (82.6) 1343 (74.0) 0.003
BCG vaccinated 1862 (89.7) 223 (86.1) 1639 (90.3) 0.039
Previous TB 293 (14.1) 55 (21.2) 238 (13.1) 0.000
Report any WHO TB symptoms 1512 (72.9) 196 (75.7) 1316 (72.5) 0.277
Report cough 1255 (60.5) 172 (66.4) 1083 (59.6) 0.037
TB contact 1565 (75.4) 211 (81.5) 1354 (74.6) 0.160

Abbreviations: BCG: Bacillus of Calmette and Guérin; IQR: interquartile range; TB: tuberculosis; WHO:

World Health Organization, y: years.
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Table 2 — Sensitivity, Specificity, Area Under the Curve (AUC), Positive Predictive Value (PPV) and
Negative Predictive Value (NPV) of each algorithm at pre-defined thresholds or with thresholds

adjusted to 90% sensitivity as specified by the WHO Target Product Profile minimum target.

At pre-defined thresholds At 90% sensitivity, 4% prevalence
System  AUC (95% ClI) Sensitivity % Specificity %  Specificity % (95%
(95% CI) (95% CI) Cl) PPV % NPV %

CAD4v6 0.87 (0.85-0.90)  80.7 (75.4-85.3) 82.7 (80.8-84.4) 623 (52.0-73.1) 9.0 99.3
LunitTB  0.91 (0.88-0.93)  79.9 (74.5-84.6) 89.8 (88.3-91.2)  83.7(72.4-87.3) 187 995
gXR 0.90 (0.87-0.92)  74.5(68.8-79.7) 89.4 (87.9-90.8)  74.2(60.2-81.3) 127  99.4




Figure 1 — Receiver operating characteristic (ROC) curves for CAD4v6, LunitTB and gXR.
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Figure 2: Specificity of LunitTB, by sociodemographic characteristics and risk factors. Shown are the

predicted margins for specificity and 95% confidence intervals from a multivariable logistic

regression, holding sensitivity at 90%.
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Figure 3: Sensitivity and specificity according to LunitTB score threshold, with the WHO sensitivity

(dashed line) and specificity (dotted line) benchmarks (top) among individuals without (A) and with

(B) previous TB. Distribution of LunitTB scores for participants without (C) or with (D) previous TB
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Figure 4. Relationship between the bacillary load in the sputum, measured by Xpert MTB/RIF

semiquantitative result, and algorithm score.
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DATA SUPPLEMENT

Table E1. Sociodemographic characteristics and risk factors for TB by study inclusion/exclusion.
Excluded refers to those excluded due to lack of a confirmatory sputum Xpert or culture result.
Table E2. Sensitivity of x-ray interpretation algorithms according to Xpert MTB/RIF G4 semi-

quantitative load, using a threshold for specificity of 70%.

Figure E1. Flow diagram of study participants in mass screening and inclusion of participants in x-ray
evaluation.

Figure E2: Specificity of CAD4TBV6, by sociodemographic characteristics and risk factors. Shown
are the predicted margins for specificity and 95% confidence intervals from a multivariable logistic
regression, holding sensitivity at 90%.

Figure E3: Specificity of gXR, by sociodemographic characteristics and risk factors. Shown are the
predicted margins for specificity and 95% confidence intervals from a multivariable logistic
regression, holding sensitivity at 90%.

Figure E4: Sensitivity and specificity according to CAD4TBvV6 score threshold, with the WHO
sensitivity (dashed line) and specificity (dotted line) benchmarks (top) among individuals without (A)
and with (B) previous TB. Distribution of CAD4TBv6scores for participants without (C) or with (D)
previous TB (bottom).

Figure E5: Sensitivity and specificity according to gXR score threshold, with the WHO sensitivity
(dashed line) and specificity (dotted line) benchmarks (top) among individuals without (A) and with
(B) previous TB. Distribution of gXR scores for participants without (C) or with (D) previous TB

(bottom).



Table E1. Sociodemographic characteristics and risk factors for TB by study inclusion/exclusion.

Excluded refers to those excluded due to lack of a confirmatory sputum Xpert or culture result.

Included

Excluded

Variables N=2075 (%) N=4940 (%) P Value
Median age, (IQR) 33 (28, 40) 34 (28, 40) <0.001
Prison Unit
PED 889 (42.8) 1444 (29.2) <0001
EPJFC 840 (40.5) 1940 (39.3) ‘
IPCG 346 (16.9) 1556 (31.4)
Ethnic/skin color
Mixed 1279 (61.6) 3068 (62.1)
White 508 (24.5) 1115 (22.6) 0.428
Black 253 (12.2) 612 (12.4) '
Indigenous 33 (1.6) 138 (2.8)
Asian 2(0.1) 7(0.1)
<8y of schooling 1546 (74.5) 3511 (71.1) 0.003
Current smoker 1520 (73.3) 2737 (55.4) <0.001
BCG vaccinated 1862 (89.7) 4378 (88.6) 0.197
Previous TB 293 (14.1) 268 (5.4) <0.001
Report any WHO TB symptoms 1512 (72.9) 851 (17.2) <0.001
Report cough 1255 (60.5) 536 (10.9) <0.001
Ilicit drug use over the last year 1460 (70.4) 2644 (53.5) <0.001
Previously incarcerated 1557 (75.0) 3478 (70.4) <0.001
TB contact 1565 (75.4) 3125 (63.3) <0.001

Abbreviations: BCG: Bacillus of Calmette and Guérin; IQR: interquartile range; TB: tuberculosis; WHO:
World Health Organization, y: years



Table E2. Sensitivity of x-ray interpretation algorithms according to Xpert MTB/RIF G4 semi-quantitative load, using a threshold for specificity of 70%.

Sputum Xpert result N CAD4TBV6 LunitTB gXR

Positive  Sens. (95% CI) Positive % Sens. (95% CI) Positive % Sens. (95% CI)
Negative/Very Low 60 47 78.3 (65.8-87.9) 53 88.3 (77.4-95.1) 49 81.7 (69.6-90.5)
Low 78 70 89.7 (80.8-95.5) 73 93.6 (85.7-97.9) 73 93.6 (85.7-97.9)
Medium/High 67 65 97.0 (89.6-99.6) 64 95.5 (87.5-99.1) 64 95.5 (87.5-99.1)

51



Figure E1. Flow diagram of study participants in mass screening and inclusion of participants in x-ray

evaluation.
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Figure E2: Specificity of CAD4TBV6, by sociodemographic characteristics and risk factors. Shown are the

predicted margins for specificity and 95% confidence intervals from a multivariable logistic regression,

holding sensitivity at 90%.
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Figure E3: Specificity of gXR, by sociodemographic characteristics and risk factors. Shown are the

predicted margins for specificity and 95% confidence intervals from a multivariable logistic regression,

holding sensitivity at 90%.
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Figure E4: Sensitivity and specificity according to CAD4TBV6 score threshold, with the WHO sensitivity
(dashed line) and specificity (dotted line) benchmarks (top) among individuals without (A) and with (B)

previous TB. Distribution of CAD4TBv6scores for participants without (C) or with (D) previous TB
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Figure E5: Sensitivity and specificity according to gXR score threshold, with the WHO sensitivity (dashed
line) and specificity (dotted line) benchmarks (top) among individuals without (A) and with (B) previous TB.

Distribution of gXR scores for participants without (C) or with (D) previous TB (bottom).



6 CONCLUSOES

Em suma, os resultados deste estudo sugerem que 0 uso do raio-x, aliado a métodos de
inteligéncia artificial, pode ser uma estratégia de rastreamento em massa. Observa-se que 0
sistema LUNIT-TB apresentou a maior especificidade (94,8%) em relagdo aos demais sistemas,
contudo os rendimentos foram semelhantes entre eles, desta forma, todos apresentam uma boa
capacidade para serem utilizados como triagem, selecionando os individuos que deverdo ser
submetidos a outros métodos diagndsticos, como por exemplo, teste molecular. Vale ressaltar
que foi observado uma potente capacidade do sistema LUNIT-TB, de discriminar os individuos
com escores baixos, ou seja, aqueles que tiveram exame negativo para TB, dos escores mais
altos, os quais foram diagnosticados com TB.

Destaca-se que 0 uso de raio-x interpretado por inteligéncia artificial, como método de
triagem teve resultados promissores, uma vez que foram atendidos os critérios de especificidade
para métodos de triagem recomendado pela OMS (especificidade>70%), os quatro
apresentaram especificidade acima de 70%, porém, € necessaria cautela, visto que foi aplicado
apenas em adultos, ndo sendo testado em outras faixas etarias.

A triagem em massa € um mecanismo importante para o controle da TB, principalmente,
em ambientes de alta incidéncia, diversas pesquisas com mecanismos inovadores surgem com
frequéncia. E neste estudo observou-se que o uso de inteligéncia artificial, seja com qualquer
sistema, tem potencial promissor na triagem de individuos a serem submetidos a outros métodos
diagnosticos, como o teste molecular.

Por fim, novas pesquisas para avaliar a sensibilidade sdo necessarias, para que
melhoremos a generalizacdo destas novas ferramentas tdo promissoras, que ajudara na agilidade
diagndstica da TB, especificamente em ambientes de alta incidéncia e paises com limitacdo de

recursos em servico de salde.
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