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Niveis de vitamina D associados a tuberculose na populacdo privada de
liberdade do Estado de Mato Grosso do Sul, Brasil

RESUMO

Niveis insuficientes de vitamina D tém sido associados a tuberculose (TB), mas os dados sdo
conflitantes quanto a questdo de saber se é uma causa ou consequéncia da doenca. Realizamos
um estudo caso-controle e dois estudos casos-controles aninhados a coorte para determinar se
os niveis de vitamina D foram associados a TB ativa, ao risco de infec¢do por Mycobacterium
tuberculosis e progressao para a TB ativa em presos no Brasil. Cada preso foi comparado com
dois controles correspondentes de acordo com a idade, bloco da cela e tempo de prisdo. Na
regressdo logistica condicional multivariada, niveis insuficientes de vitamina D (OR, 3,77
95% IC, 1,04-13,64) foram significativos em presos com TB ativa. Em contraste, 0s niveis de
vitamina D n&@o foram considerados como fatores de risco para a conversdo de TST (OR, 2,49;
95% IC, 0,64-9,66) ou progressdo para doenca ativa (OR, 0,59; 95% IC, 0,13-2,62). Os
fatores associados ao risco de conversdo de TST foram raga negra (OR, 11,52; 95% IC, 2,01-
63,36), ter menos de 4 anos de escolaridade (OR, 2,70; 95% IC, 0,90-8,16), tabagismo (OR,
0,23; IC de 95%, 0,06-0,79). O risco de progressdo para a TB ativa s0 foi associado ao
tabagismo (OR, 7,42; 95% IC, 1,23-44,70). Nossas descobertas na populacdo prisional
mostram que niveis insuficientes de vitamina D sdo mais comuns em individuos com TB

ativa, mas ndo séo fatores de risco para aquisicdo de TB latente ou progressao para TB ativa.

Palavras-chave: Tuberculose, Vitamina D, Teste tuberculinico, Progressao, Prisdo



Vitamin D levels associated with tuberculosis in prisoners in the state of

Mato Grosso do Sul, Brazil

ABSTRACT

Insufficient vitamin D levels have been associated with tuberculosis (TB), but data are
conflicting as to whether it is a cause or consequence of disease. We conducted a case-control
study and two nested case-control studies to determine whether vitamin D levels were
associated with active TB, risk of Mycobacterium tuberculosis infection and progression to
the active TB in prisoners in Brazil. Each prisoner was compared with two controls matched
on the basis of age, cell block and incarceration time. In multivariable conditional logistic
regression, insufficient vitamin D levels (OR, 3.77; 95% CI, 1.04-13.64) were more likely in
prisoners with active TB. In contrast, vitamin D levels were not found to be a risk factor for
either TST conversion (OR, 2.49; 95% CI, 0.64-9.66) or progression to active disease (OR,
0.59; 95% ClI, 0.13-2.62). Factors associated with TST conversion risk were black race (OR,
11.52; 95% CI, 2.01-63.36), less than 4 years of schooling (OR, 2.70; 95% CI, 0.90-8.16),
cigarette smoking (OR, 0.23; 95% ClI, 0.06-0.79). Risk of progression to active TB was only
found to be associated with cigarette smoking (OR, 7.42; 95% CI, 1.23-44.70). Our findings
in the prison population show that insufficient vitamin D levels are more common in
individuals with active TB, but are not a risk factor acquisition of latent TB or progression to

active TB.

Keywords: Tuberculosis, Vitamin D, Tuberculin skin test, Progression, Prison
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1 INTRODUCAO

A tuberculose (TB) é uma das doencas infecciosas cronicas mais prevalentes em todo
0 mundo, sendo responsavel pela morte de aproximadamente 2 milhGes de pessoas a cada
ano. Apesar da prevengdo e tratamento especifico, a TB permanece com uma elevada
concentracdo principalmente em populacdes de risco, como em indigenas, usuarios de drogas
e populacdes privadas de liberdade (BASU et al., 2011; SMITH, 1., 2003).

As prisdes, embora sejam ambientes controlados, podem contribuir para a
amplificacdo da transmissdo de TB de seu interior para a comunidade, contribuindo com a
elevada incidéncia da doenca na populagéo geral (SACCHI et al., 2015). A elevada incidéncia
na prisdo pode estar relacionada a superlotacdo, ma ventilacdo e condigcdes de higiene, mé
nutricdo, infecgdo pelo virus da imunodeficiéncia humana/sindrome da imunodeficiéncia
adquirida (HIV/AIDS), uso de drogas, interrupcdo do tratamento e acesso limitado a cuidados
médicos (CONINX et al., 1995; CONINX et al., 2000; URREGO et al., 2015), podendo
ainda, estar associada ao proprio encarceramento e a exposicao a radiacdo ultravioleta tipo B
(UVB), diretamente ligada a concentracdo de vitamina D (SARAFF et al., 2016). Dessa
forma, o conhecimento de exposicOes e fatores de risco sdo de extrema importancia, a fim de
garantir o controle e prevencdo dessa doencga, principalmente em populacdes mais
susceptiveis (NARASIMHAN et al., 2013).

As vitaminas pertencem ao grupo dos micronutrientes e sdo responsaveis por
desempenhar varias fungdes biologicas em todo o organismo, mesmo em pequenas
quantidades. Determinadas vitaminas apresentam acdes antioxidantes, outras atuam como
coenzimas e cofatores, e algumas, possuem multiplas funcdes (SHENKIN, 2006), como é o
caso da vitamina D, que pode ser adquirida na pele, pela exposicdo a radiacdo solar, ou pela
ingestdo na dieta. As moléculas precursoras sao metabolizadas no figado e rins, gerando como
produto final o calcitriol ou 1,25-dihidroxivitamina D (1,25(0OH).D), que é liberado para a
corrente sanguinea na forma ativa (THACHER et al., 2011). Entre as principais funcdes da
vitamina D estdo a reabsorcao intestinal de célcio e fosfato e estimulo do sistema imunoldgico
(CANTORNA et al., 2004).

A partir de suas caracteristicas e fungdes, a vitamina D tem sido estudada ao longo
dos anos para tratamento e controle de diversas doencas e infeccBes, dentre elas a TB
(YOUSSEF et al., 2011). Assim, o ambiente carcerario impde um estilo de vida que pode

impactar diretamente na saude e nos niveis de vitamina D. Embora a deficiéncia de vitamina
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D tenha sido relacionada a TB (FACCHINI et al., 2015), nenhum estudo até o momento
verificou se os niveis de vitamina D estdo associados a TB na populacdo privada de liberdade.
Assim, a identificacdo de fatores relacionados a insuficiéncia de vitamina D, pode ajudar a
garantir um melhor controle da doenca e beneficiar tanto as prisdes quanto as comunidades
circunvizinhas. Portanto, buscamos através de trés estudos caso-controle, verificar se os niveis
de vitamina D estdo associados a TB ativa, ao risco de infeccdo por Mycobacterium
tuberculosis e a progressdo para a doenga, em pessoas privadas de liberdade do estado de

Mato Grosso do Sul, Brasil.
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2 REVISAO DA LITERATURA

2.1 Aspectos gerais da tuberculose

Apesar da disponibilidade da vacina atenuada BCG (do inglés Bacillus Calmette-
Guérin) e tratamento especifico para TB, foram estimados aproximadamente 1,4 milhdes de
mortes por TB em todo o mundo no ano de 2015; permanecendo na lista das 10 principais
causas de mortes mundiais, sendo que pela primeira vez 0 nimero de 6bitos associado a
doenca foi superior ao HIV/AIDS (WHO, 2016). No Brasil, em 2013, houve
aproximadamente 71 mil novos casos de TB, sendo o estado de Mato Grosso do Sul 0 10° no
ranking nacional com mais de mil casos diagnosticados da doenga no mesmo ano (BRASIL,
2014).

A TB é uma das doencas infecciosas cronicas mais antigas ja registradas, causada
pelo bacilo M. tuberculosis, descoberto inicialmente em 1882 por Robert Koch. Esse micro-
organismo é um patdgeno aerdbio obrigatorio e intracelular facultativo, capaz de sobreviver e
se multiplicar dentro de células fagocitarias, como os macréfagos e outras células do
organismo (CAMBAU et al.,, 2014). O M. tuberculosis possui crescimento lento e um
conteddo lipidico em seu envelope celular representando aproximadamente 40% da massa
seca, que confere a estas micobactérias a propriedade de alcool-acido resisténcia, além de
influenciar na patogénese e viruléncia, assim como na sobrevivéncia nas células hospedeiras
(JACKSON, 2014).

A transmissd@o ocorre por meio da inalagcdo do agente causador presente em goticulas
eliminadas no ambiente através da tosse, espirro ou fala do paciente com TB pulmonar ou
laringea. O principal 6rgdo atingido pelo micro-organismo é o pulmao, devido a sua porta
principal de entrada no organismo ser por via aérea, porém outros 6rgdos podem ser atingidos
pela doenca como linfonodos, rins, 0ssos, entre outros (RAVIGLIONE et al., 2015). Apoés a
infeccdo, de maneira geral, no primeiro contato com o bacilo ocorre a TB primaria, onde o
sistema imune é capaz de controlar a infeccdo e 0 micro-organismo pode permanecer no
individuo infectado por anos de maneira assintomatica ou latente (MC ADAM et al., 2016;
RAVIGLIONE et al., 2015).

Estima-se que um ter¢co da populacdo mundial apresente a doenca em sua forma
latente (assintomaticas) (WHO, 2016), e apenas 10% da populacdo desenvolve a doenca ativa

(ABEL et al., 2014). Assim, fatores genéticos e ambientais sdo relacionados ao adoecimento,
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tais como desnutricdo, estresse, alcoolismo, ambientes superlotados e condigdes econémicas
desfavoraveis, sendo mais comum em idosos, individuos imunossuprimidos e previamente
infectadas pelo HIV (MELO et al., 2010).

Para que haja uma total erradicacdo dos bacilos, o tratamento deve ser iniciado o
mais rapido possivel apds o diagnostico e ser realizado de maneira adequada. No Brasil, 0
tratamento da TB dura no minimo seis meses, onde sdo administrados os medicamentos
isoniazida, rifampicina, pirazinamida e etambutol, usados em associacdo nos esquemas
padronizados para o tratamento da doenca ativa, preconizado pelo Ministério da Salde
(BRASIL, 2011).

2.2 Tuberculose na populacéo privada de liberdade

As prisdes superlotadas atuam como amplificadores institucionais para a TB, ndo
somente pelos surtos que ocorrem em seu interior, mas também pela facilidade em difundir a
doenca para a populacdo geral (SACCHI et al., 2015). Embora as prisdes sejam ambientes
controlados, o numero de funcionarios, visitantes ou presos que constantemente entram e
saem deles pode contribuir para 0 aumento da transmissdo, que em conjunto com a baixa
deteccdo de casos e de migracdo dos presos para as comunidades, ajudam a sustentar a
ameaca de TB nas prisdes e suas comunidades circunvizinhas (AERTS et al., 2006; SACCHI
et al., 2015; URREGO et al., 2015).

No Brasil, a incidéncia de TB ativa é pelo menos 30 vezes maior na populacéo
privada de liberdade do que na populacdo geral, apresentando elevada taxa de infeccao
recente (25,7%) e de incidéncia (1,275/100.000), que contrasta com a incidéncia populacional
(<40/100.000) (PAIAOQ et al., 2016). Estas taxas contrastam entre as prisdes e comunidades e
destacam ndo sé o potencial de amplificacdo do risco de infeccdo de TB no ambiente
carcerario (ESTEVAN et al., 2013; SACCHI et al., 2015; URREGO et al., 2015), mas
também o risco da progressdo da doenga, devido a fatores de susceptibilidade que parecem ser
inerentes a esse ambiente (CARBONE et al., 2015; URREGO et al., 2015).

A alta carga de TB neste ambiente pode estar relacionada as multiplas condices, tais
como a superlotacdo, ma ventilacdo e condicdes de higiene, ma nutricdo, infeccdo pelo HIV,
uso de drogas e interrupcdo do tratamento (CONINX et al., 1995; CONINX et al., 2000;
HAMMETT et al., 1998; URREGO et al., 2015), podendo ainda, estar associada ao préprio
encarceramento e a mudangas sazonais em padrdes de radiacdo UVB, diretamente ligada a
concentracédo de vitamina D (SARAFF et al., 2016).
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2.3 Vitamina D

A vitamina D é formada por um grupo de moléculas secosteroides, que sdo
esteroides caracterizados por apresentar um dos anéis rompidos, derivados do colesterol,
assim como testosterona, estradiol, progesterona, cortisol e aldosterona (SANDERSON,
2006). Essa vitamina é derivada da molécula precursora 7-dehidrocolesterol, que pode ser
adquirida na pele, pela exposicdo a radiacdo solar, ou através da dieta. Suas principais formas
sdo a vitamina D, (ou ergocalciferol), que é formada pela acdo fotolitica de radiacdo
ultravioleta sobre plantas e fungos, e a vitamina D3 (ou calecalciferol), que é produzida na
epiderme da pele exposta a luz solar, especialmente a radiacdo UVB. As principais fontes
nutricionais de vitamina D incluem dleo de peixes, como salmédo e bacalhau, e alimentos
fortificados (VOET et al., 2013).

Porém, estudos descrevem esses metabolitos como pré-horménios por néao
apresentarem caracteristicas comuns a maioria das vitaminas conhecidas, que envolvem um
mecanismo complexo de varios receptores e enzimas, indicando que a regulacdo da vitamina
D é mais semelhante a de esteroides do que a de nutrientes (LUND et al.,, 1966;
MARSHALL, 2008; NORMAN, 2008). Contudo, a terminologia “vitamina” continua a ser
utilizada para estas estruturas, devido a sua classificacdo definida originalmente (NORMAN,
2008).

Ao ser sintetizada a vitamina D3 permanece biologicamente inativa nas camadas
profundas da epiderme, ou seja, sem desempenhar suas fungdes bioldgicas, havendo a
necessidade de ser transportada do sangue para o figado por meio de uma proteina de ligacéo
DBP (do inglés D Binding Protein, uma proteina especifica para a vitamina D), para que
ocorram as modificacdes necessarias (NORMAN, 2008). No figado, sdo convertidas em 25-
hidroxivitamina D (25(OH)D ou calcidiol), e posteriormente nos rins € metabolizada, gerando
como produto final o 1,25(0OH),D, que é liberado para a circulacdo em sua forma ativa
(BENDER, 2016; CHRISTAKOS et al., 2010; VOET et al., 2014). Porém sua concentracao
sanguinea é cerca de mil vezes menor que a de seu precursor 0 25(0OH)D (THACHER et al.,
2011), tendo meia-vida de 2 a 3 semanas (GRAY et al., 1974; SMITH, J. E. et al., 1971;
VICCHIO et al., 1993). Dessa forma, a dosagem de 25(OH)D é a forma considerada como

sendo a mais apropriada para se verificar os niveis plasmaticos de vitamina D, uma vez que
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sua concentracdo é um indicativo tanto da sintese enddgena quanto da ingestdo (HOLICK,
2007; THACHER et al., 2011).

As atividades bioldgicas do 1,25(0OH),D sdo mediadas pelo receptor da vitamina D
(VDR, do inglés Vitamin D Receptor), uma proteina presente no citoplasma que pode atuar
como fator de transcri¢do génica (PIKE et al., 2010). No ndcleo o VDR interage com regides
especificas do DNA (&cido desoxirribonucleico), desencadeando diversas respostas e efeitos
biolégicos por meio da expressdo de genes alvos (PIKE et al., 2010; RACZ et al., 1999).
Porém, 1,25(0OH),D podem interagir com receptores presentes na membrana plasmatica,
desencadeando ac¢des ndo gendmicas (HUHTAKANGAS et al., 2004).

O principal papel da vitamina D consiste em promover a reabsor¢do intestinal de
calcio e fosfato, possibilitando a remodelagem Ossea. Embora ndo se tenha elucidado
completamente, a expressdo de VDR em células do sistema imune, como linfécitos T e B,
macrofagos e outras células apresentadoras de antigenos, capaz de sintetizar 1,25(0OH),D
(BIKLE, 2009), sugere um importante papel da vitamina D na patogénese e desfecho de
varias doencas, como diabetes mellitus tipo 1 e 2 (PHAM et al, 2015), doencas
cardiovasculares (CHIN et al., 2017), diferentes tipos de cancer (KENNEL et al., 2013;
MOUKAYED et al., 2013; SONG et al.,, 2016) e doencas infecciosas, tais como a TB
(HUANG et al., 2017).

2.4 Vitamina D e tuberculose

Até o advento dos antibioticos, fontes de vitamina D como o 6leo de figado de
bacalhau e a luz solar, eram utilizadas como tratamento alternativo para TB (GRAD, 2004;
ROELANDTS, 2002). Um dos principais mecanismos de defesa envolvendo vitamina D e M.
tuberculosis esta associado aos receptores TLR (do inglés Toll-like receptor) (LIU et al.,
2006). Antigenos micobacterianos, especialmente lipoproteinas, sdo reconhecidos por TLR2
ou associados a TLR1 ou TLR6 (BERRINGTON et al.,, 2007) que quando ativados
participam da expressdo de VDR e ativacdo de 25(OH)D, os quais auxiliam na liberacdo de
catelicidina, um peptideo antimicrobiano expresso em varias células como macrofagos,
neutrofilos e monadcitos, capaz de inibir o crescimento intracelular de M. tuberculosis, in vivo
(SHIN et al., 2010) e in vitro (LIU et al., 2006).

No entanto, o risco de desenvolver TB pode estar associado a mudancas sazonais em

padrdes de radiacdo UVB, relacionado a concentragdo de vitamina D (SANTOS et al., 2012).
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O ambiente carceréario impde um estilo de vida que é em grande parte sedentéaria, com a
maioria do tempo gasto dentro de celas superlotadas, diminuindo a exposicdo a radiacdo UVB
e promovendo possivelmente uma baixa sintese de vitamina D (JACOBS et al., 2015). Um
estudo realizado em uma instituigdo correcional do Arizona demonstrou que a deficiéncia de
vitamina D era comum nos presos, onde 90% dos reclusos em longo prazo (>1 ano)
apresentaram niveis <20 ng/mL (JACOBS et al., 2015). Nos Estados Unidos, 69% dos presos
do Departamento de Correcdo de Massachusetts apresentavam niveis séricos de vitamina D
<30 ng/mL (NWOSU et al., 2014). Dessa forma, o nivel da vitamina D parece ser limitado
pelo tempo passado ao ar livre exposto ao sol durante periodos de alta radiacdo UVB,
necessaria para sintetizar a vitamina D (ARNEDO-PENA et al., 2011).

2.4.1 Revisdo de literatura da associacao entre vitamina D e tuberculose

Foi realizada uma pesquisa bibliografica no banco Pubmed até fevereiro de 2017. Os
descritores utilizados para a pesquisa incluiram: “(vitamin D OR 25-hydroxyvitamin D) AND
(tuberculosis OR TB)” contidos no titulo e abstract. Apos a obtencdo de todos os resultados
da pesquisa, foram eliminadas as publicac6es ndo relacionadas a partir da leitura do titulo,
seguida da leitura do abstract e por fim da leitura completa dos artigos, seguindo 0s critérios
de inclusédo e exclusdo. Os critérios de inclusdo foram: (a) estudos relatados em inglés; (b)
ensaios clinicos, estudos de caso-controle e de coorte; (c) pacientes infectados com M.
tuberculosis; (d) estudos que investigaram a associacdo entre os niveis de vitamina D e TB
pulmonar em humanos. Os critérios de exclusdo foram: (a) revisdes ou meta-analises, relatos
de casos, estudos transversais ou outros estudos; (b) estudos in vitro ou modelos animais.

O processo de selecdo dos artigos e resultados € ilustrado na Figura 1. Com base na
estratégia de pesquisa, 724 artigos foram identificados e 696 foram excluidos por ndo
cumprirem os critérios de inclusdo ou por serem irrelevantes. A Tabela 1 apresenta as
caracteristicas dos estudos selecionados. Um total de 28 artigos foram incluidos na reviséo,
sendo 3 estudos de coorte, 8 ensaios clinicos, 16 estudos caso-controle e 1 estudo

transversal/caso-controle.



Figura 1 - Fluxograma da sele¢do dos estudos para a revis&o.

Artigos identificados pela busca
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18

Y

Artigos excluidos
- Artigos de revisdo e meta-analise (n= 121)
- Relatos de caso (n=21)
- Estudos transversais (n=23)
- Outros estudos; estudos caso-controle e de coorte
analisando outros fatores (n= 217)

Artigos que permaneceram para
leitura detalhada (n=70)

v

Artigos excluidos por néo
atenderem os critérios de
incluséo (n=42)

Artigos incluidos na revisao
(n=28)




Tabela 1 - Caracteristicas dos estudos selecionados que associam vitamina D com TB

x . Forma da Tamanho da amostra A .
Autor, ano, local Populagdo do estudo Tipo do estudo doenca Casos Controles Parametro medido Resultados
Talat et al., 2010, Populagéo geral Coorte TB ativa 8 92 Niveis séricos de 25(OH)D Mediana (IQR)
Paquisto (criancas e adultos) Casos: 7,9 ng/mL (4,7-10,3)
Né&o casos: 9,6 ng/mL (5,8-19,1)
Deficiéncia de vitamina D (<20 ng/mL)  RR (95% IC)
5,1(1,2-21,3), p=0,03
Arnedo-Pena et al., 2015, Populagdo geral Coorte TB ativa 3 520 Niveis séricos de 25(OH)D Média (DP)
Espanha (adultos) Casos: 13,7 ng/mL (6,3)
Né&o casos: 25,7 ng/mL (12,7)
Deficiéncia de vitamina D (<30 ng/mL)  HR (95% IC)
0,89 (0,80-0,99), p=0,034
Arnedo-Pena et al., 2015, Populacdo geral Coorte TB latente 18 180 Niveis séricos de 25(OH)D Média (DP)
Espanha (adultos) Casos: 20,7 ng/mL (11,9)
Néo casos: 27,2 ng/mL (11,4); p=0,028
Deficiéncia de vitamina D (<20 ng/mL)  RR (95% IC)
3,96 (1,51-10,37)
Davies et al., 1985, Populagéo geral Caso-controle TB ativa 50 50 Niveis séricos de 25(OH)D Mediana (intervalo)
Reino Unido (adultos) Casos: 6.4 ng/mL (0.9 - 29.7)
Controles: 10.9 ng/mL (3.6 - 53.0), p<0.005
Grange et al., 1985, Populagéo geral Caso-controle TB ativa 40 38 Niveis séricos de 25(OH)D Média (intervalo)
Indonésia (adultos) Casos: 26,3 ng/mL (17,5-52,2)
Controles: 27,8 ng/mL (19,4-50), p>0.25
Wilkinson et al., 2000, Populagéo geral Caso-controle TB ativa 103 42 Deficiéncia de vitamina D (<4 ng/mL) OR (95% IC)
Inglaterra (adultos) 2,9 (1,3-6,5), p=0,008
Sita-Lumsden et al., 2007, Populagéo geral Caso-controle TB ativa 178 130 Niveis séricos de 25(OH)D Média (EP)
Inglaterra (adultos) Casos: 8,05 ng/mL (0,95)
Controles: 12,33 ng/mL (1,7), p<0,001
Wejse et al., 2007, Populagéo geral Caso-controle TB ativa 362 494 Deficiéncia de vitamina D (<50 ng/mL)  RR (95% IC)
Africa (adultos) 0,65 (0,43-0,98)
Ho-Pham et al., 2010, Populagéo geral Caso-controle TB ativa 166 219 Deficiéncia de vitamina D (<30 ng/mL)  OR (95% IC)

Vietna

(adultos)

1,14 (1,07-10,7)

DP, Desvio Padrdo; EP, Erro Padréo; HR, Hazard ratio; IC, Intervalo de Confianga; IQR, Intervalo Interquartil; OR, Odds ratio; RR, Risco Relativo; TB,

tuberculose.
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Tabela 1 - Caracteristicas dos estudos selecionados que associam vitamina D com TB (Continuagao)

x . Formada  Tamanho da amostra . )
Autor, ano, local Populagdo do estudo Tipo do estudo doenca Casos  Controles Parametro medido Resultados
Nielsen et al., 2010, Populagéo geral Caso-controle TB ativa 72 72 Deficiéncia de vitamina D (<30 ng/mL)  OR (95% IC)
Dinamarca (adultos) 6,5 (1,8-23,5), p=0,003
Koo et al., 2012, Populagéo geral Caso-controle TB ativa 116 86 Niveis séricos de 25(OH)D Mediana (IQR)
Coreia do Sul (adultos) Casos: 13,9 ng/mL (8,80-21,8)
Controles: 13,2 ng/mL (9,6-19,3), p=0,97
Iftikhar et al., 2013, Populacéo geral Caso-controle TB ativa 105 255 Niveis séricos de 25(OH)D Meédia (DP)
Paquistdo (adultos) Casos: 23,23 ng/mL (6,81)
Controles: 29,27 ng/mL (8,89), p<0,0001
Gaoetal., 2014, Populagéo geral Caso-controle TB ativa 74 153 Niveis plasmaticos de 1,25(0OH)2D3 Média (DP)
China (adultos) 365,9 ng/mL (235,7)
464,3 ng/mL (335,6), p<0,05
Hong et al., 2014, Populagéo geral Caso-controle TB ativa 94 282 Niveis séricos de 25(OH)D Mediana (IQR)
Coreia do Sul (adultos) Casos: 9,86 ng/mL (7,19-14,15)
Controles: 16,03 ng/mL (12,38-20,30), p<0,001
Kim et al., 2014, Populagio geral Caso-controle TB ativa 165 197 Niveis séricos de 25(OH)D Média (DP)
Correia do Sul (adultos) Casos: 13,5 ng/mL (9,10)
Controles: 18,7 ng/mL (8,33), p<0,001
Jubulis et al., 2014, Populagéo geral Caso-controle TB ativa 60 118 Deficiéncia de vitamina D (<20 ng/mL)  OR (95% IC)
India (criancas) 1,00 (0,38-2,66)
Venturini et al., 2014, Populagéo geral Caso-controle TB latente 138 814 Insuficiéncia de vitamina D (<30 ng/mL) RR (95% IC)
Inglaterra (criancas) TB ativa 44 Casos TB latente: 1,61 (1,086-2,388), p=0,018
Casos TB ativa: 4,587 (1,190-9,608), p<0,0001
Ludmir et al., 2016, Populagéo geral Caso-controle TB ativa 39 41 Deficiéncia de vitamina D (<20 ng/mL)  Mediana (IQR)
Botswana (criangas) Casos: 32,2 (21,5-40,0)
Controles: 30,9 (22,6-41,9), p=0,84
Oh et al., 2017, Populagéo geral Caso-controle TB ativa 152 137 Deficiéncia de vitamina D (<20 ng/mL)  OR (95% IC)
Coreia do Sul (adultos) 0,904 (0,876-0,932), p<0,001
Arnedo-Pena et al., 2011, Populagéo geral Estudo TB ativa 42 50 Niveis séricos de 25(OH)D Média (DP)
Espanha (adultos) transversal Casos: 22,9 ng/mL (11,0)
Controles: 24,0 ng/mL (14,1), p=0,87
Caso-controle TB latente 11 93 Niveis séricos de 25(OH)D Média (DP)

Casos: 17,5 ng/mL (5,6)
Controles: 25,9 ng/mL (13,7), p=0,04

DP, Desvio Padrdo; EP, Erro Padréo; HR, Hazard ratio; IC, Intervalo de Confianga; IQR, Intervalo Interquartil; OR, Odds ratio; RR, Risco Relativo; TB,

tuberculose.
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Tabela 1 - Caracteristicas dos estudos selecionados que associam vitamina D com TB (Continua¢éo)

. F A .
Autor, ano, local Populagdo do estudo Tipo do estudo gg?niga ngssho dgoirprzsltega Parametro medido Resultados
Ralph et al., 2013, Populagéo geral Ensaio Clinico TB ativa 200 - Conversdo da cultura na 4% semana L-arginina + vitamina D: 57% (21/37)
Indonésia (adultos) Placebo L-arginina + placebo vitamina D: 61%
(25/41)
Martineau et al., 2011, Populacio geral Ensaio Clinico TB ativa 146 - Tempo médio para a conversio da Mediana (95% IC)
Reino Unido (adultos) cultura de escarro (dias) Vitamina D: 36,0 (31,8-40,2)
Placebo: 43,5 (36,5-50,5), p=0,41
Wesje et al., 2009, Populacio geral Ensaio Clinico TB ativa 367 - Conversdo da cultura na 8% semana Vitamina D: 29% (30/103)
Guiné-Bissau (adultos) Placebo: 22% (25/110)
Daley et al., 2015, Populacio geral Ensaio Clinico TB ativa 247 - Tempo médio para a conversao da Mediana (95% IC)
India (adultos) cultura de escarro (dias) Vitamina D: 43,0 (33,3-52,8)
Placebo: 42,0 (33,9-50,1), p=0,95
Salahuddin et al., 2013, Populacio geral Ensaio Clinico TB ativa 259 - Conversdo da cultura na 4% semana Vitamina D: 61/132
Paquistdo (adultos) Placebo: 64/127, p=0,18
Tukvadze et al., 2015, Populagio geral Ensaio Clinico TB ativa 199 - Tempo médio para a conversdo da Mediana (95% IC)
Georgia (adultos) cultura de escarro (dias) Vitamina D: 29 (24-36)
Placebo: 27 (23-36), p=0,99
Mily et al., 2015, Populagio geral Ensaio Clinico TB ativa 288 - Conversdo da cultura na 4% semana PBA + vitamina D: 71% (46/65), p=0,001
Bangladesh (adultos) Vitamina D: 64,4% (38/62), p=0,032
Placebo: 43,7% (27/64)
Nursyam et al., 2006, Populagio geral Ensaio Clinico TB ativa 67 - Conversdo da cultura na 6° semana Vitamina D: 100% (34/34)

Indonésia

(adultos)

Placebo: 76,7% (25/33), p=0,002

IC, Intervalo de Confianga; PBA: 4-phenylbutyrate; TB, tuberculose.
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2.4.1.1 Estudos caso-controle

A partir dos resultados de 9 estudos foi possivel observar que pacientes com TB tém,
em média, niveis séricos (DAVIES et al., 1985; HONG et al., 2014; IFTIKHAR et al., 2013;
KIM et al., 2014; SITA-LUMSDEN et al., 2007) e plasmaticos de vitamina D (GAO et al.,
2014) mais baixos do que os controles saudaveis, porém ndo associados a TB ativa em adultos
(JUBULIS et al., 2014; KOO et al., 2012). Em contraste, 5 estudos identificaram a
deficiéncia de vitamina D como um fator de risco associado a doenca ativa em adultos (HO-
PHAM et al.,, 2010; NIELSEN et al.,, 2010; OH et al.,, 2017; WEJSE et al., 2007,
WILKINSON et al., 2000) e 1 associado a infeccdo latente por M. tuberculosis em criancas
(VENTURINI et al., 2014). 3 estudos ndo encontraram diferengas significativas nos niveis de
vitamina D entre os participantes saudaveis e com TB ativa (ARNEDO-PENA et al., 2011;
GRANGE et al., 1985; LUDMIR et al., 2016)

2.4.1.2 Estudos de coorte

Talat et al. (2010), avaliaram a associacdo entre deficiéncia de vitamina D e
progressao para TB, em 20 pacientes com TB ativa e 100 contatos domiciliares livres da
doenca, no Paquistdo, de 2001 a 2004. A partir do inicio do estudo, os inscritos foram
acompanhados por 6, 12 e 24 meses, porém os niveis de vitamina D foram dosados no plasma
das amostras de sangue colhidas somente no inicio, pelo método de ELISA. A mediana do
nivel de vitamina D foi de 9,6 ng/mL (IQR 5,8-19,1) para os contatos domiciliares e de 7,9
ng/mL (IQR 4,7-10,3) para os pacientes com TB ativa, 93% de todos individuos incluidos no
estudo apresentavam deficiéncia de vitamina D (<20 ng/mL). A partir disso, analisaram-se o
risco de progressdao para a TB ativa. Dos 100 contatos domiciliares livres de doenca, 8
evoluiram para doenca ativa durante o periodo de 4 anos de acompanhamento. A doenca
evoluiu em 7 dos 30 pacientes com niveis de vitamina D no tercil mais baixo (<7 ng/mL), 1
dos 32 pacientes no tercil médio (7-13 ng/mL) e nenhum dos 30 pacientes no tercil mais alto
(> 13 ng/mL), p=0,002; log rank. Dessa forma, os baixos niveis de vitamina D foram
associados com um risco 5 vezes maior (1,2-21,3; p=0,03) de progressdo para TB ativa em
contatos domiciliares.

Arnedo-Pena et al. (2015a), avaliaram a relacdo entre o nivel sérico de vitamina D e

a incidéncia de TB em 572 contatos de 89 pacientes com TB pulmonar, na Espanha, de 2009 a
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2012. O nivel sérico de vitamina D foi dosado no inicio do estudo por
eletroquimioluminescéncia de 2009 a 2010 e por imunoensaio de quimioluminescéncia de
2011 a 2012. Entre 836 contatos de 89 pacientes com TB pulmonar, o nivel de vitamina D foi
dosado em 572 contatos dos quais 523 foram acompanhados. Durante este periodo ocorreram
trés novos casos de TB pulmonar, com uma incidéncia de 3,6/1000 pessoas-ano. O valor
médio de vitamina D foi 13,7 ng/mL para casos e 25,7 ng/mL para ndo-casos, e a suficiéncia
de vitamina D foi associada a protecao para o desenvolvimento de TB ativa (HR 0,89; 95% IC
0,88-0,99; p=0,034).

Arnedo-Pena et al. (2015b), avaliaram a relag&o entre o nivel sérico de vitamina D e
a conversdo da infeccdo por M. tuberculosis, medida por TST e ensaio de liberacdo de
interferon gama, QuantiFERON-TB Gold In-Tube (QFT-GIT), em contatos de pacientes com
TB pulmonar, na Espanha, de 2010 a 2012. O nivel sérico de vitamina D foi dosado no inicio
do estudo por imunoensaio de quimioluminescéncia e considerado suficiente quando >30
ng/mL. Dos 516 contatos de pacientes com TB pulmonar, foram realizadas determinacdes de
vitamina D para 386 contatos. Desses, 90 foram positivos para TST/QFT-GIT e foram
classificados como casos de TB latente. 49 contatos com TST/QFT-GIT negativos foram
excluidos considerando que se passaram mais de 10 semanas desde a Ultima exposi¢do a um
caso com TB pulmonar. A coorte inicial teve 247 contatos dos quais 198 foram rastreados
duas vezes em 8-10 semanas ap0s o0 exame inicial, onde 180 permaneceram negativos para
TST/QFT-GIT e 18 converteram para TB latente. Os niveis médios de vitamina D foram de
20,7 ng/mL para os casos com TB latente e 27,2 ng/mL para os ndo infectados (OR 3,0; 95%
IC, 1,51-10,37, p=0,028). O risco de infeccdo diminuiu significativamente com relacdo aos
niveis de vitamina D >20 ng/mL (p=0,012) e maior contato com pacientes com TB pulmonar
foi associada com TB latente (p=0,001). Dois novos casos de TB ativa foram detectados,
ambos com niveis deficientes de vitamina D de 6,5 ng/mL e 18,3 ng/mL, respectivamente. Os
resultados do estudo indicam que o baixo nivel de vitamina D foi associado com TB latente

em contatos de pacientes com TB pulmonar.
2.4.1.3 Ensaios clinicos
Os 8 ensaios clinicos se diferiram quanto ao desenho do estudo, as caracteristicas do

paciente, a dose de vitamina D utilizada e aos parametros avaliados. Apesar dessas diferencas,

6 estudos demonstraram que a suplementacdo de vitamina D, como terapia adjuvante durante
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0 tratamento da TB, ndo reduziu o tempo de conversdo da cultura de escarro apés 4 ou 8
semanas (DALEY et al., 2015; MARTINEAU et al, 2011; RALPH et al, 2013;
SALAHUDDIN et al., 2013; TUKVADZE et al., 2015; WEJSE et al., 2009) e apenas 2
encontraram um efeito significativo da vitamina D sobre o tempo de conversdo da cultura
(MILY et al., 2015; NURSYAM et al., 2006). Todos os suplementos de vitamina D foram
considerados seguros e bem tolerados pelos estudos. Porém, 3 pacientes suplementados com
vitamina D, apesar da melhora microbioldgica, tiveram reacbes adversas graves
(MARTINEAU et al., 2011).

2.3.1.4 Conclusao dos estudos da revisdo de literatura

Pode-se concluir a partir dos estudos incluidos na revisdo que individuos com TB
possuem um nivel significativamente menor de vitamina D, que pode estar associada a um
maior risco de desenvolvimento TB. Percebe-se que alguns estudos utilizam padrdes
diferentes para definir um nivel suficiente de vitamina D, tal inconsisténcia pode influenciar
nos resultados encontrados. Alguns estudos possuiam, ainda, um numero amostral limitado,
dessa forma, estudos com tamanhos de amostras maiores podem ajudar a esclarecer a
associacgdo entre os niveis de vitamina D e TB.

Ha evidéncias que os baixos niveis sericos de vitamina D estdo associados ao
desenvolvimento de TB latente e ativa, entretanto, a suplementacdo com vitamina D nao
reduz o tempo de conversdo da cultura de escarro. Dessa forma, os resultados encontrados na
literatura ainda sdo controversos. Todos os estudos até o momento foram realizados em
homens, mulheres e criancas provenientes da comunidade em geral. Nenhum estudo foi
realizado no Brasil e tdo pouco na populacdo privada de liberdade. Apesar do baixo nivel da
vitamina D ter sido identificado como fator de risco associado a TB, continua a haver uma
lacuna de conhecimento para a compreensdo se as condicdes de encarceramento exercem
alguma influéncia nos niveis de vitamina D e se estes estdo associados a TB, a aquisi¢cdo de

TB latente e ao desenvolvimento de doenca ativa.
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3 OBJETIVOS

3.1 Objetivo geral

Verificar se os niveis de vitamina D estdo associados a TB ativa, ao risco de infeccao
por M. tuberculosis e a progresséo para a doenga, em pessoas privadas de liberdade do estado
de Mato Grosso do Sul, Brasil.

3.2 Objetivos especificos

« Comparar 0s niveis de vitamina D entre presos com e sem TB ativa através de um
estudo caso-controle.

« Examinar a susceptibilidade de infeccdo por M. tuberculosis por meio da conversao
do teste tuberculinico, baseada nos niveis de vitamina D, através de um estudo de
caso-controle aninhado a uma coorte prospectiva de pessoas privadas de liberdade,
acompanhadas por um ano.

« Identificar se os niveis de vitamina D estdo associados a progressdo para TB ativa
através de um estudo de caso-controle aninhado a uma coorte prospectiva de pessoas

privadas de liberdade, acompanhadas por um ano.
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Abstract

Insufficient vitamin D levels have been associated with tuberculosis (TB), but data are
conflicting whether is cause or consequence of disease. We conducted a case-control study
and two nested case-control studies to determine whether vitamin D levels were associated
with active TB, tuberculin skin test (TST) conversion and risk of progression to the active TB
in prisoners in Brazil. In multivariable conditional logistic regression, insufficient vitamin D
levels (OR, 3.77; 95% CI, 1.04-13.64) were more likely in prisoners with active TB. In
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contrast, vitamin D levels were not found to be a risk factor for either TST conversion (OR,
2.49; 95% CI, 0.64-9.66) or progression to active disease (OR, 0.59; 95% CI, 0.13-2.62).
Factors associated with TST conversion risk were black race (OR, 11.52; 95% CI, 2.01-
63.36), less than 4 years of schooling (OR, 2.70; 95% CI, 0.90-8.16), cigarette smoking (OR,
0.23; 95% CI, 0.06-0.79). Risk of progression to active TB was only found to be associated
with cigarette smoking (OR, 7.42; 95% ClI, 1.23-44.70). Our findings in the prison population
show that insufficient vitamin D levels are more common in individuals with active TB, but

are not a risk factor acquisition of latent TB or progression to active TB.

Introduction

Tuberculosis (TB) is a major global public health problem, causing approximately 1.4
million deaths annually’. The World Health Organization estimates that one-third of the
world’s population has latent TB*, of which approximately 10% will develop active disease?.
Understanding which individuals will progress to tuberculosis and which will maintain
lifelong immune control or achieve clearance, remains an important scientific question with
substantial public health implications. This high-risk group also provides the opportunity to
examine host factors that currently lack complete understanding in the disease pathway for
active tuberculosis.

One of the prominent host factors that has been implicated in TB risk is vitamin D
levels®. Nutritional deficiency, low exposure to sunlight due to spending only short periods of
time outdoors, and seasonal changes resulting in reduced ultraviolet radiation type B (UVB)
may be associated with low vitamin D levels®. Vitamin D is composed of a group of
secosteroid molecules that are predominantly synthesized in the skin following exposure to
solar radiation, resulting in vitamin D3 (or cholecalciferol), or obtained via dietary intake,
resulting in vitamin D, (or ergocalciferol) or Ds’. Active vitamin D requires two
hydroxylation reactions. The primary circulating form of vitamin D is 25(OH)D3 after vitamin
D3 is hydroxylated in the liver. 25(OH)Ds is the precursor for the biologically active form of
vitamin D, 1,25(0OH),D3, formed largely in the kidney. It is now known that immune cells
(innate and adaptive), e.g., macrophages express enzymes to locally activate 25(OH)D3 to
supra-physiological concentrations of 1,25(0OH),Ds for diverse functions. For example, it has
been demonstrated that activated vitamin D is required for interferon-y mediated antimicrobial
activity of macrophages against Mycobacterium tuberculosis®.

Many studies have reported seasonality of TB disease incidence, leading to

speculation that seasonal differences in vitamin D levels may play a role in TB infection or
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disease progression’. However, isolating the role of vitamin D from other seasonal
confounders has been difficult. The majority of studies investigating the relationship between
vitamin D levels and TB infection or disease risk have been cross-sectional in nature; as TB
may cause micronutrient deficiencies, determining whether there is a causal relationship
between vitamin D levels and TB risk remains challenging. One prospective study among
household contacts in Spain found that vitamin D deficiency was associated with risk of
tuberculin skin test conversion and incident disease among household contacts of TB cases®.
Further evidence is needed to understand whether vitamin D levels are predictive of risk of
incident TB infection and subsequent risk of disease.

Brazil is a medium tuberculosis-burden country, which has over 70,000 new cases TB
diagnosed annually. Of the 526,000 new cases of TB reported between 2009 and 2014 in
Brazil, 38,000 (7.3%) were diagnosed among prisoners®. In this population, the incidence of
active TB is at least 30 times higher than that observed in the general population.'® A number
of structural and host determinants have been implicated in the high rates of TB infection and
disease observed in prisons™. These include factors associated with increased transmissibility
of the disease, such as overcrowding and ventilation'!, as well host factors associated with
both TB risk and incarceration, such as nutritional deficiency'?, HIV infection, smoking™**
and drug use™®. Previous studies have identified low vitamin D levels among prisoners in
correctional facilities, likely due to prolonged indoor incarceration with insufficient sunlight
exposure or dietary sources of vitamin D . Whether differences in vitamin D levels among
prisoners are an important determinant of elevated TB risk is not understood.

The purpose of this study was to investigate the role of vitamin D insufficiency in
incident tuberculosis infection and disease risk among incarcerated individuals. We performed
one case-control study and two nested case-control studies among an observational cohort of
Brazilian prisoners. We aimed to determine whether vitamin D levels were associated with
three distinct features of TB disease: active TB, M. tuberculosis infection (TST conversion),

and progression to active disease in this high-risk population.

Results
Risk factors associated with active tuberculosis

The frequency distribution of the variables and risk factors are shown in Table 1. We
compared 24 TB cases and 48 matched controls without TB. The mean age of prisoners for

the case-control study was 32 years (£7 years) among cases and 33 years (£8 years) among
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the controls (Table 2). Mean serum 25(OH)D3 level was significantly lower among the cases
(27.7 £7.85 ng/mL) than controls (37.1 £8.94 ng/mL, p<0.01; Table 2). Prisoners with active
TB were more likely to have insufficient vitamin D levels (<30 ng/mL) when compared to
healthy controls (18/24 [75%] vs 16/48 [33%], p=0.004; Table 1). All cases had negative HIV
serology and only two controls had positive HIV serology (Table 1).

Bivariable conditional logistic regression analyses were performed to assess the
associations between active TB and thirteen potential predictor variables. These variables
included drug use over the last year (OR, 4.88; 95% CI, 1.02-23.15), previous incarceration
(OR, 6.82; 95% CI, 0.82-56.46), black race (OR, 3.71; 95% CI, 0.76-18.20), and serum
25(0H)D3 level <30 ng/mL (OR, 4.37; 95% CI, 1.56-12.25). In multivariable analysis, only
insufficient serum 25(0OH)D; level (OR, 3.77; 95% CI, 1.04-13.64) was determined to be
significantly associated with active TB after adjustment for drug use (OR, 2.87; 95% ClI, 0.43-
19.01), previous incarceration (OR, 3.12; 95% CI, 0.34-28.24) and black race (OR, 1.57; 95%
Cl, 0.26-9.71).

Risk factors associated with tuberculin skin test (TST) conversion

In the first nested case-control study, we selected individuals who screened negative
for TB at baseline by symptoms and sputum culture, and compared those who converted their
TST from negative to positive when retested at one year (converters) with those who
remained negative upon repeat testing (non-converters). The mean age of the converters was
32 years (6 years) and 31 years (7 years) among the non-converters (Table 2). Vitamin D
levels did not differ significantly between the TST converters (37.7 £11.93 ng/mL) and non-
converters (34.5 £14.89 ng/mL, p=0.19). Albumin levels differed significantly between cases
(4.63 £0.43 g/dL) and controls (4.28 +£1.00 g/dL, p<0.01) but were in the normal range (> 3.5-
5.2 g/dL) (Table 2). All cases and controls had negative HIV serology (Table 1).

In bivariable analysis, black race (OR, 3.12; 95% CI, 0.98-9.95), less than 4 years of
schooling (OR, 2.44; 95% CI, 1.01-5.94), cigarette smoking (OR, 0.44; 95% ClI, 0.17-1.15),
serum 25(0OH)Dj3 level <30 ng/mL (OR, 0.79; 95% CI, 0.31-2.04) and serum albumin level
(OR, 2.05; 95% CI, 0.97-4.32) were associated with risk of TST conversion. The
multivariable analysis showed black race (OR, 11.52; 95% CI, 2.01-63.36), less than 4 years
of schooling (OR, 2.70; 95% ClI, 0.90-8.16), cigarette smoking (OR, 0.22; 95% CI, 0.06-0.79)

and serum albumin level (OR, 0.09; 95% CI, 0.01-1.13) were associated with an increased
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risk of TST conversion (Table 3). Vitamin D levels, however, were not associated with risk of
TST conversion (OR, 2.49; 95% CI, 0.64-9.66; Table 3).

Risk factors associated with progression to active tuberculosis

In the second nested case-control study, we compared baseline characteristics of
individuals, who screened negative for active TB at baseline, according to whether they
progressed to active TB over the subsequent year (“progressors”) or did not (“non-
progressors”). Thirty-six percent of those who progressed and 50% of those who did not
progress had positive TSTs at baseline. No significant difference in baseline serum 25(0OH)D3
levels was identified between progressors (37.0 £14.83 ng/mL) and non-progressors (37.5
+11.04 ng/mL, p=0.86; Table 2). All cases had negative HIV serology and only one control
had positive HIV serology (Table 1).

In bivariable analysis, drug use during the last year (OR, 4.28; 95% CI, 0.90-20.30),
cigarette smoking (OR, 7.77; 95% CI, 1.68-35.86) and black race (OR, 3.37; 95% ClI, 1.01-
11.18) were associated with risk of TB progression. However, in the multivariable analysis,
only current smoker (OR, 7.42; 95% CI, 1.23-44.70) was associated with the development of
active TB after adjustment for black race (OR, 3.43; 95% CI, 0.85-13.75), drug use during the
last year (OR, 2.00; 95% ClI, 0.38-10.44), and serum 25(OH)D; level <30 ng/mL (OR, 0.59; 95%
Cl, 0.13-2.62; Table 3).

The average time to active TB diagnosis among progressors was 6.9 months. No
statistical difference in serum 25(OH)Dj3 level at enrollment was observed among prisoners
who progressed to active TB in the first 6 months compared to prisoners who had progressed
after 6 months of follow-up (35.5 ng/mL +12.01 and 38.4 ng/mL +15.36, respectively;
p=0.46).

Discussion

This study represents the largest nested case-control study to evaluate the association
of vitamin D levels and TST, as well as progression to active TB in the prison population. We
found that prisoners with active TB had significantly lower vitamin D levels at the time of
diagnosis compared with prisons without active TB. However, baseline vitamin D levels were
not predictive of TST conversion or progression to active disease. Notably, while 75% of
prisoners with active TB had insufficient vitamin D levels at TB diagnosis, less than 33% of

all other groups of participants (cases and controls) presented insufficient levels. These
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findings provide support for a pattern of disrupted vitamin D metabolism that results from the
presence of active TB disease, and do not provide evidence for vitamin D insufficient
increasing susceptibility to infection or disease.

Our primary findings of vitamin D insufficient associated with active TB among
prisoners were consistent with the results of case-control studies conducted in the general
population®!"?®, Furthermore, previous cohort studies conducted among household contacts
of TB cases have suggested that low levels of vitamin D may be associated with risk of

B2 we did not find

subsequent M. tuberculosis infection’” and development of active T
these associations in this study when vitamin D levels were examined months prior to
diagnosis and found to be largely sufficient. The number of subjects experiencing the
outcome of interest in previous studies was limited, however, ranging from 3 to 18 over
follow-up periods 2 to 4 years. These studies have been found to vary with study design,
geographical location®, as well as ethnicities®® and gender®® of subjects. Thus, studies with
larger sample sizes in different populations are needed to help clarify whether the association
between vitamin D and susceptibility to TB infection or disease is causal in nature.

Notably, we previously identified high rates of conversion (28%) and incident active
disease (1.39%) over one year in this cohort study*®. These rates provided more robust sample
sizes of 30 and 24 cases, respectively, for the nested case-control studies to examine the
impact of vitamin D status at baseline. Surprisingly, the majority of healthy prisoners show
vitamin D sufficient. In the individuals without active disease at enrollment, both diet and sun
exposures in this incarceration setting appear to be adequate to sustain precursor vitamin D
levels in healthy prisoners. Vitamin D status under these conditions appeared not to be
associated with either the acquisition of latent infection, or the development of active disease
in this prison population. It is possible that there was insufficient heterogeneity in vitamin D
in this population and setting to detect such effects. Here, factors other than vitamin D levels
(e.g. smoking status) appear to contribute risk along the TB disease pathway.

Previous studies have recognized that inflammatory process may lower 25(OH)Ds
levels as the precursor supply for activated vitamin D *2. The normal immune response
against M. tuberculosis produces inflammatory cytokines that activate CYP27B1 (la-
hydroxylase), converting available 25(OH)Ds to its activated form 1,25(0H),Ds**** and
contributing to the measurement of low 25(0OH)Ds levels®*. Thus, the low levels of 25(0OH)D3
(precursor) identified among prisoners with active TB in our case-control and among in

several previous studies may have been associated with high conversion rates to 1,25(0OH)2D3
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caused by persistent disease. Notably, elevated plasma 1,25(OH)2D3 levels have been found

in TB patients compared to healthy individuals®>3®

, suggesting hyperresponsive metabolism
to form activated vitamin D may be associated with the disease in humans. However, vitamin
D supplementation as part of randomized clinical trials during TB treatment has not been
shown to reduce time to sputum culture conversion after 8 weeks®"*.

Vitamin D levels may be influenced by anti-TB drugs, especially rifampicin and
isoniazid*, and if vitamin D measurement is performed after the initiation of treatment, these
levels may be considerably lower among patients with TB*"*®*°. One strength of our study
was that all serum samples used to measure vitamin D levels were collected before treatment
was initiated removing this potential factor impacting vitamin D.

Risk of TST conversion was not influenced by baseline vitamin D status in the
prisoners, but other risk factors showed associations consistent with the previous reports. For
example, previous studies reported an association between being a current smoker and
TB*%*. Evidence suggests that smoking decreases TST reactivity®>>* but increases the risk of
progression to active TB** by directly impairing host immunity, especially the responses of T-
cells and macrophages to M. tuberculosis®™°. An impaired immune response makes it more
difficult to eliminate M. Tuberculosis and easier to develop the active disease®®°. While the
variable cigarette smoking was found here to exert a protective effect on risk of TST
conversion to latent infection, it dramatically increased risk of progression to active TB. TST
conversion was also associated with black race, which increased the odds of infection by M.
tuberculosis.

Evidence suggests that black race may increase risk of M. tuberculosis infection
greater than other racial backgrounds®”. Although the mechanism underlying this association
has not been fully elucidated, it may be attributed to environmental factors, unfavorable

socioeconomic conditions®®*° 60,61

, and genetic factors® ", Black skin can impair vitamin D
synthesis from UVB exposure, but notably, vitamin D was found to be an independent risk
factor for active TB when controlling for race in the case-control study. Low levels of
schooling also showed a tendency toward increased risk and may be directly related with
incarceration mixing patterns of high risk individuals during incarceration®. The prisoners are
combined in cell blocks of mixed socioeconomic conditions, thus increasing the probability of
becoming infected with M. tuberculosis®*®*. However, the fact that all prisoners were exposed

to the same conditions during incarceration, reinforces the need for further studies to be
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conducted to explain the reasons behind the racial and education inequalities among prisoners
with active TB.

We examined risk of incident TB among all prisoners rather than those who were TST
positive at baseline. The majority of TB disease in this high transmission setting occurs due to
recent infection rather that late reactivation. Indeed, the majority of incident TB cases over
one year in this cohort occurred among individuals who were TST negative at baseline.

Data suggest that seasonality® and the incarceration time®® may favor a decrease in
vitamin D levels. A strength of our design however, was that all prisoners were screened in
the same months, and cases and controls were paired according to the prison cell block and
incarceration time, having the same time of potential sun exposure and similar diet; these
features help minimize confounding in our analysis, in contrast to studies in the general
population. However, overmatching among cases and controls, may have decreased the
variability in vitamin D levels limiting the ability to identify important associations over the

spectrum of vitamin D with the disease pathway.

Conclusion

We identified that prisoners with active TB had insufficient vitamin D levels;
however, vitamin D levels were not a risk factor for TST conversion or the development of
active TB over a follow-up period of one year in the evaluated prison population. Other risk
factors such as black race and low education were found to be risk factors for TST
conversion, while smoking was the only variable associated with disease progression. Our
findings suggest active TB may alter vitamin D metabolism, leading to compromised
precursor supply, but that vitamin D status is not necessarily a risk factor for susceptibility to

infection or disease.

Methods
Population

In 2013, the state of Mato Grosso do Sul (MS), located in the west-central Brazil, had
the country’s seventh largest prison population, including 14,904 prisoners, and the higher
rate of national incarceration (568.9 prisoners per 100,000 inhabitants)®’. A one-year
prospective cohort study was conducted in 2013 in 12 prisons (8 male prisons, with 6,552

prisoners and 4 female prisons, with 669 prisoners) to identify the incidence of latent and
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active TB'®*°. The case-study and two nested case-studies here are part of this larger cohort
study.

Prisoners who were over 18 years old and consented to participate in the study were
recruited from a randomly stratified sample at the 12 prisons. A structured questionnaire was
administered and TST (PPD RT23, Staten Serum Institute, Copenhagen) was performed. Two
sputum samples were obtained from all participants reporting cough, and smear microscopy
and culture, using the Ogawa-Kudoh technique, was performed. Individuals with at least one
smear or culture result positive for M. tuberculosis were considered TB cases. A venous blood
sample was collected, and plasma was frozen for assessment of vitamin D levels.

TST positivity was defined as an induration of >10 mm measured by a trained TST
reader, 48 hours after injected. After one year, in 2014, a second TST was performed, and two
sputum samples were collected for smear microscopy and culture from all participants
reporting cough at the second time point. TST conversion was defined as TST >10 mm and an
induration increase of at least 6 mm in an individual with a baseline TST <10 mm®°,

Incident TB cases were defined as those occurring after the first screening time point,
including those diagnosed between the two screening dates (day O and day 365) and those
diagnosed on the second screening date. Those diagnosed between the screening dates were
diagnosed through routine medical services provided by the prison, in which symptomatic
individuals are clinically evaluated and sputum is sent for smear and/or culture as determined
the prison clinician. These TB cases occurring between the screening dates were identified
through prison medical records and the National Notifiable Disease database (Sistema de
Informacao de Agravos de Notificagdo Nacional, SINAN).

A plasma sample for vitamin D levels was collected at the time of enrollment, which
was prior to TB diagnosis, and therefore, prior to initiation of treatment. Due to the low rates
of TB in the female prisoners, the vitamin D evaluation was conducted in only male
prisoners™.

All methods described in this study were approved by Research Ethics Committee of
the Federal University of Grande Dourados (Number 191,877 and 793,740) and were

performed in accordance with the relevant guidelines and regulations.

Risk factors associated with active tuberculosis
During enrollment in the cohort study, a total of 29 male prisoners from 2,861 were

culture positive for M. tuberculosis and, therefore, had active TB* (Figure 1). Based on this
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finding, a case-control study was performed in which 25(OH)D levels were measured in
serum samples obtained from 24 prisoners with active TB and compared with those from
samples obtained from 48 controls, 25 of whom were TST-negative and 23 were TST
positive, who were matched on the basis of age (x5 years), prison cell block and incarceration
time (x6 months) (Figure 1). Other risk factors of interest were age, marital status, education,
resides in MS, smoking, drug use over the last year, alcohol, previous TB, contact with a TB-
positive individual and previous incarceration. The participant’s race/skin color (i.e., white,

black, indigenous, asian or mixed) was self-reported.

Risk factors associated with TST conversion

A nested case-control study was performed to identify risk factors associated with TST
conversion. Thirty prisoners randomly who converted their TST from negative to positive
(converters) over the course of 12 months were compared with sixty prisoners who had
negative TST tests at baseline and repeat testing at 12 months (non-converters) (Figure 1).
Controls were matched based on age (£5 years), prison cell block and incarceration time (+6
months). Other risk factors assessed for TST conversion were age, marital status, education,
resides in MS, smoking, drug use over the last year, alcohol, previous TB, serum albumin,

contact with a TB-positive individual and previous incarceration.

Risk factors associated with progression to active tuberculosis

A nested case-control study was conducted to investigate the association between
vitamin D levels and risk of subsequent TB disease. Of the 1,235 prisoners who remained
incarcerated after 1 year in the male prison system (Figure 1), we selected 24 individuals
without tuberculosis at baseline who were diagnosed with active TB over the course of 12
months (progressors) and compared them with 48 individuals who were TB negative
throughout 12 months (non-progressors), as documented by active TB screening at baseline
and 12 months. Controls were matched to cases on the basis of age (x5 years), prison cell
block and incarceration time (6 months) (Figure 1). The risk factors assessed for progression
to active TB were age, marital status, education, resides in MS, smoking, drug use over the
last year, alcohol, previous TB, serum albumin, contact with a TB-positive individual and

previous incarceration.
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Biochemical analyses

Vitamin D levels were measured in serum samples, which were stored away from light
and at -20°C until the time of analysis. Levels of 25(OH)D (ng/ml) were identified using the
automated electrochemiluminescence immunoassay method and Cobas® e411 analyzer
(Roche Diagnostics, Mannheim, Germany). Serum 25(OH)D levels were considered
sufficient when values were >30 ng/mL%"°. Serum albumin levels were measured in samples
obtained from prisoners included the nested case-control studies using the Cobas Integra®
400 plus analyzer (Roche Diagnostics, Mannheim, Germany). All procedures were performed
in the Laboratory of the University Hospital of the Federal University of Grande Dourados.

Data analysis

All questionnaires were double entered into the Research Electronic Data Capture
database (REDCap). SAS version 9.2 (SAS Institute, Cary, NC, USA) was used to perform
the analyses. We used the t-test for continuous variables, Chi-square test for categorical
variables and bivariable conditional logistic regression analyses to examine the associations
between dependent and independent variables. Vitamin D insufficient and all variables with
p<0.10 in the bivariable analyses were included in multivariable conditional logistic

regression analysis. P values <0.05 were considered statistically significant.

Availability of materials and data

The data will not be shared in order to protect the participants' anonymity.
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Total number of prisoners in the
8 male prisons: 6,552

Total number of prisoners recruited
for screening: 3,176/6,552 (48%)

Declined consent:
315 (10%)

Total number of prisoners

Total number of prisoners with
active TB at enrollment:
24/2,861 (0.83%)

enrolled: 2,861/3,176 (90%)

Transferred or released:
1,626 (57%)

Number of prisoners who
remained incarcerated after 1
year: 1,235/2,861 (43%)

Number of prisoners
with TST negative:
905/1,235 (73.2%)

Number of prisoners
who converted TST:
256/905 (28.2%)

Number of prisoners
who remained TST
negative: 649/905
(71.8%)

Matched
controls: 48

Active TB

Total number of selected
prisoners who converted to
TST positive: 30/256

Total number of prisoners
Matched who have progressed to
controls: 60 active TB: 24/1,235 (1.9%)

TST conversion

Matched
controls: 48

Figure 1. Flow chart of the study process in 8 male prisons in Mato Grosso do Sul.

Progression to active TB

o1



Case-control study

Nested case-control study

Nested case-control study

Active TB TST conversion Progression to active TB
N (%) N (%) N (%)

Variables gfsgj ngtzgls p-value gfs??(s) ngtggls p-value SESSZ ngtzgls p-value
Marital status (single) 12 (50) 19 (39) 0.40 17 (56) 29 (48) 0.43 11 (46) 20 (41) 0.70
Black race 17 (70) 29 (60) 0.10 22 (73) 34 (56) 0.05 19 (79) 27 (56) 0.04
Resided in MS 14 (58) 29 (60) 0.85 22 (73) 42 (70) 0.74 15 (62) 30 (62) 1.00
Less than 4 years of schooling 3(12) 12 (25) 0.29 9(30) 32(53) 0.04 7(29) 15(31) 0.84
Cigarette smoking 15 (62) 23 (47) 0.19 10 (33) 31 (51) 0.09 20 (83) 24 (50) 0.008
Drug use during the last year 21 (87) 31 (64) 0.04 14 (46) 29 (48) 0.86 20 (83) 30 (62) 0.06
Alcohol use 17 (70) 27 (56) 0.35 11 (36) 30 (50) 0.17 16 (67) 31 (64) 1.00
Previous TB 3(12) 3(6) 0.35 1(3) 2(3) 1.00 3(13) 3(6) 0.39
HIV positive 00) 2@ - 0(0) 0(0) - 00) 12 -
Previously incarcerated 23 (95) 37 (77) 0.07 16 (53) 37 (61) 0.53 15 (63) 33 (68) 0.59
Knows someone with TB 17 (70) 31 (64) 0.61 15 (50) 35 (59) 0.45 15 (63) 27 (56) 0.36
TST positive 14 (58) 23 (47) 0.46 0(0) 0(0) - 8 (33) 24 (50) 0.36
Insufficient serum 25(OH)D level (<30 ng/mL) 18 (75) 16 (33) 0.004 8(26) 19(31) 0.63 6 (25) 11(22) 0.83

Table 1. Frequency distribution of variables and risk factors. N, number; TB, tuberculosis; MS, Mato Grosso do Sul; TST, tuberculin skin test.

Case-control study

Nested case-control study

Nested case-control study

Active TB TST conversion Progression to active TB
(Mean = SD) (Mean = SD) (Mean = SD)
Continuous variables Cases Controls value Cases Controls value Cases Controls value
n= 24 n=48 P n= 30 n= 60 P n=24 n=48 P
Serum 25(0OH)D level (ng/mL) 27.7 +7.85 37.1+8.94 <0.01% 37.7+1193 345+14.89 0.19 37.0+1483 375+11.04 0.86
Age (years) 32.7+7.95 33.0 +8.08 0.90 32.1+6.87 311+7.71 0.50 30.8 £8.90 31.9+9.02 0.63
Serum albumin level (g/dL) NA NA - 4.63 +0.43 428 +1.00 <0.01° 4.25+0.83 4.25+0.79 0.99

Table 2. Mean and standard deviation of the continuous variables included. ® Significantly different from controls (t-test, p<0.05). SD, standard
deviation; NA, not applied.
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Case-control study
Active TB

Nested case-control study
TST conversion

Nested case-control study
Progression to active TB

Variables OR (95% CI)

Bivariable analysis Multivariable analysis

OR (95% ClI)

OR (95% ClI)

OR (95% ClI) OR (95% ClI)

Bivariable analysis Multivariable analysis Bivariable analysis Multivariable analysis

OR (95% ClI)

Age > 30 years 0.72 (0.18-2.88)

Marital status (single) 1.53 (0.56-4.16)

Black race 3.71 (0.76-18.20)
Resided in MS 0.91 (0.32-2.57)
Less than 4 years of 2.10 (0.52-8.43)
schooling ' R

Cigarette smoking 2.14 (0.68-6.74)

Drug use during the last 4.88 (1.02-23.15)

year
Alcohol use 1.65 (0.58-4.69)
Previous TB 2.38 (0.38-14.97)

Previously incarcerated 6.82 (0.82-56.46)

Knows someone with TB 1.29 (0.47-3.57)

TST positive 1.39 (0.57-3.38)
Serum 25(0OH)D level <30 4.37 (1.56-12.25)
ng/mL

Serum albumin level< 3.5

g/dL NA

1.57 (0.26-9.71)

2.87 (0.43-19.01)

3.12 (0.34-28.24)

3.77 (1.04-13.64)*

0.46 (0.08-2.75)
1.46 (0.57-3.77)
3.12 (0.98-9.95)
1.17 (0.45-3.07)
2.44 (1.01-5.94)
0.44 (0.17-1.15)
0.91 (0.33-2.51)
0.49 (0.17-1.38)
1.00 (0.09-11.03)
0.75 (0.30-1.86)
0.69 (0.26-1.83)
NA
0.80 (0.31-2.05)

0.17 (0.02-1.51)

1.00 (0.27-3.72)
1.24 (0.40-3.81)
11.52 (2.01-63.36)**  3.37 (1.01-11.18)
1.00 (0.33-3.04)
2.70 (0.90-8.16) 1.12 (0.35-3.61)

0.22 (0.06-0.79)* 7.77 (1.68-35.86)

4.28 (0.90-20.30)
1.00 (0.33-3.04)
2.00 (0.40-9.91)
0.75 (0.26-2.15)
1.66 (0.56-4.93)
0.66 (0.26-1.64)

2.49 (0.64-9.66) 1.13 (0.34-3.75)

0.09 (0.01-1.13) 1.82 (0.28-11.95)

3.43 (0.85-13.75)

7.42 (1.23-44.70)*

2.00 (0.38-10.44)

0.59 (0.13-2.62)

Table 3. Results of the bivariable and multivariable analyses of potential risk factors for active TB, TST conversion and progression to active TB
in prisoners in Mato Grosso do Sul. Variables statistically significant in the multivariable analysis: * p<0.05; ** p<0.01. TB, tuberculosis; TST,
tuberculin skin test; OR, odds ratio; Cl, confidence interval; NA, not applicable.
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