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RESUMO

Em uma tentativa de definir uma bioassinatura especifica para
diagndstico da tuberculose (TB) pulmonar, esse estudo avaliou os niveis de
expressao génica em pacientes com TB, pneumonia e asma (OPD), e
também em pacientes infectados latentemente com M. tuberculosis, e em
pacientes nao infectados com o bacilo. Foram analisados genes alvos
especificos previamente testados por Maertzrdorf el at. (2011) como uma
bioassinatura que sugere a diferenciacao de casos de TB pulmonar a casos
de TB latente: CD64, FCGR1B, GZMA, GBP5 and LTF. Nesse estudo foram
realizadas analises estatisticas randomForest para calcular a especificidade e
a sensibilidade de cada combinacédo feita entre os genes CD64, GZMA e
GBP5, visando discriminar a diferenca de expressao génica entre individuos
com TB e OPD. Essa bioassinatura nos proporcionou uma especificidade de
92,6% e uma sensibilidade de 95,5% para TB (o reverso para OPD). Os
genes GZMA e GBP5 mostraram um poder de discriminagdo entre 0s grupos
com fator de importancia de 18,5 e 26,3, respectivamente para TB, e de 19,2
e 17,4, respectivamente para OPD. O gene CD64 teve seu fator de
importancia para TB de 8,5 e para OPD de 3,3. Nosso estudo sugere que a
criagdo de uma ferramenta diagndstica utilizando a bioassinatura estudada
pode ser uma forma de ajudar a area clinica a diferenciar TB de OPD,
apoiando a possibilidade de comecar a trabalhar em niveis protéicos, com a
intencdo de criar ferramentas de diagndstico mais rapidas, acessiveis e
precisas, seguindo as recomendacfes da OMS de reduzir a incidéncia da TB

no mundo.



ABSTRACT

In this study, in an attempt to define a TB-specific biosignature for
diagnostics, we evaluated gene expression in TB, pneumonia and asthma
patients, as well as healthy donors with latent M. tuberculosis infection (LTBI)
and healthy non-infected donors (NIDs). We decided to pursue a targeted
approach utilizing a specific set of genes previously validated by Maertzdorf et
al. 2011 as a biosignature to discriminate TB patients and LTBI subjects:
CD64, FCGR1B, GZMA, GBP5 and LTF. Random forest analysis was applied
to calculate the specificity and sensitivity of each gene combination of CD64,
GZMA and GBP5 to discriminate between TB and OPD. The combination of
the 3 genes gave the highest accuracy in identifying TB and OPD patients.
This biosignature gave a specificity of 92.6% and a sensitivity of 95.5% for TB
(reverse for OPD). GZMA and GBP5 showed the highest discriminating power
with an importance factor of 18.5 and 26.3, respectively for TB, of 19.2 and
17.4, respectively for OPD, versus CD64 importance of 8.5 for TB and 3.3 for
OPD. Our study suggest that the creation of a diagnostic tool using the
studied biosignature may be a way to help physician’s to differentiate TB from
OPD and support the possibility to start to work at protein levels, using this to
create faster, cheaper and accurate tools to diagnosis TB and to follow WHO

recommendations to reduce global burden of TB incidence worldwide.



Capitulo 1

INTRODUCAO

10



Tuberculose: histéria e epidemiologia

A tuberculose (TB) € uma doencga infectocontagiosa causada pelo
bacilo Mycobacterium tuberculosis descoberto por Robert Koch em 1882
(WHO, 2013). O bacilo de Koch, como assim & chamado, Ihe rendeu o
premio Nobel em 1905, época em que a doenca era um dos maiores
problemas de saude na Europa (Kaufmann et al., 2005). Sugere-se que 0s
membros do Complexo M. tuberculosis descendem de um mesmo ancestral
de 15 a 20 mil anos atras (Daniel et al., 2006). Analises de DNA realizadas
em mumias egipcias mostraram que a TB € uma doenca que vem afetando
populacdes mundiais desde os tempos mais primordios, matando milhares de
pessoas anualmente ao longo dos séculos, onde, devido aos aglomerados
populacionais, revolucdes, migragcbes e ao aumento da pobreza, as
condigbes favoraveis a tornaram uma doenga epidémica em meados do
século XVI (Donoghue et al., 2004).

Para combater essa epidemia mundial, medidas profilaticas e
quimioterapicas foram tomadas, entre elas o desenvolvimento de uma vacina
a partir de uma cepa atenuada de Mycobacterium bovis chamada de BCG,
criada por Albert Calmette e Camille Guérrin em 1921. Essa vacina foi
testada pela primeira vez em uma crianga nascida de mée que estava
morrendo por causa da TB e cuidada pela avdé que também estava doente.
Essa crianga sobreviveu sem desenvolver a doencga, ficando imune ao bacilo
na infancia. Tal teste ajudou a imunizar muitas criancas nos séculos
seguintes a esta primeira aplicacao (Daniel et al., 2006).

Porém, a drastica redugdo dos numeros de casos e mortes

relacionados a TB foi acontecer somente em 1944 com a introducdo da
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guimioterapia por STR, desenvolvida por Albert Schatz e Selman Waksman.
Dois anos depois Jorgen Lehmann desenvolveu o PAS e logo apos a INH,
uma das principais drogas referente ao combate da TB, que foi descoberta
por trés diferentes companhias farmacéuticas, simultaneamente: Hoffman
LaRoche, E.R. Squibb & Sons e Beyer. PZA, ETH e EMB foram descobertos
em 1952, 1956 e 1961, respectivamente, tornando as décadas de 50 e 60
essenciais para o tratamento da TB, pois tais drogas sao utilizadas até hoje
para tais fins (Zhang et al., 2005).

A acdo quimioterpica dos novos farmacos introduzidos para o
controle da TB, a acao profilatica da vacina BCG e a inven¢do do exame de
raios-X, em 1895, juntamente com a evolucdo do quadro de saneamento
basico global, reduziram os indices de TB até o final do século XX (Perkins et
al., 2007; Pereira et al., 2007). Em 1993, a OMS considerou a TB uma
emergéncia global devido ao aumento no numero de casos em todo mundo
(Taylor et al., 2003; WHO, 2013). O fato da reemergéncia da TB no final do
século XX trouxe a tona as principais causas do aumento do namero de
casos, entre eles: aumento da resisténcia aos agentes quimioterapicos
utilizados para o tratamento da TB, epidemia do virus da imunodeficiéncia
humana/sindrome da imunodeficiéncia adquirida (HIV/SIDA), aumento da
migracdo global, aglomeragbes populacionais (como hospitais, prisdes,
favelas e abrigos), aumento no namero de pessoas que utilizam drogas
injetaveis e deterioracao dos sistemas de saude (Ducati et al., 2006).

No ano de 2012 estima-se que 8,6 milhdes de pessoas desenvolveram
TB e 1.3 milhdes de pessoas morreram por causa dela, sendo que, das

pessoas que morreram, 320 mil eram portadoras do virus HIV/AIDS (Figura
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1) (WHO, 2013). Dentre todos os casos de TB no mundo, o Brasil encontra-
se entre 0s 22 paises responsaveis por 80% destes casos, sendo que, ele
também esta englobado no seleto grupo dos 5 paises responsaveis por 50%
de todos os casos no mundo. Tal grupo se chama BRICS, e ele é uma das
maiores preocupacdes da OMS para atingir as metas de 2015, que baseiam-
se em reduzir pela metade as taxas de incidéncia, mortalidade e prevaléncia
da doenga. Essa meta também visa aumentar as taxas de detecgédo de novos

casos e tratamentos completados com sucesso (WHO, 2013).
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Figura 1. Estimativa de mortes no mundo causadas pela TB a cada 100 mil habitantes em 2012.

(Adaptado de WHO, 2013)
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O fato da TB ser uma doenca reemergente, em paises como 0S
Estados Unidos e paises da Europa, ndo condiz com a sua situagcdo no
Brasil, que nunca deixou de ter a TB como um problema presente desde
muito tempo (Ruffino-Netto, 2002).

O Brasil, em 2012, apresentou 70 mil novos casos de TB, com uma
incidéncia de, aproximadamente, 36 casos a cada 100 mil habitantes.
Conforme podemos enxergar na Figura 2, a taxa de incidéncia no Brasil vem
caindo com o passar dos anos, porém nio o suficiente para tirar-lhe a 172
posicao entre 0s 22 paises responsaveis por 80% dos casos de TB no mundo
(BRASIL, 2012). A TB se enquadra no Brasil como uma de suas principais
doencas infectocontagiosas, ocupando 0 4° lugar no numero de mortes entre
pessoas nado infectadas pelo virus HIV/SIDA, e o 1° lugar no niamero de

mortes entre pessoas infectadas pelo virus HIV/SIDA (SVS, 2010).
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Figura 2. Taxa de incidéncia de Tuberculose no Brasil entre os anos de 1990 a 2012.
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No ano de 2012, o estado do Rio Grande do Sul (RS) teve mais de 6,5
mil casos de TB (Figura 3), sendo que destes, aproximadamente 6 mil eram
novos casos, obtendo uma taxa de incidéncia de 46 casos a cada 100 mil
habitantes. A taxa de coinfeccdo entre pacientes TB/HIV no estado do RS € o
dobro da taxa nos demais estados brasileiros, atingindo um indice em que
23% dos casos de TB sédo relacionados a coinfeccdo. O RS também tem a

capital brasileiro com a maior taxa de incidéncia de TB (BRASIL, 2012).

por 100,000 hab
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Figura 3. Taxa de incidéncia de Tuberculose no Rio Grande do Sul entre os anos de 2001 a 2011.

(Adaptado de BRASIL, 2012)

Porto Alegre é a capital brasileira com maior taxa de incidéncia da
doenca, registrando aproximadamente 111 casos por 100 mil habitantes
(Figura 4), é também a cidade de maior coinfeccédo tuberculose e HIV no
pais, onde um em cada trés pacientes com tuberculose €& também

soropositivo para HIV (Brasil, 2012).
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Figura 4. Taxa de incidéncia de TB por municipios prioritarios do estado do RS no ano de 2011.

(BRASIL, 2012)

Caracteristicas do Bacilo

As micobactérias pertencem a ordem Actinomycetales e a familia
Mycobacteriaceae, que possui um Unico género, denominado
Mycobacterium. O género Mycobacterium inclui um conjunto de espécies
patogénicas que causam doencas altamente infecciosas, dentre elas a TB e
a hanseniase (Gagneux, 2013).

O complexo M. tuberculosis é composto por: M. tuberculosis, o agente
etiolégico responsavel pela maioria dos casos de TB em humanos; M.
africanum e M. canettii, causadores de TB em humano em algumas regides
da Africa; M. microti, patbgeno de roedores, geralmente isolados de ratos
silvestres; M. bovis, apresenta o mais amplo espectro de infeccdo do
hospedeiro, afetando desde o0s seres humanos a bovinos e caprinos

domésticos ou selvagens, e o0 BCG, uma variante atenuada de M. bovis; M.
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caprae, isolado em ovinos e caprinos; e M. pinnipedii, infecta focas e ledes
marinhos (Gagneux, 2013).

Os bacilos apresentam-se em formato bacilar reto ou levemente
curvado, e, algumas vezes na forma cocobacilar ou filamentoso de acordo
com a espécie. Sao bacilos iméveis, ndo esporulados, aerdbios ou
microaerdfilos, tendo como sua principal caracteristica a capacidade de
resistir a descoloracdo quando tratados com alcool-acido (Kato-Maeda et al.,
2011). As bactérias que compdem este género, apesar de serem diferentes
em relacdo a morfologia das colonias e as propriedades bioquimicas,
possuem caracteristicas taxonémicas comuns, como presenca de &cidos
micodlicos de alto peso molecular (60 a 90 carbonos) em sua parede celular
(Dos Vultos et al., 2008).

Estas micobactérias apresentam altos percentuais de Guanina e
Citosina (de 61% a 71%) o que indica provavel auséncia de transferéncia
horizontal de genes envolvidos com a patogenicidade, além de 99,9% de
homologia em seu DNA e semelhanca na sequéncia de RNA ribossomal
(rRNA), com excecdo do Mycobacterium canettii, diferenciando-se somente
em termos de tropismos por hospedeiros, fendétipos e patogenicidade.
(Barrera et al., 2007; Brosch et al., 2002). A micobactéria também sintetiza
uma parede celular de baixa permeabilidade que contribui para a sua
resisténcia contra alguns agentes terapéuticos (Brennan et al., 1995). O
complexo M. tuberculosis pode ser diferenciado de outras micobactérias
através de suas sequéncias genéticas especificas como a 1S6110, 1IS1081 e
mpb70. Fenotipicamente podem ser diferenciados por caracteristicas como a

auséncia de pigmentacdo de suas colbnias, catalase termoestavel e
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arilsulfatas, auséncia de crescimento a 45°C, auséncia de crescimento na
presenca de 0,5g/mL de p-nitrobenzoato e 5% de cloreto de sédio (Morita et

al., 2004).

Transmissao, sintomas e estagios da doenca

A tuberculose, doenca infectocontagiosa, causada pelo bacilo M.
tuberculosis, em 85% dos seus casos se desenvolve na forma pulmonar e em
15% na forma extra pulmonar, acometendo 0ssos, pleura, 6rgdos e demais
tecidos. A transmissao da TB se d4a, principalmente, de pessoa a pessoa,
onde um paciente com a doenca ativa, através da tosse, libera particulas,
vindas do pulmao cronicamente infectado, no ar. Essas particulas, que no
seu interior abrigam nucleos, chamados nucleos de Wells, com diametros de
até 5um contendo de 1 a 2 bacilos no seu interior, sdo capazes de
permanecer em suspensao no ar por varias horas, o que caracteriza a TB
como uma doenga altamente contagiosa, podendo atingir os alvéolos e
bronquiolos pulmonares e iniciarem a multiplicacdo com facilidade (Ducati et
al., 2006). O aumento da transmissao muitas vezes se da pelo aparecimento
da doenca cavitaria, onde uma lesdo necrotica granulomatosa que causa
erosao dos brénquios , expelindo milhdes de bactérias nas vias aéreas (Flynn
et al., 2005).

A infeccdo causada pelo bacilo M. tuberculosis produz processos
patolégicos e inflamatorios tipicos, como febre, perda de peso, dores no
peito, suores noturnos, fraqueza, tosse e insuficiéncia respiratoria (Bloom et

al., 1992).
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A TB tem uma relagdo direta com a miséria e com a excluséo social,
sendo uma doenca que ocorre em sua grande maioria em classes
socioeconomicamente desfavorecidas, sendo que a possibilidade de uma
pessoa ser infectada pelo bacilo é inerente a diversos fatores como:
caracteristicas das fontes de infec¢do e seus contactantes proximos (pessoas
gue coabitam com o doente); a concentracdo de bacilos no ar, determinada
pela ventilaggo e volume do ambiente; a condicdo e o0 quéo
imunocomprometida a pessoa vai estar no momento da exposicdo e ao
tempo de exposicao ao bacilo (BRASIL, 2012).

O bacilo, apds penetrar nas vias aereas inferiores e percorrer o seu
caminho até o pulméo, tem quatro diferentes destinos (van Crevel et al.,
2003):

- A morte e eliminagdo do bacilo pela resposta imunolégica inata
do hospedeiro, onde o hospedeiro ndo ira desenvolver a infec¢ao
por causa desse evento e nao apresentard nenhuma evidéncia
clinica ou imunologica dessa interagéo;

- Imediatamente apos a infec¢do, o bacilo consegue crescer e se
multiplicar, gerando assim a doenca ativa, com todos os sinais e
sintomas clinicos caracteristicos da infec¢éao;

- Desenvolvimento da infec¢ao latente, onde o bacilo permanece
na forma quiescente, sem nenhuma manifestacdo clinica. A
bactéria pode permanecer em um estado dormente ou, pode
persistir em um pequeno numero, impedida de se replicar pelo
sistema imune, sem chance nenhuma de causar a doenca ativa.

Essa forma s6 é confirmada por resultados positivos em testes
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especificos como o Teste de Mantoux ou pelo Teste de Deteccao
do Interferon Gama [IGRA|;

- A reativacao do bacilo que estava adormecido ou a sua fuga da
resposta imune do hospedeiro, onde ele abandona a fase
guiescente e desenvolve a doenca ativa, ou seja, a reativacdo da
TB;

Os estagios da infeccédo por M. tuberculosis sdo bem distintos um do
outro. O estagio de laténcia do bacilo, a chamada, TB latente, ocorre quando
a pessoa esta infectada com a micobactéria causadora da TB, porém, ndo
desenvolve nenhum sintoma da doenca, ou seja, 0s bacilos se encontram em
um estado de dorméncia metabdlica, abrigando-se no interior do macréfago,
aonde podem sobreviver durante anos, sem se manifestar (Smith, 2003). A
capacidade que o bacilo M. tuberculosis tem de entrar em periodos de
laténcia, com atividade metabdlica limitada, dificulta a acdo dos
antimicrobianos e contribui para a natureza crénica da doenga, o que impde
um longo regime de tratamento aos pacientes infectados (Coll, 2003). O
segundo estagio da infecgdo € conhecido como doencga ativa, onde o bacilo
consegue escapar e resistir a resposta imune do hospedeiro, multiplicando-se
dentro do seu organismo e gerando toda a sintomatologia previamente
descrita, acometendo pulmdes e outros 6rgdos dependendo do tipo de
infeccdo que esta se estabelecendo (Walzl et al., 2011).

A maioria dos individuos infectados pelo M. tuberculosis desenvolve a
infeccdo latente, gerando um enorme reservatério que representa a principal
fonte de casos novos de TB. Uma pessoa infectada latentemente tem de 5-

10% de chance de desenvolver a doenca ativa durante toda a sua vida,
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porém, se ela estiver ou for infectada pelo virus HIV essa propor¢do passa
para 5-10% ao ano. A coinfeccdo pelo HIV é um fator que aumenta a taxa de
manifestacdo da TB, assim como a viruléncia da cepa de M. tuberculosis, o
status do hospedeiro em relacdo a sua genética, nutricdo, vacinagéo e estado
de saude, e fatores ambientais como outros tipos de coinfec¢do, também

aumentam a taxa de manifestacdo da doenca (Ottenhoff et al., 2009).

Imunologia

Apoés serem inalados, os bacilos passam pelo trato respiratorio inferior
e se depositam nos espacgos alveolares sendo fagocitados por células
polimorfonucleares, presentes no parénquima pulmonar (Mihret, 2012). A
maioria dos individuos tem a capacidade de gerar uma resposta imune
eficiente contra o M. tuberculosis, tornando-os resistentes a infec¢do. O curso
da doenca é determinado pelo tipo de resposta imune que o hospedeiro vai
ter contra a micobactéria, onde individuos imunocompetentes tem até 5% de
chance de desenvolver a infeccdo em até dois anos, e, em outros 5% a
ativacdo pode acontecer mais tardiamente, ou nunca acontecer (Small et al.,
2010). A eficacia desses acontecimentos depende de varios fatores, como a
capacidade bactericida intrinseca dos macrofagos, as caracteristicas
patogénicas do bacilo inalado e o ambiente inflamatorio instalado no sitio da
infeccdo, ou seja, 0 quao bem, imunoldégicamente, o hospedeiro vai estar no
momento da infec¢do (Kaufmann, 2001).

No organismo humano, o controle da TB se da por diversos eventos,
gue incluem a producéo de citocinas bactericidas como o IFN-y e o TNF-q, a

liberacdo de ROI e RNI, e a lise das micobactérias no fagolisossomo
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(Almeida et al., 2005; Kaufmann, 2001). Todos esses eventos sdo mediados,
principalmente, por macrofagos, CD, linfocitos B e linfécitos T. Os
macrofagos e as CD apoés fagocitarem os bacilos do M. tuberculosis migram
em dire¢do ao linfonodo regional, através do sistema linfatico, formando o
complexo de Ghon (Almeida et al., 2005; Kaufmann et al., 2005). Junto com
essa migracdo, os macrofagos e CD penetram no parénquima pulmonar,
sinalizando a infec¢do para outros macrofagos e CD, que migram até o
pulm&o para ajudar no combate aos bacilos, caracterizando um processo
inflamatorio. A fagocitose do M. tuberculosis por estas células representa a
ativacdo dos primeiros mecanismos de defesa da resposta inata, e também o
inicio da ativacdo da resposta imune adaptativa (Kaufmann et al., 2005;
Tailleux et al., 2003).

Apés serem fagocitados, os bacilos que foram inalados ficam presos
nos vacuolos citoplasmaticos das células fagociticas e sdo apresentados, via
MHCII, que estd presente nos macrofagos, CD e linfocitos B, para os
linfocitos T CD4". As células responsaveis pela apresentacdo dos bacilos aos
linfocitos T CD4" sdo chamadas de APCs que tem como principal funcdo o
recrutamento de macrofagos e neutrofilos para o foco da infeccdo, através da
producédo de citocinas inflamatérias como o TNF-a e a IL-1. A apresentacao
dos antigenos aos linfocitos T CD4" é de principal importancia para o controle
da infeccdo, o que pode ser provado pela pandemia do virus HIV. A
diminuicdo no nimero e a perda da funcdo dos linfocitos T CD4" resultam na
progressdo da infeccdo primaria, reativacdo do M. tuberculosis latente e
aumento da suscetibilidade a reinfec¢do. Além disso, animais que nao

expressam 0 gene para 0 co-receptor CD4 ou ndo expressam moléculas do
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MHCII foram todos altamente susceptiveis a infec¢do pelo bacilo (Caruso et
al., 1999; Repique et al., 2003).

Contudo, os linfocitos T CD8" também participam na resposta imune
ao M. tuberculosis. Essas células, reconhecem antigenos provenientes do
citoplasma, sendo capazes de reconhecer fragmentos peptidicos ligados ao
MHCI, molécula expressa em praticamente todas as células diferenciadas e,
ou, maduras do organismo (Winau et al., 2006). As células T CD8+ podem
ser estimuladas por vesiculas apoptéticas, que contem o antigeno do bacilo
associado ao MHCI, decorrentes de células infectadas, ou, podem ser
estimuladas devido a apresentacdo cruzada, onde a interagdo do fagossomo
com o reticulo endoplasmatico faz com que os antigenos dos patdgenos
tenham uma ligacéo direta com o MHCI (North et al., 2004).

Entre outros tipos especificos de células T, estdo as células T de
memoria, que conferem protecdo imediata aos casos de reencontros com o
antigeno, gerando uma resposta mais rapida e efetiva quando comparada
com a resposta das células T naive, ou seja, células que ainda néo
encontraram um antigeno. Essas células T se dividem em células TME, que
circulam na corrente sanguinea quando ndo ha mais a presenca da infec¢éo
bacteriana, e células TMC, que podem sobreviver por toda a vida do individuo
sendo que, para alguns, sem a funcéo de protecdo (Walzl et al., 2011).

Os neutrofilos sdo as primeiras células inflamatérias da resposta
imune inata a chegar ao sitio da infeccdo, seguidas das células NK, que séo
responsaveis pela destruicdo dos macréfagos infectados pelo M.
tuberculosis, ativacdo de mais células fagociticas no foco da infeccéo, e

destruicdo direta dos bacilos, e dos macréfagos, provenientes dos mondcitos
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da corrente sanguinea (North et al.,, 2004). Essas células conseguem
reconhecer os bacilos que invadiram o0 organismo via receptores de
reconhecimento especificos, como receptores para a porcdo Fc de
anticorpos, receptores de manose, receptores para produtos de ativagao do
sistema complemento, como C3b e C4b, entre outros (North et al., 2004;
Teixeira et al., 1995). Além dos receptores expressos por estas ceélulas, os
macrofagos e as CD também expressam receptores responsaveis pelo
reconhecimento de padrbes moleculares associados a microbactéria, o0s
receptores de reconhecimento de padrdes. Uma das principais familias
desses receptores, a familia dos TLR (Akira et al., 2001).

Uma das principais fun¢des dos TLR € a inducdo da secre¢cdo de
moléculas pro-inflamatérias como IL-12, TNF-a e quimiocinas. Essa inducéo
ocorre, pois alguns componentes estruturais do M. tuberculosis interagem
com os TLR, o que vai desencadear a ativagcao da resposta imune, gerando
uma sinalizacédo intracelular que transloca o fator de transcricdo NF-/ B para
0 nucleo (Quesniaux et al., 2004). Dentre os varios TLR existentes, alguns
s80 0s que mais se destacam na interagdo com o M. tuberculosis, como o
TLR2 e o TLR4 que interagem com a lipoarabinomana presente no envelope
da micobactéria, estimulando as CD a secretarem IL-12. O TLR9 também
tem um papel muito importante na interagcdo com o bacilo, pois tal interagéo
ajuda a ativar CD derivadas de precursores da medula 6ssea, 0 que gera a
producdo de altas concentracdes de IL-12, que mantém a ativacdo e a
proliferacdo de linfocitos, o que induz a resposta celular predominantemente
pré-inflamatéria. Além disso, IL-12 também esta relacionado ao aumento da

producdo de IFN-y em células NK, e ajuda na expansdo de células Thl
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antigeno especificas. Outras citocinas como IL-18, IL-23 e IL-27 também séo
importantes indutoras da producao de IFN-y. A acdo em conjunto dos TLR2 e
TLR9 pode ajudar a aumentar a resisténcia do hospedeira perante a infecgéo
por M. tuberculosis (Stenger et al., 2002; Pompei et al., 2007)

O IFN-y é a principal e mais potente citocina para ativar os macrofagos
frente ao bacilo do M. tuberculosis (Salgame, 2005). As diversas funcdes
desencadeadas pelo aumento da producdo do IFN-y sdo cruciais para o
combate ao patdgeno, pois, elas ajudam a induzir o aumento da expressao
de MHC, ou seja, aumento na apresentacao de antigenos, elas sdo capazes
de incrementar a expressdo de diversos genes no macréfago, recrutar
linfécitos T que participam da destruicdo bacteriana, e participam na
producdo de ROI e RNI (North et al., 2004; Ottenhoff et al., 2005). A acdo
isolada do IFN-y ndo é suficiente para controlar a infeccdo por M.
tuberculosis. Entretanto, o IFN-y representa um elemento decisivo no controle
da tuberculose, além de também estimular os macréfagos a liberarem TNF-a
que, por sua vez, é importante para a formacdo do granuloma e para o
controle da extenséo da infec¢ao (Chan et al., 2004). A importancia do TNF-a
foi demonstrada pelo risco substancialmente aumentado da progressao para
a doenca ativa, incluindo a doenca extrapulmonar e disseminada,
apresentada por pacientes latentes tratados com Infliximabe, um agente anti-
TNF para doencas reumatoldgicas e imunologicas (Keane et al., 2001).

A laténcia tende a ser um dos maiores obstaculos para a erradicacao
da tuberculose, devido ao fato da micobactéria ter diversos mecanismos de
escape quando dentro do organismo do hospedeiro. A produgéo de ESAT-6,

molécula produzida pelo M. tuberculosis, é capaz de inibir a secrecéao de IL-
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12 e IFN-y, que tende a impedir a apoptose de macrofagos infectados e,
impedir a fusdo do fagocito com o lisossomo, o que vai favorecer a sobrevida
e a multiplicacdo dos bacilos dentro da célula fagocitica (Almeida et al.,
2005). A interacdo da lipoproteina 19KDa e outros derivados lipidicos da
micobactéria, com a TLR2, que é um receptor de superficie celular nos
fagdcitos e outras células que é capaz de reconhecer estruturas microbianas,
aumenta a producédo de IL-10 e TGF-8, citocinas supressoras da imunidade
celular, que fazem com que o organismo tenda a diminuir a resposta
inflamatoria, o que contribui para a formacdo do granuloma (Walzl et al.,
2011).

O granuloma é uma estrutura caracteristica de infeccdes crbnicas
como a TB, e ele é formado a partir da interagdo dos diferentes tipos de
linfécitos com os macréfagos, decorrente da indugdo da resposta
inflamatéria. O acumulo de células polimorfonucleares gera dentro do
granuloma uma estrutura organizada, onde o0s macrofagos infectados
localizam-se no centro da estrutura, e os linfécitos na parte periférica dela,
formando uma camada. O interior do granuloma também apresenta um
aglomerado de células gigantes, que ndo se sabe sua fungdo especifica,
além de ocupar os espacgos vazios dentro da area do granuloma. Essa
organizacgdo, produzida, principalmente, pela liberacdo de citocinas como
IFN-y e TNF-a, tem como objetivo principal a interacao entre os linfécitos com
os macrofagos infectados, visando uma defesa antimicrobiana efetiva (Walzl
et al.,, 2011). Além de visar uma defesa antimicrobiana especifica, o
granuloma também serve para limitar o ambiente téxico, formado pela

liberacdo de ROI e RNI para o combate ao bacilo, o que vai proteger os

26



tecidos alveolares nas proximidades, e também serve para conter a
disseminacdo da bactéria dentro do pulméao, ou seja, dentro de granulomas
existe um balanco entre sobrevivéncia e morte dos bacilos (Saunders et al.,
2007).

O granuloma, também pode prejudicar os tecidos pulmonares,
destruindo tecidos adjacentes e necrosando a regido central de onde ele fica
situado, o que pode acarretar em perda funcional com formacao de
cavidades (Saunders et al., 2007). Porém, o granuloma ndo é apenas uma
simples barreira para conter o bacilo, ele pode servir como um 6rgéo linfoide
terciario, onde linfocitos T ativados entram e saem constantemente. Em
relagdo também a imunidade humoral, os linfécitos B estdo presentes em
grande numero no granuloma, e a sua presenca é de grande importancia,
pois animais que tem deficiéncia na producdo dessas ceélulas recrutam
menos linfécitos T para o pulmé&o, o que ndo os deixa mais susceptiveis a
infeccdo, porém deixa claro que os linfécitos B sdo de extrema importancia
para a formacéo do granuloma e recrutamento celular (Davis et al., 2008).

Na Figura 5 estdo esquematizados os componentes existentes dentro
do granuloma, juntamente com todos os desfechos possiveis, indicando

todas as fases da infeccéo, causados pelo tratamento M. tuberculosis.

27



Falha no tratamento

(3lanuloma curado
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Recoméncia da tuberculose ativa Fase quiescante duradoura

Figura 5. Esquema de todos os desfechos que podem ocorrer com o granuloma durante a resposta

imune ao tratamento do patégeno M. tuberculosis. (Figura adaptada de Walzl et al., 2011)
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Diagndstico e biomarcadores

Um diagnéstico precoce, tratamento efetivo das diversas formas de TB
e 0 aperfeicoamento das vacinas contra a doengca sao essenciais para a
erradicacdo da doenca. A baixa eficiéncia da atual vacina contra TB, a BCG,
ainda é um ponto fraco na luta contra a erradicacdo, pois varios estudos
epidemiologicos mundiais demonstraram que a eficiéncia dessa vacina pode
girar de 0 a 80% em casos de TB pulmonar (WHO, 2013). A existéncia de
coinfecgbes, exposicdo a micobactérias do meio ambiente, variagdo genética
entre populacdes e também nas cepas utilizadas, e diferencas nutricionais
dos individuos vacinados sdo as principais causas da baixa eficiéncia da
BCG (Kauffman et al., 2005). Sobretudo, é importante enfatizar que mesmo
tendo uma baixa eficiéncia, a vacinacdo continua sendo recomendada em
neonatos, mesmo em &reas com baixa prevaléncia de TB, onde a vacinacéo
ajuda na prevencdo de meningite, com excecéo de criangas portadoras do
virus HIV, e que, mesmo que uma nova vacina seja desenvolvida para o
controle da TB, ela n&o vai ser capaz de prevenir que os mais que 2 bilhdes
de individuos previamente infectados pelo bacilo M. tuberculosis progridam
para a doenca ativa, 0 que traz a tona a ideia de desenvolver novos métodos
para diagnostico e tratamento da doenca nas proximas décadas (Sociedade
Brasileira de Pneumologia e Tisiologia, 2004; WHO, 2013).

A baciloscopia, ou seja, técnica de coloracdo especifica ZN baseada
na coloracéo a quente da fucsina fenicada, seguido da descoloragédo com AA,
onde somente as micobactérias adquirem uma colora¢do vermelha por serem
AA resistentes, é o principal método de pesquisa de bacilos no escarro e é

um meétodo prioritario de diagnéstico e controle da doencga ativa, pois apds o
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desenvolvimento da infeccdo, o escarro comeca a ser produzido com o
aumento da necrose no tecido pulmonar e com o aumento da inflamagéo. O
ZN também é um teste barato e simples, sendo uma técnica de facil acesso
nos laboratérios ao redor do mundo. Apesar das suas diversas qualidades, a
baciloscopia ainda € uma técnica pouco sensivel, tendo uma sensibilidade de
30-60%, com muitos resultados negativos, pois essa técnica exige que 0
paciente tenha pelo menos 5 mil bacilos/mL de escarro para detectar um
resultado positivo (Sociedade Brasileira de Pneumologia e Tisiologia, 2004).
A técnica de cultura do escarro, que tem como vantagem permitir a
deteccdo e o isolamento da micobactéria, € geralmente utilizada quando a
baciloscopia for negativa e o paciente ainda estiver com suspeita de TB
pulmonar. Com essa técnica, 0 escarro € semeado em meios como O
Léwenstein-Jensen (meio sélido a base de ovo), e o Middlebrook (sélido ou
liquido, a base de agar), e é capaz de se distinguir espécies, complexos
isolado e sensibilidade a farmacos quimioterapicos para TB. Contudo, apesar
de ser considerada padrao ouro para diagnéstico de TB pulmonar, a cultura
microbiolégica continua sendo um processo muito demorado devido ao
tempo de crescimento do bacilo, que gira em torno de 15-20h, e também
porque tal método requer condi¢cdes adequadas de biosseguranca e técnicos
mais especializados para lidar com o procedimento, dificultando o emprego

dessa técnica em muitos laboratdrios do mundo, sendo que esse método

também néo apresenta 100% de positividade (Frieden et al., 2003). Além da
®
cultura, outras técnicas automatizadas, tais como o MGIT, BACTEC 460 TB

®
e 0 BACTEC 9000 , baseadas no enriquecimento dos meios de cultura para

promover um crescimento mais rapido da micobactéria, sdo bastante
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promissoras, porém ainda tem um alto indice de resultados falso-positivos
devido a contaminacédo cruzada por outras bactérias (WHO, 2013).

Dentre as demais técnicas existentes para auxiliar no diagndstico da
TB, a radiografia de térax € a mais utilizada em pacientes paucibacilares
sintomaticos, em pacientes com suspeita de TB extrapulmonar e em
familiares de pacientes com TB pulmonar. Essa técnica, baseada no encontro
de opacidades radioldgicas caracteristicas da TB, é muito empregada devido
a sua agilidade, onde o resultado fica pronto de imediato, n&o exigindo que o
paciente tenha que voltar ao hospital para saber o resultado do exame.
Porém, mesmo sendo uma técnica rapida, ela tem diversos limitantes, pois
precisa de equipamento e ambiente especificos para sua aplicagéo,
necessitando de técnicos treinados para a realizacdo do exame e também,
ela ndo é um exame altamente especifico para a TB. As lesdes pulmonares
encontradas nele podem ser confundidas com opacidades caracteristicas de
outras doencas pulmonares, como a pneumonia, ou em caso de uma
reinfeccdo, as lesdes anteriores, provenientes da primeira infeccdo pelo M.
tuberculosis, podem atrapalhar no futuro diagndstico da TB (Sahin et al.,
2013).

Uma das principais armas utilizadas até hoje para o diagndéstico da
infeccdo sem a doenca ativa, e também para a triagem e acompanhamento
de pacientes latentemente infectados pelo bacilo M. tuberculosis, é o teste de
Mantoux, que tem como principio a inoculagdo da proteina PPD intradérmica,
fazendo com que haja um acumulo de células inflamatérias no sitio da
inoculacdo de 24h até 72h apds a aplicacdo. Desenvolvido originalmente em

1890 por Robert Koch, o teste de Mantoux tem seus valores de referéncia
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estabelecidos pela OMS, onde, nos dias de hoje, pacientes com um
endurecimento local maior que 5mm sao considerados latentemente
infectados pelo bacilo M. tuberculosis (WHO, 2013). Apesar de ser um dos
testes mais antigos ja desenvolvidos para o diagnostico da TB, o teste de
Mantoux tem limitagdes quando tratamos de sensibilidade e especificidade,
onde de 10-25% dos pacientes com a doenca ativa ndao reagem ao PPD, e,
tal reacdo tende a variar muito em diferentes areas geograficas, podendo
também nao ser reativa em pacientes imunocomprometidos, ou anérgicos a
proteina (Andersen et al., 2000). O teste de Mantoux também, em alguns
casos, ndo é reagente em neonatos, e ndo consegue distinguir pacientes
recém vacinados com a BCG, ou pacientes infectados com outras
micobactérias do meio ambiente, tendo resultados falso-positivos por reagéo
cruza (WHO, 2013).

A caréncia de métodos diagndésticos mais sensiveis e especificos para
a TB, e o fato do PPD continuar sendo utilizado mesmo tendo tantas
limitacGes, evidencia a necessidade do uso de ferramentas imunoldgicas que
supram a caréncia de um método de diagnéstico rapido, menos oneroso e
com alta sensibilidade e especificidade (Walzl et al., 2011). Testes baseados
na quantificacédo dos niveis de IFN-y, como o ELISPOT e o QuantiFERON-

Gold® [IGRA], porém tais testes ainda tem limitacdes quanto ao progndstico
de progressdo da TB latente para a TB ativa, e também quanto ao
diagnostico da TB ativa, uma vez que nenhum deles tem valores de
referéncia que acusem essa fase da doenca, além de ambos serem caros e
necessitarem de no minimo 12h para o processamento das amostras, e de

materiais e ambientes especificos para o seu processamento (Pai et al.,
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2004; Ulrichs et al., 2004; Mukhopadhyay et al., 2006).

A ideia de trabalhar com um teste que auxilie a prever a progressao
da infeccao latente para a doenca ativa, determine rapidamente o diagndstico
da doenca ativa e possa distinguir a TB de outras doencas pulmonares é o
gue mais tem impulsionado a busca de biomarcadores especificos como
ferramenta de diagnostico para a TB (O’Garra et al., 2013).

Um biomarcador ideal para o diagnostico da TB deve (Walzl et al.,
2011):

- Claramente diferenciar a TB ativa da infeccdo latente pelo
bacilo M. tuberculosis;

- Retornar a niveis normais durante o tratamento da doenca
ativa;

- Reproduzir e predizer os desfechos clinicos da doenca, como
cura, risco de relapso ou erradicacdo da infeccdo por M.
tuberculosis em diferentes populacdes de pacientes;

- Predizer a eficdcia da vacinacdo por BCG, ou por outras
vacinas que podem ser futuramente desenvolvidas;

- Disponibilizar informag8es chaves para o diagnéstico clinico da
doenga,;

- Diferenciar a TB ativa de outras doencas pulmonares e de
pacientes saudaveis;

Recentemente, diversos pesquisadores estdo averiguando 0s
melhores biomarcadores para suprir tais necessidades (Tabela 1.),

correlacionando diferentes estagios da doenca, estagios do tratamento,
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grupos étnicos, doencas pulmonares, bioassinaturas, técnicas laboratoriais e
metodologias de estudo, para, assim, desenvolver novas ferramentas
metodoldgicas que supram as caréncias do diagnéstico da TB. Ainda ndo ha
uma selecdo de biomarcadores que possam suprir essas necessidades,
porém ja ha grupos de pesquisa com varios estudos publicados que
demonstraram resultados com um excelente potencial para tornarem-se
ferramentas de deteccdo para o diagnodstico da TB (Jacobsen et al., 2007;
Thuong et al., 2008; Maertzdorf et al., 2011; Walzl et al., 2011; Lu et al., 2011;

Maertzdorf et al., 2012; O’Garra et al., 2013).
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Numero de

Simbolo do Gene | acesso no Sumario do Gene Localizacdo Referéncia
Subcelular
GeneBank
CD64A Especifico de mondcitos/macréfagos € um receptor de |- Membrana - Maertzdorf et al., 2011
NM_000566 levada afinidade para a regido Fc de imunoglobulinas gama. | Celular - Jacobsen et al., 2007
Funcdo em ambas as respostas imune inata e adaptativa.
CD64B Regulado pelo IFN-gama, podem ligar-se com a regido Fc de | - Membrana - Maertzdorf et al., 2011
NM 001004340 imunoglob~ulinas gama com uma baixa afinidade em | Celular
- comparagdo com CD64A e também pode funcionar na
resposta imunoldgica humoral.
GBP5 Indugéo por INF-gama durante a ativagdo dos macréfagos, |- Citoplasma - Maertzdorf et al., 2011
NM 052942 ajuda_ a estimulagéo do conjunto inflamatério NLRP3 apds |- Membrana
- desafio bacteriano. Celular
- Ancora Lipidica
GZMA Necessario para a lise das células alvo nas respostas imunes | - Granulos - Maertzdorf et al., 2011
NM 006144 mediadas por células, e também esta envolvida na apoptose e | Citoplasmaticos
- hidrolise de proteinas, incluindo a fibronectina, o colageno tipo |- Secretado
IV e nucleolina.
LTF Ligacdo ao ferro em leite e secre¢des corporais com atividade | - Nucleo - Maertzdorf et al., 2011
NM_002343 |antimicrobiana, tornando-se um componente importante do |- Citoplasma
sistema imunoldgico néo especifico. - Secretado
CXCL10 A ligacdo a proteina CXCR3 resulta em efeitos pleiotropicos, |- Secretado - Whittaker et al., 2008
NM_001565 |incluindo a estimulacdo de mondcitos, células natural killer e - Lighter et al., 2009
migracao de células T.
CXCL9 Induzido por IFN-gama e TNF-alfa, afeta o crescimento, | - Secretado - Alessandri et al., 2006
NM_002416 movimento, ou estado de ativacdo das células que participam - Hasan et al., 2009
da resposta imune e inflamatdria.
CCL1 Esta citocina é secretada por células T ativadas e exibe |- Secretado - Thuong et al., 2008
NM_002981 jtividade quimiotatica para mondcitos/macréfagos.
IL-12B Citocina que pode atuar como um fator de crescimento para | - Secretado - Nau et al., 2002
as células T e NK ativadas, aumentam a atividade litica das - Thuong et al., 2008
NM_002187 [células NK. Defeitos em IL12B sdo uma causa de

suscetibilidade a infeccbes por micobactérias atipicas.
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IL-15 Citocina que estimula a proliferacdo de linfécitos T e células |- Citoplasma - Nau et al., 2002
NM_172175
- NK. - Secretado
IL-23A Secretado por células dendriticas ativadas, funciona tanto na | - Secretado - Thuong et al., 2008
NM_016584 | . ; : ; ;
- imunidade inata quanto na imunidade adaptativa.
MMP1 Envolvido na degradacéo da matriz extracelular em processos | - Matrix - Thuong et al., 2008
fisiolégicos normais, tais como desenvolvimento embrionario, | Extracelular
NM_2421 ~ ~ .
— reprodugédo, e remodelagdo de tecidos, bem como em
processos de doenca.
CCL20 Fator quimiotactico que atrai linfocitos e neutrdfilos, | - Secretado - Thuong et al., 2008
NM 004591 predominantemente expresso no sangue periférico e no
- pulm&o. Induzido por lipopolissacarideos bacterianos, TNF-
alfa e IFN-gama.
CXCL11 NM 005409 A induzido por IFN-gama e TNF-alfa em mondcitos, pode | - Secretado - Thuong et al., 2008
- desempenhar um papel na resposta imunolégica dérmica.
CCRY Expresso em varios tecidos linféides e ativa os linfécitos B e | - Membrana - Sutherland et al., 2011
T. Controlar a migracdo de células T de memoéria para os | Celular
NM_001838 . . : . ~
- tecidos inflamados, assim como estimula a maturacdo de
células dendriticas.
CCL2 Fator quimiotactico que atrai os mondcitos e basofilos. Tem | - Secretado - Frahm et al., 2011
NM_002982  sido implicado na patogénese de doencas caracterizadas por
infiltrados monocitica.
HAS1 Desempenha um papel na sintese de acido hialurénico, e |- Membrana - Thuong et al., 2008
NM_001523 L . . : .
- também é capaz de catalisar a sintese de oligossacarideos. Celular
AK3 Envolvido na manutencdo da homeostase de nucleotideos | - Matrix - Thuong et al., 2008
NM_016282 . .
- celulares. Mitocondrial
MMP19 Endopeptidase que degrada diversas componentes da matriz | - Secretado - Thuong et al., 2008
NM_002429 extracelular durante o0 desenvolvimento, hemostase e |- Matrix
condicbes patoldgicas. Extracelular
IL-18 NM 001562 Aumenta a atividade das células NK em células do baco e |- Secretado - Sutherland et al., 2011

estimula a producdo de INF-gama nas células Th1l.

Tabelal. Genes estudados em artigos publicados sobre a diferenca da expressdo génica e os biomarcadores que mais se destacaram como sendo

promissores para auxiliar no diagnéstico da tuberculose.
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Capitulo 2

JUSTIFICATIVA E OBJETIVOS



Justificativa

A tuberculose, apesar de todos os avancos cientificos e tecnoldgicos,
continua sendo um dos maiores problemas de saude publica global nos dias
de hoje. A Organizacdo Mundial da Saude, segue se esfor¢cando, financiando
pesquisas e estabelecendo metas para diminuir a incidéncia em 50% até
2015, e erradicar a doenga até o ano de 2050, porém a incidéncia da doenga
em alguns paises subdesenvolvidos continua aumentando, e cada vez mais,
casos de resisténcia a multiplas drogas vem sendo encontrados em diversos
paises.

Tendo em vista que os métodos de vacinacdo, tratamento e
diagndstico rapido da TB precisam ser melhorados, a pesquisa por novos
biomarcadores é de extrema importancia para o desenvolvimento de novas
técnicas que auxiliem a diminuir a incidéncia dessa doenca que continua
prevalecendo ao longo dos anos. Esse estudo visa aprofundar o
conhecimento sobre a expressdo génica em diferentes bioassinaturas que
possam contribuir para o diagnodstico da TB em relacdo aos diferentes

estagios da doenca e em relacdo a outras doencas pulmonares.

Objetivo Geral

O principal objetivo desse trabalho € comparar o nivel de expressao
dos genes CD64, FCGR1B, GBP5, LTF e GZMA em diferentes grupos de
pacientes, visando estabelecer uma bioassinatura que possa diferenciar a

TB ativa de outras doengas pulmonares, como asma e pneumonia.
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Objetivo Especificos
- Coleta sanguinea e coleta de dados clinicos e epidemiolégicos de
pacientes com TB ativa, TB latente, doadores saudaveis, pacientes com
asma e pacientes com pneumonia;
- Padronizar a técnica de extracdo de RNA dos diferentes grupos de
pacientes;
- Padronizar a sintese de cDNA e criar um banco de amostrar dos
diferentes grupos de pacientes;
- Padronizar a técnica de PCR em tempo real para os genes CD64,
FCGR1B, GBP5, LTF, GZMA e B2M.
- Analisar o nivel de expresséo dos genes CD64, FCGR1B, GBP5, LTF,
GZMA em comparagao com o gene constitutivo B2M,;
- Comparar os diferentes niveis de expressdao dos genes CD64,

FCGR1B, GBP5, LTF, GZMA entre os diferentes grupos de pacientes;
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ABSTRACT

Background. In this study, in an attempt to define a TB-specific biosignature
for diagnostics, we evaluated gene expression in TB, pneumonia and asthma
patients (OPD), as well as healthy donors with latent M. tuberculosis infection
(LTBI) and healthy non-infected donors (NIDs).

Methods. Gene expression level of B2M, CD64, FCGR1B, GZMA, GBP5 and
LTF was assessed by real-time PCR in whole blood from 25 NIDs, 27 LTBI,
27 TB and 22 OPD donors.

Results. Random forest analysis was applied to calculate the specificity and
sensitivity of each gene combination of CD64, GZMA and GBP5 to
discriminate between TB and OPD. The combination of the 3 genes gave the
highest accuracy in identifying TB and OPD patients. This biosignature gave
a specificity of 92.6% and a sensitivity of 95.5% for TB (reverse for OPD).
Conclusions. Our study suggest that the creation of a diagnostic tool using
the studied biosignature may be a way to help physician’s to differentiate TB
from OPD and support the possibility to start to work at protein levels, using
this to create faster, cheaper and accurate tools to diagnosis TB and to follow

WHO recommendations to reduce global burden of TB incidence worldwide.

Keywords: M. tuberculosis, tuberculosis, pneumonia, biosignature,

biomarkers, gene expression.
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INTRODUCTION

Despite high treatment success rates, tuberculosis (TB) continues to
spread worldwide. The World Health Organization (WHO) estimates that 8.6
million people developed TB and 1.3 million died from the disease in 2012 [1].
WHO reported the number of TB deaths as “unacceptably large given that
most are preventable”. Accurate and early diagnosis is currently the rate-
limiting step in TB control [2]. Delayed diagnosis has serious consequences
as it delays patient’s treatment and fails to stop transmission from untreated
TB cases. A confirmed diagnosis of TB is challenging. The century-old
sputum smear test, the “front-line” diagnostic test for pulmonary TB, has low
sensitivity and requires that two sputum samples be tested for acid-fast bacilli
by microscopy. Bacterial culture, albeit the most sensitive method, has
significant limitations: it takes several weeks and requires advanced technical
infrastructure [2]. The lack of specificity of chest X-ray is also a major
concern: radiographic appearance of TB is not uniform and image
interpretation is subject to the clinician’s error [3].

Better TB diagnostics would therefore greatly impact on TB control by
facilitating early treatment. The identification of biomarkers for host’s
immunological state is a very promising strategy to diagnose TB. Unbiased
gene expression profiling, such as microarrays, has provided candidate
biosignatures for discrimination between TB patients and healthy donors
using whole blood as surrogate tissue [4-6]. However, these studies mostly
reflect/mirror a general pathological state of persistent inflammation, including
type | and Il interferon signaling pathways [5-6], innate cell pathways [4], the

Fcy receptor 1 network, and markers of apoptosis [7].
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A biosignature appropriate for clinical diagnosis of TB needs to be
unique/specific for TB [8]. Recently, a few groups have been hunting for TB-
specific biomarkers by comparing TB biosignatures with that of other
inflammatory pulmonary diseases, showing that blood transcriptional
responses of patients with TB and sarcoidosis, another chronic inflammatory
lung disease, highly overlap with up-regulation of proinflammatory pathways
and IFN signaling/general immunopathological mechanisms [9-10]. On the
other hand, Maerzdorf et al. (2011) unraveled a unique set of up-regulated
genes for TB involved in metabolic activity and antimicrobial defense
responses in TB patients [7]. Also, gene expression patterns were analyzed
between pulmonary TB subjects and pulmonary sarcoidosis, pneumonia and
lung cancer subjects, identifing 144 transcripts that were over-abundantly
expressed only in the TB patients and distinguished the TB samples from all
other pulmonary diseases [11].

Comparisons between TB with other pulmonary diseases aiming to
create a useful diagnostic tool still a crucial role when we talk about TB
biomarkers expression and biosignatures [11]. In this study, in an attempt to
define a TB-specific biosignature for diagnostics, we evaluated gene
expression in TB, pneumonia and asthma patients, as well as healthy donors
with latent M. tuberculosis infection (LTBI) and healthy non-infected donors
(NIDs). We decided to pursue a targeted approach utilizing a specific set of
genes previously validated by Maertzdorf et al. 2011 as a biosignature to
discriminate TB patients and LTBI subjects: CD64, FCGR1B, Granzyme A

(GZMA), guanylate binding protein 5 (GBP5) and LTF.
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METHODS
Study Participants and Definitions

The present study was accepted by the ethical committees of the
Prefeitura de Porto Alegre (IRB approval 630), the Clinical Hospital in Porto
Alegre (IRB approval 110201) and the Fundacdo Estadual de Producao e
Pesquisa em Saude (IRB approval 03/2011). Subjects involved in this study
were recruited between March 1, 2011 and March 30, 2013. Written informed
consent was obtained from all study participants. Our case control study
population included 27 patients with active tuberculosis (TB), 27 healthy
donors with latent M. tuberculosis infection (LTBI), 25 healthy non-infected
donors (NIDs), 22 patients suffering from other pulmonary diseases: 14
patients with asthma and 8 patients with bacterial pneumonia. All enrolled
subjects were older than 18 years old and answered a questionnaire on their
epidemiological data (Table 1).

TB patients were recruited at the Sanatorio Partenon Hospital, Porto
Alegre, Brazil. All samples were collected prior to TB treatment from patients
that never had tuberculosis before. TB patients presented clinical symptoms
of pulmonary TB, both their sputum smear and culture were positive for M.
tuberculosis, and their chest X-ray showed specific lesions for TB. Healthy
LTBI donors were recruited at the Unidade Basica de Saude Restinga in
Porto Alegre, Brazil. LTBI subjects were household contacts of TB patients
and characterized by a positive PPD Test (> 5 mm), a normal chest X-ray,
and no clinical symptoms of TB or other pulmonary diseases. NIDs and
patients with other pulmonary diseases were recruited at the Clinical Hospital

in Porto Alegre, Brazil. NIDs had a negative PPD Test (< 5 mm), no clinical
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symptoms of TB or other pulmonary diseases, and a normal chest X-ray.
Patients with other pulmonary diseases had a negative PPD Test (< 5 mm),
no clinical symptoms of TB, a suggestive chest X-ray for asthma or
pneumonia, and technical reports confirming other pulmonary diseases
(asthma or pneumonia). Immunological tests for HIV/HCV/HBV were negative
for all participants included in this study. All our subjects were BCG
vaccinated and all of them answered a questionnaire declaring no other
immunological disease or diabetes.
RNA extraction and cDNA synthesis

We collected 2.5mL peripheral whole blood with PAXgene blood RNA
tube (PreAnalytiX) for every donor. Total RNA was extracted from PAXgene
tube using the PAXgene Blood RNA kit (Qiagen) protocol. RNA was
guantified with the Qubit RNA Assay Kit on the Qubit 2.0 fluorometer (Life
Technologies). RNA extraction yielded 2.5 — 4.0ug per donor. cDNA was
generated conform protocol from 200ng of RNA by reverse transcription
using Oligo-dT primers and Superscript Il (Life Technologies).
Real Time PCR Validation and Analysis

cDNA was quantified by real-time PCR using SsoAdvanced SYBR
Green Supermix (BioRad) on the CFX96 Touch Real-Time PCR Detection
System (BioRad). Primers to amplify targets and the reference gene B2M
were published by Maertzdorf et al. (2011) and are listed in Table 2. For each
target, primer concentrations were optimized using a primer matrix and 100%
primer efficiency was confirmed by running a real-time assay on a 5-fold
series dilution of pooled donors’ cDNA.

Data analysis
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Scatter plots for gene expression levels were generated using the
ggplot2 package [12] on R [13]. Random forest analysis was performed using
the randomForest package [14] on R with the study groups encoded as
factors to produce classification trees. Regression analysis (R? function) for
age and gender correlation, and t-tests (TTEST2,2 function) were run on

Microsoft Excel.

RESULTS

Gene expression level of B2M, CD64, FCGR1B, GZMA, GBP5 and
LTF was assessed by real-time PCR in whole blood from 25 NIDs, 27 LTBI,
27 TB and 22 OPD donors (Table 1). B2M was chosen as reference gene
based on Maertzdorf et al. (2011) study. There are differences in age
between the study groups but we found no evidence to suggest gene
expression level is correlated with donor's age (data not shown). When
plotting gene Ct for male and female subjects separately, we found that
gender does seem to play a role in FCGR1B and LTF expression (data not
shown). We then decided to continue our analysis with CD64, GZMA and
GBP5 and did not include FCGR1B and LTF in our predictive model.

As our goal is to identify a unique set of genes to discriminate TB
versus OPD, we focused on comparisons of TB with OPD. CD64, GZMA and
GBP5 showed significant difference in gene expression between TB and
OPD patients with a p value less than 0.01 for CD64 and less than 0.001 for
GZMA and GBP5 (Figure 1).

Random forest analysis was applied to calculate the specificity and

sensitivity of each gene combination of CD64, GZMA and GBP5 to
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discriminate between TB and OPD. The combination of the 3 genes gave the
highest accuracy in identifying TB and OPD patients. This biosignature gave
a specificity of 92.6% and a sensitivity of 95.5% for TB (reverse for OPD).
GZMA and GBP5 showed the highest discriminating power with an
importance factor of 18.5 and 26.3, respectively for TB, of 19.2 and 17.4,
respectively for OPD, versus CD64 importance of 8.5 for TB and 3.3 for OPD.
GZMA was a strong predictor to identify TB cases within TB patients (96.3%
specificity) but did not perform as well as the 3-gene combination to
discriminate TB versus OPD in OPD patients (77.3% specificity).

Comparing gene expression levels between subjects with ACTB and
LTBI, we found, with a strict cutoff (p < 0.001), that CD64, GBP5 and GZMA
were biomarkers able to segregate subjects with ACTB and LTBI (Figure 1).
When compared gene expression profile between ACTB and NIDs we
observed that results were the same as comparisons between ACTB and
LTBI, with a strict cutoff (p < 0.001) for CD64, GBP5 and GZMA, showing that
they are good biomarkers to perform this kind of comparison (Figure 1).

After comparing ACTB group between all the others study groups, we
started to compare all the other groups to see if we can still distinguish each
other. When compared LTBI versus OPD we can only found two genes that
were able to distinguish infection statuses but not with a very strict cutoff (p <
0.05). CD64 and GBP5 were able to differentiate both groups with these
criteria (Figure 1). LTBI versus NIDs showed a good gene expression profile
once CD64, GBP5 and GZMA had a very strict significance cutoff (p < 0.001)
helping to differentiate each group (Figure 1). The last comparison was

performed between NIDs and OPD, showing a very strict significance cutoff
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(p < 0.001) only to CD64 (Figure 1). For this group comparison, GBP5 and

GZMA were not able to distinguish each infection statuses (Figure 1).

DISCUSSION

Development of fast, cheap and accurate methods for TB diagnosis is
one of the major problems on TB control. Physicians also have problems
regarding differential diagnosis between TB and other pulmonary diseases
when sputum smear is negative and chest X-ray show inconclusive results.
Therefore, a number of studies have been conducted in order to define a
biosignature who can predict TB infection statuses [9-11]. Lu et al. (2011),
show that CXCL10, ATP10A, and TLR6 are a trusty set of biomarkers that
may be predictive to differentiate ACTB from LTBI [6]. Also, in an attempt to
define differentiation between TB infection statuses and other lung diseases,
Bloom et al. (2013), showed that granulomatous diseases, like TB and
sarcoidosis, have an INF-inducible transcriptional signature distinct from
other pulmonary diseases, like pneumonia and lung cancer, who are
dominated by an inflammatory signature [11].

In 2007, a study combining microarray analyses with gPCR tried to find
candidate biomarkers for differentiation of ACTB patients and healthy donors,
infected and noninfected subjects. Their approach revealed an optimal group
of genes able to discriminate both stages of disease including CD64, LTF,
and Rab33A [4]. From the same group, Maertzdorf et al. (2011) also defined
a unique biosignature who may help to predict susceptibility for, or resistance
against ACTB. Performing a large microarray study, they identified more than

2048 differentially expressed transcripts. FCGR1B, CD64, LTF, GBP5 and
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GZMA were the combination of the five most prominently differentiated genes
that turned out to give the highest accuracy in discriminating between ACTB
and LTBI [7].

Our study suggests that several biomarker responses may be useful
for detection of ACTB infection against OPD, as well as for differentiating
ACTB from LTBI and NIDs subjects. Although our study suffers from a
number of limitations, including relatively small sample size on subjects with
pneumonia and asthma (n = 8 and n = 14, respectively), and a
heterogeneous subject population inside the OPD group, we were able to
perform valid expression levels of the studied target genes. Our results on the
OPD group were statistically significant when compared with other groups
because we had a very homogeneous gene expression levels between
pneumonia and asthma samples, allowing us to group them inside OPD
subjects. In fact, similar gene expression levels between pneumonia and
asthma samples may allow us the idea that studied target genes were
specific for ACTB diagnosis [11].

CD64, or FCGR1A (Fc fragment of IgG, high affinity IA, receptor), was
identified as the target gene with one of the highest degrees of differentiation
between and within our four groups. We observed CD64 with a very strict
cutoff (p < 0,001) in comparisons between ACTB versus LTBI and NIDs
subjects, between LTBI versus OPD and NIDs subjects, and also between
NIDs versus OPD subjects. With a not so strict cutoff (p < 0.01) CD64 was
also able to differentiate ACTB from OPD subjects. A bunch of studies
support the idea that CD64 play a role on the regulation of gene expression in

dendritic cells and macrophages, regulating cytokines like and interleukin-10
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(IL-10) and IFN-y [4, 15-16]. Although, M. tuberculosis has the survival
strategy to block various transcriptional responses including induction of
CD64, which does not allow regulation of IFN-y, one of the main mediators in
anti-mycobacterial host defense. Also, this gene has the characteristic of
induct phagocytosis, respiratory burst, and antibody-dependent cell-mediated
cytotoxicity in granulocytes, macrophages and monocytes [17-20].

Following Maertzdorf et al. (2011) steps, we design CD64 gPCR
primers to specifically target gene encoding mRNA due to CD64 and
FCGR1B similar sequences and cross-reactivity. These specific primer
designs allowed us to analyze both genes with accuracy [7]. CD64 and
FCGR1B family used to be not so important in TB researches and diagnosis
until recent studies suggested that those antibodies may play a role in control
against M. tuberculosis infection and, their binding capacity with antibodies
can active or inhibit some signaling pathways for cell activation, generating a
well-balance on immune responses [21-23]. Maertzdorf et al. (2011) suggest
in his study that FCGR1 family upregulation in TB could indicate an immune
modulatory function, or, just “shot” from immune system to establish a
protective immune response [7].

Maertzdorf et al. (2011) also analyzed GBP5 and GZMA, showing that
they are good genes to be inside a biosignature to discriminate TB from LTBI
subjects [7]. We showed that in our study both genes had a very expressive
discriminating power in TB and OPD subjects, and both were able to
distinguish the same infection statuses analyzed by Maertzdorf et al. (2011)
[7]. In our study both allowed us to differentiate TB from OPD and NIDs.

Differentiation between LTBI and NIDs can also be performed with both
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genes, and GBP5 is able to differentiate LTBI from OPD subjects together
with CD64. GBPS5 is a gene responsible to promote selective NLRP3 (NOD-
like receptor family, pyrin domain containing 3) inflammasome response
against pathogenic bacteria. NLRP3 gene make part of the NLR (nucleotide
binding and oligomerization, leucine-rich repeat) family, who is an
inflammasome complex, with the function of alert the immune system to the
presence of infection or tissue damage [24]. GZMA gene is also a good
predictive gene for TB studies, with the characteristic of encode Granzyme A
protein responsible for lysis of target cells by cytotoxic T lymphocytes and
natural killer cells [25].

A Dbiosignature that helps to differentiate TB from other infection
statuses has been studied for a while, showing that research in TB improved
with the passed years. Jacobsen et al. (2007) achieved with his research a
biosignature with three genes (CD64, LTF and RAB33A) and a sensitivity and
specificity of 88 and 91%, respectively to distinguish between TB donors and
LTBI [4]. In 2011, from the same group, Maertzdorf et al. (2011) achieved in
their research sensitivity and specificity of 94 and 97%, respectively
comparing TB with LTBI subjects between five studied genes (CD64,
FCGR1B, GBP5, LTF and GZMA) [7]. In our study we analyzed the same set
of genes that Maertzdorf et al. (2011) performed. Different from them we
excluded LTF and FCGR1B because on our study population both genes do
not have a trustful gender analysis, showing that gender does seems to play
a role for them. With our three genes biosignature we achieved a specificity
of 92.6% and a sensitivity of 95.5% comparing TB with OPD, showing that,

even with three genes, Maertzdorf et al. (2011) biosignature may allow us to
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distinguish TB from OPD subjects [7].

In conclusion, TB fast, cheap and accurate diagnosis still even more
necessary for the eradication of the disease in 2050, and development of a
biosignature that helps to differentiate TB from others infection statuses is a
way to achieved it [1]. Our study suggest that the creation of a diagnostic tool
using the studied biosignature may be a way to help physician’s to
differentiate TB from OPD and support the possibility to start to work at
protein levels, using this to create faster, cheaper and accurate tools to
diagnosis TB and to follow WHO recommendations to reduce global burden
of TB incidence worldwide. Also, this biosignature should be tested in all kind
of diseases related to pulmonary and infections disorders, to figure if this

biosignature is unique for active TB.
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TABLES AND FIGURES

Table 1. Demographic characteristics of study groups. NID, healthy non-infected donors;
LTBI, healthy donors latently infected with M. tuberculosis; TB, tuberculosis patients; OPD,

patients with other pulmonary disease than TB (asthma and pneumonia).

NIDs LTBI B OPD

Number of subjects 25 27 27 22

Mean (SD) 32.6 (12.5) 42.1(15.8) 34.4(13.6) 55.0(10.2)

Age
Range 20-62 18-65 19-65 26-65
Male 13 12 18 7
Gender
Female 12 15 9 15
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Table 2. Function and primer sequences of target genes and reference gene.

Gene name Accession Size
Primer sequence Role
(Symbol) number (Bp)*
Fc gamma Induces phagocytosis, respiratory burst, and antibody-
Fwd - 5 AGGCCTGGTTTGCAGCTTT 3
receptor 1A NM_000566 59  dependent cell-mediated cytotoxicity in monocytes,
Rev - 5 CTGCCTCGCAGGGTCTTG ¥
(CD64) macrophages, and granulocytes.
Fc gamma Induces phagocytosis, respiratory burst, and antibody-
Fwd - 5 GGAAGGGGTGCACCGGAAGG 3
receptor IB NM_001017986 98 dependent cell-mediated cytotoxicity in monocytes,
Rev - 5 CACGGGGAGCAAGTGGGCAG 3
(FCGR1B) macrophages, and granulocytes.
Guanylate
binding Fwd - 5 TGGCAAATCCTACCTGATGA 3’ Helps NLRP3 inflammasome assembly upon bacterial
NM_052942 97
protein 5 Rev - 5 CCATATCCAAATTCCCTTGG 3’ challenge.
(GBP5)
Lactoferrin Fwd - 5 AGAGAGACTCCCCCATCCAGT 3 Iron transporter molecule, which likely competes with
NM_002343 70
(LTF) Rev - 5 CCATCAAGGGTCACAGCATC 3 microbes for binding iron.
Granzyme A Fwd - 5 GAAGAGACTCGTGCAATGGA 3
NM_006144 80  Serine protease involved in targeted cell apoptosis.
(GZMA) Rev - 5 AAGGCCAAAGGAAGTGACC 3’
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Beta-2-
Fwd - 5 GCTCGCGCTACTCTCTCTTT 3’ Component of MHC class | molecules involved in the
microglobulin NM_004048 82
Rev -5 CTCTGCTGGATGACGTGAGT 3’ presentation of peptide antigens to the immune system.
(B2M)

*Bp = Amplicon size in base pare.
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Figue 1. Demographic characteristics of study groups. NID, healthy non-infected donors;
LTBI, healthy donors latently infected with M. tuberculosis; TB, tuberculosis patients; OPD,

patients with other pulmonary disease than TB (asthma and pneumonia).
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Capitulo 5

DISCUSSAO GERAL
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Embora a ciéncia tenha feito muitos avancos na area de pesquisa
clinica e do rapido diagnéstico da TB, novas ferramentas ainda s&o
necessarias para o controle e erradicacdo da doenca (WHO, 2013). O
progresso na pesquisa ainda é limitado, uma vez que vérias lacunas
referentes a pesquisa basica de M. tuberculosis ainda ndo foram preenchidas
(Gagneux, 2013). Atualmente, a TB é responsavel por cerca de 2 milhdes de
mortes ao ano, estando em segundo lugar entre as doencas infecciosas com
maior mortalidade entre adultos, e, deixando claro que o desenvolvimento de
métodos de diagndstico que sejam rapidos, menos onerosos e especificos
séo essenciais para o controle da doenca (Bloom et al., 2013). Nas ultimas
décadas, estudos buscando biomarcadores tanto em M. tuberculosis quanto
em humanos, tém sido conduzidos, e estes tém sido focados em trés
grandes areas; a cura da TB ativa, a reativacdo da TB latente e a indugéo
protetiva da resposta imune através de vacinas (Wallis et al., 2013).

O diagndstico clinico da TB, mesmo sendo rapido, é dependente de
métodos laboratoriais como a microscopia, a cultura do escarro e o raio-X.
Tal diagndstico também se torna inespecifico quando o resultado do raio-X é
inconclusivo, deixando a possibilidade do paciente ter outro tipo de doenca
pulmonar que ndo TB. Pacientes com pneumonia podem ter lesdes
pulmonares de lobo superior que podem ser confundidas com casos de TB,
com alguns sintomas clinicos similares entre as doencas (Sahin et al., 2012).
Quando falamos de expressdo génica e biomarcadores, varios estudos tém
sido conduzidos para tentar definir uma bioassinatura que seja capaz de
diferenciar TB de outras doengas pulmonares. Uma bioassinatura apropriada

para o diagnéstico clinico da TB precisa ser Unica e especifica para a
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doenca. Recentemente, alguns grupos tém procurado essa bioassinatura,
comparando a expressdo génica em individuos com TB em relagdo a
expressdo génica de individuos com outras doencas pulmonares,
demonstrando que doencgas cronicas com caracteristicas granulomatosas,
como a TB e a sarcoidose, tém uma bioassinatura transcripcional induzida
por INF, o que diferencia essas doencas de outras doencas pulmonares nao
granulomatosas, como a pneumonia e o cancer de pulmé&o, que tem em seu
dominio uma assinatura inflamatoéria (Maertzrdorf et al., 2012; Bloom et al.,
2013).

Em 2007, um estudo combinou técnicas de microarranjo, com a
averiguacédo dos resultados com PCR em Tempo Real, visando encontrar
possiveis biomarcadores que pudessem auxiliar a diferenciar a TB ativa de
pacientes TB latentes e pacientes néo infectados pelo bacilo da TB. Tal
pesquisa revelou uma promissora bioassinatura, trazendo a possivel
capacidade de corretamente discriminar individuos com TB ativa, TB latente
e individuos néo infectados pelo bacilo da TB. Os genes que fazem parte
dessa bioassinatura sdo: CD64, LTF e Rab33A (Jacobsen et al., 2007). Do
mesmo grupo de pesquisadores, outro estudo foi realizado, onde foi possivel
definir uma Unica bioassinatura contendo cinco diferentes genes (FCGR1B,
CD64, LTF, GBP5 e GZMA), capazes de ajudar na diferenciacdo entre
pacientes com TB ativa de pacientes com TB latente e de pacientes nao
infectados pelo bacilo da TB. Nesse estudo, eles conseguiram identificar mais
de 2048 diferentes transcritos expressos, definindo uma bioassinatura distinta
com a possibilidade de ajudar a predizer a susceptibilidade ou a resisténcia

dos individuos contra a infeccdo (Maertzrdorf et al., 2011). Foi demonstrado
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também que uma bioassinatura com os genes CXCL10, ATP10A e TLR6
pode auxiliar na diferenciacdo entre a TB ativa e a TB latente (Lu et al.,
2011).

Nosso estudo sugere que a resposta de alguns biomarcadores pode
ajudar na deteccdo da TB ativa quando comparada com outras doencas
pulmonares, e também ajudar na diferenciacdo de outros estagios da
infeccdo, como a diferenciacdo da TB ativa frente a TB latente, ou até
mesmo, frente a pacientes ndo infectados pelo bacilo da TB. Porém, esse
estudo sofre de algumas limitagdes relacionadas ao tamanho amostral dentro
do grupo das outras doencas pulmonares, e também, tem limitagdes devido a
heterogeneidade de género dentro do grupo das outras doengas pulmonares.
Em relacdo ao tamanho amostral do grupo, temos um total de 22 individuos
com outras doencas pulmonares, sendo que desses, 14 foram
diagnosticados com asma e 8 foram diagnosticados com pneumonia. Quanto
a heterogeneidade do grupo, nossas andlises estatisticas mostraram que o
género influenciou nos resultados de dois genes analisados, FCGR1B e LTF.
Tais genes ja foram analisados previamente por outros grupos, € mostraram
bons resultados para a diferenciacdo da TB ativa frente a TB latente
(Jacobsen et al., 2007; Maertzrdorf et al.,, 2011). Mesmo apresentando
limitacOes, essas analises mostraram que 0 nNnosso grupo de pacientes com
outras doencgas pulmonares é estatisticamente significante pois ele tem niveis
de expressdo génica bastante homogéneas entre cada amostra, nos
permitindo agrupar asma e pneumonia dentro do mesmo grupo, 0 que nos
sugeriu que os genes CD64, GBP5 e GZMA podem ser especificos e unicos

para a TB ativa.
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CD64, ou FCGRI1A (Fc fragment of IgG, high affinity IA, receptor), foi
identificado no nosso estudo com um dos genes com maior grau de
diferenciacdo entre os grupos de individuos por nos estudados. Observamos
gue esse gene é capaz de diferenciar individuos com TB ativa de individuos
com TB latente e de individuos nédo infectados pelo bacilo da TB com um
valor de p menor que 0,001, diferenciando também individuos com TB latente
de individuos néo infectados e individuos com outras doencas pulmonares,
com o mesmo valor de p. Com esse cutoff o gene CD64 também é capaz de
diferenciar individuos com outras doencas pulmonares de individuos
saudaveis, e com um cutoff um pouco menos restrito (p < 0,01), tal gene &
capaz de diferenciar pacientes com TB ativa de pacientes com outras
doencas pulmonares. Varios estudos embasam a ideia de que o gene CD64
participa de importantes funcbes na regulacdo da expressdao génica em
macrofagos e nas células dendriticas, regulando citocinas como a IL-10 e o
INF-y (Perussia et al, 1983; te Velde et al., 1992; Jacobsen et al., 2007).
Porém, estudos tém embasado a ideia de que o bacilo M. tuberculosis
consegue, estrategicamente, bloquear varias respostas transcripcionais,
incluindo a inducédo de CD64, o que interfere na regulacdo do INF-y, um dos
principais mediadores da defesa contra micobactérias no hospedeiro (Flynn
et al., 2001; Kaufmann, 2001; Ting et al., 1999; Vanham et al., 1996).

Para o nosso estudo, seguindo os passos das analises de Maertzrdorf
et al. (2011), noés desenhamos primers alvos para 0 mRNA que codificam o
gene CD64, o que nos permitem diferenciar esse gene do gene FCGRI1B,
onde ambos 0s genes tem sequéncias bastante similares. Esses primers

foram desenhados especificamente para nos permitir analisar ambos o0s
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genes com acuracia. Estudos recentes, sugerem que tanto o gene CD64
guanto o FCGRI1B, anteriormente considerados ndo tdo importantes em
pesquisas relacionadas com TB, podem apresentar um papel importante no
controle da infeccdo pelo M. tuberculosis, e também, na sua capacidade de
ligacdo com outros anticorpos podem ativar ou inibir diferentes vias de
ativacado celular, gerando equilibrio nas respostas do sistema imune do
hospedeiro (Glatman-Freedman et al., 1998; Abebe et al., 2009; Nimmerjahn
et al., 2008). Uma alta expressdo de genes da familia FCGR1 durante a
infeccdo pelo bacilo M. tuberculosis, pode indicar que o sistema imune do
hospedeiro esta desempenhando uma fungdo moduladora para controlar a
TB, ou, até mesmo, estabelecendo uma resposta protetora contra o
hospedeiro (Maertzrdorf et al., 2011).

Maertzrdorf et al. (2011), também analisou os genes GBP5 e GZMA,
demonstrando que ambos sdo genes com um bom perfil de expressao para
fazerem parte de uma bioassinatura que ajudaria a diferenciar individuos com
TB ativa de individuos com TB latente. Em nosso estudo, nossas analises
estatisticas demonstraram que ambos 0s genes tiveram um poder de
discriminar individuos com TB ativa de individuos com outras doencas
pulmonares. Assim como no estudo publicado por Maertzrdorf et al. (2011),
ambos os genes foram capazes de distinguir pacientes com TB ativa de
pacientes com TB latente, bem como, ambos os genes foram capazes de nos
ajudar a diferenciar individuos com TB ativa de individuos com outras
doencas pulmonares e de individuos ndo infectados pelo bacilo da TB.
Analisando ambos o0s genes, também fomos capazes também de diferenciar

individuos com TB latente de individuos néo infectados pelo bacilo da TB, e,
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os genes GBP5 e CD64 juntos, foram capazes de nos ajudar a diferenciar
pacientes com TB latente de pacientes com outras doengas pulmonares.

GBP5 é o gene responsavel por promover uma resposta inflamatoria
mediada pelo receptor NLRP3 (NOD-like receptor family, pyrin domain
containing 3) contra bactérias patogénicas. O gene NLRP3 faz parte da
familia NLR (nucleotide binding and oligomerization, leucine-rich repeat), que
compde o complexo inflamossoma, com a funcao de alertar o sistema imune
para a presenca de alguma infeccdo ou dano tecidual (Shenoy et al., 2012).
O gene GZMA é também um bom gene a ser estudado na area da TB, com a
caracteristica de codificar a proteina Granzyme A, que é responséavel pela
lise das células marcadas pelos linfocitos T CD8" e células NK (Bell et al.,
2003).

Uma bioassinatura que ajude a diferenciar a TB de outras doencas
pulmonares, ou, de outros estagios da infeccao por TB, j& tem sido buscada a
algum tempo, mostrando que pesquisas e tecnologias relacionadas a essa
area tem evoluido com o passar dos anos. Jacobsen et al. (2007)
conseguiram definir uma bioassinatura com trés genes (CD64, LTF e
Rab33A) capazes de diferenciar os diferentes estagios da TB, com uma
sensibilidade e uma especificidade de 88 e 91%, respectivamente. Em 2011,
0 mesmo grupo conseguiu definir em sua pesquisa uma bioassinatura
composta por cinco genes (CD64, FCGR1B, GBP5, LTF e GZMA) capaz de
obter uma sensibilidade e uma especificidade de 94 e 97% (Maertzrdorf et al.,
2011). Em nosso estudo, nds analisados 0os mesmo cinco genes estudados
por esse estudo de 2011, visando diferenciar pacientes com TB ativa, de

pacientes com outras doengas pulmonares. Diferentemente do estudo
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publicado em 2011, nés excluimos os genes LTF e FCGR1B pois eles ndo
apresentaram resultados de género estatisticamente confiaveis. Se
estivermos buscando marcadores capazes de diferenciar tuberculose ativa de
tuberculose latente, e tuberculose ativa de outras doengas pulmonares, esses
marcadores ndo podem ser diferentemente expressos entre 0s géneros, pois
um teste baseado na sua bioassinatura néo teria utilidade na rotina clinica. A
bioassinatura contendo trés genes (CD64, GBP5 e GZMA), mostrou que €&
possivel alcancar sensibilidade e especificidade de 955% e 92,6%
comparando individuos portadores de TB ativa com individuos portadores de
outras doencas pulmonares. Esses resultados podem confirmar a ideia
proposta por Maertzdorf et al. (2011), que essa bioassinatura, mesmo que
com somente trés genes analisados, nos permite diferenciar pacientes com
TB ativa de pacientes com outras doencgas pulmonares.

Em conclusédo, nosso estudo sugere que o desenvolvimento de uma
ferramenta de diagndstico, utilizando a bioassinatura por nés analisada, pode
ajudar a diferenciar individuos com TB ativa de individuos com outras
doencas pulmonares, permitindo assim avaliagdes clinicas mais precisas, e
apoiando a ideia de se trabalhar com detec¢do de niveis proteicos para
desenvolver ferramentas de diagnostico especificas, que ajudem a reduzir a
incidéncia global da TB, conforme recomendacdes da OMS. Também
sugerimos que essa bioassinatura seja testada em todos os tipos de doencas
relacionadas ao pulmao, e também em doencas infecciosas, seguindo a ideia

de encontrar uma bioassinatura Unica e especifica para a TB ativa.
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As bioassinaturas sédo ferramentas importantes e indispensaveis na
busca por mecanismos moleculares menos invasivos e mais efetivos para
erradicacdo da tuberculose no mundo. Diferentes biomarcadores foram
estudados nas Ultimas décadas a fim de determinar alvos que possam
determinar a cura da TB, a ativacdo de uma resposta imune protetora, a
reativacdo de uma infeccao latente e biomarcadores imunopatologicos da TB
gue a diferenciem de outras doencas pulmonares. Muitos marcadores nao
especificos, de resposta inflamatéria, foram descritos e tem sua relevancia
guando considerados isoladamente, porém ndo demonstram valores
preditivos para o uso clinico na caracterizagdo da TB quando poderia haver a
suspeita clinica de outra doenca pulmonar. Embora nenhum novo e preciso
biomarcador especificamente para a TB tenha sido descrito ainda, um
progresso substancial foi feito nessa area. No entanto, a qualificacdo de
biomarcadores como um substituto para um determinacéo clinico-laboratorial
da tuberculose € muito desafiadora e merece ser estudada com bastante
énfase, visando a obtencdo de testes diagnosticos mais rapidos e precisos,
gue ajudem a diminuir a incidéncia global da TB.

O presente estudo tem como perspectivas aumentar o numero de
grupos estudados, adicionando mais pacientes com outras doencas
pulmonares, como cancer de pulméo e sarcoidose, buscando mostrar que a
bioassinatura estudada € Unica e especifica de TB. Temos também a
perspectiva de comecar a trabalhar em niveis proteicos, buscando
desenvolver um kit de diagndéstico rapido, de facil aplicagdo e com custos
baixos, que facilite a determinacéo clinico-laboratorial da TB frente a outras

doencas pulmonares.
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The occurrence of tuberculosis (TB) in prisons has been described as an alarming public health problem in many
countries, especially in developing nations. The objective of this study was to conduct a survey among prisoners with
TB respiratory symptoms in order to estimate the incidence of the disease, to analyze the drug susceptibility profile
and genotype the isolates of Mycobacterium tuberculosis in the city of Charqueadas, southern of Brazil. The TB in-
cidence was 55/1,900 inhabitants in the prison, this corresponds to an incidence of 3,789/100,000 inhabitants, with a
prevalence of 72/1,900 (4,960/100,000 inhabitants). Drug susceptibility test was performed and, among the analyzed
isolates, 85% were susceptible to all drugs tested and 15% were resistant to at least one drug, of which 89% were
resistant only to isoniazid (INH) or in combination with another drug. The genotype classification of spoligotyping
analysis showed that 40% of the isolates belong to LAM family, 22% to T family, 17.5% to Haarlem family, 12.5% to
U family and 3% to X family. The shared international spoligotypes most frequently found were 729 (27%,), 50 (9.5%),
42 (8%), 53 (8%) and 863 (8%). In conclusion, it was observed that TB in this specific population had been caused,
mostly, by strains that have been transmitted in the last few years, as demonstrated by the large level of genotype
clustering. In addition, it was found specific large clusters, which were not often found in the general population
from the same period and in the same region.

Key words: Brazilian prison - genotyping - prevalence - tuberculosis

The occurrence of tuberculosis (TB) in prisons has
been described as an alarming public health problem in
many countries, particularly in developing nations (Banu
et al. 2010, Todrys et al. 2011). Furthermore, the TB in-
cidence rate is higher in prisons than at the national level
in Azerbaijan (61 times higher), Spain and Germany (10
times higher) and France (4 times higher) (Aerts et al.
2006). Data from Brazil are scarce; however, the TB
prevalence in prisons in the city of Sao Paulo (SP) was
70 times higher than among the general Brazilian popu-
lation (Abrahdo et al. 2006). In a Rio de Janeiro (RJ)
state prison, the prevalence was 35 times higher than in
the state-wide general population (Legrand et al. 2008).

The prison population is predominantly young and
male with a low education level and prisoners usually
originate from disadvantaged communities with high
TB rates (March et al. 2000). The prisoners usually live
in unhealthy settings and do not have the resources or
habits to keep themselves healthy. The prisoners may
also have unhealthy habits or addictions that contribute
to their poor health and have risk factors for developing
TB, such as alcoholism, smoking and drug use. For these
reasons, inmates enter prison with pre-existing illnesses

+ Corresponding author: mrossett@terra.com.br
Received 31 October 2011
Accepted 9 July 2012

or with a higher risk of becoming ill compared to the
general population (Dara et al. 2009). When the inmates
enter the prison system, they are exposed to several
factors that contribute to TB evolution, such as incar-
ceration, overcrowding, a higher prevalence of human
immunodeficiency virus (HIV) infection and malnour-
ishment (Lobacheva et al. 2007, Banu et al. 2010, Abebe
et al. 2011, Todrys et al. 2011).

A biomolecular approach used in several countries
has proven that TB transmission inside prisons contrib-
utes significantly to the high TB incidence rates observed
in prison populations (Clark et al. 1997, ljaz et al. 2004).
Methods such as spoligotyping are less discriminatory
than other genotypic analysis systems such as minimum
inhibitory concentration-variable-number tandem-repeat;
however, spoligotyping can be useful when patterns from
TB cases are compared with the international bank (Spol-
DB4) of Mycobacterium tuberculosis (Mtb) isolates or the
data from other countries or communities. This approach
has shown that some emerging Mtb strains induce more
severe forms of TB or manifest higher failure or relapse
rates than other strains (Zhang et al. 2005, Brudey et al.
20006, Lazzarini et al. 2008). Additionally, this approach
has helped to explain the spread of Mtb worldwide and
revealed the predominance of different geographical gen-
otypes (Brudey et al. 2006, Filliol et al. 2006, Gagneux
et al. 2006). Moreover, a quick identification of mycobac-
teria within the Mtb complex (MTC) is enabled by this
approach and the transmission and evolution of these mi-
croorganisms can be examined (Supply et al. 2001, Igna-
tova et al. 2006). In Spain, one institution characterised
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the transmission as recent and determined that it was ac-
quired within the institution in two-thirds of the identi-
fied cases (Clark et al. 1997).

In addition, difficulty in accessing health care and
poor adherence to treatment plans contribute to delayed
diagnosis, disease transmission and the emergence of
multidrug-resistant TB (MDR-TB) strains (Aziz et al.
2006), which are particularly common in prisons (Banu
et al. 2010).

Prison overcrowding and the circulation of visitors
and workers in prisons, between prisons and within the
general population can lead to the swift transmission of
TB, including drug-resistant forms, both inside and out-
side of the prison setting. Released prisoners can infect
people in their communities; this transmission repre-
sents a serious health public risk (Mac Neil et al. 2005,
Todrys et al. 2011). The prison population has increased
considerably in Brazil over the years, making prisons the
perfect places for TB transmission (Baptista et al. 2002).
These circumstances reveal that urgent actions must be
taken to detect and treat TB in inmates and trace the
TB transmission routes in the community and in prisons
(Abebe et al. 2011).

In this study, a survey was conducted among prison-
ers with TB respiratory symptoms in the metropolitan
region of the city of Porto Alegre, the capital of the state
of Rio Grande do Sul (RS), South Region of Brazil. The
objectives of this work were to estimate the prevalence of
the disease, to analyse the drug susceptibility profile of
the prison population and to genotype the isolates of Mtb
to better understand disease transmission among prison.

PATIENTS, MATERIALS AND METHODS

Setting - RS is the most southern Brazilian state and
its capital, Porto Alegre, has 1.4 million inhabitants (Bra-
zilian Institute of Geography and Statistics) (ibge.gov.br/
cidadesat/topwindow.htm?1). RS has a TB incidence of
47 per 100,000 inhabitants [State Centre for Health Sur-
veillance of RS (CEVS/RS) (saude.rs.gov.br/wsa/portal/
index.jsp?menu=organograma&cod=4442) and Porto
Alegre has an incidence of 120 per 100,000 inhabitants,
which is the highest incidence rate of TB in Brazil. Ap-
proximately one third of the TB patients in Porto Alegre
are co-infected with HIV, which is considerably higher
than the average rate of 8-10% nationally.

Patients - This is a descriptive epidemiological
study and the study population included inmates of the
State Penitentiary of Jacui (PEJ), Charqueadas, RS,
which receives prisoners from Porto Alegre and its
metropolitan region.

From August 2007-August 2008, a screening ques-
tionnaire was given to 1,900 prisoners. The inclusion
criteria were cough for more than three weeks, signing
an informed consent form and answering the question-
naire. Two sputum samples were collected from each
participant on different days and forwarded to and proc-
essed at the Centre for Scientific and Technological De-
velopment of the State Foundation of Production and
Health Research (FEPPS). Each patient was included in
the study only once and contributed only one isolate.

Ethics - This work has approval from the ethical com-
mittee on research of the FEPPS/RS (410528/2006-4)
and was conducted within an ethical framework.

Bacteriological analysis - The samples were decon-
taminated and cultured in accordance with Kudoh and
Kudoh (1974). To detect Mtb, Ziehl-Neelsen smears and
staining were prepared (BK). The samples were classi-
fied according to the National Laboratory Guidelines
for Surveillance of Tuberculosis and other Mycobac-
teria (MS/SVS 2008). After identification at the spe-
cies level through an analysis of the morphologic and
biochemical characteristics (MS/SVS 2008), the Mtb
isolates were stored in a pH 6.8 phosphate buffer and
frozen at -20°C.

Drug-susceptibility testing (DST) - DST was per-
formed using the 1% proportion method on Lowenstein-
Jensen medium as standardised by Canetti et al. (1969).

DNA extraction and genotyping by spoligotyping -
The genomic DNA from the culture was extracted by
the CTAB method (van Embden et al. 1993). The strains
were spoligotyped following the Kamerbeek et al. (1997)
method. The following definition was adopted: a cluster
was a group of two or more patients whose genotypes
had 100% identical spoligotypes.

RESULTS

Among 1,900 inmates of the PEJ, 392 (20.6%) had
TB respiratory symptoms. Of these 392 inmates, 350
(89%) had contact with TB within the PEJ, 35 (8.9%)
had a previous contact with TB outside the institution
and, after their imprisonment, they had additional TB
contact. Sixty-six prisoners (17%) had at least one epi-
sode of TB in the past and 11 (2.8%) were undernour-
ished. Seventy-two patients (3.8%) were positive for TB.
Of these 72 patients, 68 (94.4%) were both culture and
smear sputum positive. Four (5.6%) inmates were only
sputum smear positive. Twenty samples (27.8%) were
paucibacillary (fewer than 20 colonies in the culture) and
one sample was smear sputum positive.

The TB prevalence was 3.8% (72 of 1,900 inhabit-
ants). Of the TB cases, 17 patients (23.6%) had at least
one prior TB episode and were considered retreatment
cases. Thus, the incidence of new cases was 2.9% (55 of
1,900 inhabitants). This incidence corresponds to an in-
cidence of 3,789 TB cases per 100,000 inhabitants. The
mean patient age was 30.64 years (ranging from 20-60)
and 98.7% of cases were younger than age 45. The de-
mographics for the 72 TB patients were as follows: 56
(77.7%) were white, three (4.16%) were illiterate, the av-
erage number of years of education was 5.38, 46 (63.8%)
had a partner, 41 (56.94%) were smokers, 29 (40.27%)
were drug users, five (6,9%) had HIV, 64 (89%) had
contact with TB within the PEJ, eight (11%) had a pre-
vious contact with TB outside the institution and after
imprisonment had additional TB contact, 17 (23.6%) had
at least one episode of TB in the past and four (5.5%)
were undernourished (body mass index < 18). Among
the prisoners with respiratory symptoms, there was no
significant difference between those with and without
TB (regarding the above analysed characteristics).
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DST was performed in 60 isolates of Mtb, as four
culture samples were negative and eight isolates were
not viable for the analysis. Fifty-one (85%) of the ana-
lysed isolates were susceptible to all of the tested drugs
and nine (15%) were resistant to at least one drug. Eight
(89%) of the resistant isolates were resistant to isoniazid
(INH) either alone or in combination with another drug.

Sixty-three isolates were available for genotyping.
Upon genotype classification by spoligotyping as de-
fined by Brudey et al. (2006), 25 (40%) isolates belonged
to the LAM family, 14 (22%) belonged to the T family,
11 (17.5%) belonged to the Haarlem family, eight (12.5%)
belonged to the U family, two (3%) belonged to the X
family and three (5%) had an unclassified spoligopattern
(not listed in the worldwide spoligotypes bank SpolDB4).
Further analyses evaluating shared international spoligo-
type (SIT) patterns showed 55 (87.3%) isolates clustering
with 10 different SITs; 22 isolates formed LAM lineage
bunches in two different clusters. The main cluster in
the study had 17 (27%) isolates and belonged to SIT729
(LAM]1) and a cluster of five isolates belonged to SIT42
(LAMY). The second most prevalent clustering was
SIT65 [T1 (T4-CE1 ancestor?)] with seven (11%) isolates
and the third most prevalent was SIT50 (Haarlem3) with
six (9.5%) isolates. Eight (12.7%) isolates matched the
eight individual SITs reported in our study as orphans
by SpolDB4 (Table). Three isolates were segregated into
three SITs that were not reported by SpolDB4. Of these
three isolates, two could be defined as LAM by their
similarity with this family, as shown in Table.

DISCUSSION

The TB prevalence found in the studied population
was higher than in the general population. Despite inher-
ent methodological study limitations (in comparing dif-
ferent size populations) and despite measuring incidence
and prevalence in an unstable population (Rieder et al.
2011), when the incidence rates found in this study (3,789
per 100,000 inhabitants) were projected and compared to
the number of RS cases reported during the same period
(47 per 100,000 inhabitants), the PEJ prevalence was ap-
proximately 80 times higher than in the general population
in RS and 32 times higher than in the general population
of Porto Alegre (CEVS/RS). Several studies of prisons in
SP and RJ have shown data similar to the results of the
current study (Oliveira & Cardoso 2004, Abrahio et al.
2006, Fournet et al. 2006). The reasons for the higher TB
prevalence rates observed in prisons could be explained
by several factors. First, prisoners have a higher risk of
becoming infected with TB than the general population,
as most prisons are overcrowded and a high number of
prisoners share a cell with inadequate ventilation, inade-
quate hygiene and inadequate nutrition; in addition, pris-
oners have limited access to health services and spend
little time outdoors. Second, the life circumstances of
most prisoners (low socioeconomic and education level,
narcotic drug use, HIV infection and underfeeding) can
predispose them to developing active TB once they are
infected (WHO 1998, Lobacheva 2007, Dara et al. 2009,
Todrys et al. 2011). In this study, five (6,9%) of the 72
TB-positive prisoners declared themselves to be HIV

positive on the questionnaire and the other 67 TB-posi-
tive prisoners were unaware of their HIV status or denied
their status. This method of ascertaining HIV status may
be considered a limitation of the study.

When evaluating the microscopy and culture tech-
niques used as diagnostic criteria, 45.8% of samples
were positive according to both techniques. Thirty-five
patients (48.6%) were diagnosed only by culture and 20
samples (27.8%) had growth of less than 20 colonies
(paucibacillary). These findings confirm the importance
of using culture, as recommended by the Brazilian Min-
istry of Health, which considers it the “gold standard”
for detecting and identifying Mtb.

Despite its delay in producing results (approximately
4 weeks for non-automated samples) and the expected
contamination rate (3-5%), culture has good sensitivity
and specificity, which enables the identification of the
etiologic agent in clinically paucibacillary specimens
(Campos et al. 1996, Lee et al. 1999). According to the
Handbook of National Tuberculosis Laboratory Surveil-
lance (MS/SVS 2008), 20% more cases of pulmonary
TB are found when sputum cultures are performed com-
pared to smear-only case definitions. Culture also allows
further identification of mycobacterial isolated species,
susceptibility testing to anti-TB drugs and faster DNA
access for molecular techniques. Culture specificity to
TB diagnosis is higher than 99% and absolute specificity
is achieved when the tests are performed to identify the
MTC. The application of this diagnosis technique meets
the recommendations of the new Guidelines of Recom-
mendations for Tuberculosis Control (MS/SVS 2010) for
vulnerable populations, which state that sputum culture
should be performed whenever TB is suspected, regard-
less of the smear result.

Another important finding of this study concerns the
resistance of Mtb to anti-TB drugs performed in 60 of 72
(83.33%) patients. Resistance was found in nine (15%)
cases in which four (6.6%) had monoresistance (1 drug)
and five (8.4%) had resistance to at least two drugs. This
resistance prevalence was similar to the 11.1% drug re-
sistance prevalence found in RJ prison (Sanchez et al.
2007). In both cases, the resistance prevalence was high-
er than the national resistance rate, which was 8.5%, ac-
cording to the results of the First Survey of Resistance to
Anti-Tuberculosis Drugs held in Brazil in 1996 (Braga
et al. 2003). These findings emphasise that directly ob-
served treatment should be prioritised with the offering
of a culture test for all high risk patients, such as drug
users, alcoholics, patients being retreated to avoid the
emergence of MDR strains, the homeless and patients
living in closed communities (e.g., prisons, hospices,
nursing homes and psychiatric hospitals).

The spoligotyping analysis showed that the three ma-
jor genotypic families (LAM, T and Harlem) comprised
84.5% of the tested isolates; however, the proportion
of isolates in the LAM family was lower, although this
family has been found more frequently in other studies.
The family LAM, which was found in 40% of isolates, is
common in Africa, Central America, Europe and South
America and represents 80% of all isolates in the Bra-
zilian SpolDB4 (Brudey et al. 2006, Lipin et al. 2007,
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Dalla Costa et al. 2009, Ritacco et al. 2011, Perizzolo et
al. 2012). The Mtb strains of the Beijing family have con-
tributed largely to the global spread of TB (Parwati et al.
2010). However, Beijing strains were not observed in our
specific population, which is in accordance with other
South American studies, including Brazil (Dalla Costa
et al. 2009, Ritacco et al. 2011); spoligotyping can be
useful for identifying this possibility at an early stage.

LAM1 SIT729 (27%) and U SIT863 (8%) have been
reported in other studies and have been associated with
patients who have incarceration histories. Cafrune (2009)
identified SIT863 in six patients who had a recent incar-
ceration history. This spoligopattern is not often reported.
One isolate was found in the United States of America,
two were found in the city of Pelotas, RS and, more re-
cently, two were found in Venezuela (Borsuk et al. 2005,
Sequera et al. 2008). However, SIT729 was reported to be
associated with incarceration by Cafrune (2009); 72% of
the patients with this SIT were inmates. A study of MDR-
TB strains from RS identified three isolates belonging to
the U family SIT863 and one of these isolates was in a
prisoner (Perizzolo et al. 2012). The spoligotyping analy-
sis showed that the resistant strains are probably not being
spread quickly among the inmates, as the resistant geno-
types differed from each other, except for two INH-resis-
tant isolates that belonged to SIT729 (LAMI). As shown
in Table, most isolates were allocated to a few clusters
(87.3% cluster rate). This finding demonstrates that only
a few strains may be responsible for the colonisation of
the hosts and they prevail due to the close proximity be-
tween inmates. This process was previously reported
by Moreira-Oliveira et al. (2008). This cluster rate was
slightly higher than the rate usually reported for the gen-
eral population (Cafrune et al. 2009, Dalla Costa et al.
2009). In addition, the clusters found in this inmate popu-
lation are not often found in the general population from
the same period and region (Valim et al. 2000, Cafrune et
al. 2009, Dalla Costa et al. 2009, Perizzolo et al. 2012).

Further analyses indicated that the evaluated SIT pat-
terns showed that 55 (87.3%) isolates (clustered by spoli-
gotyping) matched with 10 different SITs. Among these
SITs, 22 were LAM lineage and bunched in two different
clusters. The main cluster in the study had 17 (27%) iso-
lates and belonged to SIT729 (LAM1); the other cluster of
five isolates belonged to SIT42 (LAMO9). The second most
prevalent clustering was SIT65 [T1 (T4-CEl ancestor?)]
with seven (11%) isolates and the third most prevalent clus-
tering was SIT50 (Haarlem3) with six (9.5%) isolates. The
Haarlem presence [11 (17.5%)] was higher than in other
studies performed only with strains from RS (Cafrune et
al. 2009, Perizzolo et al. 2012). No correlation was found
between the genotype families, which were defined by
spoligotyping and resistance to any drug (Table).

In conclusion, it was observed that TB in this specific
population had been caused primarily by strains that have
been transmitted in the last several years, demonstrated
by the large level of genotype clustering. In addition,
specific large clusters, which were not often found in
the general population, were observed. Actively search-
ing for cases and the use of culture allowed for the early
diagnosis of 25% of the expected cases in a hostile envi-

ronment where health access is restricted and the health
system is not always accessed. The application of DST
enabled the identification of MDR bacilli and the reori-
entation of correct treatment for these patients. SIT729
and SIT863 may correlate with a history of incarceration;
however, further studies should be conducted using other
techniques of genotyping with higher discriminatory
power to confirm if the isolates of each SIT are a single
strain spread throughout the prison system. These find-
ings would be important because MDR isolates with the
profile SIT863 have already been found and these SITs
are associated with an important vulnerable group con-
sisting of members who are deprived of liberty.
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Mycobacterium tuberculosis of the RD®*® Genotype Is the Predominant
Cause of Tuberculosis and Associated with Multidrug Resistance in
Porto Alegre City, South Brazil

Elis Regina Dalla Costa,? Luiz Claudio Oliveira Lazzarini,” Paulo Fernado Perizzolo,® Chyntia Acosta Diaz, Fernanda S. Spies,®

Lucas Laux Costa,® Andrezza W. Ribeiro,® Caroline Barroco,® Sandra Jungblut Schuh,® Marcia Aparecida da Silva Pereira,*

Claudia F. Dias,® Harrison M. Gomes,© Gisela Unis,® Arnaldo Zaha,’ Pedro E. Almeida da Silva,® Philip N. Suffys,© Maria L. R. Rossetti®9
Fundacéo Estadual de Producdo e Pesquisa em Saude (FEPPS), Porto Alegre, Brazil®; Tuberculosis Research Unit, Federal University of Rio de Janeiro, Rio de Janeiro, Brazil®;
Laboratory of Molecular Biology Applied to Mycobacteria, Oswaldo Cruz Institute, Fiocruz, Rio de Janeiro, Brazil; Fundagao Universidade de Rio Grande, Rio Grande,
Brazil®; Hospital Sanatério Partenon (HSP), Porto Alegre, Brazil®; Universidade Federal do Rio Grande do Sul (UFRGS), Porto Alegre, Brazil®; Universidade Luterana do Brazil
(ULBRA/RS), Porto Alegre, Brazil®

Spoligotyping has shown Mycobacterium tuberculosis strains to be composed of different lineages, and some of them are not just
geographically restricted but also affect specific ethnic populations and are associated with outbreaks and drug resistance. We
recently described a particular subtype within the Latin American-Mediterranean (LAM) family, called RD®*°, widespread in
Brazil. Moreover, recent data also indicate that RD® is present in many countries on all continents and is associated with cavi-
tary disease and multidrug resistance (MDR). To further explore the relationship between RD®*® and MDR, we conducted a
study in a tuberculosis (TB) reference center responsible for the care of MDR patients in Rio Grande do Sul, the southernmost
Brazilian state. From a collection of 237 clinical isolates, RD®* alone was responsible for one-half of all MDR cases, including
one large group composed of strains with identical IS6110-restriction fragment length polymorphism (RFLP) and having the
LAMS5 signature. We additionally had complete data records for 96 patients and could make comparisons between the presence
and absence of RD®. No difference in clinical, radiological or laboratory features was observed, but a significantly greater num-
ber of cases with MDR were described in patients infected with an RD®® strain (P = 0.0015). Altogether, RD™ was responsible
for 38% of all TB cases. These data support and confirmed previous findings that RD¥° is the main agent responsible for TB in
Brazil and is associated with drug resistance. Considering that RD® is a globally distributed genotype, such findings raise con-

cern about the increase in MDR in certain human populations.

Despite increasing efforts, tuberculosis (TB) continues to be a sig-
nificant cause of morbidity and mortality around the globe, par-
ticularly in developing countries, where the increase in the number of
multidrug-resistant (MDR) strains and the emergence of extensively
drug-resistant (XDR) strains make the situation even more dramatic,
posing a significant threat to the WHO goals of reducing the preva-
lence and deaths due to TB by 50% by 2015 and the elimination of TB
as a public health problem by 2050 (http://www.who.int/tb/strategy
/stop_tb_strategy/en/index.html). There are several factors responsi-
ble for this problem, most of them related to economic and social
issues such as poverty, drug addiction, HIV-positive status, and dif-
ficult access to anti-TB drugs, among others. Although these factors
are unquestionable, others directly related to the microorganism it-
self are also probably significant but less studied and understood.
The deciphering of the complete genome of Mycobacterium
tuberculosis H37Rv in 1998 (1) led to a better understanding of its
biology, facilitating the analysis and further expanding the use of
molecular tools for interrogation of the genome, such as 1S6110-
restriction fragment length polymorphism (RFLP), spoligotyp-
ing, and mycobacterial interspersed repetitive-unit-variable-
number tandem-repeat (MIRU-VNTR) typing (2-4). Among
these methods, spoligotyping proved to be a particularly useful
tool. It is a standardized amplification method targeting the poly-
morphic Mtb complex-specific direct repeat (DR) locus and is
visualized as a binary 43-digit pattern or reduced to an octal form
of 15 digits (2). Compared to IS6110-RFLP and MIRU-VNTR
typing, spoligotyping is unable to achieve the same level of dis-
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crimination; however, the assay is rapid, inexpensive, and robust,
and the data can be easily exchanged between laboratories. There-
fore, spoligotyping is often used as a first-line genotyping method
and is the basis of the definition of the major genotype families of
M. tuberculosis such as the Beijing, Haarlem, T, X, S, East African-
Indian (EAI), Latin American-Mediterranean (LAM), and Cen-
tral Asian (CAS) families, among others. Each of these patterns is
included in the SpolDB4, an international database developed and
maintained by the Pasteur Institute of Guadeloupe, which in-
cludes spoligotypes submitted by investigators from all over the
world (5) and is available online (http://www.pasteur-guadeloupe
fr:8081/SITVITDemo). Some of the spoligotype families (also
called spoligofamilies) are preferentially distributed in particular
geographic regions, indicating that they are either spreading lo-
cally or better adapted to certain human populations (5-7). Im-
portantly, some spoligofamilies have been associated with out-
breaks and multidrug resistance, the Beijing (and Beijing-like)
spoligofamily being the best-known example (8-11). Although
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predominant in far-east Asia, the Beijing spoligofamily is much
less frequently found in the Americas, Europe, and Africa, where
LAM, Haarlem, T, and S families predominate (5). The LAM fam-
ily, a member of single nucleotide polymorphism (SNP) cluster VI
(12), appears to be the most prevalent M. tuberculosis lineage glob-
ally, accounting for ~15% of the global TB burden (5). Despite its
success, little is yet known about the epidemiology, biological be-
havior, and clinical attributes of disease caused by strains of the
LAM family. Similar to Beijing family strains, members of the
LAM family have also been associated with drug resistance and
outbreaks (13-16), including the recent description of a LAM
strain as the leading cause of XDR-TB in South Africa (17).

An additional reason for studying the features of the spoligo-
families was the recent discovery of RD®, a subfamily inside the
larger LAM spoligofamily, which seems to be prevalent in several
places in Brazil (18-23) but also in many other countries, partic-
ularly in Central and South America, Europe, and Africa (19).
Analysis of TB isolates and registry data from New York, NY,
between 2001 and 2005 showed that RD®' was responsible for 8%
of all TB cases (24), a remarkably high rate considering the popu-
lation diversity in that city. Moreover, RD"® was associated with
cavitary disease in the Brazilian population (22) and a tendency
(not statistically significant) to cause cavitary disease and in-
creased transmission efficiency among U.S.-born blacks and His-
panics and persons of Latin American or Caribbean Heritage (24)
as well as with drug resistance (24). To confirm and expand these
findings, the present study was undertaken in Rio Grande do Sul
(RS), the southernmost Brazilian state, for which no data on
RD®® status and characteristics exist. In contrast to the other parts
of the country, South Brazil received a high influx of Europeans
(particularly Germans and Italians) in the beginning of the last
century. This study was approved by the ethical committee of the
School of Public Health of Rio Grande do Sul.

MATERIALS AND METHODS

Study setting. According to the World Health Organization, Brazil is on
the list of high-burden TB countries and among the 22 nations in which
80% of the world’s new TB cases occur. In Brazil, 81,946 new TB cases
were reported in 2010, and this was translated to incidence, prevalence,
and mortality rates of, respectively, 43, 47, and 2.6 per 100,000 inhabitants
(25). Isolates from this study were obtained from cases diagnosed at the TB
clinic of the “Sanatdrio Partenon Hospital” (HSP), a regional TB reference
center located in Porto Alegre City, the capital of Rio Grande do Sul State,
Brazil. The center is the only institution in the state to care for MDR patients.
Porto Alegre City has a population of 1.44 million inhabitants and a TB inci-
dence of 93 per 100,000 habitants, the highest in RS, with 1,506 new cases in
2008 (Instituto Brasileiro de Geografia e Estatistica [IBGE]; http://www.saude
rs.gov.br/dados/1293727576139Situa%E7%E30_TB_RS_2.pdf). ~ Overall,
Rio Grande do Sul State has a TB incidence of 47 per 100,000 habitants.
Mycobacterial strains. The present study comprises 237 M. tubercu-
losis isolates, each collected from different TB patients between 2004 and
2006. Testing of the isolates’ drug susceptibility to isoniazid, rifampin,
ethambutol, and streptomycin was performed at the Central Laboratory
(LACEN) of Rio Grande do Sul State. MDR was defined as drug resistance
to at least isoniazid and rifampin. The MDR isolates constitute the entire
MDR collection available in the state at that time. The sensitive strains
were a convenience sample chosen to match the MDR in terms of patient
population and compliance with treatment. All strains were identified to
the species level by morphological and biochemical analysis (26), and the
tests for drug susceptibility were performed by the proportion method
(27), using M. tuberculosis H37Rv ATCC 27294 as a susceptible control
strain. Isolates with single-drug resistance were not included. The MDR
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isolates were additionally submitted to sequence analyses for polymor-
phisms in the katG and rpoB genes, and part of the results were published
elsewhere (28).

Nucleic acid extraction. Chromosomal DNA was extracted from cul-
tures on Lowenstein-Jensen medium, using the cetyltrimethylammonium
bromide (CTAB) method as previously described (29).

Spoligotyping. Spoligotyping was performed using a commercial kit,
according to the manufacturer’s instructions (Isogen Biosciences B.V.,
Netherlands). The spoligotype patterns were compared with the updated
SITVIT database, which provides information on the shared type distri-
butions of M. tuberculosis spoligotypes worldwide.

Detection of RD®, A multiplex PCR was performed to differentiate
RDR® from wild-type (WT) strains as previously described (19, 21, 22).
Briefly, two sets of primer pairs were used to target either the IS1561 locus
(positive only in WT strains and corresponding to a band size of 530 bp)
or the region flanking the RD®* locus (positive only in RDR® strains and
corresponding to a band size of 1,175 bp); the presence of both RD®° and
WT strains in a single sample is indicated by the presence of both bands
(22).

Clinical, radiological, and laboratory data. Complete data records
were available for 103 patients, but for 7 of them both RD®° and WT
bands were identified in the same clinical isolate, indicating either mixed
infection or laboratory contamination. These seven cases were excluded,
leaving 96 patients for analysis, including 25 drug-susceptible and 71
drug-resistant cases. The MDR group was from secondary drug resistance
cases, with multiple treatments. To better match this group, the drug-
sensitive cases were also from patients with irregular treatment but who
had not developed drug resistance. Clinical data included gender, race,
presence of hemoptysis, weight loss, fever, alcoholism, and HIV status.
Radiological data included the presence of lung cavitation, homogenous
infiltrate, miliary pattern, pleural effusion, and mediastinal adenopathy.
Bacteriological data included smear staining for acid-fast bacilli (AFB),
culture, and sensitivity to anti-TB drugs.

Statistical analysis. Continuous variables were compared by the ¢ test
and categorical variables by the X2 or Z-test (proportions), as appropriate.
The comparison relied on logistic regression. Results for continuous vari-
ables were means = standard deviations (SD). The two-sided 0.05 thresh-
old was used for statistical significance. Analysis was performed using the
statistical software XLSTAT (Addinsoft, France).

RESULTS

Among the 237 M. tuberculosis isolates, 122 (51%) were sensitive
to all drugs and 115 (49%) were resistant to at least both isoniazid
and rifampin, and among the latter set, 18 strains were also resis-
tant to streptomycin and another 3 strains were resistant to
ethambutol. A single strain was resistant to all four drugs, but at
that time no further tests were performed to evaluate whether this
strain was XDR. All isolates were spoligotyped and classified ac-
cording to the spoligopatterns available in the SITVIT website. All
spoligotyping patterns and genotypes (RD"® or WT) for each M.
tuberculosis isolate are listed in Table 1.

In total, LAM strains account for 53% of the MTB collection
(RD™° alone accounts for 38%), whereas T and Haarlem families
account for 21% and 7.6%, respectively. The other families are
represented in <5% of the strains. Among the 122 susceptible
isolates, 53 were LAM (43%), 29 belonged to the T family (24%),
13 were Haarlem strains (11%), 3 were of the S family, and another
3 were of the X family (2% each). In addition, nine strains were
classified as U or unknown (7%) and 14 isolates (11%) had no
described spoligotype and were classified as orphans. In total, the
susceptible strains bunched into 9 different clusters. RD™ was
exclusively responsible for 64% (34/53) of the susceptible LAM
strains, 28% (34/122) of all susceptible strains, and 48% (56/115)

Journal of Clinical Microbiology

1sanb Agq £T0Z ‘QT YdJe\ uo /Bio wse woly:dny woly papeojumog


http://www.saude.rs.gov.br/dados/1293727576139Situa%E7%E3o_TB_RS_2.pdf
http://www.saude.rs.gov.br/dados/1293727576139Situa%E7%E3o_TB_RS_2.pdf
http://jcm.asm.org
http://jcm.asm.org/

M. tuberculosis RD®°® and MDR in Brazil

TABLE 1 Number of samples, MDR profile, RD® genotype, and spoligotyping pattern for each M. tuberculosis patient strain from Porto Alegre

City*
n MDR Genotype Spoligotyping pattern Spoligofamily SIT
10 No RDRie PO (e [ (mmmw [ [ [] LAM9 42
5 Yes RDRio ENEEEEEEEEE L[] [ meew ][] [ e []]] LAM9 42
3 Yes RDRi" m L[] ][] L[] | mewm ] ][] eewe | []]]] LAM9 177
2 No RDRie [ Tml [T U (it [ (mimmw] [T LAM1 20
2 Yes RDRio | | w11 [][] L[] [ meew ][] [ e []]] LAM1 20
7 No RDRi" | | m m[ | [][] L[] | mewm ] ][] eewe | []]]] LAM1 729
6 Yes RDRie [ T iml W TP e [ P mwmw [ [ [] LAM1 729
1 No RDRio | I ][] m [ e ][] eeeel ] LAM?2 179
1 Yes RDRi" L w1 m [ meee ][] el ] LAM?2 179
9 No RDRie [Tl TP (O (w1 mwww [ [ [] LAM?2 17
10 Yes RDRio | I ][ m [ ][] e ][] e lll]]] LAM?2 17
1 Yes RDRi" L w1 m [ eeee ][] e []]] LAM?2 826
Yes RDRie EEROCCCEENCEEE LAMA4 60
23 Yes RDR® LAM5 93
1 Yes RD"® LAM6 64
2 Yes RDRie EEEEEEEECCCEEEEEEERC00000000000000000CMeEEE U (likely H3) 106
1 Yes RDRio OOO000000000000000000000CEeERCO0000000000000 U 863
1 No RDRi" [ | m | m | wm [ [ ] | eeee ] e e ]« Orphan
1 No RDRie [ TPt P (e [ ] wwm [ w] (]] Orphan
1 No RDRio L L[] mmm ] eeee ] . e ][] Orphan
1 No RDRi" L Ll [ [ m [ m ]| eeee ][] eewsl[]]] Orphan
1 No RDRie TP P (e [ [ ([ wwww [ [ [m] Orphan
6 No WT ENEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE OO ENEEEE T1 53
7 Yes WT ENEEEEEEEEE | [ | memw [ ] ]]] T1 53
1 No WT u OOOCmEmO000 T1 51
3 No WT | mann | wenn | T1 244
1 Yes WT L L] EERCOOOONECOOCN T1 244
10 No WT EEEEEEEEEEE ERECOOORCONEEE T1 65
2 Yes WT ENEEEEEEEEE EERCCOOORCOCEEER T1 65
1 No WT EEEEEEEEEEN EOO00CCeEEEEE T1 1241
1 Yes WT EEECEEEEEEE U1 ] [ [ T1 205
3 No WT m L[] [][] L[] [ meew ][] e . ] T2 853
1 No WT ENEEEEEEEEEEEEEEEEEECCOOOO0O00CNEEC OO0 NN T2 392
1 No WT EEEEEEEEEEEN EEEEEEEEEEEEEEEEEEECCOOCOEEECOE. T2-T3 73
1 Yes WT ENEEEEEEEEEE NN NN OO EE e T2-T3 73
1 No WT Ll | w1 ]] T3 37
1 No WT L] | DO0OmECO00m T3 158
1 Yes WT LI LD L [ [ [ e ] ]] T5 58
7 Yes WT LU [ [ [ | e [][]] T5-MAD2 58
1 No WT LU L [ e ]]]] T5-MAD2 58
3 Yes WT ENEEEEEEEEEEEEEEEEEEEEEEECOOOOOCO0CEEEEEE H1 47
1 No WT OOOO0O0000000000000000000RO000008000CmENEEEE H2 2
1 Yes WT OOOOO0CO000O000O00CO00000CO0OROOCO00COECO00CONNENNER H2 2
6 No WT ENEEEEEEEEEEEEEEEEEEEEEEEEEEEECEC OO EEEEEEE H3 50
1 Yes WT ENEEEEEEEEEEEEEEEEEENEEEEEEEEECEC OO H3 50
2 No WT EEEEEEEEEEEEEEEEEEEEEEEEEEEEEECOECOOOCOEENEEC H3 615
2 No WT ENENEEEEEEEEEEEEEEEEEEEEEEEEECECOOC NN H3 99
1 No WT ERERCCOCO0000000000000000CeC0000COeCO00C e EEEE H3 487
1 No WT OOOOOOCO000O000000O00000CO0MEEEEECECOO0COIEEREEE H3 3
2 No WT EEEEEEEEEEEEEEEEEEEE R RO OO000000000 U (likely H3) 237
6 Yes WT EEEEEEEECOOEEEEEEEECC00000000000000000C MEEEE U (likely H3) 106
1 Yes WT ENEEEEEEEEEEEEEEEEERCCOCEEERCOEERCOO0COEENEER 10) 396
1 No WT ENEEEEEEEEEE NN EEEREECO00000000000000000 U 450
1 No WT EEEEEEEEEEEE O COCONEREEECOC0000000000000000000 U 1659
1 Yes WT ENEEEEEEEEERCOOOEEREERCO0CO00000C000000000000 10) 1659
5 No WT OOO0000O0000000000000000CEEERCO00000000000000 U 863
1 Yes WT OOOO0OOOO000000000000000CEeERCO0000000000000 U 863
7 No WT ENEEEEEEEEEEEEEEEEEEC OO0 EEEEEEEEC OO LAM9 42
6 Yes WT L L e [ [ [ e ] []] LAM9 42
1 Yes WT LAM9 866
3 No WT LAM3 33
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TABLE 1 (Continued)

n MDR Genotype Spoligotyping pattern Spoligofamily SIT
1 No WT | w1 e ([ mmee ] meee ] LAM3 1354
4 Yes WT [ L e [ [ mmem ] meme ] LAM3 33
1 Yes WT [ LI T [ [ wmmw ][ meew ][] LAMS3 211
1 No WT | [ [ [ mmw [ ][] [ mmem ]| eeee ] =] LAMA4 391
2 Yes WT L LI mmmm [ ] meee ] m [ ]] LAM4 60
1 Yes WT [ LIl I m [ mmmw [ ][ meww ] []] LAMS5 93
1 No WT [ LTIl W ] mmee ] m [ meew ] []] LAMS5 176
6 No WT [ LTI mmee ] m [ meme ][] LAM6 64
3 Yes WT [ LI I [ e [ [ e ][] LAMG6 64
1 No WT L LTI [ memw ][] X1 119
1 Yes WT [ LTI [ ] eeee | eeee | X2 137
2 No WT | [ [ emee s W [ e ][] X3 92
1 Yes WT | [ emeseeees w1 e ] X3 92
1 No WT LU LT mem ][] S 34
1 No WT [ LI mm ([ memeew ][ meew ][] S 401
1 No WT [ L L m T[] meme ] []] S 831
1 No WT [ ] EEEERCRCOCOOCORO0Om00 Orphan

1 No WT [ ] | e e e ] ] Orphan

1 Yes WT L L] Orphan

1 No WT L L Orphan

1 No WT L L Orphan

1 No WT L L] Orphan

1 No WT L L Orphan

1 Yes WT L L Orphan

1 Yes WT | ] eSS EERR O COO000000 Orphan

1 Yes WT [ 1] RO COEERCOOO0OR0000000000000000000C Orphan

1 No WT ENEEEEEECOEERCOO00ORO0000000000000000000C MEEEE Orphan

1 Yes WT EEEEEEEEOCOEREECOCO00000000000000000000000C SEEm Orphan

1 No WT [Tl m [ m |  m ][ aeeees sems [ ]] Orphan

1 No WT [T DT L0 | W [ e [ ] ] Orphan

1 No WT EEEEEEECOOORORCOCCCO0000ONEEE000C000000CMEEED Orphan

1 No WT [ I m [ L e ] e ] ] Orphan

1 No WT [ T [ e [ e ]| Orphan

“ Data from the SpolDB4 and the SITVIT website. Orphan, pattern not yet described in the SpolDB4 and the SITVIT website. SIT, shared international type number.

of the total resistance strains. This was statistically significant (P =
0.002). The 115 MDR isolates were classified as follows: 74 LAM
strains (64%), 20 T family strains (17%), 5 Haarlem strains (4%),
2 S family strains (1.7%), 11 Unknown strains (9%), and 5 or-
phans (4%). RD® alone was responsible for around one-half of
all MDR strains (56/115), making up the largest family responsible
for MDR strains in this study. In contrast, T and Haarlem families
were responsible for 17% and 4%, respectively, of all MDR strains.
IS6110-RFLP analysis was performed in all MDR LAM strains
(data not shown). Noteworthy, a large cluster was found, com-
posed of 22 isolates belonging to LAMS (SIT 93), which presented
three RFLP patterns: one with 20 isolates and two others belong-
ing to a single pattern each. All were classified as RD"°. They had
the same 315 AGC-ACC S-T mutation on the katG gene and the
531 TCG-TTG S-L mutation on the rpoB gene. This result identi-
fied a significant ongoing outbreak of RD™® strains.

Clinical, bacteriological, and radiological data and the pres-
ence of RD®® were analyzed for 96 patients with complete data
records. The site of TB was pulmonary in 95% of the cases. A
history of TB was described for 30% of the patients infected with
susceptible M. tuberculosis strains and for 90% of those infected
with MDR strains. In total, RD®° was found in 38% of all TB
patients and in 34 of 71 MDR patients, constituting almost one
half of all MDR strains (P = 0.0015) (Table 2). The other half was
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distributed among several spoligofamilies. The presence of RD®
was statistically associated with MDR even after logistic regression
analysis. No other epidemiological, clinical, or radiological results
were associated with TB caused by RD®® (Table 2).

TABLE 2 Sociodemographic, clinical, radiological, and bacteriological
data for pulmonary TB patients at the time of diagnosis

RDRiO WT
Characteristic (n=37) (n=159) P value
Gender (M/F) 28/9 37/22 0.0683
Race (white/not white) 22/15 35/24 0.5804
Weight loss 4 10 0.2177
Fever 18 23 0.8736
Hemoptysis 17 23 0.8186
Alcohol use 18 27 0.7063
Illicit drug use 14 14 0.1465
HIV positive 13 16 0.5819
Cavity or CXR 17 25 0.3658
Miliary infiltrate 4 7 0.4367
Pleural effusion 4 2 0.0934
Mediastinal adenopathy 2 1 0.8185
MDR 34 37 0.0015
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DISCUSSION

There is increasing evidence that specific M. tuberculosis strains
possess unique genetic traits and virulence phenotypes. As exam-
ples, we mention strains within the W/Beijing spoligotype that
produce a modified phenoglycolipid associated with an insertion
in the pks15/1 gene and dampened induction of interleukin-6 (IL-
6), IL-12, and tumor necrosis factor (TNF) (30, 31) and the
CDC1551 strain that is associated with inducing a higher proin-
flammatory response (32). One of the mechanisms of Mycobacte-
rium that could underlie the evasion from the host immune re-
sponse is alteration of expression of the genes belonging to the
PPE/PE_PGRS family, encoding surface proteins associated with
mycobacterial virulence and host immune response (1, 33, 34).
We previously speculated that in M. tuberculosis strains with the
RD®® deletion, the loss of two PPE genes (PPE55 and PPE56)
could minimize host immune recognition, leading to enhanced
virulence and/or transmissibility (21). Indeed, both PPE55 and
PPE56 have been shown to be expressed in vivo and upon entry
into interferon-activated macrophages and are immunogenic in
humans (35, 36). In addition, polymorphisms in PPE55 and/or
PPE56 have been noted in several clinical strains of M. tuberculosis
and M. tuberculosis complex (MTC) species (26, 37).

Independent of the possible mechanisms of associated viru-
lence modification, it is clear that RD®" is presently causing TB in
many parts of the world (19). The high transmissibility of RD®
strains is also suggested by studies showing an elevated secondary
case rate in San Francisco, CA (38), and New York, NY (24), while
a higher active-TB case rate in persons infected by RD® strains
was described in The Gambia (30). In Brazil, strains carrying
RD®® have been isolated from one-third of the TB cases from two
geographically distant metropolises (21, 22), a rate similar to that
observed in the present study. Notably, in all of them RD®° was
the main agent responsible for causing TB cases among all other
spoligofamilies.

Though these data strongly suggest that RD®*® may have some
biological advantage, there is no proof that the clinical picture or
outcome of patients infected by these strains is characteristic or
even more severe than that caused by other lineages. One possible
strategy used by RD™® is to induce more cavitation, as was previ-
ously demonstrated (22), which is a known risk factor for trans-
missibility. In the current study, however, we were unable to show
an association with cavitation, and this is probably related to pop-
ulation selection, as the former study involved TB patients with
suspected drug resistance or comorbidities. In contrast, the cur-
rent study involved known MDR and drug-sensitive tuberculosis
cases, where both groups included patients with multiples treat-
ments and advanced cases, with high rates of cavitary disease,
which is probably the reason for the absence of statistical differ-
ence in the presence of cavitary disease. It is interesting that pre-
liminary data suggest that close contacts of patients infected by
LAM strains (no data are available regarding the RD™® status)
have more positive tuberculin skin test (TST) reactions than pa-
tients infected by other spoligofamilies (our unpublished data). As
RDR®® is the main component of the LAM family in Brazil, it is
possible that this finding reflects a feature of the RD®; but this
needs to be further confirmed with new studies.

Our present results demonstrate that about one-half of all
MDR cases were caused by RD*® strains, including a large cluster
of LAM5 MDR strains as proved by IS6110-RFLP analysis. It
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should be noted that the number of patients infected by this clus-
ter influenced the statistical result. To our knowledge, this is the
first description of an outbreak of RD™® MDR strains. Additional
data from other groups also indicate that RD™° could be associ-
ated with drug resistance. Gavin et al. described MDR strains of M.
tuberculosis RD®® sublineage (LAM9 subfamily) in Spain from
Equatorial Guinean patients (39), and Brown et al. showed that
LAM1 (a marker for RD™®) was associated with resistance to both
pyrazinamide and streptomycin in MTB cases from London,
United Kingdom (33), while the study performed in New York,
NY, demonstrated that RD®® was associated with resistance to
isoniazid (24). Although this is a matter of speculation, it is inter-
esting that a strain from LAM4, a subfamily that contains both WT
and RD™ strains, is the major cause of XDR-TB in South Africa
(17) and that both LAM9 (predominantly RD®™°but also contain-
ing WT) and LAMI (exclusively RD®°) subfamilies were major
contributors to drug resistance in Russia (14, 16). Unfortunately,
the status of RD" in these strains is unknown, and the prevalence
of RD® in these places is yet to be defined. Our hypothesis is that
RD®® strains are able to transmit more efficiently in certain ethnic
populations such as U.S.-born blacks and Hispanics and persons
who were born in Latin American and Caribbean countries as was
previously demonstrated (24).

In summary, our data confirm that RD®'° M. tuberculosis is also
amajor cause of TB in Southern Brazil. The mechanisms for such
an impressive presence compared with other prevalent spoligo-
families are still undefined, and no particular clinical features have
been associated with this genotype so far. Our hypothesis is that
RD®® strains are able to transmit more efficiently in certain ethnic
populations. In this context, the development of drug resistance in
this successful lineage might bring additional obstacles to the con-
trol of tuberculosis, both in Brazil and in several other countries.
Prospective cohort studies are needed to analyze the real contri-
bution of the RD® genotype to outbreaks, its role in the global TB
burden, and the risk of significant development of MDR out-
breaks caused by this lineage.
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