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RESUMO

Nos ultimos anos diferentes metodologias para o diagnostico da tuberculose
(TB) foram desenvolvidas. Entretanto, a implantacdo destas novas ferramentas,
deve ser criteriosamente avaliada quanto ao seu impacto relacionado a acuracia e
custo-beneficio. Neste sentido, o estudo teve como objetivo geral avaliar o
laborat6rio como suporte para o controle da TB. Realizou-se um estudo transversal,
incluindo todas as amostras pulmonares e extrapulmonares recebidas, no laboratério
de Micobactérias do Nucleo de Pesquisa em Microbiologia Médica, do Hospital
Universitario Dr. Miguel Riet Correa Jr, em Rio Grande/RS, Brasil, no periodo de
abril de 2015 a abril de 2016. Para a comparacao de métodos diagndsticos, foram
avaliados a microscopia de Ziehl Neelsen (ZN), microscopia de Auramina O (AO),
cultura liquida em BACTEC MGIT® (BD - Becton, Dickinson and Company) e Teste
Molecular Rapido (TMR). Como padrao-ouro para deteccdo do M. tuberculosis,
foram utilizados os métodos cultura liquida, com confirmacdo molecular do
Complexo M. tuberculosis pela identificacdo da presenca da 1S-6110, e/ou TMR.
Todos os pacientes com amostras positivas pela cultura liquida e com confirmacéo
por 1S-6110, tiveram uma de suas amostras genotipada pelo MIRU-VNTR 15 loci e
foram testadas frente a isoniazida, rifampicina, etambutol e estreptomicina. No
periodo de estudo foram recebidas 778 amostras clinicas, oriundas de 423
pacientes. Do total de pacientes, 88,9% (376/423) foram incluidos na comparacao
de métodos diagnésticos, sendo 20% (75/376) positivos para TB. A prevaléncia de
coinfeccao TB/HIV entre os pacientes foi de 54,7% (41/75). Verificou-se que o TMR
apresentou melhores resultados de sensibilidade, especificidade, valor preditivo
positivo, valor preditivo negativo e acuracia, seguido pelos métodos cultura liquida,
microscopia de AO e microscopia de ZN. Para a genotipagem e teste de
sensibilidade, foram obtidas amostras de 71 pacientes, sendo que 4,2% (3/71) foram
excluidos por ndo apresentarem crescimento apds repique em meio de cultura
Ogawa-Kudoh. Entre os 95,8% (68/71) dos isolados incluidos, 58,8% (40/68) foram
agrupados em 8 clusters. Nos quatro maiores clusters, 90,6% dos pacientes
concidiram as datas de consultas, realizacdo de exames e internagdes no hospital.
Isto sugere uma possivel transmissdo nosocomial de M. tuberculosis. Dentre o0s
isolados avaliados no teste de sensibilidade aos antimicrobianos, 11,8% (8/68) foram
resistentes a pelo menos um dos antimicorianos testados, sendo 37,5% (3/8)
agrupadas em um mesmo cluster. O TMR é uma ferramenta promissora no
diagnéstico da TB, com alta especificidade e sensibilidade, além de possuir
vantagens relacionadas ao tempo de deteccdo e a capacidade de identificar
resisténcia a RIF. Além disto, neste estudo foi possivel verificar a ocorréncia de
possivel transmissdo nosocomial entre pacientes com TB, inclusive de cepas
resisténtes aos antimicrobianos. Neste sentido, o estabelecimento de medidas de
controle de infeccdo, com a participacdo efetiva do laboratorio no diagnostico
precoce e na realizagdo de teste rapido para determinagao do perfil de sensibilidade
aos antimicrobianos, para que posteriormente ocorra a implementacdo de esquemas
terapéuticos eficazes, sdo elementos cruciais para evitar a disseminacdo do M.
tuberculosis em estabelecimentos de salude, especialmente aqueles com alta carga
da doenca.

Palavras-chave: Tuberculose; Métodos diagndsticos; Genotipagem,;
Antimicrobianos.
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ABSTRACT

In the last years various methodologies for the diagnosis and control of
tuberculosis (TB) have been developed. However, the development of these new
tools, should be carefully evaluated as to their impact related to accuracy and cost-
effectiveness. The aim of this study was to evaluate the laboratory as support for TB
control, in a mycobacteriology laboratory in the City of Rio Grande. A cross-sectional
study was performed, including all pulmonary and extrapulmonary samples received
at the Mycobacteria Laboratory of Hospital Universitario Dr. Miguel Riet Correa JR, at
Rio Grande/RS, Brazil, in the period from April 2015 to April 2016. For the
comparison of diagnosis methods, were evaluated microscopy with Ziehl Neelsen
(ZN) staining, microscopy with Auramine O (AO) staining, liquid culture on BACTEC
MGIT® (BD - Becton, Dickinson and Company) and Rapid Molecular Test (RMT). As
the gold standard for detection of TB cases, we used the methods liquid culture, with
molecular confirmation of M. tuberculosis complex by identifying the presence of 1S-
6110, and/or RMT. All patients with positive samples by liquid culture and with
confirmation by IS-6110, had one of their samples genotyped by MIRU-VNTR loci 15
and were tested in front of isoniazid, rifampin, ethambutol and streptomycin. During
the study period were received 778 clinical samples of 423 patients. In the total
number of patients, 88.9% (376/423) were included in the comparison of diagnostic
methods, being 20% (75/376) were positive for TB. The prevalence of TB/HIV
coinfection among patients was 54.7% (41/75). It was found that the RMT showed
better results for sensitivity, specificity, positive predictive value, negative predictive
value and accuracy, followed by methods liquid culture, microscopy of ZN and
microscopy of AO. For genotyping and susceptibility testing, were obtained samples
from 71 patients, 4.2% (3/71) were excluded, because it had not growth after
inoculated in culture medium Ogawa-Kudoh. Among the 95.8% (68/71) of patients
included, 58.8% (40/68) were grouped into 8 clusters. In the four major clusters,
90.6% of patients had similar dates of consultations, achievement of exams and
admissions to hospital. This suggests a possible nosocomial transmission of M.
tuberculosis. Among the isolates evaluated in the test of antimicrobial susceptibility,
11.8% (8/68) were resistant to at least one of the antimicorianos tested, being 37.5%
(3/8) grouped in the same cluster. The RMT is a promising tool in the diagnosis of
TB, with high specificity and sensitivity, in addition to possessing advantages related
to the time of detection and the ability to identify resistance to RIF. Furthermore, in
this study it was possible to verify the occurrence of possible nosocomial
transmission among patients with TB, including strains resistant to drugs. In this
sense, the establishment of infection control measures, with the effective
participation of the laboratory in early diagnosis and rapid test for determination of
the profile of antimicrobial susceptibility, so that subsequently takes place the
implementation of therapeutic regimens are effective, are crucial elements to prevent
the dissemination of Mycobacterium tuberculosis in health establishments, especially
those with high disease burden.

Keywords: Tuberculosis; Diagnostic methods; Genotyping; Antimicrobials.
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Rifampicina
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Teste molecular rapido
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1 INTRODUCAO

O Mycobacterium tuberculosis, principal agente etiolégico da tuberculose
(TB), € transmitido principalmente através das vias respiratérias por aerossois de
individuos portadores de TB ativa (COUTINHO et al., 2012). A TB apresenta-se
como uma das doengas infecciosas mais prevalentes em todo o mundo, além disso
a TB multidroga resistente (MDR-TB) e a TB extensivamente droga resistente (XDR-
TB), aumentam a dificuldade para o controle da doenca (WHO, 2016a). Algumas
populacdes apresentam maior vulnerabilidade para o desenvolvimento da TB, como
€ 0 caso dos pacientes HIV/AIDS. Isto é preocupante se considerarmos a estimativa
de que um terco da populagéo vivendo com o HIV (Human Immunodeficiency Virus)
também esta coinfectada com o M. tuberculosis (WHO, 2016a).

Considerando-se as altas taxas de prevaléncia da TB no mundo e no Brasil,
ressalta-se que o municipio de Rio Grande, localizado no sul do Brasil, esta entre os
181 municipios brasileiros e entre os 15 municipios do RS, prioritarios para o
controle da TB, apresentando incidéncia superior a média nacional. Além disto, é um
municipio com baixas taxas de cura da doenca e altas taxas de abandono (CEVS,
2016; SINAN, 2017). Neste sentido, sdo necessarias técnicas que possibilitem um
rapido e acurado diagnéstico da enfermidade, permitindo o imediato estabelecimento
do tratamento, a fim de reduzir a morbi-mortalidade da doenca e interromper a
cadeia de transmissao do bacilo (HELB et al., 2010; SAEED et al., 2012).

Técnicas diagnésticas acuradas, rapidas e que permitam a identificacao de
resisténcia aos antimicrobianos, sdo de extrema importancia para melhorar o
controle da TB, monitorar o tratamento e reduzir taxas de resisténcia aos
antimicrobianos (STEINGART et al., 2014). Além disto, a utilizacdo de genotipagem
para o M. tuberculosis permite a investigagdo de surtos, e o rastreamento de
padrées de transmissdo em populacdes (CAFRUNE, 2009; KUHLEIS et al., 2012;
COSTA et al., 2013; VALENCA et al., 2015).

Apesar de grandes esforcos no desenvolvimento de novos métodos
diagnoésticos para TB, a deteccdo precoce se mantém como um desafio para o
controle da doenca. Neste sentido, estudos que visam o desenvolvimento,
implementacdo e avaliacdo de novos métodos laboratoriais sdo importantes como
forma de sustentar as decisfes sobre quais métodos devem ser postos em uso em

cada cenario.
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Neste contexto, este estudo teve como objetivo avaliar o laboratério como
suporte para o controle da TB, em um Laboratorio de Micobactérias do Municipio de
Rio Grande. Além disto, avaliar o desempenho do Teste Molecular Rapido (TMR) em
relacdo a outros trés métodos laboratoriais utilizados rotineiramente no diagnostico
da TB, caracterizar o perfil de resisténcia aos antimicrobianos e realizar a
genotipagem de cepas de M. tuberculosis. Os resultados obtidos deram origem a
dois manuscritos que serdo submetidos para revistas cientificas na area.

Espera-se que os resultados deste trabalho possam colaborar para a
ampliacdo do conhecimento na &rea de diagnostico e controle da TB,
particularmente nas questdes da transmissdo do bacilo e niveis de resisténcia aos

antimicrobianos, com foco principal em ambientes hospitalares.
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2 REVISAO BIBLIOGRAFICA

2.1 Mycobacterium tuberculosis e a tuberculose

A TB é uma doenca provocada principalmente pelo M. tuberculosis, mas
também pode ser causada por outras micobactérias de crescimento lento
pertencentes ao Complexo Mycobacterium tuberculosis (CMTB) (TSUKAMURA,
MIZUNO; TOYAMA, 1985; DUCATI et al., 2006; JAGIELSKI et al., 2016). O M.
tuberculosis possui como principais caracteristicas o fato de ser um bacilo alcool
acido-resistente (BAAR), aerobio e intracelular obrigatério, com parede celular
complexa, rica em lipideos, o que |he confere resisténcia a dessecacao e a agentes
quimicos, contribuindo para a sobrevivéncia do bacilo dentro dos macrofagos
(DUCATI et al., 2006; TORTORA; FUNKE; CASE, 2012).

A TB é uma doenca antiga e que se mantém como um grande problema de
saude publica, atingindo milhdes de pessoas em todo o mundo (ZUMLA et al.,
2013). Apesar de ser uma doenca que, com diagnéstico e tratamento eficaz, tém
cura, em 2015, foi uma das dez principais causas de morte no mundo por doencas
infecciosas, superando o nimero de mortes causadas pelo HIV (WHO, 2016a).

A transmissdo do M. tuberculosis tem sido diretamente associada aos
cuidados de saude, sendo a TB descrita como um grave problema em ambientes
hospitalares, locais onde surtos da doenca sao frequentemente documentados
(GANDHI et al.,, 2013; HARRIS; MEISSNER; PROOPS, 2013; JONSSON et al.,
2013; MILLER et al., 2015). Isto se da, em parte, pelo fato de ser um ambiente com
diferentes grupos de pacientes, que possuem fatores de risco para o
desenvolvimento da doenca, como por exemplo, tratamento prévio para TB e HIV
(WHO, 2013).

O M. tuberculosis é transmitido geralmente através de vias aéreas, por
intermédio da inalag&o de particulas com o bacilo que séo expelidas pela tosse, fala
ou espirro do paciente com TB pulmonar ativa. Pacientes baciliferos, ou seja, que
apresentam baciloscopia positiva, sdo 0s principais transmissores do bacilo
(BRASIL, 2007; BRASIL, 2011). As manifestagbes clinicas mais comuns da TB
pulmonar incluem tosse por duas ou mais semanas, dor toracica, perda de apetite,
emagrecimento, febre, sudorese noturna, cansagco e hemoptise (LAWN; ZUMLA,
2011; SIA et al., 2011).
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Cerca de 90% dos casos de TB sao de origem pulmonar, sendo esta a
principal fonte de manutencdo da cadeia de transmissdo do bacilo. A forma
extrapulmonar, que acomete outros 6rgdos como pleura, ganglios, 0ssos e sistema
urinario, atinge em torno de 10% dos pacientes (BRASIL, 2011).

Existe ainda, a forma latente da TB, que acomete cerca de um terco da
populacdo mundial e que ocorre quando o bacilo entra em fase de laténcia, e
consiste num importante reservatorio do bacilo, possibilitando o desenvolvimento da
doenca em algum momento da vida. Estima-se que 5% destes pacientes irdo
desenvolver a doencga ativa durante sua vida (TEIXEIRA; ABRAMO; MUNK, 2007,
ANDREWS et al., 2012; WHO, 2016a). Além disto, alguns fatores contribuem para
uma maior suscetibilidade para o desenvolvimento da TB, dentre eles, as infeccbes
pelo HIV, as doencas hematologicas e reticuloendoteliais, as medicacbes
imunossupressoras, a diabetes mellitus, a doenca renal cronica, a desnutricao
grave, entre outros (JENSEN et al., 2005).

2.2 Epidemiologia da tuberculose

A parceria STOP TB para o fim da TB, estabelecida em 2001 pela
Organizacdo Mundial da Saude (OMS), adotou como um de seus principais objetivos
a reducdo das taxas de prevaléncia e de mortalidade por TB pela metade, até 2015.
Esta reducdo foi alcancada em 16 dos 22 paises considerados de alta carga da
doenca, entre 2002 e 2015. Globalmente, a taxa de mortalidade por TB teve uma
diminuicdo de 47% e a taxa de prevaléncia da doenca reduziu 42%, entre 1990 e
2015 (WHO, 2016a).

Hoje, a estratégia END TB, adotada pela Assembléia Mundial de Saude de
2014, objetiva uma reducao de 90% nos Obitos e de 80% na incidéncia da doenca
até 2030, em comparacao com 2015. Isso define uma prevaléncia média esperada,
de 10/100.000 habitantes, taxa encontrada em paises de baixa carga da doenca
(WHO, 2016a).

Em 2015, foram registrados 10,4 milhdes de novos casos de TB no mundo,
dos quais 5,9 milhdes entre homens, 3,5 milhées entre mulheres e 1,0 milhdo entre
criangas. Além disto, 1,8 milhdes de pessoas morreram da doenca, sendo 400 mil
resultantes da coinfeccao TB/HIV. Mais de 95% das mortes por TB ocorrem em
paises de baixa e média renda (WHO, 2016a; WHO, 2017).
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Segundo a OMS, o Brasil ocupa a 202 colocacdo entre os 30 paises que
abrangem 87% de todos os casos de TB no mundo. No ano de 2015, foram
notificados cerca de 84 mil novos casos, representando uma incidéncia de
41/100.000 habitantes. Além disto, a taxa de coinfeccdo TB/HIV foi de 9,7%. O
namero de mortes causadas pela TB no mesmo ano chegou a 7.700, sendo 2.200
entre pacientes HIV positivos. Além disto, no ano de 2014, a taxa de cura foi de 71%
e a taxa de abandono foi de 11% (Tabela 1) (WHO, 2016a).

No Rio Grande do Sul (RS), em 2015, a incidéncia de TB foi de 42,9/100.000
habitantes, sendo 23,8% entre pacientes HIV positivos (IBGE, 2017; SINAN, 2017).
Como grande preocupacéo, tém-se o fato de que as taxas de cura da TB no RS se
mantém como uma das mais baixas do pais, sendo em 2014, de 63,7%, além disto
as taxas de abandono se mantém em torno de 15,1% (BRASIL, 2011; CEVS, 2016).
O estado possui 15 municipios prioritarios para o controle da doencga, sendo estes
responsaveis por 64% dos casos notificados e por 80% dos casos de abandono
(Tabela 1) (BRASIL, 2014; CEVS, 2016).

O municipio de Rio Grande, localizado na regido sul do RS, esta entre os 181
municipios brasileiros e entre 0os 15 municipios do RS prioritarios para o controle da
TB. Em 2015, a incidéncia de TB no municipio foi de 70,5/100.000 habitantes e a
taxa de coinfeccdo TB/HIV atingiu 29,6% (IBGE, 2017; SINAN, 2017). No mesmo
ano, a taxa de cura foi de 57,5% e a de abondano, 24,1%, sendo a maior do estado.
Deve-se considerar que as taxas de cura e de abandono preconizadas pelo
ministério da saude, sdo de 85% e 5%, respectivamente (Tabela 1) (CEVS, 2016;
WHO, 2016a).

Tabela 1: Marcadores de taxas de incidéncia, coinfeccdo TB/HIV, abandono e

cura.
Incidéncia Coinfeccdao Taxa de cura Taxa de
(100.000 habitantes) TB/HIV (%) (%) abandono (%)
Brasil 41 9,7 71 11
RS 42,9 23,8 63,7 15,1
RG 70,5 29,6 57,5 24,1

Fonte: CEVS, 2016; BRASIL, 2016, SINAN, 2017
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2.3 TB/HIV

A infeccdo pelo M. tuberculosis em pacientes HIV positivos € uma pandemia
emergente, sendo a principal causa de morte entre pessoas infectadas com o virus
HIV (PAWLOWSKI et al., 2012; WHO, 2016a). A infeccdo pelo HIV apresenta
associacao direta com a progresséo da TB, tanto em infec¢gBes primarias, quanto em
reativacoes de infecgao latente e em reinfecgdes (WHALEN et al., 2011). Os
pacientes infectados pelo HIV tém de 20 a 40 vezes maior risco de desenvolvimento
de TB ativa (BRASIL, 2013; WHO, 2016a). Ademais, estima-se que uma em cada
dez pessoas com HIV e com TB latente podera desenvolver a doencga a cada ano, 0
que se relaciona diretamente com a resposta imunolégica deficiente destes
pacientes (MAARTENS; WILKINSON, 2007). Disso resulta a importancia em
determinar a prevaléncia de HIV entre pacientes com TB, para que seja realizado o
manejo adequado de ambas as infec¢des (WHO, 2010; ZUMLA et al., 2013).

Em dezembro de 2013, a Junta de Coordenacdo de Programa (PCB) junto
com o Programa Conjunto das Nacdes Unidas sobre HIV/AIDS (UNAIDS)
estabeleceram a meta 90-90-90, com o objetivo de intensificar o tratamento do HIV a
partir de 2015. As métas estabelecidas foram que até 2020, 90% de todas as
pessoas vivendo com HIV saberdo que tém o virus, 90% de todas as pessoas com
infeccdo pelo HIV diagnosticada receberéo terapia antirretroviral e 90% de todas as
pessoas recebendo terapia antirretroviral terdo supressao viral (UNAIDS, 2015).

Neste sentido, a investigacdo para TB deve ser realizada em todas as
consultas dos pacientes HIV positivos (BRASIL, 2013). Visto que, a infecgao pelo
HIV é associada com uma apresentacdo clinica diferente, que inclui grande
frequéncia de baciloscopia negativa, radiografia de torax normal e maior frequéncia
de TB extrapulmonar, gerando maiores desafios para o diagnostico, principalmente
em paises de baixa renda (AARON et al., 2004; CDC, 2012; VITTOR; GARLAND;
GILMAN, 2014) .

Em 2015, o percentual de pacientes com TB e status conhecido de HIV, entre
os 30 paises com maior carga da doencga, foi em média 64%. Globalmente, 15% dos
pacientes portadores de TB sao HIV positivos. No ano de 2014, a taxa de sucesso
no tratamento para pacientes HIV positivos foi de 75%, enquanto para HIV negativos
foi de 83% (WHO, 2016a). No Brasil, em 2015, a taxa de coinfeccdo TB/HIV foi de
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9,7%, sendo 17,3% na regido sul do Brasil, 23,8% no RS e 29,6% no municipio de
Rio Grande (SINAN, 2017).

2.4 Diagnéstico da tuberculose

Um dos maiores obstaculos no controle da TB é a rapida e acurada deteccao
dos doentes (WHO, 2016a). Melhorias na deteccdo de casos de TB, incluindo
agueles negativos na baciloscopia, muitas vezes relacionados com a coinfecgao
pelo HIV, bem como aqueles com cepas resistentes aos antimicrobianos, sao
prioridades globais para o controle da doenca (WHO, 2014). A estratégia para o fim
da TB requer que a letalidade caia para 10% em 2020 e 6,5% em 2025. No entanto,
isto s6 sera possivel se todos os pacientes com TB forem diagnosticados
rapidamente e tratados eficazmente (WHO, 2016a).

Estima-se que anualmente, aproximadamente, trés milhdes de pacientes nao
sejam diagnosticados e tratados, o que corresponde a um terco de todos os casos
de TB (WHO, 2016a). Com o aumento no numero de novos casos de resisténcia aos
antimicrobianos, bem como com as limitacdes das técnicas diagnésticas atuais,
destaca-se a urgéncia de métodos diagndsticos rapidos e eficazes de triagem,
disponiveis para locais com recursos limitados, a fim de aprimorar o diagndstico
precoce da doenca (ZUMLA et al., 2013; WHO, 2014; DIRLIKOV; RAVIGLIONE;
SCANO, 2015).

O diagndstico clinico da TB se baseia na sintomatologia do paciente e na
realizacdo da radiografia de térax, no entanto, estes apresentam baixa
especificidade, podendo levar a falsos diagndsticos e tratamentos desnecessarios.
Desta forma, é fundamental que o diagnostico laboratorial seja realizado para
confirmar a doenca, garantindo o estabelecimento do tratamento adequado (WHO,
2016a).

Dentre os métodos laboratoriais empregados no diagnostico da TB, a
baciloscopia € o mais utilizado, estando disponivel na maioria dos laboratorios,
incluindo aqueles com poucos recursos fisicos e/ou financeiros (STEINGART et al.,
2006; WHO, 2011a). Por ser uma técnica de execucao simples, rapida e de baixo
custo, o limitante desta metodologia é sua baixa sensibilidade. Especialmente em
amostras paucibacilares (WHO, 2011a; WHO, 2016a). A maioria dos laboratérios

utiliza a microscopia otica, com coloracdo por Ziehl Neelsen (ZN), que tem alta
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especificidade, no entanto sua sensibilidade pode variar de 20 a 80% (WHO, 2011b).
A microscopia de fluorescéncia, com coloracdo de Auramina O (AO), é cerca de 10%
mais sensivel que o ZN e leva menos tempo, contudo tem maior custo, necessitando
de microscopio de fluorescéncia (WHO, 2011b).

O cultivo continua sendo considerado o padrdo-ouro para o diagnostico,
além de ser a precursor para testes de sensibilidade aos antimicrobianos. E um
método que necessita de instalacfes laboratoriais com alta seguranca biologica e
requer um maior tempo de execucado, no entanto, € mais especifico e sensivel que a
microscopia (SILVA et al., 2007; HONSCHA et al., 2008; CHIHOTA et al., 2010;
NAKIYINGI; NANKABIRWA; LAMORDE, 2013; WHO, 2014; IRAM et al.,, 2015;
BRUM et al., 2016). A cultura em meio solido necessita de 4 a 8 semanas para 0
crescimento bacteriano obtencéo dos resultados. A cultura em meio liquido, embora
mais propensa a contaminagfes, € mais sensivel e também mais rapida,
necessitando de 7 a 14 dias para o diagnostico (STEINGART et al., 2014; BRUM et
al., 2016). A cultura liquida, realizada em BACTEC MGIT® 320 (BD - Becton,
Dickinson and Company), é constituida de um composto fluorescente, embebido em
silicone, sensivel & presenca do oxigénio no meio. Inicialmente, a grande quantidade
de oxigénio no meio, extingue as emissées do composto e consequentemente pouca
fluorescéncia é detectada. Posteriormente, com a multiplicacdo bacteriana, o sensor
de fluorescéncia € ativado devido a deplecdo de oxigénio no meio de cultura,
ocasionando a emissdo de fluorescéncia e a sua deteccdo pelo equipamento
(RIVERA et al., 1997).

Nos ultimos anos, diversos métodos laboratoriais para o diagndstico rapido da
TB, bem como para a deteccao de resisténcia aos farmacos tém sido desenvolvidos.
Testes moleculares baseados na técnica de reacdo em cadeia da polimerase em
tempo real (PCR-RT) tém sido utilizados, principalmente devido a sua rapidez e
baixo risco de contaminagcdo. Dentre os métodos moleculares, tém-se o TMR, que
além de detectar, diretamente da amostra clinica, bactérias do CMTB, é capaz de
detectar resisténcia a rifampicina (RIF), com sensibilidade de 95% (BLAKEMORE et
al., 2010; HELB et al., 2010; HILLEMANN et al., 2011; MEYER-RATH et al., 2012;
CEPHEID, 2015; MUTINGWENDE et al., 2015; BAJRAMI et al., 2016).

O TMR tem sido indicado como um possivel substituto para a baciloscopia.
E um método inovador e promissor para a rotina diagnéstica da TB, devido a sua

alta sensibilidade, especificidade e rapidez. Através deste método obtém-se os
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resultados em um periodo de duas horas, o que reflete diretamente na reducéo da
morbimortalidade pela doenca, principalmente em pacientes com baciloscopia
negativa (LAWN et al., 2011; WHO, 2014). O TMR é capaz de detectar em torno de
131 bacilos por mL de amostra (HELB et al., 2010), enquanto a microscopia
necessita de pelo menos 10.000 bacilos por mL (WHO, 2004). Na cultura liquida em
BACTEC MGIT, no momento da positividade do tubo, existem cerca de 104 a 107
UFC/ml de micobactérias presentes (BD, 2001). Além disso, é um teste que pode ser
aplicado tanto para amostras pulmonares como para extrapulmonares (HILLEMANN
et al., 2011; STEINGART et al.,, 2014). No entanto, apresenta como limitagbes, a
identificacdo tanto de bactérias vidveis quanto ndo vidveis, a ndo deteccdo de
resisténcia a isoniazida (INH) e o elevado custo (MIOTTO et al., 2012).

Além do TMR, outros métodos também estdo sendo desenvolvidos para o
diagnéstico da TB. Dentre estes estd a técnica de Loop-mediated Isothermal
Amplification (LAMP), que se baseia na realizacdo de uma reacdo em cadeia da
polimerase (PCR) alternativa, sem necessidade de oscilacbes de temperaturas e do
uso de termociclador. Possui a capacidade de detectar polimorfismo de nucleotideo
anico (Single nucleotide polymorphism - SNP), tornando-se uma técnica com alta
sensibilidade e especificidade. Devido a grande sensibilidade e o alto poder de
amplificac@o, a analise de resultados pode ser realizada visualmente, através da
turbidez ou da fluorescéncia, utilizando corantes que se intercalam com o DNA
(IWAMOTO; SONOBE; HAYASHI, 2003; Bl et al., 2012; WHO, 2016b).

2.5 Tratamento

Os farmacos com atividade antimicobacteriana foram introduzidos ao
tratamento da TB em meados do século passado, sendo estes capazes de curar
guase todos os casos de TB causados por cepas sensiveis aos antimicrobianos. No
entanto, algumas limitagcbes como, a longa duracao do tratamento, a combinagéo de
quatro farmacos, a ocorréncia de interacdes medicamentosas e os efeitos colaterais,
podem determinar que 0s pacientes interropam o tratamento, ocasionando falhas,
resisténcia adquirida e consequente ineficacia dos antimicrobianos (PALOMINO;
RAMOS; SILVA, 2009; ARBEX et al., 2010). Todas estas limitagcbes enfatizam a

necessidade de desenvolver novas abordagens terapéuticas que sejam mais ativas
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e menos toxicas, a fim de melhorar o tratamento da TB (PALOMINO; RAMOS;
SILVA, 2009).

No Brasil, o tratamento preconizado pelo Ministério da Saude compreende a
utilizacdo de quatro antimicrobianos em um Unico comprimido: RIF, INH,
pirazinamida (PZA) e etambutol (EMB) por dois meses e, numa segunda fase, INH e
RIF por mais quatro meses. Além disto, o uso isolado de INH € o pilar da terapia de
profilaxia da TB (BRASIL, 2011). Para os casos de MDR-TB e XDR-TB, € necessaria
a administracdo de farmacos de segunda linha como canamicina, capreomicina,
levofloxacina, terizidona, claritromicina, linezolida, dentre outros (WHO, 2008). O
tratamento para MDR-TB e XDR-TB é mais longo, mais dispendioso e com mais
efeitos colaterais (JAWAHAR, 2004; WHO, 2016a).

Globalmente, a cobertura do tratamento da TB foi de 59% em 2015, de 54%
em 2010 e 36% em 2000. Entre os 30 paises com alta carga de TB, 0s niveis mais
altos de cobertura de tratamento em 2015 (> 80%) foram no Brasil, China, Filipinas e
na Ruassia (WHO, 2016a). No Brasil, em 2014, 74,2% dos casos novos de TB
pulmonar obtiveram cura apés o tratamento. No entanto, a propor¢cdo de abandono
no Brasil ainda é alta, chegando a 11,0%, quando o preconizado é de até 5,0%
(BRASIL, 2016).

2.6 Resisténcia aos antimicrobianos

No final de 1940 ocorreram o0s primeiros relatos de resisténcia a
antibiéticoterapia para TB (CROFTON; MITCHISON, 1948). Atualmente a TB
resistente representa uma ameaca para o controle da doengca em todo o mundo.
Cepas resistentes de M. tuberculosis resultam principalmente de mutagbes
espontaneas e de pressao seletiva, causadas pelo uso indevido dos antimicrobianos
(ALIA et al., 2014).

A porcentagem média de casos de MDR-TB com XDR-TB, em 2015, foi de
9,5%. (WHO, 2016a). Neste mesmo ano, foram estimados 580.000 novos casos de
MDR-TB, sendo 100.000 de TB resistente a rifampicina (RR-TB) (Figura 2). Em Maio
de 2016, a OMS emitiu orientagdes para que todos os pacientes com RR-TB, com
ou sem resisténcia a outros antimicrobianos, fossem elegiveis para o tratamento

com antimicrobianos de segunda linha (WHO, 2016a).
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As altas taxas de resisténcia aos antimicrobianos sao diretamente
relacionadas a necessidade de maior tempo de tratamento, utilizacdo de regimes
medicamentosos mais toxicos e maior dificuldade de cura, representando um
desafio para programas de controle da doenca (ZIGNOL et al.,, 2012). Sem a
disponibilidade de melhores ferramentas de diagndstico para RR-TB, MDR-TB e
XDR-TB, a transmissdo ndo é interrompida, mantendo-se os altos niveis de
mortalidade pela doenca (MUTINGWENDE et al., 2015). Neste sentido, 0 acesso
universal ao teste de sensibilidade aos antimicrobianos € indicado, devendo ser
garantido pelo menos para RIF em todos os casos de TB. Hoje, a tecnologia mais
utilizada para a deteccdo de resisténcia é o TMR, que é capaz de detectar RR-TB
(WHO, 2016a).

Atualmente diferentes métodos sao utilizados para a realizacdo do teste de
sensibilidade aos antimicrobianos de cepas de M. tuberculosis. Entretanto, nenhum
satisfaz todas as exigéncias necessarias para um teste ideal: ser rapido, barato e de
facil execucdo (WHO, 2011c). Dentre os métodos comumente utilizados estao:
Resazurin microtiter assay (REMA), a Nitratase, BACTEC MGIT 960 SIRE e o0 TMR.

O REMA consiste em uma microdiluicdo seriada em placas contendo 96
pocos, utilizando resazurina 0,02% como indicador de viabilidade celular através de
uma reagdo de oxi-reducédo (PALOMINO et al., 2002). Ja a Nitratase, € um método
colorimétrico que baseia-se na capacidade de M. tuberculosis reduzir nitrato a nitrito,
sendo a revelacdo realizada com uma solucdo contendo acido cloridrico
concentrado, sulfanilamida e N-1-naftil-etilenodiamina (SYRE et al., 2003). O
BACTEC MGIT 960 SIRE é um kit comercial, para determinacéo de resisténcia aos
antibimicrobianos INH, RIF, EMB e estreptomicina (STR), que utiliza meio de cultura
especifico com concentracdes criticas de antimicrobianos, evitando falsos perfis de
sensibilidade (BD, 2002).

Além das técnicas descritas acima, métodos moleculares para a deteccdo
rapida de resisténcia aos antimicrobianos tém surgido, no entanto requerem maiores
custos, equipamentos e pessoal qualificado. O TMR é um exemplo de método
molecular, capaz de detectar mutagcdes no gene rpoB, que possui uma sequéncia de
81 pares de bases (pb), e € responsavel por grande parte dos casos de resisténcia a
RIF (WHO, 2014).
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2.7 Epidemiologia molecular

A epidemiologia molecular surge a partir de uma combinacéo da genotipagem
com as abordagens epidemiolégicas, tornando-se um recurso importante na
epidemiologia da TB (JAGIELSKI et al.,, 2016). Ao longo das ultimas décadas, a
aplicacdo de meétodos moleculares tem proporcionado um significativo avanco no
conhecimento da transmissdo e da patogénese da TB. A epidemiologia molecular
permite a investigacdo de surtos, identificacdo de casos de transmissao recente,
discriminagdo entre reinfeccdo exdgena e endodgena, identificacdo de infecBes
mistas, rastreamento de padrdes de transmissdo em populacdes especificas,
incluindo padrdes de transmissédo de resisténcia (WALKER et al., 2013; NIEMANN;
SUPPLY, 2014; JAGIESLKI et al., 2016).

Para a implementacao de estratégias eficazes de controle da TB, é importante
unir informacgdes da epidemiologia classica e molecular com os dados clinicos dos
pacientes (CANNAS et al., 2016). Uma das primeiras técnicas amplamente utilizadas
para epidemiologia molecular de M. tuberculosis, o Restriction Fragment Length
Polymorphism (RFLP), baseia-se na deteccdo de variacdes geradas pelo elemento
de insercdo 1S-6110, uma regido conservada no M. tuberculosis. Este € um
elemento genético moével de micobactérias do CMTB, que apresenta uma sequéncia
altamente conservada, podendo ser encontrada em varias coOpias ao longo do
genoma (VAN EMBDEN et al., 1993). Durante alguns anos, foi considerada a
técnica padrédo-ouro para genotipagem de M. tuberculosis, no entanto, € trabalhosa,
demorada e com dificil interpretagédo (PEREIRA et al., 2013).

Atualmente, o método padrédo-ouro de genotipagem de M. tuberculosis é o
Mycobacterial Interspersed Repetitive Units - Variable Number of Tandem Repeats
(MIRU-VNTR) (SUPPLY, 2005). Esta técnica realiza a analise de segmentos de DNA
com sequéncias repetidas em tandem, onde o numero de cépias varia entre
diferentes cepas. MIRU-VNTR se baseia na amplificacdo do DNA através de uma
PCR e no céalculo do numero de repeticbes com base no tamanho do produto
amplificado (SUPPLY, 2005). E apresenta poder discriminatério maior que o RFLP e
o spoligotyping (CANNAS et al., 2016).

O spoligotyping é um ensaio de hibridizacdo que detecta a variabilidade nas
Direct Repeat (DR) do DNA de M. tuberculosis. Regides DR consistem em um

namero variavel de cépias de uma sequéncia conservada de 36 pares de bases,
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separados por espacadores exclusivos. Cepas de M. tuberculosis variam no namero
de DRs e na presenca ou auséncia de espacadores especificos (KAMERBEEK et
al., 1997).

A utilizacdo e a escolha dos diferentes métodos de epidemiologia molecular
devem ser feitas conforme o objetivo do estudo. A técnica de spoligotyping € muito
utilizada para estudos populacionais e para definicdes de distribuicdo de bacilos
circulantes. Ja as técnicas de 1S-6110 RFLP e MIRU-VNTR, séo Uteis para tragar
relacBes genéticas e epidemioldgicas, possibilitando relacionar casos com surtos de
TB (JAGIESLKI et al.,, 2016). A partir da utilizacdo de métodos moleculares, a
identificacdo genética das cepas de M. tuberculosis circulantes é facilitada, podendo-
se definir os focos de transmissédo e contribuir para o controle da doenca (PEREIRA
et al., 2013).



O 00 N oo U A W N B

S T e T = S = N SE T
0 N o A W N L O

3 OBJETIVOS

3.1 Geral

Avaliar o laboratorio como suporte para o controle da TB, em um Laboratério
de Micobactérias do Municipio de Rio Grande.

3.2Especificos

a) Avaliar o desempenho do Teste Molecular Rapido (GeneXpert®) como
ferramenta para o diagndstico da TB

b) Determinar a sensibilidade, a especificidade, o valor preditivo positivo (VPP),
o valor preditivo negativo (VPN) e a acuracia dos testes BACTEC MGIT, TMR,
Microscopia de Ziehl Neelsen e Microscopia de Auramina,

c) ldentificar os gendtipos dos isolados de M. tuberculosis;

d) Determinar o perfil de sensibilidade aos antimicrobianos dos isolados de M.
tuberculosis;

e) Caracterizar o perfil clinico e epidemiolégico dos pacientes com TB,;
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ABSTRACT

Backgound: One of the main challenges for the control of tuberculosis (TB) is the
early identification of tuberculosis patients. For this, fast and accurate screening
methods, are necessary. Objective: Evaluate what is the best approach to
tuberculosis diagnosis, in HIV/AIDS patients. Design: A cross-sectional study was
performed, including 778 samples received in a Mycobacteria Laboratory in
HIV/AIDS Reference Hospital, in the period from April 2015 to April 2016. We
evaluated the methods, microscopy with Ziehl Neelsen (ZN), microscopy with
Auramine O (AO), BACTEC MGIT® liquid culture and Xpert MTB/RIF®. Results: The
TB prevalence was 20%, with the rate of TB/HIV coinfection of 54.7%. The Xpert
MTB/RIF showed higher sensitivity in case detection of TB, followed by liquid culture,
microscopy with AO and microscopy with ZN. Conclusion: The Xpert MTB/RIF®
comes up as a promising tool for TB diagnosis, showing speed associated to high
specificity and sensitivity. We verified the possibility of Xpert MTB/RIF® to replace to
bacilloscopy as a rapid diagnostic method and even to be used as a gold standard
for the diagnosis of TB in the future, since it appears to have the capacity to detect
cases not identified by the liquid culture.

Key words: TB/HIV coinfection, pulmonary tuberculosis, extrapulmonary
tuberculosis, diagnosis, Mycobacterium tuberculosis

INTRODUCTION

Despite the fact that tuberculosis (TB) is a curable disease in most cases, it
remains as one of the main causes of death worldwide, being the leading cause of
death among HIV-positive patients. One of the major challenges in controlling TB
around the world is the identification of all TB cases, considering that around three
million people are not diagnosed annually.® Furthermore, coinfection TB/HIV leads to
diagnosis challenges, because the coinfection TB/HIV is associated to a different
clinical presentation, higher frequency of negative bacilloscopy, extrapulmonary TB
and normal chest radiography.?*

Conventional methods used for the TB diagnosis requires longer time for the
diagnosis, mycobacteria isolation and in vitro assays, as is the case of culture, or
shows low sensitivity, as in the case of bacilloscopy. On this account, patients can be
mistakenly treated and resistant strains continues to be disseminated.® The culture of
bacilli are currently considered the gold standard in TB diagnosis.®

Considering the limitations of the current diagnostic techniques, the increase
on the number of TB and coinfection TB/HIV, as well a cases of drug resistance,
stands out the urgency of rapid and accurate screening methods, that can be

available in resource-limited settings and which, besides diagnosing, allow to perform
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the drug susceptibility test (DST). With the improving the early diagnosis, the bacilli
dissemination can be avoided, thus reducing the number of cases of TB. > "

The Xpert MTB/RIF® comes up as a fast and precise diagnosis method. In
addition to the capacity to specifically detect bacteria of the Mycobacterium
tuberculosis complex (MTBC) directly from clinical samples, it is also capable to
detect rifampicin (RIF) resistance.'’®®® This method comes up as a possible
alternative to bacilloscopy because provide fast results, reflecting in the reduction of
mortality caused by TB.>

The aim of this study was to evaluate the performance of the Xpert MTB/RIF,
liquid culture and microscopy to TB detection cases, in HIV/AIDS patients.

MATERIALS AND METHODS
Study design

A cross-sectional study was performed, including all pulmonary and
extrapulmonary samples in HIV-positive patients and HIV-negative patients, received
from April 22" 2015 to April 21%, 2016, at the Mycobacteria Laboratory of Hospital
Universitario Dr. Miguel Riet Correa Jr, at Rio Grande/RS, Brazil, reference hospital
to patients with HIV/AIDS. The data collection was performed in medical records and
in the Mycobacteria Laboratory database. The results of diagnosis tests, clinical and
epidemiological specificities of each patient, was collected.

Samples with insufficient amount to be processed in every evaluated method,
contaminated samples in liquid culture and invalidated samples by the Xpert
MTB/RIF, were excluded of the study.

Experimental activities

For the comparison of diagnosis methods, were evaluated microscopy with
Ziehl Neelsen (ZN) and Auramine O (AO) staining, liquid culture on BACTEC MGIT®
(BD - Becton, Dickinson and Company) and Xpert MTB/RIF® (Cepheid). For the
detection of TB cases were used the methods BACTEC MGIT, with confirmation by
1IS-6110,*® and/or Xpert MTB/RIF.



99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

36

Initially, samples as sputum, bronchoalveolar lavage, tracheal aspirate, biopsy,
were decontaminated using the N-acetyl-cysteine solution and sodium hydroxide
(NALC-NaOH).*® In sequence, all samples were centrifuged and were used 100 pL of
sample for the smears to be stained by ZN and AO methods, 500 pL for liquid culture
and 500 pL for the Xpert MTB/RIF.

The ZN and AO staining were performed according to the Brazilian Health
Ministry recommendations. The smears stained by the method with ZN were also
analyzed in all extension of the slide, however with immersion, using 100x objective
lens. The smears stained by the method with AO were analyzed in all extension of
the slide, using the 40x objective lens, in ultraviolet light microscope.*®

For the realization of BACTEC MGIT liquid culture, after descontamination and
centrifugation, samples were incubated until obtain positive results, or up to 45 days
for negative cases, in liquid medium MiddleBrook 7H9 containing 800 pL of
PANTA+OADC (Polymyxin B, Amphotericin B, Naladixic Acid, Trimethoprim,
Azlocillin + Oleic acid, Albumin, Dextrose, Catalase), solution.’

Finally, the Xpert MTB/RIF is based on the performance of a RT-PCR for the
TB diagnosis and rpoB gene analysis for the RIF resistance detection. Initially, the
samples was liquefed and inactivated. After inactivation, 2 mL sample was
transferred to the cartridge, which was led to the equipment. In the equipament, the
sample is washed and filtered, the ultrasonic lysis is used to release DNA and DNA
molecules are mix with dry PCR reagents. The amplification and detection of M.
tuberculosis, in an integrated reaction, is realized. The results are released after two
hours, with identification of the M. tuberculosis complex and detection of
susceptibility profile for RIF.>Positive results are detected by a fluorescent sign, being
considered, according to the number of threshold cycles (TC), the following levels of
detection: very low (TC = 28), low (28 > TC > 22), medium (22 > TC > 16) and high
(TC = 16). The TC is defined as the number of cycles necessary to generate the
fluorescent sign and is inversely proportional to the amount of nucleic acid present in

the sample.



128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161

Results analysis

The data were tabulated in Excel, and subsequently analyzed by SPSS,
version 20.0. From the results obtained, the sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV) and accuracy were calculated for each
diagnosis method evaluated.

Ethical aspects

The study was approved by the Health Research Ethics Committee of the
Universidade Federal do Rio Grande (FURG), under the number 128/2016.

RESULTS

A total of 423 patients, from 778 samples, were processed during the study
period. However, 88.9% (376/423) patients were included on the diagnosis methods
comparison, of these 11.1% (47/423) remaining samples did not have results for all
four evaluated methods. Pulmonary and extrapulmonary samples were respectively
69.4% (261/376) and 30.7% (115/376).

Among the evaluated patients, 20% (75/376) were positive for TB in the liquid
culture and/or Xpert MTB/RIF, of these81.3% (61/75) were pulmonary samples and
18.4% (14/75) extrapulmonary samples. Of these, had an average age of 39.4 (+
13.6), 64% (48/75) were males, 54.7% (41/75) were HIV-positive and 38.7% (29/75)
were previously treated for TB. Between the patients with pulmonary samples, 49.2%
(30/61) were HIV-positive and among the patients with extrapulmonary samples,
78.6% (11/14) were HIV-positive (Table 1).

Of the 75 patients, 92.0% (69/75), 82.7% (62/75), 70.7% (53/75) and 62.7%
(47/75) were positive to Xpert MTB/RIF, liquid culture, microscopy with AO and
microscopy with ZN, respectively. When evaluated only the HIV-positive patients,
90.2% (37/41), 80.5% (33/41), 73.2% (30/41) and 61.0% (25/41) were positive to
Xpert MTB/RIF, liquid culture, microscopy with AO and microscopy with ZN
respectively. Moreover, among these 75 positive patients, 6.6% (5/75) were detected
by liquid culture and not by Xpert MTB/RIF, while 17.3% (13/75) were detected by
Xpert MTB/RIF and not by liquid culture (Table 2). Among the positive samples in
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Xpert MTB/RIF, six, trhee and four patients showed very low, low and medium bacilli
concentration on Xpert MTB/RIF, respectively. Still, among the 13 patients diagnosed
by the Xpert MTB/RIF and not identified in liquid culture, 61.5% (8/13) were HIV-
positive, and 87.5% (7/8) showed a concentration of bacilli too low or low to the Xpert
MTB/RIF.

We evaluated the values corresponding to sensitivity, specificity, accuracy,
PPV and NPV of all methods for the group of the patients with pulmonary and
extrapulmonary samples, and group of HIV-positive and HIV-negative patients (Table
2). In both groups, the Xpert MTB/RIF method showed higher sensitivity in the TB
cases detection.

DISCUSSION

One of the main challenges for controlling TB is the early and accurate
detection of the cases of the disease, since this still as one of the major causes of
death worldwide. In this study, among the patients tested for TB, 20% were positive,
which demonstrates a high prevalence, when compared with a study conducted in a
prison in Southern Brazil, population usually more exposed to TB, that found a
prevalence of 12.9%.'® The high prevalence of patients positive for TB may be
related with the rate of patients coinfected with HIV, which in this study corresponded
to 54.6% of patients. This due to the fact that the population living with HIV have 40
times more chance to develop TB when compared to the general population.® The
coinfection prevalence in this study was superior to the found in other studies in
south of Brazil.'®*° This can be justified by the fact that the study was performed with
patients of a reference hospital for HIV-positive patients.

The diagnosis of TB in HIV-positive patients, who usually have extrapulmonary
samples, is a huge challenge since these are generally obtained from deep tissues
and are frequently paucibacillary, what contributes to the decrease of the sensitivity
of the diagnosis methods.?®?! In this study we found 18.4% of TB cases in
extrapulmonary samples, being that, 78.6% were HIV-positive, strengthening the
idea brought by some studies that suggests an increased risk of extrapulmonary TB
among HIV-positive patients.*?

For both evaluated groups, pulmonary, extrapulmonary, HIV-positive and HIV-

negative, the Xpert MTB/RIF presented better results of sensitivity, PPV, NPV and
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accuracy, followed by BACTEC MGIT, microscopy with AO staining and microscopy
ZN staining. Among pulmonary samples, the Xpert MTB/RIF presented a sensitivity
of 95%. Previous studies indicated variations between 87% and 93% on the
method’s sensitivity for pulmonary samples.?®?® The sensitivity of geneXpert was
78.6% to extrapulmonary samples, although lower than other studies, it was higher
than liquid culture.?®**” Among HIV-positive patients the Xpert MTB/RIF presented
high accuracy in the detection of TB cases, as well as sensitivity of 90.2% among
HIV-positive patients and 93.75% among HIV-negative patients.

The microscopy with ZN and AO stainings, despite being fast and low cost
tools, showed low sensitivity in cases detection when compared to other evaluated
methods. However, the sensitivity of microscopy with AO was higher than with ZN. In
general, is observed an increase between 8-10% in patients detection by microscopy
with AO when compared to the traditional ZN.?®%° The increase of the sensitivity can
be attributed to some factors, such as, a higher mycolic acid absorption capacity with
the utilization of the AO dye when compared to fuchsin used on ZN staining, leading
to a higher number of bacilli stained; and the identification and reading of the slides
more easy, since the staining allows an better contrast between bacilli and the
background of the smear.*°

Considering the fact that patients were declared positive based on the results
obtained in liquid culture and/or Xpert MTB/RIF, the specificity of both methods was
100%. In this study liquid culture detected four cases undetected by Xpert MTB/RIF,
while the Xpert MTB/RIF detected 13 cases undetected by liquid culture. Despite the
possibility of detecting unviable bacilli due to previous treatment,® 30.8% (4/13) of
the patients detected by Xpert MTB/RIF and negative on culture were not previously
treated for TB and 30.8% (4/13) did not show this information, what it shows that the
method really can be more sensitive and specific than the culture, currently
considered gold standard. Furthermore, among the 13 patients diagnosed by the
Xpert MTB/RIF and not identified in liquid culture, 61.5% (8/13) were HIV-positive,
being that 87.5% (7/8) showed a concentration of bacilli very low or low on the Xpert
MTB/RIF. This indicates that this method, besides to be faster, may have a higher
capacity to detect low bacilli concentrations when compared to liquid culture.

In general, the sensitivity for extrapulmonary samples were lower, for all
methods evaluated, due to the fact that they are commonly paucibacillary. However,

the Xpert MTB/RIF was the method that showed greater sensitivity in this group of
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samples. When we compare Xpert MTB/RIF with microscopy of ZN, among HIV-
positive patients, we observed that the Xpert MTB/RIF detected 90.2% of the cases,
while the smear ZN detected 61.0%. This results in an increase of 29.2% in detecting
cases when performed the Xpert MTB/RIF, which is an important factor in the rapid e
correct diagnosis of TB among HIV positive, especially due to the fact that these
commonly have negative results in the sputum smear microscopy.

The effective TB diagnosis is one of the main steps for the disease control,
allowing a fast drug therapy implementation and contributing to the reduction of
morbidity and mortality rates of the disease and interrupting the chain of
transmission." In this scenario, the Xpert MTB/RIF comes up as a promising tool for
TB diagnosis in HIV patients, enabling the detection of M. tuberculosis in two hours,
associated to high specificity and sensitivity.* It should be emphasized that the
culture in liquid medium, currently considered the gold standard for the diagnosis of
TB, requires seven to 14 days for the diagnosis, in addition to the need of later
molecular confirmation for identification of M. tuberculosis complex.*®

In addition to the speed and high sensitivity, the Xpert MTB/RIF is able to
detect resistance to RIF, something that the other diagnostic methods currently
available do not allow. For the determination of the profile of antimicrobial
susceptibility through culture (BACTEC MGIT)magit), is needed the bacterial growth,
requiring more time, skilled workforce and high level of biosafety. In the case of xpert
MTB/RIF, this is not necessary, because this requiring limited concern in relation to
biosecurity during its use, since the same is carried out directly from clinical
specimen.’

With the high sensitivity for groups of extrapulmonary samples and of HIV-
positive patients, when compared to other methods, the Xpert MTB/RIF shows
greater detection capacity among populations with high rates of paucibacillary
samples, as for example the population living with HIV/AIDS. In this sense, the Xpert
MTB/RIF, proves to be an effective method for identification of TB in HIV-positive
patients.

The findings of our study demonstrate the advantages of Xpert MTB/RIF, in
relation to other methods currently available for the diagnosis of TB in HIV-positive
patients. In this sense, the Xpert MTB/RIF offers a promising solution for the

challenges related to diagnostic of TB. Its use in levels of primary care health could
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lead to a reduction in the incidence of TB and in the mortality for coinfection TB/HIV
in areas of high HIV and TB prevalence.

However, the Xpert MTB/RIF is still not universally available and its high cost
remain as a challenge to its decentralised implementation, where today the sputum
smear microscopy is available.? Because of this, the realization of the Xper MTB/RIF
still does not eliminate the need for microscopy and culture, since they are required
to monitor the treatment the progression and to evaluate the results obtained by the
Xpert MTB/RIF.
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Table 1: Relationship between the type of sample and the presence or absence

of HIV infection in patients with pulmonary and extrapulmonary TB.

Type of sample HIV*-Positive HIV-Negative HIV Uninformed Total
N % N % N % N %
Pulmonary 30 49.2 15 24.6 16 26.2 61 100.0
Extrapulmonary 11 78.6 1 7.1 2 14.3 14 100.0
Total 41 54.7 16 21.3 18 24.0 75 100.0

*HIV: Human Immunodeficiency Virus.

Table 2: Sensitivity, specificity, accuracy and predictive values for microscopy,

liquid culture and Xpert MTB/RIF.

PULMONARY
St (%) SP® (%) AS (%) PPV¥ (%) NPV (%)
Xpert MTB/RIF 95.10 100.00 99.00 100.00 99.00
CULTURE 85.25 100.00 97.00 100.00 96.00
ZN* 68.85 99.00 92.00 95.00 91.00
AO" 72.10 99.00 93.00 96.00 92.00
EXTRAPULMONARY
S (%) SP (%) A (%) PPV (%) NPV (%)
Xpert MTB/RIF 78.60 100.00 97.00 100.00 97.00
CULTURE 71.40 100.00 97.00 100.00 96.00
ZN 35.70 99.00 92.00 95.00 91.00
AO 64.30 99.01 95.00 90.00 95.00
HIV-POSITIVE
S (%) SP (%) A (%) PPV (%) NPV (%)
Xpert MTB/RIF 90.20 100.00 98.00 100.00 97.00
CULTURE 80.50 100.00 95.00 100.00 94.00
ZN 61.00 99.21 90.00 96.00 89.00
AO 73.20 98.43 92.00 94.00 92.00
HIV-NEGATIVE
S (%) SP (%) A (%) PPV (%) NPV (%)
Xpert MTB/RIF 93.75 100.00 98.00 100.00 98.00
CULTURE 87.50 100.00 96.00 100.00 95.00
ZN 68.75 100.00 91.00 100.00 89.00
AO 62.50 100.00 89.00 100.00 87.00

*ZN: microscopy with Ziehl Neelsen staining; TAO: microscop¥
Ssp: specificity; A: accuracy; ¥PPV: positive predictive value;

with auramine staining; *S: sensitivity;
NPV: negative predictive value
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Sumarry

Tuberculosis (TB) affect million of people worldwide, and the Mycobacterium
tuberculosis transmission has been associated to healthcare settings. The aim of this
study was to characterize the dynamics of TB transmission, using 15 loci MIRU-VNTR,
among patients treated at a reference hospital for HIV, in the extreme south of Brazil. A
cross-sectional study was performed, including pulmonary and extrapulmonary samples.
All samples positive in BACTEC MGIT® and with molecular confirmation by 1S-6110, were
submitted to genotyping and drug suscetibility testing (DST). A total of 68 M. tuberculosis
isolates were evaluated, of which 54.4% were HIV positive. In genotyping, 58.8% were
distributed in eight clusters. We observed epidemiological relationships among the four
largest clusters formed, where 90.6% of the patients presented a relationship between the
dates of consultations, exams realization and hospitalizations in the hospital. Among all
the isolates evaluated, in DST 11.8% were resistant to at least one of the tested drugs.
The occurrence of possible nosocomial transmission of TB was verified. The
establishment of infection control measures, as early diagnosis and effective treatment are
crucial elements for the non-dissemination of M. tuberculosis in health establishment,
especially those with high disease burden, such as reference hospitals for HIV positive

patients.

Keywords: M. tuberculosis transmission, MIRU-VNTR, Coinfection TB/HIV.
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INTRODUCTION

Tuberculosis (TB) is a public health problem, affecting millions of people worldwide
annually [1]. The Mycobacterium tuberculosis transmission has been directly associated to
healthcare, being described as a serious problem in hospital environmental [2-4]. TB
outbreaks are frequently reported in hospitals and in populations with high prevalence of
HIV infection [2,3]. This is mainly due to the lack of fast and accurate diagnostic, high
prevalence of drug resistant strains and failures in isolation measures and approaches to
biosafety [1]. Furthermore, drug resistant is increasing in vulnerable population.

Therefore, the improvement in the TB control strategies associated to early
diagnostic and drug resistant cases detection becomes urgently necessary [5,6]. Beside of
diagnostic approach, the development and introduction of different genotyping methods of
Mycobacterium tuberculosis have significantly improved the knowledge about its
transmission, phylogeny and evolution [7].

Currently, Mycobacterial Interspersed Repetitive Unit-Variable Number Tandem
Repeat (MIRU-VNTR) is considered the gold standard for M. tuberculosis genotyping [8].
This technique is useful for tracing genetic and epidemiological relationships, enabling to
relate cases with TB outbreaks [9]. The method allows the analysis of 12, 15 or 24 loci,
being this number related to the number of genomic regions evaluated. The 12 and 15
MIRU-VNTR are often used for epidemiological studies, while the 24 loci MIRU-VNTR is
indicated for phylogenetic studies [10].

Thus, the aim of this study was to characterize the dynamics of M. tuberculosis
transmission using the 15 loci MIRU-VNTR method, among patients treated for TB at a

reference hospital for HIV, in the south of Brazil.
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MATERIALS AND METHODS
Study design

A cross-sectional study was performed, including all pulmonary and extrapulmonary
samples, received at the Mycobacteria Laboratory of Hospital Universitario Dr. Miguel Riet
Correa Jr., at Rio Grande/RS, Brazil, from April 2015 to April 2016. The data collection
was performed in medical records and in the Mycobacteria Laboratory database. It was

collected clinical and epidemiological specificities of all patients.
Experimental activities

Considering that more than one sample of the same patient could be received, only
the first positive sample by the liquid culture in BACTEC™ MGIT™ (BD- Becton,
Dickinson and Company) with molecular confirmation of the M. tuberculosis complex by
IS-6110 [11] was subculture on Ogawa-Kudoh, incubated at 37°C for 4 to 8 weeks and in
sequence, was used for drug susceptibility testing and submitted to DNA extraction, for
genotyping analysis. Were excluded from the study those samples that did not show any
growth on Ogawa-Kudoh culture medium. The clinical isolates were stored in the sample

bank of the Mycobacteria Laboratory da FURG.
Genotyping

e DNA extraction
For DNA extraction, the mycobacteria colonies cultivated in Ogawa-Kudoh medium
were ressuspended in Tris EDTA 1x and incubated at 80°C for 30 minutes. In sequence,
the suspension was centrifuged at 5.000 rpm for 5 minutes for the collection of the
supernatant containing the DNA. This was stored at -20 ° C for further use in genotyping

and susceptibility test.

e MIRU-VNTR
The MIRU-VNTR was performed according to Supply et al. (2005) [12] using the 15
loci analysis. The sizes of fragments amplified by Polymerase Chain Reaction (PCR) were

determined by the variable tandem repetition of each locus. These were visualized trough
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3% agarose gel eletrophoresis, stained with ethidium bromide 0.001 mg/ml. After staining
with ethidium bromide, was carried out the visualization in fluorescence under UV radiation
emission. It was used 50 bases pairs (bp) and 100 bp DNA ladder (LudwigBiotec®) to
define the size of the PCR products.

Susceptibility test

The determination of the minimum inhibitory concentration (MIC) was performed by
the resazurin microtiter assay (REMA), as described by Palomino et al. (2002) [13]. The
method consists on a serial microdilution in 96-well plates, using resazurin as cell viability
indicator with an oxi-reduction reaction. We evaluated the M. tuberculosis strains
susceptibility against isoniazid (INH), rifampicin (RIF), ethambutol (EMB) and streptomycin
(SM). The cut points used for INH, RIF, EMB and SM were 0.25 pg/mL, 0.5 pg/mL, 4
pMg/mL and 1 pg/mL, respectively [14,15]. MIC was defined as the lowest concentration of
the antimicrobial capable of inhibiting bacterial growth.

Results analysis

For the data analysis was used the software SPSS 20.0. The calculation of allelic
diversity (h) of each MIRU-VTNR locus was performed using the formula h =1 — >xi 2
[(n/n = 1)] [16]. The Hunter-Gaston discriminatory index (HGDI) was calculated using the
formula HGDI = 1 - [1/N (N-1) > Xj (xj -1)] [17]. Finally, the dendogram was obtained on
MIRU-VNTR plus (available http://mwww.MIRU-VNTRplus.org).

Ethical aspects

The study was approved by the Health Research Ethics Committee of the
Universidade Federal do Rio Grande (FURG), under the number 128/2016.
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RESULTS

In this study, samples of 71 of 778 patients were considered positive by BACTEC
MGIT and 1S-6110. However, after inoculated in Ogawa-Kudoh, only 95.8% (68/71)
isolates had bacterial growth and were used in the genotyping and susceptibility tests. Of
the 68 patients whose isolates were used for testing of susceptibility and genotyping,
57.3% (39/68) were males, with a mean age of 37.8 = 13.1 years. Considering the clinical
data, 83.8% (57/68) were pulmonary samples, 54.4% (37/68) were HIV positive and 36.8%
(25/68) had previous TB treatment. Moreover, among patients with previous treatment,
66.7% (14/21) were HIV-positive.

In genotyping, 58.8% (40/68) of the M. tuberculosis strains were distributed in eight
clusters, containing from two to nine isolates per cluster (Figure 1). The discriminatory
power of the 15 loci MIRU-VNTR in the studied samples was 0.9478. Values of allelic
diversity were calculated for all locus (Table 1). The loci MIRU 10, MIRU 26, MIRU 40,
Mtub4, QUB11b, QUB26 presented high discriminatory power (h = 0.6). The other loci had
moderate (0,3 2 h < 0.6) and low (h < 0.3) discriminatory power.

When the epidemiological relations among the clustered patients were evaluated, it
was observed that in clusters 1, 4, 5 and 7, which represented 80% (32/40) of the
clustered patients, most patients had records in the hospital during the same period, either
through consultations, exams realization or hospitalizations. Moreover, the clusters 1 and
4 had two patients residing in the same neighborhood and cluster 5 had three (Table 2 and
Figure 2). For the clusters 2, 3, 6 and 8, that formed two patients each, it was not possible
to trace relationship.

Regarding the antimicrobial susceptibility test, 88.2% (60/68) of the M. tuberculosis
strains were susceptible to all tested drugs and 11.8% (8/68) were resistant to at least one
of them. Two strains were resistant to INH and RIF, two resistant to INH and EMB and four
monoresistant, one for each drug tested: INH, RIF, EMB and STR (Table 3). When
resistance profiles were evaluated, according to the clusters, resistant patients were found
in distinct groups, except for two strains with resistance to INH and EMB and one with
resistance to EMB, who were grouped in the cluster 4, all HIV-positive. In addition, among
the patients with resistant strains, 50% (4/8) had been treated for TB previously and were

not clustered with other resistant strains (Table 4).



161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195

53

DISCUSSION

As the number of TB cases is increasing globally [1], the early diagnosis of the
disease and the determination of the main focus of the M. tuberculosis transmission is
essential for interrupting the chain of the bacilli transmission and for an effective TB control
[18]. This study identified a prevalence of TB/HIV coinfection of 54.4%. In addition, 66.7%
of patients with previous TB treatment were HIV-positive. Studies relate the occurrence of
previous TB treatments among HIV-positive patients, with the fact that the presence of HIV
infection leads to the occurrence of adverse outcomes in treatment, mainly related to
abandonment, usually due to the difficulty of monitoring during treatment [19,20]. Due to
the state of immunosuppression presented by HIV-positive patients, they are more
susceptible to the occurrence of reactivation or reinfection with M. tuberculosis [21].

The genotyping resulted in 36 different profiles of VNTR and 58.8% (40/68) of the
isolates were grouped into eight clusters, with a discriminatory power of 0.9478. This value
is lower than that found in previous studies in the same geographic region [22,23] and may
be due to the low genetic diversity and the high number of clusters [23], the low genetic
diversity was not expected, since previous studies in the same region, identified high
genetic diversity [24-26]. The unique exception was one study carried out in a penitentiary,
which showed low genetic diversity, more susceptible to contact with M. tuberculosis and
to development of disease [27].

The low genetic diversity found indicates the possibility of recent transmission of M.
tuberculosis, particularly in places with high clonal diversity. In this sense, the results
obtained by genotyping analysis associated with the epidemiological links proposed in this
study, permit to infer that the transmission of M. tuberculosis possibly occurred in the
nosocomial environment. This is strengthened by the fact that 90.6% of the patients
grouped in four major clusters formed, covering 80% of the patients in cluster, were
epidemiologically related, through simultaneous admission to the hospital.

In relation to the resistant M. tuberculosis strains, it was possible to observe that
62.5% (5/8) were in clusters. However, only the strains with resistance to INH and EMB or
monoresistant to EMB were grouped in the same cluster, all from HIV-positive patients.
Previous studies relate the occurrence of resistance combined with INH and EMB, to the
specific mutations in genes of M. tuberculosis or operons which confer phenotypes of
resistance to both drugs [28,29]. In addition, the existence of an efflux mechanism,
capable of extruding the two drugs, has been reported [30]. Except for the cluster number

4 that grouped three resistant strains, no relation between drugs susceptibility profile and
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formation of clusters was identified. In addition, among the patients with resistant strains,
50% (4/8) had previous treatment for TB and were not grouped in clusters with other
resistant strains.

The early identification of cases of resistance to antimicrobial agents is important,
especially in contexts where HIV infection is common and the prevalence of TB is high,
since in those populations the risk of nosocomial transmission is amplified. The
transmission of resistant strains increases risks mainly for HIV-positive patients. For this
specific population, the resistance to drugs used in the treatment of TB can be lethal [31].

In hospital environments, the early identification of cases of TB and the potential
focus of the bacterial transmission are the key to understanding the impact of transmission
of M. tuberculosis [32,33], especially those with a high prevalence of patients with HIV
[34]. In this sense, our findings demonstrate that the genotyping of M. tuberculosis by 15
loci MIRU-VNTR is an important tool for the understanding of the dynamics of transmission
of M. tuberculosis.

In this study, the high rate of hospitalization, prolongation of stay, poor practices of
infection control, lack of physical barriers and the high prevalence of HIV infection, could
have contributed for nosocomial transmission with high rate of dissemination of M.
tuberculosis strains [2]. In places where health systems have inadequate hospital infection
control, as well inadequate isolation of TB patients and inability to rapid diagnose TB, the
time of hospitalization should be as short possible in order to reduce the exposure to other
patients [35]. Therefore, strategies for TB control must be implemented aiming better cure
rates and the prevention of M. tuberculosis transmission [2].

Among patients diagnosed with TB and grouped in cluster in this study, 60% had
positive results in the sputum smear microscopy. Betwenn the HIV-positive patients in
cluster, 56.5% had positive results in the sputum smear microscopy. Indeed, bacilliferous
individuals are the main source of M. tuberculosis transmission and usually they are in a
more advanced stage of the disease, increasing the chances of occurrence of nhosocomial
transmission [36]. This indicates that the measures of infection control recommended are

not yet well established in this hospital environment.
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Our results have important implications for the TB control, especially in hospital
environments, which present patients with M. tuberculosis resistant strains and co-infected
by HIV. Finally, we emphasized that for effective control of the epidemic of TB, the
strengthening of programs to control for TB, the prevention, the fast diagnostic and the

effective treatment are fundamental.
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UPGMA-Tree, MIRU-VNTR [16]: Caregorical (1), Spolign: Caregorical (1), RD: Caregorical (1), SNF: Caregorical (1)
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15 loci MIRU-VNTR based dendogram of 68 clinical isolates of M.

tuberculosis. Cluster was considering when two or more samples showed the same

genotypic profile.

Figure 1



Table 1: Allelic diversity using the 15 loci MIRU-VNTR
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Alleles MIRU MIRU MIRU MIRU MIRU MIRU Mtub Mtub Mtub  Mtub EtrA EtrC QuB QuB QuB
4 10 16 26 31 40 4 21 30 39 11b 26 4156
0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 24 3 2 31 0 2 3
2 65 20 0 14 6 34 16 30 30 33 17 0 43
3 3 31 41 6 52 24 7 47 0 31 30 31 23 10 22
4 0 29 4 8 0 3 21 3 6 2 0 35 18 0
5 0 1 0 38 0 8 3 0 1 0 0 1 9 0
6 0 1 0 16 0 1 0 0 0 0 2 0 1 16 0
7 0 0 0 0 0 1 0 0 0 0 0 0 0 24 0
8 0 0 0 0 0 1 0 0 0 0 0 0 0 6 0
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Allelic diversity
(h) 0.07 060 0.54 06 036 072 063 046 058 059 056 052 073 078 049
D* Low High Medium High Medium High High Medium Medium Medium Medium Medium High High Medium

*D: highly discriminatory when h = 0.6; moderately discriminatory when 0,3 = h < 0.6 and weakly

discriminatory when h <0.3.



Table 2: Clustered groups, HIV and epidemiological links

Cluster Isolate’s number HIV Epidemiological link
1 10, 62, 40, 5, 21, 57 POS Hospital
4 NI
32 NEG
5,21 Same neighborhood
39 NI No link
2 37,47 POS No link
3 6** NEG No link
8 POS
4 29, 45, 50, 48, 55 POS Hospital
2,13 NEG
28,12 NI
29,12 POS Same neighborhood
5 15, 54, 44 POS Hospital
24,9,41 NI
54 POS
44, 24,9 Same neighborhood
6 e R NEG No link
38 POS
7 7, 16, 26, 42 NI Hospital
23, POS
34%*, 52*** NEG No link
58+ POS
8 27, 64* POS No link
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*Patients with no data in the hospital system; **Patients from another hospital;, ***Population deprived of

liberty.
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Figure 2: A flowchart of the connections between the clustered patients, whereas
the dates for consultations, exams and admissions. The arrows indicate the dates
on which the patients were in the hospital during the same period, that is, until two
days of difference between the dates, due to the long time of viability of M.

tuberculosis.
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Table 3: Profile of resistance to drugs, related to genetic patterns and

epidemiological data.

Sample Genetic pattern Drug resistance HIV result Previous treatment for TB
59 Not clustered INH, RIF Neg PT*
35 Not clustered RIF NI PT
33 Not clustered SM Pos NI
29 Cluster 4 INH, EMB Pos Not PT
50 Cluster 4 INH, EMB Pos Not PT
45 Cluster 4 EMB Pos PT
15 Cluster 5 INH, RIF Pos NI
34 Cluster 7 INH Neg PT

NI: not informed; Pos: Positive; Neg: Negative. INH: isoniazid; RIF: rifampicin; EMB: ethambutol; SM:
streptomycin; PT: previously treated.
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5 CONCLUSOES

Com o exposto ao longo do presente estudo, pode-se concluir que:

1) A incidéncia de TB foi de 20%.

2) 54,7% dos pacientes eram HIV positivos, 64% eram do sexo masculino,
com média de idade de 39 anos.

3) O TMR mostrou melhores resultados de sensibilidade, VPP, VPN e
precisao, inclusive para amostras extrapulmonares.

4) 58,8% (40/68) das cepas foram agrupadas em cluster.

5) 11,8% (8/68) das cepas foram resistentes a pelo menos um dos quatro
farmacos testados.

6) 37,5% (3/8) das cepas com resisténcia aos medicamentos foram
agrupadas em um mesmo cluster.

7) A ocorréncia de possivel transmissdo nosocomial entre os pacientes

diagnosticados com TB foi verificada.
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6 CONSIDERACOES FINAIS

Existe a necessidade de implementacdo de medidas para o controle da TB,
como por exemplo, o diagndéstico rapido, o uso de mascaras de protecado
respiratéria, o reduzido tempo de internacdo, a ventilacdo melhorada, os testes
rapidos de susceptibilidade aos farmacos, o tratamento para o HIV e o isolamento de
pacientes com suspeita ou com diagnéstico de TB. Assim € garantida a prevencao
da transmissdo do M. tuberculosis, especialmente em ambientes hospitalares. Neste
sentido, o TMR surge como uma ferramenta importante para o controle da TB,
devido a sua rapidez e alta especificidade e sensibilidade, demonstrando a
importancia da participacao efetiva do laboratério junto ao controle da doenca.

Embora a implementacdo destas medidas preventivas aumente 0S custos
para os sistemas de saude em um curto espaco de tempo, a falta de controle
adequado gera graves consequéncias, refletindo diretamente em altas taxas de

transmissao nosocomial.
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