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Resumo

Surtos associados as micobactérias de crescimento rapido (MCR) tém sido cada vez mais
relatados em todo o mundo, inclusive no Brasil. Entre as MCR, o complexo M. abscessus € o
mais patogénico e relacionado a multirresisténcia. Considerando a importancia de investigar
as cepas de MCR presentes em nosso Estado, este estudo teve como objetivos avaliar o perfil
molecular e de suscetibilidade caracterizando os isolados de MCR encaminhados para o
Centro de Referéncia em Micobactérias do Estado (Instituto de Pesquisas Bioldgicas -
Laboratorio Central de Saude Publica, IPB-LACEN/RS). Além disso, foram avaliados os
mecanismos de resisténcia a FQ conferido pelos genes gyr4 e gyrB. Foram encaminhadas
para o IPB-LACEN/RS, entre 2007 a 2012, 74 isolados clinicos. No total, 43 isolados
relacionados a surto e 31 isolados de MCR néo relacionados a surtos foram analisados. Pela
técnica de PRA-Asp65 foi possivel identificar 43 isolados como M. abscessus tipo 2, 21
isolados como M. fortuitum tipo 1 e 10 isolados como M. abscessus tipo 1. Através do
sequenciamento parcial do gene rpoB, foi confirmada a identificacdo de M. abscessus tipo 2
como M. abscessus subsp. bolletii, M. abscessus tipo 1 como M. abscessus subsp. abscessus €
M. fortuitum tipo 1 como M. fortuitum subsp. fortuitum. Pela técnica de tipagem PFGE todos
os isolados de M. abscessus subsp. bolletii apresentaram o mesmo perfil clonal o qual
pertence ao clone BRA100, ja descrito mundialmente. Os isolados de M. abscessus subsp.
abscessus e M. fortuitum subsp. fortuitum apresentaram perfis distintos de PFGE. O perfil de
suscetibilidade aos antibidticos foi avaliado por microdiluicdo em caldo de acordo com CLSI
(2011) e, todos os isolados foram sensiveis a amicacina e todos foram resistentes a doxiciclina
e sulfametoxazol-trimetoprima. Para M. abscessus subsp. bolletii todos os isolados foram
resistentes a ciprofloxacino, moxifloxacino e tobramicina e um padrdo de susceptibilidade

variavel foi observado para cefoxitina (Sensivel - 28%, Intermediario - 72%) e claritromicina



(Sensivel - 86%, Resistentes - 14%). Cabe mencionar que este ¢ o primeiro relato de
resisténcia a claritromicina para o clone BRA100. Para M. abscessus subsp. abscessus e M.
fortuitum subsp. fortuitum todos os isolados foram resistentes a claritromicina; ja para a
cefoxitina e tobramicina um padrao de susceptibilidade variavel foi observado. Todos os
isolados de M. fortuitum subsp. fortuitum foram sensiveis a ciprofloxacino, em contraste aos
isolados de M. abscessus subsp. abscessus que apresentaram 70% de resisténcia. Todas MCR,
resistentes (ou intermediarias) para ciprofloxacino apresentaram uma Ala-83 em GyrA, em
contraste com uma Ser-83 em todos os isolados de M. fortuitum subsp. fortuitum sensiveis a
ciprofloxacino, mas com perfil de resisténcia variavel a moxifloxacino. Nenhuma diferenca
foi encontrada em GyrB independentemente do perfil de sensibilidade de MCR. Em
conclusao, nosso estudo relata a persisténcia de um unico clone M. abscessus subsp. bolletii
BRA100 relacionado aos surtos, altamente resistente, mesmo ap6s a implementagdo nacional
das medidas de controle de infeccdo para conten¢ao de surtos por MNTs. Também foi
possivel correlacionar que mutagdes no aminoacido Ala-83 de GyrA estdo diretamente
relacionados com a resisténcia a ciprofloxacino em M. abscessus subsp. abscessus e M.
abscessus subsp. bolletii.

Palavras-chave: Micobactérias de crescimento rapido; surtos por procedimentos invasivos;

resisténcia a quinolonas.



Abstract

Outbreaks associated with rapidly growing mycobacteria (RGM) have been increasingly
reported worldwide, including in Brazil. Among RGM, the M. abscessus complex is consider
the most pathogenic, besides being related to multidrug resistance. Considering the
importance of investigating the RGM strains present in our state, this study aimed to
characterize the molecular and susceptibility profile of RGM isolates referred to the
Reference Center for Mycobacteria State (Instituto de Pesquisas Biologicas - Laboratdrio
Central de Saude Publica, IPB-LACEN/RS). Furthermore, the mechanisms of quinolone
resistance conferred by gyr4 and gyrB genes were evaluated. A total of 74 isolates was sent to
IPB-LACEN/RS between 2007 and 2012. Forty-three of the analyzed isolates were related to
outbreak and 31 isolates of RGM were unrelated to outbreaks. The technique of PRA- hsp65
identified 43 isolates as M. abscessus type 2, 21 isolates as M. fortuitum type 1 and 10 isolates
as M. abscessus type 1. The partial sequencing of the 7poB gene confirmed the identification
of M. abscessus type 2 as M. abscessus subsp. bolletii, M. abscessus type 1 as M. abscessus
subsp. abscessus and M. fortuitum type 1 and M. fortuitum subsp. fortuitum. PFGE typing
technique showed the same clonal profile for all isolates of M. abscessus subsp. bolletii which
belongs to clone BRA100, already described worldwide. Isolates of M. abscessus subsp.
abscessus and M. fortuitum subsp. fortuitum showed distinct PFGE profiles. The antibiotic
susceptibility profile was evaluated by broth microdilution according to CLSI (2011), and all
isolates were susceptible to amikacin and resistant to doxycycline and trimethoprim-
sulfamethoxazole. All isolates of M. abscessus subsp. bolletii were resistant to ciprofloxacin,
moxifloxacin and tobramycin and presented variable susceptibility pattern to cefoxitin
(Susceptible - 28%, Intermediate - 72%) and clarithromycin (Susceptible - 86%, Resistant -

14%). It is important to mention that this is the first report of clarithromycin resistance for



clone BRA100. Strains of M. abscessus subsp. abscessus and M. fortuitum subsp. fortuitum
were all resistant to clarithromycin, and presented a variable susceptibility profile to cefoxitin
and tobramycin. All isolates of M. fortuitum subsp. fortuitum were susceptible to
ciprofloxacin, in contrast to isolates of M. abscessus subsp. abscessus that showed a
resistance rate of 70%. All RGM ciprofloxacin non-susceptible presented an Ala-83 in GyrA,
contrasting to a Ser-83 in all isolates of M. fortuitum subsp. fortuitum susceptible to
ciprofloxacin, however, with a variable resistance profile to moxifloxacin. No difference was
found in GyrB, regardless of the RGM susceptible profile. In conclusion, our study reports the
persistence of a single clone of M. abscessus subsp. bolletii BRA100 related to outbreak,
highly resistant, even after national implementation of infection control measures to contain
outbreaks by NTM. It was also possible to correlate that mutations in the amino acid Ala-83
of GyrA are directly related to ciprofloxacin and moxifloxacin resistance in M. abscessus
subsp. abscessus and M. abscessus subsp. bolletii.

Keywords: rapidly growing mycobacteria; outbreaks of postsurgical infections; quinolone

resistance.
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1 INTRODUCAO

A alta prevaléncia de tuberculose em nosso meio nao propiciou ainda a oportunidade
de estudos locais detalhados de doengas causadas por outras espécies de micobactérias. A
partir do aumento de casos da co-infeccao TB/AIDS e ocorréncia de surtos, surgiu um maior
interesse em conhecer as espécies de Micobactérias Nao Tuberculosas (MNT) circulantes no
Brasil. As MNT, encontram-se amplamente distribuidas no meio ambiente e nos ultimos 20
anos, infec¢des causadas por estes microrganismos tornaram-se relativamente mais

frequentes, relacionada ou ndo com quadros de imunodepressao.

Devido as similaridades fenotipicas e genotipicas faz-se necessario a aplicagdo e
desenvolvimento de metodologias que melhor caracterizem as MNT, esta ird fornecer
informagdes para aprimorar o diagnostico das diversas infec¢des associadas a estas
micobactérias 0 que permitird estabelecer estratégias a serem utilizadas para o controle e
tratamento das micobacterioses. Assim, deve-se fazer o uso de metodologias que permitam
estudar e caracterizar os isolados, facilitando a compilacdo e avaliagdo dos resultados.

Este estudo utilizou metodologias baseadas em biologia molecular para realizar a
identificacdo e caracterizagdo de espécies de MNT. Assim, esta proposta visou agregar ao
diagnostico bacterioldgico convencional (métodos fenotipicos) a novas técnicas a partir dos
conhecimentos da genética dos microrganismos (métodos genotipicos), bem como teste de

suscetibilidade das MNT.

Os avangos cientificos e tecnoldgicos ainda ndo foram capazes de controlar totalmente
as MNT, fazendo com que estas micobactérias permanecam como um importante problema.
Aliado a relatos epidemiologicos crescentes, € ao aumento de cepas resistentes a multiplos

antibidticos vem crescendo em todo o mundo, diminuindo as possibilidades de tratamento.
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Estratégias de controle como o estabelecimento de normas, utilizagdo de métodos de
diagnosticos mais rapidos e precisos, regimes de tratamento, precisam ser melhorados. Visto
isto, este estudo visa aprofundar o conhecimento sobre as espécies de MNT circulantes no
estado do Rio Grande do Sul, bem como os diferentes perfis de susceptibilidade, mutagdes e

genotipos que ocorrem em isolados clinicos de micobactérias de crescimento rapido (MCR).
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2 REVISAO DA LITERATURA

A familia Mycobacteriaceae, que faz parte da ordem Mycobacteriales, possui um
unico género, o Mycobacterium que é composto por cerca de um nimero crescente de novas
espécies. Atualmente existem 169 espécies e 13 subespécies reconhecidas oficialmente as
quais estdo distribuidas pelos diversos ambientes (1), sendo que grande parte (1/3) destas
espécies estd associada a doengas no homem e animais (2, 3).

Estudos taxonomicos demonstraram similaridades fenotipicas, relacdo de antigenos
citoplasmaticos e homologia do DNA, entre as varias espécies oficialmente descritas
induzindo, por razdes operacionais de diagndstico e do fato de causarem o mesmo espectro de
doengas, o agrupamento em complexos ou grupos. O principal complexo de importancia
clinica ¢ o Complexo M. tuberculosis (CMT) o qual engloba as espécies: M. tuberculosis, M.
bovis, M. bovis — BCG; M. africanum, M. microti, M. caprae € M. pinnipedii (1, 4).

Com base em critérios clinicos as micobactérias sdo divididas em trés grupos. O
primeiro grupo inclui patogenos estritos ao homem e animais e geralmente ndo sao
encontrados no meio ambiente: CMT e M. leprae. O segundo grupo consiste em
micobactérias que se encontram na natureza e que sob certas circunstancias podem se tornar
patogénicas (oportunistas ou potencialmente patogénicas). O terceiro grupo inclui as
micobactérias saprofitas ou nao patogénicas ou ainda excepcionalmente patogénicas (Tabela
1) (5). As micobactérias oportunistas e as saprofitas sdo chamadas de micobactérias nao
tuberculosas (MNT), encontram-se amplamente distribuidas no meio ambiente e nos ultimos
20 anos, infecgdes causadas por estes microrganismos tornaram-se relativamente mais

frequente, relacionada ou ndo com quadros de imunodepressao (6).
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Tabela 1: Classificacio das espécies de Micobactérias de acordo com o potencial

patogénico.

Patogénicas

Potencialmente

patogénicas

Raramente Patogénicas

M. tuberculosis
M. bovis

M. africanum
M. microti

M. leprae

M. abscessus

M. asiaticum

M. avium

M. celatum

M. chelonae

M. fortuitum

M. haemophilum
M. intracellulare
M. kansasii

M. malmoense
M. genavense
M. marinum

M. peregrinum
M. paratuberculosis
M. shimoidei

M. simiae

M. scrofulaceum
M. szulgai

M. ulcerans

M. xenopi

M. agri

M. aichiense
M. alvei

M. aurum

M. austroafricanum
M. branderi

M. brumae

M. chitae

M. chlorophenolicum
M. chubuense
M. confluentis
M. conspicuum
M. cookii

M. diernhoferi
M. duvalii

M. fallax

M. farcinogenes
M. flavescens
M. gadium

M. gastri

M. gilvum

M. gordonae
M. hassiacum
M. hiberniae
M. hodleri

M. interjectum

M. komossense

M. lentiflavum

M. lepraemurium
M. madagascariense
M. mageritense

M. moriokaense

M. mucogenicum
M. neoaurum

M. nonchromogenicum
M. obuense

M. parafortuitum
M. phlei

M. porcinum

M. poriferae

M. pulveris

M. rhodesiae

M. senegalense

M. smegmatis

M. sphagni

M. terrae

M. thermoresistibile
M. tokaiense

M. triplex

M. triviale

M. vaccae

Fonte: Adaptado de Leao et al., 2004 (5).
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Além do CMT, existem as micobactérias de crescimento lento (MCL) sendo o
Complexo M. avium (CMA) o seu principal grupo. As espécies do CMA podem ser
transmitidas de animais para humanos (7). Este complexo agrupa as subespécies M. avium
subsp. avium, subsp. silvaticum, subsp. hominissuis, € subsp. paratuberculosis, bem como as
espécies M. intracellulare, M. arosiense, M. chimaera, M. colombiense, M. marseillense, M.
timonense, M. bouchedurhonense,e M. ituriense (8). O complexo M. terrae agrupa as espécies
M. terrae, M. nonchromogenicum e M. triviale. Recentemente, algumas espécies de
micobactérias de crescimento rapido (MCR) foram reunidas em trés grupos: (i) grupo M.
fortuitum composto pelas espécies M. fortuitum, M. peregriunum, M. mucogenicum, M.
senegalense, M. mageritense, M. septicum, M. houstonense M. bonickei; (i1) grupo M.
chelonae pelas espécies M. chelonae, M. abcessus, M. immunogenum ¢ (iii) grupo M.

smegmatis, pelas espécies M. smegmatis, M. woliskyi, M. goodii (9) (Tabela 2).

Tabela 2: Classificacdo das MCR conforme grupos

Grupo M. fortuitum  Grupo M. chelonae/abscessus Grupo M. smegmatis

M. fortuitum M. chelonae M. smegmatis
M. peregrinum tipo 1 ~ M. abscessus M. wolinskyi
M. peregrinum tipo 2 M. immunogenum M. goodii

M. houstonense M. abscessus subsp. abscessus

M. mucogenicum M. abscessus subsp. bolletii

Fonte: Adaptado de Brown-Elliott & Wallace 2002 (9).



20

2.1 Caracteristicas das MNT

Atualmente existem mais de 150 espécies reconhecidas de MNT, que sdo membros de
ambos os grupos de MCL e MCR. Em parte, o0 aumento no nimero de espécies de MNT esta
relacionado a pacientes com AIDS. Além disso, o advento de métodos de biologia molecular,
em particular o sequenciamento de DNA, permitiu a diferenciacdo de isolados nao
identificaveis por métodos fenotipicos tradicionais (8).

As MNTs compartilham caracteristicas comuns: 1) sdo patogenos facultativos; 2) nao
existe evidéncia de transmissdo pessoa-a-pessoa; 3) algumas espécies de MNT sado
onipresentes e outras t€ém distribuicao mais restrita; 4) tratamento pode ser dificil e varia de
acordo com o organismo envolvido e local da doenga; e 5) patogénese ainda esta indefinida,
dependendo da interacdo entre o microorganismo € o sistema imunolédgico do hospedeiro (10).

As micobactérias tém forma bacilar, sdo aerdbias, t€ém alto conteudo G+C (62 a
70%), e resistem a descoloragdo com alcool-acido, em fun¢do do alto contetdo lipidico de
sua parede celular. Apesar de ndo se corarem integralmente pelo método de Gram, sdo
consideradas gram-positivas. As MCR formam coldnias visiveis a olho nu em até sete dias,
quando incubadas em meio s6lido. As MCL apresentam crescimento apds acima de 7 dias de
incubagdo (2). A temperatura ideal de crescimento ¢ varidvel de acordo com a espécie, e oscila
numa faixa de 25 'C a 45 'C. A maioria das espécies ¢ capaz de crescer em meios simples
contendo aminodcidos, glicerol e sais minerais, mas algumas requerem suplementos, a
exemplo de M. haemophilum que requer hemina (4).

As MNTs podem ser classificadas conforme Runyon (11), o qual separou em grupos

de I a IV de acordo com o tempo de crescimento e a producio de pigmento (Tabela 3).
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Tabela 3: Classificacdo das MNT de acordo com o tempo de crescimento e producio de

pigmento
Grupo | Pigmentacio e tempo de crescimento Sigla
I Caracterizam-se pelo crescimento lento das colonias e por serem | CLF

fotocromdgenas (colonias que desenvolvem pigmento amarelo somente

quando expostas a luz). Ex: M. kansasii, M. marinum.

II Caracterizam-se pelo crescimento lento das colonias e por serem | CLE
escotocromogenas (colonias que desenvolvem pigmento tanto na luz como

no escuro). Ex: M. gordonae, M. szulgai.

1 Caracterizam-se pelo crescimento lento das colonias e por serem | CLA

acromoégenas (coldnias ndo produzem pigmento). Ex: M. avium, M. terrae.

v Caracterizam-se pelo crescimento rapido das colonias sendo que as colonias | CRF
podem ser pigmentadas ou ndo. Ex: M. fortuitum, M. chelonae, M. | CRE
abscessus. CRA

Fonte: Adaptado de Runyon 1959 (11).

As espécies de MNT tém sido isoladas de diversas fontes ambientais (aguas, solos,
poeiras e materiais vegetais) ou de animais. Algumas espécies sdo encontradas na propria
microbiota epidérmica e do trato respiratdrio e gastrico-intestinal dos seres humanos (12).

A ubiquidade dessas espécies no ambiente, particularmente em agua e ambientes
umidos, contribui para o fato de que as espécies M. chelonae e M. abscessus, € 0s
membros do grupo M. fortuitum sejam as espécies mais prevalentes em infecgdes
oportunistas em seres humanos causadas por MCR e relacionadas a infusao de solugdes
aquosas, ou exposi¢ao de sitios estéreis a 4gua contaminada com micobactérias (13-16).

MNT tém extraordinaria sobrevivéncia, que persiste apesar de baixos niveis de
nutrientes na dgua potavel encanada. Além disso, tolera temperaturas extremas (17) resultado
da contaminacdo por MNT em agua quente da torneira, spas, ¢ maquinas de gelo, por

exemplo. As espécies de CMA, M. xenopi, M. phlei, e M. chelonae sao as mais termo
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resistentes. M. mucogenicum, M. kansasii, M. gordonae ¢ M. flavescens estdo entre as
espécies de MNT mais isoladas de agua potavel publica (18). As MNT também sdo
encontradas nos alimentos sendo fonte de exposi¢ao para o ser humano, estudos mostram que
20% dos alimentos continham MNT nas amostras estudadas e em alguns isolados de M.
avium mostrou homologia genética entre os isolados clinicos (19).

Além disso, MNT sao capazes de formar biofilmes (M. fortuitum, M. chelonae e M.
avium), o que permite que estas micobactérias possam persistir em um sistema de fluxo (por
exemplo, sistema de distribuicdo de agua) apesar de seu crescimento lento (2). Dentre as
espécies do grupo M. chelonae-abscessus, M. massiliense, foi recuperada a partir de um
trocater utilizado numa colecistectomia realizada em um hospital no Rio de Janeiro durante o
periodo de epidemia (20). As demais espécies de MNT apresentam caracteristica mais
ubiquitaria sendo encontradas em agua potavel, biofilmes em tubulacdes de sistemas de
distribuicao de agua potavel, piscinas, esgoto, solo, e superficie de artigos hospitalares
(21). Carson e colaboradores demonstraram que M. chelonae ATCC 14472, quando
incubada em 4gua destilada estéril a 25'C, é capaz de multiplicar-se e manter viabilidade por
um minimo de 30 dias (22). Além da capacidade de multiplicagcdo e sobrevivéncia em
condicdes de escassez de nutrientes, M. abscessus, M. chelonae e M. immunogenum podem
ser resistentes ao cloreto de benzalconio, compostos organo-mercuriais, cloro, glutaraldeido

e clorexidina (23-25).

2.2 Transmissiao de MNT

MNT sdo patdogenos humanos oportunistas ambientais, cujos reservatorios incluem

solo rico em matéria organica e agua potavel em prédios e domicilios. De fato, os seres

humanos sao provavelmente cercados por MNT, em particular em sistemas de distribuicao de
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agua potéavel e de adgua para uso doméstico, aderem-se a superficies de encanamentos bem
como a capacidade desinfetante-resistente, capaz de crescer em baixas concentragdes de
matéria organica (3, 8).

As possiveis vias de infeccdo por MNT a partir dos seus reservatorios incluem 1) a
ingestdo de solo ou agua por criangas, conduzindo a linfadenite cervical; 2) a inalacdo de
aerossois com MNT por adultos levando a infecgdao pulmonar; 3) inalagdo de poeiras de solos
que levam a doenga pulmonar; 4) ingestdo de MNT pelo estdmago, e sua entrada no pulmao
através da aspiragdao devido ao refluxo levando a infec¢ao pulmonar; e 5) a ingestdo oral de
MNT pela 4agua por pacientes com imunodeficiéncia profunda e reducao da barreira do trato
gastrointestinal (8).

Infecgdes hospitalares e surtos causados por desinfecc¢ao/esterilizagao inadequadas
de dispositivos médicos ou contaminagdo ambiental de medicamentos também ja foram
descritas (20, 26-29). Essas infec¢des t€ém ocorrido principalmente em hospitais, onde os
pacientes com imunidade reduzida estdo mais expostos. No entanto, parece que a infec¢do por
MNT pode quase que exclusivamente estar associada a micobactérias ambientais que se
adaptaram a seres humanos (30).

As MNT também sdo responsaveis por doengas que acometem pacientes que ficam
expostos ou em contato prolongado com ambientes aquaticos, causando ferimentos ou micro-
traumas na pele. Casos de granulomas na pele foram descritos em pacientes infectados pelo

M. marinum através da manipulagdo de peixes em dguas contaminadas (31).

2.3 Doenc¢a causada por MNT

Quando responsdveis por processos patologicos em humanos, as MNT podem

acometer qualquer tecido dos sistemas ou disseminar-se por todo o organismo, principalmente
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em pacientes imunocomprometidos. A doenca que ocasionam ¢ denominada de
micobacteriose, independentemente da espécie de MNT responsavel pela patologia.

Infecgdes pulmonares causadas por MNT estdo frequentemente envolvidas com
fibrose pulmonar cronica de varias etiologias, doencas respiratorias obstrutivas cronicas e
bronquiestasias. As micobacterioses mais comuns sdo infecgdes extrapulmonares com
adenopatia cervical (linfadenopatia) benigna em criangas, lesdes na pele e doengas
disseminadas em pessoas imunocomprometidas. As micobacterioses podem causar também
infeccdo Ossea, artrite, bursite (32).

Por ndo serem transmissiveis pessoa-pessoa, nao existe obrigatoriedade de notificagdo,
o que torna o indicador de incidéncia no Brasil desconhecido (12). Diante da necessidade de
consolidagdo nacional do perfil epidemiologico e sanitario dos surtos ocorridos e do
desencadeamento de respostas rapidas e proporcionais ao perfil de cada evento, fez-se
necessario o estabelecimento de um fluxo padronizado de notificacdo, para todas as
instituicdes, se tornando compulsdria a notificagdo, por profissionais e instituicdes de satde
publica ou privada, de todo e qualquer caso de infeccdo por micobactéria a partir de sitio
cirargico (33).

O reconhecimento das MNT como patégenos do pulmdo em hospedeiros
imunocompetentes ¢ muitas vezes subestimado pois apresenta causa insidiosa, misteriosa e
sintomas inespecificos (10). No entanto, um numero crescente de relatos de casos
documentando o espectro de doencas causadas por estas bactérias em individuos saudaveis
aumentou nas ultimas duas décadas. A expressdo mais comum de infeccdo por MNT em
criancas imunocompetentes ¢ a linfadenite, visto que a doenga pulmonar tem sido uma
ocorréncia relativamente rara. No entanto, casos de infec¢do endobronquica por MNT em
criangas imunocompetentes também foram relatados (34). A maioria das pessoas

imunocompetentes pode resistir a infecgdes por estes organismos, sem haver invasdo dos
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tecidos. No entanto, a doenca disseminada devido as MNT esta entre as infec¢des mais
comuns € graves em pessoas com infeccdo avancada pelo HIV. Embora tenha sido relatado
um numero de diferentes espécies de MNT, a grande maioria (90%) destas infec¢des sdo

causadas por CMA, com mais do que 90% destas infec¢des devidas a M. avium (35).

2.4 Diagnostico da Doenca

O continuo crescimento no numero e¢ na prevaléncia de espécies de MNT, e os
recentes avancos nos métodos de diagnostico e tratamento para a doenga causada por esses
agentes levaram ao padrao atualizado de diagnoéstico e terapéutica que trata exclusivamente
com as MNT.

O diagnéstico de infecgdes por micobactérias ¢ baseado em testes fenotipicos (tempo
de crescimento, produgdo ou nao de pigmentos e provas bioquimicas) e testes moleculares
(PCR, restricdo enzimadtica e sequenciamento) (36). Em algumas situacdes, a identificacdo a
nivel de espécie destes microrganismos torna-se dificil devido a similaridade encontrada entre
elas.

Ao longo dos ultimos anos, a prevaléncia de doengas humanas causadas por MNT tem
aumentado. Se o aumento dos casos ¢ real ou se mais casos estdo sendo reconhecidos
permanece obscuro. Apesar de um aumento consideravel no conhecimento sobre infecgdes
por MNT, elas ainda representam um desafio no diagndstico e terapéutica, por varias razdes:
1) como sdo bactérias oportunistas, seu isolamento a partir de sitios humanos nao-estéreis nao
configura processo infeccioso; 2) a identificacdo imediata e fidvel de determinadas espécies
depende de uma comunicagdo adequada entre clinicos e profissionais do laboratério; 3) falta
de testes padronizados de susceptibilidade; e 4) a falta de diretrizes de tratamento expde os

pacientes a drogas toxicas e a resultados decepcionantes. Laboratérios de pesquisa e estudos
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multicéntricos controlados sdo necessarios para melhorar o diagndstico e tratamento dessas
infecgdes (37).

A American Thoracic Society (ATS) estabeleceu critérios para determinar o
significado clinico das MNT, ja que varias espécies fazem parte da microbiota normal
transitoria do trato respiratorio humano. A ATS recomenda que o diagnostico dessas doencas
seja feito com base em uma série de critérios bacterioldgicos, clinicos e radiologicos. Por essa
razao, a correlagdo clinico-laboratorial ¢ de fundamental importancia para o estabelecimento
do diagnostico de doenga por MNT e para determinacao da estratégia terapéutica (7, 38).
Vérios fatores aumentam a probabilidade de significancia clinica de isolados de MNT,
incluindo a recuperagdo de espécies multiplas, a recuperacdo do organismo em grandes
quantidades, ou a recuperacao de isolados de MNT de um local normalmente estéril, como o
sangue, bidpsia.

Critérios clinicos e microbiologicos estabelecidos para doenca pulmonar incluem:
sintomas pulmonares, nédulos ou opacidades cavitarias na radiografia de térax, que mostra
bronquiectasia multifocal com multiplos pequenos nodulos; resultados de cultura positivos de
pelo menos duas amostras de escarro obtidos em momentos diferentes do mesmo paciente ;
cultura positiva de pelo menos uma amostra de lavado bronquico alveolar (LBA) (7). Um
caso clinico de doenga pulmonar ndo pode ser associado a infec¢do por MNT se uma tUnica

cultura for positiva e a pesquisa de BAAR for negativa ou com baixo niimero de bacilos (39).

2.5 Identificacdo de MNT

Identificacdo de micobactérias em nivel de espécie ¢ tradicionalmente realizada por

avaliacdo das caracteristicas morfologicas e bioquimicas do organismo. Isto ¢, no entanto, um

demorado e penoso processo quando se trata do género Mycobacterium sendo que a
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identificacdo precisa muitas vezes nao ¢ possivel devido ao aumento do nimero de espécies
com sobreposicao de caracteristicas fenotipicas (40).

Devido as diferencas de sensibilidade aos antimicrobianos que determinam as opgdes
de tratamento, identificagdo em nivel de espécies de MNT estd se tornando cada vez mais
importante (7). Portanto, a identificagdo da maioria dos isolados de micobactérias em nivel de
espécie e nao apenas como grupos ¢ fortemente recomendada (41).

Os métodos para identificagdo de micobactérias sdo compostos inicialmente de testes
para separagdo do CMT das MNT. A identificagdo pode ser realizada através de testes
fenotipicos (baseados em caracteristicas culturais e bioquimicas) e testes genotipicos

(metodologias moleculares de identificagdo) ( Figura 1) (36).

[ Cultura BAAR + ]

Diferenciagdo do CMT das MNT:
Analise macroscopica e microscopica
da cultura; niacina; crescimento em
meio com PNB (acido p-nitrobenzoico).

Colonias acromogenas, Coldnias acromdgenas ou
rugosas, formacao de corda pigmentadas, lisas ou rugosas,
positiva, PNB negativo, formacao de corda negativa,
niacina positiva. PNB positivo, niacina

T negativa.

[ Complexo M. tuberculosis ] I
[ MNT ]
|
Testes fenotipicos de
identificagdo, PRA-Aps65 ou
ambos.

Figura 1: Fluxo para identificacio de micobactérias segundo Manual Nacional de

Vigilancia Laboratorial da Tuberculose e outras Micobactérias (2008) (12).



28

2.6 Métodos Moleculares para MNT

Os métodos moleculares tornaram-se ferramentas valiosas nas investigagdes
epidemiologicas de surtos, pseudo-surtos e epidemias envolvendo MNT. Se um laboratdrio
que realiza os métodos moleculares de isolados MNT nado pode facilmente identifica-lo, o
clinico ou investigador deve contatar o departamento do estado da Satide ou o Centro de
Referéncia para aconselhamento sobre os laboratérios que podem ajudar com esta analise.

O desenvolvimento de testes moleculares acelerou o diagnodstico, mas a maioria dos
métodos ainda sdo caros e tecnicamente exigentes (42), as técnicas disponiveis utilizadas sao
sondas genéticas (43), cromatografia liquida de alta eficiéncia (CLAE) (44), testes baseados
na reacdo em cadeia da polimerase (PCR) (45), PCR em tempo real, Restriction Fragment
Length Polymorphism (RFLP), sequenciamento de DNA (46, 47).

Durante a ultima década, buscando rapidez e praticidade foram desenvolvidos
sistemas comerciais baseados em sondas genéticas. Os principais sistemas que estdo
disponiveis sdo o AccuProbe® (Gen-Probe Inc., USA) ¢ o INNO-LiPA Mycobacterium®
(Innogenetics NV, Bélgica) os quais sdo alternativas importantes para o laboratorio de
diagndstico, mas caracterizam um numero limitado de espécies (42, 43, 48, 49). Atualmente
existe o sistema de sonda GenoType® Mycobacterium CM (Hain LifeScience®™), que
permitem a identificagdo de véarias espécies de micobactérias: M. avium, M. chelonae, M.
abscessus, M. fortuitum, M. gordonae, M. intracellulare, M. scrafulaceum, M. interjectum, M.
kansasii, M. malmoense, M. peregrinum, M. marinum/M. ulcerans, M. xenopi e CMT (50,

51).
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2.6.1 Identificagdo pelo método PCR- Restriction Enzyme Analysis (PRA)

O método atual de PRA amplamente adotado para a identificagdo de MNT baseia-se
na amplificacdo por PCR de uma sequéncia de 441 pb do gene que codifica a proteina 65 kD
de choque térmico (hsp65) seguido pela digestdo com enzima de restricdo (52). O tamanho
dos fragmentos de restricdo ¢ geralmente espécie-especifico (53). Este método tem sido
utilizado para o diagnodstico (52, 54), avaliagdes taxondmicas (55), e caracterizacdo dos
isolados com novas caracteristicas (56).

Em um estudo, 100% das 129 MCR ndo pigmentadas foram identificados usando
PRA. No entanto, alguns tdxons podem exigir endonucleases adicionais para identificacdo de
espécies (57). Originalmente, a identificagdo de um algoritmo de PRA para 24 espécies
diferentes de Mycobacterium foi desenvolvido (52), o qual foi, posteriormente, ampliado para
54 espécies diferentes (58). O método de PRA ¢ relativamente rapido, ndo requer organismos
vidveis, e identifica muitas espécies de MNT que ndo sdo identificaveis por técnicas
fenotipicas, no entanto, este sistema ndo esta disponivel comercialmente (7).

Devido ao crescente numero de alelos /sp65 sendo descritos na literatura, a
interpretacdo visual ¢ cada vez mais complexa e o uso de software para reconhecimento dos
padrdes para identificagdo de um nimero limitado de espécies de MNT ja havia sido sugerido
em 1992 (59). Por isso, construiu-se um banco de dados com os padrdes obtidos com Bs¢EIl e
Haelll para isolados de referéncia e clinicos com o software GelCompar (Applied Maths,

Sint-Martens-Latem, Bélgica).
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2.6.2 Sequénciamento do DNA

Técnica mais especifica, considerada o padrdo-ouro dentre os métodos de biologia
molecular para identificagdo das espécies de micobactérias. Esta metodologia ¢ baseada no
sequenciamento de fragmentos de alguns genes conservados que sdo importantes para a
diferenciagdo das espécies — hsp65, rpoB e 16S rRNA (41, 45, 46).

Dentre os genes descritos acima, o sequenciamento do gene Asp65 e rpoB sao os mais
utilizados e permitem a identificacdo a nivel de espécie e subespécie. Este método pode ser
utilizado para confirmar e refinar o resultado obtido pelo PRA-Asp65 (60).

Atualmente o gene rpoB, gene de copia simples que codifica a subunidade f da RNA
polimerase, tem sido considerado o mais adequado para classificar taxonomicamente as
micobactérias (61) e reconhecer micobactérias com potencial para doengas invasivas (62).

O 16S rRNA ¢ um gene com as regides altamente conservadas comum a todos os
organismos ¢ também com 4reas onde ocorrem variacdes nucleotidicas. Para fins de
identificacdo de micobactérias, a andlise das sequéncias concentra-se em duas sequéncias
hipervaridveis conhecidas como regides A e B (36). O principal problema com este método ¢
que, espécies recentemente descritas contem alta similaridade nas sequéncias do gene 16S
rRNA. Por exemplo, a diferenca entre M. szulgai e M. malmoense ¢é de dois nucleotideos,

embora seja bem estabelecido que estas sdo duas espécies distintas (63).

2.7 Epidemiologia Molecular

Um aspecto importante do uso da epidemiologia molecular no estudo de doengas

infecciosas ¢ estabelecer padrdes epidemioldgicos mais precisos. Assim, com os dados

obtidos a partir destes estudos, podemos responder perguntas relacionadas a clonalidade de
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cepas, estabelecer relacdes filogenéticas, identificar a origem e rastrear microrganismos

envolvidos em um surto.

2.7.1 Pulsed Field Gel Electrophoresis (PFGE)

O PFGE ¢, provavelmente, a técnica mais utilizada como método de tipagem
molecular de MNT. Esta técnica se baseia na incorporacdo dos isolados em gel de agarose,
lise da célula bacteriana, e digestdio do DNA cromossdmico com enzimas de restri¢do
especificas e posterior corrida em gel de agarose utilizando equipamento com capacidade de
separar fragmentos de DNA com alto peso molecular (64, 65).

Este ¢ um procedimento demorado, porque requer que os organismos devam ser
cultivados em meio de cultura liquido até gerar biomassa suficiente para produzir DNA em
quantidades necessdrias. Além disso, mais da metade do DNA de cepas de M. abscessus
espontaneamente degradam ou sdo digeridas durante o procedimento da eletroforese, embora
isso possa ser corrigido com a adicdo de tiouréia para estabilizar o tampao de corrida (64, 65).

Isolados clinicos de MNT da mesma espécie mas ndo relacionados geneticamente
(clones ou tipos diferentes) apresentam perfis de PFGE altamente heterogéneos enquanto que

uma mesma cepa de MNT apresenta perfis idénticos ou indistinguiveis (66, 67).

2.7.2 Outros métodos de tipagem

Outros métodos t€m sido utilizados para a comparagdo de cepas, incluindo Random
Amplified Polymorphic DNA (RAPD), Mycobacterial Interspersed Repetitive Unit - Variable

Number of Tandem Repeat (MIRU-VNTR) (68), Multilocus Sequence Typing (MLST) (69).
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2.8 Teste de suscetibilidade por Concentracio Inibitéria Minima (CIM)

Testes de suscetibilidade sdo indicados para qualquer MCR que ¢ considerada
clinicamente significativa (por exemplo, os isolados de sangue, tecido, pele e lesdes de
tecidos moles), bem como para CMA, M. kansasii € M. marinum. Estas micobactérias foram
selecionadas porque existem dados suficientes para fundamentar suas recomendacoes (7, 70).

A declaragdo sobre o diagnostico e tratamento de doencas causadas por MNT emitido
pela ATS, sugere que as seguintes drogas devam ser testadas contra MCR clinicamente
significativos: amicacina, cefoxitina, ciprofloxacino, claritromicina, doxiciclina (ou
minociclina), imipenem, linezolida, moxifloxacino, sulfametoxazol-trimetoprim e tobramicina
(7, 70), e o Clinical and Laboratory Standards Institute (CLSI) recomenda como norma que o
método de microdilui¢ao em caldo seja utilizado para o teste de susceptibilidade de grupo M.
fortuitum, M. chelonae e M. abscessus (70). Os resultados dos testes sdo obtidos em trés a
cinco dias e os valores de CIM e a interpretacdo dos resultados sdo baseados em tabelas
fornecidas pelo CLSIL.

Devido a incidéncia de infeccdo de MNT ndo ser tdo alta, no Brasil apenas poucos
centros de referéncia sdo capazes de oferecer o teste de susceptibilidade de cepas clinicamente

significativas como um servigo.

2.9 Resisténcia aos farmacos

Embora a micobacteriose seja uma doenga curavel, o tratamento necessario para curar

a doenca ¢ bastante longo e ainda apresenta significante risco de toxicidade e efeitos adversos.

Esses fatores fazem com que a adesdo do paciente ao tratamento seja dificil, e essa nao-
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adesdo, frequentemente, seleciona bactérias resistentes as drogas. Assim como, a prescri¢ao
erronea por parte do médico e o uso em monoterapia, também podem selecionar cepas
resistentes (7).

As MNT sao naturalmente resistentes a muitos antibioticos devido, principalmente, ao
envelope altamente hidrofobico, que atua como uma barreira para muitos compostos (71).
Varios determinantes de resisténcia sao também codificados pelo genoma. Isso inclui enzimas
hidroliticas ou modificadoras de drogas como as B-lactamases e acetil-aminoglicosideo-
transferases e bombas de efluxo de drogas (72).

Para bactérias em geral, a resisténcia adquirida pode ser devido a mutagdes (mutacdes
pontuais, delecdes, insergoes, etc...) ou por transferéncia genética horizontal. Em MNT ainda
nao foi descrito nenhum elemento genético mével, como plamideos e transposons, que sao
conhecidos por mediar a resisténcia aos antibidticos em varias espécies bacterianas (73). Por
1sso, o desenvolvimento da resisténcia neste grupo de microrganismo depende basicamente de
alteracdes genéticas no genoma da bactéria (74). A resisténcia das MNT as drogas ¢
consequéncia de mutacdes espontaneas nos genes que codificam o alvo do antimicrobiano ou
enzimas envolvidas na sua ativagdo. As mutagdes associadas a resisténcia ja foram descritas
para varios compostos e a resisténcia a multiplos antimicrobianos ocorre devido a aquisi¢ao
sequencial de mutacdes em diferentes genes, também usualmente selecionadas por um

tratamento inadequado (74-76).

2.9.1 Mecanismos de resisténcia as quinolonas

As quinolonas s3o potentes drogas recomendadas para o tratamento de MNT, o alvo
principal das quinolonas ¢ a DNA girase, uma topoisomerase do tipo II composta por duas

subunidades A codificada pelo gene gyrA e duas subunidades B codificada pelo gene gyrB
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(77). Na célula, as topoisomerases regulam o superenrolamento das fitas de DNA para atender
as necessidades da transcri¢ao e replicagdo, as quinolonas atuam inibindo o superenrolamento
do DNA impedindo sua replicagao (78, 79).

Regides conservadas nas subunidades A e B da DNA girase que estdo envolvidas na
resisténcia a quinolonas, sdo referidas como quinolone-resistance-determining regions
(QRDR) (80). Mutagoes nas QRDR desses genes ¢ o mecanismo primdrio de
desenvolvimento da resisténcia as quinolonas (81). As sequéncias de peptideos de GyrA
QRDR se estende a partir de residuos de aminoacidos 67-106, ¢ GyrB QRDR estende-se a
partir de residuos de aminoacidos 436-464 (numeragdo usada no sistema para E. coli).

As mutacdes em QRDR gyrA tem sido identificadas em uma alta propor¢do de cepas
resistentes a ciprofloxacino e moxifloxacino, principalmente atribuidas as posi¢cdes no cédon
83 e 87 (75), j4 mutagdes em gyrB sdo encontradas em menor proporcao, atribuidas as

posigdes no coddon 426, 447 e 464 (73, 81-83).
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4 OBJETIVOS

4.1 Objetivo Principal

Avaliar o perfil molecular e de suscetibilidade de amostras de micobactérias de

crescimento rapido do Rio Grande do Sul.

4.2 Objetivos Secundarios

- Identificar espécies de micobactérias de crescimento rapido (MCR);
- Verificar a clonalidade das MCR;

- Determinar a suscetibilidade antimicrobiana dos isolados de MCR;

- Caracterizar o mecanismo de resisténcia a quinolonas das MCR.
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5 ARTIGOS CIENTIFICOS

5.1 MANUSCRITO I - Outbreaks due to Mycobacterium abscessus subsp. bolletii in

Southern Brazil: Persistence of a single clone from 2007 to 2011
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Summary

Outbreaks associated to rapidly growing mycobacteria (RGM) have been increasingly
reported worldwide, including in Brazil. Among the RGM, the M. abscessus complex is
the most pathogenic and related to multidrug resistance. The aim of this study was to
evaluate the antimicrobial susceptibility and molecular profile of RGM isolates
involved in new postsurgical infections outbreaks Brazil, since 2007. From the 109
reported cases described in the state of Rio Grande do Sul, between 2007 to 2011, 43
(39%) confirmed mycobacterial growth in the culture. The clinical isolates were from
biopsy or aspiration of abscesses fluids. The restriction pattern from PRA-Asp65
identified the isolates as M. abscessus type 2 and rpoB partial sequencing, confirmed
the identification as M. abscessus subsp. bolletii. Theses subspecies belonged to a single
clone already described worldwide as BRA100, according to PFGE analysis. All
isolates were susceptible to amikacin and resistant to ciprofloxacin, doxycycline,
sulfamethoxazole, moxifloxacin and tobramycin. A variable susceptibility pattern was
observed for cefoxitin and clarithromycin, demonstrating different susceptibility
profiles compared to the previously described BRA100 clone from other Brazilian
regions. Nevertheless, theses isolates belonged to the single clone BRA100, according
to PFGE analysis. In conclusion, our study reports the persistence of an emergent single
and highly resistant clone of M. abscessus subsp. bolletii over years even after national

implementation of infection control measures.

Keywords: nontuberculous mycobacteria infections; postsurgical infections outbreaks;

multidrug resistance.
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Introduction

Nontuberculous mycobacteria (NTM) are ubiquitous, they are able to grow on
low concentrations of organic matter, such as drinking water distribution systems and
building plumbing, facilitating its dissemination in different environments (Falkinham,
2013; van Ingen et al., 2009). NTM are usually associated to skin and soft tissue
infections, and harbor biological properties such as biofilm formation and resistance to
disinfectants and antibiotics (Falkinham, 2013). The infections are commonly
associated to invasive procedures involving catheters, non-sterile surgical, implantations
and to the use of contaminated materials (Chu & Hu, 2013; Ivan et al., 2013; Shang et
al., 2011; Tortoli, 2009).

Several outbreaks due to NTM have been reported worldwide in different
situations including trigger point injection, injection-associated, paediatrician cardiac
surgery, cosmetic surgery, acupuncture, implanted with prosthetic material, infections in
ophthalmology and others (Cheng et al., 2013; Kim et al., 2008; Piersimoni & Scarparo,
2009; Song et al., 2012; Viana-Niero et al., 2008). The most common species to cause
localized infections of the skin and subcutaneous tissues include M. marinum and M.
haemophilum and the rapidly growing mycobacteria (RGM) (M. abscessus, M.
massiliense, M. chelonae, M. fortuitum) (Kasperbauer & Huitt, 2013). RGM group are
frequently involved in infections after traumatic injuries or surgery and are of particular
concern due to the tendency to disseminate in immunocompromised patients
(Falkinham, 2013; Kothavade et al., 2013; Redelman-Sidi & Sepkowitz, 2010).

Recently M. abscessus complex has been divided into two closely related
subspecies: M. abscessus subsp. bolletii (which includes M. massiliense and M. bolletii)

and M. abscessus subsp. abscessus (which includes M. abscessus) (Euzéby, 2014;
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Sampaio, 2010). And it has been observed that M. chelonae-abscessus group has
emerged as an important cause of community- and hospital-acquired infections in
humans (Koh et al., 2011). Several cases of infection due to this RGM have been
reported in many countries, including Brazil (Cardoso et al., 2008; Cheng ef al., 2013;
Duarte et al., 2009; Leao et al., 2010; Monego et al., 2011; Viana-Niero et al., 2008).

The first outbreak reported in Brazil of M. abscessus subsp. bolletii occurred in
2004 involving 68 patients submitted to laparoscopic surgeries (Viana-Niero et al.,
2008). Thereafter, a series of nosocomial outbreaks have been notified in several
Brazilian states, all of them associated to invasive procedures (ANVISA, 2011).
Representative isolates proved to be genetically related and were identified as a single
clone named BRA100 (Duarte et al., 2009). The BRA100 strain is known to be resistant
to high glutaraldehyde (GTA) concentrations (up to 7%), which proves that this product
is non-effective against specific strains of RGM (Duarte et al., 2009; Leao et al., 2010;
Lorena et al., 2010).

The epidemiological situation in Brazil has made the Governmental Surveillance
System to adopt containment actions and control. These include: analysis processes of
sanitizing products in relation to the RGM susceptibility, deployment of rapid response
system to report outbreaks, structuring appropriate laboratory diagnosis of RGM
infections and emphasis on the application of normative Surveillance System in Brazil
(ANVISA, 2011).

Although RGM has already been described in several Brazilian regions, scarce
data are available from the state of Rio Grande do Sul (RS) (Leao et al., 2010). Thus,
the aim of this study was to evaluate the susceptibility and molecular profile of RGM
isolates involved in postsurgical infections outbreaks in RS after the largest Brazilian

epidemic (2006 - 2007) and Public Health measures.
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Methods

Isolates and microbiological procedures

From 2007 to 2010, four outbreaks occurred in different cities, and one single
case was reported in 2011, in the southermost region of Brazil, due to infections related
to invasive procedure. During this period, a total of 109 clinical specimens (biopsy or
aspiration of abscesses fluids) from patients with signs of postsurgical, infections was
sent to investigation to the Instituto de Pesquisas Bioldgicas - Laboratorio Central de
Satde Publica (IPB-LACEN/RS). The clinical specimens were processed for
baciloscopy (Ziehl-Neelsen stain) for acid-fast bacilli (AFB) and cultivated on Ogawa-
Kudoh (OK) solid medium for up to four weeks at 35 - 37°C. Of the total, only 43

specimens presented growth of mycobacterial in the culture, and were further evaluated.

Species identification by PRA-hsp65 analysis

DNA was extracted from colonies on OK and suspended in 250 pl of 1x Tris-
EDTA (TE), boiled for 20 min, submitted to ultrasonic water bath for 15 min, and
frozen at -20 °C. All 43 isolates were initially analyzed using the PCR-restriction
enzyme analysis of the 4sp65 gene (PRA-hsp65) described by Telenti et al. (1993) with
modifications. The primers Tb11 (5’-ACCAACGATGGTGTGTCCAT) and Tb12 (5°-
CTTGTCGAACCGCATACCCT) were used to generate a 441-bp fragment of the
hsp65 gene. The PCR mixture consisted of 20 ng of DNA of mycobacteria, 25 pmol of
primers Tb11 and Tb12, 10X buffer (20 mM Tris-HCI pH 8, 50 mM KCI), 1.5 mM

MgCl,, 0.2 mM each deoxynucleoside triphosphate (ANTP), 10% glycerol, and 1.5 U
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Go Taq® Hot Star Polymerase (Promega Corporation, Madison, WI) in 50 pl of
reaction. A volume of 5 ul of PCRx Enhancer System (Invitrogen'™) was used to
optimize the amplification reaction. Amplification was achieved with a MaxyGene
Gradient Thermal Cycler, model Therm 1000 under the following conditions: 45 cycles
of 94 °C for 1 min, 60 °C for 1 min, and 72 °C for 1 min, with a final extension step at
72 °C for 7 min. Amplicons were digested with BstEIl and Haelll (Promega
Corporation, Madison, WI) in different reactions; restriction fragments were analyzed
after 3% agarose gel (Invitrogen'™) electrophoresis and staining with GelRed™. The
patterns  observed  were compared to the reported on  PRASITE

(http://app.chuv.ch/prasite).

Species identification by DNA sequencing of the rpoB gene

Identification of species was also performed according to the partial sequencing
of the rpoB genes, as previously described (Adekambi et al., 2003). The PCR products
were purified using the polyethylene glycol method (Jolley et al., 2004), and sequenced
using Big Dye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster
City, CA, USA). The sequences obtained were analyzed by the ChromasTM, version
2.3. The sequences alignment were performed in the program DNASTAR - Lasergene 7
and the homology analysis was performed by comparison of the consensus sequence
obtained from each isolate with those deposited in the GenBank using the BLAST
algorithm (Basic Local Alignment Search Tool, http://www.ncbi.nlm.nih.gov/BLAST).

Antimicrobial susceptibility test

The susceptibility test to amikacin, cefoxitin, clarithromycin, ciprofloxacin,

doxycycline, moxifloxacin, trimethoprim-sulfamethoxazole and tobramycin, was
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performed by broth microdilution as recommended by the Clinical Laboratory
Standards Institutes (CLSI, 2011). Staphylococcus aureus ATCC 29213 was used as a

quality control strain.

Pulsed-field gel electrophoresis analysis

Isolates were typed by PFGE, as described by Ledo et al. (2010). Briefly, DNA
was isolated from the plug molds, digested with Dral (Promega) and loaded into 1%
pulsed-field certified agarose (Bio-Rad). Electrophoresis, using thiourea in the running
buffer, was carried out in a CHEF-DR III system (Bio-Rad) at 14 °C for 24 h at 6 V/cm
with a switch time of 1.6 to 21.3 s. Bacteriophage lambda ladder PFG Marker (New
England Biolabs, Ipswich, MA) was used as a molecular size standard. PFGE patterns
were analyzed using the BioNumerics v. 6.5 program (Applied Maths, Sint-Martens-
Laten, Belgium). Dendrograms were constructed using the Dice coefficient and the
unweighted pair-group method with the arithmetic averages clustering method
(UPGMA), based on 2% optimization and position tolerance.

The strain CRM-0019, related to the outbreak occurred in Rio de Janeiro (RJ)
from 2006 to 2007, and other five strains (CRM-0639, -0640, -0642, -0803 and -0836)
from RJ unrelated to outbreaks were used in order to compare the molecular profile of

our isolates.

Results

One hundred nine cases of post surgical infections were reported in Rio Grande

do Sul from 2007 to 2011, as follows: 34 in 2007 from Santo Angelo city; 48 in 2008,
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from Tramandai (44) and Santa Maria (4) cities; 26 cases, in 2010, from Carazinho and
one case in 2011, from Torres city (Fig. 1). Whereas only 13 (12%) clinical specimens
were positive in the AFB staining, 43 (39%) revealed positive cultures in OK. All of
them were identified as M. abscessus type 2 by PRA-hsp65 and were further confirmed
as M. abscessus subsp. bolletii according to rpoB gene sequencing (GenBank accession
number KF360857).

The isolates were 100% susceptible to amikacin but resistant to ciprofloxacin,
doxycycline, moxifloxacin, trimethoprim-sulfamethoxazole and tobramycin.
Furthermore, 31 (72%) isolates were fully susceptible to cefoxitin and six 6 isolates
(14%) presented fully resistance to clarithromycin (Table 1).

All 43 M. abscessus subsp. bolletii generated interpretable patterns (12 or 13
bands) by PFGE, and proved to be clonally related. In order to evaluate the relationship
of this clone with the outbreaks previously described in Brazil (Duarte et al., 2009), we
compared the PFGE pattern of isolate CRM-0019 (from the Rio de Janeiro outbreak in
2006-2007), which belongs to the BRA100 clone, with the pattern of our isolates and
they also proved to be clonally related. Although all isolates were clonally related, they
did not have identical PFGE patterns; the majority of isolates (37) presented 13 bands
(cluster I) but 6 isolates presented 12 bands (cluster II). The dendrogram is shown in
Fig. 2.

In order to evaluate the discriminatory power of the PFGE we evaluated the
patterns of five epidemiologically unrelated M. abscessus subsp. bolletii and they all

proved to be distinguishable.
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Discussion

This study investigated 109 patients with post surgical infections reported in RS
from 2007 to 2011 in five different cities. Only 43 specimens collected presented
growth of mycobacteria in the OK medium, possibly due to the quality of the specimen
collected, storage conditions and the low sensitivity of culture method for diagnosis of
specimens such as biopsy and surgical wound aspirate specially during antimicrobial
treatment. Communication between microbiologists and clinicians is very important to
optimize the culture conditions for NTM (van Ingen, 2013). In fact, the American
Thoracic Society (Griffith et al., 2007) has issued diagnostic criteria in 2007 which
strength the importance of the culture for NTM from sterile body sites to establish true
infection by NTM.

Even with the prevention and containment adopted by the Brazilian Surveillance
System, the establishment of standards, orientation procedures and discontinuation of
chemical sterilization with GTA for invasive surgical equipment (ANVISA, 2011), we
can observe in this study the persistence of outbreaks.

Both methods used for species identification presented identical results for all
isolates. Although PRA-Asp65 can be used as a quick and reliable method to identify
NTM in the clinical laboratory (Chimara et al., 2008), a more complete characterization
was obtained by the sequencing of the rpoB gene, allowing the subspecies
identification.

Interestingly, we reported 14% of resistance to clarithromycin among the
isolates studied, demonstrating a different susceptibility profile compared to BRA100
clone from other Brazilian regions (Duarte et al., 2009; Leao et al., 2009; Monego et

al., 2011). This result presents a particular relevance considering that macrolide-based
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regimen is frequently used for treatment of M. abscessus diseases (Brown-Elliott et al.,
2012; Griffith et al., 2007). Moreover, clarithromycin is usually the option for
combination therapy with amikacin (Griffith et al, 2007). As the resistance to
clarithromycin is usually induced (Brown-Elliott et al., 2012), the increase of use of this
antibiotic may have lead to the emergence of RGM resistant to this antibiotic. The
susceptible profile for other antibiotics was similar to those previously reported for
BRA100 clone (Duarte et al., 2009; Monego et al., 2011).

Our results confirmed the discriminatory power of PFGE, considering that
distinct molecular profiles were observed among the isolates unrelated to the outbreaks.
Although all isolates were clonally related, they did not have identical PFGE patterns,
resulting in two clusters with only one band (~50 kb) of difference among them. This
band was investigated by another study and demonstrated the presence of IncP-1f
circular plasmid, designated pMABOI. The detection of an IncP-1b promiscuous
plasmid in M. abscessus subsp. bolletii confirmed that mycobacteria could receive and
replicate genetic material from distinct phylogenetic groups of bacteria, possibly
through conjugal transfer. This genetic exchange could result in the emergence of
specific strains that might be better adapted to cause human disease (Leao et al., 2013).

Interestingly, the 43 strains (cluster I - 13 bands and cluster II - 12 bands)
presented the same profile of BRA100 clone, as previously reported in Brazilian
outbreaks (Cardoso et al., 2008; Duarte et al., 2009; Leao et al., 2010; Monego et al.,
2011). The spread of a single clone of M. abscessus subsp. bolletii in different regions
of the country seems to be related to a common source of infection, reinforcing the
concept of BRA100 clone remains as an emergent pathogen in Brazilian hospital
environment (Leao et al., 2010). Furthermore, recently studies indicated a molecular

relationship among BRA100 clone and strains from Taiwan, Malaysia and United



58

Kingdom, demonstrating that this clone is worldwide disseminated (Cheng et al., 2013;
Davidson et al., 2013). Some aspects that possibly may explain the persistence of the
BRA100 in the environment is the virulence and the biofilm formation, particularly
associated to M. abscessus (Donlan, 2001; Duarte et al., 2009; Shang et al., 2011;
Simoes et al., 2005). The main factor related specifically to Brazilian outbreaks was the
tolerance to GTA 2%, (Duarte et al., 2009; Lorena et al., 2010), although several
measures have been recommended by Brazilian Surveillance System as mentioned
above.

In conclusion, our study has shown the persistence of a single clone of M.
abscessus subsp. bolletii BRA100 responsible for outbreaks in distinct periods from
2007 to 2011 in RS state. It is important to note that this is the first report of
clarithromycin resistance among isolates belonging to BRA100, which indicates an
important change in the susceptibility profile of this clone. M. abscessus subsp. bolletii
BRA100 have been persisting even with the control measures adopted by the Brazilian
Public Health Surveillance System, indicating that these actions solely are not being
effective to avoid the dissemination or they are not being rigorously implemented by
health institutions. Therefore, our study contributes for the knowledge of the

epidemiologic profile and the magnitude of infections due to BRA100 in our country.
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Table 1: Susceptibility profile of 43 M. abscessus subsp. bolletii

Drug Resistant Intermediate Susceptible
n (%) n (%) n (%)

AMK 0 0 43 (100)
FOX 0 12 (28) 31(72)
CLR 6 (14) 0 37 (86)
CIP 43 (100) 0 0
DOX 43 (100) 0 0
SXT 43 (100) 0 0
MXF 43 (100) 0 0
TOB 43 (100) 0 0

AMK, Amikacin; FOX, Cefoxitin; CLR, Chlaritromycin; CIP, Ciprofloxacin; DOX, Doxycycline; SXT,
Trimethoprim-Sulfamethoxazole; MXF, Moxifloxacin; TOB, Tobramycin.

Minimum inhibitory concentration breakpoints according to CLSI (2011).
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Figure 1: Confirmed cases of M. abscessus subsp. bolletii from postsurgical infections in Rio

Grande do Sul state from 2007 to 2011.
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Dice index (%)

60 80 100 PFGE Dra Isolate/ strain City Year
LACEN/RS-100594 Carazinho 2010
LACEN/RS-100595 Carazinho 2010
LACEN/RS-100698 Carazinho 2010
LACEN/RS-100727 Carazinho 2010
LACEN/RS-100728 Carazinho 2010
LACEN/RS-100757 Carazinho 2010
LACEN/RS-100811 Carazinho 2010
LACEN/RS-100927 Carazinho 2010
LACEN/RS-700408 Santo Angelo 2007

LACEN/RS-700414 Santo Angelo 2007
LACEN/RS-700429 Santo Angelo 2007
LACEN/RS-700435 Santo Angelo 2007
LACEN/RS-700445 Santo Angelo 2007

LACEN/RS-730101 Santo Angelo 2007
LACEN/RS-730105 Santo Angelo 2007
LACEN/RS-730106 Santo Angelo 2007
LACEN/RS-730320 Tramandai 2008
LACEN/RS-730328 Tramandai 2008
LACEN/RS-730330 Tramandai 2008
LACEN/RS-730331 Tramandai 2008
LACEN/RS-730342 Tramandai 2008
LACEN/RS-800103 Tramandai 2008
. LACEN/RS-800104 Tramandai 2008
LACEN/RS-800113 Tramandai 2008
LACEN/RS-800144 Tramandai 2008
LACEN/RS-800181 Tramandai 2008
LACEN/RS-800194 Tramandai 2008
LACEN/RS-800231 Tramandai 2008
LACEN\RS-100759 Carazinho 2010
E LACEN\RS-110636 Torres 2011
§ LACEN\RS-800182 Tramandai 2008
© LACEN\RS-800196 Tramandai 2008
LACEN\RS-800229 Tramandai 2008
- LACEN\RS-800280 Tramandai 2008
- LACEN\RS-800532 Santa Maria 2008
| - LACEN\RS-800537 Santa Maria 2008
|| LACEN/RS-730326 Tramandai 2008
CRM-0019 Rio de Janeiro 2006*
96.0 LACEN/RS-700345 Santo Angelo 2007

LACEN/RS-730102 Santo Angelo 2007

= LACEN/RS-730103 Santo Angelo 2007

E ~ LACEN/RS-730104 Santo Angelo 2007

3 LACEN/RS-730332 Tramandai 2008

57.4 © LACEN/RS-800112 Tramandai 2008
CRM-0836 Rio de Janeiro 2011%
49, 90.9|: CRM-0639 Rio de Janeiro 2009"
CRM-0642 Rio de Janeiro 2009"
60. CRM-0640 Rio de Janeiro 2009"
CRM-0803 Rio de Janeiro 2010*

Figure 2: Dendrogram of Dral PFGE patterns of isolates from 43 patients related to
outbreaks, 5 isolates unrelated to outbreaks (CRM-0639#, -0640#, -0642#, -0803" and -0836#)
and CRM-0019%*. Dendrogram were prepared using the BioNumerics (version 6.5) program
by the Dice unweighted-pair group method with arithmetic means, based on 2% optimization

and position tolerance.
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5.2 MANUSCRITO II - Mutations in gyr4 and gyrB genes confer quinolone resistance in

Mycobacterium fortuitum and Mycobacterium abscessus complex
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Summary

Resistance of Mycobacterium spp to quinolones has predominantly been attributed to
mutations in gyr4 and gyrB genes. The aim of this study was to investigate possible mutations
in gyrd4 and gyrB genes among isolates of rapid growing mycobacterium (RGM) and their
relationship with the susceptibility profile against ciprofloxacin and moxifloxacin. A total of
74 isolates were obtained in the period of 2007 to 2012, in the state of Rio Grande do Sul,
Brazil. The isolates were identified by ropB gene sequencing as follows: 43 isolates were
identified as M. abscessus subsp. bolletii, 21 isolates as M. fortuitum subsp. fortuitum, and ten
isolates as M. abscessus subsp. abscessus. The susceptibility profile against ciprofloxacin and
other antibiotics was assessed by broth microdilution according to CLSI (2011). All isolates
of M. abscessus subsp. bolletii were resistant whereas all isolates of M. fortuitum subsp.
fortuitum were susceptible to ciprofloxacin. Among M. abscessus subsp. abscessus 70% were
resistant and 30% were classified as intermediate to the quinolone. All isolates of the M.
abscessus subsp. bolletii and M. abscessus subsp. abscessus and ten isolates of the M.
fortuitum subsp. fortuitum were resistant to moxifloxacin. All RGM, regardless the species,
resistant (or intermediate) to ciprofloxacin and moxifloxacin presented a Alanine at position
83 (Ala-83) when GyrA peptide sequence was analyzed, in contrast to a Serine (Ser-83)
which was found in all susceptible isolates. No difference was found in the GyrB peptide
regardless the susceptibility profile of RGM. In conclusion, our results showed that for M.
fortuitum subsp. fortuitum the Ser-83 in the peptide GyrA is not enough to confer quinolone
resistance. On the other hand, mutations at amino acid Ala-83 of GyrA are directly related to

resistance to ciprofloxacin in M. abscessus subsp. abscessus and M. abscessus subsp. bolletii.

Keywords: quinolone resistance; gyrAd,; gyrB; Mycobacterium
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Introduction

Quinolones have been used in combination with other anti-mycobacterial agents.
Newer potential oral agents being considered for use in combination with clarithromycin
include the 8- methoxyfluoroquinolones (gatifloxacin and moxifloxacin) (Rodriguez Diaz et
al., 2003). However, their role in the treatment of M. abscessus infections remains to be
determined. The regimen of clarithromycin and moxifloxacin is associated with a more rapid
resolution of cutaneous lesions caused by M. abscessus compared to the combination of
clarithromycin and amikacin (Choi et al., 2011). This fastest therapy action is important as the
M. abscessus is considered the most virulent (Shang ef al., 2011) and chemotherapy-resistant
member of the rapidly growing mycobacterium (RGM) group (Petrini, 2006). On the other
hand, the treatment for M. fortuitum has been much easier and generally more effective due to
this group presents a more susceptible profile (Griffith et al., 2007).

The wusual therapeutic drugs recommended for RGM include ciprofloxacin,
doxycycline, clarithromycin-azithromycin, linezolid, moxifloxacin, (oral); amikacin,
cefoxitin, imipenem, linezolid, tigecycline, (parenteral) (Brown-Elliott et al., 2012). The
multidrug treatment regimens are frequently associated with medication related adverse
events, including toxicities, side effects, and allergic reactions (Griftith et al., 2007). Due to
the higher toxicity of parenteral drugs, oral agents should be considered for use in
combination with clarithromycin, providing effective treatment and increasing patient
adhesion. Choi et al, (2010) showed that the combination regimen of clarithromycin and
moxifloxacin resulted in a better clinical response than a regimen of clarithromycin plus
amikacin when used for treatment of cutaneous M. abscessus infection and the only common

adverse event was gastrointestinal discomfort.
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Conserved regions in the DNA gyrase subunits A and B, referred as quinolone-
resistance-determining regions (QRDR GyrA and GyrB), have been suggested to be involved
in quinolone resistance (Drlica & Zhao, 1997). The increasing use of fluoroquinolones (FQs)
in mycobacterial infections has led to emergence of FQ-resistant isolates, due to the
development of defense mechanisms (Champoux, 2001). The site of interaction is likely the
QRDRs, classically domains 67 to 106 in GyrA and 426 to 464 in GyrB, where the majority
of mutations conferring quinolone resistance are found (Takiff ef al., 1994).

Mutations in gyr4 gene, mainly found the presence of an alanine at position 83 and 87,
results in a modified in GyrA QRDR, responsible for ensuring high level of resistance to
quinolones in the Mycobacterium genus (Cheng et al., 2004; Guillemin et al., 1995). The
amino acids arginine and asparagine at positions 447 and 464 of the QRDR of GyrB,
respectively, seem to be also involved in the low level of resistance to quinolones (Guillemin
et al., 1998; Huang et al., 2005).

FQ have been increasingly used for the effective treatment of infections caused by
RGM, however, there are concerns that mutations in the QRDRs compromise the efficacy of
the treatment. Therefore, antimicrobial susceptibility reports and mutations associated can be
used to support the appropriate regimens for the treatment of RGM. Due to this, the aim of
this study was to evaluate the susceptibility and investigate mutations in gyr4 and gyrB gene
in 74 isolates of M. abscessus subsp. abscessus, M. abscessus subsp. bolletii and M. fortuitum
subsp. fortuitum from Southern Brazil. This of the first work that performed the molecular

characterization of RGM in the state of Rio Grande do Sul.
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Methods

Bacterial isolates

A total of 74 isolates of RGM were referred the Mycobacteria reference center
(“Instituto de Pesquisas Biologicas - Laboratorio Central de Saude Publica - IPB-
LACEN/RS”) in Rio Grande do Sul state, Southern Brazil during the period of 2007 to 2012.
Samples were collected from biopsy, aspiration of abscess fluids, sputum and bronchial
lavage and were cultivated on Ogawa-Kudoh (OK) solid medium for up to 4 weeks at 37 °C
(= 1 °C). This study was approved by the Ethics Committee of “Grupo de Pesquisa e Pos-

Graduagao (GPPG) of Hospital de Clinicas de Porto Alegre” (reference number 09-0653).

Species Identification

The identification of isolates was based on partial sequencing of the rpoB genes, as
previously described (Adekambi et al., 2003). DNA was extracted from colonies on OK and
suspended in 250 pl of 1x Tris-EDTA (TE), boiled for 20 min, submitted to ultrasonic water
bath for 15 min, and frozen at - 20°C. DNA amplification and sequencing of polymerase
chain reaction (PCR) products were performed with primers MycoF (5°-
GCAAGGTCACCCCGAAGGG) and MycoR (5’-AGCGGCTGCTGGGTGATCATC)
resulting in a 764-bp fragment. The PCR products were purified using the polyethylene glycol
method (Jolley et al, 2004) and sequenced using Big Dye® Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, Foster City, CA, USA). Alignment of the sequences
was performed in the program DNASTAR - Lasergene 7, the homology analysis was

performed by comparison of the consensus sequence obtained from each isolate with those
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deposited in the GenBank using the BLAST algorithm (Basic Local Alignment Search Tool,

http://www.ncbi.nlm.nih.gov/BLAST).

Broth microdilution

The susceptibility profile was evaluated by broth microdilution against amikacin,
cefoxitin, clarithromycin, ciprofloxacin, doxycycline, moxifloxacin, trimethoprim-
sulfamethoxazole and tobramycin, as recommended by CLSI (CLSI, 2011). Staphylococcus
aureus ATCC 29213 was used as a quality control strain. The susceptibility patterns were

interpreted according to the MIC breakpoints defined by CLSI (2011) for RGM.

PCR for the gyrA and gyrB genes

For all isolates of M. abscessus subsp. bolletii, M. abscessus subsp. abscessus and M.
fortuitum subsp. fortuitum the DNA was obtained from colonies on OK medium. The colonies
were resuspended in 250 pl of 1x Tris-EDTA (TE), boiled for 20 min, submitted to ultrasonic
water bath for 15 min, and frozen at - 20°C. PCR amplification of gyr4 and gyrB was
performed as previously described (Guillemin et al., 1995; Guillemin et al., 1998), using the
degenerated oligonucleotides Pri9 (5'-CGCCGCGTGCTSATGCRATG-3") and Pri8 (5'-
YGGTGGRTCRTTRCCYGGCGA-3") for gyrAd gene and using GyrbD (5'-
CCGAYTGCCGTTCSACGGAT-3") and GyrbE (5'-CGGCCATCARCACGATCTTG-3") for
gyrB gene. The PCR mixture consisted of 20 ng of DNA of mycobacteria, 25 pmol of each
primer, 10X buffer (20 mM Tris-HCI pH 8, 50 mM KCI), 1.5 mM MgCl,, 0.2 mM each
deoxynucleoside triphosphate (dNTP), 10% glycerol, and 1.5 U Go Taq® Hot Star

Polymerase (Promega Corporation, Madison, WI) in 50 pl of reaction. After 10 min of
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denaturation at 94 °C, 40 amplification cycles were performed, as follows: denaturation at 94
°C for 1 min, annealing at 56 °C for 1 min, and extension at 72 °C for 1 min. A final extension
step was performed for 10 min at 72 °C. The sizes of the amplicons of gyr4 and gyrB genes

were 216 and 268 bp, respectively.

Sequencing gyrA and gyrB amplicons

The amplicons were purified using Illustra GFX PCR DNA and Gel Band Purification
Kit (GE Healthcare). Samples were sequenced using ABI 3500 Genetic Analyzer with 50 cm
capillaries and POP7 polymer (Applied Biosystems). PCR products were labeled with 3.2
pmol of the primer and 1 pL of BigDye Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems) in a final volume of 10 uL. Labeling reactions were performed in a Veriti® 96-
Well Thermal Cycler (Applied Biosystems) termocycler with a initial denaturing step of 96°C
for 1 min followed by 35 cycles of 96°C for 15 sec, 50°C for 15 sec and 60°C for 4 min.
Labeled samples were purified using BigDye XTerminator Purification Kit (Applied

Biosystems) and electroinjected in the automatic sequencer.

Sequence analysis

The sequences obtained were analysed with program DNASTAR - Lasergene 7 and
compared with those deposited in the GenBank database by using BLAST
(http://www.ncbi.nlm.nih.gov/BLAST). M. tuberculosis strain ATCC 25618 (H37Rv) was

included as reference for sequence alignment.
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Results

The rpoB gene sequence identified 74 isolates in the period 2007 to 2012. Ten isolates
of M. abscessus subsp. abscessus, 43 isolates of M. abscessus subsp. bolletii and 21 isolates
of M. fortuitum subsp. fortuitum.

The genotypic association was analyzed by PFGE, these isolates showed different
profiles to M. fortuitum subsp. fortuitum and M. abscessus subsp. abscessus in different

patients, to M. abscessus subsp. bolletii had the single clone BRA100 (data not shown).

Susceptibility testing

All isolates of M. abscessus subsp. bolletii were resistant to ciprofloxacin. Seven of
the ten isolates of M. abscessus subsp. abscessus were resistant to ciprofloxacin and the other
three isolates presented intermediate-resistance. All isolates of M. fortuitum subsp. fortuitum
were susceptible to ciprofloxacin. For moxifloxacin all isolates of the M. abscessus subsp.
bolletii and M. abscessus subsp. abscessus were resistant. For M. fortuitum subsp. fortuitum
10 isolates were resistant and 11 isolates susceptible. For clarithromycin all isolates of the M.
abscessus subsp. abscessus, M. fortuitum subsp. fortuitum and six isolates (14%) of the M.
abscessus subsp. bolletii were resistant. All isolates were resistant to doxycycline and

trimethoprim-sulfamethoxazole and were susceptible to amikacin (Table 1).

Nucleotide sequences of the gyrA and gyrB QRDRs

The nucleotide sequence of the gyrd gene of M. abscessus subsp. bolletii and M.

abscessus subsp. abscessus differed in only one nucleotide with an exchange of a C-T at

position 252 and M. fortuitum subsp. fortuitum there were 14 divergent positions when
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compared with M. tuberculosis (numbering system used for M. tuberculosis ATCC 25618)
(Fig. 1). The M. abscessus subsp. bolletii isolates showed 100% homology to the M.
abscessus subsp. bolletii INCQS 594 (GU143881) strain, the M. abscessus showed 100%
homology to the M. abscessus subsp. abscessus ATCC 19977 (X87117) strain and the M.
fortuitum subsp. fortuitum showed 99% homology to the M. fortuitum subsp. fortuitum ATCC
6841 (HQ324099) strain.

The nucleotide sequence of the gyrB gene of M. abscessus subsp. bolletii showed three
different patterns and the sequences of M. abscessus subsp. abscessus and M. fortuitum subsp.
fortuitum showed two different patterns (Fig. 1). For M. abscessus subsp. bolletii in pattern 1
consisting of 36 isolates showed 100% homology to the M. abscessus subsp. bolletii INCQS
594 (GU143881) strain, in pattern 2 consisting of 5 isolates showed 99% homology to the
INCQS 594 (GU143881) strain, in pattern 3 consisting of 1 isolates showed 100% homology
to the M. abscessus subsp. bolletii CCUG 48898 (GU143885) strain. For M. abscessus subsp.
abscessus in pattern 1 consisting of 3 isolates showed 99% homology to the M. abscessus
subsp. abscessus ATCC 19977 (HQ324102) strain, in pattern 2 consisting of 7 isolates
showed 100% homology to the ATCC 19977 strain. For M. fortuitum subsp. fortuitum in
pattern 1 consisting of one isolates showed 98% homology to the M. fortuitum subsp.
Sfortuitum ATCC 6841 (AJ564405) strain, in pattern 2 consisting of 20 isolates showed 100%

homology to the M. fortuitum subsp. fortuitum ATCC 6841 (HQ324099) strain.

Peptide sequences of the GyrA and GyrB QRDRs

Peptide sequences of GyrA and GyrB were used according to the number system of E.

coli, the GyrA QRDR extends from amino acid residues 67 to 106, and the GyrB QRDR

extends from amino acid residues 436 to 464. In QRDR GyrA all ciprofloxacin-resistant (49)
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and intermediate (3) isolates presented the presence of Alanine at position 83 (Ala-83), the
same residues as found in strains of M. tuberculosis (de Moura et al., 2012). On the other
hand, the ciprofloxacin-susceptible M. fortuitum subsp. fortuitum presented a Serine at
position 83 (Ser-83) in GyrA peptide sequences (Fig. 2), the same residues as found in S.
aureus (Ito et al., 1994) and S. pneumoniae (Pan et al., 1996).

For all isolates the peptide sequence were identical for GyrB QRDR which showed the
presence of arginine and asparagine at positions 436, 447 and 464 (Arg-436, Arg-447 and

Asn-464), the same residues as found in strains of M. tuberculosis (Fig. 2).

Discussion

Infections due to the M. abscessus group are difficult to treat because these
mycobacteria are intrinsically resistant not only to the classical anti-tuberculous drugs, but
also to the most active antibiotics currently available (Brown-Elliott & Wallace, 2002;
Brown-Elliott et al., 2012; Chopra et al., 2011). As expected, amikacin proved to be the more
active drug in vitro, followed by cefoxitin, whereas for clarithromycin a variable profile was
observed, which appears to be specie-related. Our results demonstrated high (>85%) rates of
resistance to doxycycline, moxifloxacin, trimethoprim-sulfamethoxazole and tobramycin for
the three species of nontuberculous mycobacteria (NTM) tested.

Treatment regimens are based on susceptibility to macrolide, aminoglycoside,
quinolones, imipenem, tetracycline, cefoxitin, co-trimoxazole, or linezolid (Griffith et al.,
2007), hence, these drugs are candidates for in vitro for drug susceptibility testing (van Ingen
et al., 2012). According to our study, high antimicrobial resistance rates were observed,
despite the fact that they were used as treatment of choice for RGM infections, these results

indicate that the susceptibility has to be evaluated in vitro for all RGM (or NTM).
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A very distinct susceptibility profile was observed against ciprofloxacin among the
species: whereas seven isolates of M. abscessus subsp. abscessus and all isolates of M.
abscessus subsp. bolletii were resistant, three isolates of M. abscessus subsp. abscessus were
intermediate and all isolates of M. fortuitum subsp. fortuitum were susceptible.

Moreover, all resistant isolates to ciprofloxacin proved to present alterations in the
nucleotide sequence of gyr4 gene, with substitution of a Serine by an Alanine at position 83
(Ala-83). Previous studies including these and other Mycobacterium species have already
shown the relation between resistance to quinolones and these amino acids in position 83 (de
Moura et al., 2012; Guillemin et al., 1995; Monego et al., 2012). As quinolones act on the
gyrase-DNA binary complex, a weak stability of this complex could explain, at least in part,
the reduction in the susceptibility to quinolones due to the weak stability of the ternary
complex that involves the antibiotic structure (Matrat et al., 2008). Conversely, all isolates
which presented the amino acid Serine at the same position (Ser-83) proved to be susceptible,
possibly due to a more stable conformation of the whole structure. Similar results were found
by Matrat et al., (2008), for E. coli, S. enterica and H. influenzae species and by Moura et al.,
(2012) for 14 species of NTM, confirming that Ser-83 in the peptide sequence of GyrA
confers quinolone susceptibility. It is of note that both quinolones tested in this study
presented different susceptibility profile for M. fortuitum subsp. fortuitum.

The latest CLSI document (CLSI, 2011) also features breakpoint concentrations for
linezolid and moxifloxacin, although the clinical role of these compounds has not been
established. This study to moxifloxacin only 11 isolates of M. fortuitum subsp. fortuitum
showed sensitivity profile, with 85% of resistance for isolates (M. abscessus subsp. abscessus,
M. abscessus subsp. bolletii and M. fortuitum subsp. fortuitum). According to Sirgel et al.
(2012) despite the presence of gyr4 mutations, moxifloxacin significantly impedes bacterial

growth, supporting its use for the treatment.
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Amino acids 436 and 447 of GyrB are part of the “quinolone binding pocket,” along
with DNA and the QRDR of GyrA (Heddle & Maxwell, 2002). The GyrB QRDR may also be
involved in quinolone trapping, since the mutated enzyme with R447K in GyrB cannot cleave
DNA in the presence of quinolones (Matrat et al., 2008). It was shown that the presence of
arginine and asparagine at positions 447 and 464 (Arg-447 and Asn-464), respectively, within
GyrB QRDR confer resistance to fluoroquinolones in M. abscessus, as well as in M. avium,
M. intracellulare, M. marinum and M. chelonae (Matrat et al., 2008; Nessar et al., 2012).

Interestingly, the isolates of M. fortuitum subsp. fortuitum with Ser-83 in GyrA plus
Arg-447 and Asn-464 in GyrB, presented a variable profile of susceptibility for moxifloxacin.
In contrast, all isolates of M. fortuitum subsp. fortuitum proved to be susceptible to
ciprofloxacin. Therefore, it seems that these mutations (Ser-83 in GyrA plus Arg-447 and
Asn-464 in GyrB) were not sufficient to confer resistance to moxifloxacin. This confirms the
fact that quinolones interact differently with QRDR structure (Matrat et al., 2008).

In conclusion, our results showed that the presence of a Ala-83 in the peptide GyrA
plus an Arg-447 and Asn-464 in the peptide GyrB are frequent and are an important
mechanism of resistance to FQ in M. abscessus subsp. abscessus, M. abscessus subsp.
bolletti. On the other hand, for M. fortuitum subsp. fortuitum the Ser-83 in the peptide GyrA

plus an Arg-447 and Asn-464 in the peptide GyrB are not enough to confer FQ resistance.
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Table 1: Antibiotic resistance rates in M. abscessus subsp. abscessus (n = 10), M. abscessus subsp. bolletii (n = 43) and M.

fortuitum subsp. fortuitum (n =21)

Susceptibility profile of Mycobacterium strains
Antimicrobial agent M. abscessus subsp. abscessus M. abscessus subsp. bolletii M. fortuitum subsp. fortuitum
S(%) 1(%) R(%) S(%) 1(%) R(%) S(%) 1(%) R(%)

AMK 10 (100) 0 0 43(100) 0 0 21(100) 0 0
FOX 0 10(100) 0 12(28) 31(72) 0 21(100) 0 0
CLR 0 0 10(100) 37(86) 0 6 (14) 0 0 21(100)
CIP 0 3(30) 7 (70) 0 0 43(100) 21(100) 0 0
DOX 0 0 10(100) 0 0 43(100) 0 0 21(100)
SXT 0 0 10(100) 0 0 43(100) 0 0 21(100)
MXF 0 0 10(100) 0 0 43(100) 11(52,4) 0 10 (47,6)
TOB 2 (20) 2 (20) 6 (60) 0 0 43(100) 0 629 15(7)
Amino acid in GyrA Ala-83 Ala-83 Ser-83

Amino acid in GyrB Arg-447; Asn-464 Arg-447; Asn-464 Arg-447; Asn-464

" Minimum inhibitory concentration breakpoints adapted from CLSI (2011) for resistant (R), intermediate (I) and susceptible
(S) were as follows: AMK (Amikacin), R > 64 pg/ml, I = 32 pg/ml, S < 16 pg/ml; FOX (Cefoxitin), R > 128 pg/ml, I = 32-
64 pg/ml, S <16 pg/ml; CLR (Chlaritromycin), R > 8 pg/ml, [ = 4 pg/ml, S <2 pg/ml; CIP (Ciprofloxacin), R > 4 pg/ml, [ =
2 pg/ml, S <1 pg/ml; DOX (Doxycycline), R > 8 pg/ml, I =2-4 pg/ml, S < 1 pg/ml; SXT (Trimethoprim-Sulfamethoxazole),
R >76 pg/ml, S <38 ng/ml; MXF (Moxifloxacin), R >4 pg/ml, [ =2 pg/ml, S <1 pg/ml; TOB (Tobramycin), R > 8 pg/ml, 1
=4 pg/ml, S <2 pg/ml.
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bolletii 1  .............. C..G..C..G..T..C..... Covinnnnn Toveonn O C..C..A..G..C..iiviiiiinn TT.G..ovun
bolletii 2 .............. C..G..C..G..T..C..G..C..v.... Toveonn O C..C..A..G..C.oiiviiiiinn. TT.G..ovnn
bolletii 3  ........ T..... C..G..C..G.vvvi. Coue et e e T C..C..A..G..C.iiviiiiiinn TT.G......
abscessus 1 .............. C..G..C..G..Tvevnen.. [ L € C..A..G..Coviviiiiiinn. TT.G.vvnt
abscessus 2 .............. C..G..C..G..T........ Cout e et O C..C..A..G..Cuevvvinieinnn TT.G......
fortuitum 1  ........ A..... C..G..C..G..... O C..Govvnvvnn Attt L N TT.G..ovnn
fortuitum 2  ........ A..... C..G..C..G..... C..... Coee et e e C..Govvvvnt. I C..C..A..G..C.iiiiiiin TT.G......
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Figure 1: Comparison between nucleotide sequence of the QRDRs of gyrd and gyrB from M. abscessus subsp. bolletii, M. abscessus subsp. abscessus and M. fortuitum subsp.
Sfortuitum. Sequence of M. tuberculosis were used as the reference and dots represent identical nucleotides and in the numbering system. Sequences extend from nucleotides 220 to
339 for gyrA and from nucleotides 1414 to 1530 for gyrB.



QRDR GyrA

Species R T P e P L Phenotype Phenotype for
70 80 90 10 for CIP* MXF*
(n) = 74 (n) = 74
M. tuberculosis ARSVAETMGNYHPHGDASIYDSLVRMAQPWSLRYPLVDGQ
M. abscessus subsp. bolletii = ................ T R (43) R (43)
M. abscessus subsp. abscessus ................ T I (3)/R (7) R (10)
M. fortuitum subsp. fortuitum ................ S P S (21) S (11)/R (10)
ORDR GyrB
Species D e I e e I Phenotype Phenotype for
430 440 450 460 for CIP* MXF*
(n) = 74 (n) = 74
M. tuberculosis DSAGGSAKSGRDSMFQAILPLRGKIINVEKARIDRVLKN
M. abscessus subsp. bolletii @ . ... ... . ...ttt e e e R (43) R (43)
M. abscessus subsp. abscessus . ... . ... ...t e e e e I (3)/R (7) R (10)
M. fortuitum subsp. fortuitum . ........ ... ...ttt e e e S (21) S (11)/R (10)

Figure 2. Alignment of the peptide sequences of the QRDRs of GyrA and GyrB from M. abscessus subsp. bolletii, M. abscessus subsp. abscessus and M.
Sfortuitum subsp. fortuitum. The GyrA QRDR extends from amino acid residues 67 to 106, and the GyrB QRDR extends from amino acid residues 426 to 464,
in the numbering system used for E. coli.

"Minimum inhibitory concentration breakpoints adapted from CLSI (2011) for resistant (R), intermediate (I) and susceptible (S) were as follows: CIP
(Ciprofloxacin), R >4 pg/ml, I = 2 pg/ml, S < 1 pg/ml; MXF (Moxifloxacin), R >4 pg/ml, I =2 pg/ml, S <1 pg/ml.
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6 CONCLUSOES GERAIS

1) A principal espécie de MCR encontrada neste estudo foi M. abscessus subsp.

bolletii. seguida por M. fortuitum subsp. fortuitum e M. abscessus subsp. abscessus.

2) M. abscessus subsp. bolletii foi a espécie responsavel pelos surtos ocorridos em
diferentes cidades (Santo Angelo, Tramandai, Santa Maria, Carazinho e Torres) no periodo de
2007 a 2011, com prevaléncia de um tnico clone (BRA 100), relacionado com o principal

surto ocorrido no Brasil na cidade do Rio de Janeiro.

3) Para as cepas de M. fortuitum subsp. fortuitum e M. abscessus subsp. abscessus

observou-se perfis distintos pela técnica de PFGE.

4) M. abscessus subsp. bolletii apresentou um elevado nivel de resisténcia aos
antibioticos ciprofloxacino, doxiciclina, sulfametoxazol-trimetoprima, moxifloxacino e
tobramicina, cepas multidrogas resistente. As cepas de M. abscessus subsp. bolletii foram
totalmente sensiveis apenas a amicacina. O perfil de sensibilidade variou de acordo com as

espécies, mas para todas se observou alta resisténcia.

5) Em relacdo ao clone BRA100 entre os isolados deste estudo observou-se o
surgimento de resisténcia a claritromicina (14% das cepas resistentes) o que ainda ndo havia

sido relato para este clone.

6) Presenca de Ala-83 em GyrA pode ser um importante mecanismo de resisténcia a
FQ para M. abscessus subsp. abscessus € M. abscessus subsp. bolletti.

7) A presenca de uma Ser- 83 em GyrA ndo foi suficiente para associar com
resisténcia a FQ para M. fortuitum subsp. fortuitum. Dados moleculares ndo correspondem

completamente com dados fenotipicos.
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ABSTRACT

Article history: Viruses are major contributors to acute respiratory infection-related morbidity and mortality worldwide.
Received 2 May 2012 The influenza (IF) viruses and human respiratory syncytial virus (RSV) play a particularly important role in
Received in revised form 28 June 2012 the etiology of acute respiratory infections. This study sought to standardize a one-step duplex real-time
Accepted 4 July 2012 RT-PCR technique to optimize diagnosis of IFA/IFB and RSVA/RSVB infection. Viral RNA was extracted

Available online 13 july 2012 3 L ; T r] = : :
: 2 July with the commercially available QlAamp Mini Kit according to manufacturer instructions. RT-PCR was

performed with primers to the matrix protein gene of IFA, the hemagglutinin gene of IFB and the N gene
of RSVA and RSVB. The limits of detection were 1 copy/uL for IFA, 10 copies/j.L for IFB, 5 copies/pL for
RSVA, and 250 copies/ L for RSVB. The specificity of RT-PCR was determined by comparison against a

Keywords:
Respiratory syncytial virus
Influenza virus

One-step real-time PCR panel of several respiratory pathogens. RT-PCR and indirect immunofluorescence (IIF) were compared
Molecular diagnastics in a sample of 250 nasopharyngeal aspirates {NPAs) collected during the year 2010. RT-PCR was more
Molecular epidemiology sensitive than IIF and able to detect viral co-infections. In summary, RT-PCR optimized for IFA/IFB and

RSVA/RSVB is sensitive and specific for these viral agents and is therefore useful for assessment of the
etiology of respiratory infections, whether for clinical or epidemiological purposes.
@ 2012 Elsevier B.V. All rights reserved.
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Rapid identification of drug resistance in clinical isolates of Mycobacterium tuberculosis is important in determining treatment
for tuberculosis. The aim of this work was evaluate the performance of the GenoType MDRTBplus assay directly on sputum of
patients who had treatment failure or relapse in a routine outpatient setting in southern Brazil.
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Escherichia coli in patients from Brazil
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Abstract

Introduction: The present study aimed to assess the antibiotic resistance profiles and detect the presence of the su/? gene in
sulfamethoxazole-susceptible and resistant isolates of Escherichia coli obtained from outpatients and inpatients with urinary tract infections.
Methodology: The resistance profiles of 739 strains were assessed and the presence of the sul2? gene in 100 isolates was tested.

Results: The antibiotics with the highest resistance rates were ampicillin (57.4%) and trimethoprim-sulfamethoxazole (44.7%). The presence
of the gene sul2? was detected in 66.7% of outpatient samples and 67.9% of inpatient samples.

Conclusions: Our results demonstrate that E. coli isolates exhibit high resistance to various classes of antibiotics. highlighting the need for
developing strategies to help in prescribing antibiotics.

Key words: urinary tract infection: antibiotic agents: resistance
J Infect Dev Cfries 2014; 8(1):039-043. doi:10.3855/jidc.3380
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Abstract

Background

Respiratory syneytial virus (RSV) is the main cause of lower respiratory tract illness in
children worldwide. Molecular analyses show two distinet RSV groups (A and B) that
comprise different genotypes. This variability contributes to the capacity of RSV to cause
yearly outbreaks. These RSV genotypes circulate within the community and within hospital
wards. RSV 1s currently the leading cause of nosocomial respiratory tract infections in
pediatric populations. The aim of this study was to evaluate the G protein gene diversity of
RSV amplicons.

Methods

Nasopharyngeal aspirate samples were collected from children with nosocomial or
community-acquired infections. Sixty-three RSV samples (21 nosocomial and 42
community-acquired) were evaluated and classified as RSV-A or RSV-B by real-time PCE.
Sequencing of the second variable region of the G protein gene was performed to establish
RSV phylogenetics.

Results

We observed co-circulation of RSV-A and RSV-B. with RSV-A as the predominant group.
All nosocomial and community-acquired RSV-A samples were from the same phylogenetic
group, comprising the NA1 genotype, and all RSV-B samples (nosocomial and community-
acquired) were of the BA4 genotype. Therefore. in both RSV groups (nosocomial and
community-acquired), the isolates belonged to only one genotype in circulation.

Conclusions

This is the first study to deseribe circulation of the NAl RSV genotype in Brazil.
Furthermore, this study showed that the BA4 genotype remains in circulation. Deciphering
worldwide RSV genetic variability will aid vaccine design and development.
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