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Querem que vos ensine 0 modo de chegar a ciéncia verdadeira? Aquilo que se sabe saber que

se sabe; aquilo que ndo se sabe, saber que ndo se sabe; na verdade é este o saber.
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RESUMO

BAIO, Paulo Victor Pereira. Caracterizacdo molecular de bastonetes Gram positivos
irregulares e actinomicetos aerdbios obtidos de espécimes clinicos, de ensaios de esterilidade
e de areas limpas. 2013. 163 f. Tese (Doutorado em Ciéncias Médicas) — Faculdade de
Ciéncias Médicas, Universidade do Estado do Rio de Janeiro, Rio de Janeiro, 2013.

Os bastonetes Gram positivos irregulares (BGPIs) compdem um grupo de espécies
bacterianas com ampla diversidade fenotipica e que podem estar presente no meio ambiente,
na microbiota humana e de animais. A identificacdo acurada de BGPIs em nivel de género e
espécie empregando metodos bioquimicos convencionais € bastante limitada, sendo
recomendado, portanto, o0 uso de técnicas moleculares. No presente estudo, foram
identificadas amostras de BGPIs oriundas de espécimes clinicos de humanos, de produtos
farmacéuticos e de areas limpas atraves da analise de sequencias do gene 16S rRNA e de
outros genes conservados (housekeeping genes). Os resultados obtidos pelo sequenciamento
dos genes 16S rRNA e rpoB demonstraram C. striatum multi-resistente (MDR) como
responsavel por surto epidémico em ambiente hospitalar da cidade do Rio de Janeiro. Quinze
cepas de C. striatum foram isoladas em cultura pura a partir de secrecdo traqueal de pacientes
adultos submetidos a procedimentos de entubacdo endotraqueal. A anélise por eletroforese em
gel de campo pulsado (PFGE) indicou a presenca de quatro perfis moleculares, incluindo dois
clones relacionados com cepas MDR (PFGE 1 e II). Os dados demonstram a predominancia
de PFGE | entre cepas MDR isoladas de unidades de terapia intensiva e enfermarias
cirargicas. Uma potencial ligacdo causal entre a morte e a infecgdo por C. striatum MDR
(PFGE tipos | e 1) foi observada em cinco casos. Adicionalmente, acreditamos que este seja 0
primeiro estudo de identificacdo de espécies de Nocardia relacionadas com infecgdes
humanas pela andlise da sequencia multilocus (MLSA) no Brasil. Diferente dos dados
observados na literatura (1970 a 2013) e obtidos pelos testes fenotipicos convencionais, a
caracterizacdo molecular de quatro l6cus (gyrB-16S-secAl-hsp65) permitiu a identificacdo
das espécies N. nova, N. cyriacigeorgica, N. asiatica e N. exalbida/gamkensis relacionadas
com quadros de nocardiose em humanos. Cepas de N. nova isoladas de diferentes materiais
clinicos de um Unico paciente apresentaram padrdes de susceptibilidade antimicrobianos
idénticos e dois perfis PFGE, indicando a possibilidade de quadros de co-infec¢do por N. nova
em humanos. Em outra etapa da investigacdo, amostras de BGPIs obtidos de ambientes de
salas limpas que ndo puderam ser identificadas por critérios convencionais foram submetidas
a analise da sequéncia do gene 16S rRNA e caracterizadas 95,83% em nivel de género e
35,42% em espécies. Para géneros mais encontrados no estudo, foram analisados 0s genes
rpoB e recA de dezessete cepas de Microbacterium e utilizado o MLSA para a identificacdo
de sete cepas identificadas como Streptomyces. Os ensaios permitiram a identificacdo de trés
cepas de Microbacterium e de uma Unica amostra de Streptomyces ao nivel de espécie. A
analise da sequencia do gene rpoB também se mostrou eficaz na identificacdo de espécies de
cepas de Corynebacterium. Finalmente, para as cepas ambientais pertencentes a classe
Actinobacteria os dados morfologicos, bioguimicos e genotipicos permitiram documentar a
cepa 3117BRRJ como representante de uma nova espécie do género Nocardioides, para 0
qual o nome Nocardioides brasiliensis sp. nov. e as cepas 3712BRRJ e 3371BRRJ como
representante de um novo género e espécie para o qual o nome Guaraldella brasiliensis nov.
foi proposto.

Palavras-chave: Bastonetes Gram positivos irregulares. 16S rRNA. Genes housekeeping.



ABSTRACT

Irregular Gram positive rods (coryneform bacteria; IGPRs) comprise a group of
species that has a wide phenotypic diversity and makes the conventional identification limited
and that may be present in the environment, humans and animals hosts. In order to provide
further accurate identification of these microorganisms in a genus and species terms it is
recommended the use of molecular methods. In this study, we analyzed the 16S rRNA gene
sequences and other conserved genes (housekeeping) in order to elucidate the identification of
clinical isolates, pharmaceutical and clean room areas. We have documented a nosocomial
outbreak caused by multidrug-resistant (MDR) C. striatum in Rio de Janeiro. C. striatum
identification was confirmed by 16S rRNA and rpoB gene sequencing. C. striatum was
mostly isolated in pure culture from tracheal aspirates of adults undergoing endotracheal
intubation procedures. The analysis by pulsed-field gel electrophoresis (PFGE) indicated the
presence of four PFGE profiles, including two related clones of MDR strains (PFGE | and I1).
The data demonstrated the predominance of PFGE I, mostly isolated from patients of
intensive care units and surgical wards. A potential causal link between death and MDR C.
striatum (PFGE 1 and Il) infection was observed in five cases. We also performed the
identification of Nocardia species of human infections by multilocus sequence analysis
(MLSA) and characterized their antimicrobial and phenotypic profiles. An overview from
1970 to 2013 of the case reports on Nocardia species related to human infections, except
mycetomas, in Brazil, was also accomplished. Molecular characterization by four-locus
(gyrB-16S-secAl-hsp65) has provided the species identification N. nova, N. cyriacigeorgica,
N. asiatica and N. exalbida/gamkensis. N. nova strains isolated from different clinical
specimens of one patient showed identical antimicrobial susceptibility patterns. PFGE
analysis performed to determine the genetic relatedness of these N. nova strains two distinct
profiles, which were designated A and B. This is the first report on identification of Nocardia
species by MLSA in Brazil. The IGPRs obtained in clean room environments that could not
be identified by conventional criteria were studied by 16S rRNA gene sequence analysis that
allowed the identification of 95.83% at genus level and of 35.42% at the species level. The
most common genus found in the clean room environments were Microbacterium and
Streptomyces. The analysis of rpoB and recA genes sequence of seventeen Microbacterium
strains contributed to the identification of three strains at species level. MLSA of seven
Streptomyces strains identified a single sample at the species level. Moreover, the rpoB gene
sequence analysis was effective in identifying Corynebacterium strains at species level. A
new genus and species were found among clean room environmental strains belonging to the
Actinobacteria class. Based on the morphological, genotypic and biochemical data presented
in this study the 3117BRRJ strain represent a novel specie of the genus Nocardioides, for
which the name Nocardioides brasiliensis sp. nov. was proposed and the 3712BRRJ and
3371BRRJ represent a new genus and species for which the name Guaraldella brasiliensis
nov. were proposed.

Keywords: Irregular Gram positive rods. Coryneform bacteria. 16S rRNA. Housekeeping
genes.
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INTRODUCAO

Taxonomia bacteriana

A taxonomia é uma disciplina da Biologia que requer a observacdo de um conjunto de
caracteristicas de uma espécie bacteriana dada por sua morfologia, bioquimica, fisiologia,
coloracdo, crescimento, genética, patogenicidade, motilidade, relacionamento filogenético
entre outras particularidades. Através desses dados, 0os microbiologistas classificam os micro-
organismos para facilitar sua identificacdo, nomeando-0s com regras internacionais rigidas
(International Code of Nomeclature of Bacteria; Bergey, 1986; Gevers et al, 2006).

A taxonomia bacteriana e sua classificacdo foram baseadas em marcadores fenotipicos
até o final do século XIX e na década de 60 foi introduzida a distincdo de procariotos e
eucariotos. A identificacdo fenotipica melhorou com a taxonomia numérica, mas forneceu
poucas informacGes sobre as relac6es filogenéticas dos procariontes. Uma classificacdo mais
satisfatoria foi conseguida mais tarde com os métodos quimiotaxonémicos e genotipicos
(Schleifer, 2009).

A classificacdo atual de Bactérias e Archaeas seguem uma abordagem polifasica
composto de andlises fenotipicas, genotipicas e quimiotaxondmicas assim como a informacéo
filogenética. A diferenciacdo fenotipica se baseia em caracteristicas morfoldgicas, quimicas e
fisiol6gicas enquanto que a genotipica na analise do material genético do micro-organismo
(Colwell, 1970; Schleifer, 2009).

Um grande namero de caracteristicas fenotipicas de muitas cepas foi possivel serem
comparadas com o desenvolvimento computacional o que proporcionou a determinacdo do
grau de similaridade entre estas pela matriz de dados criada. Isto contribui em paralelo para o
surgimento da taxonomia numérica que relacionou as caracteristicas fenotipicas com
informacdes genéticas (Vandamme et al, 1996).

A taxonomia bacteriana se desenvolveu enormemente com o sequenciamento do gene
ribossomal 16S rRNA e com isso houve um grande avan¢o na classificacdo dos procariotos e
estudos filogenéticos (Woese, 1987; Rossell6-Mora, 2005; Woese et al, 1990).

O conceito de espécie bacteriana se apurou com as metodologias moleculares
utilizadas devido a analise do gene 16S rRNA e a reassociacdo DNA-DNA, que é o padréo
ouro para descricdo de uma nova espécie na atualidade (Kostantinidis et al, 2006; Goris et al,
2007; Prakash, 2007).
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O conjunto de cepas que compartilham similaridade fenotipica e um grau de
similaridade maior ou igual a 70% na hibridizacio DNA-DNA (DDH) e mais de 97% de
similaridade na sequéncia do gene 16S rRNA define a espécie bacteriana (Wayne et al, 1987;
Rosséllo-Mora & Amann, 2001; Kostantinidis et al, 2006).

Foi proposta uma definicdo de espécie bacteriana baseada na divergéncia adaptativa
fundamentada na teoria evolutiva que incorpora os processos de descendéncia evolutiva
adaptac0es ecoldgicas e recombinacdo homologa (Vos, 2010).

Outro conceito de espécie foi proposto baseado na teoria filogenética (filogenémica)
onde a evolucdo dos micro-organismos € compreendida pela analise de genes e proteinas
(Staley, 2009).

Eventos de recombinacdo e transferéncia horizontal de genes podem gerar no futuro
um novo conceito de espécie, mas o efeito de fluxo génico ndo esta bem estabelecido e ainda

ndo sdo suficientes para a classificacdo e identificacdo das bactérias (Schleifer, 2009).

Caracterizacao dos procariotos

A classificacdo, caracterizagdo e nomenclatura sdo a base da taxonomia e esses
elementos s&o campos dindmicos e interdependentes, pois a classificacdo vai depender de
como o micro-organismo foi caracterizado determinando sua classificagdo e posterior
nomenclatura. O Codigo Bacteriologico regulamenta a nomenclatura, mas a caracterizacao e
classificacdo dos procariontes sofreram ultimamente significativas mudancas por nao serem
formalmente regulamentados (Tindall et al, 2010).

Os procariotos sdo caracterizados pela taxonomia polifasica que é fundamentada na
abordagem fenotipica que inclui caracteristicas morfoldgicas, fisioldgicas e quimicas
enguanto que a genotipica fundamenta-se na analise do material genético do micro-organismo
(Schleifer, 2009).

Taxonomia dos BGPIs

Os bastonetes Gram-positivos irregulares ndo esporulados (BGPI) compreende um
grupo diverso de bactérias e 0s géneros encontrados no presente estudo estdo distribuidos em
dois diferentes Filos e nas Ordens Actinomycetales, Bifidobacteriales e Bacilales. Eles se
encontram distribuidos nas seguintes Familias: Streptomycetaceae, Actinomycetaceae,

Nocardioidaceae, Propionibacteriaceae, Nocardiaceae, Corynebacteriaceae, Gordoniacea,
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Bacillaceae, Cellulomonadaceae, Brevibacteriaceae, Microbacteriaceae,

Dermabacteriaceae, Sanguibacteraceae e Microcaceae (Euzéby, 2013).

Bastonetes Gram positivos irregulares (BGPI - Bactérias corineformes e

nocardioformes).

Dentre os bastonetes Gram positivos irregulares, alguns géneros bacterianos séo
denominados informalmente como bactérias corineformes, outros como nocardioformes.
Estes termos sdo imprecisos e utilizados por simples conveniéncia (Koneman et al, 2008;
Funke & Bernard, 2011). Bactérias corineformes sdo consideradas aquelas que possuem
crescimento aerdébico, ndo esporuladas, ndo acido resistente parcial, irregulares, bastonetes
Gram positivos (Funke & Bernard, 2011). Bactérias nocardioformes se apresentam como
Gram positivas, aerdbicas, usualmente filamentosas e ramificadas produzindo miceélios
similares aos dos fungos, mas sofrem ruptura ou fragmentacéo originando formas bacilares e
cadeias cocodides curtas (Koneman et al, 2008; Conville & Witebsky, 2011). Dentre os
géneros bacterianos considerados corineformes estdo: Corynebacterium, Turicella,
Arthrobacter, Brevibacterium, Dermabacter, Helcobacillus, Agromyces, Curtobacterium,
Cellulomonas, Lefsonia, Microbacterium, Exiguobacterim entre outros e os nocardioformes:
Nocardia, Rhodococcus, Streptomyces, Gordonia, Actinomadura entre outros.

As bactérias corineformes e nocardioformes tém origem ambiental ou estdo
presentes na microbiota humana e de alguns animais (Koneman et al, 2008; Funke & Bernard,
2011; Conville & Witebsky, 2011). Algumas espécies destes grupos sdo patdgenos classicos
para 0 homem como Corynebacterium diphtheriae agente da difteria, Nocardia brasiliensis
agente de infeccBes subcutdneas e micetomas e para animais, Rhodococcus equi que causa
doenca pulmonar em potros. As bactérias corineformes e nocardioformes eram consideradas
frequentemente apenas como contaminantes de espécimes clinicos por constituir parte da
microbiota da pele e da orofaringe humana. Atualmente é indicada uma analise cuidadosa
guanto a significancia clinica de cepas em uma unica cultura de uma das espécies dos grupos
bacterianos mencionados enquanto se isolados em multiplas ocasibes passam a ser
clinicamente importantes (Koneman et al, 2008; Reddy et al, 2012).

Atualmente tem aumentado o numero de relatos, apontando uma associagdo de

outras espécies de bactérias corineformes e nocardioformes com infec¢cbes humanas tais


http://www.ijmm.org/searchresult.asp?search=&author=BS+Reddy&journal=Y&but_search=Search&entries=10&pg=1&s=0
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como: Exigobacterium, Curtobacterium, Gordonia terrae, Cellulomonas (Lai et al, 2009; Lai
et al, 2010; Funke & Bernard, 2011; Francis et al, 2011).

Importancia clinica das bactérias corineformes

Tem emergido extraordinariamente a importancia clinica das bactérias corineformes
por causarem doencas oportunistas em pacientes imunossuprimidos e imunocompetentes,
pacientes submetidos a procedimentos invasivos e cateterismo vascular e longo periodo de
hospitalizacdo. Quando essas infec¢Bes estdo relacionadas a espécies multi-resistentes sdo de
dificil tratamento (Funke & Bernard, 2011; Bernard, 2012; Baio et al, 2013).

O Corynebacterium diphtheriae continua sendo o patégeno principal das bactérias
corineformes embora indmeras outras espécies desse género estejam sendo isoladas
frequentemente como agentes oportunistas destacando-se o C. jeikeium, C. striatum, C.
pseudodiphthericum, C. amycolatum e C. urealyticum. Outras bactérias corineformes tém sido
descritas de importancia clinica como o0s géneros Brevibacterium, Cellulomonas,
Brachybacterium, Dermabacter, Helcobacillus, Janibacter, Knoellia, Curtobacterium,
Leifsonia, Microbacterium, Pseudoclavibacter, Arthrobacter, Rothia, Cellulosimicrobium e
Exiguobacterium (Koneman et al, 2008; Funke & Bernard, 2011; Bernard, 2012).

Relatos de otite (Talento et al, 2013), endocardite e osteomelite (Lai et al, 2009),
colecistite (Ohtaki et al, 2009), abscesso (Martin et al, 2009), artrite séptica (Francis et al,
2011; Magro-Checa et al, 2011), peritonite (Gardenier et al, 2012), fibrose cistica (Sharma et
al, 2012), infeccdo subcutanea (Lemaitre et al, 2011), bacteremia (Shigeta et al, 2013),
pneumonia (Cho et al, 2013) e outras doencas foram descritas recentemente por esse grupo de

micro-organismos.

Importancia clinica das bactéerias nocardioformes

As bactérias nocardioformes sdo classificadas em actinomicetos aerébios, Gram-
positivas e geralmente sdo filamentosas e ramificadas, com micélio semelhante ao dos fungos
que se fragmentam e tomam a forma cocdide ou bastbes pequenos. O nimero de espécies
descritas de actinomicetos aerobios tem aumentado rapidamente e isso tem dificultado o
julgamento de seu valor clinico (Koneman et al, 2008; Funke & Bernard, 2011).

O patdégeno humano mais comum desse grupo bacteriano pertence ao género Nocardia

que se trata de um bastonete Gram positivo, de aparéncia muito longa, fina e ramificada
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quando observada em esfregaco. Esse micro-organismo também acomete pacientes
imunossuprimidos e imunocompetentes causando problemas pulmonares seguido de infecgdes
no cérebro.

Outros géneros de actinomicetos aerobios sdo frequentemente descritos como
patdégenos humanos sendo os mais encontrados: o Dermatophilus, Actinomadura, Dietzia,
Gordonia, Norcadiopsis, Rhodococcus, Streptomyces e Tsukamurella. Dermatofilose (Amor
et al, 2011), actinomicetoma (Mohamed et al, 2012), inflamacdes em usuario de marca-passo
(Perkin et al, 2012), peritonite (Gardenier et al, 2012), infeccdo de pele (Wright et al, 2012),
pneumonia (Portocarrero et al, 2012; Godet et al, 2012; Riviere et al, 2012), bacteremia
(Karunakaran et al, 2011) entre outras doencas estdo sendo descritas para esse grupo

bacteriano.

Caracterizacao bacteriana:

Caracterizacdo fenotipica

A identificacdo bacteriana geralmente é realizada através de metodologias
convencionais que sdo baseadas nas caracteristicas fenotipicas tais como: reacGes
metabdlicas, caracteristicas coloniais e morfologia celular em esfregacos corados pelo método
de Gram (Koneman et al, 2008). Os sistemas comerciais compactos de identificacdo foram
desenvolvidos a partir da combinacdo de provas convencionais e enzimaticas com substratos
cromogénicos, estes sdo, por exemplo, API, Enterotube, Minitek, VITEK, BIOLOG entre
outros. Nesses sistemas, diferentes conjuntos de substratos miniaturizados séo utilizados e
proporcionam resultados rapidos e permitem a identificacdo dos principais grupos bacterianos
de importdncia clinica. Os perfis metabdlicos obtidos sdo comparados com perfis
estabelecidos no banco de dados (Biomerieux, 2003; 2013).

Varios estudos realizados em laboratorios clinicos e de pesquisa demonstraram uma
correspondéncia de aproximadamente 95% a 97% das identificacdes realizadas por sistemas
compactos com o0s sistemas convencionais de identificacdo de varios grupos de micro-
organismos de origem clinica. Sendo assim, os sistemas compactos encontraram uma ampla
aceitacdo nos laboratorios clinicos como um método confiavel para identificacdo rapida
(Eigner et al, 2005).

As bactérias corineformes e nocardioformes compdem um grupo de espécies

bacterianas que apresenta uma grande diversidade fenotipica que torna a identificacdo
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convencional bastante limitada, sendo recomendada na maioria dos casos, a utilizacdo de
metodologias complementares tais como a determinacdo dos tipos de peptidoglicana,
menaquinonas e acidos graxos da parede celular e técnicas moleculares para fornecer acurada
identificacdo destes micro-organismos em termos de género e espécie (Funke et al, 1997;
Grove et al, 1999; Tang et al, 2000).

Alguns autores tém destacado a dificuldade da identificacdo das bactérias
corineformes e nocardioformes e a importancia desta na associacdo com infec¢cdes humanas e
alertam que os métodos usados para a identificacdo em laboratérios microbioldgicos clinicos
sdo ineficientes quando deparam com a diversidade de organismos que necessitam identificar
(Coyle & Lipsky, 1990; Funke et al, 1997; Mistry et al, 2006).

Caracterizacéo genotipica

Estudos tém demonstrado identificagfes equivocadas das bactérias corineformes e
nocardioformes e mostram a necessidade de metodologias moleculares para conclusdo da
identificacdo (Lau et al, 2002; Woo et al, 2003; Gil-Sande et al, 2006).

Com relacdo a identificacdo de bactérias provenientes do controle ambiental e de
produtos farmacéuticos, alguns estudos mostram a necessidade de metodologias moleculares
para a conclusdo da identificacdo de varios grupos bacterianos, inclusive bastonetes Gram
positivos irregulares (Sutton & Cundell, 2004; Cundell, 2006). Cundell (2006) realizou uma
revisdo sobre estratégias de identificacdo e caracterizacdo microbiana em produtos
farmacéuticos e em programas de monitoramento microbiano e considera necesséria a
utilizacdo de metodologias moleculares para analise mais efetiva das investigacdes sobre os
contaminantes de produtos e ambientes farmacéuticos, com objetivo de identificar a origem e
determinar acGes preventivas na inddstria.

Varios métodos baseados na tipagem de DNA sdo conhecidos, as quais fornecem
informacdo para delinear as bactérias em diferentes géneros e espécies e tém o potencial para
resolver as diferencgas entre as cepas de uma mesma espécie. Um grande nimero de estudos
sobre a taxonomia e tipagem bacteriana tem utilizado a analise do DNA o que tem contribuido
para aumentar nosso conhecimento acerca dos mecanismos basicos da evolucdo (Grtler &
Mayall, 2001).

A classificacdo dos micro-organismos utilizando apenas caracteristicas morfoldgicas,
fisiolégicas e bioquimicas ndo esclarece o0 seu estado taxondmico, assim com o

desenvolvimento das técnicas de biologia molecular onde utilizamos o sequenciamento
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completo do gene 16S rRNA, andlise filogenética, hibridacgdo DNA-DNA entre outras
técnicas, propiciam o melhor posicionamento taxondmico das bactérias (Prakashi et al,
2007).

A determinacdo do contetido guanina-citosina (% mol G-C) do genoma foi a primeira
metodologia utilizada para classificar um taxon bacteriano a um nivel taxonémico mais
elevado e esse indice pode variar de 26 a 76% no genoma dos procariotos sendo importante
para a caracterizacdo da natureza genémica. Consideram-se uma diferenca superior a 10%
nesse indice para se caracterizar géneros diferentes e um valor inferior a 3% como sendo
mesma espécie (Prakash et al, 2007; Schleifer, 2009).

As metodologias envolvendo &cidos nucléicos revolucionaram a identificagdo e
classificacdo dos micro-organismos. Dentre estas metodologias, a analise da sequéncia do
gene 16S rRNA tem sido amplamente utilizada para a determinacdo do relacionamento
filogenético das bactérias. A conservacao deste gene reflete a importancia deste como um
componente critico da célula (Woese, 1987). O gene 16S rRNA possui aproximadamente
1550 pares de bases e é composto de regides variaveis e conservadas com polimorfismos
interespecificos que proporcionam distingdo e medidas estatisticamente validas. Em geral, a
comparacdo das sequéncias do gene 16S rRNA permite a diferenciagdo entre géneros de
organismos (Woese, 1987).

Atualmente, a analise da sequéncia do gene 16S rRNA tem sido utilizada ndo apenas
para a determinacdo do relacionamento filogenético bacteriano, mas também tem contribuido
para a identificacdo bacteriana (Bosshard et al, 2003; Drancourt, 2004; Rivas et al, 2004;
Mignard & Flandrois, 2006; Petti, 2007). A utilizagdo do gene 16S rRNA para fins de
identificacdo tem sido ampla, uma vez que este gene é universal para bactérias e uma grande
guantidade de sequéncias deste gene estd disponivel em banco de dados de sequéncias de
nucleotideos permitindo assim a comparacdo das sequéncias de cepas desconhecidas
(Clarridge, 2004).

Podemos identificar as cepas bacterianas com base na similaridade da sequéncia, pela
comparagdo com as sequéncias depositadas nos bancos de dados: BLAST - The Basic Local
Alignment Search Tool (http://www.ncbi.nlm.nih.gov) e RDP - Ribosomal Database Project
(http://rdp.cme.msu.edu/) (Rajendhran & Gunasekaran 2010).

A utilizacdo de sequéncias parciais do gene 16S rRNA na identificacdo de isolados
bacterianos de origem clinica tem sido realizada com sucesso (Park et al, 2011; Jeon et al,
2012).


http://rdp.cme.msu.edu/
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Em grande parte destes estudos € utilizado o sistema MicroSeq 500 (Applied
Biosystems) que amplifica e sequéncia dos primeiros 527 pares de base do gene 16S rRNA.
Esta regido parece fornecer uma porcentagem maior de diferenca entre cepas, porque a regiao
mostra ligeiramente mais diversidade (Clarridge, 2004). A analise de sequéncias parciais do
gene 16S rRNA tem sido empregada também para identificagdo de bactérias corineformes
(Tang et al, 2000; Bosshard et al, 2003). Entretanto, ha relatos onde os autores mostram a
necessidade do sequenciamento completo do gene para distinguir determinados géneros e
especies (Sacchi et al., 2002 a e b). Para micro-organismos que compartilham identidade
completa da sequéncia do gene 16S rRNA, outros genes alternativos podem fornecer uma
melhor separacdo das espécies estreitamente relacionadas e diferentes espécies podem
compartilhar identidade completa do gene 16S rRNA (Satomi et al, 2006; Petti, 2007;
Schleifer, 2009).

O operon ribossomal pode possuir multiplas cépias variando de 1 a 15 e sua
heterogeneidade dentro do genoma sdo consideradas como fator limitante para 0 uso na
identificacdo de espécies bacterianas. As sequéncias dessas copias apresentam-se divergéncia
de 1 a 2% e, portanto sdo praticamente idénticas (Schleifer, 2009).

Para discriminar as espécies estreitamente relacionadas, podemos usar o0
sequenciamento dos genes conservados (housekeeping) do genoma bacteriano (Petti, 2007,
Richert et al, 2007). Esses genes tém sido usados para analise taxondmica e identificacdo. Os
marcadores alternativos devem cumprir alguns critérios tais como: os genes devem ser
distribuidos extensamente entre 0s genomas, 0s genes devem estar presentes como uma unica
copia dentro de um dado genoma, as sequéncias individuais do gene devem ser longas
suficientes para conter informacbes almejadas, mas curta 0 bastante para reservar 0s
sequenciamentos dos nucleotideos de maneira conveniente (900 a 2.250 nucleotideos)
(Zeigler et al, 2003; Thompson et al, 2005).

Dentre os genes que oferecem possibilidades de serem utilizados como alvos
universais ou de grande espectro (genes housekeeping) que tém sido utilizados para fins
taxondmicos e de identificacdo de vérias espécies bacterianas estdo: o gene secAl que é um
componente essencial da enzima translocase (ATPase) que fornece for¢ca motriz para a
exportacdo das proteinas através da membrana citoplasmatica bacteriana, o gene atpD que
produz o ATP a partir do ADP na presenca de um gradiente de protons atraves da membrana,
0 gene trpB que é uma subunidade beta responsavel pela sintese de L triptofano a partir do
indol e da L-serina, o gene rpoB que codifica a subunidade beta da RNA polimerase que

executa papel essencial na transcricdo do DNA para RNA, O gene gyrB codifica a subunidade



19

B da DNA girase apresentando cOpia Unica no genoma bacteriano e esta caracteristica permite
0 uso deste na discriminacdo e identificacdo de espécies relacionadas, 0 gene recA que
codifica a recombinase A que esta envolvida na recombinacdo de sequéncias complementar
do DNA e funciona como um regulador chave na resposta SOS. O gene hsp60 também
conhecido como groEL codifica uma proteina de 60 kDa dependente de ATP e altamente
conservada sendo uma proteina moduladora (chaperonas) que desempenham um papel central
no controle conformacional de outras proteinas associadas ao estresse celular (proteinas de
choque térmico -HSP) (Thompson et al, 2004; Drancourt & Raoult, 2005; Nahrstedt et al,
2005; Conville et al, 2006; Petti, 2007; Richert et al, 2007; Guo et al, 2008; Silva, 2008).

O gene rpoB tem sido utilizado para a identificacdo de espécies de diversos géneros
bacterianos nos quais as sequéncias do gene 16S rRNA ndo puderam discriminar. E essencial
no processo de transcricdo em bactérias sendo responsavel pela sintese de RNA mensageiro,
transportador e ribossomal e possui aproximadamente 3000 pares de bases e consiste em trés
subunidades oy, p ¢ ® sendo a subunidade P codificada pelo gene rpoB. Khamis e
colaboradores (2004) apontaram uma regido hipervariavel do gene rpoB e mostraram que essa
regido seria suficiente para a identificacdo e analises filogenéticas.

O sequenciamento dos genes housekeeping é considerado uma alternativa para auxiliar
questdes taxondmicas e de identificacdo. Para fins taxondmicos as sequéncias devem prever o
relacionamento do genoma inteiro com preciséo e exatidao aceitaveis que correlacionam bem
com os dados do 16S rRNA e com as similaridades do genoma inteiro medidas por
hibridizacdo DNA-DNA total uma vez que esta metodologia é padrdo para a descri¢cdo de uma
espécie bacteriana (Drancourt & Raoult, 2005).

A definicdo de espécie bacteriana tem sido amplamente discutida por taxonomistas
(Oren, 2004; Gevers et al., 2005; Staley, 2006), entretanto, para que uma espécie seja descrita,
o Comité Internacional de Sistematica Bacteriana do “International Journal of Systematic
Evolucionary Microbiology” (IISEM) reafirma a necessidade da realizagdo da metodologia de
reassociacdo do DNA-DNA e a determinagdo da divergéncia (ATm) e sugere que toda
descricdo de espécie deve incluir uma sequéncia de 16S rRNA quase completa (>1300
nucleotideos, <0,5% de ambiguidade) (Stackebrandt et al, 2002). Estes autores encorajam
estudos que possam avaliar a utilizagdo de novas metodologias moleculares tais como a
analise das sequéncias de genes “housekeeping” para delinear espécies. Alguns estudos tém
mostrado correlacdo dos dados obtidos pelo sequenciamento de genes housekeeping com 0s
de reassociacao de DNA total (Roux, et al, 2005; Thompson et al, 2005).
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A hibridizacdo DNA-DNA (DDH) é a metodologia molecular considerada padrdo
ouro para definir uma espécie bacteriana e ela se baseia na eficiéncia de hibridizacdo entre
moléculas de DNA (Konstantinidis et al, 2006).

Wayne e colaboradores (1987) prepuseram que as espécies bacterianas deveriam ser
demarcadas com base em uma combinacdo de mais de um critério e consideraram uma
espécie como uma colecdo de cepas caracterizadas por pelo menos um traco fenotipico e de
diagnostico onde um purificado de moléculas de DNA mostraria pelo menos 70% de
hibridizacdo cruzada. Esse valor é muito criticado, mas é universalmente aplicavel no
dominio bacteriano sendo dificil de executar e ndo aplicadvel em estudos ambientais (Gevers et
al, 2005; Konstantinidis et al, 2006).

Stackebrandt e Ebers (2006) sugeriram um limite de 98,7% de similaridade do gene
16S rRNA para descrever uma nova espécie sem realizar experimentos de hibridizacdo DNA-
DNA.

Através de condicfes controladas, as moléculas de DNA de diferentes organismos
podem se reassociar para formar um DNA hibrido uma vez que a similaridade das sequéncias
nucleotidicas favorece tal reassociacdo permitindo a comparacdo de misturas entre 0 DNA
homologo (puro) e hibrido obtendo-se um grau de similaridade entre os genomas. Os
parametros de diferencas entre a temperatura de fusdo (ATn,) podem ser utilizados para
quantificar o grau de similaridade e reflete a estabilidade térmica da dupla fita de DNA e a
taxa relativa de ligacdo (RBR) que compara a quantidade relativa de DNAs hibridos com o
DNA homologo (Rosséllo-Mora, 2001).

A ligacéo de sua fita dupla é mais fragil e assim o DNA hibrido tende a se desnaturar a
uma temperatura inferior ao DNA puro. O ATy, é a diferenca entre 0 T, do DNA homélogo
com 0 T, do DNA hibrido. Os valores de 70% de DDH ou maior ou um AT, menor ou igual
a 5°C sdo utilizados para delinear as espécies (Rosséllo-Mora & Amann, 2001; Konstantinidis
et al, 2006).

Multilocus Sequence Analysis (MLSA)

A metodologia MLSA se baseia no sequenciamento e andlise de 5 a 7 genes
conservados conhecidos como ‘“housekeeping genes” presentes ao longo do genoma
bacteriano e distante um do outro com pelo menos 100 Kb (Maiden et al, 1998). Vérios l6cus
possuem um maior poder discriminatorio por representar uma pequena porc¢ao do genoma e

por isso esta metodologia tem sido empregada para aumentar o poder discriminatorio
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(Rajendran, Gunasekaran, 2010). Os genes “Housekeeping” codificam produtos essenciais
para 0 metabolismo bacteriano e apresentam uma evolucédo lenta, porém mais rapida do que o
gene 16S rRNA (Hanage et al, 2006).

O MLSA ¢ baseado na metodologia de “Multi Locus Sequence Typing” (MLST) e 0s
dados de MLSA sdo utilizados para diferenciar os procariotos a nivel intraespecifico onde um
namero de alelo é atribuido a cada sequéncia de um gene (Gevers et al, 2005).

Eletroforese em gel de campo pulsado — (PFGE - “Pulsed Field Gel Electrophoresis™).

A PFGE (Pulsed-Field Gel Electrophoresis) é uma técnica empregada para separar
grandes fragmentos de DNA que foram clivados com enzimas de restri¢do e essas moléculas
sdo submetidas a campos elétricos aplicados alternadamente em duas direcdes (pulsado). Esta
técnica € utilizada para a identificacdo de linhagens bacterianas, flngicas e de protozoéarios
sendo uma poderosa ferramenta para investigacdes epidemioldgicas em estudos de surtos

hospitalares e compara¢des de populacdes microbianas de locais distintos (Magalhaes, 2005).

Anélise filogenética

A filogenia envolve o entendimento das relacbes entre as espécies que resultam da
evolucdo e sua identificacdo uma vez que as espécies evoluem de um ancestral comum e as
espécies proximas compartilham caracteristicas em comum ao contrario das mais distantes.
Para definir a relacdo histérica ou evolucionaria e identificar caracteristicas similares
utilizamos a sistematica filogenética e baseados nessas relacfes sdo desenvolvidas arvores
filogenéticas que mostram a relacdo evoluciondria e agrupamento de organismos
(Konstantinidis, 2006).

Importancia dos BGPI no controle da qualidade de medicamentos e insumos

farmacéuticos estéreis

As condi¢des minimas de qualidade para medicamentos, farmacos, drogas vegetais,
insumos e produtos para a salde estdo instituidas pela Farmacopeia Brasileira. Os
medicamentos e outros produtos sujeitos a vigilancia sanitaria devem atender as normas e

especificacOes estabelecidas na 5% Edicdo da Farmacopeia Brasileira. Neste compéndio, esta
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estabelecido que seja realizado o ensaio de esterilidade para produtos e artigos de saude
considerados estéreis, devendo 0s mesmos ndo apresentar micro-organismos e esses nao
devem apresentar células viaveis ou enddsporos de micro-organismos em sua COmposi¢do
(Farmacopeia Brasileira, 2010).

Durante o processo fabril de produtos destinados & salde € imprescindivel que a
indUstria siga procedimentos que garantam as Boas Praticas de Fabricacdo para garantir que
estes insumos apresentem seguranca quanto a sua esterilidade e para assegurar sua qualidade
junto ao consumidor realizando o teste de esterilidade em amostras representativas dos lotes
produzidos (Brasil, 2010; Farmacopeia Brasileira, 2010).

O procedimento de esterilizacdo que ocorre no final do processo produtivo tende a
assegurar que os produtos fabricados ndo possuam contaminacdo microbiana e aqueles
produtos que ndo podem ser submetidos a esse processo de esterilizacdo por suas
caracteristicas fisicas e quimicas devem ser preparados em condicOes assépticas para prevenir
eventual contaminagdo (Farmacopeia Brasileira, 2010).

Abreu e colaboradores (2003) concluiram em seus estudos sobre a incidéncia de
micro-organismos em areas limpas que as bactérias Gram positivas irregulares (BGPI) foram
0 terceiro grupo bacteriano mais frequentemente isolado. O Setor de Identificacdo Bacteriana
DM/INCQS também tem observado que estas bactérias sdo frequentemente isoladas na area
onde é realizado o Ensaio de Esterilidade de produtos farmacéuticos (Rocha, 2006; Baio,
2007). Estando presentes na microbiota de areas limpas e dos operadores estas bactérias

tornam-se candidatas a contaminantes de produtos farmacéuticos.

Ensaio de esterilidade em area limpa

Produtos que requerem a caracteristica de esterilidade, tais como medicamentos
injetaveis, soros, vacinas entre outros, devem ser submetidos ao Ensaio de Esterilidade
Bacteriana e Fungica que visa verificar a qualidade do processo esterilizante empregado
durante a fabricagdo de produtos estéreis, bem como manipulacdes assépticas. Segundo as
farmacopeias, a condicdo de esterilidade de um produto deve ser considerada com base no
fato de que o mesmo tenha sido processado em condigdes 6timas e que o resultado de uma
amostra representativa e estatisticamente calculada, submetida ao ensaio de esterilidade
indigue a auséncia de micro-organismos viaveis (Brasil, 2010; Farmacopeia Brasileira, 2010;
The United States Pharmacopeia, 2012).
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As condigOes de realizacdo do teste de esterilidade devem ser adequadas de forma a
evitar contaminacdo acidental da amostra e € fundamental que seja realizado
concomitantemente o controle ambiental da area de trabalho, do ar através da contagem de
particulas e controle de superficies, controle da temperatura, pressao e velocidade e direcao do
fluxo de ar (Farmacopeia Brasileira, 2010).

Os meios de cultura utilizados no teste de esterilidade devem ser esterilizados por um
processo validado e devem cumprir com as condi¢Ges de qualidade como a promoc¢éo de
crescimento. Devem oferecer condi¢cBes de crescimento para diversos micro-organismos
(Farmacopeia Brasileira, 2010).

Para que o Ensaio de Esterilidade tenha validade, a qualidade do ambiente de
execucdo deve ser controlada e conhecida, a fim de evitar resultados falso-positivos, sendo
assim, este ensaio deve ser realizado em fluxo laminar (ISO 5) mantido numa area limpa (ISO
7). (Brasil, 2010; Farmacopeia Brasileira, 2010; The United States Pharmacopeia, 2012).

Area limpa ¢ definida pela “International Organization for Standardization” (ISO)
como: “Sala na qual a concentragdo de particulas no ar é controlada e que é construida e usada
de modo a minimizar a introducdo, geracdo, e retencdo de particulas dentro desta e nos quais
outros parametros relevantes como temperatura, umidade e presséo sao controlados quando
necessarios” (ISO 14644-1, 2013). Além dos laboratoérios de controle da qualidade, indUstrias
farmacéuticas e produtos correlatos sdo as que mais usam areas limpas uma vez que micro-
organismos e sujidades ndo devem ser injetados ou introduzidos no paciente através de seus
produtos (Whyte, 2001).

As principais fontes de contaminacdo por particulas viaveis (micro-organismos) e ndo
viaveis (poeira) nas areas limpas sdo: suprimento de ar ndo filtrado, areas sujas adjacentes a
area limpa, superficies, operadores, equipamentos, matéria prima e embalagens. Na
construcdo de areas limpas devem ser utilizados materiais especiais, uma vez que materiais de
construcdo convencionais desprendem particulas facilmente. O ar introduzido numa éarea
limpa deve ser filtrado (ultrafiltros) e é usado para diluir e remover particulas totais dispersas
durante a operagdo nestas areas e também para pressurizar a sala certificando a qualidade do
fluxo de ar interno (Whyte, 2001). Quando a area limpa esta em operacdo, 0s operadores sdo a
principal fonte de particulas vidveis (micro-organismos), sendo assim é necessario o uso de
roupas e equipamentos que minimizem a dispersdo de particulas (Reinmuller & Ljunggvist,
2003).

Além da preocupacdo em se manter niveis minimos de particulas é importante também

o0 conhecimento da microbiota do ambiente, pois proporciona a possibilidade de rastreamento
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da fonte contaminante e auxilia também na avaliacdo dos procedimentos de limpeza e
sanitizacédo (Pinto, 2002; Sutton & Cundell, 2004; Cundell, 2006).

Interpretacdo dos resultados no teste de esterilidade

Apos a execucdo do ensaio de esterilidade, os tubos contendo os meios de cultura
devem ser incubados por 14 dias e durante o tempo de incubacéo estes devem ser observados
quanto a presenca de turvacdo que indicaria crescimento microbiano. Em caso de néo
turvacdo dos mesmos (auséncia de crescimento), a amostra testada é considerada satisfatoria e
havendo crescimento, a mesma deve ser considerada ndo estéril e, portanto insatisfatoria
(Farmacopeia Brasileira, 2010).

Durante a execuc¢do do ensaio de esterilidade, podem ocorrer falhas que invalidam o
teste como deficiente monitoramento microbioldgico, procedimentos de anélise inadequados,
presenca no controle negativo de crescimento microbiano e qualquer erro detectado apés
identificacdo do micro-organismo que possa estar relacionado a técnica ou materiais
envolvidos na analise (Farmacopeia Brasileira, 2010).

Se o teste de esterilidade for invalidado, este devera ser repetido seguindo o mesmo
procedimento inicial e se ndo houver deteccéo de crescimento microbiano, a amostra deve ser
considerada satisfatdria e em caso contrario insatisfatorio. A farmacopeia Brasileira determina
que sejam identificados os micro-organismos que desenvolveram nos meios do teste através
de ensaios fenotipicos que segundo este compéndio é eficaz para a identificacdo (Farmacopeia
Brasileira, 2010).

Quando se quer verificar a clonalidade entre duas cepas de origem comum, a
Farmacopeia Brasileira recomenda o uso de técnicas moleculares de identificacdo, porém este
compéndio apesar de citar o principio do método, procedimento, avaliacdo e interpretacdo dos
resultados, sO encontramos esta técnica para deteccdo de RNA contaminante da hepatite C

virus ou virus da hepatite C em misturas de plasma (Farmacopeia Brasileira, 2010).
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Géneros mais estudados

Dentre as amostras analisadas, as familias mais encontradas foram Microbacteriaceae,
Streptomycetaceae, Nocardiaceae e Corynebacteriaceae correspondendo respectivamente aos

géneros Microbacterium, Streptomyces, Nocardia e Corynebacterium.

Género Microbacterium

O género Microbacterium é conhecido desde os anos 90. Apresentam-se como bacilos
pequenos Gram-positivos, irregulares, catalase positiva, moveis ou imoveis. Eles séo
frequentemente encontrados no meio ambiente (Koneman et al, 2008; Funke & Bernard,
2011).

Takeuchi & Hitano (1998) unificaram os géneros Microbacterium e Aureobacterium
utilizando metodologia molecular além de se basearem em caracteristicas fisioldgicas e
qguimiotaxonémicas (Koneman et al, 2008; Euzéby, 2013).

Atualmente existem 81 espécies descritas validas e apenas uma minoria destas tem sua
importancia clinica. Relatos de eritrasma, bacteremia e peritonite causada por esses micro-
organismos foram descritos recentemente (Koneman et al, 2008; Adames et al, 2010; Enoch
et al, 2011; Funke & Bernard, 2011; Yasuma et al, 2011; Sharma et al, 2012; Euzéby, 2013).

Género Streptomyces

O género Streptomyces € um actinomiceto aerébio amplamente distribuido na natureza
e frequentemente sdo isolados de solo e possuem grande importancia industrial devido aos
produtos que estes sintetizam. Sdo bactérias Gram-positivas, filamentosas e ramificadas,
produzindo normalmente micélio como os dos fungos que se fragmentam em formas de
pequenos bastdes (Koneman et al, 2008; Funke & Bernard, 2011).

Atualmente existe mais de 600 espécies validas descritas de Streptomyces (Euzéby,
2013). Relatos de infeccGes causados por esses micro-organismos sdo descritos como
causadores de infeccGes pulmonares, actinomicetoma, peritonite, infeccdo de couro cabeludo
entre outras doencas (Datta et al, 2012; Kirby et al, 2012; Riviere et al, 2012; Pellegrini et al,
2012). Eles causam uma sindrome cronica chamada Micetoma que é uma infeccdo de pele

gue acomete o tecido celular subcutaneo podendo atingir musculos e ossos principalmente
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podendo causar deformacdes nas partes afetadas e perda de funcdo (Koneman et al, 2008;
Funke & Bernard, 2011; Chander et al, 2013).

Género Nocardia

O género Nocardia é o mais importante entre os actinomicetos aerébios. As nocardias
sdo micro-organismos saprofitas de solo, aerdbios, imoveis; Gram-positivos e levemente
alcool-acido resistentes quando visualizados pelo método de Kinyoun-modificado.
Usualmente formam hifas aéreas, algumas vezes visualizadas apenas ao microscopio. As hifas
ramificadas quando fragmentadas podem exibir formas cocdides e bacilares (Koneman et al.,
2008; Conville & Witebsky, 2011).

Estdo descritas 86 espécies validas de Nocardia e ultimamente tem aumentado o
nimero de casos de nocardioses humanas, especialmente entre individuos
imunocomprometidos apresentando doenca pulmonar, neoplasias, infecces pelo virus HIV,
histéria prévia de alcoolismo, cirurgia, trauma, transplantes ou uso de corticosterdides
(Koneman et al, 2008; Conville & Witebsky, 2011; Euzéby, 2013).

As nocardioses cutdneas sdo usualmente apresentadas em quatro formas clinicas:
micetoma, infeccdo linfocutanea, infeccdo cutdnea superficial (abscesso ou celulite), e
infeccdo cutdnea secundaria com doenca disseminada frequentemente de carater cronico e de
dificil diagnostico. O maior numero de ébitos ocorre em pacientes apresentando quadros de
abscesso cerebral, infecgdes sistémicas e pneumonias (Shachor-Meyouhas et al, 2012; Sharma
et al, 2012; Cattaneo et al, 2013; Saraya et al, 2013; Jorna & Taylor, 2013; Rkiouak et al,
2013).

As nocardias sdo transmitidas principalmente por inalacdo e mais raramente através de
inoculacdo direta na pele. No ambiente hospitalar, parece ocorrer a disseminacdo bacteriana
por vias aéreas e transmissdo pessoa a pessoa, inclusive pos-cirdrgica. Dentre as espécies
predominantemente isoladas como patdgenos humanos podemos destacar: Nocardia
abscessus, Nocardia brasiliensis, Nocardia cyriacigeorgica, Nocardia farcinica, Nocardia
nova, Nocardia otitidiscaviarium, Nocardia paucivorans, Nocardia pseudobrasiliensis,
Nocardia transvalensis, Nocardia veterana e Nocardia wallacei (Conville & Witebsky,
2011).

Dado ao crescente numero de espécies de actinomicetos aerdbios, a utilizacdo de

apenas um numero limitado de testes fenotipicos para a obtencdo de espécies ou mesmo a
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identificacdo exata ao nivel de género tornou-se impossivel. Quando uma identificagdo
precisa for necessaria para um isolado de um paciente, o0 encaminhamento a um laboratério de

referéncia para testes moleculares é altamente recomendavel (Conville & Witebsky, 2011).

Género Corynebacterium

Os micro-organismos pertencentes ao género Corynebacterium se apresentam como
bacilos Gram-positivos pleomorficos, catalase positiva, imdveis, ndo esporulados e ndo séo
acido-resistentes sendo descritos classicamente como tenderem a formar arranjos em forma de
cerca ¢ “caracteres chineses” na coloragdo de Gram (Koneman et al., 2008; Funke & Bernard,
2011; Bernard, 2012).

Essas bactérias fazem parte da microbiota normal da pele e das vias respiratorias
superiores o que torna dificil de correlaciona-los sendo o agente infeccioso ou um simples
contaminante. Com o0 aumento dos pacientes imunocomprometidos tem surgido como
importantes agentes de doencas e o patdgeno classico desse grupo é o Corynebacterium
diphtheriae, causador da difteria (Koneman et al., 2008; Mattos-Guaraldi et al, 2011; Bernard
, 2012).

O género Corynebacterium consiste em 87 espécies validas descritas (Euzéby, 2013) e
um pouco mais de 50 espécies aparecem ocasionalmente ou raramente causando infec¢fes em
humanos (Bernard , 2012).
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1 JUSTIFICATIVA

A aplicacdo das metodologias moleculares para a identificacdo de bastonetes Gram
positivos irregulares (bactérias Corineformes e Nocardioformes) vem sendo citada na
literatura cientifica como ferramenta fundamental para a identificacdo destes grupos
bacterianos tanto de origem clinica como de origem ambiental. Devido ao crescente nimero
de individuos imunocomprometidos h4 um aumento de relatos de infeccbes causados por
espécies bacterianas que eram consideradas apenas como colonizadores de animais ou
microbiota ambiental. H& uma grande dificuldade de identificar cepas bacterianas
provenientes do ambiente por metodologias convencionais, uma vez que os sistemas de
identificacdo sdo baseados em caracteristicas fenotipicas presentes nas cepas de origem
clinica que muitas vezes nao reflete a diversidade fenotipica das cepas ambientais, sendo
necessaria a aplicacdo de analises moleculares para este fim. Deste modo a utilizacdo da
analise das sequéncias do gene 16S rRNA e de outros genes conservados (housekeeping) para
caracterizar os BGPIs de origem clinica, de produtos farmacéuticos e de areas limpas
permitirdo melhorar a discriminacdo das espécies deste grupo de bactérias que proporcionarao
resultados confidveis as identificacbes realizadas pelo Laboratério de Difteria e
Corinebactérias de Importancia Médica da Faculdade de Ciéncias Médicas (UERJ) e pelo
Laboratério do Setor de Identificacio do Departamento de Microbiologia -
INCQS/FIOCRUZ.
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2 OBJETIVOS

2.1 Objetivo geral

O presente estudo teve como objetivo geral realizar a analise de sequéncias do gene
16S rRNA de bastonetes Gram positivos irregulares (BGPI) e dos actinomicetos aerdbios de
origem clinica e ambiental que ndo conseguem ser identificados definitivamente em nivel de
géneros e ou de espécies por metodologias convencionais; Aplicar a metodologia da analise
de sequéncias de alguns genes conservados (housekeeping) para avaliar estes como
marcadores para identificacdo ou para determinar o relacionamento filogenético de alguns

géneros predominantemente encontrados na amostragem estudada.

2.2 Objetivos especificos

— Analisar as sequéncias do gene 16S rRNA para determinar os géneros e se possivel espécies
de Corynebacterium de origem clinica que ndo puderam ser identificadas por metodologia

convencional;

- Analisar as sequéncias dos genes 16S rRNA, secAl, hsp65 e gyrB para amostras de origem

clinica caracterizadas como Nocardia;

- Determinar os géneros e, se possivel, espécies de BGPI e dos Actinomicetos aerébios de
origem ambiental que ndo puderam ser identificadas por metodologia convencional utilizando

a metodologia da anélise de sequéncias do gene 16S rRNA;

— Analisar o relacionamento filogenético de amostras de Streptomyces de origem ambiental e
de produtos farmacéuticos empregando a metodologia “Multilocus Sequence Analysis”
(MLSA) através da analise de sequéncias dos genes 16S rRNA, recA, rpoB, gyrB, atpD e
trpB; .

- Determinar o relacionamento filogenético de amostras caracterizadas como Microbacterium
de origem ambiental e de produtos farmacéuticos pela técnica de analise de sequéncias dos
genes 16S rRNA, recA e rpoB.



30

3 RESULTADOS

3.1 Artigo cientifico - Clonal multidrug-resistant Corynebacterium striatum within a

nosocomial environment, Rio de Janeiro, Brazil

Clonal multidrug-resistant Corynebacterium striatum within a nosocomial
environment, Rio de Janeiro, Brazil.

Autores: Baio PVP, Mota HF, Freitas AD, Gomes DL, Ramos JN, Sant'Anna LO,
Souza MC, Camello TC, Hirata Junior R, Vieira VV, Mattos-Guaraldi AL.

Revista: Memodrias do Instituto Oswaldo Cruz 2013; 108: 23-29. (Qualis B1)

REsSUMO

Corynebacterium striatum € um micro-organismo potencialmente patogénico, com a
capacidade de produzir surtos de infecgdes nosocomiais. Aqui, nés documentamos um surto
nosocomial causada por C. striatum multi-resistente (MDR), no Rio de Janeiro, Brasil. A
identificacdo do C. striatum foi confirmada pelo sequenciamento dos genes 16S rRNA e
rpoB. Quinze cepas de C. striatum foram isoladas de adultos (metade dos quais 50 anos de
idade e mais velhos). C. striatum foi mais isolado em cultura pura a partir de secrecao
traqueal de pacientes submetidos a procedimentos de entubacdo endotraqueal. A analise por
eletroforese em gel de campo pulsado (PFGE) indicou a presenca de quatro perfis
moleculares, incluindo os dois clones relacionados com cepas MDR (PFGE | e I1). Os dados
demonstram a predominancia de PFGE tipo I, compreendendo 11 cepas MDR que foram em
sua maioria isoladas de unidades de terapia intensiva e enfermarias cirdrgicas. Uma potencial
ligacdo causal entre a morte e a infeccdo por C. striatum MDR (PFGE tipos | e Il) foi

observada em cinco casos.
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Clonal multidrug-resistant Corynebacterium striatum
within a nosocomial environment, Rio de Janeiro, Brazil
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Corynebacterium striatum is a potentially pathogenic microorganism with the ability to produce outbreaks of
nosocomial infections. Here, we document a nosocomial outbreak caused by multidrug-resistant (MDR) C. striatum
in Rio de Janeiro, Brazil. C. striatum identification was confirmed by 16S tRNA and rpoB gene sequencing. Fifteen
C. striatum strains were isolated from adults (half of whom were 50 years of age and older). C. striatum was mostly
isolated in pure culture from tracheal aspirates of patients undergoing endotracheal intubation procedures. The
analysis by pulsed-field gel electrophoresis (PFGE) indicated the presence of four PFGE profiles, including two
related clones of MDR strains (PFGE I andll). The data demonstrated the predominance of PFGE type I, compris-
ing 11 MDR isolates that were mostly isolated from intensive care units and surgical wards. A potential causal link
between death and MDR C. striatum (PFGE types I and I) infection was observed in five cases.

Key words: Corynebacterium striatum - nosocomial outbreak - PFGE - multidrug-resistant clones

Like several other multidrug-resistant (MDR) non-
diphtherial Corynebacterium species, Corynebacterium
striatum has been cited with increased frequency as a
pathogen of nosocomial infections (Lee et al. 2005), in-
cluding septicaemias (Martin et al. 2003), pulmonary in-
fection (Renom et al. 2007, Wong et al. 2010), meningitis
(Weiss et al. 1996), endocarditis (Oliva et al. 2010), os-
teomyelitis (Fernandez-Ayala et al. 2001), septic arthritis
(Scholle 2007), keratitis (Heidemann et al. 1991), skin
wounds (Moore et al. 2010) and intrauterine infections
(Boltin et al. 2009). The first case of C. striatum in an
uncomplicated urinary tract infection in an ambulatory
patient without any other predisposing factors was re-
cently reported (Lopez et al. 2009).

Outbreaks caused by C. striatum have been reported
in long-term hospitalised patients with prolonged expo-
sure to broad-spectrum antibiotics and in intensive care
units (ICU) (Leonard et al. 1994, Otsuka et al. 2006).
The presence of multiple medical devices may facilitate
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colonisation by C. striatum of the upper respiratory tract
with subsequent invasive infection. Therefore, C. stria-
tum should not be simply disregarded as a contaminant,
especially when isolated as a pure growth in chronically
debilitated patients with multiple medical devices in situ
(Brandenburg et al. 1996, Renom et al. 2007).

An increase in the number of cases in which C. st#i-
atum has been isolated from clinical specimens from
patients with varying degrees of immunocompromisa-
tion and severe infections has been observed in indus-
trialised countries that can afford these types of stud-
ies. With the aid of molecular-biology-based techniques,
the clonal nature of the isolates in nosocomial outbreaks
has been unequivocally established (Brandenburg et al.
1996, Martin et al. 2003, Otsuka et al. 2006, Renom et
al. 2007, Adderson et al. 2008, Campanile et al. 2009,
Martins et al. 2009, Wong et al. 2010).

In South America, only reports from Brazil indicate
the sporadic isolation of C. striatum from representa-
tive clinical sites of hospitalised patients with signs and
symptoms of infection (Camello et al. 2003, Martins
et al. 2009, Superti et al. 2009). In contrast to previ-
ous data observed by our research group (Camello et al.
2003), an unusual clustering of 14 patients in our teach-
ing hospital within a period of nine months produced
a sentinel signal that justified the study of a possible
outbreak. Therefore, the microbiologic characteristics,
resistance profiles and similarities among the genomes
of 15 C. striatum strains isolated from these patients
were investigated.
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SUBJECTS, MATERIALS AND METHODS

Bacterial strains - We reviewed the microbiological
features of 15 C. striatum strains recovered from repre-
sentative clinical sites of 14 hospitalised patients (50%
male; 50% with fatal outcomes) with signs and symp-
toms of bacterial infection. The patients were hospital-
ised between August 2009-April 2010 in seven different
wards of a 600-bed teaching hospital in Rio de Janeiro
(RD), Brazil (Table). All C. striatum isolates from the pa-
tients included in the study were detected using routine
diagnostic cultures.

Bacterial phenotypic characterisation - Coryne-
bacterium-like colonies were selected for further iden-
tification when they were grown in any quantity from
normally sterile body fluid or when they were isolated
in significant numbers or in pure culture from other
specimens obtained at clinical sites where infection was
suspected (Funke & Bernard 2007). All clinical samples
yielding more than three organisms were regarded as
contaminated and discarded (Thomson & Miller 2007).
For quantitative bronchoalveolar lavage (BAL) fluid cul-
tures, a colony count > 10° colony-forming units (CFU)
mL" of potential pathogens was considered positive.
Isolation of three species of microorganisms was classi-
fied as a polymicrobial infection of the lower respiratory
tract. Microorganisms were identified from the urine
cultures in cystine lactose electrolyte-deficient agar
(Merck, Darmstadt, Germany) and were considered po-
tential pathogens when the growth exceeded 10* CFU
mL" as the only isolate or > 10° CFU mL" as the pre-
dominant isolate; in cases of nephropathies, > 10° CFU
mL" was also considered a potential pathogenic level.
Blood cultures were always obtained in pairs, wherein
at least one of the samples was collected through the
central venous catheter, if present. Blood specimens
were inoculated in Bactec Plus anaerobic/aerobic vials
and processed in a Bactec 9240 continuous-monitoring
system (Becton-Dickinson Microbiology System, Cock-
eysville, MD, USA). Other clinical specimens were in-
oculated onto a Columbia agar base with the addition
of 5% sheep’s blood and incubated at 37°C in a 3-5%
CO, atmosphere and monitored for 72 h (Camello et al.
2003, Martins et al. 2009). Positive bacterial cultures
for irregular Gram-positive rods were preliminarily
characterised by colonial morphology, pigmentation,
haemolysis, DNase activity and CAMP reaction with
Staphylococcus aureus (Camello et al. 2003, Funke &
Bernard 2007, Pimenta et al. 2008). Phenotypic charac-
terisation was also performed using the semi-automated
API Coryne System 3.0 (bioMérieux) with the API web
decoding system (apiweb.biomerieux.com) (Almuzara et
al. 2006, Funke & Bernard 2007, Campanile et al. 2009,
Martins et al. 2009).

Susceptibility testing - Antimicrobial susceptibility
profiles were determined by the disk diffusion method
in cation-adjusted Mueller-Hinton agar supplemented
with 5% sheep blood. Breakpoints for the susceptible
strains were used as suggested by the Clinical Laborato-
ry Standards Institute (CLSI) for bacteria excluded from

tables 2A-K. As there is not yet a defined standard for
interpreting these results, the standard proposed in CLSI
document M45-A (ISBN 1-56238-607-7) was used (CLSI
2007). The breakpoints for S. aureus were considered
in the cases of penicillin, oxacillin and ampicillin. For
the other antimicrobial agents, we used the breakpoints
for other microorganisms, but not Haemophilus spp or
Neisseria gonorrhoeae, which had been validated by
previous studies. Intermediate results were considered
resistant (Camello et al. 2003, Martins et al. 2009). The
antibiotics (Oxoid SA, Spain) tested included penicillin
(10 U), ampicillin (30 pg), methicillin (5 pg), cefotaxime
(30 pg), cefepime (30 pg), ceftriaxone (30 ug), imipenem
(10 pg), erythromycin (15 pg), clindamycin (2 pg), lin-
ezolid (30 pg), ciprofloxacin (5 ug), moxifloxocin (5 pg),
tetracycline (30 pg), gentamicin (10 ug), rifampin (5 ug),
fosfomycin (200 pg), vancomyein (30 pg), mupirocin
(200 pg), tobramycin (10 pg), nitrofurantoin (300 ug)
and ticarcillin/clavulanate (75 pg/10 pg).

Gene amplification and sequencing - C. striatum
identification was confirmed by 165 *RNA and rpoB
gene sequencing. Each strain was grown in Brain Heart
Infusion broth by incubation for 24/48 h at 30°C and
centrifuged for 5 min at 3,000 rpm. The pelleted bac-
teria were suspended in 500 pL of sterile water and
subsequently boiled for 15 min for DNA extraction.
Cell extracts were then immediately stored at -20°C for
use in polymerase chain reaction (PCR) reactions. 165
¥RNA gene was amplified using universal primers pA
(5-AGAGTTTGATCCTGGCTCAG) and pH (5°-AAG-
GAGGTGATCCAGCCGCA), as described by Watts et
al. (2000). The purified PCR product was sequenced by
primer walking with the oligonucleotides using the fol-
lowing primers for sequencing: 1831 (5’-GAGGAAC-
ACCGATGGCGAAGGC), 1832 (5-GCCCCCGTCA-
ATTCCTTTGAGTT) (Watts et al. 2000) and 519r (5°-
G(AT)ATTACCGCGGC(GT)GCTG) and 1242f (5°-
CACACGTGCTACAATGG) (Johnson 1994). The rpoB
gene was amplified and sequenced using primers fol-
lowing procedures described previously (Khamis et al.
2004). The sequencing reactions were performed using
a BigDye Terminator v 3.1 cycle sequencing kit (Applied
Biosystems) on an ABI-3730 Automated DNA Sequenc-
er (Applied Biosystems) following standard protocols.
The 165 rRNA gene sequences were compared to those
available in the National Center for Biotechnology Infor-
mation (ncbi.nlm.nih.gov) using the BLAST algorithm
and the Ribosomal Database Project II (rdp.cme.msu.
edu/html). The #poB gene sequences were only com-
pared in the GenBank database.

Phylogenetic analysis - The 165 tRNA gene se-
quences were aligned by CLUSTALX (Thompson et al.
1997). The phylogenetic trees were constructed by using
the neighbour-joining (NT) genetic distance method and
were made using the program MEGA 4.0 package with
the option of complete deletion of gaps (Tamura et al.
2007). The Kimura two-parameter model was chosen for
all NJ tree constructions. The reliability of each tree to-
pology was checked with 1,000 bootstrap replications.
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Pulsed-field gel electrophoresis (PFGE) - Genomic
DNA was prepared following a method described previ-
ously (Garcia-Crespo et al. 2005). The DNA was cleaved
with Swal (New England BioLabs) according to the man-
ufacturer’s instructions. PFGE was carried out in 0.5X
TRIS-borate-EDTA-1.2% agarose gels at 13°C with a
CHEF DRII system (Bio-Rad). The pulse times were 1-30
sover 22 h. Alambda DNA concatemer (New England Bi-
oLabs) was used as a molecular size marker. Similarities
among macrorestriction patterns were identified accord-
ing to the criteria established by Tenover et al. (1995).

Ethics - This study was developed in compliance
with the Brazilian Government’s Ethical Guidelines for
research involving human beings (resolution of the Na-
tional Health Council/Ministry of Health) and approved
by the ethical research committee (INCA-CEP 008/06).

RESULTS

Epidemiological aspects - All 15 C. striatum clinical
samples and the patients’ ages, genders, hospital wards,
outcomes, sites of isolation and associated microorganisms
are displayed in chronological order in the Table. With the
exception of four patients for whom age was not avail-
able, C. striatum strains were isolated only from adults
(7 males and 7 females; half of whom were 50 years of
age or older). Most of the strains were grown in pure cul-
ture (n = 13) and from tracheal aspirates (n = 9). Numeri-
cally predominant colonies of C. striatum were observed
in two polymicrobial cultures from tracheal samples: one
co-infected with Klebsiella pneumoniae and another with
Pseudomonas sp. and Staphylococcus sp. C. striatum
strains were also isolated from blood (n = 1), cerebrospi-
nal fluid (CSF) (n= 1), BAL (n = 1), surgical wounds (n =
2) and urine (n = 2) samples. From the deceased patient,
number 14, C. striatum strains were isolated from both
the tracheal aspirate and the CSF (Table).

When considering bacterial growth in pure culture
and the proximity between microbiological diagnosis
and death of the patients, the possibility of a causal link
between death and C. striatum infection was observed
in five cases (3, 9, 11, 12 and 14) (Table). At least half of
the patients previously infected with C. striatum died,
indicating a high severity of illness and/or immune de-
ficiency. All seven deaths during the period of study oc-
curred in patients from whom C. striatum was isolated
in a pure culture (3 in December 2009).

Fig. 1 presents the epidemic curve of the infections
caused by C. striatum, suggestive of a nosocomial out-
break. Most of the C. striatum strains (n = 6) were iso-
lated in December 2009 from patients from various hos-
pital wards. The pathogen was found circulating mostly
among inpatients admitted to the ICU and surgical wards
(n = 10) from August 2009-April 2010 (Table). C. stria-
tum infections were observed in the general ICU (n = 4),
cardiac ICU (n = 1), ICUII (n = 2), thoracic surgery (n
=3), nursery 18 (n = 2), infectious diseases (n = 2) and
urology (n = 1) wards.

Antimicrobial susceptibility, phenotypic and geno-
typic properties of C. striatum clinical isolates - MDR
profiles for 21 of the antimicrobial agents tested were
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Fig. 1: epidemic curve for Corynebacterium striatum over time.

observed in 87% of the C. striatum strains that were sus-
ceptible only to vancomycin, linezolid and tetracycline.
Two strains (1954BR-RJ surgical wound isolate and
1961BR-R1 urine isolate) were susceptible to most of the
tested drugs (MDS) except mupirocin, fosfomycin and
ticarcillin/clavulanate. Deaths occurred only in patients
from whom MDR C. striatum strains were isolated in
the blood, CFS, BAL and/or tracheal aspirate.

The phenotypic analysis of C. striatum strains revealed
variability in the results of nitrate reductase and pyrazin-
amide (pyz) activities and/or sucrose fermentation (Table).
To genotypically confirm the suspected C. striatum iso-
lates, we performed 165 rRNA and #poB gene sequenc-
ing. GenBank accessions for the 16S rRNA and #poB
genes sequences were deposited: JF342692-JF342700
and JF342701-JF342709, respectively. The 165 tRNA se-
quences from the clinical isolates exhibited the highest
similarity values to the type strain of C. striatum (ATCC
6940), ranging from 99.32-99.84%. The phylogenetic ana-
lysis, based on the 16S rRNA sequences, unambiguously
demonstrated that the clinical isolates belonged to the C.
striatum species, as illustrated in Fig. 2. A comparative
analysis of the partial #poB sequences for the clinical iso-
lates revealed sequence similarities in the ranges of 97.08-
97.15% with the type strain C. striatum (ATCC 6940).

PFGE analysis - The restriction endonuclease Swal
revealed four distinct PFGE profiles among the C. stria-
tum isolates, which were designated I, IT, IIT and IV, The
PFGE profile I was the most frequently observed among
the 15 strains (78.57%) isolated from the 14 patients
(71.42%) included in this study (Fig. 3). PFGE analysis
confirmed the isolation of a single clone of C. striatum
(PFGE T) from the respiratory tract and CSF of the pa-
tient of case 14. Profiles II, III and I'V differed by more
than three bands from PFGE profile I by visual inspec-
tion. According to the interpretation criteria by Tenover
etal. (1995), MDR clinical isolates belonging to profile IT
exhibited six bands of difference from the outbreak MDR
strain and were considered potentially related to the out-
break. The MDS isolates belonging to profiles Il and IV
exhibited more than six bands of difference, indicating
that they were unrelated to the outbreak strain (Fig. 3).
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Fig. 3: pulsed-field gel electrophoresis (PFGE) profiles of Brazilian
Corynebacterium striatum isolates. Lane 1. 4 DNA ladder PFGE
marker; 2-5, 7: profile I (isolates 1958, 1959, 1987, 1974 and 2539,
respectively); 6: profile II (isolate 2369); 8, 9: profile III (isolate 1961);
10: profile IV (isolate 1954).

DISCUSSION

In Brazil, previous investigations revealed that 1.9%
of samples isolated from varied clinical sources of can-
cer patients treated in a reference centre in RJ during
a one-year period were positive for C. striatum, corre-
sponding to one case of upper and three of lower respira-
tory tract infections and two cases of surgical wounds
(Martins et al. 2009).

In the present study, we documented a nosocomial
outbreak that includes a fatal case of systemic infection
caused by C. striatum in a 600-bed teaching hospital in
RJ. PFGE analyses of 15 C. striatum strains indicated
the presence of four PFGE profiles, including two re-
lated clones of MDR strains (PFGE I and IT). Our data
demonstrated the predominance of PFGE type I com-
prising 11 MDR isolates that were mostly isolated from
the ICU and surgical wards. The tracheal aspirate speci-
mens obtained from patients with ventilator-associated
respiratory tract colonisation or pneumonia were mostly
(6 out of 7) PFGE type 1. The possibility of a causal link
between death and C. striatum (PFGE types I and 1I)
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infection was observed on five occasions. Similar to our
findings, previous studies also revealed ventilator sup-
port as a relevant risk factor for acquiring C. striatum in-
fection (Brandenburg et al. 1996, Campanile et al. 2009,
Wong et al. 2010).

Investigations dealing with infections caused by
coryneform bacteria in paediatric oncology patients of
St. Jude Children’s Research Hospital (Tennessee, USA)
indicated that most bacteraemia cases were due to C. stri-
atum. These patients had complications related to their
infections, including infection relapse and septic arthritis
(Adderson et al. 2008). In the present study, C. striatum
strains were not isolated from infants and new-borns
and/or cancer patients. The pathogen was isolated from
adults, with half of the patients (n = 7) 50 years of age
or older. The isolation of pure, heavy-growth C. striatum
in the absence of other pathogens together with clinical
deterioration provided strong evidence for its pathogenic
role in our patients. However, we could not ascertain how
many of the fatalities could be attributed to C. striatum
infection rather than to underlying conditions.

Except for the unvarying activity of vancomycin
against corynebacteria, the variability in resistance to
other classes of antimicrobial agents emphasises the
need for the continuous surveillance of their resistance
patterns. Although most reported C. striatum isolates
have been susceptible to a wide range of antibiotics
(Martinez-Martinez et al. 1995, 1996, Weiss et al. 1996),
it has been suggested that the selective pressure exerted
by prior antimicrobial treatment favours the overgrowth
of C. striatum as a secondary coloniser in immunocom-
promised hosts. In this context, the emergence of MDR
strains is of particular concern (Leonard et al. 1994,
Campanile et al. 2009). Herein, the MDR phenotype
of C. striatum strains was immediately observed and
was responsible for the alarm that led to the subsequent
laboratory surveillance of these strains. Most (87%) C.
striatum strains were only susceptible to vancomycin,
linezolid and tetracycline.

In Japan, Otsuka et al. (2006) reported variable
rates of the susceptibility of C. striatum to p-lactams
and aminoglycosides, with high levels of resistance to
erythromycin, tetracycline, rifampin and ciprofloxa-
cin, although all strains were sensitive to vancomycin.
PFGE procedures identified 14 patterns of C. striatum,
with types A, D and E associated with nosocomial out-
breaks of respiratory origin and with subtypes Al, A2,
D2 and E associated with resistance to a broad range of
antibiotics. Moreover, Renom et al. (2007) observed in
their samples that the criterion of multidrug resistance
(resistance to 3 or more antibiotics of different families)
applied to 100% of the strains isolated in nosocomial
outbreaks, of which 65% were resistant to four or five
different antibiotic groups, 6.9% were sensitive only to
imipenem and vancomycin and 11% were sensitive only
to vancomycin. According to the sensitivity patterns ob-
tained by Otsuka et al. (2006), we observed in our sam-
ples that the criterion of multidrug resistance (resistance
to 3 or more antibiotics of different families) applies to
87% of C. striatum (PFGE types I and II) strains isolated
in the present nosocomial outbreak.

For C. striatum, no publically available database ex-
ists, such as PulseNet (cdc.gov/pulsenet), to enable the
comparison of PFGE patterns observed in the different
nosocomial outbreaks. Campanile et al. (2009) observed
that the Swal-PFGE profiles of C. striatum exhibit bands
ranging in size from 48.5-533.5 kb. In our study, we ob-
tained Swal-PFGE profiles with bands ranging in size
from over 97.0-533.5 kb. The absence of bands ranging
in size from 48.5-97.0 kb suggested that the MDR C.
striatum strains isolated in this nosocomial outbreak
in Brazil were different from those isolated in Italy by
Campanile et al. (2009). Moreover, the analysis of the
phenotypic profiles of C. striatum indicated that the Bra-
zilian strains were different from those isolated in the
Netherlands (biotype: nitrate/pyz-positive and sucrose-
negative; API code 3100104) (Brandenburg et al. 1996).

To our knowledge, this is the first Brazilian nosoco-
mial outbreak caused by MDR C. striatum described in
the literature. With the support of PFGE techniques, the
clonal nature of the outbreak isolates was established,
although a common source and the mode of transmis-
sion could not be determined. The present findings also
highlight the importance of C. striatum as an emerging
MDR nosocomial pathogen worldwide and the fact that
different clones may be responsible for these nosoco-
mial outbreaks.
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3.2 Artigo cientifico - Identification of Nocardia species by Multilocus Sequence Analysis

and ann overview of Human Nocardiosis in Brazil.

Identification of Nocardia species by Multilocus Sequence Analysis and an
overview of Human Nocardiosis in Brazil.

Autores: Baio PVP, Ramos JN, Soriano MF, Ladeira E M, Souza MC, Camello TCF,
Ribeiro MG, Hirata Junior R, Vieira VV, Mattos-Guaraldi AL.

Revista: PLoS Neglected Tropical Diseases (Submetido) (Qualis Al)

RESuUMO

Nocardia sp. causa uma variedade de infec¢fes supurativas dos seres humanos. Nos paises
tropicais, a incidéncia de nocardiose permanece desconhecida, embora a doenca tenha sido
relatada na maior parte das regies do mundo. No Brasil, a escassez de relatos clinicos de
nocardiose sugere que este género pode ser subestimado como causa de doencas humanas
e/ou negligenciado ou erroneamente identificado em amostras laboratoriais. Identificacdo das
espécies de Nocardia é dificil devido a rapida mudanca em sua taxonomia, fracasso da analise
da sequéncia do gene 16S rRNA e analise dos acidos graxos celulares para discriminar muitas
espécies, e a falta de confiabilidade dos testes bioquimicos. O objetivo deste estudo foi
identificar as espécies de Nocardia de infeccdes humanas pela analise da sequéncia
multilocus (genes 16S rRNA, gyrB, secAl e hsp65), bem como caracterizar seus perfis
fenotipicos e antimicrobianos. Uma revisdo geral de nocardiose humana no Brasil entre 0s
anos 1970 a 2013 mostraram que a maioria (55,56%) dos isolados humanos brasileiros foram
identificados como Nocardia sp. Neste estudo, a analise fenotipica identificou os isolados
clinicos como N. nova (cepa 1046BRRJ), N. asteroides (cepas 1047BRRJ, 1048BRRJ), N.
cyriacigeorgica (cepa 1261BRRJ), N. pseudobrasiliensis (cepa 78408BRRJ) e Nocardia sp.

(cepas 1694BRRJ, 2042 BRRJ). A andlise molecular revelou maiores valores encontrados de
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similaridade com sequéncias dos genes gyrB, 16S rRNA, secAl e hsp65 de todas as cepas
analisadas com sequéncias de cepas tipo. A caracterizagdo molecular de quatro loci (gyrB-
16S-secAl-hsp65) permitiu a identificacdo das espécies N. nova (cepas 1046BRRJ,
1047BRRJ, 1048BRRJ), N. cyriacigeorgica (cepas 1261BRRJ e 78408BRRJ), N. asiatica
(cepa 1694BRRJ) e N. exalbida/gamkensis (cepa 2042BRRJ). Os dados indicaram que a
Nocardia especiacdo por MLSA pode alterar a identificacdo bioquimica inicial imediata para
a maior parte das estirpes testadas brasileiras. Os resultados do método de difusdo em disco
mostrou 100% de sensibilidade ao sulfametaxazol-trimetroprim, que € o mais amplamente
prescrito para o tratamento antimicrobiano da nocardiose. Analise PFGE das cepas de N.
Nova isoladas de diferentes materiais clinicos de um paciente revelou dois perfis distintos:
PFGE A (cepa 1046BRRJ/BAL) e PFGE B (cepas 1047BRRJ/secrecdo nodular e
1048BRRJ/aspirado traqueal). Embora o Brasil seja o quinto maior pais do mundo em termos
de massa de terra e populacdo, as formas pulmonares, extrapulmonares e sistémicas de
nocardioses foram relatadas em apenas seis dos 26 estados brasileiros nos anos 1970 a 2013.
Ao menos 33,8% dos 46 casos de nocardioses provaram ser fatais. A doenga pulmonar foi a
forma mais frequente de apresentacao da infec¢do por Nocardia sp. Pelo nosso conhecimento,
este é o primeiro relato de identificacdo de espécies de Nocardia por MLSA no Brasil.
Infecgbes humanas no Brasil pode ser, certamente, devido a N. nova, N. cyriacigeorgica, N.
asiatica e N. exalbida/gamkensis. A maioria das espécies foram relacionados com doenca
pulmonar, exceto para a cepa identificada como N. asiatica que foi isolada de um paciente
com abscesso cerebral. Curiosamente, a co-infeccdo por dois clones podem ocorrer em
pacientes com doenca devida a N. nova. Nocardiose pode ser mais comum no Brasil e em
outros paises tropicais em desenvolvimento do que € atualmente reconhecido e MLSA pode
ser usado de forma mais ampla como um método para a identificacdo e classificacdo de

género Nocardia.
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ABSTRACT

Nocardia sp. causes a variety of suppurative infections of humans. In tropical countries, the
incidence of nocardiosis remains unknown although the disease has been reported from most
regions of the world. In Brazil, the paucity of clinical reports of nocardiosis suggests that this
genus may be underestimated as a cause of human diseases and/or either neglected or
misidentified in laboratory specimens. Nocardia species identification is difficult due to a
complex and changing taxonomy, the failure of 16S rRNA and cellular fatty acid analysis to
discriminate many species and the unreliability of biochemical testing. The aim of this study
was to identify Nocardia species from human infections by multilocus sequence analysis (16S
rRNA, gyrB, secAl and hsp65 genes) as well as to characterize their phenotypic and
antimicrobial susceptibility profiles. An overview of human nocardiosis in Brazil from 1970
to 2013 indicated the majority (55.56%) of the Brazilian human isolates identified as
Nocardia sp. Presently, phenotypic analysis identified the clinical isolates as N. nova
(1046BRRJ), N. asteroides (1047BRRJ, 1048BRRJ), N. cyriacigeorgica (1261BRRJ), N.
pseudobrasiliensis (BRRJ78408 strains) and Nocardia sp. (1694BRRJ strain, 2042BRRJ
strain). Molecular analysis revealed highest similarity values found to gyrB, 16S rRNA,
secAl and hsp65 gene sequences of all strains analyzed with type strains sequences.
Molecular characterization of four-locus (gyrB-16S-secAl-hsp65) has provided the species
identification of N. nova (1046BRRJ, 1047BRRJ, 1048BRRJ strains), N. cyriacigeorgica
(1261BRRJ and 78408BRRJ strains), N. asiatica (1694BRRJ strain) and N.
exalbida/gamkensis (2042BRRJ strain). Data indicated that Nocardia speciation by MLSA
may change the initial biochemical identification as shown for most of the Brazilian strains
tested. Results of the disk diffusion method showed 100% susceptibility trimethoprim-
sulphametaxazole, which is the most widely prescribed for nocardiosis antimicrobial therapy.

PFGE analysis of N. nova strains isolated from different clinical specimens of one patient
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revealed two distinct profiles: PFGE A (1046BRRJ/BAL strain) and PFGE B
(1047BRRJ/nodule secretion and 1048BRRJ /tracheal aspirate strains). Although Brazil is the
world's fifth-largest country in terms of land mass and population, pulmonary,
extrapulmonary and systemic forms of nocardiosis were reported only in six of the 26
Brazilian states from 1970 to 2013. A least 33.8% of these 46 cases of nocardiosis prove fatal.
Pulmonary disease was the most frequent form of presentation of infection due to Nocardia
sp. To our knowledge, this is the first report on identification of nocardia species by MLSA in
Brazil. Human infections in Brazil may be certainly due to N. nova, N. cyriacigeorgica, N.
asiatica and N. exalbida/gamkensis. Most of the species were related with pulmonary disease,
except for N. asiatica that was isolated from a patient with brain abscess. Interestingly,
coinfection by two clones may occur in patients with disease due to N. nova. Nocardiosis may
be more common in the Brazil and other developing tropical countries than is currently
recognized and MLSA should be used more extensively as an alternative method for the

identification and classification of Nocardia genus.

INTRODUCTION

Nocardia is a ubiquitous group of environmental bacteria that can cause opportunistic
infections in humans and other animals [1], [2], [3]. To date, Nocardia genus comprises more
than 90 validly described species, including at least 30 species recognized as human
opportunistic pathogens. New Nocardia species continue being described [2], [4].

Human nocardiosis is primarily recognized as an opportunistic disease that is
intimately related to immune dysfunctions [5]. The incidence of nocardiosis varies
geographically according to several factors, such as the incidence of HIV infections,

transplant, cancer and rheumatic diseases, as well as climate, socio-economic conditions and
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laboratory procedures for Nocardia detection and identification. Some reports have described
an increase in the occurrence of such infections [6], [7], while others have shown that the
number of nocardiosis cases has become constant [8], [9].

Although nocardiosis typically occurs in immunosuppressed patients, infection may
develop in imunocompetent patients as well. The most common clinical presentations in
immunocompetent patients are superficial cutaneous disease, lymphocutaneous disease as
well as mycetomas and eye infections that may occur after traumatic inoculation and are
mainly described in tropical regions [6], [2].

Accurate identification of Nocardia species has become increasingly important for
studies of antimicrobial susceptibility, clinical and epidemiological investigations. The
molecular methodologies have provided a number of taxonomic changes in the genus
Nocardia. Wallace and colleagues [10] reported that N. asteroides exhibited different
antimicrobial susceptibilities patterns. This group of bacteria known as complex N. asteroides
is responsible for the most of Nocardia infections in humans [11]. N. asteroides complex was
then separated and rearranged in different species: N. asteroides, N. abscessus, N. brevicatena
paucivorans complex, N. nova complex (which includes N. nova, N. veterana, N. africana, N.
kruczakiae), N. transvalensis complex, N. farcinica and N. ciriacygeorgica. N. asteroides
drug pattern type VI, which had long been recognized as a common and significant pathogen
in the United States, belonged to the species N. ciriacygeorgica [12]. Studies based on
molecular methodologies have shown that N. cyriacigeorgica has been the species most
commonly found causing nocardiosis humans and animals in various parts of the world [13],
[14], [15], [16, [3]. Nevertheless, other species, such as N. farcinica, N. brasiliensis, N
transvalensis, N. otitidiscaviarium have also been reported with high frequency in nocardiosis

[14], [17], [2].
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The paucity of clinical reports of nocardiosis in Brazil suggests that this genus may be
underdiagnosed and underestimated as a cause of human infections. Such information has led
us to identify Nocardia species from human infection by multilocus sequence analysis (16S
rRNA, gyrB, secAl and hsp65 genes) as well as to characterize their phenotypic and
antimicrobial susceptibility profiles. An overview of the Brazilian reports on nocardia species

related to human infections was also accomplished.

MATERIALS AND METHODS

Bacterial isolation and phenotypic and antimicrobial susceptibility assays — Suspect
Nocardia strains (n=7) recovered from representative clinical sites with signs and symptoms
of bacterial infection were sent to a Brazilian reference laboratory (LDCIC/FCM/UERJ) to
perform laboratory testing. The 1046BRRJ, 1047BRRJ and 1048BRRJ strains were recovered
from three different clinical specimens (bronchoalveolar lavage fluid - BAL, nodule secretion
and tracheal aspirate, respectively) of only one patient (Table 1). In this study were only
included the clinical isolates grown in any quantity from normally sterile body fluid and/or
grown in pure culture or recovered predominantly from other clinical sites.

The colonies grown in defibrinated sheep blood agar (5%) suggestive of the genus
Nocardia were submitted to microscopic examination (Gram and Kinyoun acid-fast staining
methods). Gram-positive branched bacilli (presenting aerial hyphae and partially acid fast
bacilli) were evaluated for their ability to grow in lysozyme broth, catalase and urease
production in addition to hydrolysis of casein, tyrosine, xanthine, gelatin, esculin, and
hypoxanthine; growth at 45°C; acid production on glucose, adonitol, arabinose, cellobiose,

dulcitol, erythritol, galactose, glycerol, inositol, lactose, maltose, mannitol, melibiose,
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raffinose, rhamnose, sorbitol, sucrose, trehalose, and xylose; PYR; citrate and nitrate
reduction [18], [19], [20], [21], [22], [12].

The susceptibility studies were performed by diffusion disk method using ampicillin,
gentamicin, tobramycin, amikacin, imipenen, ciprofloxacin, trimethoprim-sulphametaxazole
(TMP-SMX) and erythromycin, in accordance with guidelines of the Clinical and laboratory

Standards Institute [18], [23].

Molecular analysis — Molecular characterization of Nocardia strains was accomplished by
sequencing of the 16S rRNA, secAl, gyrB, and hsp65 genes. DNA extraction, primer design,
the PCR parameters employed to amplify Nocardia 16S rRNA gene and sequencing of
amplified PCR products following their purifications were performed as previously described
[24]. The secAl, gyrB and hsp65 genes were amplified and sequenced using primers
following procedures [25], [26], [27]. The sequencing reactions were performed with BigDye
Terminator v 3.1 cycle sequencing kit (Applied Biosystems) on an ABI-3730 Automated
DNA Sequencer (Applied Biosystems) by standard protocols. The 16S rRNA gene sequences
were compared to those available in the National Center for Biotechnology Information
(http://lwww.ncbi.nlm.nih.gov) using the BLAST algorithm and the Ribosomal Database
Project (RDP-II) (http://rdp.cme.msu.edu/html). secAl, gyrB, and hsp65 genes sequences

were only compared in GenBank database.

MLSA experiments - The 16S rRNA, gyrB, hsp65, and secAl genes sequences were aligned
by CLUSTALX [28]. The phylogenetic trees were constructed by using neighbor-joining
genetic distance method and they were made by using the program MEGA 4.0 package with
the option of complete deletion of gaps [29]. The Kimura two-parameter model was chosen

for all NJ tree constructions. The reliability of each tree topology was checked by 1000
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bootstrap replications. The 16S rRNA, secAl, gyrB and hsp65 genes sequences from isolates
have been deposited in the EMBL/GenBank database under the accession numbers: JQ638645
to JQ638651.

In BioEdit software, sequences were aligned and trimmed to define start and end
positions to field fragments of the following sizes: 1389 bp for 16S rRNA, 965 bp for gyrB,
401 bp for hsp65 and 431 bp for secAl. The trimmed sequences were concatenated in the
order 16S-gyrB-hsp65-secAl to generate a 3.189-bp sequence. Rooted trees obtained using
individual gene sequences and concatenated sequences were generated by the neighbor-
joining (NJ) algorithm following Kimura 2-parameter (K2P) correction and the maximum-
parsimony (MP) algorithm using BioNumerics software. Bootstrap analysis (1000 replicates)

was used to assess the robustness of the clusters.

Pulsed-field Gel Electrophoresis (PFGE) - For PFGE analysis, genomic DNA was prepared
using methods described by Blumel and co-workers [30] with modifications. Bacterial growth
from a blood agar plate was resuspended into 1.5 ml of EC buffer to a density of no. 5
McFarland standard. The purified DNA was cleaved with Xba I (Invitrogen) according to the
manufacturer’s instructions. PFGE was carried out in 0.5X TRIS-borate-EDTA-1.1% agarose
gels at 13°C by a CHEF DRI system (Bio-Rad). The pulse times were 1s to 30s over 20h. A
lambda DNA concatemers (New England BioLabs) was used as a molecular size marker.
Similarities among macrorestriction patterns were identified according to established criteria
by Tenover and co-workers [31], PFGE profiles were defined as those isolates with patterns
differing by more than 3 fragments. The BioNumerics Fingerprinting software (Version 6.5,
Applied Math, Austin, TX) was used to confirm the findings provided by visual observation.
The similarity index of the strains was calculated using the Dice correlation coefficient option

of the software with a position tolerance of 1% and an optimization of 1.00%. The
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unweighted-pair group method using average linkages (UPGMA) was used to construct a

dendrogram.

RESULTS

Phenotypic profiles - Preliminary analysis showed microorganisms as aerobic, Gram-
positive branched and filamentous bacilli and weakly acid fast by modified Kinyoun. Table 1
summarizes the phenotypic profiles presented by the seven suspect Nocardia strains
recovered from representative clinical sites of patients with signs and symptoms of

nocardiosis.

Antimicrobial susceptibility profiles - Nocardia sp. strains showed susceptibility to
amikacin, gentamicin, trimethoprim-sulphametaxazole (TMP-SMX) and imipenem; variable
results were demonstrated for the other antimicrobial agents tested (Table 1). Resistance to
tobramycin was only observed for the clinical strains identified as N. nova (1046BRRJ,
1047BRRJ, 1048BRRJ strains) while susceptibility to erythromycin was observed for the N.

exalbida/gamkensis 2042BRRJ strain.

MLSA — Table 2 shows the highest similarity values found to gyrB, 16S rRNA, secAl and
hsp65 gene sequences of all strains analyzed with type strains sequences. Molecular
characterization by four-locus (gyrB-16S-secAl-hsp65) has provided the species
identification N. nova (1046BRRJ, 1047BRRJ, and 1048BRRJ strains), N. cyriacigeorgica
(1261BRRJ and 78408BRRJ strains), N. asiatica (1694BRRJ strain) and N.
exalbida/gamkensis (2042BRRJ strain). The NJ tree based on the concatenated nucleotide

sequences of gyrB-16S-secAl-hsp65 genes had nearly all branches supported by a bootstrap
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value of 100% confirming the identification of the strains analyzed (Figure 1). The 2042BRRJ
strain presented higher 16S rRNA sequence similarity with four Nocardia species: N.
exalbida, N. gamkensis, N. arthritidis with values ranging from 99.00 to 99.51% (Table 2). In
phylogenetic analysis based on concatenated sequence genes, the 2042BRRJ strain, N.
exalbida, N. gankensis and N. arthritidis type strains appear in a branch showing high
bootstrap value (100%). Although the 2042BRRJ strain identification has not been concluded,

it seems more related to N. exalbida and N. gankensis, as shown in Figure 1.

PFGE profiles - The PFGE analysis was performed to determine the genetic relatedness of N.
nova strains. The restriction endonuclease Xbal revealed two distinct PFGE profiles among
the N. nova strains, which were designated A (1046BRRJ / BAL isolate) and B (1047BRRJ

and 1048BRRJ / nodule secretion and tracheal aspirate isolates, respectively) (Figure 2).

DISCUSSION

Definitive bacteriological diagnosis of nocardiosis depends upon the isolation and
identification of the causal agent from clinical material and the laboratory at which the
specimens are analyzed. Nocardia species growth culture media is slow and incubation
should be continued for at least two weeks [5], [2]. Premature discontinuation of culture will
decrease the sensitivity of recovery and may contribute to underestimation of the true
incidence of nocardiosis. Most of the laboratories discard bacterial cultures which are
negative after 48 h and Mycobacterium tuberculosis (TB) laboratories do not process sputum
specimens without decontaminating non-mycobacterial pulmonary pathogens [32], [33].

Furthermore, modified acid-fast (Kinyoun) and Gram staining of specimens are
particularly important to provide a rapid, economical and presumptive diagnosis while

awaiting the results of the culture [34], [5]. Different from mycobacteria, Actinomyces can be
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more easily differentiated from Nocardia as they are not stained by modified acid-fast stain
[22], [6], [35], [36].

In accordance to Kiska and co-workers [18] no single method could accurately
identify all Nocardia species associated with human and animal infections. In that
opportunity, a combination of antimicrobial susceptibility pattern, colony pigment and a
group of biochemical tests was suggested to identify all isolates to the species level.

However, most recent studies revealed that Nocardia speciation may require
confirmation by molecular techniques, which may change the initial biochemical
identification [22], [6], [37]. Thus, various molecular methods have been proposed to provide
accurate Nocardia species identification [17], [14], [25]. Sequence analysis of 16S rRNA
performed by Liu and co-workers [37] showed that phenotypic identification assays produced
37% misidentification of Nocardia species. Although the sequence of the 16S rRNA gene has
been broadly used to discriminate Nocardia species, misidentification of microorganisms may
occur due to high sequence similarity and multiple but different copies of this gene [2], [38].
In attempt to improve the identification of the increasing number of species of genus
Nocardia, the analysis of other housekeeping genes such as the 65-kDa heat shock protein
gene (hsp65), essential secretory protein A (secAl), gyrase B (gyrB) has been also performed
[14], [25], [26], [27]. Sequence analysis of multiple housekeeping genes provided more
informative nucleotide sites and buffers against the distorting effects of homologous
recombination and horizontal gene transfer of a single gene [38], [39]. In this context, MLSA
has been regarded as an alternative technique for the identification and classification of
diverse group of bacteria, including Nocardia genus [14], [40].

Like many other developing countries, nocardiosis incidence is still unknown in
Brazil. To our knowledge, this is the first report of identification of nocardia species by

MLSA in our country. In attempt to collect some information on this Public Health issue, the
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Table 3 presents a complete overview of Brazilian published case reports of nocardiosis,
excluding mycetomas. A total of 27 studies concerning 58 cases of Nocardia infection were
found available in the literature during the period of 1970 to 2013. A large series of nocardial
infections that occurred from 1978 to 1998 was reported by Chedid and co-workers [41].
Solid organ transplantation was the most common underlying condition before the advent of
an effective medical therapy, the introduction of cyclosporine and prophylaxis with TMP-
SMZ [5], [42], [43], [44]. Batista and co-workers [45 ] found only one case of nocardiosis
among 1046 kidney and 708 liver transplants patients registered in four Brazilian centers from
different geographical areas from 2001 to 2006. In those institutions, cotrimozaxole
prophylaxis was routinely used for 6 month after transplantation and in situations where there
was an increase in immunosuppressive therapy for rejection.

Most of the Brazilian studies indicated pulmonary disease as the major clinical
presentation of nocardiosis in our country (Table 3). In some developing countries, where
other chronic lung diseases, particularly TB are prevalent, pulmonary nocardiosis may be
more common than is currently recognized, especially in zones with HIV-associated
tuberculosis. One of the reasons for this occurrence is that the pulmonary manifestation of
nocardiosis is often confused with TB [33], [35]. Clinical, radiological and histopathological
findings are not sufficient for the recognition of pulmonary nocardiosis, suggesting that a
considerable percentage of patients presenting symptoms of chronic lung disease could be
suffering from pulmonary nocardiosis [5], [46]. In some African countries, where HIV-related
tuberculosis occurs frequently, there are reports of high prevalence of nocardiosis [33], [47],
[48]. Another issue for the recognition of pulmonary nocardiosis refers to the difficulty of
laboratory diagnosis. Some authors have emphasized that in regions where HIV-related

tuberculosis occurs, Nocardia strains are missed or misidentified in clinical specimens and it
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is possible that some patients diagnosed as smear-negative pulmonary TB actually have
nocardiosis [33], [47], [48], [49], [50], [51].

In Brazil, Jacomelli and co-workers [52] investigated 286 patients with clinical or
radiological suspicion of TB who were unable to produce sputum or with negative smear.
They found 7% infections caused by Pneumocystis, fungi and Nocardia. In 2011, the
tuberculosis incidence in Brazil was 37.2/100,000 inhabitants, however, there were Brazilian
cities where the incidence of tuberculosis was much higher tham that found in the Sdo Paulo
city (39.3/100,000) Rio de Janeiro (70.7/100,000 inhabitants), Porto Alegre (109.2/100,000),
Recife (93.2/100,000) among others cities [53], [54]. Unfortunately, there are no other studies
on microbiological aspects of the infections diagnosed as smear-negative pulmonary TB so
that this approach could be evaluated in different states of Brazil.

Brazil's AIDS treatment program has been cited widely as the developing world's
largest and most successful AIDS treatment program. The program guarantees free access to
highly active antiretroviral therapy (HAART) for all people living with HIVV/AIDS in need of
treatment [55], [56]. This may reflect in the few cases of nocardiosis in patients with HIV
reported in Brazil.

Pulmonary and disseminated nocardiosis have also been recently reported in
immunocompetent patients in different countries [33], [57], [58], [59]. Although frequenty in
India, cases of keratitis are relatively rare in another countries [60], [61]. In Brazil, only four
cases of eye infection due to Nocardia were reported [62], [63], [64], [65]. Mycetomas cases
caused by Nocardia sp. have been described in Sdo Paulo and other cities [41], [66], [67],
[68], [69], [70], [71], [72], [73], [74], [75].

Nocardia species differ in their responses to antimicrobials and susceptibility tests for
all clinically significant Nocardia isolates are recommended. However, due to the slow

growth of these bacteria, clinicians usually start treatment empirically when these results are
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not yet available [13]. Nocardiosis treatment is usually prolonged and TMP-SMX is the most
widely prescribed for therapy of nocardiosis [13], [22], [76]. For patients with serious
diseases clinicians recommend a three-drug regimen consisting of TMP-SMX, amikacin, and
either ceftriaxone or imipenem, with no report of resistance to this combination [2], [8]. In our
study, 92% strains were sensitive to imipenem and 100% sensitive to amikacin and TMP-
SMX. Some reports have described high levels of sulfonamide resistance among numerous
Nocardia species [77], [78]. Nevertheless, those values have been contested by Brown-Elliott
and co-workers [76] that suggested that these findings may be associated with difficulty in the
laboratory interpretation of in vitro MICs for TMP-SMX and sulfamethoxazole. Nowadays,
TMP-SMX remains the drugs of choice for nocardiosis treatment and prophylaxis against
Nocardia infection in immunocompromised patients [44], [76], [79].

The Brazilian reported cases displayed in Table 3 showed the majority (55.56%) of the
strains were identified as Nocardia sp. In the present investigation, the use of varied
conventional biochemical algorithms described by different authors [18], [19], [20], [21], [22]
led to the misidentification of five out of the seven Brazilian strains tested.

In Brazil, molecular analysis for identification of Nocardia species was done only in a
few opportunities [3], [80], [81]. In the present study, the identification system based on
MLSA methodology was capable of differentiating currently recognized Nocardia species.
Data indicated that all Nocardia strains were identified by phylogenetic analysis based on
concatenated gyrB-16S-secAl hsp65 gene sequences as recommended Mc Taggart and co-
workers [14]. MLSA has provided the identification of the following species: N. nova, N.
cyriacigeorgica, N. asiatica and N. exalbida/gamkensis. Most of the species were related with
pulmonary disease, except for N. asiatica that was isolated from a patient with brain abscess.
To our knowledge, this is the first Brazilian report of N. cyriacigeorgica human isolates. Two

strains were identified by MLSA as N. cyriacigeorgica, including one isolated from a patient
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with pulmonary disease. In Brazil, N. cyriacigeorgica was previously isolated only from
bovine bulk tank milk [3].

Similar to observations performed by Mc Taggart and co-workers [14], MLSA did not
distinguish neither the N. arthritidis, N. gamkensis, and N. exalbida type strains. Although the
2042BRRJ strain seemed more related to N. exalbida and N. gamkensis species, they formed a
cluster together with N. arthritidis supported by a bootstrap 100%. While sequence analysis
of additional genes may demarcate these type strains, failure to do so would prompt an
extensive evaluation of the legitimacy of their species status. Mc Taggart and colleagues [14]
demonstrated that MLSA scheme revealed two sets of type strains that fail to form distinct
clusters. One of these sets was comprised by N. arthritidis DSM 44731T, N. gamkensis DSM
44956T, N. exalbida DSM 44883T and 7 clinical isolates formed a cluster with 98% bootstrap
support.

Also, in this opportunity the genetic relationship of N. nova strains recovered from
three different clinical specimens of a patient was investigated by using PFGE method. Like
so, surprisingly we observed that the patient presented pulmonary coinfection by two clones
of N. nova and one of these (PFGE profile B) was disseminated and also detected in nodular
discharge.

Interestingly, the overview of literature showed nocardiosis reported cases only in six
of the 26 Brazilian states. During the last decade, only 14 cases were reported in the states of
Pernambuco, Goias, Sdo Paulo, Rio de Janeiro and Rio Grande do Sul. Data highlight the fact
that nocardiosis remain underdiagnosed in most of our country presenting continental
dimensions and large socioeconomic differences.

Therefore, knowledge of the clinical impact of nocardiosis remains scarce and
fragmentary mainly due to the difficulties in clinical and laboratorial diagnosis. Reports have

suggested that there is usually a delay in the diagnosis of nocardiosis which is attributed to
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difficulties to clinical, radiological and microbiological diagnose. The usual reason for
requesting culture studies for the detection of Nocardia spp. is that a patient has not
responded to the usual anti-bacterial or anti-TB treatment [13], [82]. In conformity with
Wilson [11], the isolation of Nocardia from the respiratory tract or other body source,
independent of the immunologic status of the patients, should not be discarded as a
contaminant or commensal organism. In case of difficulties with Nocardia identification, the
suspect isolates should be conducted to a Clinical Reference Laboratory. Optimal therapeutic
strategies depend on rapid and accurate identification of Nocardia species. In this context,
molecular methods for identification, such as MLSA analysis offers a time-saving alternative
to conventional methods for identifying Nocardia genus to the species level, including in

Brazil.
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Figure 1. An NJ tree constructed from the 3,189-bp concatenated gyrB-16S-secAl-hsp65-

sequences. Distance estimations were calculated by using the Kimura two-parameter model.

Bootstrap percentages after 1,000 simulations are shown.
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Table 1. Antimicrobial susceptibility profiles, clinical sites and phenotypic and molecular identification of seven Nocardia
strains isolated from humans, Brazil

Antimicrobial profiles ?

Strain Clinical site T™MP+ 'Pher_u')typ.ic . M.L.SA.
AMK GEN TOB ERY CIP AMP AMX IMP g identification identification

1046BRRJ * BAL® s S R S R®  #° # S S N. nova N. nova
1047BRRJ * Nodule secretion S S R S R # # S S N. asteroides N. nova
1048BRRJ * Tracheal aspirate S S R S R # # S S N. asteroides N. nova
1261BRRJ Pulmonary fragment S S S R R # # S S N. cyriacigeorgica N. cyriacigeorgica
1694BRRJ Cerebral abscess S S S R R S # S S Nocardia sp. N. asitica
2042BRRJ BAL S S S S S R R S S Nocardia sp. N. gamkensis/exalbida
78408BRRJ # S S S R R # # S S N. pseudobrasiliensis N. cyriacigeorgica

% AMK, amikacin; AMX, amoxicillin; AMP, ampicillin; CIP, ciprofloxacin; ERY, erythromycin; GEN, gentamicin; IMP, imipinen; TOB, tobramycin; TMP+SMX, trimethoprim
+ sulfamethoxazole; ® BAL - bronchoalveolar lavage fluid; °# Unknown; ¢ S — sensitive; ° R — resistant; Clinical isolates obtained from only one patient.



67

Table 2. Similarity values of the 16S rRNA, secAl, hsp65 and gyrB gene sequences of seven Brazilian Nocardia strains
compared with Nocardia type strains and identification by conventional biochemical tests and molecular diagnosis using
multilocus sequence analysis (MLSA)

. 16S rRNA similarity secAl similarity hsp65 similarity gyrB similarity Phenotypic MLSA
Strain (%) pb (%) pb (%) pb (%) pb identification identification
1046BRRJ 99.52 N. nova 1487 99.36 N. nova 478 99.76 N. nova 418 99.14 N. nova 1050
99.07 N. jiangxiensis 98.72 N. elegans 97.90 N. elegans N. nova N. nova
89.59 N. jiangxiensis
1047BRRJ 99.52 N. nova 1487 99.36 N. nova 497 99.76 N. nova 420 98.80 N. nova 1001
99.08 N. jiangxiensis 98.72 N. elegans 97.50 N. elegans N. asteroides N. nova
89.39 N. jiangxiensis
1048BRRJ 99.53 N. nova 1500  99.36 N. nova 491  99.75N. nova 418  99.10 N.nova 1004
99.07 N. jiangxiensis 98.72 N. elegans 97.80 N. elegans N. asteroides N. nova
89.72 N. jiangxiensis
1261BRRJ 100,0 N. cyriacigeorgica 1489 100,0 N. cyriacigeorgica 510 100,0 N. cyriacigeorgica 413 100,0 N. cyriacigeorgica 1052
98.90 N. abscessus 94.25 N. pneumoniae 97.51 N. abscessus 97.51 N. abscessus N. cyriacigeorgica N. cyriacigeorgica
93.33 N. abscessus
1694BRRJ 99.85 N. asiatica 1487  99.78 N. asiatica 500 100.00 N. asiatica 415 95.60 N. asiatica 1053
99.04 N. abscessus 99.36 N. abscessus 98.78 N. abscessus 95.02 N. arthritidis Nocardia sp. N. asiatica
98.99 N. arthritidis 95.11 N. arthritidis 96.76 N. arthritidis 92.74 N. abscessus
2042BRRJ 99.51 N. exalbida 1499  99.36 N. arthritidis 493 98.75 N. gankensis 420 96.38 N. exalbida 1000
99.23 N. gankensis 99.33 N. gankensis 98.50 N. arthritidis 96.17 N. gankensis Nocardia sp Nocardia
exalbida/gankensis
99.00 N. arthritidis 99.15 N. exalbida 98.25 N. exalbida 94.63 N. arthritidis
78408BRRJ 99.93 N. cyriacigeorgica 1500  98.93 N. cyriacigeorgica 495 99.52 N. cyriacigeorgica 419 98.09 N. cyriacigeorgica
98.90 N. abscessus 93.55 N. abscessus 97.01 N. abscessus 96.28 N. abscessus 1102 N. pseudobrasiliensis N. cyriacigeorgica
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Underlying conditions or

City/State Nocardiosis disease  associated conditions of e a Outcome
Identification Thera
(Year) References (number of cases) immunosuppression Py
(number of cases)
Porto Alegre/ RS Pulmonary (2) -I[lz?)afacs(?icsrorlzggrsge(10)c;)rticothera N. asteroides; SUF, CS; Cure (1);
(1978)® y 1) P ’ PY" N. asteroides SUF Death (1)
S(iggg?[léﬂ]c)/ SP Cerebrospinal fluid (1)  HIV infection Nocardia sp. -
(Slagl\ég()j[gsr]/ BA Pulmonary (6) Not identified Nocardia sp. -
S Nocardia sp. (3);
Ribeirdo Preto/ SP Pulmonary (6); . . . TMP+SMX Death (7);
[1993 (1968-1991)]“?  Disseminated (3) Renal transplant, corticotherapy (9) m: E‘f;:ﬁ’g:gfs(?l)) (associations) Cure (2)
. Systemic lupus erythematous and
S(i‘g;%)'}{!é}“a/ RS Peritonitis (1) failure renal, ambulatory peritoneal  N. asteroides CET/TMP+SMX Cure
dialysis
S&o Paulo/ SP Cerebelar abscessus : . .
CTR

(1995)[87] and pulmonary (1) HIV infection N. asteroides Death
Séo Paulo/ SP . . . : . Visual debilitating
(1995)[62] Keratitis (1) Myopic keratomileusis N. asteroides sequelae
Séo Paulo/ SP . . )
(1997)[881 Disseminated (1) Bone marrow transplant Nocardia sp. TMP+SMX Cure
Sao Paulo/ SP Alcoholism, tobacco smoking, . TMP+SMX,
(1997)[89] Pulmonary (1) copp ¢ Nocardia sp. CTR, CM Death
S(fgg;)'}ﬁ%”a/ RS Disseminated (1) HIV infection N. pseudobrasiliensis ﬁ‘mg’/ﬁ}g’g\m Death

. . . CM, CFPM
Uberabia/ MG Brain abscessus e purpura Nocardia s hg P O AE e
(2000)"*°! and disseminated (1) penic purp P TMP+SMX

(Evans Syndrome), corticotherapy



Niter6i/ RJ
(2002)Y
Campinas/ SP
(2003)*

Sao Paulo/ SP
(2004)%4

Porto Alegre/ RS
(2005)®

Sao Paulo/ SP
(2006)°%

Sao Paulo/ SP
(2006)°%
Niteroi/ RJ
(2007)

Porto Alegre/ RS
(2007)44

Séao Paulo/ SP
(2007)%%

Niteréi/ RJ
(2008)"%%!

Pulmonary (1)
Scleritis (1)
Keratitis (1)

Disseminated and
thyroid abscessus (1)

Pulmonary (1)

Pulmonary and
cutaneous (1)

Scleritis (1)

Pulmonary (14)

Pulmonary and
cutaneous (1)

Disseminated (4)

Pulmonary (1)

Pulmonary (1)

HIV infection, healed tuberculosis
None

Implantation of intracorneal rings
segments — IRS

Corticotherapy

HIV infection

Bronchiolitis obliterans,
corticotherapy

Keratoplasty and intraocular lens
implantation

COPD (3), systemic lupus
erythematous (1), HIV infection (1),
neoplasic disease (4),
corticotherapy (10), radiotherapy
(4), chemotherapy (6), liver
transplant (1), kidney transplant (2),
asthma (1), chronic bronchitis (1)

Not identified

COPD (1), diabetes (1),
corticotherapy (3), neoplasic
disease (1), chemotherapy (2),
radiotherapy (1), liver transplant (1),
not identified (1)

Idiopathic thrombocytopenic
purpura, corticotherapy

COPD, bronchiectasis,
corticotherapy

Nocardia sp.

N. asteroides

Nocardia sp.

N. farcinica

Nocardia sp.

N. asteroides

N .asteroides complex

4);
N. asteroides (1);
Nocardia sp.(9)

Nocardia sp. (1)

Nocardia sp. (4)

N. farcinica

Nocardia sp.

TMP+SMX

TMP+SMX and
AMK eyedrops

TMP+SMX

AMB/
TMP+SMX
TMP+SMX

TMP+SMX,
AMK eyedrops

TMP+SMX

TMP+SMX

IMP+ VAN/
SUF +AMK/
TMP+SMX

TMP+SMX

AMK, IMP,CIL/
TMP+SMX
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Death

Visual debilitating
sequelae

Cure;

No remotion of
IRS

Death

Death

Cure

Cure (6);
Death (8);

Death (1);

Death (2);
Cure (2)

Death

Cure
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Campo Grande/ MS

(2008)"° Pulmonary (1) Not identified Nocardia brasiliensis. ; .

iteroi ulmonar nocardiosis infection ocardia spp. ntiretroviral drugs ure
Niter6i/ RJ Pul diosis HIV infecti N di Antiret Id C
(2009)"" (1) TMP+SMX
l\(l|2tg(r)cg;[9F§]J (Pll;lmonary abscesso Chronic lymphocytic leukemia Nocardia brasiliensis TMP+SMX Cure
S(ggli?[‘g‘é? /'SP Endocarditis (1) Liver transplant, corticotherapy Nocardia sp. %al;;'gﬂxlw’ AMK " cure
S&o Paulo/ SP

ortalez isseminate idney transplant ocardia sp. TMP+SMX ure

(BH/Fortaleza/ Di [ d (1) Kid I N di C

Uberlandia) (2011)"°!

. Pneumocystis, fungal

S(gglF;z)a[gzllo /'SP infections or Not identified Nocardia sp. Not identified Not identified
nocardiosis” (20)

# AMB, amphotericin B; AMK, amikacin; AZ, azatioprine, CET, cephalothin; CFPM, cefepime; CIL, cilastatin; CM, clindamycin; CS, cycloserine; CSP,
cyclosporine; CTR, ceftriaxona; IMP, imipinen; SUF, sufadiazine; TMP+SMX, trimethoprim + sulfamethoxazole; VAN, vancomycin

® Coinfection with M. tuberculosis and Aspergillus sp.

°Bronchoscopy * diagnosis of pulmonary tuberculosis in patients with negative sputum smear microscopy results

4COPD Chronic obstructive pulmonary disease.



71

3.3 Artigo cientifico - Irregular Gram positive rods and aerobic actinomycetes

isolated from clean room environments.

Irregular Gram positive rods and aerobic actinomycetes isolated from clean roor
environments

Autores: Paulo Victor Pereira Baio, Koko Otsuki, Carmen Lucia Rocha, Jodo Flavio
Carneiro Veras Juliana Nunes Ramos, Livia Maria Rubem Vidal, Vanda Maria
Morgado Alves, Raphael Hirata Janior, Ana Luiza Mattos-Guaraldi; Verdnica Viana
Vieira.

Revista: (Em fase final de redacéo)

RESuUMO

A carga bacteriana do ar em salas limpas s&o rotineiramente monitorados. No entanto,
uma proporcdo substancial de bactérias isoladas nesse ambiente sdo dificeis de
identificar por procedimentos microbioldgicos padrdes. Neste estudo, um total de 48
cepas de bastonetes Gram positivos irregulares (BGPIs) e actinomicetos aerobios
isolados de ambientes de salas limpas foram submetidos a analise da sequéncia do gene
16S rRNA. A andlise de sequéncias dos genes housekeeping para 0s géneros mais
comumente  encontrados neste estudo (Microbacterium,  Streptomyces e
Corynebacterium) também foi realizado: utilizamos a analise da sequéncia multilocus
(MLSA) para cepas de Streptomyces, a sequéncia dos genes rpoB e recA para cepas de
Microbacterium e a sequéncia do gene rpoB para cepas de Corynebacterium. A analise
da sequéncia do gene 16S rRNA foi eficaz para a identificacdo dos BGPIs e
actinomicetos aerobicos, que nao foram identificados por métodos fenotipicos: 95,83%
e 35,42% a nivel de género e a niveis de espécies, respectivamente. Trés cepas de
Microbacterium foram identificadas ao nivel da espécie pela analise da sequéncia de
genes rpoB e recA. Duas cepas de Corynebacterium foram identificadas ao nivel de
espécie pela analise da sequéncia do gene rpoB. Os fragmentos da sequéncia de cinco

genes housekeeping: atpD, gyrB, recA, rpoB e trpB contribuiram para a identificacdo
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ao nivel de espécie de uma Unica cepa de Streptomyces. Além disso, algumas bactérias
isoladas de ambientes de sala limpa exibiu > 99% de similaridade com a sequéncia do
gene 16S rRNA com micro-organismos que resistem a ambientes inospitos. Em
conclusdo, uma ampla diversidade de BGPIs e actinomicetos aerobicos de varios
géneros foram detectados em sala limpa. Estes micro-organismos podem ser um risco
consideravel de contaminacdo das areas de producdo de produtos farmacéuticos.
Métodos moleculares podem contribuir para o controle de contaminacdo microbiana na

industria farmacéutica.
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Abstract

The bacterial loads of air in pharmaceutical clean rooms are routinely monitored.
However, a substantial proportion of bacteria isolated from clean rooms are difficult to
identify by standard microbiological procedures. In this study, a total of 48 strains of
Irregular Gram-positive rods (IGPRs) and aerobic actinomycetes isolated from clean
room environments were submitted to 16S rRNA gene sequence analysis. Sequences
analysis of the housekeeping genes for the most commonly genera found in this study
(Microbacterium, Streptomyces and Corynebacterium) was also carried out: multilocus
sequence analysis (MLSA) to Streptomyces isolates, rpoB and recA genes for
Microbacterium isolates and rpoB gene sequence analysis to Corynebacterium strains.
The 16S rRNA gene sequence analysis was effective for identifying IRGPRs and
aerobic actinomycetes that were not identified by the phenotypic methods: 95.83 % and
35.42% at genus and species levels, respectively. Three Microbacterium strains were
identified to species level by sequence analysis of rpoB and recA genes. Two
Corynebacterium strains were identified to species level by sequence analysis of rpoB
gene. The sequence fragments of five housekeeping genes: atpD, gyrB, recA, rpoB and
trpB contributed to the species identification of only one Streptomyces strain. Moreover,
some bacterial isolates from clean room environments exhibited >99% 16S rRNA
sequence similarity to microorganisms that withstand inhospitable environments. In
conclusion, a broad diversity of IGPRs and aerobic actinomycetes from several genera
were detected in clean room. These microorganisms could be a considerable risk for
contamination of pharmaceutical manufacturing areas. Molecular methods may

contribute to the control of microbial contamination in the pharmaceutical industry.
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Introduction

Clean rooms are considered to be extreme environments created by highly
selective conditions, in which the air quality, temperature and humidity are highly
regulated in order to have a low level of pollutants such as dust, chemical vapors,
aerosol particles and airborne microbes (Ventakeswaran et al., 2001; La Duc et al.,
2007). Many products require a high level of cleanliness in the manufacturing
environment such as pharmaceutical products, among others (Whyte, 2001; La Duc et
al., 2007).

Several studies reported the microbial diversity of spacecraft assembly clean
rooms having found numerous bacterial species including irregular Gram-positive rods
(IGPRs) and actinomycetes (Venkateswaran et al., 2001; La Duc et al., 2004; 2007;
Moissl et al., 2007). However, there are a few reports of air microbial diversity in
pharmaceutical production (Nagarkar et al., 2001; Halls, 2004). Microorganisms found
in pharmaceutical products are frequently identified to assist in product investigations
(Sutton & Cundell, 2004). Identification of microbiota isolates in clean rooms may also
be used to evaluate effectiveness of cleaning procedures and especially to investigate
sources of contamination. Since microbial identification may be a costly and time-
consuming activity, the pharmaceutical companies establish microbial identification
strategies and identify only microbial isolates from environmental monitoring to support
investigations related to product failure due to microbial contamination (Cundell, 2006).

Many studies describe the difficulty of identifying several bacterial clusters,
such as aerobic Gram-positive rods and actinomycetes by phenotypic methods
(Drancourt et al., 2004; Patel et al., 2004; Roux et al., 2004). The Official Compendia
recommends microbial identification by genotypic methods for the Corynebacterium

and other pleomorphic Gram-positive rods (United States Pharmacopoeia Convention,


http://en.wikipedia.org/wiki/Particulate
http://en.wikipedia.org/wiki/Microbes
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2011). Nevertheless, genotypic methods are unfamiliar to most pharmaceutical
laboratories (Sutton & Cundell, 2004).

Sequence-based identification is an alternative method of identifying bacteria
that are either slowly growing or difficult to identify by biochemical profiling (Patel et
al., 2004). Drancourt and co-workers (2000) evaluated 16S rRNA sequencing as a
means to identify a collection of isolates that were unidentifiable by phenotypic
identification schemes, obtained from environmental, veterinary and clinical sources.
The authors found that 10.2% of the isolates remained unidentifiable by 16S rRNA
sequence analysis, which, probably, were prototype isolates of new species. These

isolates were mainly originated from environmental sources.

In attempt to assure microbiological quality of pharmaceutical products, sterility
testing are currently performed on substances, preparations or articles by the National
Control Laboratory of the Brazilian Ministry of Health, named National Institute for
Quality Control of Health - INCQS/FIOCRUZ. To avoid the hazard of microbial
contamination, sterility testing is carried out under aseptic conditions in clean rooms
(United States Pharmacopoeia Convention, 2011). Similar to observations in spacecraft
assembly clean rooms (Venkateswaran et al., 2001; La Duc et al., 2004; 2007; Moissl et
al., 2007), IGPRs and actinomycetes may be found as environmental contaminants of
the clean rooms in which the sterility tests are performed at INCQS/FIOCRUZ.

In this study, IGPRs and aerobic actinomycetes strains isolated from clean room
environments were submitted to 16S rRNA gene sequence analysis. Sequences analyses
of the housekeeping genes for the most frequent bacterial genus that were unidentifiable
by phenotypic methodology (Microbacterium, Streptomyces and Corynebacterium)

were also carried out: multilocus sequence analysis (MLSA) to Streptomyces isolates,
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rpoB and recA genes for Microbacterium isolates and rpoB gene sequence analysis to

Corynebacterium strains.

Materials and methods

Bacterial isolates. A total 48 IGPRs and aerobic actinomycetes strains isolated from
clean room environment that were previously unidentifiable by conventional
biochemical methods described elsewhere and/or the API Coryne System v2.0
(BioMerieux) (Conville & Witebsky, 2011; Funke & Bernard, 2011) were evaluated in

this study (Tables 1 to 3).

Nucleic acid extraction, gene amplification and sequencing. The 16S rRNA gene
sequence analysis was performed as described by Baio and co-workers (2013). The
gyrB, recA, rpoB, atpD and trpB genes sequence analysis for Streptomyces strains was
done as described by Guo and co-workers (2008) and the rpoB and recA genes
sequence analysis for Microbacterium strains was achieved as described by Richert and
co-workers (2007). The 16S rRNA gene sequences were compared to those available in
the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov) using
the BLAST algorithm and the Ribosomal Data-base Project (RDP-II)
(http://rdp.cme.msu.edu/html). The others gene sequences were only compared in the
GenBank database. The 16S rRNA sequences from all isolates have been deposited in
the EMBL/GenBank database under the accession numbers presented in Table 1, 2 and

3.
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Phylogenetic analysis. All gene sequences were aligned by CLUSTALX (Thompson et
al., 1997). The phylogenetic trees were constructed by using the neighbour-joining (NJ)
genetic distance method and were made using the program MEGA 4.0 package with the
option of complete deletion of gaps (Tamura et al., 2007). The Kimura two-parameter
model was chosen for all NJ tree constructions. The reliability of each tree topology was

checked with 1,000 bootstrap replications.

Results

16S rRNA gene sequence analysis. Results of 16S rRNA-based identification of 24
strains isolated from clean room environment are displayed in Table 1. Eleven strains
exhibited similarity > 98.7% with the 16S rRNA gene sequence of only one
taxonomically described species and, therefore, it was concluded their identification to
species level. For 13 strains tested, it was impossible to complete the identification to
the species level since (i) eight isolates exhibited the same value of similarity (> 98.7%)
with different species of the genus; (ii) three isolates (3098BRRJ, 3335BRRJ and
3117BRRJ) presented similarity value between 97.0 and 98.70% with the 16S rRNA
gene sequence analysis; (iii) Two isolates (3771BRRJ and 3712BRRJ) showed
similarity value with the 16S rRNA gene sequence analysis less than 97% with different
bacterial genera (Table 1).

In Figure 1 is presented a phylogenetic tree based on neighbor-joining method
using 16S rRNA gene sequences of microorganisms displayed in Table 1. The
following strains were not included in Figure 1: 3117BRRJ, 3712BRRJ and 3771BRRJ
isolates because others specifics studies are being conducted; 3225BRRJ and

3069BRRJ isolates belonging to Exiguobacterium genus and Firmicutes phylum and



79

therefore phylogenetically distant from others isolates belonging to the Actinobacteria
phylum.

The 3299BRRJ, 3089BRRJ, 3345BRRJ, 3316BRRJ, 3361BRRJ, 3369aBRRJ,
3369bBRRJ, 3538BRRJ, 3032BRRJ, 3165BRRJ and 27302BRRJ isolates presented are
closely related species indicated by sequence analysis of 16S rRNA gene as shown in
Table 1. These results are supported by high bootstrap values.

The 3401BRRJ, 3097BRRJ, 3490BRRJ, 3536BRRJ and 3069BRRJ isolates
were closely related by 16S rRNA gene to more than one species taxonomically
described as shown in Table 1 and Figure 1. The 3335BRRJ and 3098BRRJ isolates

showed isolated clusters confirming the similarity values presented in Table 1.

rpoB gene sequence analysis of Corynebacterium sp. strains. The rpoB gene
sequence analysis indicated four Corynebacterium (3345BRRJ, 3316BRRJ, 3524BRRJ
and 3020BRRJ) isolates as belonging, respectively, to the species: C. glaucum, C.

simulans, C. tuberculostearicum and C. xerosis.

16S rRNA, recA and rpoB gene sequence analysis gene of Microbacterium sp.
Results of MLSA based on the Microbacterium spp. sequences of three housekeeping
genes (16S rRNA, recA and rpoB) are displayed in Table 2. Phylogenetic tree based on
neighbor-joining method using 16S rRNA, recA and rpoB genes sequences are
displayed in Figure 2, 3 and 4, respectively.

Only five of 17 isolates identified as Microbacterium sp. were identified to
species level by 16S rRNA gene sequence analysis (3080BRRJ, 3248BRRJ, 1942BRRJ,
3498BRRJ and 3155BRRJ). These strains had their identification concluded using the

rpoB and recA genes sequence analysis as well showed high bootstrap support value in
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their phylogenetic trees constructed for these genes (Figures 3 and 4). 16S rRNA, recA
and rpoB gene sequence analysis allowed the identification to species level of
3016BRRJ, 3019BRRJ, and 3188BRRJ isolates (Table 2). Although the 3211BRRJ and
3249BRRJ isolates had higher similarity values with the Microbacterium aurum (Table
2) and they had presented cluster with this species in phylogenetic analysis (Figures 2, 3
and 4). The 3561BRRJ and 3487BRRJ isolates, presenting exceeding value of 98.70%
with the 16S rRNA gene to more than one species taxonomically described (Table 2 and
Figure 1). Phylogenetic analysis (Figures 2, 3 and 4) showed that for the 3487BRRJ
isolate appeared a cluster with the Microbacterium estearomaticum type strain with
high support value of bootstrap.

Microbacterium oxydans and Microbacterium paraoxydans species were more
similar to the 3556BRRJ isolate with similarities values of 99.46% and 98.98%
respectively in the 16S rRNA gene sequences analysis (Table 2). It was unable to
complete the identification of this isolate by absence of recA and rpoB genes sequences
for the Microbacterium paraoxydans. Even without these sequences deposited by
phylogenetic analysis this strain was found phylogenetic distant from the
Microbacterium oxydans specie in all constructed trees (Figure 2, 3 and 4) and probably
belonged to M. paraoxydans species.

The 3223BRRJ, 3227BRRJ, 3408BRRJ and 3407BRRJ isolates presented
similarity values below of 98.70% by the 16S rRNA gene sequence analysis with
Microbacterium species (Table 2). Phylogenetic analysis performed for these isolates
showed in all constructed trees that all of them appeared in isolated clusters with high
support of bootstrap values (Figure 2, 3 and 4), except for the 3207BRRJ isolate in the

16S rRNA gene tree (Figure 2).
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16S rRNA, atpD, gyrB, recA, rpoB, and trpB gene sequence analysis of Streptomyces
sp.

Results of 16S rRNA gene sequence analysis and MLSA using sequence fragments of
five housekeeping genes, atpD, gyrB, recA, rpoB, and trpB to seven Streptomyces
isolates are shown in Table 3. Phylogenetic tree based on neighbor-joining method
using 16S rRNA, gyrB, rpoB, recA, atpD, trpB genes sequences are displayed in Figure
5 to 10, respectively.

The 3182BRRJ and 3212BRRJ isolates identified as Streptomyces albiaxialis
and Streptomyces kummingensis, respectively, showed similarities greater than 99% in
16S rRNA gene sequence analysis only with these species (Table 3). The phylogenetic
tree using 16S rRNA gene depicted in Figure 5 showed for these two isolates a high
bootstrap value presenting isolated clusters from other type strains sequences (Figure 5).
Although the rpoB, recA, gyrB, trpB and atpD genes were sequenced, to date there are
still not GenBank deposits of the aforementioned genes for these two species, except of
Streptomyces kummingensis gyrB gene sequence. The phylogenetic tree using gyrB
gene depicted in Figure 6 showed a distinct cluster topology with high bootstrap value
confirming S. kummingensis identification.

The identification to species level of the 3207BRRJ isolate by the 16S rRNA
gene sequence was not possible as it showed similarity greater than 98.70% with over
20 Streptomyces species. In the table 3 are shown only 5 similarities values to type
strains. The recA, trpB, rpoB, and atpD genes sequence analysis confirming identified
that this isolate belonged to S. rubiginosohelvolus. Only the phylogenetic trees
constructed from the recA and trpB genes presented in their topologies isolated clusters
and high bootstrap support value indicating good separation of this species (Figures 8

and 10).
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The 3268BRRJ isolate presented higher similarity with Streptomyces virginiae
with all genes studied (Table 3). In all phylogenetic trees constructed, except the 16S
rRNA tree (Figure 5), the topology showed that 3268BRRJ isolate clustered with this
species (Figures 6 to 10).

The 16S rRNA gene sequence analysis the 3341BRRJ, 3436BRRJ and 3512BRRJ
isolates showed superior to 98.70% similarities with different Streptomyces species
(Table 3). The other genes sequence analysis has not helped to the identification of

these isolates.

Discussion

The IGPRs and aerobic actinomycetes are widely distributed in terrestrial and
aquatic ecosystems throughout the world including hostile environments. Clean rooms
are considered extreme environments since it selects microorganisms which tolerate
chemical oxidizing agents, desiccation and UV irradiation. Therefore the
“hardy”species survive and have the potential to gain access to pharmaceutical
production. La Duc and co-workers (2007) demonstrated that not only spore forming
Bacillus species but also a numerous bacterial ‘“hardy” species considered
physiologically flexible, as IGPRs and aerobic actinomycetes persist in the inhospitable
conditions of clean room environments. In this study, we reported isolates from clean
rooms that exhibited higher 16S rRNA sequence similarity to isolates isolated from
different extreme environments. The isolate 3117BRRJ showed 99.27% 16S rRNA
sequence similarity to a bacteria from acidic volcanic waters (NZ3, accession no.
AF356018). The isolates 3712BRRJ and 3371BRRJ showed 100% by 16S rRNA

sequence similarity to an uncultivated bacterium from marine sediment.
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On the other hand, IGPRs and aerobic actinomycetes include also organisms that
are recognized human pathogens. In the last few years, bacteria regarded as
environmental have been found with increasing frequency in association with human
infectionsas well as these microorganisms (Drancourt et al, 2004; Gil-Sande et al, 2006;
Ko et al, 2007; Miyamoto et al, 2013; Sharma et al, 2012; Kirby et al, 2012; Pellegrini
et al, 2012). Therefore, these reports highlight that the presence of IGPR and
actinomycetes aerobic in clean rooms may present a risk of contamination of
pharmaceutical products and consequently to public health. Therefore, the presence of
aerobic and IGPR actinomycetes in clean areas can be hazardous of contamination of
pharmaceuticals.

IGPRs are commonly termed “coryneform™ a term that is used for convenience
in the same way as the term “aerobic actinomycetes” is an informal designation for
bacteria that belong to the Actinomycetales order. These organisms demonstrate wide
phenotypic diversity, enormous heterogeneity and belong to different families, orders,
classes and phylum. Microbiologists are often confronted with difficulty in phenotypic
characterization of this heterogeneous group which compromises an accurate
identification (Conville & Witebsky, 2011; Funke & Bernard, 2011).

Identification by gene sequencing is the accurate method to identify a wide
variety of bacteria. The 16S rRNA gene is present in the genome of all prokaryotes and
its primary structure is highly conserved within organisms of the same genus. This gene
target is most commonly used for bacterial identification. However, 16S rRNA gene
sequencing presents some limitations in bacterial identification (Woo et al, 2008).Other
housekeeping genes such as the 65-kDa heat shock protein gene (hsp65), essential
secretory protein A (secAl), gyrase B (gyrB) has been also performed to discriminate

many bacterial species. Recently, sequence analysis of multiple housekeeping genes has
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been regarded as an alternative technique for the identification and classification of
diverse group of bacteria. The multilocus sequence analysis (MLSA) provides more
informative nucleotide sites and reduce the effect the distorting effects of homologous
recombination and horizontal gene transfer of a single gene (Gevers, 2005). In this
context, the multilocus sequence analysis (MLSA) has been regarded as an alternative
technique for the identification and classification of diverse group of bacteria (Takeda et
al, 2010).

In this study, almost complete 16S rRNA sequences were obtained for all of the
48 isolates which could not be assigned to a genus by conventional identification
procedures. The 16S rRNA sequence analysis allowed the identification to genus level
for almost all strains. The strains from clean room environment were classified into 12
different genera belonging to 11 families. Only two strains of the 48 (4.16%), a genus
assignment was not possible by molecular method. These isolates could be only
discriminated at the family by this method and probably represents new taxa. One
limitation of the 16S rRNA sequence analysis is its inability to discriminate among new
bacterial taxa. However this methodology point toward the necessity to perform other
approaches for taxonomic classification. Of the 48 isolates, 18 (37.5%) were identified
at the species level by 16S rRNA sequencing (Table 1, 2 and 3). Another limitation this
methodology occurs when microorganisms share almost complete 16S rRNA sequence
identities and, consequently, cannot be reliably separated at the species level. Tables 1,
2 and 3 show isolates that could not be identified at the species level due to, too close
relation among themselves and exhibit a >98.7% 16S rRNA sequence similarity with
different species. In order to discriminate closely related species, several studies
recommend the analysis of other housekeeping genes (Khamis et al, 2005; Petti et al;

Almeida & Araujo, 2013). Sequence analysis of the rpoB gene was performed to
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Corynebacterium strains as recommending Khamis and co-workers (2005) and Bernard
and co-workers (2012).This analysis allowed the discrimination of two samples of this
bacterial genus to species level (Table 1).

Sequences analysis of the housekeeping genes were carried out for the most
commonly genera found in our study (Microbacterium and Streptomyces).

The genus Microbacterium is known since the 90s and is often found in the
environment (Funke & Bernard, 2011; Koneman et al, 2008). Nowadays,
Microbacterium genus comprises 81 described species (Euzéby, 2013). Seventeen
isolates currently identified as Microbacterium were submitted of rpoB and recA gene
sequence analyses. The use of 16S rRNA gene sequence analysis enabled us to identify
five Microbacterium strains at the species level. The recA and rpoB genes sequence
analysis allowed the identification of other three strains to species level.

Streptomyces genus is an aerobic actinomycete widely distributed in nature and
is frequently isolated from soil and has pronounced industrial importance due to the
products they synthesize. They are Gram-positive, filamentous and branched normally
producing mycelium of fungi such as that of fragment forms small rods (Funke &
Bernard, 2011; Koneman et al, 2008). The identification of Streptomyces species
remains problematic, since there are currently more than 600 described species (Euzéby,
2013). Most species of Streptomyces shows 16S rRNA gene sequence similarity greater
than 98.70% with different species preventing the conclusion of identification. Some
studies have evaluated the application of the methodology of MLSA for the
differentiation of Streptomyces clades (Rong & Huang, 2013; Rong et al, 2009; Rong et
al, 2010). However in this study, for Streptomyces strains, the sequence analysis of
atpD, gyrB, recA, rpoB and trpB housekeeping genes subsidized the identification of

only one strain to species level (Table 3).
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Phylogenetic analysis have shown stable topologies with high bootstrap values
corroborating with the similarity results shown in Tables 1, 2 and 3 (Fig. 1, 2, 3, 4, 5, 6,
7, 8, 9 and 10). Unfortunately, in the present study, the phylogenetic analysis using
concatenated gene sequences could not be performed. The absence of sequences of
housekeeping genes for several bacterial species on databases hindered this analysis.
Thus, MLSA methodology could help the identification bacterial only after validating of
a scheme using type strains of the majority species of the genus at issue. The
determination of almost complete 16S rRNA gene sequence and the deposit into
database is required to taxonomic description of bacterial species. Therefore, the
16SrRNA sequence analysis is most suitable for the identification of culturable
environmental strains due to enormous diversity this microrganism.

Moissl and colleagues (2007) suggest research on non-Bacillus microorganisms
and their potential impact on clean room operations. All microorganisms implicated in
sterility test failures, including those in the environment in which the sterile test is
performed, must be identified (USP Pharmacopoeia, 2013). It is generally understood
that the identity of microbial isolates will be useful in investigating microbial
contamination. This study yields knowledge on microbiota in clean room environments
and may also aid in the investigation of the source of contamination of other (industrial
or medical) clean rooms as well as pharmaceutical manufacturing areas.

The 16S rRNA sequence analysis was an effective means for identifying
irregular Gram positive rods and aerobic actinomycetes not identifiable by phenotypic
methods, since it was able to resolve the identification 95.83% at genus level. This
methodology also provided an opportunity to detect possible new bacterial genus and

species from clean rooms. Seven strains remained unidentified to species leveland were
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likely candidates to new species. However, it should be subject to further analysis such

as cell wall composition and DNA-DNA reassociation to determine the species.
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Table 1. 16S rRNA-based identification of 24 phenotypically unidentified bacterial isolates.
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Isolate Number/ Reference
16S rRNA-based identification pb GenBank Closet match® sequence Similarity
Accession no. (Accession no.) (%0)
Isolates exhibiting >98.7% 16S rRNA sequence similarity with a deposited sequence (n=11)
1310 3299BRRJ/ FJ200388 AJ251418 99.69
Brevibacterium casei Brevibacterium casei (T)"
Cellulomonas hominis 1306 3089BRRJ/ FJ200381 Cellulomonas hominis (T) X82598 99.23
Corynebacterium glaucum °© 1255 3345BRRJ/ Corynebacterium glaucum (T) AJ431634 99.68
Corynebacterium simulans . 1335 3316BRRJ/ FJ200390 Corynebacterium simulans (T) AF012837 99.93
1392 3361BRRJ/ FJ200385 Dermabacter hominis (T) X91034 98.71
Dermabacter hominis
Gordonia terrae 1488 3369aBRRJ/ FJ200386 Gordonia terrae (T) X79286 99.93
Gordonia terrae 1487 3369bBRRJ/ FJ200387 Gordonia terrae (T) X79286 99.93
Janibacter terrae 1319 Janibacter terrae (T) AF176948 99.02
3538BRRJ/FJ876399
Rhodococcus corynebacterioides 1480 3032BRRJ/ FJ200394 Rhodococcus corynebacterioides (T) AF430066 99.73
Rhodococcus corynebacterioides 1471 3165BRRJ/ FJ200395 Rhodococcus corynebacterioides (T) AF430066 99.73
1495 27302BRRJ/FJ200396 Rhodococcus corynebacterioides (T) AF430066 99.66
Rhodococcus corynebacterioides
Isolates exhibiting >98.7% 16S rRNA sequence similarity with different species (n= 08)
Arthrobacter sp. 1342 3401BRRJ/ FJ200380 Arthrobacter defluvii (T) AM409361 99.03
Arthrobacter niigatensis (T) AB248526 99.92
Corynebacterium sp. 1499 Corynebacterium tuberculostearicum (T) AJ438050 99.47
3524BRRJ/ FI876397 Corynebacterium accolens (T) AJ439346 98.80
Corynebacterium sp. 1498 3020BRRJ/ FJ200389 Corynebacterium xerosis (T) X81914 AJ292762 99.77
Corynebacterium freneyi (T) 99.12
1193 3097BRRJ/ FJ200391 Curtobacterium luteum (T) X77437 99.41
Curtobacterium sp Curtobacterium citreum (T) X77436 99.33
1409 Curtobacterium pusillum (T) AJ784400 99.50
Curtobacterium sp 3490BRRJ/ FJ876396 Curtobacterium luteum (T) XT77437 99.35
1297 Dietzia maris (T) X79290 99.92
ietzi 3536BRRJ/ F876398 Dietzia schimae (T EU375845 99.77
Dietzia sp
Exiguobacterium sp. 1446 3069BRRJ/ FJ200383 Exiguobacterium profundum (T) AY818050 99.45
Exiguobacterium aestuarii (T) AY594264 99.24
Exiguobacterium sp. 1309 3225BRRJ/ FJ200384 Exiguobacterium mexicanum (T) AMO072764 99.69
Exiguobacterium aurantiacum (T) DQ019166 99.62



Isolates exhibiting 97-98.7% 16S rRNA sequence similarity with a deposited sequence (type strain) (n= 03)

Agromyces sp. 1495 3098BRRJ/ FJ200379 Agromyces ulmi (T)
Cellulomonas sp. 1478 3335BRRJ/ FJ200382 Cellulomonas composti (T)
Nocardioides sp. 1494 3117BRRJ/FJ200392 Nocardioides alkalitolerans (T)

Isolates exhibiting <97 16S rRNA sequence Similarity with a deposited sequence (n= 02)

Propionibacterinae 1501 3712BRRJ/FJ200393 Microlunatus phosphovorus (T)
Propionicicella superfundia (T)
Luteococcus peritonei (T)
Propionicimonas paludicola (T)
Propioniferax innocua (T)
Friedmanniella lucida (T)

Propionibacterinae 1491 3771BRRJ/FJ872522 Microlunatus phosphovorus (T)
Propionicicella superfundia (T)
Luteococcus peritonei (T)
Propionicimonas paludicola (T)
Propioniferax innocua (T)
Friedmanniella lucida (T)

AY427830
AB166887
AY633969

278207
DQ176646
AJ132334
AB078858
AF227165
AB445454
278207
DQ176646
AJ132334
AB078858
AF227165
AB445454

97.32
98.34
97.03

94.31
93.77
93.65
93.61
93.16
92.80
94.37
93.83
93.72
93.68
93.22
92.87

# From comparison with the GenBank and RDP |1 database (Jan 2013);

P(T) Type strain; ¢ It was performed rpoB sequences analysis for these four isolates.
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Table 2. Multilocus sequence analysis (MLSA) based on the Microbacterium spp. sequences of three housekeeping genes: 16S rRNA, recA

and rpoB

strain 16S rRNA similarity (%0) pb recA similarity (%) pb rpoB similarity (%) pb Conclusion

3080BRRJ 99.66 Microbacterium oleivorans 1503 88.81 Microbacterium testaceum 735 9270 Microbacterium lacticum 870  Microbacterium oleivorans
98.31 Microbacterium phyllosphaerae 88.30 Microbacterium flavescens 92.95 Microbacterium flavescens
98.57 Microbacterium testaceum 92.56 Microbacterium chocolatum

3248BRRJ 98.98 Microbacterium testaceum 1501 90.07 Microbacterium testaceum 714 94.89 Microbacterium testaceum 918 Microbacterium testaceum
98.29 Microbacterium trichothecenolyticum 89.46 Microbacterium flavescens 93.80 Microbacterium arborescens
98.09 Microbacterium resistens

1942BRRJ 99.52 Microbacterium marinilacus 1505 90.76 Microbacterium flavescens 745  92.18 Microbacterium hominis 863  Microbacterium marinilacus
97.42 Microbacterium arborescens 89.90 Microbacterium lacticum 91.98 Microbacterium thalassium
97.29 Microbacterium imperiale 87.71 Microbacterium testaceum 91.94 Microbacterium flavescens

3498BRRJ 99.40 Microbacterium oleivorans 1502 89.02 Microbacterium testaceum 661  93.23 Microbacterium lacticum 984  Microbacterium oleivorans
98.29 Microbacterium testaceum 89.57 Microbacterium imperiale 93.03 Microbacterium flavescens
98.04 Microbacterium phyllosphaerae 88.57 Microbacterium flavescens 92.93 Microbacterium testaceum

3155BRRJ 99.50 Microbacterium laevaniformans 1512 98.33 Microbacterium laevaniformans 650  96.39 Microbacterium laevaniformans 831  Microbacterium laevaniformans
98.58 Microbacterium dextranolyticum 89.42 Microbacterium dextranolyticum 93.38 Microbacterium dextranolyticum

3016BRRJ 99.79  Microbacterium oxydans 1494 99.86 Microbacterium oxydans 925  100.00 Microbacterium oxydans 925  Microbacterium oxydans
99.72  Microbacterium maritypicum 92.53 Microbacterium liquefaciens 96.64 Microbacterium maritypicum
99.59  Microbacterium liquefaciens 92.32 Microbacterium maritypicum 96.54 Microbacterium liquefaciens
98.73  Microbacterium hydrocarbonoxydans 95.57 Microbacterium luteolum

3019BRRJ 99.93 Microbacterium oxydans 1509 99.72 Microbacterium oxydans 870  99.43 Microbacterium oxydans 870  Microbacterium oxydans
99.86 Microbacterium maritypicum 92.38 Microbacterium liquefaciens 96.21 Microbacterium maritypicum
99.73 Microbacterium liquefaciens 92.16 Microbacterium maritypicum 96.09 Microbacterium liquefaciens
98.82 Microbacterium luteolum 91.07 Microbacterium luteolum 94.83 Microbacterium luteolum

3188BRRJ 99.43 Microbacterium laevaniformans 1500 95.41 Microbacterium laevaniformans 752 99.63 Microbacterium laevaniformans 821  Microbacterium laevaniformans

98.70

99.38

99.24

98.79

Microbacterium dextranolyticum
Microbacterium lacus
Microbacterium aoyamense

Microbacterium pumilum

91.35 Microbacterium dextranolyticum

93.02 Microbacterium lacticum

93.17 Microbacterium dextranolyticum
95.13 Microbacterium hominis
95.13 Microbacterium dextranolyticum

93.71 Microbacterium lacticum
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strain 16S rRNA similarity (%0) pb recA similarity (%) pb rpoB similarity (%) pb Conclusion
3249BRRJ 99.46 Microbacterium aurum 1524 99.66 Microbacterium aurum 720 97.57 Microbacterium aurum 988  Microbacterium sp.
99.25 Microbacterium lacus 92.27 Microbacterium flavescens 94.76 Microbacterium dextranolyticum
99.10 Microbacterium aoyamense 92.35 Microbacterium lacticum 94.66 Microbacterium hominis
3487BRRJ 99.86 Microbacterium esteraromaticum 1494 96.10 Microbacterium esteraromaticum 774 98.95 Microbacterium esteraromaticum 860  Microbacterium sp.
99.18 M. arabinogalactanolyticum 89.73 Microbacterium flavescens 91.77 Microbacterium resistens
3561BRRJ 99.29 Microbacterium pumilum 1503 90.45 Microbacterium lacticum 650  92.38 Microbacterium aurum 824  Microbacterium sp.
99.09 Microbacterium deminutum 90.25 Microbacterium aurum 92.15 Microbacterium dextranolyticum
98.86 Microbacterium fluvii 89.09 Microbacterium flavescens 92.01 Microbacterium hominis
98.70 Microbacterium schleiferi 89.15 Microbacterium laevaniformans 91.66 Microbacterium lacticum
3556BRRJ 99.46 Microbacterium paraoxydans 1502 90.80 Microbacterium luteolum 650  93.80 Microbacterium oxydans 851  Microbacterium sp.
98.98 Microbacterium oxydans 90.57 Microbacterium flavescens 93.78 Microbacterium phyllosphaerae
98.50 Microbacterium resistens 90.23 Microbacterium phyllosphaerae 93.11 Microbacterium maritypicum
98.41 Microbacterium luteolum 89.09 Microbacterium oxydans 93.11 Microbacterium liquefaciens
88.57 Microbacterium testaceum 91.54 Microbacterium keratanolyticum
3223BRRJ 98.37 Microbacterium flavescens 1500 90.99 Microbacterium flavescens 690 9350 Microbacterium chocolatum 860  Microbacterium sp.
98.26 Microbacterium thalassium 90.76 Microbacterium lacticum 92.73 Microbacterium thalassium
98.21 Microbacterium insulae 89.13 Microbacterium kitamiense 92.69 Microbacterium dextranolyticum
98.16 M. trichothecenolyticum 92.23 Microbacterium flavescens
3227BRRJ 98.44 Microbacterium thalassium 1499 91.23 Microbacterium flavescens 765  93.42 Microbacterium chocolatum 800  Microbacterium sp.
98.40 Microbacterium flavescens 90.91 Microbacterium lacticum 93.18 Microbacterium thalassium
98.28 Microbacterium insulae 89.62 Microbacterium kitamiense 92.79 Microbacterium dextranolyticum
98.22 M. trichothecenolyticum 88.38 Microbacterium testaceum 92.28 Microbacterium flavescens
3407BRRJ 98.36 M. trichothecenolyticum 1503 92.43 Microbacterium lacticum 766 93.90 Microbacterium testaceum 1000  Microbacterium sp.
98.21 Microbacterium thalassium 92.34 Microbacterium flavescens 93.63 Microbacterium flavescens
97.88 Microbacterium resistens 89.57 Microbacterium thalassium 93.46 Microbacterium thalassium
3408BRRJ 98.70 Microbacterium marinilacus 1508 90.29 Microbacterium flavescens 756 93.55 Microbacterium flavescens 826  Microbacterium sp.

97.70

96.70

96.59

Microbacterium imperiale
Microbacterium phylosphaerae

Microbacterium thalassium

90.55

89.10

86.62

Microbacterium lacticum
Microbacterium thalassium

Microbacterium phylosphaerae

92.56

92.54

90.05

Microbacterium thalassium
Microbacterium aurum

Microbacterium phylosphaerae
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Table 3. Multilocus sequence analysis (MLSA) based on the Streptomyces spp. sequences of six housekeeping genes: 16S rRNA, recA,
rpoB, gyrB, atpD, and trpB.

Strains 16S rRNA similarity (%) recA similarity (%) rpoB similarity (%) gyrB similarity (%) atpD similarity (%) trpB similarity (%) Conclusion
3182BRRJ 99.13  Streptomyces albiaxialis 93.54 Streptomyces rangoonensis 93.83 Streptomyces rangoonensis 89.32 Streptomyces luteireticuli 91.42 S. bingchenggensis 85.04 Streptomyces avermitilis Streptomyces albiaxialis
90.64 S. olivaceiscleroticus 90.78 Streptomyces hiroshimensis 89.26 Streptomyces mobaraensis 91.17 Streptomyces flavogriseus 84.22 Streptomyces scabiei
90.40 Streptomyces violaceusniger 90.58 Streptomyces aureoversilis 90.82 Streptomyces griseus
3212BRRJ 99.38  Streptomyces kunmingensis 93.92 Streptomyces avermitilis 92.56 Streptomyces avermitilis 96.14  Streptomyces kunmingensis 96.89 Streptomyces scabiei 95.30 Streptomyces scabiei Streptomyces kunmingensis
93.79 Streptomyces scabiei 92.01 Streptomyces incarnatus 89.42  Streptomyces pallidus 95.57 Streptomyces avermitilis 92.40 Streptomyces coelicolor
3207BRRJ 100.00 S. rubiginosohelvolus 99.45 S. rubiginosohelvolus 99.72 S. rubiginosohelvolus 9838 Streptomyces albovinaceus 99.63 S. rubiginosohelvolus 99.45 S. rubiginosohelvolus S. rubiginosohelvolus
100.00 Streptomyces Mediolani 98.08 Streptomyces sindenensis 98.60 Streptomyces praecox 98.29 Streptomyces griseinus 99.02 Streptomyces puniciscabiei 98.49 Streptomyces sindenensis
100.00 Streptomyces griseinus 96.58 S. griseus subsp griseus 98.19 Streptomyces sindenensis 98.19 S. rubiginosohelvolus 98.93 S. griseus subsp griseus 97.37 S. griseus subsp griseus
99.93  Streptomyces tanashiensis 97.81 Streptomyces griseus
99.39  Streptomyces griséus
3268BRRJ 99.66 Streptomyces virginiae 96.63 Streptomyces virginiae 98.52 Streptomyces virginiae 97.35 Streptomyces virginiae 99.19 Streptomyces virginiae 95.95 Streptomyces virginiae Streptomyces sp
99.66 Streptomyces cinnamonensis 93.93 Streptomyces aureoversilis 90.36 Streptomyces cinnamonensis 93.58 Streptomyces goshikiensis 95.24 Streptomyces scabiei 93.58 Streptomyces davawensis
99.56 Streptomyces colombiensis 93.54  Streptomyces parvisporogenes 93.58 Streptomyces subrutilus 94.88 Streptomyces davawensis 92.74 S. griseus subsp griseus
99.46 Streptomyces goshikiensis 90.02 Streptomyces cinnamonensis 87.24 Streptomyces cinnamonensis
94.75 Streptomyces stelliscabiei 92.34  Streptomyces coelicolor
93.78 Streptomyces cinnamonensis
3341BRRJ 99.11  Streptomyces aurantiacus 95.61 Streptomyces tauricus 95.92 Streptomyces tauricus 93.41 Streptomyces tauricus 97.46 Streptomyces scabiei 94.22 Streptomyces aurantiacus Streptomyces sp
98.97 Streptomyces tauricus 95.00 Streptomyces avermitilis 94.27 Streptomyces aurantiacus 91.55 Streptomyces aurantiacus 96.44  Streptomyces avermitilis 93.53 S. viridodiastaticus
98.97 Streptomyces umbrinus 94.21 Streptomyces aurantiacus 93.54 Streptomyces umbrinus 91.41 Streptomyces panayensis 93.53 Streptomyces aurantiacus 93.00 Streptomyces albireticuli
94.00 Streptomyces umbrinus 92.48 Streptomyces umbrinus 92.83 Streptomyces tauricus
91.87 Streptomyces tauricus
3436BRRJ 100.00 Streptomyces rubrogriseus . 100.00 Streptomyces violaceoruber . 100.00 Streptomyces coelescens . Streptomyces sp
97.59 Streptomyces olivaceus 98.79 Streptomyces coelicolor 98.77 Streptomyces coelicolor
99.93 Streptomyces albogriseolus 99.69  Streptomyces coelescens 99.77  Streptomyces violaceoruber
plomy 9 97.58 Streptomyces flavidovirens ptomy 96.88 Streptomyces olivaceus ptomy! 95.10 Streptomyces viridiviolaceus
99.87 Streptomyces coelescens 97.06 Streptomyces coelicolor 98.40  Streptomyces coelicolor 99.28  Streptomyces coelicolor
99.87 Streptomyces violaceoruber 97.06 Streptomyces lividans 97.26  Streptomyces olivaceus 99.27 Streptomyces lividans
97.91 Streptomyces coelicolor
3512BRRJ 99.44 Streptomyces lomondensis 97.32 S. violaceochromogenes 96.29 S. violaceochromogenes 95.70 Streptomyces africanus 98.85 S. violaceochromogenes 93.08 Streptomyces viridiviolaceus Streptomyces sp
99.39 Streptomyces parvulus 96.65 Streptomyces flavidovirens 95.07 Streptomyces incarnatus 95.69 Streptomyces afghaniensis 94.02 Streptomyces coelicolor 93.00 S. violaceochromogenes

99.32 Streptomyces bellus

99.32 Streptomyces janthinus

96.25

Streptomyces hygroscopicus

94.56

Streptomyces antibioticus

94.59

88.05

Streptomyces pallidus

Streptomyces parvulus

94.02 Streptomyces lividans
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3335BRRJ FJ200382
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100
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73
72

100
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100 3299BRRJ FJ200388
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87 127302BRRJ FJ200396
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3032bBRRJ FJ200394

Rhodococcus kroppenstedtii (T) AY726605

97 Rhodococcus triatomae (T) AJ854055

Gordonia namibiensis (T) AF380930

3369aBRRJ FJ200386

3369bBRRJ FJ200387

100
Gordonia terrae (T) X81922
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100 100 K 3536BRRJ FJ876398
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99 100
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3316BRRJ FJ200390
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Bacillus subtilis (T) AJ276351

0.02

Figure 1. Phylogenetic tree based on neighbor-joining method using 16S rRNA gene
sequences. Distance estimations were calculated by using the Kimura two-parameter

model. Bootstrap percentages after 1,000 simulations are shown. The Bacillus subtilis
(T) AJ276351 sequence was used as an outgroup.
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B 100 Microbacterium marinilacus (T) AB286020
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98
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68 52 L Microbacterium flavescens (T) Y17232
100 3227BRRJ
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3407BRRJ

56 Microbacterium trichotecenolyticum (T) Y17240

Microbacterium resistens (T) Y14699
8g [3080BRRJ

3498BRRJ

Microbacterium oleivorans (T) AJ698725

3248BRRJ

Microbacterium testaceum (T) X77445

Microbacterium aerolatum (T) AJ309929
Microbacterium phyllosphaerae (T) AJ277840
Microbacterium keratanolyticum (T) AB004717

Microbacterium hydrocarbonoxydans (T) AJ698726
Microbacterium paraoxydans (T) AJ491806

3556BRRJ

Microbacterium luteolum (T) AB004718
Microbacterium oxydans (T) Y17227

3019BRRJ

3016BRRJ

920

Microbacterium liquefaciens (T) X77444
Microbacterium maritypicum (T) AJ853910

Microbacterium arabinogalactanolyticum (T) Y17228
—|99 3487BRRJ
99 Microbacterium esteraromaticum (T) Y17231

Agromyces albus (T) NR028846

0.005

Figure 2. Phylogenetic tree based on neighbor-joining method using 16S rRNA gene
sequences. Distance estimations were calculated by using the Kimura two-parameter
model. Bootstrap percentages after 1,000 simulations are shown. The Agromyces albus
(T) NR028846 sequence was used as an outgroup.
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L 3223BRRJ
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—— 3211BRRJ

p” I: 3249BRRJ
99 L Microbacterium aurum AM181512

Microbacterium schleiferi AM181531

3188BRRJ

| 99 { 3155BRRJ
99 Microbacterium laevaniformans AM181524
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L Microbacterium maritypicum AM181526
59 Microbacterium oxydans AM181527
99| 1 3016BRRJ

78 - 3019BRRJ

1942BRRJ

67 3408BRRJ

Streptomyces xanthocidicus JF424070

Figure 3. Phylogenetic tree based on neighbor-joining method using recA gene
sequences. Distance estimations were calculated by using the Kimura two-parameter
model. Bootstrap percentages after 1,000 simulations are shown. The Streptomyces

xanthocidicus JF424070 sequence was used as an outgroup.
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P
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Figure 4. Phylogenetic tree based on neighbor-joining method using rpoB gene
sequences. Distance estimations were calculated by using the Kimura two-parameter
model. Bootstrap percentages after 1,000 simulations are shown. The Agromyces albus

AM181563 sequence was used as an outgroup.
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Figure 5. Phylogenetic tree based on neighbor-joining method using 16S rRNA gene
sequences. Distance estimations were calculated by using the Kimura two-parameter
model. Bootstrap percentages after 1,000 simulations are shown. The Mycobacterium
tuberculosis (T) GU142935 sequence was used as an outgroup.
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Figure 6. Phylogenetic tree based on neighbor-joining method using gyrB gene
sequences. Distance estimations were calculated by using the Kimura two-parameter
model. Bootstrap percentages after 1,000 simulations are shown. The Mycobacterium
tuberculosis JQ684011 sequence was used as an outgroup.
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Figure 7. Phylogenetic tree based on neighbor-joining method using rpoB gene
sequences. Distance estimations were calculated by using the Kimura two-parameter
model. Bootstrap percentages after 1,000 simulations are shown. The Nocardiopsis

dassonvillei EF055089 sequence was used as an outgroup.
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Figure 8. Phylogenetic tree based on neighbor-joining method using recA gene
sequences. Distance estimations were calculated by using the Kimura two-parameter
model. Bootstrap percentages after 1,000 simulations are shown. The Mycobacterium

tuberculosis CP001976 sequence was used as an outgroup.
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Figure 9. Phylogenetic tree based on neighbor-joining method using atpD gene
sequences. Distance estimations were calculated by using the Kimura two-parameter
model. Bootstrap percentages after 1,000 simulations are shown. The Nocardiopsis

dassonvillei EF031292 sequence was used as an outgroup.
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Figure 10. Phylogenetic tree based on neighbor-joining method using trpB gene
sequences. Distance estimations were calculated by using the Kimura two-parameter
model. Bootstrap percentages after 1,000 simulations are shown. The Nocardiopsis
dassonvillei EF055144 sequence was used as an outgroup.
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3.4 Artigo cientifico - Guaraldella brasiliensis sp. nov. and Nocardioides brasiliensis

sp. nov., isolated from cleam room environments.

Guaraldella brasiliensis sp. nov. and Nocardioides brasiliensis sp. nov., isolated
from cleam room environments.

Autores: Paulo Victor Pereira Baio, Koko Otsuki, Jodo Flavio Carneiro Veras,
Juliana Nunes Ramos, Livia Maria Rubem Vidal, Raphael Hirata Janior, Ana Luiza
Mattos-Guaraldi; Veronica Viana Vieira.

Revista: (Em fase final de redacao)

RESuUMO

Os bastonetes Gram positivos irregulares designados como cepas 3117BRRJ,
3712BRRJ e 3371BRRJ foram isolados de ambientes de sala limpa onde os testes de
esterilidade em produtos farmacéuticos séo realizadas pelo Instituto Nacional de
Controle da Qualidade em Saude (INCQS / FIOCRUZ) e todos elas ndo puderam ser
identificadas por critérios convencionais e a sua posi¢do taxondmica foi investigada
através de uma abordagem polifasica. Este estudo permitiu-nos encontrar um novo
género e espécie de algumas estirpes pertencentes a classe Actinobacteria. A andlise
filogenética baseada na sequéncia do gene 16S rRNA indicou que a cepa 3117BRRJ
pertence ao género Nocardioides da familia Nocardioidaceae.A cepa 3117BRRJ foi
mais relacionada com a cepa tipo Nocardioides alkalitolerans cepa KSL-1 (96,72% de
similaridade com a sequéncia do gene 16S rRNA). As cepas 3712BRRJ e 3371BRRJ
apresentaram um valor de similaridade de 94,50% com a sequéncia deste gene com
todas as bactérias conhecidas e apresentou em sua andlise filogenética baseada nas
seqiiéncias do gene 16S rRNA grupos isolados com alto valor de suporte de “bootstrap”
indicando uma boa distancia das outras espécies que se apresentaram mais similares na

comparagdo com essa amostra. Com base nos dados morfoldgicos, genotipicos e
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bioquimicos apresentados neste estudo, a cepa 3117BRRJ representa uma nova espécie
do género Nocardioides, para o qual o nome Nocardioides brasiliensis sp. nov. é
proposto e as cepas 3712BRRJ e 3371BRRJ devem ser classificadas em um novo
género para o qual 0 nome Guaraldella nov. E proposta. A cepa tipo destas amostras

foram denominadas como 3117BRRJ, 3712BRRJ e 3371BRRJ.
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Abstract

Irregular Gram positive rod isolates, rod-shaped bacterium, designated 3117BRRJ,
3712BRRJ and 3371BRRJ strains were isolated from clean room environments in
which the sterility tests are performed in The National Institute for Quality Control of
Health (INCQS/FIOCRUZ), Brazil and all of them could not be identified by
conventional criteria and its taxonomic position was investigated by using a polyphasic
approach. This study enabled us to find a novel genus and species of some strains
belonging to the Actinobacteria class. Phylogenetic analysis based on 16S rRNA gene
sequences indicated that 3117BRRJ strain belongs to the genus Nocardioides in the
family Nocardioidaceae. The 3117BRRJ strain was related most closely to
Nocardioides alkalitolerans (T) strain KSL-1 (96.72% 16S rRNA gene sequence
similarity). The 3712BRRJ and 3371BRRJ strains had less than 94.50% sequence
identity with any known bacteria and they presented in their phylogenetic analysis
based on 16S rRNA gene sequences isolated cluster with high bootstrap support value
indicating good distance from others species. Based on the morphological, genotypic
and biochemical data presented in this study the 3117BRRJ strain represent a novel
specie of the genus Nocardioides, for which the name Nocardioides brasiliensis sp. nov.
is proposed and the 3712BRRJ and 3371BRRJ should be classified in a new genus for
which the name Guaraldella nov. is proposed. The type strain is 3117BRRJ,

3712BRRJ and 3371BRRJ.

Introduction

The Actinobacteria constitutes one of the main phyla within the Bacteria
(Ludwig & Klenk, 2001). Many studies describe the difficulty of identifying several

bacterial clusters, such as bacteria belonging of this class as the aerobic Gram positive



111

rods by phenotypic methods (Drancourt et al., 2004; Patel et al., 2004; Roux et al.,
2004).

We conducted phylogenetic, phenotypic, and genotypic analyses to determine
the taxonomic position of the three unidentifiable contaminants strains isolated from
clean room environment in which the sterility tests are performed at The National
Institute for Quality Control of Health (INCQS/FIOCRUZ).

This study enabled us to find a novel genus belonging to the

Propionibacteriaceae family and species belonging to the Nocardioidaceae family.

Materials and methods

Bacterial isolates. A total of three irregular Gram positive rods isolates unidentifiable
by phenotypic methodology, were included in this approach and are listed in Table 1.
They were subjected to an extensive phenotypic investigation by conventional
biochemical methods (Conville & Witebsky, 2011; Funke & Bernard, 2011) and were

also evaluated by API Coryne system version 2.0 (BioMerieux).

Nucleic acid extraction, 16S rRNA gene amplification and sequencing. Each isolate
was grown in BHI (Brain Heart Infusion) broth by incubation for 24/48 h at 30°C and
centrifuged for 5 min at 3000 rpm (eppendorf centrifuge 5415 C). The supernatant was
discarded by aspiration, and the pelleted were resuspended in 500 pL of sterile MILLI-
Q water and subsequently boiled in a water bath for 15 min for DNA extraction. Cell
extracts were then immediately stored at -20°C for use in PCR reactions. Extracted

DNA was amplified by PCR in a 50 pl reaction. The PCR reaction mixture contained
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sterile distilled water, PCR buffer (eppendorf), 3.0 mM MgCl, (eppendorf), 1.5 U of
Tagq polymerase (eppendorf), 10 mM of each dNTP (dATP, dCTP, dGTP and
dTTP/eppendorf), 3 ul of the DNA extract and 150 ng of each primer (pA and pH). Two
pairs of primers were used in the study: the universal primers pA (5'-
AGAGTTTGATCCTGGCTCAG) and pH (5-AAGGAGGTGATCCAGCCGCA) as
well as 1831 (5-GAGGAACACCGATGGCGAAGGC) and 1832 (5-
GCCCCCGTCAATTCCTTTGAGTT) (Invitrogen Custom Primers — Invitrogen Brazil
Ltda) GGTGATCCAGCCGCA-3’, as described by Watts et al. (2000). Amplification
conditions included an initial denaturing for 5 min at 94°C, followed by 35 cycles of 1
min at 94°C, 1 min at 50°C, and 2 min at 72°C, and a final extension for 7 min at 72°C
and were performed on a thermal cycler (GeneAmp PCR System 2400 thermal cycler —
Applied Biosystems-USA). A single PCR product of approximately 1.5 kb was obtained
and purified using the Perfectprep gel Cleanup Kit (Eppendorf) in accordance with the
supplier’s instructions. The purified PCR product was sequenced in both directions by
primer walking with the oligonucleotides describe above. The sequencing reactions
were performed with BigDye Terminator v 3.1 cycle sequencing kit (Applied
Biosystems) on an ABI Prism 377 Automated DNA Sequencer (Applied Biosystems
DNA sequencer, Darmstadt, Germany) by standard protocols. 16S rRNA gene
sequences were compared to those available in the National Center for Biotechnology
Information (http://www.ncbi.nlm.nih.gov) using the BLAST algorithm and the
Ribosomal Data-base Project (RDP-II) (http://rdp.cme.msu.edu/html). The 16S rRNA
gene sequences from isolates have been deposited in the EMBL/GenBank database

under the accession numbers presented in Table 1.
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Phylogenetic analysis.

The 16S rRNA gene sequences were aligned by CLUSTALX (Thompson et al. 1997).
The unmatched ends of each gene sequence alignment were deleted in order to create a
homogeneous matrix. The phylogenetic trees were constructed by using neighbour-
joining genetic distance method and they were made by using the program MEGA 4.0
package with the option of complete deletion of gaps (Tamura et al. 2007). We use the p
distance model for all NJ tree constructions after compute pairwise distance and the
overall average was 0.078, which indicated a low percentage of difference in our
alignment. The reliability of each tree topology was checked by 1000 bootstrap

replications.

Results and Discussion

The 3712BRRJ and 3371BRRJ strains showed oxidase positive, colony colour
orange, non motility, nitrat not reduced to nitrite, hydrolysis of aesculin, casein, gelatin
and DNAse were negative but starch was positive. Enzyme activities were positive to
PYZ, PyrA, B-Galactosidase, a-Glucosidase and B-NAG and were negative to Pal andf-
GUR. The 3117BRRJ strain showed oxidase negative, colony colour white, non
motility, nitrat not reduced to nitrite, hydrolysis of aesculin and starch were negative but
casein, gelatin and DNAse were positive. Enzyme activities were positive to PYZ,
PyrA, Pal, o-Glucosidase and PB-NAG, and were negative to B-GUR and pB-
Galactosidase.

All of the strains were aerobic, Gram-positive rods and catalase-positive,

optimal growth conditions at 25-30°C of temperature and pH 6.0-7.0. None of our
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studied strains utilize lactose, mannoside, trehalose, arginine, sucrose, maltose,
mannitol, xylose, fructose, galactose, glucose and raffinose, as carbon and energy
sources.

In this study, almost complete 16S rRNA sequences were obtained for all
isolates, which could not be assigned to a genus by conventional identification
procedures, and their sequences were made available for comparison (Table 1). Two
isolates could not be identified at the genus level and the remaining isolate could not be
identified to the species level by this method. The isolate 3117BRRJ showed only
97.03% of its sequence is similar to the Nocardioides alkalitolerans (T) strain KSL-1
(Accession no. AY633969), this isolate was reported as belonging to the Nocardioides
sp (Table 1).

The 3712BRRJ and 3371BRRJ isolates showed 92.80 to 94.37% 16S rRNA
sequence similarity to several species from families within the Propionibacterineae
suborder (Table 1). The 16S rRNA gene sequences of these two strains were identical
and were isolated in different years.

Similar tree topology was found in the tree generated with the
maximumlikelihood algorithm (data not shown). The phylogenetic analysis (Fig. 1)
suggests, that our 3117BRRJ strain is associated to Nocardioides spp. clade and we
consider more appropriate to describe the organism we characterized as a novel species
of Nocardioides. Levels of 16S rRNA gene sequence similarity between the 3117BRRJ
strain and the type strains of all Nocardioides species with validly published names
ranged from 93.99% (with Nocardioides kongjuensis) to 96.72% (with Nocardioides
alkalitolerans).

As shown in the phylogenetic tree based on the neighbor joining algorithm, the

3712BRRJ and 3371BRRJ strains formed a distinct evolutionary lineage within the
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radiation of the cluster comprising different genus (Fig. 1). The levels of 16S rRNA
gene sequence similarity were more similar to a different genus and ranged from
91.59% to 94.39% for Luteococcus japonicus to Microlunatus phosphovorus
respectively (Table-1). It is worth mentioning that the more similar genus to our strains
3712BRRJ and 3371BRRJ were relatively described in recent years (Euzéby, 2011).

It was suggested that the experiments of DNA-DNA hybridization is only
performed for strains that share a value less than 98.7% similarity with the 16S rRNA
gene sequence analysis in order to reduce workload involved with this kind of
experiments (Stackebrandt & Ebers, 2006). As our values of the 16S rRNA gene
sequence similarity for all strains studied was less than 96.8% with the most similar
results with known bacteria found in the databases consulted (Table 1), we have not
made the experiments of DNA-DNA reassociation.

Based on the morphological, genotypic and biochemical data presented in this
study, the strain 3117BRRJ should be classified as a novel species, for which the name
Nocardioides brasiliensis sp. nov. is proposed, and the other two strains: 3712BRRJ
(accession number:FJ200393) and 3371BRRJ (accession number: FJ872522) should

be classified in a new genus for which the name Guaraldella nov. is proposed.



Table 1 - 16S rRNA-based identification of 03 phenotypically unidentified bacterial isolates

Isolate Number/ Reference
16S rRNA-based identification  pb GenBank Closet match? sequence Similarity
Accession no. (Accession no.) (%)
Nocardioides sp. 1494 3117BRRJ/FJ200392 Nocardioides alkalitolerans (T) AY633969 97.03
Propionibacterinae 1501 3712BRRJ/FJ200393 Microlunatus phosphovorus (T) 278207 94.31
Propionicicella superfundia (T) DQ176646 93.77
Luteococcus peritonei (T) AJ132334 93.65
Propionicimonas paludicola (T) AB078858 93.61
Propioniferax innocua (T) AF227165 93.16
Friedmanniella lucida (T) AB445454 92.80
Propionibacterinae 1491 3771BRRJ/FJ872522 Microlunatus phosphovorus (T)  Z78207 94.37
Propionicicella superfundia (T) DQ176646 93.83
Luteococcus peritonei (T) AJ132334 93.72
Propionicimonas paludicola (T) AB078858 93.68
Propioniferax innocua (T) AF227165 93.22
Friedmanniella lucida (T) AB445454 92.87

 From comparison with the GenBank and RDP |1 database (Jan 2013)

®(T) Type strain
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Friedmanniella capsulata (T) AF084529
Friedmanniella lacustris (T) AJ132943
Friedmanniella luteola (T) AB445453
Friedmanniella lucida (T) AB445454
— Friedmanniella okinawensis (T) AB445455

99 Friedmanniella sagamiharensis (T) AB445456
96 SQ‘E Friedmanniella spumicola (T) AF062535

79 Friedmanniella antarctica (T) Z78206

Microlunatus panaciterrae (T) AB271051
Microlunatus soli (T) FJ807672

Microlunatus parietis (T) FN556016
Microlunatus ginsengisoli (T) AB245389

100

99

88 _EMicrolunatus phosphovorus (T) 278207
100 Microlunatus aurantiacus (T) EF601828

100 | 3712BRRJ FJ200393
87 I337lBRRJ FJ872522
Propioniferax innocua (T) AF227165

53 PropionicicellasuperfundiaDQ176646

66 MicropruinaglycogenicaAB012607
BrooklawniacerclaeDQ196625

AestuariimicrobiumkwangyangenseDQ830982

LuteococcusperitoneiAJ132334

100 Luteococcus sanguinus (T) AJ416758
—%L Luteococcus japonicus (T) D85487

Nocardioides dubius (T) AY928902

100 3117BRRJ FJ200392
Nocardioides alkalitolerans (T) AY633969

100 I: Nocardioides luteus (T) AF005007
72 Nocardioides albus (T) AF004988
Nocardioides kongjuensis (T) DQ218275
Nocardioides marinisabuli (T) AM422448

Nocardioides basaltis (T) EU143365
Nocardioides aquiterrae (T) AF529063

52 _|——Nocardioides marinus (T) DQ401093
99 Nocardioides panacihumi (T) AB271053

Actinomyces bovis (T) X81061

99

0.01

Fig 1 - Phylogenetic tree based on neighbor-joining method using 16S rRNA, gene
sequences. Distance estimations were calculated by using p distance model. Bootstrap
percentages after 1,000 simulations are shown. The Actinomyces bovis (T) X81061 sequence
was used as an outgroup.
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Table 2 - Phenotypic characteristics of strains studied

Strains

Characteristics
3712BRRJ 3371BRRJ 3117BRRJ

Colony colour orange orange white
Shape rod rod rod
Motility negative negative negative
Optimal growth conditions:
Temperature (°C) 25-30 25-30 25-30
pH 6.0-7.0 6.0-7.0 6.0-7.0

NaCl (%) ND ND 0-2.5
Oxidase positive positive negative

Nitrate reduction to nitrite negative negative negative
Hydrolysis of:

Aesculin negative negative negative
Casein negative negative positive
Gelatin negative negative positive
Starch positive positive negative
DNAse negative negative positive

Enzyme activities:

Pyz positive positive positive

PyrA positive positive positive

Pal negative negative positive

B-Gur negative negative negative
B-Galactosidase positive positive negative
a- Glucosidase positive positive positive
B-Nag positive positive positive

ND = not determineted

Description of Guaraldella gen. nov. and Guaraldella brasiliensis sp. nov.

Guaraldella genus (Tribute to Ana Luiza de Mattos-Guaraldi). Cells are Gram-positive,
aerobic, non motility, non-spore-forming rods in the exponential phase of growth. Colonies
are circular, smooth, glistening, convex, and orange in colour. Optimal temperature for
growth is 25-30 °C. Does not utilize lactose, mannoside, trehalose, arginine, sucrose,
maltose, mannitol, xylose, fructose, galactose, glucose and raffinose, as carbon and energy
sources. Oxidase positive, nitrate not reduced to nitrite, hydrolysis of aesculin, casein, gelatin
and DNAse were negative but starch was positive. Enzyme activities were positive to PYZ,

PyrA, B-Galactosidase, a-Glucosidase and B-NAG and were negative to Pal andB-GUR. The
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type strain, 3712BRRJ (accession number: FJ200393) and 3371BRRJ (accession number:
FJ872522) was isolated from a clean room environment. These strains should be classified as

a novel specie, for which the name Guaraldella brasiliensis sp. nov. is proposed.

Description of Nocardioides brasiliensis sp. nov.

Nocardioides brasiliensis. Cells are aerobic, non motility, non-spore-forming rods in the
exponential phase of growth. Gram-positive but Gram variable in old cultures. Colonies are
circular, smooth, glistening, convex, milky-white in colour. Neither metabolite nor aerial
myecelia are formed. Optimal temperature for growth is 25-30 °C. Does not utilize lactose,
mannoside, trehalose, arginine, sucrose, maltose, mannitol, Xxylose, fructose, galactose,
glucose and raffinose, as carbon and energy sources. Oxidase negative, nitrate not reduced to
nitrite, hydrolysis of aesculin and starch were negative but casein, gelatin and DNAse were
positive. Enzyme activities were positive to PYZ, PyrA, Pal, a-Glucosidase and p-NAG, and
were negative to B-GUR and pB-Galactosidase. The type strain, 3117BRRJ (accession number:
FJ200392) was isolated from clean room environment. The strain 3117BRRJ should be
classified as a novel specie, for which the name Nocardioides brasiliensis sp. nov. is

proposed.
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4 DISCUSSAO

No presente estudo analisamos cepas de BGPI e dos Actinomicetos aerobios de
origem ambientais e clinicos os quais foram submetidos a caracterizacdo, ou seja,
investigacao utilizando metodologia de anélise fenotipica e molecular.

As cepas de origem clinica investigados foram o0s pertencentes aos géneros
Corynebacterium e Nocardia que ndo puderam ser identificados ao nivel de espécie por
metodologia fenotipica. Para essas cepas empregamos a analise dos genes conservados 16S
rRNA e rpoB e 0s genes 16S RNA, secAl, hsp65 e gyrB respectivamente.

Com relacdo as cepas de origem ambiental que ndo foram identificadas por
metodologia fenotipica, inimeros géneros foram identificados utilizando a analise do gene
16S rRNA ndo sendo possivel concluir a identificacdo de duas destas cepas por terem
apresentado valor baixo de similaridade com esse gene com diferentes géneros. Os micro-
organismos ambientais que foram mais isolados corresponderam ao género Microbacterium
os quais foram submetidos a analise dos genes conservados 16S rRNA, recA e rpoB e cepas
pertencentes ao género Streptomyces os quais procedemos a Analise da Sequéncia Multilocus
(MLSA) utilizando os genes 16S rRNA, recA, rpoB, gyrB, atpD e trpB.

A metodologia genotipica foi eficaz na identificacdo das cepas clinicas quanto a
conclusdo ao nivel de espécie ao contrario das cepas ambientais que na sua grande maioria
permaneceram inconclusivas suas identificacfes por auséncia de depositos dos outros genes
nos bancos de dados consultados para as espécies que se apresentaram mais similares com
nossas cepas com similaridade superior ao valor proposto por Stackebrandt e Ebers (2006) de
98,7% com mais de uma espécie do género na similaridade com a analise do gene 16S rRNA.

Quanto as cepas identificadas como pertencentes ao género Corynebacterium,
documentamos neste estudo um surto nosocomial que incluiu casos fatais de infeccédo
sistémica causada por C. striatum em um hospital de 600 leitos, no Rio de Janeiro. Anélise de
PFGE de 15 cepas de C. striatum indicou a presenca de quatro perfis de PFGE, incluindo dois
clones relacionados com cepas apresentando resisténcia multipla aos antimicrobianos (MDR)
(PFGE 1 e II). Os nossos dados demonstram a predominancia de PFGE tipo |, de 11 cepas
MDR que foram obtidos na maior parte das enfermarias e UTI cirurgica. As amostras de
secrecdo traqueal foram provenientes de pacientes associados a ventilagdo mecanica com
colonizagdo do trato respiratério ou pneumonia e foram a maioria (6 de7) PFGE tipo I.

A possibilidade de uma ligacdo de causalidade entre a morte e a infeccdo por C.

striatum. (PFGE tipos I e 1), foi observada em cinco ocasifes. Similar aos nossos resultados,
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estudos anteriores também revelaram que o suporte ventilatorio é um fator de risco relevante
para a aquisicdo de infeccédo por C. striatum (Brandenburg et al, 1996; Campanile et al, 2009;
Wong et al, 2010).

Pesquisas de infeccGes causadas por bactérias corineformes em pacientes pediatricos
oncolégicos no hospital de pesquisa St. Jude Children's Research Hospital (Tennessee, EUA),
indicou que a maioria dos casos foram devido a bacteremia por C. striatum. Estes pacientes
tiveram complicagOes relacionadas com as infecc@es, incluindo infecgdes recorrentes e artrite
séptica (Adderson et al, 2008). No presente estudo, as amostras de C. striatum ndo foram
isoladas de criangas, de recém-nascidos e nem de portadores de cancer. O referido patdgeno
foi isolado de adultos, sendo metade dos pacientes (n= 7) com 50 ou mais anos de idade. O
isolado de C. striatum apresentou-se puro com bom crescimento e auséncia de outros
patdbgenos que junto com a deterioracdo clinica, forneceu forte evidéncia da sua
patogenicidade nos nossos pacientes. No entanto, ndo foi possivel distinguir entre os 6bitos
atribuidos as infec¢des por C. striatum e pelas doencas de base apresentadas pelos pacientes.

Exceto pela invariavel atividade da vancomicina contra corinebacterias, a
variabilidade da resisténcia a outras classes de agentes antimicrobianos enfatiza a necessidade
de vigilancia continua dos seus padrfes de resisténcia. Embora a maioria dos relatos de cepas
de C. striatum foram susceptiveis a uma ampla gama de antibioticos (Martinez-Martinez et al,
1995, 1996, Weiss et al, 1996), foi sugerido que a presséo seletiva exercida pelo tratamento
antimicrobiano prévio favorece o crescimento excessivo de C. striatum como um colonizador
secundario em pacientes imunodeficientes. Nesse contexto, o surgimento de cepas MDR ¢é
particularmente preocupante (Leonard et al, 1994, Campanile et al, 2009). Aqui, o fendtipo
MDR de cepas de C. striatum foi imediatamente observado e foi responsavel pelo alarme que
levou a vigilancia laboratorial posterior dessas cepas. A maioria (87%) das cepas de C.
striatum s foi sensivel & vancomicina, linezolida e tetraciclina.

No Japdo, Otsuka e colaboradores (2006) relataram taxas varidveis de suscetibilidade
de C. striatum para PB-lactdmicos e aminoglicosideos, com altos niveis de resisténcia a
eritromicina, tetraciclina, rifampicina e ciprofloxacina, apesar de todas as cepas serem
sensiveis a vancomicina. Procedimentos de PFGE identificaram 14 padrdes de C. striatum,
com os tipos A, D e E associados a surtos nosocomiais de origem respiratoria e com subtipos
Al, A2, D2 e E associados com a resisténcia a uma vasta gama de antibioticos.

Além disso, Renom e colaboradores (2007) observaram em suas amostras que o
critério de resisténcia a maltiplas drogas (resisténcia a trés ou mais antibioticos de diferentes

familias), aplicado a 100% das cepas isoladas em surtos nosocomiais, dos quais 65% foram
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resistentes a quatro ou cinco grupos diferentes de antibidticos, 6,9% foram sensiveis apenas
ao imipenem e vancomicina e 11% foram sensiveis apenas a vancomicina. De acordo com 0s
padrdes de sensibilidade obtidos por Otsuka e colaboradores (2006), observamos nas amostras
que o critério de multirresisténcia (resisténcia a trés ou mais antibioticos de diferentes
familias) se aplicou a 87% de cepas de C. striatum (PFGE tipos | e Il) cepas no surto
nosocomial atual.

Para o C. striatum, ndo existe nenhuma base de dados publica disponiveis, tal como o
PulseNet (cdc.gov /PulseNet), para permitir a comparagdo de padrdes de PFGE observados
nos diferentes surtos nosocomiais. Campanile e colaboradores (2009) observaram que 0S
perfis de Swal-PFGE exibem C. striatum que variam em tamanho de 48,5-533,5kb. Em nosso
estudo, obtivemos perfis de Swal-PFGE com faixas que variam em tamanho de mais de 97,0-
533,5kb.

A auséncia de bandas que variam em tamanho de 48,5-97,0 kb sugere que as cepas de
MDR de C. striatum isolados neste surto nosocomial no Brasil foram diferentes daqueles
isolados na Itdlia por Campanile e outros (2009). Além disso, analise dos perfis das
caracteristicas fenotipicas de C. striatum indicou que as estirpes brasileiras foram diferentes
daquelas isoladas na Holanda (biotipo: nitrato/Pyz-positivo e sacarose negativo; cddigo API
3.100.104) (Brandenburg et al, 1996.).

Pelo nosso conhecimento, este é o primeiro surto hospitalar brasileiro causado por
cepa MDR de C. striatum descrito na literatura. Com o auxilio de técnicas de PFGE, a
natureza clonal das cepas dos surtos foi estabelecida, apesar de uma fonte comum, e 0 modo
de transmissdo ndo ter sido determinada. Os achados também destacam a importancia do C.
striatum como um emergente patdgeno MDR nosocomial mundial de diferentes clones podem
Ser responsaveis por estes surtos nosocomiais.

As cepas identificadas como pertencentes ao género Nocardia foram provenientes de
diferentes sitios clinicos representativos. Diagndstico bacterioldgico definitivo de nocardiose
depende do isolamento e identificacdo do agente causal a partir de material clinico e de
laboratério em que sdo analisadas as amostras. O crescimento em meio de cultura de espécies
de Nocardia é lento e a incubagéo deve ser continuada por pelo menos duas semanas (Clark,
2009; Conville & Witebsky, 2011). A interrup¢do prematura da cultura diminui a
sensibilidade de recuperacdo e pode contribuir para subestimar a verdadeira incidéncia de
nocardioses. A maioria dos laboratorios descartam as culturas bacterianas que sdo negativas,

apos 48 h, e laboratorios especializados em Mycobacterium tuberculosis (tuberculose) nédo
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processam amostras de expectoracdo sem descontaminar patdgenos pulmonares que ndo
sejam micobactérias (Agterof et al, 2007; Alnaum et al, 2011).

Além disso, a coloracdo acido-resistente modificada (Kinyoun) e a de Gram de
espécimes sdo particularmente importantes para proporcionar um diagndstico rapido,
econémico e presuntivo enquanto se aguardam os resultados da cultura (Pelleg, 2007; Clark,
2009). Ao contrério das micobactérias, os Actinomyces podem ser mais facilmente
diferenciados de Nocardia, pois eles ndo sdo corados pela coloracdo acido-resistente
modificada (Brown-Elliott et al, 2006; Ambrosioni et al, 2010;. Sullivan e Chapman, 2010;
Savini et al, 2012).

De acordo com Kiska e colaboradores (2002), nenhum método caracteristico pode
identificar todas as cepas de Nocardia ao nivel de espécie. Nessa ocasido, uma combinagédo
padrdo de susceptibilidade a antimicrobianos, pigmento da col6nia e um grupo de testes
bioquimicos foram sugeridos para identificar com precisdo todas as amostras ao nivel de
espécie. No entanto, estudos mais recentes revelaram que a especiacdo de Nocardia pode
exigir a confirmacdo por meio de técnicas moleculares, que podem mudar a identificacao
bioquimica inicial (Brown-Elliott et al 2008;. Ambrosioni 2010; Liu et al 2011). Assim,
varios métodos moleculares tém sido propostos para uma identificacdo precisa de espécies de
Nocardia (Conville & Witebsky, 2007; McTaggart et al, 2010; Tan et al, 2010).

A anélise da sequéncia do gene 16S rRNA realizados por Liu e colaboradores (2011)
mostrou que os ensaios de identificacdo fenotipica produziram 37% de erros na identificacéo
de espécies de Nocardia. Embora a sequéncia do gene 16S rRNA tem sido amplamente
utilizada para discriminar as espécies de Nocardia, erros de identificacdo de micro-
organismos podem ocorrer devido a alta similaridade da sequéncia e multiplas, mas diferentes
copias deste gene (Conville & Witebsky, 2005). Na tentativa de melhorar a identificacao
devido ao aumento do numero de espécies do género Nocardia, a analise de outros genes
conservados, tais como o gene de 65-kDa da proteina do choque térmico (hsp65), proteina A
essencial secretora (secAl) e girase B (gyrB) foi também realizada (Conville et al, 2006; Yin
et al, 2007; McTaggart et al, 2010; Takeda et al, 2010; Kong et al, 2010).

A andlise da sequéncia de multiplos genes conservados (genes ‘“housekeeping”)
fornecem locais mais informativos dos nucleotideos e protege contra os efeitos de distor¢cdo
de recombinacdo homologa e transferéncia horizontal de genes de um dnico gene (Gevers,
2005). Neste contexto, a analise da sequéncia de multilocos (MLSA) tem sido considerada
como uma técnica alternativa para a identificacdo e classificagdo de um grupo diversificado

de bactérias, incluindo o género Nocardia (McTaggart et al, 2010, Takeda et al, 2012). Pelo
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nosso conhecimento, este € o primeiro relato de identificagdo de espécies de Nocardia por
MLSA no Brasil.

No Brasil, bem como em outros paises em desenvolvimento, a incidéncia de
nocardiose é desconhecida. Na tentativa de reunir alguma informacéo sobre este problema de
salde publica uma visdo geral dos casos brasileiros de nocardiose, excluindo micetomas, é
apresentada na Tabela 3 (manuscrito 2). Um total de 25 estudos sobre 46 casos de infeccdo
por Nocardia foram encontradas disponiveis na literatura durante o periodo de 1970 a 2013.
Uma grande serie de infeccdes por Nocardia que ocorreu entre 1978 e 1998 foi relatado por
Chedid e colaboradores (2007). Transplante de 6rgéo foi a condi¢cdo mais comum nos casos
de nocardioses no Brasil antes do advento do tratamento e profilaxia com sulfametoxazol
mais trimetropim e da introducdo da ciclosporina (Santamaria Sader et al, 1993; Yu et al
2011;. Clark et al 2009;. Kanne et al. de 2011).

Batista e colaboradores (2011) encontraram apenas um caso de nocardiose entre 1046
transplantes de rim e 708 de figado de pacientes cadastrados em quatro centros brasileiros de
diferentes areas geograficas de 2001 a 2006. Nessas instituicbes, a profilaxia com
cotrimoxazol foi utilizada rotineiramente por seis meses ap6s o transplante e nas situacfes em
que houve um aumento na terapia imunossupressora.

A maioria dos estudos brasileiros indicou a doenga pulmonar como a principal
apresentacdo clinica de nocardiose. Em alguns paises em desenvolvimento, onde outras
doencas pulmonares croénicas, particularmente a tuberculose (TB), sdo predominantes, a
nocardiose pulmonar pode ser mais comum do que é atualmente reconhecida, especialmente
em zonas onde a tuberculose é associada ao HIV. Uma das razdes para esta ocorréncia é que a
manifestacdo pulmonar de nocardiose é muitas vezes confundida com TB (Yildiz et al, 2006).
Achados clinicos, radioldgicos e histopatolégicos ndo sdo suficientes para o reconhecimento
de nocardioses pulmonares, sugerindo que uma porcentagem consideravel de pacientes com
sintomas de doenga pulmonar cronica poderia estar sofrendo de nocardioses pulmonares
(Clark, 2009; Santos et al, 2010).

Em alguns paises africanos, onde a tuberculose associada ao HIV ocorre com
frequéncia, ha relatos de elevada prevaléncia de nocardiose (Rasheed & Belay, 2008; Alnaum
et al, 2011; Nwuba et al, 2012). Outro problema para 0 reconhecimento de nocardiose
pulmonar refere-se a dificuldade de diagnostico laboratorial. Alguns autores tém enfatizado
que, em regides onde ocorre a tuberculose associada ao HIV, as cepas de Nocardia sdo
perdidas ou erroneamente identificadas em amostras clinicas e é possivel que alguns pacientes

diagnosticados em baciloscopia negativa para TB pulmonar realmente tenham nocardiose
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(Baily et al, 1988; Poowan et al, 1995; Hasheed et al, 2008; Ba-queda et al, 2011; Alnahum et
al, 2011; Nwuba et al, 2012).

No Brasil, Jacomelli e colaboradores (2012) investigaram 286 pacientes com suspeita
clinica ou radioldgica de TB que foram incapazes de produzir escarro ou com baciloscopia
negativa. Eles encontraram 7% de infec¢Ges causadas por Pneumocystis, fungos e Nocardia.
Em 2011, a incidéncia da tuberculose no Brasil foi de 37,2/100.000 habitantes, no entanto,
existem cidades brasileiras onde a incidéncia de tuberculose € muito maior que a encontrada
na cidade de S&o Paulo (39,3/100.000), como no Rio de Janeiro (70,7/100.000 habitantes),
Porto Alegre (109,2/100.000), Recife (93,2/100.000) e outras cidades (Brasil, 2012, Piller,
2012). Infelizmente, no Brasil, ndo existem outros estudos sobre aspectos microbioldgicos das
infeccdes diagnosticadas como tuberculose pulmonar com baciloscopia negativa, para que
esta abordagem pudesse ser avaliada no pais.

O programa de tratamento da AIDS no Brasil tem sido amplamente citada como a
maior e mais bem sucedido programa de tratamento de AIDS do mundo. O programa garante
0 acesso gratuito a terapia antirretroviral altamente ativa (HAART) para todas as pessoas que
vivem com HIV/AIDS que necessitam de tratamento (Lago et al, 2010; Num et al, 2011) Isso
pode refletir nos poucos casos de nocardiose em pacientes portadores de HIV notificados no
Brasil.

Nocardiose pulmonar e disseminada também foram recentemente relatados em
pacientes imunocompetentes em diferentes paises (Alnaum et al, 2011; Vuotto et al, 2011;
Budzik et al, 2012; Hong et al, 2012). Embora frequente na india, casos de queratite sdo
relativamente raros em outros paises (Lin et al, 2012. Mascarenhas et al, 2012). No Brasil,
foram registrados apenas quatro casos de infeccdo ocular por Nocardia (Nascimento et al,
1995; Urbano et al, 2003; Hofling-Lima et al, 2004; Ramos-Esteban, 2007). Micetomas
causados por Nocardia sp. foram descritos em Sdo Paulo e esporadicamente em outras
cidades (Londero et al, 1986; Castro et al, 1993; Saracé et al, 1993; Lopes et al, 1993,1994;
Motta et al, 2004; Chedid et al, 2007; Castro & Piquero Casals, 2008; Magalhdes et al, 2010;
Dresch et al, 2010; Cordeiro et al, 2011).

Espécies de Nocardia diferem em suas respostas aos antimicrobianos e testes de
susceptibilidade sdo recomendados para todas as cepas de Nocardia clinicamente
significativos. No entanto, devido ao lento crescimento dessas bactérias, os clinicos
geralmente iniciam empiricamente o tratamento quando estes resultados ainda néo estdo

disponiveis (Minero et al, 2009). O tratamento de nocardiose geralmente é prolongado e é
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baseado na administracdo de sulfametoxazol mais trimetoprim (TMP-SMX) (Brown-Elliot et
al, 2006;. Minero et al, 2009; Brown e Moser, 2010; Brown-Elliot et al, 2012).

Para pacientes com doencas graves, os medicos recomendam um regime de trés drogas
consistindo de TMP-SMX, amicacina e também ceftriaxona ou imipenem, apesar de ja existir
relato de resisténcia a esta combinagdo (Brown-Elliot et al, 2006; Ambrosioni et al, 2010).
Em nosso estudo, 92% das cepas foram sensiveis ao imipenem e 100% sensiveis & amicacina
e TMP-SMX. Alguns relatos descrevem altos niveis de resisténcia a sulfonamida entre
inimeras espécies de Nocardia (Uhde et al, 2010;. Tremblay et al, 2011).

No entanto, esses valores foram contestados por Brown-Elliott e colaboradores (2012)
que sugeriram que estes resultados podem estar associados a dificuldades na interpretacéo de
laboratério em MICs in vitro para TMP-SMX e sulfametoxazol. Hoje em dia, 0 TMP-SMX
continua a ser a droga de escolha para o tratamento de nocardiose e profilaxia contra a
infeccdo por Nocardia em pacientes imunocomprometidos (Sulivan e Chapman, 2010;
Brown-Elliott et al, 2012; No authors , 2012; Yu, 2011).

Os casos brasileiros relatados indicados na Tabela 3 mostram que a maioria das cepas
foram identificadas como Nocardia sp. (55,56%). Na presente investigacdo, o uso de variados
algoritmos bioquimicos convencionais descritos por diferentes autores (Kiska et al, 2002;
Brown & McNeil, 2003; Roth et al, 2003; Wauters et al, 2005; Brown-Elliott et al, 2006;
Conville & Witebsky, 2007) levou a identificacdo incorreta de cinco de sete das cepas
brasileiras testadas.

No Brasil, a analise molecular para a identificacdo de espécies de Nocardia foi feito
apenas em algumas oportunidades (Brown et al, 1999; Severo et al, 2005; Condas et al, 2012).
Em nosso estudo, o sistema de identificagdo com base na metodologia MLSA foi capaz de
diferenciar espécies de Nocardia atualmente reconhecidas. Os dados indicaram que todas as
cepas de Nocardia foram identificadas por analise filogenética com base na sequéncia dos
genes concatenados gyrB-16S-secAl e hsp65 como recomendado por McTaggart e
colaboradores (2010).

O MLSA proporcionou a identificagdo das seguintes espécies: N. Nova, N.
cyriacigeorgica, N. asiatica e N. exalbida/gamkensis. A maioria das espécies foi relacionada
com doenca pulmonar, exceto para N. asiatica que foi isolada a partir de abscesso cerebral.
Pelo nosso conhecimento, este € o primeiro relato brasileiro de N. cyriacigeorgica isolado de
humano. Duas amostras foram identificadas por MLSA como N. cyriacigeorgica, incluindo
um isolado a partir de um paciente com doenca pulmonar. No Brasil, N. cyriacigeorgica foi

previamente isolada apenas de tanque de leite bovino (Condas et al, 2012). Entretanto a
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descricdo de isolamento de tanque de leite bovino e de infeccdo em humanos acusa a
circulacdo de cepas com potencial de causar quadros de nocardiose em humanos e animais.

Observacdes semelhantes as realizadas por McTaggart e colaboradores (2010), o
MLSA néo distingue cepas tipo de N. arthritidis, N. gamkensis € nem N. exalbida. Embora a
cepa 2042BRRJ tenha parecido mais relacionada com as espécies N. exalbida e N. gamkensis,
ela se agrupou com a N. arthritidis suportado por um “bootstrap” de 100%. Enquanto a
analise da sequéncia de genes adicionais podem demarcar estas cepas tipo, nao fazé-lo levaria
uma extensa avaliacdo da legitimidade de seu status de espécies. McTaggart e colaboradores
(2010) demonstraram que o esquema MLSA revelou dois conjuntos de cepas tipo que ndo
conseguem formar grupos distintos. Um desses conjuntos foi composto por N. arthritidis
DSM 44731T, N. gamkensis DSM 44956T, N. exalbida DSM 44883T e sete cepas clinicas
formaram um grupamento com suporte de 98% de “bootstrap”.

As cepas de N. nova foram recuperadas a partir de trés diferentes amostras clinicas
(lavado bronco-alveolar, secrecdo de nddulos e secrecdo traqueal, respectivamente) em um
unico paciente. Assim, este pequeno grupo foi investigado, a fim de determinar a relacéo
genética destas cepas usando o método de “pulsed-field gel electrophoresis” (PFGE). Em
conformidade com Wilson (2012), independentemente do estado imunolégico de um paciente,
o isolamento de Nocardia a partir do trato respiratério ou outra fonte do corpo ndo deve ser
considerada como um organismo contaminante ou comensal. Sendo assim,
surpreendentemente observou-se que 0 paciente apresentava co-infeccdo pulmonar por dois
clones de N. nova e um deles (perfil PFGE B) foi disseminado e também detectado em
secre¢édo nodular.

Em resumo, nocardiose € uma infeccdo rara, caracterizada por uma elevada taxa de
mortalidade. Relatos sugerem que ha geralmente um atraso no diagndstico de nocardiose o
que ¢ atribuido a dificuldades de diagndstico clinico, radiolégico e microbioldgico. A razédo
mais comum para um requerente estudo de cultura para a deteccdo de Nocardia spp. é que um
paciente ndo respondeu ao tratamento antibacteriano ou anti-TB usual (Bonnet et al, 2007;
Minero et al, 2009). Estratégias terapéuticas ideais dependem de identificacdo rapida e precisa
de espécies de Nocardia. Neste contexto, 0os metodos moleculares para identificacdo, tais
como a analise MLSA oferece uma alternativa de economia de tempo com métodos

convencionais.
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Quarenta e oito amostras bacterianas ambientais foram isoladas de area limpa e
produtos farmacéuticos submetidos a ensaios de esterilidade realizados no Instituto Nacional
de Controle da Qualidade em Saude (INCQS/FIOCRUZ). Os bastonetes gram-positivos
irregulares sao comumente designados por ‘“corineformes”, um termo que ¢ utilizado por
conveniéncia, do mesmo modo que o termo "actinomicetes aerdbicos” é uma designacao
informal de bactérias que pertencem & ordem Actinomycetales. Estes organismos demonstram
uma grande diversidade fenotipica, enormes heterogeneidades além de pertencerem a
diferentes familias, ordens, classes e filos. Os microbiologistas sdo frequentemente
confrontados com a dificuldade na caracterizacdo fenotipica deste grupo heterogéneo que
compromete a identificagdo precisa destes micro-organismos (Funke & Bernard, 2011;
Conville & Witebsky, 2011).

Os bastonetes gram-positivos irregulares e actinomicetos aerdbios sdo amplamente
distribuidos em ecossistemas terrestres e aquaticos de todo o mundo. Neste estudo, relatamos
cepas de sala limpa que exibiram similaridade maior que 98,7% com a analise da sequéncia
do gene 16S rRNA de cepas isoladas de diferentes habitats, incluindo ambientes extremos.

Ambientes de salas limpas sdo construidos para minimizar a contaminacao
microbiana, contudo, seleciona micro-organismos que toleram agentes de oxidacdo quimica,
dessecacdo, e irradiacdo UV e as espécies "resistentes" sobrevivem e tém o potencial para
contaminar a producdo farmacéutica. La Duc e colaboradores (2007) demonstraram que néo
apenas espécies de Bacillus formadoras de esporos, mas também numerosas espécies de
bactérias "resistentes” consideradas fisiologicamente flexiveis, como os bastonetes gram-
positivos irregulares e actinomicetos aerébios persistem nas condi¢des indspitas de ambientes
de sala limpa.

Identificacdo por sequénciamento de gene é o método mais preciso para identificar
uma grande variedade de bactérias. O gene alvo que € mais amplamente utilizado para a
identificacdo de bactérias é o 16S rRNA (Petti et al, 2007). Neste estudo, sequéncias quase
completas do gene 16S rRNA foram obtidos para todos as 48 cepas que ndo foram possiveis
ser atribuidas um género por métodos de identificagdo convencionais (Tabela 1, 2 e 3).

Onze das 24 cepas (Tabela 1 do manuscrito 3) exibiram similaridade maior que 98,7%
com a analise da sequéncia do gene 16S rRNA com uma Unica especie, e, por conseguinte,
podemos concluir sua identificagdo ao nivel de espécie. Oito destas 24 cepas exibiram o
mesmo valor de similaridade (> 98,7%) com diferentes espécies do género e ndo foi possivel

completar a identificagdo dessas cepas ao nivel de espécie.
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Neste estudo, todas as cepas foram classificadas em 12 géneros diferentes,
pertencentes a 11 familias, sendo as mais frequentes as familias Microbacteriaceae e
Streptomycetaceae. Procedemos a andlise das sequéncias dos genes “housekeeping” para os
géneros mais encontrados (Microbacterium e Streptomyces). Analisamos 0s genes rpoB e
recA para as amostras de Microbacterium e também Andlise da Sequéncia Multilocus
(MLSA) usando fragmentos de sequéncia de cinco genes housekeeping: atpD, gyrB, recA,
rpoB e trpB a sete amostras identificadas como pertencentes ao género Streptomyces.

Dezessete amostras identificadas como Microbacterium foram também submetidas as
andlises dos genes rpoB e recA para se tentar concluir a identificacdo ao nivel de espécie.

O género Microbacterium é conhecido desde os anos 90. Eles aparecem como bacilos
Gram-positivos pequenos, irregulares, catalase positivo, méveis ou ndo moveis. Eles sdo
frequentemente encontrados no ambiente (Koneman et al, 2008; Funke & Bernard, 2011).
Este género possui no momento deste estudo, 81 espécies descritas (Euzéby, 2013). O uso da
andlise da sequéncia do gene 16S rRNA completou a identificacdo de cinco amostras ao nivel
de espécie e depois da analise da sequéncia do gene recA e rpoB foram identificados mais trés
amostras ao nivel da espécie. As outras nove amostras permaneceram sem identificacdo ao
nivel da espécie pela falta de sequéncias disponiveis desses genes e algumas dessas amostras
sdo provaveis candidatas a novas espécies pelos dados apresentados, mas precisam de uma
analise mais aprofundada, como analise da parede celular e reassociacdo DNA-DNA para tal
afirmacdo.

O género Streptomyces é um actinomiceto aerébio amplamente distribuido na natureza
e sdo frequentemente isolados do solo e tém grande importancia industrial, devido aos
produtos que sintetizam. Eles sdo Gram-positivos, filamentosos e ramificados, normalmente
produzem micélio de fungos que se fragmentam na forma de pequenos bastonetes (Koneman
et al, 2008; Funke & Bernard, 2011).

A identificacdo de espécies de Streptomyces continua sendo problematica, ja que
atualmente existem mais de 600 espécies validas descritas no momento deste estudo (Euzeby,
2013). Foi evidente que a maior parte das nossas amostras de Streptomyces apresentou valor
de similaridade maior do que 98,70% (Stackebrandt & Ebers, 2006) com diferentes espécies o
que impediu a conclusao da identificacdo ao nivel de espécies.

Com a intencéo de concluir a identificacdo dessas amostras ao nivel de espécie, nos
usamos a Analise da Sequéncia Multilocus (MLSA) e esta metodologia s6 contribuiu para a

identificacdo de uma amostra ao nivel de espécie.



132

Os bastonetes Gram-positivos Irregulares e actinomicetos aerdébios incluem
organismos que sdo reconhecidos agentes patogénicos humanos, bem como varias outras
espécies que sdo principalmente encontradas no meio ambiente. Nos ultimos anos, as
bactérias consideradas de origem ambiental tém sido encontradas com maior frequéncia em
associacao com a infecgdo em seres humanos, e muitos novos taxons destes micro-organismos
foram descritos (Drancourt et al, 2004, Gil-Sande et al, 2006).

Das 48 cepas, 22 (45,83%) foram identificadas ao nivel da espécie. Em 2 das 48
(4,16%) cepas ndo foi possivel atribuir o género por métodos moleculares. Estas cepas podem
ser apenas discriminadas ao nivel de familia e provavelmente representam novo género. Uma
limitacdo da andlise da sequéncia do gene 16S rRNA € a sua incapacidade para discriminar
um novo taxon bacteriano, tal como para essas duas cepas que ndo puderam ser identificados
ao nivel género por este método.

Outra limitacdo ocorre quando o0s micro-organismos dividem identidades quase
completas da sequéncia do gene 16S rRNA e, consequentemente, ndo podem ser seguramente
separadas no nivel de espécie. Muitas de nossas amostras ndo puderam ser identificadas ao
nivel da espécie, devido a relacdo muito préxima entre si e por terem apresentadas
similaridades maiores que 98,7% com a analise das sequéncias do gene 16S rRNA com
diferentes espécies.

A dificuldade de usar outros genes conservados reside no fato de que ainda néo estdo
disponiveis sequéncias depositadas nos bancos de dados da maioria das espécies que foram
mais similares com nossas amostras indicados pela analise da sequéncia do gene 16S rRNA.

O género mais descrito em nosso estudo foi o Microbacterium. Apesar do fato de
algumas espécies de Microbacterium ter demonstrado importancia clinica, as infeccGes
provocadas por este género tém aumentado recentemente em numero (Lau et al, 2002,
Laffineur et al, 2003, Giammanco et al, 2006, Ko et al, 2007).

A analise da sequéncia do gene 16S rRNA foi um meio eficaz para a identificacéo de
bastonetes Gram positivos irregulares e actinomicetos aerobios nao identificaveis por métodos
fenotipicos, uma vez que foi capaz de resolver 95,83% de identificagdes ao nivel género e
35,42% para o nivel de espécie. A analise dos genes recA e rpoB para as amostras
identificadas como Microbacterium contribui para identificar mais trés amostras desse género
ao nivel de espécie. A andlise da Sequéncia Multilocus (MLSA) para as amostras
identificadas como Streptomyces somente contribui para a identificacdo de uma amostra ao

nivel de espécie.
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Através da andlise filogenética, pudemos comprovar através da estabilidade das
topologias e do alto poder discriminatério de cada arvore analisadas, para as cepas
distribuidas nas tabelas 1, 2 e 3 (manuscrito 3) e seus respectivos genes, vemos grupamentos
formados com altos valores de “bootstrap” que corroboram com nossos resultados obtidos
(Fig. 1,2,3,4,5,6,7,8,9e 10 encontrados no trabalho 3).

A metodologia molecular também fornece uma oportunidade para descrever novas
espeécies de bactérias encontradas no meio ambiente de salas limpas. Moissl e colaboradores
(2007) sugerem a pesquisa sobre os micro-organismos nao Bacilares e seu potencial impacto
sobre as operagdes em salas limpas. Todos os micro-organismos implicados em falhas no
teste de esterilidade, incluindo aqueles no ambiente em que o teste de esterilidade é realizado,
devem ser identificados (USP Pharmacopeia, 2013).

E geralmente aceito que a identificacio dos isolados microbianos é (til na investigacéo
da contaminacdo microbiana, e 0 nosso objetivo € o de determinar se 0s materiais de ensaio
foram inadvertidamente contaminados durante a amostragem ou durante a execucdo do teste,
ou se € 0 produto que esta contaminado.

Este estudo produziu conhecimento sobre a microbiota em ambientes de sala limpa e
também pode ajudar na investigacdo da origem da contaminacdo de outros ambientes
(industrial ou médico), bem como &reas de fabricagdo de produtos farmacéuticos.

Nos realizamos analises filogenéticas, fenotipicas e genotipicas para determinar a
posicao taxondmica de trés cepas ndo identificadas como contaminantes de ambiente de sala
limpa. Este estudo permitiu-nos encontrar um novo género pertencente a familia
Propionibacteriaceae e espécie pertencente a familia Nocardioidaceae.

A classe Actinobacteria constitui um dos principais filos das bactérias (Ludwig &
Klenk, 2001). Muitos estudos descrevem a dificuldade de identificar varios grupamentos
bacterianos, tais como as bactérias pertencentes a esta classe, como 0s bastonetes Gram
positivos aerdbios por métodos fenotipicos (Drancourt et al, 2004;. Roux et al, 2004,. Patel et
al, 2004).

Sequéncias quase completas do gene 16S rRNA foram obtidas para todas as cepas, 0S
quais ndo puderam ser atribuidos um género através de procedimentos convencionais de
identificacdo, e as suas sequéncias estdo disponibilizados para efeitos de comparacdo (Tabela
1 do trabalho 4).
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Duas cepas ndo puderam ser identificadas ao nivel género e o outro isolado ndo pode
ser identificado ao nivel de espécie por este método. O isolado 3117BRRJ mostrou apenas
similaridade de 97,03% da sua sequéncia com a espécie Nocardioides alkalitolerans (cepa
tipo), e este isolado foi relatado como Nocardioides sp. Foi encontrada topologia semelhante
nas arvores geradas com o algoritmo maximum likelihood. A andlise filogenética sugere que
0 nosso isolado 3117BRRJ esta associado ao género Nocardioides spp. e consideramos
adequado descrever este organismo como uma espécie nova de Nocardioides.

As cepas 3712BRRJ e 3371BRRJ mostraram 92,80 a 94,37% de similaridade com a
sequéncia do gene 16S rRNA com vérias espécies de familias pertencentes a subordem
Propionibacterineae. As sequéncias de 16S rRNA dessas duas amostras foram idénticas, mas
estas cepas foram coletadas em diferentes anos. Como mostrado na arvore filogenética
baseada no método ‘“neighbor joining”, as cepas 3712BRRJ 3371BRRJ formaram uma
distinta linhagem evolutiva dentro do grupo formado compreendendo um género diferente. Os
niveis de similaridade das sequéncias do gene 16S rRNA foram mais similares a diferentes
géneros, variando entre 91,59% e 94,39% para o Luteococcus japonicus ao Microlunatus
phosphovorus respectivamente (Tabela 1 do trabalho 4). Vale ressaltar que os géneros mais
similares as nossas cepas 3712BRRJ e 3371BRRJ foram relativamente descritos nos Gltimos
anos (Euzeby, 2013).

Foi sugerido que as experiéncias de hibridacdo DNA-DNA seja realizado apenas para
cepas que compartilham um valor de similaridade inferior a 98,7%, com a andlise da
sequéncia do gene 16S rRNA a fim de reduzir a carga de trabalho envolvida com este tipo de
experiéncia (Stackebrandt & Ebers, 2006). Como os nossos valores de similaridade da
sequéncia do gene 16S rRNA para todas as cepas estudadas foi inferior a 96,8%, com o0s
resultados mais similares com bactérias conhecidas encontradas nos bancos de dados
consultadas, ndo realizamos experiéncias de reassociacdo DNA-DNA.

Com base nos dados morfolégicos, genotipicos e bioquimicos apresentados neste
estudo, o isolado 3117BRRJ deve ser classificado como uma nova espécie, para o qual o
nome Nocardioides brasiliensis é proposto, e as outras duas cepas 3712BRRJ e 3371BRRJ
devem ser classificadas em um novo género para o qual o nome Guaraldella brasiliensis é

proposto.
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5 CONCLUSOES

A identificacdo do C. striatum confirmada pelo sequenciamento dos genes 16S rRNA
e rpoB permitiu detectar um surto nosocomial no Rio de Janeiro;

A andlise por PFGE indicou a presenca de quatro perfis moleculares, incluindo dois
clones de C striatum MDR (perfil PFGE I e I1). O perfil PFGE | foi predominante e
observado principalmente em pacientes internados em unidades de terapia intensiva e
enfermarias cirurgicas;

A especiacdo de Nocardia por MLSA alterou a identificacdo bioquimica inicial da
maior parte das estirpes brasileiras testadas;

Andlise PFGE das cepas de N. nova isoladas de um mesmo paciente revelou dois
perfis distintos. Verificamos co-infeccao por dois clones de N. nova em um paciente;
Pelo nosso conhecimento, este € o primeiro relato de identificacdo das espécies N.
nova, N. cyriacigeorgica, N. asiatica e N. exalbida/N. gamkensis no Brasil,
Nocardiose pode ser mais comum no Brasil e em outros paises tropicais em
desenvolvimento do que é atualmente reconhecido e MLSA auxilia na identificacéo
precisa do género Nocardia;

Uma ampla diversidade de BGPIs e actinomicetos aerdbicos de varios géneros foram
detectados em sala limpa. Estes micro-organismos sdo um risco consideravel de
contaminacdo das areas de producdo de produtos farmacéuticos;

A anélise da sequéncia do gene 16S rRNA foi eficaz para a identificacdo dos BGPIs e
actinomicetos aerobicos de origem ambiental, uma vez que 95,83 % dos géneros
foram identificados;

A andlise da sequéncia do gene 16s rRNA concluiu a identificacdo ao nivel de espécie
de cinco cepas ambientais de Microbacterium enquanto que a analise dos genes rpoB
e recA concluiu a identificagdo de mais trés cepas;

A analise da sequéncia do gene 16s rRNA concluiu a identificagdo ao nivel de espécie
de duas cepas de Corynebacterium e mais duas cepas foram identificadas ao nivel de
espeécie pela analise da sequéncia do gene rpoB.

A analise da sequéncia do gene 16s rRNA concluiu a identificacdo ao nivel de espécie
de duas cepas ambientais de Streptomyces e os fragmentos das sequéncias dos genes
atpD, gyrB, recA, rpoB e trpB contribuiram para a identificacdo ao nivel de espécie

de uma Unica cepa;
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Um novo género e espécie da classe das Actinobacterias foram descritos. Com base
nos dados morfologicos, genotipicos e bioquimicos apresentados neste estudo a cepa
de origem ambiental 3117BRRJ representa uma nova espécie do género Nocardioides,
para 0 qual o nome Nocardioides brasiliensis sp. nov. foi proposto. As cepas
ambientais 3712BRRJ e 3371BRRJ devem ser classificadas em um novo género para

o0 qual o nome Guaraldella brasiliensis foi também proposto.
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Acinetobacter soli is a new bacterial species described from forest soil. Five cases of bloodstream infection
caused by A. soli clonal isolates are reported here for the first time. The patients were neonates admitted to an
intensive care unit. This is a new neonatal pathogen with the potential to cause outbreaks.

Bloodstream infections (BSIs) remain one of the most im-
portant complications in neonates admitted to hospitals (15).
Although Acinetobacter sp. is a frequent pathogen in health
care-associated infections, to date, only a few outbreaks of BSI
caused by this agent in neonatal intensive care units (NICUs)
have been described. Typically, these outbreaks are due to
cross-transmission of strains, and a strong effort with combined
interventions is essential to their control (9). Acinetobacter
baumannii is the most pathogenic species of this genus (3);
however, outbreaks caused by other species, such as Acineto-
bacter junii (2) and Acinetobacter ursingii (8), have been occa-
sionally reported. In the present study, Acinetobacter soli, a
species previously isolated only from forest soil (6), is de-
scribed as the cause of an outbreak of BSI in neonates.

From 31 March to 8 April 2005, five neonates admitted to a
10-bed intensive care ward presented with symptoms of sepsis
and isolation of a Gram-negative nonfermentative oxidase-
negative rod from blood samples. The five isolates collected,
one from each neonate, had identical colony morphology and
biochemical reactions, but results were inconclusive. The in-
fected neonates had been admitted to the unit on the days of
their birth. The unit was a regular hospital ward adapted for
intensive care, because the original neonatal intensive care unit
in the hospital was closed a year before due to structural
problems. On 8 April, after the fifth infant developed BSI with
the unidentified rod, an outbreak became evident, and the
neonates were transferred to another hospital; the ward was
then closed. One neonate, who was severely compromised,
progressed to death. The other four children were cured. All
had negative blood cultures after 7 to 10 days of treatment.
The clinical characteristics of patients with infection by the
outbreak strain are shown in Table 1.
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Biochemical properties of the study isolates were deter-
mined with API 20NE (bioMérieux, Hazelwood, MO) and
conventional tests. Antimicrobial susceptibility to amikacin,
ampicillin-sulbactam, cefepime, ceftazidime, gentamicin,
imipenem, meropenem, piperacillin-tazobactam, sulfame-
thoxazole-trimethoprim, and tobramycin was tested by disk
diffusion (1). The colistin MIC was determined by broth
microdilution (1).

DNA fingerprints were determined by pulsed-field gel elec-
trophoresis (PFGE) with Spel (Promega, Madison, WI) (10)
and randomly amplified polymorphic DNA (RAPD)-PCR (4).
The species identification was performed by 16S rRNA (13),
the rpoB gene, and flanking spacers (7) and gyrB gene (14)
sequence analysis. To obtain the gyrB gene complete coding
sequence, primers Rubgyr-sF (5'-CGC GTC GTT TAA GAG
AGT T-3') and Rubgyr-sR (5'-CGC AAT ATC CAA CGC
ACT T-3") were designed for PCR amplification and sequenc-
ing, with the following conditions: initial denaturation at 95°C
for 2 min, 33 cycles at 95°C for 1 min, 51°C for 1 min, and 72°C
for 2 min, and final extension at 72°C for 5 min. The sequences
obtained in our study were compared to those of the single
fully characterized, first described A. soli strain B1T (6) and
four other sequences of unpublished isolates deposited in
GenBank, one 1poB sequence (GenBank accession number
HM570037) and three 165 rRNA gene sequences (GenBank
accession numbers FJ976560, FJ976568, and GQ258635).

All five study isolates shared very similar phenotypic char-
acteristics. Cells grew well on Trypticase soy agar (TSA) and
MacConkey agar media. On TSA, bacterial colonies were cir-
cular, convex, and smooth, had margins, and were approxi-
mately 2 mm in diameter after 24 h of incubation at 30°C. The
isolates were Gram-negative rods, catalase positive, oxidase
negative, nonmotile, and nonhemolytic on sheep blood agar.
Biochemical test reactions were all negative, except for urease
production. On API 20NE, the isolates had positive reactions
for D-glucose assimilation, potassium gluconate, capric acid,
adipic acid, malic acid, trisodium citrate, urease activity, and
esculin hydrolysis. This biochemical profile gave an inconclu-
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Information for patient:

TABLE 1. Clinical characteristics of patients with the outbreak strain

Characteristic

NOTES

Healthy
Vaginal
2,655

Male

Female
Healthy

Healthy

Male

Healthy
Vaginal

Female
3,360

Female
35
HIV positive

Sex

Gestational age (wk)
Mother’s health
Childbirth

Cesarean section

2,670
No

Cesarean section

2,285
No

Cesarean section
1,350

Yes

Birth wt (g)

Twin pregnancy

Hypoxia Congenital metabolic disease Hypoxia Meconium aspiration syndrome
Yes Yes

First twin stillborn, hypoactive

No

Baseline condition

Respiratory distress

8 April 2005

17

6 April 2005

5 April 2005
4

5

2 April 2005

31 March 2005

Date of isolation of BGN*

Days from admission to

BGN isolation
Medical procedure(s)

Central venous catheter, total

Intermittent mechanical

Intermittent mechanical

Oxygen hood, peripheral

Peripheral vein
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“ BGN, Gram-negative bacillus in the present study.
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sive identification. Isolates were susceptible to all antimicrobial
agents tested, including colistin (MIC, 0.25 pg/ml). All had
indistinguishable PFGE and RAPD-PCR fingerprint patterns.
PFGE fingerprints had 15 bands of about 194 kb to less than
48.5 kb.

All isolates shared identical 1,108-bp 16S rRNA gene se-
quences and were deposited in GenBank. Those sequences
had 99 to 100% similarity with those of strain B1" (6) and the
three other 4. soli sequences in GenBank (accession numbers
F1976560, FI1976568, and GQ25863). This high level of simi-
larity with A. soli strongly indicated the identification of the
strain. However, since this species had not been previously
isolated from a clinical specimen while this work was taking
place, a genetic identification in more detail was undertaken.

The gyrB and the partial rpoB gene and spacer sequences of
two of the five isolates (788 BRRI and 789BRRI) were studied.
All results for both isolates were identical, and only the se-
quences of strain 788BRRJ were deposited in GenBank. In the
analysis by BLASTn, the highest similarities were with two A4.
soli isolates, as follows: 98% for gyrB of strain B1T (GenBank
accession number EU622818) and 99% for rpoB zone 1 of
strain K50-54 (GenBank accession HM570037.1). Thus, the
16S rRNA gene, gyrB, and rpoB sequences were concordant
and defined the strain identification as 4. soli.

In the present report, we describe an outbreak of BSI caused
by A. soli, a species described in 2008 from an environmental
specimen (6). The outbreak occurred in neonates admitted to
an intensive care unit, a population prone to developing health
care-associated infections. On the other hand, four of the five
neonates were receiving antibiotics to which the bacterial iso-
late was susceptible, which is consistent with the hypothesis
that a contaminated IV solution was the source of the out-
break. In fact, the five neonates had infections with a single
genotype defined by two well-established fingerprinting meth-
ods, indicating that a point source and cross-transmission of
the strain occurred in the unit. Alternatively, the laboratory
reagents could have been contaminated by A. soli (a pseudo-
outbreak). However, this is unlikely because all neonates had
sepsis symptoms when blood cultures were drawn. Unfortu-
nately, the unit was closed before any investigation could be
carried out. Overcrowding and understaffing, conditions that
facilitate the dissemination of pathogens, are common in neo-
natal units in many parts of the world and have been docu-
mented in a previous outbreak study in another NICU in our
municipal health system (11). Hygienic conditions in the unit,
a place originally used as a regular ward, were suboptimal and
contributed to the decision to close the unit. No other isolates
with similar characteristics were obtained from infants in the
hospital to which they were transferred.

In distinction from the prototype A. soli strain B1T, which
had resistance to amikacin and gentamicin, the 4. soli isolates
of this study were susceptible to all agents tested, including
these two aminoglycosides. This full susceptibility profile may
have contributed to the success of the antimicrobial therapy
observed in almost all cases. In fact, the single infant who died
had a congenital metabolic disease that was probably the major
determinant of the outcome.

Because this was the first time 4. soli was detected from a
clinical specimen, three sequence signatures, those for 16S
rRNA, gyrB, and rpoB, were determined. The three methods
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gave consistent results; however, sequencing of the 351-bp
rpoB zone 1 fragment seemed most convenient, as it alone
provided an adequate discriminatory power.

Recently, with the use of sequence-based methods to iden-
tify Acinetobacter isolates to the species level, it became clear
that several non-A4. baumannii species cause severe clinical
infections (12). Nevertheless, the epidemiological features and
clinical impact of non-4. baumannii infections are still poorly
understood. Multidrug resistance, for example, has been an
important issue in 4. baumannii infections, leading to the ex-
tensive use of polymyxins as a last resort, even in neonates, as
recently reviewed (5). However, as Turton and colleagues have
observed (12), the prevalence of antimicrobial resistance may
vary widely across non-A. baumannii species. In the present
outbreak, isolates of 4. soli were susceptible to several antimi-
crobial agents.

In conclusion, we show for the first time that 4. soli may
cause invasive disease and may spread among patients. Anti-
microbial resistance does not seem to be a problem at the
moment. [dentification by sequencing a small rpoB fragment
(zone 1) is feasible.

Nucleotide sequence accession numbers. All five isolates
described here were deposited in GenBank under accession
numbers FJ872517 to FI872521. The sequences of strain
788BRRJ were deposited in GenBank under accession num-
bers HQ418340 to HQ418343.

This study was supported by Conselho Nacional de Desenvolvi-
mento Cientifico e Tecnolégico (CNPq), Coordenacio de Aperfeigoa-
mento de Pessoal de Nivel Superior (CAPES) PRODOC 1669/2008,
Fundagéo de Amparo & Pesquisa do Estado do Rio de Janeiro (FAPERI)
of Brazil, and the Fogarty International Program in Global Infectious
Diseases (grant TW006563) of the National Institutes of Health. We
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Abstract

Bovine mastitis remains the most economically important disease affecting dairy cows.
Considering the existing correlation among infection, somatic cell count (SCC) and milk
production, there is a decrease in dairy production. Bacteria of the genus Corynebacterium
spp., especially Corynebacterium bovis (C. bovis), are frequently isolated from bovine
mastitis although there are divergent reports about the role of this pathogen in bovine
mastitis. In the present study we report the presence of C. bovis strains from milk exhibiting
increased SCC of 12 cows with subclinical and clinical mastitis during an outbreak in a farm
located in the municipality of Sdo Pedro, SP, Brazil. Irregular Gram-positive bacilli isolated
in pure cultures underwent conventional biochemical tests which generated indefinite
phenotypic profiles (Corynebacterium mastitidis/C.bovis). API-Coryne System 3.0 identified
all the milk isolates as C. bovis (code number 4501014; 99.9% confidence level).
Phylogenetic analysis based on 16S rRNA and rpoB sequences confirmed the identification
of the strains as C. bovis. Data indicated that C. bovis clinical relevance should not be
underestimated. Laboratorial ~ misidentification may occur when using conventional
phenotypic identification 46 procedures.
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Resumo

Os bastonetes Gram positivos irregulares (BGPIs) e actinomicetos aerobios tém origem ambiental ou estdo
presentes na microbiota humana e de alguns animais. Algumas espécies destes grupos sdo patégenos classicos
para o homem como Corynebacterium diphtheriae, agente da difteria, e para animais, 0 Rhodococcus equi que
causa doenca pulmonar em potros. Alguns géneros destes microrganismos tém emergido como importantes
patdgenos principalmente em pacientes imunossuprimidos e em pacientes imunocompetentes submetidos a
procedimentos invasivos e cateterismo vascular associados a infec¢des nosocomiais. Os (BGPIs) e actinomicetos
aerdbios compdem um grupo de espécies bacterianas que apresenta uma grande diversidade fenotipica que torna
a identificacdo convencional bastante limitada, sendo recomendada na maioria dos casos, a utilizacdo de
metodologias complementares como técnicas moleculares para fornecer acurada identificagdo. Neste estudo
analisamos 26 amostras de (BGPIs) e actinomicetos nédo identificados por métodos fenotipicos. As amostras
foram provenientes das colecdes de culturas do Laboratério de Difteria e Corinebactérias de Importancia Médica
e do Setor de Identificacdo Bacteriana do INCQS. A anélise da sequiéncia do gene 16S rRNA identificou o
género de 12 amostras (46,15 %) e a espécie de 13 amostras (50 %). A amostra 1934 foi identificada apenas
como pertencente a familia Corynebacteriaceae, a analise indica que esta pertence a um género e espécie ainda
ndo descritos. Cinquienta por cento das amostras analisadas foram identificadas como pertencentes ao género
Corynebacterium sp., 11,53% como pertencentes aos géneros Brevibacterium sp e Gordonia sp., 7,69%
pertencentes aos géneros Microbacterium sp. e Rhodococcus sp. e 3,84% pertencentes aos "taxa" Arthrobacter
sp. e Dermabacter hominis. Este estudo mostra a importancia da utilizagdo da anélise da seqtiéncia do gene 16S
rRNA para identificacdo de bastonetes Gram positivos irregulares e actinomicetos aerobios ndo identificados por
metodologias fenotipicas.

Apoio: FAPERJ e PAPES V

Palavras-chave: 16S rRNA, Actinomicetos, BGP irregular, Caracterizagdo Molecular, Identificacéo
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Universidade do Estado do Rio de Janeiro) ; Veronica Viana Vieira (FIOCRUZ-
INCQS - Fundacdo Oswaldo Cruz - INCQS)
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Resumo

Os géneros Streptomyces e Microbacterium sdo encontrados em diversos ambientes e foram o0s mais
identificados dentre os bastonetes Gram positivos irregulares encontrados em areas limpas. O INCQS/FIOCRUZ
realiza ensaios de esterilidade de produtos farmacéuticos em &reas limpas como recomendado pela Farmacopéia
Brasileira, assim como o controle e a caracterizacdo da microbiota destes ambientes. Algumas espécies do
género Microbacterium tém emergido como patégeno em pacientes imunossuprimidos e em pacientes
imunocompetentes submetidos a procedimentos invasivos. A identificacdo das espécies destes géneros
bacterianos é bastante complexa devido a grande diversidade que apresentam. A utilizacdo da metodologia de
MLSA (Multilocus Sequence Analysis) tem sido empregadada em alguns estudos para fornecer identificagcdo
acurada destes géneros bacterianos. Neste estudo analisamos a sequéncia dos genes recA, rpoB, gyrB, atpD e
trpB de 24 amostras bacterianas dos géneros Streptomyces e Microbacterium provenientes de areas limpas. Estas
amostras ndo puderam ser identificadas utilizando metodologias fenotipicas e o género bacteriano foi
determinado pela andlise das sequéncias do gene 16S rRNA. A utilizacdo da metodologia de MLSA
proporcionou a identificacdo da maioria das espécies do género Microbacterium. Para as amostras do género
Streptomyces a metodologia de MLSA identificou apenas 42% das amostras, uma vez que este género apresenta
mais de 576 espécies e o banco de dados existente (http: //pubmlst.org/streptomyces) ainda é insuficiente para
esta finalidade. Este estudo permitiu a avaliacdo da metodologia de MLSA para a identificacdo das espécies dos
géneros analisados provenientes de areas limpas. Apoio: FAPERJ e PAPES V- CNPq
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Esquema de triagem no diagnostico diferencial de amostras clinicas de
1946-1 : .
Corynebacterium striatum

Autores:  Higor Franceschi Mota (UERJ - UNIVERSIDADE DO ESTADO DO RIO DE JANEIRO) ; Debora
Leandro Rama Gomes (UERJ - UNIVERSIDADE DO ESTADO DO RIO DE JANEIROIFRJ -
INSTITUTO FEDERAL DO RIO DE JANEIRO) ; Paulo Victor Pereira Baio (UERJ -
UNIVERSIDADE DO ESTADO DO RIO DE JANEIROINCQS/FIOCRUZ - INSTITUTO
NACIONAL DE CONTROLE DA QUALIDADE DE SAUDE) ; Louisy Sanches dos Santos (UERJ
- UNIVERSIDADE DO ESTADO DO RIO DE JANEIRO) ; Lincoln de Oliveira Sant'anna (UERJ -
UNIVERSIDADE DO ESTADO DO RIO DE JANEIRO) ; Juliana Nunes Ramos (UERJ -
UNIVERSIDADE DO ESTADO DO RIO DE JANEIRO) ; Jodo Paulo Duarte Guimaraes (IFRJ -
INSTITUTO FEDERAL DO RIO DE JANEIRO) ; Eric Aratjo Borges Barbosa (IFRJ - INSTITUTO
FEDERAL DO RIO DE JANEIRO) ; Cassius de Souza (UERJ - UNIVERSIDADE DO ESTADO
DO RIO DE JANEIRO) ; Thereza Cristina Ferreira Camello (UERJ - UNIVERSIDADE DO
ESTADO DO RIO DE JANEIRO) ; Raphael Hirata Junior (UERJ - UNIVERSIDADE DO ESTADO
DO RIO DE JANEIRO) ; Verdnica Viana Vieira (INCQS/FIOCRUZ - INSTITUTO NACIONAL
DE CONTROLE DA QUALIDADE DE SAUDE) ; Ana Luiza de Mattos-guaraldi (UERJ -
UNIVERSIDADE DO ESTADO DO RIO DE JANEIRO)

Resumo

Diversas espécies de corinebactérias, incluindo Corynebacterium striatum, podem fazer parte da microbiota em
superficies cutdneo-mucosas de humanos e outros animais. Entretanto, nos Gltimos anos, o C. striatum vem
ganhando importancia como patégeno oportunista relacionado com quadros de endocardite, artrite, cistite e
doengas pulmonares. Devido & sua resisténcia intrinseca a maioria dos antimicrobianos recomendados no
tratamento das infecgBes pelos demais corineformes, o C. striatum vem recebendo cada vez mais atencdo no
controle das infec¢des nosocomiais dentro do género. Deste modo, o presente estudo teve como objetivo o
desenvolvimento de um esquema para triagem laboratorial utilizando os seguintes testes fenotipicos: reacdo de
CAMP, susceptibilidade ao agente vibriostatico O/129 e a capacidade de fermentacdo da glicose a 20°C e 42°C.
Doze amostras oriundas de surto epidémico ocorrido em hospital universitirio do Rio de Janeiro foram
submetidas a caracterizacdo fenotipica através de métodos convencionais e semi-automatizados como o0 Gram
Positive ID Kit BBL Crystal ™ Identification System e o API Coryne System REF20900 (BioMérieux ™) e
ensaios de sequenciamento génico (RpoB). Os testes bioquimicos convencionais inicialmente conduziram a
identificacdo até o grupo Complexo xerosis-minutissimum-striatum-amycolatum (XMSA) e quando previamente
submetidos aos testes em questdo (reagdo de CAMP, susceptibilidade ao agente vibriostatico O/129 e a
capacidade de fermentagdo da glicose a 20°C e 42°C) se mostraram satisfatdrios para concluir o diagndstico
laboratorial da espécie C. striatum . A anélise pelos sistemas semi-automatizados demonstrou que apenas o
Gram Positive 1D Kit BBL Crystal ™ Identification System foi capaz de identificar as amostras testadas como C.
striatum . Os resultados foram confirmados pelo sequenciamento génico. Os dados permitiram concluir que os
testes CAMP, susceptibilidade O/129 e a fermentacdo da glicose a 20°C e 42°C auxiliam a diferenciar a espécie
C. striatum das demais amostras clinicas pertencentes ao Complexo xerosis-minutissimum-striatum-amycolatum
(XMSA).
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