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Se eu pudesse deixar um presente d vocé,

deixaria aceso o sentimento de amar.

A consciéncia de aprender tudo o que foi ensinado pelo tempo a fora.
Lembraria os erros que foram cometidos para que ndo mais se repetissem.
Deixaria para vocé, se pudesse, o respeito aquilo que é indispensdvel.
Além do pao, o trabalho. Além do trabalho, a agdo.

E, quando tudo mais faltasse, um segredo:

Buscar no interior de si mesmo a resposta

e a forca para encontrar a saida.

Mahatma Gandhi


http://www.pensador.info/autor/Mahatma_Gandhi/
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RESUMO

Abscessos apicais agudos sao condicdes frequentes na urgéncia
endodontica. Sao infecgdes polimicrobianas que apresentam variagdes entre
individuos, e afetam o sistema de canais radiculares e tecidos periapicais.
AssociacOes bacterianas podem ser importantes, agindo sinergicamente e
aumentando sua viruléncia, o que agrava os danos causados no hospedeiro.
Considerando a etiologia microbiana das alteracdes pulpares e periapicais, é de
fundamental importancia identificar corretamente as bactérias presentes nas
infecgbes endodOnticas. Métodos moleculares de identificacdo bacteriana,
baseados no sequenciamento do gene 16S rRNA, sdo importantes e fornecem
uma identificacdo mais fiel que métodos fenotipicos. Estudos metagen6micos sao
ideais para avaliagdo da diversidade bacteriana, possibilitando identificagdo de
espécies que se acreditava ndo estarem sendo cultivadas, ou encontrar espécies
que ainda ndo foram encontradas ou associadas com infecgdes endoddnticas,
incluindo espécies ainda nao cultivaveis. O objetivo deste estudo foi investigar a
diversidade bacteriana de canais radiculares de dentes com abscesso apical
agudo por cultura, clonagem e sequenciamento do gene 16S rRNA, compararando
a efetividade dos métodos. Foram feitas coletas microbioldégicas de 20 canais
radiculares utilizando cones de papel absorvente estéreis, transportados em meio
VMGA 1ll. Um total de 220 cepas isoladas, identificadas previamente por métodos
bioguimicos, foram submetidas a extracdo de DNA, amplificacdo do gene 16S
rRNA seguido de sequenciamento. Além disso, 10 das 20 amostras coletadas
foram também submetidas a clonagem bacteriana através de Escherichia coli
DH5a eletrocompetentes. As sequéncias de nucleotideos obtidas foram
comparadas com o banco de dados do National Center of Biotechnology
Information através do BLAST. Trinta e quatro espécies diferentes foram
identificadas bioquimicamente e 57 pelo sequenciamento, numa média de 6
espécies por canal. O sequenciamento permitiu identificacdo de 97% das
bactérias isoladas (215), enquanto apenas 70,5% foram identificadas
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bioguimicamente (155). A concordancia entre os métodos de identificagdo
fenotipica e genotipica foi de 49% e as cepas nao identificadas bioquimicamente
(65/220) foram caracterizadas em 97% (63/65) pelo sequenciamento. As bactérias
mais frequentemente identificadas pelo sequenciamento foram Prevotella spp.,
Pseudoramibacter alactolyticus, Parvimonas micra, Dialister invisus, Filifactor
alocis e Peptostreptococcus stomatis. Um total de 689 clones foi analisado e 76
filotipos foram identificados, numa média de 15 por canal. Quarenta e oito
espécies diferentes foram identificadas e 28 (36,84%) filotipos representados por
espécies ainda ndo cultivadas ou ndo caracterizadas. Prevotella spp.,
Fusobacterium nucleatum, Filifactor alocis e Peptostreptococcus stomatis, foram
as espécies mais frequentemente identificadas, seguidas por Dialister invisus,
Parvimonas micra, Phocaeicola abscessus, Porphyromonas spp. e
Lachnospiraceae oral clone.. Nenhuma espécie foi encontrada em todos os casos
estudados, e algumas estavam presentes em apenas 1 caso. Métodos que
independem da cultura mostram que a microbiota endodbéntica pode ser
subestimada por estudos cultura-dependentes. Apesar de algumas espécies
serem predominantes em infecgcdes endoddnticas primarias, como as anaerdbias
Gram-negativas, concluimos que esta infeccdo € bastante complexa e
heterogénea, caracterizada por uma grande diversidade bacteriana. A associagao
de métodos convencionais e moleculares permite um conhecimento mais acurado

da microbiota endoddntica.
Palavras-Chaves: Infeccdo endodéntica, Abscesso Apical Agudo, Microbiologia

endodoéntica, Diversidade bacteriana, Cultura, Clonagem, Sequenciamento do
gene 16S rRNA
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ABSTRACT

Acute apical abscesses are one of the most frequently treated conditions in
endodontic emergency. It is a microbiologically heterogeneous disease presenting
different bacterial profiles among the patients. Multiple bacterial combinations play
a role in disease, acting synergistically and increasing their virulence, which leads
to further damage to the host. Considering the microbial etiology of pulp and
periapical disease, it is important to identify correctly microorganisms present in
acute endodontic infection. Molecular methods of bacterial identification based on
the 16S rRNA gene sequencing represent an important tool for identification and
determination of the taxonomic position of microorganisms. The assessment of the
endodontic microbiota by metagenomic approaches revealed that these techniques
are sensitive and specific to evaluate the bacterial diversity of root canal infections,
making possible the identification of some unexpected or not often associated with
endodontic infection, including as-yet-uncultivated. The aim of this study was to
investigate the bacterial diversity in the root canals of teeth with APA by culture,
clonal analysis and 16S rRNA sequencing. Microbial samples were taken from 20
root canals using sterile paper points which were immediately placed into the
VMGA Il transport medium. A total of 220 isolated strains, previously identified by
biochemical methods, were submitted to DNA extraction, 16S rRNA gene
amplification and sequencing. Ten out of the 20 samples collected were also
subjected to the clonal analysis using electrocompetent Escherichia coliDH5a. The
nucleotides sequences obtained were compared with the GenBank database from
National Center of Biotechnology Information through the BLAST. Thirty-four
different bacteria were identified biochemically and 57 by 16S rRNA sequencing, in
an average of 6 species per root canal. Sequencing allowed the identification of
97% of isolates against 70.5% identified biochemically. There was an agreement of
49% between the biochemical and 16S rRNA gene sequencing identification.
Strains not identified biochemically (65/220) were characterized in 97% (63/65) by
sequencing. The most frequently identified bacteria by sequencing were Prevotella
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spp., Pseudoramibacter alactolyticus, Parvimonas micra, Dialister invisus, Filifactor
alocis and Peptostreptococcus stomatis. A total of 689 clones were analyzed and
76 phylotypes identified, of which 48 (63.15%) were different species and 28
(36.84%) were taxa reported as-yet-uncultivable or as yet-uncharacterized species.
Prevotella  spp., Fusobacterium  nucleatum, Filifactor  alocis  and
Peptostreptococcus stomatis, were the most frequently detected species, followed
by Dialister invisus, Parvimonas micra, Phocaeicola abscessus, Porphyromonas
spp. and the uncharacterized Lachnospiraceae oral clone. No specie was detected
in all studied samples and some species were identified in only one case. Culture-
independent methods shown that endodontic microbiota was underestimated in
culture studies. Although some species predominate in acute primary endodontic
infections, it was concluded that this infection is microbiologically heterogeneous,
characterized by a wide diversity in which anaerobic gram-negatives are most
frequently, and that the association of conventional and molecular approaches
allow a better understanding of these microorganisms.

Key-words: Endodontic Infection, Acute Apical Abscess, Endodontic Microbiology,

Bacterial Diversity, Culture, Clonal analysis, 16S rRNA gene Sequencing
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1- INTRODUGCAO

As principais alteracdes patoldgicas que acometem a polpa e os tecidos
perirradiculares sdo de natureza inflamatéria e de etiologia microbiana (Kakehashi
et al., 1965). Os microrganismos e seus produtos metabdlicos sdo os maiores
responsaveis pela instalacdo, desenvolvimento e manutencdo das patologias
pulpo-periapicais, bem como sinais e sintomas de origem endodéntica (Sakamoto
et al., 2006; Gomes et al., 2004; 2008; Siqueira & Rocas, 2009a; Li et al., 2010).

Os abscessos apicais agudos (AAA) resultam da extensao da infeccao
presente inicialmente no interior do sistema de canais radiculares a area
perirradicular (Brook et al., 1981). O estabelecimento de um abscesso periapical
agudo esta condicionado a presenca de uma infeccdo altamente virulenta no
interior dos canais radiculares, que superou o sistema de defesas do organismo
(Torabinejad et al., 1994). Se nao tratada, a infec¢ao vai progredir e pode causar
maiores danos tessiduais e acumulo de pus, resultando em dor intense e edema,
além da passibilidade de evoluir para uma infeccao orofacial (Siqueira e Rocas
2009b; Montagner et al., 2010; Yang et al., 2010).

A microbiota das infec¢des de canais radiculares com necrose pulpar e
abscessos periapicais agudos tem sido tradicionalmente estudada através dos
meétodos de cultura microbiana e recentemente complementada por métodos
moleculares (Munson et al., 2002; Rogas et al., 2004; Jacinto et al., 2003; Sousa
et al., 2003; Gomes et al, 2004; Jacinto et al., 2007; Riggio et al., 2007,
Montagner, 2009, 2010; Montagner et al., 2010a, 2010b, 2012). Diversas espécies
microbianas cultivaveis, de dificil cultivo e ainda n&o cultivadas, além de clones
orais € microrganismos pertencentes ao dominio Archaea s&o associados a tais
infecgbes, constituindo comunidades Unicas e complexas (Sakamoto et al., 2006;
Vianna et al., 2006; Jacinto et al., 2007; Saito et al., 2006, Montagner, 2009, 2010;
Montagner et al. 2012a,b).



Os microrganismos  anaerdbios estritos  Parvimonas  micra,
Fusobacterium nucleatum, Fusobacterium necrophorum, Peptococcus prevotil,
Prevotella intermedia/nigrescens, Gemella morbillorum, Tannerella forsythia,
Phocaeicola abscessus, Shuttleworthia satelles, Treponema spp., Dialister spp. e
Veillonella spp., e os facultativos Streptococcus constellatus, Streptococcus mitis,
Pseudoramibacter alactolyticus e Eubacterium lentum sao as espécies mais
frequentemente isoladas em canais radiculares de dentes com sintomatologia
dolorosa espontanea de origem endodéntica (Sundqvist et al.,, 1989; Downes et
al., 2002; Villanueva, 2002; Jacinto et al., 2003; Sousa et al., 2003; Montagner,
2009, 2010; Montagner et al., 2010a, 2010b, 2012).

A arvore filogenética da vida, baseada na comparagado de sequéncias
de RNA ribossomal, estrutura da parede celular e metabolismo, classifica os seres
vivos em 3 dominios: Eukaria (animais, vegetais e fungos), Bacteria e Archaea
(ambos representados por organismos procariontes, diferindo entre eles na
estrutura da parede celular e metabolismo). A cavidade oral € um ambiente
colonizado por uma grande diversidade de microrganismos, onde representantes
desses 3 dominios ja foram detectados e cerca de 700 espécies bacterianas ja
foram identificadas. Entretanto o ambiente seletivo do canal radicular faz com que
apenas alguns microrganismos sejam capazes de colonizar este sistema (Gomes
et al., 1994; Munson et al., 2002; Baumgartner et al., 2003; Gomes et al., 2004;
Siqueira & Rogas 2005; Ribeiro et al., 2011; Ozok et al., 2012). Apesar de haver
um predominio de bactérias, protozoarios, fungos, leveduras, destacando-se
Candida albicans (Baumgartner et al., 2000; Pinheiro et al., 2003), virus incluindo
herpes virus, citomegalovirus, papiloma virus (Sabeti et al., 2003; Chen et al.,
2009; Li et al., 2009; Sabeti et al., 2012) e Archae (Siqueira & Rogas, 2005; Vianna
et al., 2006; Siqueira & Rocgas, 2009a) também ja foram identificados em infecgbes
endodénticas.

Archaea compreende alguns microrganismos capazes de sobreviver em
condi¢oes extremas (vulcoes, regides extremamente salinas, fontes agua quente)

e metabolizar Hx e CO,, produzindo em gas metano. Estudos recentes



identificaram componentes deste dominio em infeccées endoddnticas, e sugerem
a importancia desses microrganismos metanogénicos para o0 ecossistema
bacteriano das infeccdées endodénticas (Vianna et al,, 2006; Vickerman et al.,
2007; Vianna et al., 2009).

Estudos através dos métodos de cultura envolvem o cultivo de
amostras coletadas do canal radicular em meios contendo nutrientes adequados,
isolamento das coldnias, crescimento em condi¢cdes gasosas de acordo com o
requerimento dos diferentes microrganismos e identificacdo através de testes
bioquimicos (métodos fenotipicos). Avangos nas técnicas de cultura tém permitido
uma descricdo mais detalhada da composicao das infeccoes endodonticas
(Jacinto et al., 2003, Gomes et al., 2004), porém, a identificacdo por métodos
bioquimicos pode nao abranger todos os microrganismos que estdao envolvidos na
infecgao por limitagdes do seu banco de dados. Outra dificuldade da identificagéo
fenotipica € o possivel comportamento atipico das cepas, onde cepas de uma
mesma espécie, que sao geneticamente similares, podem ter evoluido para serem
fenotipicamente diferentes, ou entdo, cepas de espécies diferentes, que sao
geneticamente diferentes, podem ter evoluido para terem um comportamento
fenotipico semelhante, o que leva a falhas na interpretacdo dos testes de
diagnostico bioquimicos (Siqueira et al., 2005; Vianna et al., 2005). Além disso, a
interpretacdo de testes fenotipicos pode envolver o julgamento subjetivo da
pessoa que o esta realizando (Drancourt et al., 2000). Assim sendo, em algumas
circunstancias, mesmo uma cultura bem sucedida de um dado microrganismo, nao
significa necessariamente que este microrganismo possa ser identificado com
sucesso (Weile & Knabbe, 2009).

As vantagens dos métodos de cultura estdo relacionadas ao seu
espectro relativamente amplo, o que torna possivel identificar uma grande
variedade de microrganismos numa mesma amostra, incluindo aqueles que nao
se esperava encontrar. A cultura torna possivel determinar a viabilidade,

suscetibilidade antimicrobiana destes isolados e estudar sua fisiologia e sua



patogenicidade (Shah & Gharbia, 1993; Dahlén, 2002; Vianna et al., 2005; 2008;
Weile & Knabbe, 2009; Schirrmeister et al., 2009).

As infeccbes endodbnticas primarias (infeccbes iniciais) sao
polimicrobianas, onde predominam bactérias gram-negativas anaerodbias estritas,
porém as facultativas e gram-positivas também exercem papel importante na
infec¢ao, agindo sinergicamente e tornando ainda mais complexa a antigenicidade
dessa infeccao para o sistema imune do hospedeiro (Gomes et al., 1994, Siqueira
et al., 2001a; 2001b; Gomes et al., 2004; Siqueira & Rocas, 2006; Jacinto et al.,
2007; Vianna et al., 2008; Martinho et al., 2011).

Algumas espécies bacterianas tais como Porphyromonas spp,
Prevotella spp, Fusobacterium spp e Peptostreptococcus spp estao relacionadas
com sintomas clinicos e exercem um papel significativo na patogénese das lesdes
inflamatérias periapicais (Baumgartner et al., 1999; Siqueira et al., 2001b; Fouad
et al., 2002; Jacinto et al., 2003; Gomes et al., 2008; Vickerman et al., 2007;
Montagner et al, 2012). No entanto acredita-se que parte da microbiota
endodéntica ainda ndo tenha sido identificada, pois metodologias utilizando
técnicas de cultura apresentam limitagcbes que podem subestimar a diversidade
desta microbiota (Paster et al., 2001; Munson et al., 2002; Siqueira & Rocgas,
2004; Vianna et al., 2005).

Além das espécies ja comumente identificadas em infecgdes
endodénticas primarias sintomaticas (casos de abscesso periapical agudo) através
de métodos cultura-dependentes (Porphyromonas spp, Prevotella spp,
Fusobacterium spp e Peptostreptococcus spp), outras espécies como Tannerella
forsythia, Filifactor alocis, Pseudoramibacter alactolyticus, Treponema spp,
Dialister spp, Olsenella spp e Veillonella spp passaram a ser frequentemente
identificadas por métodos moleculares (Rolph et al., 2001; Sakamoto et al., 2006;
Gomes et al., 2006a; Jacinto et al., 2007; Sassone et al., 2009; Siqueira & Rogas,
2009a; 2009b; Yang et al., 2010; Ribeiro et al., 2011; Montagner et al., 2012).

O conhecimento da natureza da microbiota endodéntica depende da
eficiéncia dos métodos de identificacdo existentes, que incluem técnicas tradicionais



como a cultura e técnicas moleculares. A identificacdo acurada de um isolado
microbiano € muito importante na microbiologia clinica (Drancourt et al., 2000).
Algumas bactérias sao dificeis de cultivar, pois sdo bastante exigentes em relacao
aos requerimentos gasosos/nutricionais, e isso pode representar uma barreira
para o melhor entendimento da infeccao (Pinheiro et al., 2003; Gomes et al., 2006;
Siqueira et al., 2007).

Para que uma bactéria possa ser identificada pelo seu DNA ela tem que
um dia ter sido cultivada para que se conheca o seu codigo genético. Desta forma,
€ justo acreditar que a cultura é bastante importante, apesar de suas limitacoes e
dos avangos dos métodos moleculares (Gomes & Montagner, 2010).

Técnicas moleculares de clonagem e sequenciamento revelaram a
presenca de microrganismos pertencentes a 13 filos na cavidade oral (Dewhirst et
al., 2010). Em canais radiculares infectados ja foi relatada a presenca de 10 filos:
Firmicutes,  Bacteroidetes,  Actinobacteria, = Fusobacteria,  Proteobacteria,
Synergistetes, Spirochaetes, Deinococcus-Thermus, TM7 e SR1 (Munson et al.,
2002; Siqueira & Rocas 2005; Jacinto et al., 2007; Siqueira e Rocas, 2009a; Li et
al., 2010; Ribeiro et al., 2011).

A aplicacao de metodologias da biologia molecular para diagndstico e
identificagdo de microrganismos possibilitou expandir o conhecimento sobre a
microbiota oral e endoddntica (Siqueira et al., 2002; Siqueira et al., 2004; Siqueira
& Rocgas, 2004; Munson et al., 2002; Saito et al., 2006; Sakamoto et al., 2006;
Siqueira & Rogas, 2009a; Ribeiro et al., 2011). Dentre as técnicas moleculares
podemos destacar a Reacdo em Cadeia da Polimerase (PCR) e suas diversas
variagbes (Nested-PCR, Multiplex PCR, Real-Time Quantitative PCR),
Hibridizacdo DNA-DNA (Checkerboard), Eletroforese em Gel de Gradiente de
Desnaturacado (DGGE), Polimorfismo do Comprimento do Fragmento Terminal de
Restricdo (TRFLP), Clonagem e Sequenciamento. Todas elas sdo baseadas na
identificacdo bacteriana através do gene 16S rRNA, uma regido do DNA
bacteriano bastante conservada e sendo assim bem especifica para cada espécie.
Este gene apresenta regides conservadas suficientes para alinhamento acurado, e



variacdes suficientes para andlise filogenética (Chan & McLaughlin, 2000; Siqueira
et al., 2001a; Clarridge, 2004; Turnbaugh et al., 2007).

A sensibilidade da cultura é de aproximadamente 10* a 10° células
microbianas para uma determinada espécie usando meios nao seletivos, e 10°
usando meios seletivos, enquanto que para o PCR varia de 10 a 10? células,
dependendo da técnica usada. Por exemplo, o Nested PCR pode detectar
espécies na presenca de 10 células. Ja o limite de deteccao da hibridizacdo DNA-
DNA varia de 10° a 10* células (Siqueira & Rogas, 2005; Gomes et al., 2006b).

A grande vantagem desses métodos moleculares, que independem da
cultura, é a identificagcdo de bactérias dificeis de cultivar, fastidiosas, algumas
incultivaveis até o0 momento ou cepas com comportamento fenotipico atipico, ndo
podendo ser identificadas fielmente por métodos bioquimicos apés a cultura (Jung
et al., 2001; Siqueira et al., 2001b; Vianna et al., 2005; Foshi et al., 2005; Gomes
et al., 2006a; Weile & Knabbe, 2009). A clonagem e sequenciamento permitem a
identificacdo dos microrganismos de uma infeccdo sem procurar por bactérias
especificas, mas sim tentando identificar o maior nimero possivel de bactérias
presentes na infeccdo mista. Diferente dos métodos de identificagao fenotipica, o
sequenciamento do 16S rRNA fornece identificacdo inquestionavel até mesmo
para bactérias que séo raras. Isto permite identificar numa cultura espécies que
por ventura acreditava-se que nao estavam sendo cultivadas, e que na verdade
apenas nao estavam sendo identificadas corretamente, ou até encontrar espécies
que ainda n&o foram cultivadas o que levaria a descrigdo de novos patdogenos
endodonticos (Patel, 2001; Ribeiro et al., 2011).

Sabendo o papel dos microrganismos nas doencgas pulpo-periapicais, e
considerando que o principal objetivo do tratamento endodéntico é combater a
infeccdo, é de fundamental importancia conhecer a microbiota endoddntica
(Pinheiro et al., 2003; Montagner et al., 2010a), para que possamos adotar
corretas estratégias de tratamento, melhorando o prognostico.

Um aspecto bastante importante no estudo da microbiologia
endodontica é a associagdo de metodologias, permitindo o conhecimento mais



detalhado dessa microbiota, fornecendo informacdes relevantes sobre a relacéao
de tais microrganismos com sintomatologias e possiveis interacdées entre espécies
que podem ser significantes na etiopatogenia e manutencao dessas patologias.
Além disso, estudos microbiol6gicos possibilitam investigacdes a respeito da acao
de medicacoes, substancias e protocolos de tratamento sobre essa microbiota,
suportando cientificamente as decisdes clinicas (Gomes et al., 2006b; Vianna et
al., 2005, 2008; Gomes et al., 2008; Weile & Kanbbe, 2009; Schirrmeister et al.,
2009; Montagner et al., 2012).

Diante disto, o presente estudo visa investigar a diversidade bacteriana
de canais radiculares infectados em casos de abscesso apical agudo, através de
diferentes metodologias, comparando a efetividade das mesmas.
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Molecular identification of cultivable bacteria from infected root

canal with acute apical abscesses
Noébrega LMM, Montagner F, Ribeiro AC, Mayer MAP, Gomes BPFA

ABSTRACT

Introduction: Microorganisms growing on culture plates may exist in
higher number in root canals among those that are cultivable and their number and
virulence are directly related to the disease. Acute apical abscesses (APA) are
polymicrobial infections that affect both root canal system and apical tissues.
Therefore, the aim of this research was to study the bacterial composition found in
root canals of teeth associated with AAA by molecular identification of cultivable
bacteria. Methods: Two hundred twenty strains from 20 cases isolated by culture
were submitted to DNA extraction and amplification of the 16S rRNA gene (PCR),
followed by sequencing. The resulting nucleotide sequences were compared to the
GenBank database from the National Center of Biotechnology Information through
BLAST. Samples not identified by sequencing were submitted to clonal analysis.
Results: The most frequently bacteria identified by 16S rRNA sequencing were
Prevotella spp., Pseudoramibacter alactolyticus, Parvimonas micra, Dialister
invisus, Filifactor alocis, Peptostreptococcus stomatis. Fifty-nine different bacteria
were identified by 16S rRNA gene sequencing. Molecular approaches allowed

identification of 99% of isolates. Conclusion: It was concluded that infected root

canals with acute apical abscess are microbiologically heterogeneous, composed
mainly of anaerobic Gram-negatives, the majority belonging to the phylum
Firmicutes, followed by Bacteroidetes.

Key-words: Endodontics; Acute Apical Abscess; Microorganisms; Culture; 16S

rRNA gene Sequencing, Clonal analysis



INTRODUCTION

There is a close relationship between microbiology and endodontics.
Bacteria from oral cavity may infect a root canal with necrotic pulp and reach
periradicular tissue, resulting in a purulent inflammation and leading to pain,
swelling, cellulites, in addition to having the potential to diffuse to other facial
spaces of the head and neck (1-4). Because microorganisms are involved in pulp
and periapical diseases, and endodontic therapy is essentially a debridement
procedure, the knowledge of microbiology is crucial to understand the phases of
endodontic debridement and canal obturation (5, 6).

Acute apical abscesses are one the most frequently treated conditions
in endodontic emergency procedures. Clinically, they are characterized by
spontaneous pain, tenderness/pain to percussion, and pain on palpation. The
presence of soft-tissue swelling indicates diffusion through bone and may result in
life-threatening conditions if immediate treatment is not provided (7).

Researches indicate that the root canals of teeth with acute primary
endodontic infection harbor a mixed and complex microbiota, composed
predominantly by anaerobic Gram-negative bacteria. Facultative and Gram-
positive bacteria also play an important role in endodontic infection, acting
synergistically and making even more complex the antigenicity of this infection to
the host’s immune system (2, 8-12).

The microbiota of root canal infections with pulp necrosis and acute
periapical abscesses have traditionally been studied using methods of microbial
culture and recently complemented by molecular approaches (2, 7, 10, 13-16).
Several cultivable microbial species or microorganisms of difficult growth, not yet
cultivated, oral clones and microorganisms belonging to the Archaea domain have
been associated with such infections, constituting unique and complex
communities (1, 14, 16, 17).

The application of molecular methods for bacterial identification enabled
detection of some new species and their correlation with endodontic infections,
including Tannerella forsythia, Pseudoramibacter alactolyticus, Treponema spp.,
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Dialister spp. and Veillonella spp Phocaeicola abscessus, Shuttleworthia satelles,
Catonela morbi, Acinetobacter Iwofii (1, 5, 6, 16, 18-21).

Microorganisms growing on culture plates may exist in higher number in
root canals among those that are cultivable, and their number and virulence are
directly related to the disease. Specific oral bacteria have been related to
symptomatic conditions, such as pain and swelling (12). Therefore, the aim of this
present research was to study the bacterial composition found in root canals of
teeth associated with AAA by molecular identification of cultivable bacteria.

MATERIAL AND METHODS

Samples were collected from 20 patients who attended the Piracicaba
Dental School, State University of Campinas (UNICAMP), for endodontic treatment
due to spontaneous pain associated with root canal infections. The local Human
Volunteers Research and Ethics Committee approved the study, and all patients
signed an informed consent form. A total of 220 strains were isolated by culture,
processed to biochemical identification, stored at -80°C and available for re-
analysis by sequencing.
Patient selection and clinical examination

The selection of patients was determined by their dental records as well
as clinical and radiographic examination. Inclusion criteria involved report of pulp
necrosis, spontaneous pain, periapical lesion and pain to percussion in the
examined tooth. In addition, patients who had not received antibiotic therapy in the
last 4 months, excluding pathology associated with periodontal disease, were
selected for this study.
Root Canal Sampling Microbiological Culture

Root canal sampling and culturing methods for microbial isolation and
identification were performed as described previously by Montagner et al (7) and
Gomes et al (2, 22).
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Dental caries and existing restorations were removed without exposure
of the canals. The tooth was isolated from the oral cavity with a rubber dam. The
operative field was disinfected with 30% hydrogen peroxide, followed by 2.5%
sodium hypochlorite, which was inactivated with 5% sodium thiosulphate. The root
canals were exposed by using sterile burs under manual irrigation with sterile
saline solution. Samples were taken from both external tooth surface and operative
field after disinfection to guarantee the absence of contaminants. No positive
growth should be observed for these two samples. If so, the respective root canal
sample was immediately excluded from the study.

If the tooth was multi-rooted, either the largest canal in the root or the
one with periradicular radiolucency was sampled to confine the microbial
evaluation to a single environmental site. A sterile paper point was introduced into
the full length of the root canal as determined in a preoperative radiograph and
then kept in place for 60 seconds. In the case of a dry root canal, a second paper
point moistened in sterile saline solution was used to ensure adequate sample
acquisition. In the case of a wet root canal, as many paper points as needed were
used to absorb all the fluid inside the canal. Next, the paper points were
immediately transferred to a test tube containing 1 ml of VMGA Il

In the anaerobic chamber, the endodontic samples were serially diluted
10 times in tubes containing Fastidious Anaerobe Broth (FAB, Laboratory M, Bury,
UK). A 50-ul sample of each serial dilution as well as of the undiluted sample were
plated onto fastidious anaerobe agar (FAA, Laboratory M) with 5% defibrinated
sheep blood and containing 1 ml/l of haemin and 1 ml/l of vitamin K1. Bacterial
plates were incubated at 37°C under anaerobic conditions (10% CO2, 10% H,, and
80% Ny) for up to 14 days. Samples were also plated onto brain heart infusion
(BHI) agar with 5% sheep blood (Oxoid, Basingstoke, UK) to allow growth of
aerobic and facultative anaerobic microorganisms. The BHI plates were aerobically
incubated at 37°C for 2 days.

From each bacterial plate, representative colonies of each morphologic
type were cultured in another plate. The purity of isolates was determined by
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macroscopic examination of colonies and microscopic examination of bacteria after

Gram-staining. Each isolated strain were then stored at -80°C.

16S rRNA Sequencing

The DNA of each previously isolated bacteria was extracted by using
QIAamp DNA Minikit (Qiagen, Valencia, CA, USA) according to the manufacturer’s
instructions. After extraction, the universal amplification by Polymerase Chain
Reaction (PCR) was performed in a total volume of 50ulL containing: 5uL of
template DNA, 5uL of 10X PCR buffer, 1.5uL of 25 mmol/L MgCly, 4.0uL of DNTP
solutions (25 mmol/L each), 1uL of 25 pmol forward and universal primer (D88 - &’
GAGAGTTTGATYMTGGCTCAG 3’) and reverse universal primer (E94 - 5
GAAGGAGGTGWTCCARCCGCA 3’), 0.5uL of 5U/mL Platinum Taq Polymerase
and 32 pL of sterile distilled water (23). The reagents were synthesized and
provided by Invitrogen (Carlsbad, CA, USA). Genomic DNA of P. gingivalis (ATCC
33277) and sterile distilled water were used as positive and negative controls,
respectively. The reaction was performed in a DNA thermocycler (GenePro, Bioer-
Technology, Hangzhou, China) adjusted to initial denaturation step at 94°C for 4
minutes followed by 30 cycles at 94°C for 45 seconds (denaturation), 60°C for 45
seconds (annealing), 72°C for 90 seconds (extension), and a final extension step
at 72°C for 15 minutes.

Two independent PCRs were performed for each sample and the PCR
products were submitted to electrophoresis in 1% agarose gel stained with
0.5ul/ml ethidium bromide using 1kb DNA ladder as molecular size marker.
Positive reactions were determined by the presence of bands of appropriate size
(1500 base pair) and then the PCR products were purified by using QIAquick Gel
Extraction (Qiagen, Hiden, Germany).

Purified PCR products were sequenced by using the ABI 3730 DNA
Analyzer, with the BigDye Terminator Cycle Sequencing Kit (Applied Biosystems,
California, EUA) using primer 533R (5’ TKACCGCGGCTGCTG 3’). Sequences of

approximately 600 bases were obtained, inspected and edited using the software
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BioEdit (www.mbio.ncsu.edu/BioEdit/bioedit.html), and the identity/approximate
phylogenetic position was obtained by comparison with 16S rRNA gene sequences
of the GenBank database from National Center of Biotechnology Information
(www.ncbi.nlmnih.gov) through the basic local alignment search tool (BLAST).
Sequences with more than 4 ambiguous characters or shorter than 500 bases

were discarded, and it was considered at least 98% similarity level (21).

Clonal Analysis

Five samples isolated by culture were not identified by sequencing
because the sequences obtained were inadequate. They presented many
ambiguous characters or a sequence length too short for comparison with those in
the GenBank.

After DNA extraction from these samples, the universal amplification of
16S rRNA gene and purification was performed following the protocol described
above. The purified 16S rRNA gene products were ligated into the pCR2.1-TOPO
vector (TOPO TA Cloning Kit - Invitrogen, Carlsbad, California, USA) and inserted
into electrocompetent DH5a Escherichia coli by means of electroporation
(MicroPulser, Bio-Rad Laboratories, Hercules, California, USA). The transformed
cells were plated onto Luria-Bertani agar plates supplemented with ampicillin
(100mg/ml) and X-Gal (Promega), and then incubated overnight. Ninety-six white
colonies per sample were randomly selected, suspended in 40uL of 10 mmol/L
Tris-EDTA, and used as template (5uL) to determine the correct sizes of the inserts
by PCR. Amplification reaction was performed with M13 forward (5
GTAAAACGACGGCCAG 3’) and M13 reverse (5° CAGGAAACAGCTATGAC 3)
primers. The cycling conditions comprised an initial denaturation at 94°C for 10
minutes and included 30 cycles at 94°C for 45 seconds (denaturation), 60°C for 45
seconds (annealing), and 72°C for 90 seconds (extension), followed by a final
extension at 72°C for 10 minutes. The PCR products (approximately 1,500 bp)
were submitted to electrophoresis in 1% agarose gel and purified with GTX PCR
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DNA Purification kit (GE Healthcare, Buckinghamshire, UK) before sequencing,

which was performed following the protocol described above.

Statistical Analysis

The data collected for each case were typed onto a spreadsheed and
statistically analysed using SPSS for Windows (SPSS Inc, Chicago, IL, USA). The
Pearson chi-square or the one-sided Fisher's Exact test, as appropriate, was
chosen to test the null hypothesis that there was no relationship between any pair
of bacterial species recovered from the root canal. The ODDS ratio was employed
to classify the associations between bacterial species as positive or negative.
Positive associations were those with an average ODDS ratio (OR) > 2.0 and
negative with an average ODDS of a ratio < 0.5. A 95% Confidence interval (Cl)
was established. The significant level was set at 5%.

RESULTS

All 20 patients presented with spontaneous pain, periapical lesion and
pain to percussion. Twelve teeth were single-rooted and 8 multi-rooted. Eight teeth
were restored, 8 presented with caries and 4 were sound teeth.

From a total of 220 strains isolated by culture 215 were identified by 16s
rRNA sequencing. Five strains were not identified by sequencing because the
sequences obtained were inadequate. They presented many ambiguous
characters or a sequence length too short for comparison with those in the
GenBank. The DNA extracted from these strains were submitted to clonal analysis
and 3 out of 5 cloned samples were identified. Two strains remained unidentified
by means the methodology applied. In the first sample, Pseudoramibacter
alactolyticus and Bacillus licheniformis were detected by cloning, whereas
Pyramidobacter piscolens, Campylobacter rectus, Phocaeicola abscessus and
Parvimonas micra where found in the second sample, and Vellonella sp. in the
third. This results show that in 2 samples, there were not a pure culture, impeding
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the identification through the sequencing methods used here. The fourth and fifth
remained unidentified, probably due to DNA degradation.

Molecular methods allowed the identification of 99% of the isolates. A
total of 59 different bacteria were identified, including 26 anaerobic Gram-
negatives, 18 anaerobic Gram-positives, 12 facultative Gram-positives, and 3
facultative Gram-negative species (Figure 1).
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Figure 1 — Number of anaerobic, facultative, Gram-negative and
Gram-positive strains identified by 16S rRNA sequencing.

The most frequently identified bacteria were Prevotella buccae (10/20),
Pseudoramibacter alactolyticus (9/20), Prevotella nigrescens (8/20), Parvimonas
micra (7/20), Dialister invisus (6/20), Filifactor alocis (4/20), Prevotella tannerae
(4/20) and Peptostreptococcus stomatis (4/20).

Bacteria belonging to 6 phyla were detected, in an average number of 6
species per root canal. Twenty-five strains belonged to the phylum Firmicutes,
which were the most frequently phylum, presented in 19 cases. The second most
frequently phylum were Bacteroidetes (17 cases), followed by Actinobacteria (13
cases), Proteobacteria (7 cases), Fusobacteria (3 cases) and Synergistetes (2
cases) (Figure 2).
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It was observed positive association between Prevotella buccae and
Pseudoramibacter alactolyticus (p<0.05; OR=9.333; 1C=1.193-72.999), and
between Parvimonas micra and Prevotella nigrescens (p<0.05; OR= 18.333; IC=
1.508-222.875).
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Actinobacteria

Proteobacteria

Fusobacteria

Synergistetes
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5 10 15 20 25 30

Figure 2 — Number of bacteria belonging to each phylum.

DISCUSSION

Two hundred and twenty strains were previously isolated on culture plate
from 20 root canals and a wide range of anaerobic species were recovered from the
root canals investigated. It is possible that some extremely oxygen-sensitive species
might still not have been identified. Basic microbiological methods were adapted to
recover as many anaerobic species as possible. These measures involved
immediate inoculation of samples into an appropriate transport medium, which was
promptly incubated under suitable gaseous conditions, and prolonged incubation was
used to avoid overlooking slow-growing organisms. Nevertheless, it was not expected
that the media employed could be suitable for growth of all microorganisms. For

example, it was predictable that spirochaetes, shown to be present in other studies



(24), would not survive on the media plate used here and consequently not isolated,
which was also observed by Siqueira et al. (25).

To date, there is no single method capable of recovering every
microorganism found in the pulp space and related structures. To overcome the
limitations of culture and biochemical identification methods, technological
advances have allowed the introduction of molecular methods for bacterial
identification, leading to a better understanding of endodontic infection profile (1, 6,
20, 23, 26).

The greatest advantage of open-ended molecular approaches for 16S
rRNA analysis, such as cloning and sequencing of PCR products from
polymicrobial infections, is the possibility of predicting the general microbiota
involving fastidious and strain atypical phenotypic behavior , without searching for
target species only. Usually, the initial 500-bp sequence of 16S rRNA gene
provides adequate differentiation and is sufficient for identification of clinical
isolates (27, 28).

Our methodology enabled the isolation of 220 strains and identification
of 99% of isolates, including 59 different species identified. Similar results were
found by Drancourt et al (29) and Song et al (30), who identified 90% and 86%,
respectively, using 16S rRNA sequencing. Drancourt et al. (29) reported that the
overall performance of 16S rRNA sequence analysis was excellent and succeeded
in identifying phenotypically unidentifiable bacterial isolates. We also found it as 64
out of 65 phenotypically unidentified isolates were identified by molecular approach
based on 16S rRNA analysis.

Prevotella spp., Fusobacterium spp., Dialister invisus, Filifactor alocis,
Porphyromonas gingivalis, Parvimonas micra, Pseudoramibacter alactolyticus, and
Peptostreptococcus stomatis, species frequently correlated with endodontic
infections (2, 7-11, 13 18, 31) were identified in our study.

The present study has shown that the microbiota of root canal
associated with AAA is more diverse than has been shown in previous studies
based only in conventional identification methods (2, 10, 31), being predominated
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by anaerobic Gram-negative bacteria. The average of 6 bacteria per root canal
supports the polymicrobial feature of the primary endodontic infection. Moreover,
some species were recovered in only 1 or 2 patients, thus corroborating the idea of
heterogeneous bacterial communities between the subjects (5, 7).

Gram-negative species correlated with signs and symptoms of AAA
were also frequently identified in this study by both methodologies, as follows:
Prevotella spp., Fusobacterium spp., Porphyromonas gingivalis, Dialister invisus,
Dialister pneumosintes, and Filifactor alocis (1, 2, 6-11, 16, 18, 31). The presence
of Gram-negatives has clinical significance due to the presence of the endotoxin
(lipopolysaccharide; LPS), which is a cell envelope constituent and can be secreted
from cell vesicles. LPS has many biological activities, including fever induction,
cytotoxicity, fibrinolysis, and can stimulate production of bradykinin, a potent pain
mediator. Clinical investigations have elucidated the strong correlation between
higher levels of endotoxin in root canals with spontaneous pain and clinical
symptomatology, such as pain on palpation, tenderness to percussion, and
exudation (12).

We have also detected a great number of Gram-positive bacteria, whose
cell walls contain peptidoglycans and lipoteichoic acid. They are capable of
influencing inflammatory reactions and enhance the pathogenicity of anaerobic
Gram-negatives, mainly the black-pigmented ones (2, 10). Parvimonas micra and
Pseudoramibacter alactolyticus, a Gram-positive anaerobes, was frequently isolated
in our study in association with Prevotella nigrescens and Prevotella buccae,
respectively.

The control or elimination of microorganisms and possible substrate must
be the goal in every endodontic case. Considering the microbiological etiology of the
disease, it is important to understand as much as possible the endodontic
microbiota, in order to improve our prognosis and lead to the development of
rational treatment strategies (5, 6).
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It was concluded that infected root canals with acute apical abscess are

microbiologically heterogeneous, composed mainly of anaerobic Gram-negatives,

the majority belonging to the phylum Firmicutes, followed by Bacteroidetes.
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3 - CAPITULO 2

Bacterial diversity of symptomatic primary endodontic infection
by clonal analysis
Noébrega LMM, Montagner F, Ribeiro AC, Mayer MAP, Gomes BPFA
Summary
Acute primary endodontic infections are one of the most frequently treated

conditions in endodontic emergency procedures. It is a microbiologically
heterogeneous disease presenting different bacterial profiles among the patients.
Molecular methods of bacteria identification based on the 16S rRNA sequencing
represent an important tool for both identification of pathogens and determination
of the taxonomic position of microorganisms. The aim of this study was to explore
the bacterial diversity of 10 root canals with acute periapical abscess by clonal
analysis. Samples were collected from 10 patients, submitted to bacterial DNA
extraction, 16S rRNA gene amplification, cloning, and sequencing. Bacterial
genomic library was constructed and bacterial diversity was estimated. The mean
number of taxa per canal was 15, ranging from 11 to 21. A total of 689 clones were
analyzed and 76 phylotypes identified, of which 47 (61.84%) were different species
and 29 (38.15%) were taxa reported as-yet-uncultivable or as yet-uncharacterized
species. Prevotella spp., Fusobacterium nucleatum, Filifactor alocis, and
Peptostreptococcus stomatis were the most frequently detected species, followed
by Dialister invisus, Phocaeicola abscessus, the uncharacterized Lachnospiraceae
oral clone, Porphyromonas spp. and Parvimonas micra. Eight phyla were detected
and the most identified taxa belonged to the phylum Firmicutes (43.5%), followed
by Bacteroidetes (22.5%) and Proteobacteria (13.2%). No species was detected in
all studied samples and some species were identified in only one case. It was
concluded that acute primary endodontic infection is characterized by a wide
bacterial diversity, in which anaerobic Gram-negatives are the most frequently
detected microorganisms, belonging to the phylum Firmicutes, followed by
Bacteroidetes.

Key-words: endodontics, microorganisms, dental abscess, bacterial diversity,

clonal analysis, 16S rRNA gene sequencing.
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INTRODUCTION

Acute endodontic infections are one of the most frequently treated
conditions in endodontic emergency procedures. Clinically, they are characterized
by spontaneous pain, tenderness to percussion, and pain on palpation.
Microorganisms might reach the connective apical tissues, leading to an intense
inflammatory response (Sousa et al., 2003; Montagner et al., 2010; Gomes et al.,
2011). The presence of soft-tissue swelling indicates diffusion through bone and if
untreated, these infections might progress resulting in life-threatening conditions
and systemic complications. The microbiota associated with endodontic infections
is highly heterogeneous, presenting different bacterial profiles among the patients
(Siqueira & Rogas 2009; Montagner et al., 2010).

About 700 bacterial species have already been identified in the oral
microbiota. However, in the selective environment of root canal only certain
microorganisms are able to survive and infect the system (Gomes et al., 1994;
Baumgartner et al., 2003; Gomes et al., 2004; Kumar et al., 2005; Ribeiro et al.,
2011; Ozok et al., 2012). A limited number of species have been consistently
isolated from endodontic infections due to the limitations of culture-depending
methods, since approximately 50% of the oral microbiota is still uncultivable. Thus,
the role of more fastidious or still uncultivable microorganisms in the pathogenesis
and symptomatology of primary endodontic infections or persistent periradicular
lesions may have been underestimated (Munson et al.,, 2002; Sakamoto et al.,
2006; Vickerman et al., 2007; Subramanian & Mickel, 2009; Dwehirst et al., 2010).

Molecular methods of bacterial identification based on the 16S rRNA
sequencing represent an important tool for both identification of cultivable and
uncultivable pathogens and determination of their taxonomic position. The 16S
rRNA gene has sufficient conserved regions for accurate alignment and enough
variation for phylogenetic analysis (Chan & McLaughlin, 2000; Siqueira et al.,
2001; Clarridge, 2004; Turnbaugh et al., 2007).

Assessment of the human oral microbiome using metagenomic

approaches, with genetic material recovered from oral cavity samples, revealed
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that these techniques are sensitive and precise for evaluation of the bacterial
diversity of root canal infections, making possible the identification of some
unexpected pathogens or not often associated with endodontic infection (Siqueira
& Rocas 2005; Sakamoto et al., 2006; Jacinto et al., 2007; Li et al, 2010; Dewhirst
et al 2010; Ribeiro et al 2011).

In spite of the disseminated use of broad range molecular methods for
bacterial identification and detection, and the high intraindividual variation in the
microbial composition of endodontic samples, studies using cloned libraries
analysis of endodontic microbiota usually evaluated a low number of samples, in
symptomatic primary infection. Therefore, the aim of this study was to investigate
the bacterial diversity of root canals with acute apical abscess.

METHODS
Patient Selection and Clinical Examination

Samples were collected from 10 patients who attended the Piracicaba
Dental School, State University of Campinas (UNICAMP), for endodontic treatment
due to spontaneous pain associated with root canal infections. The local human
volunteers’ research and ethics committee approved the study, and all patients
signed an informed consent form.

The selection of patients was determined by their dental records as well
as by clinical and radiographic examinations. Pulp necrosis, spontaneous pain,
periapical lesion, and tenderness to percussion in the examined tooth were the
inclusion criteria. The exclusion criteria comprised those patients who had received
antibiotic therapy in the last 3 months, and/or presented pathology associated with
periodontal disease.

Sampling Procedures

Root canals were sampled as previously described by Gomes et al.
(2004) and Jacinto et al. (2007). Aseptic techniques were used throughout the
endodontic sample acquisition. The sampling process was performed as follows:
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dental caries and existing restorations were removed without exposing the canals;
the tooth was isolated from the oral cavity with a rubber dam; the operatory field
was then disinfected with 30% hydrogen peroxide followed by 2.5% sodium
hypochlorite, which was inactivated with 5% sodium thiosulfate; and the root canals
were exposed by using sterile burs under manual irrigation with sterile saline
solution.

Sampling included only one root canal for each tooth. If the tooth was
multi-rooted, either the largest canal in the root or the one with the periradicular
radiolucency was sampled in order to confine the microbial evaluation to a single
environmental site. A sterile paper point was introduced into the full length of the
root canal, as determined in a preoperative radiograph, and kept in place for 60
seconds. In the case of a dry root canal, a second paper point, moistened in sterile
saline solution, was used to ensure adequate sample acquisition. In the case of a
wet root canal, as many paper points as needed were used to absorb all fluid
inside the canal. The paper points were immediately transferred to a test tube
containing 1 mL of Viability Medium Goteborg Anaerobic Il (VMGA lI).

DNA Extraction and Universal Amplification by PCR

Tubes containing the samples were shaken during 60 seconds and then
300uL of the transport medium were used to perform DNA extraction with QlAamp
DNA Minikit (Qiagen, Valencia, CA, USA), according to the manufacturer’s
instructions.

The universal amplification of 16S rRNA gene was performed by means
of polymerase chain reaction (PCR), in a total volume of 50uL containing: 5uL of
template DNA, 5uL of 10X PCR buffer, 1.5uL of 25 mmol/L MgCly, 4.0puL of dNTP
solutions (25 mmol/L each), 1uL of 25 pmol forward universal primer (D88 - &’
GAGAGTTTGATYMTGGCTCAG 3’) and reverse universal primer (E94 - 5
GAAGGAGGTGWTCCARCCGCA 3’), 0.5uL of 5U/mL of platinum Taq
polymerase, and sterile distilled water to 50ul final volume (Paster et al., 2001).
The reagents were synthesized and provided by Invitrogen (Carlsbad, CA, USA).
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Genomic DNA of P. gingivalis (ATCC 33277) and sterile distilled water were used
as positive and negative controls, respectively. The reaction was performed in a
DNA thermocycler (GenePro Bioer, China) adjusted to initial denaturation step at
94°C for 4 minutes, followed by 30 cycles at 94°C for 45 seconds, 60°C for 45
seconds, 72°C for 90 seconds, and a final step at 72°C for 15 minutes.

Three independent PCR reactions were performed for each sample. The
1500-bp fragments were revealed after electrophoresis in 1% agarose gel, stained
with 0.5uL/ml ethidium bromide and purified by using the kit QIAquick Gel
Extraction (Qiagen, North Rhine-Westphalia, Germany) according to the

manufacturer’s instructions.

Clonal Analysis and 16S rRNA Sequencing

The 16S rRNA gene products were ligated into the pCR2.1-TOPO
vector (TOPO TA Cloning Kit - Invitrogen, Carlsbad, California, USA) and inserted
into electrocompetent DH5a Escherichia coli by means of electroporation
(MicroPulser, Bio-Rad Laboratories, Hercules, California, USA). The transformed
cells were plated onto Luria-Bertani agar plates supplemented with ampicillin
(100mg/ml) and X-Gal (Promega), and then incubated overnight. Ninety-six white
colonies per sample were randomly selected, suspended in 40uL of 10 mmol/L
Tris-EDTA, and used as template (5uL) to determine the correct sizes of the inserts
by PCR. Amplification reaction was performed with M13 forward (5
GTAAAACGACGGCCAG 3’) and M13 reverse (5° CAGGAAACAGCTATGAC 3’)
primers. The cycling conditions comprised an initial denaturation at 94°C for 10
minutes and included 30 cycles at 94°C for 45 seconds, 60°C for 45 seconds, and
72°C for 90 seconds, followed by a final extension at 72°C for 10 minutes. The
PCR products (approximately 1,500 bp) were submitted to electrophoresis in 1%
agarose gel and purified with GTX PCR DNA Purification kit (GE Healthcare,
Buckinghamshire, UK) before sequencing.

The concentrations of purified PCR products were verified by
electrophoresis in 2% agarose gel by using Low Mass DNA Ladder. The purified

29



PCR products at concentration of approximately 40ng/uL were sequenced by using
the ABI 3730 DNA Analyzer, with the BigDye Terminator Cycle Sequencing Kit
(Applied Biosystems, California, EUA) using primer 533R (5
TKACCGCGGCTGCTG 3’) (Ribeiro et al., 2011).

Data Analysis

Sequences with more than four ambiguous characters were discarded.
Sequences of approximately 500-700 bases were obtained from each amplicon,
and the identity/approximate phylogenetic position was obtained by comparison
with 16S rRNA gene sequences from the GenBank database
(www.ncbi.nlmnih.gov) through the basic local alignment search tool (BLAST)
algorithm considering a 98% similarity level.

Bionumerics software (Applied Maths, Saint-Martens-Latem, Belgium)
was used for data entry, editing, sequence alignment, structure comparison,
secondary structure comparison, similarity matrix generation, and phylogenetic tree
construction. The similarity matrices were corrected for multiple base changes at a
single position by the method of Jukes and Cantor. Phylogenetic trees were
constructed by using the un-weighted pair group method with arithmetic mean
(UPGMA) method (Ribeiro et al., 2011).

RESULTS

A total of 799 cloned 16S rRNA fragments were sequenced. Sequences
with more than 4 ambiguous characters or fragment shorter than 500 bp length
were discarded, resulting in 689 appropriate sequences, which were used for
phylogenetic analysis.

The number of clones analyzed in each case ranged from 55 to 86,
depending on the fragment sequence quality. Considering the microbiota
recovered in each case, it was estimated the proportion of each phylotype
identified. Most of the species and phylotypes identified in this study represented

30


http://www.ncbi.nlmnih.gov/

less than 10% of the total microbiota recovered in each sample. However, some
species comprised more than 30% of the microbiota per sample.

The mean number of bacterial taxa per canal ranged from 11 to 21, with
the majority of them being anaerobic Gram-negative bacteria. The phylogenetic
tree, constructed based on the 16S rRNA gene sequence comparison of 1,500
aligned bases (Jukes and Cantor method), is shown in Figure 1.

Prevotella oris represented more than 10% of the total microbiota, and
was recovered in Cases 4 and 5. The other species of this genus represented less
than 10%. Phocaeicola abscessus represented more than 30% of the microbiota
recovered in Case 10. Moreover, species recovered in only one sample, such as
Exiguobacterium  mexicanum, Enterococcus faecalis and Streptococcus
intermedius, were found in high proportion (over 30%) in these samples. Veilonella
parvula, Micrococcus flavus, Acinetobacter Iwoffi and Paracoccus sp. represented
more than 10% of the microbiota of the samples that were positive for these
species (Figure 1).

The most detected taxa belonged to the phylum Firmicutes (43.5% of
the identified taxas), detected in all 10 samples, followed by phylum Bacteroidetes
(22.5%), detected in 9 samples. The phylum Fusobacteria represented only 3.9%
of the identified taxas, however it was present in 7 samples. The phylum
Proteobacteria (13.2%) was detected in 5 samples, Actinobacteria (6.5%) in 4
samples, Synergistetes (5.2%) and Spirochaetes (3.9%) in 2 samples, and
Deinococcus-Thermus (1.3%) in 1 sample. There was no case harboring all the
eight detected phyla. It was observed a high inter-subject variability. For example,
case 6 presented only Firmicutes and Bacteroidetes, in a total of 11 phylotypes,
whereas case 8 presented Firmicutes, Bacteroidetes, Proteobacteria,
Fusobacteria, Spirochaetes and Synergistetes, in a total of 21 different phylotypes.

Seventy-six phylotypes were identified in this study, of which 47
(61.84%) were different species and 29 (38.15%) were taxas reported as-yet-
unculturable or uncharacterized species. Forty-three phylotypes were present in
only one sample.
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Figure 1 - Phylogenetic tree based on 16S rRNA gene sequence (1500bp). Scale bar
represents percentage sequence similarity. The column of boxes represents the
bacterial profile of each patient (n=10), and proportion is indicated by the following
colours: white (absence), green (<10%), blue (10%-30%) and red (>30%).



Species from genus Prevotella, including P. baroniae, P. buccae, P.
denticola, P. intermedia, P. loescheii, P. maculosa, P. marshii, P. oris and P.
oulorum were detected in 9 out of the 10 samples studied. Fusobacterium
nucleatum, Filifactor alocis and Peptostreptococcus stomatis were the most
frequently detected species (6/10 canals), followed by Dialister invisus,
Phocaeicola abscessus, Eubacterium spp., the uncharacterized Lachnospiraceae
oral clone (5/10 canals), Porphyromonas spp. and Parvimonas micra (4/10 canals).
Figure 2 shows the number of cases where the most frequently bacteria were

detected.
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Figure 2 — Number of cases presenting the most frequently bacteria identified

DISCUSSION

The results of this study showed that the microbiota of root canals of
teeth with primary endodontic infection and periapical abscess is polymicrobial and
dominated by anaerobic Gram-negative bacteria. A significant number of Gram-
positives have also being detected such as Parvimonas micra, Pseudoramibacter
alactolyticus, Peptostreptococcus stomatis and Eubacterium spp. The number of
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different species identified in each sample ranged from 11 to 21, whereas culture-
depending methods showed an average of 5-7 species per case (Gomes et al.,
2004; Munson et al., 2002; Siqueira et al., 2007).

Bacterial profiles of endodontic infections varied from individual to
individual. No species was present in all samples, and the number of patients
analyzed allowed the observation of a bacterial diversity higher than that reported
by other studies (Munson et al., 2002, Sakamoto et al., 2006; Jacinto et al., 2007).
This indicates that primary endodontic infection has a heterogeneous etiology,
where no single species can be considered as the main endodontic pathogen.
Multiple bacterial combinations play a role in disease etiology, acting synergistically
and increasing their virulence, which leads to further damage to the host (Siqueira
et al., 2001; Jacinto et al., 2003; Gomes et al., 2004; Jacinto et al., 2007; Vianna
et al., 2008; Montagner et al., 2010; Martinho et al., 2011). As-yet-unknown
species are also present in disease infections, which give rise to new concepts in
the pathogenesis of several human infections and redirect the therapeutic
strategies. Our results showed uncultured bacteria in 8 cases.

Specific oral bacteria, some of them detected in this study, such as
Solobacterium moorei, Phocaeicola abscessus, Porphyromonas gingivalis,
Treponema denticola and Tannerella forsythia have been related to several
systemic diseases including bacterial endocarditis, aspiration pneumonia,
osteomyelitis, brain abscess, pre-term low birth weight, cardiovascular disease,
and obesity (AAS et al., 2005; Detry et al., 2006; Goodson et al., 2009; Al-Masalma
et al., 2009), thus emphasizing the importance of the accurate microbial
identification.

Culture is not representative of the composition of a microbial
community, especially for fastidious and as-yet-uncultivable species. The greatest
advantage of open-ended molecular approaches of 16S rRNA analysis, such as
cloning and sequencing of PCR products from polymicrobial infections, is the
possibility of predicting the general micro-flora involving fastidious, slow-growing or
not-yet-cultivable bacteria, without searching for target species only. Usually, the
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initial 500-bp sequence of 16S rRNA gene provides adequate differentiation and is
sufficient for identification of clinical isolates (Clarridge, 2004; Turnbaugh et al.,
2007).

Cloning and sequencing do not indicate bacterial viability, which is
available by assays directed towards the detection of mMRNA through RT-PCR.
Although there is a possibility of detecting DNA from dead cells in endodontic
infections, this possibility is conceivably low. It is highly unlikely that free bacterial
DNA can remain intact in an environment colonized by living microorganisms.
Dnases released by some living species as well as at cell death can degrade free
DNA in the environment (Siqueira & Rocas, 2005). Furthermore, designing primers
to generate large amplicons may reduce the risks of the detection of dead cells.
Thus, the species detected here probably represent endodontic pathogens that
play an important role in the acute infection studied.

Bacteria detected in this research were distributed into 8 phyla:
Firmicutes,  Bacteroidetes,  Proteobacteria,  Actinobacteria, = Synergistetes,
Fusobacteria, Spirochaetes and Deinococcus. These data are in agreement with
those provided by human microbiome, periodontal and endodontic infection studies
(Paster et al., 2001; Siqueira et al. 2005; Vickerman et al., 2007; Dewhirst et al.,
2010; Ribeiro et al., 2011).

Deinococcus sp, detected in only 1 sample, belongs to the phylum
Deinococcus-Thermus. 1t was previously known to exist only in extreme
environments and animal feces, until it was recently identified in human stomach
and endodontic infection (Li et al., 2010).

Synergistetes is a recent described phylum that includes Flexistipes-like
sp. and Deferribacteres sp., being previously misclassified as belonging to the
phylum Deferribacteres (Siqueira & Rogas, 2009; Dewhirst et al., 2010), and
reported as important components of endodontic infection (Siqueira et al., 2005;
Jacinto et al., 2007; Vianna et al., 2007). However, Synergistetes were not
detected by Vickerman et al. (2007) and Saito et al. (2006).
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Some important named bacterial species frequently detected in the
present study had already been found in endodontic infections by culture-
depending and molecular approaches, such as Fusobacterium nucleatum, Dialister
spp., Prevotella spp., Porphyromonas spp., Filifactor alocis, and Streptococcus
spp., confirming their status of endodontic pathogens (Baumgartner et al., 2003;
Gomes et al., 2004; Sakamoto et al., 2006; Chugal et al., 2011). However, our
results disagree with those reported by Munson et al. (2002), Rolph et al. (2001),
Saito et al. (2006), who did not find F. nucleatum, P. micra and Porphyromonas
spp. by clonal analysis.

The presence of Gram-negatives is important, regarding to both host
inflammatory response and clinical significance, due to the presence of endotoxins
(lipopolysaccharide; LPS), which are cell envelope constituents and can be secreted
from cell vesicles. LPS has many biological activities, including fever induction,
cytotoxicity, fibrinolysis, and stimulation of the production of bradykinin, a potent pain
mediator. Clinical investigations had elucidated the strong correlation between
higher levels of endotoxins in root canals with spontaneous pain and clinical
symptomatology such as pain on palpation, tenderness to percussion, and
exudation (Horiba et al., 1991; Jacinto et al., 2005; Martinho & Gomes, 2008).

Prevotella oris and Prevotella baroniae, newly named species, are some
of the most prevalent Prevotella species in endodontic infection (Rogas & Siqueira,
2009). Porphyromonas gingivalis associated with Tannerella forsythia and
Treponema denticola form the so-called red-complex, which is significantly
associated with periodontal disease severity and endodontic infection (Gomes et
al., 2007; Siqueira et al., 2008). Although T. forsythia and T. denticola were
detected in Case 8, P. gingivalis was not detected in any of the root canals
investigated.

Dialister spp. and Filifactor alocis, species difficult to be identified by
biochemical methods, and Fusobacterium nucleatum, species frequently
associated with symptomatology (Siqueira & Rocgas, 2003; Saito et al., 2006;
Jacinto et al., 2007), were detected in 50% of the root canals. Dialister spp. are

36



extremely small (0.4um) and it is interesting to speculate whether these organisms
would be able to penetrate dentinal tubules (Munson et al., 2002).

The occurrence of Spirochaetes in endodontic infection has long been
obscured by the difficulties in culturing these microorganisms (Siqueira et al.,
2005). Nowadays, molecular approaches revealed a higher prevalence of oral
Treponemas, which are abundant in subgingival samples of periodontitis patients
(Paster et al., 2001; Dewhirst et al., 2010). In our results, Treponemas were found
in only 2 samples and our patients were free of periodontitis, suggesting the
absence of cross-contamination from periodontal pockets, which is in agreement
with Ribeiro et al 2011.

Phocaeicola abscessus is a Gram-negative coccobacilli bacteria, strictly
anaerobic, asaccharolytic, non-pigmented, non-spore-forming and motile, member
of the phylum Bacteroidetes. This species was isolated from brain abscess,
described by Al-Masalma et al. (2009), and was detected in 50% of our samples,
corresponding to more than 30% of the microbiota recovered in case 10, more than
10% in case 2, 8 and 9. No previous study reported this species in endodontic
infection, although it is very similar (99% of similarity) to sequences of previously
described uncultured bacteria (GenBank access number AF481203 and
AY005066) from endodontic infections (Al-Masalma et al., 2009).

We have also detected a great number of Gram-positive bacteria, such as
Parvimonas micra, Peptostreptococcus stomatis, Pseudoramibacter alactolyticus,
and Eubacterium spp. Their cell walls contain peptidoglycans and lipoteichoic acid,
which are also capable of influencing inflammatory reactions and enhancing the
pathogenicity of anaerobic Gram-negatives, mainly the black-pigmented ones
(Jacinto et al., 2003; Gomes et al., 2004).

Enterococcus faecalis, facultative gram-positive cocci, widely associated
with failed endodontic treatment (Gomes et al., 2008; Subramanian & Mickel
2009), has also been detected in primary endodontic infection (Gomes et al., 2006;
Jacinto et al., 2007). However, in the present study, this species was detected in

only 1 sample.
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Shuttleworthia  satelles, Catonella morbi, Acinetobacter Iwoffi,
Micrococcus flavus and Exiguobacterium mexicanum, species that have been
recently associated with endodontic infection by molecular methods, were also
detected here despite their low frequency (Downes et al., 2002; Munson et al.
2002; Siqueira & Rocas, 2006; Jacinto et al., 2007; Ribeiro et al., 2011).

It has become clear from diverse studies using different microbiological
techniques that microbial specificity in the etiology of apical periodontitis is
relatively low. However, the fact that some species are more prevalent than others
may be indicative that they are also more significant when it comes to endodontic
infection and periapical lesions. Although there is the possibility that some species
present in endodontic infections are mere bystanders, it is by and large recognized
that some of the species can play at least an ecological role in the community. As a
consequence, their participation in the disease process cannot be refuted (Siqueira
& Rocas, 2006; Jacinto et al., 2007).

In conclusion, the clonal analysis of acute primary endodontic infections
revealed a wide diversity of species infecting the root canals. It was detected not
only species usually isolated in culture studies but also species that are difficult to
culture and that have been proven to be endodontic pathogens by reports
employing molecular approaches. However, the specific role played by each of
these species in the endodontic bacterial community awaits further clarification.
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4 - CAPITULO 3

Comparison between biochemical and molecular identification of bacteria
isolated by culture from infected root canal with acute apical abscesses
Noébrega LMM, Montagner F, Ribeiro AC, Mayer MAP, Gomes BPFA

ABSTRACT

Culture and biochemical methods for microbial identification, frequently used in
clinical laboratory, require the recognition of differences in morphology, growth
requirements, enzymatic activity, and metabolism to define genera and species.
Different from the phenotypic methods, the 16S rRNA sequencing allows a better
identification of microorganisms and overcome some limitations of conventional
biochemical bacterial identification. The aim of this present study was to compare the
identification of cultivable bacteria by biochemical tests (phenotypic method) and by
16S rRNA gene sequencing (genotypic method). Two hundred twenty strains isolated
by microbiological culture and identified phenotypically by means of biochemical
methods were submitted to DNA extraction and amplification of the 16S rRNA gene
(PCR), followed by sequencing. The nucleotides sequences obtained were compared
to those from gene bank of the National Center of Biotechnology Information through
the BLAST. Sequencing allowed the identification of 97% of isolates (215/220) against
70,5% (155/220) identified biochemically. Thirty-four different species were identified
by biochemical methods and 57 by sequencing. Strains not identified biochemically
were characterized in 97% (63/65) by sequencing. There was an agreement of 49%
between the biochemical and 16S rRNA gene sequencing identification, 27.7% at
genus level and 21.3% at specie level. There was a statistically significant agreement
between the methods in the identification of Prevotella buccae, Parvimonas micra,
Fusobacterium nucleatum and Propionibacterium acnes. It was concluded that 16S
rRNA sequencing can offer a more consistently reliable and accurate method for
bacterial identification, allowing the characterization of biochemically unidentified
strains.
Key-words: Bacterial identification, Biochemical methods, 16S rRNA Sequencing,
Endodontic Microbiota, Acute Apical Abscess
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INTRODUCTION

Traditionally, cultivable bacteria isolated from infected root canal have
been identified by phenotype-based methods. These tests have been miniaturized
and semiautomated, leading to major progress in diagnostic accuracy (Bosshard et
al., 2004), and include growth requirements, isolation, colony morphologies, Gram
stain results, enzymatic and/or metabolic activities (Gomes et al., 1994). However,
these characteristics are not static and can change with stress or evolution (Shah e
Gharbia, 1993; Petti et al., 2005; Vianna et al. 2005; 2008). Thus, biochemical
methods have limitations such as: identification of bacteria presenting a atypical
phenotypes, not all strains within a given species may exhibit a common
characteristic; when unusual microorganisms are not present in reference
databases of biochemical kits, or when databases are out of date. Technologist
bias or inexperience may lead to errors on the results interpretation due to the
subjective judgment and personnel’s expertise (Alexander et al., 1997; Dahlén,
2002; Bosshard et al., 2004; Weile e Knabbe, 2009; Schirrmeister et al., 2009;
Ferreira et al., 2012).

Small alterations in the execution of an assay may give false test
results, consequently, identification based on phenotypic tests does not always
allow an unequivocal identification. In some circumstances, even the successful
culturing of the given microorganism does not necessary means that it can be
correctly identified and on this way bacteria can be misidentified (Petti et al., 2005;
Siqueira & Rocgas, 2005a; 2009b; Schirrmeister et al., 2009; Yang et al., 2010;
Ferreira et al, 2012). Molecular approaches can sidestep many of these
limitations. Among them, the16S rRNA phylogenetic methodology has emerged as
a more objective, accurate, and reliable tool for identifying bacterial isolates and for
diagnosing microbial infections, widening the scope of detectable microorganisms
(Bosshard et al., 2004; Sakamoto et al., 2006; Vickerman et al, 2007;
Schirrmeister et al., 2009).

Different from the phenotypic methods the 16S rRNA gene sequencing
allows a better identification of bacteria and provides unambiguous data for rare
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isolates or poorly described, and phenotypically aberrant species (Petti et al., 2005;
Sakamoto et al., 2006; Siqueira et al., 2007, Ferreira et al., 2012). Full or partial
16S rRNA gene sequencing methods have emerged as useful tools for identifying
because this gene has sufficient conserved regions to accurate alignment, and
variation sufficient to phylogenetic analysis. Usually, the initial 500-bp sequence of
16S rRNA gene provides adequate differentiation and is sufficient for identification
of clinical isolates (Chan e McLaughlin, 2000; Siqueira et al., 2001a; Patel, 2001;
Clarridge, 2004; Turnbaugh et al., 2007).

Ferreira et al (2012) suggest that DNA analysis is the preferential
method for microorganism identification because of its high specificity and
sensitivity. Some strains that are not identified at the species level or are identified
erroneously by conventional phenotypic tests can be identified correctly by
genotypic techniques.

Acute apical abscesses (AAA), one the most frequently treated
conditions in endodontic emergency procedures, result from the extension of the
infection initially, present within the root canal system, into the periradicular area
(Brook et al., 1981). The establishment of an AAA depends on the presence of a
highly virulent infection in the root canal that overcomes the body's defense system
(Torabinejad, 1994). If untreated, the infection might progress to cause further
tissue damage and accumulation of purulence, resulting in severe pain and
swelling, resulting in a possible source of serious orofacial infection and life-
threatening conditions (Siqueira & Rogas, 2009b; Montagner et al., 2010; Yang et
al., 2010).

Microorganisms growing on culture plates may exist in higher number in
root canals among those that are cultivable, and their number and virulence are
directly related to the disease, therefore it would be important to identify, correctly,
such microorganisms present in the root canals with acute endodontic disease.
There is no research in the endodontic literature comparing the biochemical
identification with the 16S rRNA gene sequencing of the bacteria isolated by

culture from root canals associated with AAA. The aim of this present study was to
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compare the identification of cultivable bacteria by biochemical tests (phenotypic
method) and by 16S rRNA gene sequencing (genotypic method).

MATERIAL AND METHODS

Samples were collected from 20 patients who attended the Piracicaba
Dental School, State University of Campinas (UNICAMP), for endodontic treatment
due to spontaneous pain associated with root canal infections. The local Human
Volunteers Research and Ethics Committee approved the study, and all patients

signed an informed consent form.

Patient selection and clinical examination

The selection of patients was determined by their dental records as well
as clinical and radiographic examination. Inclusion criteria involved report of pulp
necrosis, spontaneous pain, periapical lesion and pain to percussion in the
examined tooth. In addition, patients who had not received antibiotic therapy in the
last 4 months, excluding pathology associated with periodontal disease, were

selected for this study.

Root Canal Sampling and Biochemical identification

Root canal sampling and culturing methods for microbial isolation and
identification were performed as described previously by Montagner et al. (2010)
and Gomes et al. (2004; 2011).

Dental caries and existing restorations were removed without exposure
of the canals. The tooth was isolated from the oral cavity with a rubber dam. The
operative field was disinfected with 30% hydrogen peroxide, followed by 2.5%
sodium hypochlorite, which was inactivated with 5% sodium thiosulphate. The root
canals were exposed by using sterile burs under manual irrigation with sterile
saline solution. Samples were taken from both external tooth surface and operative
field after disinfection to guarantee the absence of contaminants. No positive
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growth should be observed for these two samples. If so, the respective root canal
sample was immediately excluded from the study.

If the tooth was multi-rooted, either the largest canal in the root or the
one with periradicular radiolucency was sampled to confine the microbial
evaluation to a single environmental site. A sterile paper point was introduced into
the full length of the root canal as determined in a preoperative radiograph and
then kept in place for 60 seconds. In the case of a dry root canal, a second paper
point moistened in sterile saline solution was used to ensure adequate sample
acquisition. In the case of a wet root canal, as many paper points as needed were
used to absorb all the fluid inside the canal. Next, the paper points were
immediately transferred to a test tube containing 1 ml of VMGA 1.

In the anaerobic chamber, the endodontic samples were serially diluted
10 times in tubes containing Fastidious Anaerobe Broth (FAB, Laboratory M, Bury,
UK). A 50-ul sample of each serial dilution as well as of the undiluted sample were
plated onto fastidious anaerobe agar (FAA, Laboratory M) with 5% defibrinated
sheep blood and containing 1 ml/l of haemin and 1 ml/l of vitamin K1. Bacterial
plates were incubated at 37°C under anaerobic conditions (10% CO», 10% H», and
80% N) for up to 14 days. Samples were also plated onto brain heart infusion
(BHI) agar with 5% sheep blood (Oxoid, Basingstoke, UK) to allow growth of
aerobic and facultative anaerobic microorganisms. The BHI plates were aerobically
incubated at 37°C for 2 days.

From each bacterial plate, representative colonies of each morphologic
type were cultured. Pure cultures were initially characterized according to their
gaseous requirements, Gram-stain characteristic, and ability to produce catalysis.
The purity of isolates was determined by macroscopic examination of colonies and
microscopic examination of bacteria after Gram-staining. Then, the following
identification kits were used for primary specification of individual isolates: Rapid ID
32 A (Bio Merieux, Marcy-I'Etoile, France) for strict anaerobes; API Staph (Bio
Merieux, Marcy-I'Etoile, France) for staphylococci; Api Strep (Bio Merieux, Marcy-

I'Etoile, France) for streptococci, and Rapid NH System (Innovative Diagnostic
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Systems Inc., Atlanta, GA, USA) for Neisseria, Haemophilus, Eikenella and
Actinobacillus.

Complementary tests were also used to ensure the identification of
bacteria from the genera Prevotella and Porphyromonas: Fluorescence under long-
wave (366nM) UV light — Black-Ray lamp, model UVL-56 (UVP Inc, San Gabriel
CA); Lactose fermentation by application of fluorogenic substrate 4-
methylumbelliferyl-pB-galactoside (Sigma Chemical Co. St Louis, MO — M-1633);
and trypsin-like activity by applying synthetic fluorogenic peptide L-arginin-7-amino-
4-methylocoumarin amido-HCI.

16S rRNA Sequencing

The DNA of each previously isolated bacteria, which were stored at -
80°C, was extracted by using QIAamp DNA Minikit (Qiagen, Valencia, CA, USA)
according to the manufacturer's instructions. After extraction, the universal
amplification by Polymerase Chain Reaction (PCR) was performed in a total
volume of 50uL containing: 5L of template DNA, 5uL of 10X PCR buffer, 1.5uL of
25 mmol/L MgCly, 4.0uL of DNTP solutions (25 mmol/L each), 1uL of 25 pmol
forward and universal primer (D88 - 5 GAGAGTTTGATYMTGGCTCAG 3’) and
reverse universal primer (E94 - 5 GAAGGAGGTGWTCCARCCGCA 3’), 0.5uL of
5U/mL Platinum Taq Polymerase and 32 L of sterile distilled water (Paster et al.,
2001). The reagents were synthesized and provided by Invitrogen (Carlsbad, CA,
USA). Genomic DNA of P. gingivalis (ATCC 33277) and sterile distilled water were
used as positive and negative controls, respectively. The reaction was performed
in a DNA thermocycler (GenePro, Bioer-Technology, Hangzhou, China) adjusted to
initial denaturation step at 94°C for 4 minutes followed by 30 cycles at 94°C for 45
seconds (denaturation), 60°C for 45 seconds (annealing), 72°C for 90 seconds
(extension), and a final extension step at 72°C for 15 minutes.

Two independent PCRs were performed for each sample and the PCR
products were submitted to electrophoresis in 1% agarose gel stained with
0.5ul/ml ethidium bromide using 1kb DNA ladder as molecular size marker.
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Positive reactions were determined by the presence of bands of appropriate size
(1500 base pair) and then the PCR products were purified by using QlAquick Gel
Extraction (Qiagen, Hiden, Germany).

Purified PCR products were sequenced by using the ABI 3730 DNA
Analyzer, with the BigDye Terminator Cycle Sequencing Kit (Applied Biosystems,
California, EUA) using primer 533R (5 TKACCGCGGCTGCTG 3’). Sequences of
approximately 600 bases were obtained, inspected and edited using the software
BioEdit (www.mbio.ncsu.edu/BioEdit/bioedit.html), and the identity/approximate
phylogenetic position was obtained by comparison with 16S rRNA gene sequences
of the GenBank database from National Center of Biotechnology Information

(www.ncbi.nlmnih.gov) through the basic local alignment search tool (BLAST).

Sequences with more than 4 ambiguous characters or shorter than 500
bases were discarded, and it was considered at least 98% similarity level (Ribeiro
etal., 2011).

Statistical Analysis

The statistical analysis were performed by using SPSS for Windows
(SPSS, Chicago,IL, USA). The Pearson chi-square or Fisher exact tests was
chosen to determine whether there were significant agreement between
biochemical and molecular identification. The significant level was set at 5%.

RESULTS

From a total of 220 bacteria isolated by culture, 155 strains were
identified by biochemical tests and 215 by 16S rRNA gene sequencing. Sixty-five
strains were no identified biochemically, however the 16S rRNA sequencing
allowed the identification of 63 strains (97%). There was an agreement of 49% (76
strains) between these 2 methods of identification, 27.7% at genus level (43/155)
and 21.3% at specie level (33/155). Seventy-nine samples showed different
identification comparing biochemical and molecular methods (Grafic 1).
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There was a significant agreement between the methods in the
identification of Prevotella buccae, Parvimonas micra, Fusobacterium nucleatum
and Propionibacterium acnes (p<0.05; OR=2.500; IC=1.170-5.341).

Thirty-four different species were identified by biochemical methods and
57 by sequencing. Samples not identified by the biochemical tests (65/220), were
present in 17 cases and included: Pseudoramibacter alactolyticus, Prevotella spp,
Dialister spp, Campylobacter spp, Olsenella spp., Porphyromonas gingivalis and
others.
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40 7 79 Same Genus
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20
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Graphic 1 — Number of samples with agreement and disagreement
between biochemical identification and 16S rRNA sequencing.

Five strains not identified biochemically remained uncharacterized after
sequencing because the sequence obtained were not adequate. They presented
many ambiguous characters or a sequence length too short for comparison with
those in the GenBank. Three of them were identified biochemically as Parvimonas
micra, Staphilococcus epidermides and Neisseria sp., and the other 2 strains were
also not identified biochemically.

The most frequently identified bacteria by biochemical tests were: Prevotella
spp. (16/20), Parvimonas micra (10/20), Gemella morbilorum (7/20), Bacteroides
ureolyticus (4/20), Finegoldia magna (4/20) e Fusobacterium spp. (4/20); and by
sequencing: Prevotella spp. (16/10), Pseudoramibacter alactolyticus (9/20),
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Parvimonas micra (6/20), Dialister invisus (6/20), Filifactor alocis (4/20),
Peptostreptococcus stomatis (4/20) (Graphic 4).

The identification by biochemical methods of some species such as Gemella
morbilorum, Clostridium spp., Finegoldia magna, Bacteroides ureolyticus,
Eggherthella lenta and Anaerococcus prevotii were not confirmed by 16S rRNA
sequencing, probably due to the misidentification of the biochemical methods.
Some important endodontic pathogens such as Dialister invisus, Dialister
pneumosintes, Filifactor alocis, Slackia exigua, Atopobium rimae and Olsenella uli
could only be characterized by 16S rRNA sequencing.

Prevotella buccae

Parvimonas micra
Prevotella oralis

Propionibacterium acnes |
Porphyromonas gingivalis |
Staphylococcus epidermides

Fusobacterium nucleatum

Fusobacterium necrophorum
Pseudoramibacter alactolyticus i [ [ [
Prevotella nigrescens i [ 1

Dialisterinvisus | !
Gemella morbillorum
Prevotella disciens :l
Prevotella intermedia
Filifactor alocis _'I [
Peptostreptococcus stomatis d | 16SrRNA Sequencing
Prevotella tannerae |y B Biochemical Tests
Anaerococcus prevotii
Bacteroides ureolyticus
Finegoldia magna
Eggherthella lenta
Clostridium botulinum

Olsenella uli

)
Prevotellasp |y
—

Campylobacter rectus
Solobacterium moorei d
Campylobacter gracilis J
Dialister pneumosintes d

Pyramidobacter piscolens J

Prevotella baroniae )
Eubacterium limosum
Actinomyces meyeri J

Figure 2 — Bacteria most frequently identified by 16S rRNA sequencing

and biochemical methods.



DISCUSSION

Different microbial results might occur between laboratories in different
countries. However, such differences clearly could reflect a different prevalence of
species rather than different sampling or laboratory technique. The use of commercial
kits for investigation supplemented by additional tests avoids many of the problems
that give rise to inter-laboratory variation, non-standard conditions, and reagents.
They also represent a reproducible and consistent analytic system available to
relatively non-specialist laboratories, thus making endodontic microbial analysis more
widely accessible. However, if they allow a wide range of microorganisms to be
identified, such identification is dependent on continuous update of the kit's database,
and other limitations do not allow an accurate bacterial identification (Gomes et al.,
1994; Petti et al, 2005).

Conventional automated identification systems often rely on
interpretations of a Gram stain morphology (e.i., RaplD ANA) or oxidase result (e.g.,
Biolog) for selecting the correct reference database and seemingly simple
biochemical or Gram reactions are not unquestionably foolproof and may lead to
inappropriate use of comparative databases (Drancourt et al, 2000; Petti et al.,
2005). Similar characteristics among some species isolated from human oral
cavities, including colony morphology, Gram stain morphology, and fermentation
patterns, represent limitations that not provide an accurate identifications of some
strains (Alexander et al., 1997; Bosshard et al., 2004). Such exhaustive phenotypic
testing potentially delays turnaround time without the added benefit of accuracy.

The rapid result from the microbiology laboratory is an interesting
possibility of providing clinicians with a useful identification of infectious agents
early enough to influence decisions about the diagnosis and initial treatment of the
patient from whom the specimen was taken (Bascomb & Manafi, 1998).

16S rRNA sequencing approach was first proposed to identify
uncultured bacteria, but it has also been recently used for identification of cultivable
bacteria that shows atypical phenotypic behavior and cannot be accurately
identified biochemically (Siqueira & Rogas, 2005). The sequencing method used in
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the present research required a DNA extracted from a pure culture, so the 5 strains
that remained unidentified after sequencing was probably because they were not in
a pure culture.

Our methodology enabled the isolation of 220 strains and the
identification of 70,5% of isolated strains by biochemical methods and 97% by 16S
rRNA sequencing. This result improves our knowledge on the primary endodontic
infection and shows the limitations of biochemical identification methods,
corroborating with the findings of Drancourt et al. (2000): conventional identification
failed to produce accurate results in 76 isolates (58.7%), Gram staining in 16
isolates (11.6%), Gram-morphology, oxidase and catalase activity determination in
five isolates (3.6%) and growth requirement determination in two isolates (1.5%).
They reported that the overall performance of 16S rRNA sequence analysis was
excellent and succeeded in identification of phenotypically unidentifiable bacterial
isolates, what happened in this present research, where 63 out of 65 unindentified
phenotypically isolates were identified by sequencing.

Petti et al. (2005) reported that 3 strains isolated from patients with
endocarditis, and identified by conventional methods as Facklamia sp.,
Eubacterium tenue, and a Bifidobacterium sp., were identified as Enterococcus
faecalis, Cardiobacterium valvarum and Streptococcus mutans, respectively by
16S rRNA gene sequencing.

In our results, there was an agreement of 49% (76 strains) between
these 2 methods of identification, 27.7% at genus level (43/155) and 21.3% at
specie level (33/155). Seventy-nine samples showed different identification
comparing biochemical and molecular methods. Bosshard et al (2004), showing a
similar result, identified phenotypically 67 (39%) isolates to the species level and
32 (19%) to the genus level. In comparison, 16S rRNA sequencing identified 138
(81%) isolates to the species level and 33 (19%) to the genus level. The
identification of 42 out of 67 isolates assigned to a species with the APl 20 Strep
system, showed disagreement with genotypically molecular analyses.
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Commercial kits are available, widely used and is generally accepted as
a reliable identification system. However our results, corroborating with other in
literature (Drancourt et al., 2000; Brosshard et al., 2004; Petti et al., 2005),
demonstrate that identification by molecular analysis is superior to biochemical
methods and should be implemented in the clinical laboratory.

Some species frequently associated with endodontic infection such as
Dialister invisus, Dialister pneumosintes, Filifactor alocis, Slackia exigua,
Atopobium rimae and Olsenella uli could only be characterized by 16S rRNA
sequencing. It is likely that many of these bacteria are hidden within culture
collection, since the strains could not be differentiated from closely related species
(Paster et al,, 2001), and on this way, the bacterial diversity is underestimated
using biochemical identification alone.

On the other hand, Prevotella spp., Fusobacterium spp.,
Porphyromonas gingivalis, Parvimonas micra, and Propionibacterium acnes,
importants endodontic pathogens, were identified biochemically as well as by
sequencing in our study (Rolph et al., 2001; Siqueira et al., 2001a; Munson et al.,
2002; Dahlén et al., 2002; Jacinto et al., 2003; Gomes et al., 2004, Viana et al.,
2005; 2008; Montagner et al., 2010). The biochemical tests applied showed a great
reliability in the identification of this species, with a statistically agreement between
the both methods.

Considering the microbiological etiology of this disease, it is important to
understand as much as possible the endodontic microbiota (Siqueira & Rocgas,
2009; Yang et al., 2010). The control or elimination of microorganisms and possible
substrate must be an objective in every endodontic case, and so there is still a place
for microbiological studies, in order to improve our prognosis and lead to the
development of rational treatment strategies. Our study highlights the need for
clinical microbiology laboratories to have molecular methods to supplement the
routine phenotypic identification of bacterial isolates, as suggested by Drancourt et
al., (2000). Molecular methods showed that endodontic microbiota was
underestimated by biochemical identification studies.
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It was concluded that 16S rRNA sequencing can offer a more
consistently reliable and accurate method for bacterial identification, allowing the

characterization of biochemically unidentified strains.
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5- CONSIDERACOES GERAIS

5.1 — DIVERSIDADE MICROBIOTA

Diante dos resultados encontrados neste estudo e do levantamento
bibliografico realizado constata-se uma expressiva diversidade da microbiota
endodéntica, caracterizada pelo predominio de bactérias anaerébias gram-
negativas e pela significativa presenca de microrganismos ainda nao cultivaveis.

Pela técnica de cultura microbiolégica foram isoladas 220 cepas, das
quais 155 foram identificadas por métodos bioquimicos, num total de 34 espécies
diferentes. Bactérias importantes para as infecgdes endodOnticas, como
Prevotellas spp., Porphyromonas gingivalis, Fusobacterium nucleatum e
Parvimonas micra, foram isoladas por métodos de cultura e identificadas
bioquimicamente. Outras espécies encontradas com frequéncia foram Gemella
morbilorum, Finegoldia magna, Eggherthella lenta, Bacteroides ureolyticus,
Anaerococcus prevotii.

Pelo sequenciamento do gene 16S rRNA, 215 cepas foram
identificadas, quase 30% a mais que a identificacdo fenotipica, totalizando 57
espécies diferentes, dentre elas Prevotella spp., Porphyromonas gingivalis
Parvimonas micra, Pseudoramibacter alactolyticus, Enterococcus faecalis,
Fusobacterium nucleatum, Streptococcus spp., Lactobacillus spp., entre outras.

Prevotella spp. e Porphyromonas spp. sdo espécies anaerdbias gram-
negativas produtoras de pigmento negro, frequentemente isoladas de infec¢des
endodonticas primarias (Jacinto et al.,, 2007). F. nucleatum, anaerdbio gram-
negativo, tem sido associada com flare-ups (Villanueva, 2002) e infeccdes
endodénticas sintomaticas (Sakamoto et al., 2006) e demonstraram causar um
aumento na patogenicidade de outros microrganismos em culturas mistas,
especialmente P. gingivalis e P. intermedia (Baumgartner et al., 1999). P. micra,
um coco anaerobio gram-positivo, tem sido associado com abscessos

odontogénicos agudos (Sousa et al., 2003; Gomes et al., 2004; 2008).
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Algumas espécies identificadas fenotipicamente nao tiveram sua
identidade confirmada pelo sequenciamento, mostrando uma limitacdo e
identificagdo errbnea do método bioquimico. Entre essas temos Gemella
morbilorum, Clostridium spp., Finegoldia magna, Bacteroides ureolyticus,
Eggherthella lenta e Anaerococcus prevotil.

Patégenos importantes e frequentemente associados com infeccoes
endodonticas foram caracterizados apenas genotipicamente. Sao espécies
bacterianas dificeis de cultivar, fastidiosas ou cepas com comportamento
fenotipico atipico, ndo podendo ser identificadas fielmente por métodos
bioquimicos, tais como Dialister invisus, Dialister pneumosintes, Filifactor alocis,
Slackia exigua, Atopobium rimae and Olsenella uli. (Jung et al., 2001; Siqueira et
al., 2001b; Vianna et al., 2005; Foshi et al., 2005; Gomes et al., 2006; Weile e
Knabbe, 2009).

Pela técnica da clonagem bacteriana foram identificados 76 filotipos
diferentes, sendo que espécies muito dificeis de serem cultivadas tais como
Dialister spp. Tanerella forsythia, Shuttleworthia satelles e Filifactor alocis foram
frequentemente detectadas.

Olsenella spp. tém sido comumente associadas com infec¢cdes da
cavidade oral (Dewhirst et al.,, 2010; Rocas et al., 2005). Olsenella profusa é um
anaerobio estrito, ndo formador de esporos, sem motilidade, bacilo gram-positivo.
Estudos prévios detectaram a presenca desta espécie em infeccées endoddnticas
em associacao com Olsenella uli (Fouad et al., 2002, Rogas & Siqueira, 2005).
Analise molecular e de cultura de amostras de canais radiculares infectados
revelaram a ocorréncia de O. uliem trés dos cinco casos e O. profusa em um dos
cinco casos (Munson et al., 2002). No presente estudo, utilizando -cultura,
sequenciamento e clonagem, tanto O. profusa quanto O. uli foram encontradas.

Dialister spp., um cocobacilo gram-negativo anaerdbio, nao
fermentativo, ndo formador de esporos frequentemente associado com infecgdes
purulentas, tem sido considerada um patdgeno das infecgdes endoddnticas
(Siqueira et al., 2004; Munson et al., 2002; Paster et al., 2001). Saito et al. (2006)
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detectaram Dialister invisus, em 5 das 7 amostras endoddnticas usando técnicas
clonagem e sequenciamento. Neste estudo Dialister invisus foi encontrada em 9
casos e Dialister pneumosintes em 3 casos.

Shuttleworthia satelles € um bacilo, anaeroébio estrito, nao formador de
esporos, sem motilidade, gram-positivo. Foi originalmente isolado da placa
subgengival humana e bolsas periodontais de pacientes com periodontite como
descrito por Downes et al. (2002). Neste estudo, S. satelles foi isolado em apenas
um caso, resultado semelhante foi encontrado por Jacinto et al., 2007 e Ribeiro et
al., 2011.

Treponema spp., espécies relacionadas com periodontites, também
vém se mostrado frequente em infecgbes endodénticas (Siqueira et al., 2001a;
Gomes et al., 2006a; Sakamoto et al., 2006; Montagner et al., 2010b). Sao
bactérias extremamente dificeis de cultivar e em nosso estudo, apenas 2 caso
apresentou clones identificados como Treponema denticola e Treponema
socranskii.

E. faecalis tem sido amplamente associado com insucesso do
tratamento endodéntico tanto por cultura (Pinheiro et al, 2003) quanto por
métodos moleculares (Rogas et al., 2004). Contudo, Gomes et al. (2006b) usando
PCR detectaram esta espécie em alta frequéncia em infecgcbes endodénticas
primarias. No presente estudo, onde apenas infecgbes endoddnticas primarias
sintomaticas foram investigadas por cultura, clonagem e sequenciamento, E.
faecalis foi detectado em dois casos.

Muitos filotipos incultivaveis foram detectados e assim como algumas
novas espécies que vém sendo relacionadas com infecgdes endodbnticas, como
por exemplo Catonella morbi, uma bactéria anaerdbia gram-negativa, sacarolitica
ja associada com problemas periodontais. Tal bactéria também foi detectada em
infeccdes endoddnticas por Siqueira & Rogas, 2006.

No nosso trabalho observamos que através da clonagem e
sequenciamento do 16S rRNA foi possivel identificar em média 15 filotipos
diferentes por canal, enquanto que pelo método cultura-dependente, a meédia de
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espécies diferentes por canal foi de 6. A literatura mostra que sao encontrados
cerca de 3 a 5 espécies por canal radicular, em caso de infeccdo endodéntica
primaria, utilizando-se métodos cultura-dependente (Gomes et al., 2004; Siqueira
et al., 2007). J4 através de métodos moleculares, este niumero varia de 7 a 20
(Sakamoto et al., 2006, Siqueira et al., 2007).

Nao existe um método capaz de identificar todos os microrganismos
encontrados nos diferentes tipos de infecgdes endoddnticas. Avancos tecnologicos
tém permitido a superacado de determinadas limitacdes das metodologias (Paster
et al., 2001; Siqueira & Rocas, 2005; Sakamoto et al., 2006; Sassone et al., 2009;
Schirrmeister et al., 2009; Yang et al. 2010), e um aspecto bastante importante é a
associacao de metodologias para o estudo da microbiota endodbntica, o que
permite um conhecimento mais acurado desse complexo ecossistema microbiano
(Gomes et al., 2006b; Gomes et al., 2008).

5.2 - METODOLOGIAS

Para avaliagdo de diversidade da microbiota os métodos mais indicados
sdo os que envolvem técnicas de biologia molecular. Entretanto, apesar das
limitagbes dos métodos cultura-dependentes, estes ainda representam uma
valiosa ferramenta para a microbiologia clinica. O cultivo de microrganismos em
laboratério a partir de amostras clinicas apresenta vantagens como permitir o
crescimento de diversas espécies, sem procurar por bactérias especificas;
fornecer cepas para a realizacdo de testes de suscetibilidade aos agentes
antimicrobianos (Siqueira & Rocgas, 2005) e permitir o estudo da fisiologia e da
patogenicidade microbiana (Shah & Gharbia, 1993).

Os métodos de identificacdo bioquimica ou cultura dependente,
baseados em informacbes fenotipicas, requerem controle rigido de diversas
variaveis técnicas, e de forma geral limitam a investigacdo da diversidade
microbioldégica. A reproducdo de condicbes nutricionais e ambientais
(requerimento gasoso e temperatura) adequadas para o crescimento de algumas
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espécies fastidiosas nem sempre € obtida com sucesso. A prépria interpretacdo
dos testes bioquimicos pode envolver carater subjetivo. Além disso, algumas
bactérias apresentam comportamento atipico e espécies recentemente descritas
podem demorar a ser incluidas nos bancos de dados dos testes bioquimicos
(Drancourt et al., 2000). Isso tudo provavelmente leva a uma identificacao
incorreta de isolados clinicos. Com o0s avancgos tecnolégicos disponiveis e
aplicacdo de métodos que possibilitam a identificacdo genotipica de isolados
microbianos, percebe-se que a microbiota oral e endodbntica é ainda mais
complexa do que descrita por estudos anteriores (Siqueira & Rocas, 2005;
Vickerman et al., 2007; Siqueira et al., 2007).

O sequenciamento do gene 16S rRNA é uma importante ferramenta
nos estudos de microbiologia e identificacdo bacteriana. Inicialmente foi proposto
para estudar e identificar bactérias nao-cultivaveis. Atualmente o sequenciamento
permite uma identificacao fiel de bactérias que séo raras ou que apresentam
caracteristicas fenotipicas atipicas, e até mesmo de bactérias que ainda nao foram
cultivaveis (Munson et al., 2002; Clarridge, 2004; Siqueira et al., 2005; Vickerman
et al., 2007). Assim temos uma melhor entendimento dessa microbiota, fato
observado no presente estudo, pois das 65 amostras (30%) nao identificadas por
métodos bioquimicos, 97% foram identificadas apds o sequenciamento.

Sabe-se que o comprimento do gene 16S rRNA é de aproximadamente
1550 bp, porém, os 500 bp iniciais sdo suficientes para identificar a maioria dos
isolados clinicos (Clarridge, 2004). Por isso optamos por utilizar o primer 533R
para 0 sequenciamento dos clones, o que resultou em sequéncias de
aproximadamente 500bp.

Considerando que as espécies que cresceram por cultura
correspondem as espécies cultivaveis provavelmente presentes em maior numero
no canal radicular, e que o numero de bactérias e seus respectivos fatores de
viruléncia estédo diretamente relacionados com os danos causados ao hospedeiro,

a associagao da cultura microbiolégica com o sequenciamento possibilitou uma
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identificacao fiel de bactérias realmente significantes para os casos de infecgdes
endodénticas estudados.

A andlise clonal vem sendo bastante utilizada em estudos de
diversidade ou metagenOmicos, pois assim como outros métodos moleculares
apresenta uma alta sensibilidade, confiabilidade e permite identificacdo de
bactérias raramente encontradas e até mesmo as nao-cultivaveis até o momento
(Fouad et al., 2002; Siqueira & Rocas, 2005; Vickerman et al., 2007; Siqueira et
al., 2007; Jacinto et al., 2007). Na técnica da clonagem ndo procuramos por
bactérias especificas, o0 que permite uma avaliagdo mais geral do perfil
microbiolégico de determinada infeccao. No entanto, um grande nimero de clones
precisa ser sequenciado para atingir este propésito, o que € logisticamente dificil
de conseguir quando se tem um numero muito grande de amostras. Desta forma,
técnicas auxiliares como a de cromatografia liquida de alto desempenho com
desnaturacao (DHPLC) (Jacinto et. al., 2007) e anélise de fragmentos cortados por
enzimas de restricao (Rolph et al., 2001) podem fazer uma avaliacao prévia dos
produtos da reacdo amplificada com o objetivo de reduzir o nUmero de clones a
serem avaliados. Assim, evitam-se repeticdes do procedimento de caracterizagao
para sequéncias de DNA com perfis semelhantes, que podem corresponder a um
mesmo clone.

Jacinto et al. (2007) empregaram a clonagem juntamente com a técnica
de cromatografia liquida de alto desempenho com desnaturagdo (DHPLC) para
verificar a diversidade da microbiota presente em canais radiculares de dentes
com necrose pulpar e sintomatologia dolorosa. Os autores demonstraram a alta
incidéncia do microrganismo Olsenella profusa, além da presenca de
Porphyromonas  gingivalis,  Dialister ~ pneumosintes,  Dialister  invisus,
Lachnospiraceae oral clone, Staphylococcus aureus, Pseudoramibacter
alactolyticus e Parvimonas micra. Foram encontrados também anaerdbios
facultativos isolados frequentemente tais como Enterococcus faecalis,

Streptococcus anginosus e Lactobacillus spp. O estudo demonstrou uma grande
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diversidade de espécies que sao capazes de compor a microbiota dos canais
radiculares, incluindo bactérias incultivaveis.

Ao analisar o dendrograma construido a partir de sequencias obtidas no
presente estudo, verificamos que algumas das bactérias classificadas como
incultivaveis apresentaram uma similaridade filogenética com outras espécies.
Trabalhos futuros visam realizar o sequenciamento de um fragmento maior do
gene 16S dessas amostras, para podermos alinha-lo com o gene 16S de bactérias
jA conhecidas e entdao poder classificar tais bactérias corretamente. Segundo
Clarridge (2004), algumas espécies em particular requerem o sequenciamento de
todo o gene 16S r RNA para serem diferenciadas. Obtendo a sequéncia de todo
fragmento do 16S rRNA iremos poder confirmar a presenca ou nao de uma nova
espécie ainda desconhecida.

O desenvolvimento das técnicas moleculares de identificacao
microbiana realmente favoreceu o diagndéstico e expandiu o conhecimento da
composicao da microbiota oral. Com certeza novos microrganismos ainda serao
identificados. Entretanto fica o desafio em meio a detecgcao de tantas espécies, de
saber qual a importancia e as implicagoes clinicas destes achados laboratoriais
(Gomes & Montagner, 2010).

E importante ressaltar que a maioria das metodologias moleculares
informa apenas a presenca ou auséncia de determinadas bactérias. Devemos
atentar para a interpretacdo dessas informacdes, pois o numero de células
encontradas pode ser significante em relagcdo ao papel de cada espécie na
etiopatogénia das alteracdes pulpares e periapicais. Algumas bactérias podem
representar apenas um papel ecoldgico enquanto outras estao diretamente ligadas
aos danos causados ao hospedeiro (Gomes et al., 2006b; Gomes et al., 2008).
Essa questédo deve ser esclarecida por futuros estudos, assim como a tentativa de
identificacdo das bactérias consideradas incultivaveis até o momento.

As espécies detectadas neste presente estudo provavelmente
representam patégenos endodénticos que realmente exercem um papel

importante nos casos de abscesso agudos estudados. Embora haja a
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possibilidade de deteccdo de DNA de células bacterianas mortas, é pouco
provavel que este permaneca integro no ambiente extra-celular colonizado por
outros microrganismos vivos. Dnases liberadas por espécies sobreviventes, ou até
mesmo devido a morte celular, degradam o DNA livre no ambiente (Siqueira &
Rocas, 2005). Além disso, foi utilizado primers que geram fragmentos longos
noPCR universal, o que reduz os riscos de detec¢do de células mortas. Isto
porque para haver a amplificagdo desse fragmento longo, o DNA precisa estar
integro. Entretanto, a clonagem e sequenciamento nao quantificam nem
determinam viabilidade bacteriana, o que s6 é possivel através de metodologias
para a deteccao de mRNA por meio de RT-PCR.

De qualquer maneira, as interagcées bacterianas parecem ser o
elemento chave para o crescimento e a sobrevivéncia dos microrganismos no seu
habitat e consequente capacidade de produzir doenca. Além disso, a
complexidade do sistema de canais radiculares favorece o surgimento de uma
comunidade microbiana bastante diversificada. As técnicas de coleta e
processamento laboratorial, tanto de cultivo quanto moleculares, apresentam
limitacOes intrinsecas. Para um diagnéstico ideal seria necessario o uso conjunto
de metodologias que fornecem resultados de deteccdo, caracterizacdo e
quantificagdo para desenhar de forma mais completa o perfil das comunidades
microbianas relacionadas as infeccdes endodonticas em suas diversas
modalidades: infecgbes primarias sintomaticas e assintomaticas, infecgbes
secundarias e persistentes (Jung et al.,, 2001; Gomes et al., 2008; Gomes &
Montagner, 2010).

Trabalhos estdo em andamento, agregando outras metodologias
moleculares no intuito de determinar a diversidade bacteriana presente nestas
infeccdes endoddnticas. Além disso, serd realizado o sequenciamento de toda
extensdo do gene 16S rRNA (1500 pares de base) de alguns clones que
mostraram um posicionamento filogenético no dendrogramas sugestivo de

bactérias ainda nao identificadas.
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6- CONCLUSAO

Diante dos resultados obtidos com as metodologias utilizadas, podemos

concluir que:

1-

Métodos cultura-dependentes e de identificagdo fenotipica podem

subestimar a diversidade da microbiota endodontica.

A clonagem bacteriana e sequenciamento do gene 16S rRNA revelou uma
grande diversidade bacteriana nos casos de dentes com abscesso
periapical agudo.

Associacado de metodologias (identificacao bioquimica e molecular) permite
um conhecimento mais acurado da complexa microbiota presente em casos
de infeccoes endodbOnticas primarias agudas.

Canais radiculares de dentes com abscesso apical agudo apresentam
microbiota heterogénea, com predominio de espécies anaerébias Gram-
negativas, pertencentes principalmente aos filos Firmicutes e Bacteroidetes.
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APENDICE

1- DETALHAMENTO DA METODOLOGIA

Para este estudo foram utilizadas amostras microbiol6gicas
pertencentes ao Banco de Coletas Clinicas do Laboratério de Microbiologia
aplicada a Endodontia da Faculdade de Odontologia de Piracicaba — UNICAMP.
Todas as amostras estudadas foram coletadas de canais radiculares de dentes
com necrose pulpar, sintomatologia dolorosa e alteracdo periapical visivel
radiograficamente, e estavam armazenadas em freezer -80°C. Os critérios para
selecdo de pacientes, procedimentos de coleta, isolamento bacteriano e
identificagdo fenotipica (testes bioquimico) foram descritos previamente por
Montagner, 2009. A pesquisa foi aprovada pelo Comité de Etica em Pesquisa da
FOP-UNICAMP (Anexo I).

Bactérias isoladas de 20 casos por métodos de cultura microbioldgica e
identificadas fenotipicamente, num total de 220 cepas, foram utilizadas para
identificacdo genotipica através do sequenciamento do gene 16S rRNA. Além
disso, 10 coletas iniciais foram utilizadas para um estudo metagenémico através
da clonagem bacteriana.

1.1 — IDENTIFICACOES GENOTIPICA DE BACTERIAS ISOLADAS POR
CULTURA MICROBIOLOGICA

1.1.1- Extracao de DNA bacteriano

Bactérias previamente cultivadas e isoladas em culturas puras (220
amostras), foram removidas das placas de meios de cultura, re-suspendidas em
tubos de eppendorff contendo 400 ul de agua MiliQ estéril, e armazenadas a -80°C
(Banco de Coletas Clinicas do Laboratério de Microbiologia Endodéntica da
Faculdade de Odontologia de Piracicaba - UNICAMP). O DNA dos
microrganismos isolados de 20 casos foi entdo extraido através de um kit de
extracao chamado “QlAamp DNA mini kit” (QIAGEN, Hilden, Alemanha) (Figura
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1), de acordo com as instrucdes fornecidas pelo fabricante. Este kit é especifico
para essa funcao e compreende uma série de tampdes, centrifugacdes e filtragens
para que o material genético seja extraido e no final re-suspendido em uma
solucéo eluente para que possa ser armazenado a 20°C negativos. ApGs extracao,
a concentracdo do DNA de cada amostra foi quantificada através do
espectrofotobmetro para acidos nucléicos NanoDrop 2000 (Thermo Scientific,
Wilmington, Delaware, EUA).

. W

Figura 1— Remocgéao de bactérias do meio de cultura para extragdo do DNA; Kit de
extracdo de DNA “QlAamp DNA mini kit” (QIAGEN)

1.1.2 - Amplificacao do gene 16S rRNA - Reacao em Cadeia da Polimerase
(PCR)

A amplificagcdo do gene 16S rRNA é um procedimento necessario para
a identificagdo genotipica dos microrganismos isolados, através do
Sequenciamento genético.

Realizou-se entdo a PCR no termociclador GenePro Thermal Cycler
(Bioer Technology, Hangzhou, China) para amplificagdo da regidao do gene 16S
rBRNA com os primers universais para procariontes do dominio Bactéria proposto
por Paster et al. (2001):

Univ Foward 5 GAG AGT TTG ATY MTG GCT CAG 3’

Univ Reverse 5 GAA GGA GGT GWT CCARCC GCA 3

A reacéo foi realizada empregando-se uma mistura com volume total de
50uL, sendo 13uL referentes ao mix de reagentes. A quantidade de DNA e agua
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MiliQ estéril usada na reacédo variou de acordo com a concentracdo de DNA
extraido de cada amostra. A concentracdo de DNA utilizada na reacao foi de
aproximadamente 100 ng/uL (Siquerira et al., 2001; Viana et al., 2007; Yang et al.,
2010). Das amostras bem concentradas foi utilizada uma pequena quantidade de
DNA extraido (1 ou 2 uL), ja das amostras pouco concentradas foi utilizado uma
quantidade maior de DNA extraido (5 ou 10 pL). A quantidade de DNA e agua
deve somar um total de 37 pL, que somados com 13 puL do mix resulta no volume
total da reacédo de 50 pL. O mix de reagentes era composto por 5uL de Buffer 10X
PCR; 1,5uL de Cloreto de Magnésio; 4uL de dNTP; 1 uL Primer Univ F (25 pmol);
1 uL Primer Univ R (25 pMol); 0,5uL de Platinum Tag DNA Polymerase
(Invitrogen®, Life Technologies, Carlsbad, California, EUA). Os parametros do ciclo
para amplificagcdo incluiram uma pré-desnaturagéo por 4 minutos a 94°C, seguida
por 30 ciclos com desnaturagcao a 94°C por 45 segundos + anelamento a 60°C por
45 segundos + extensdo a 72°C por 1,5 minutos, e concluindo-se com uma
extensao final a 72°C por 15 minutos (Ribeiro et al., 2011).

Os produtos amplificados foram analisados por eletroforese horizontal
em gel de agarose 1%, corado com brometo de etidio, por aproximadamente 45
minutos a 90V e temperatura ambiente em tampao TAE 1X (Tris Acetato EDTA).
Foi usado marcador molecular de 1 Kb (Invitrogen®) ja que a reagéo resultou em
um produto com 1500 pares de base. Apds a eletroforese, o gel era observado
sob luz UV e a imagem era entdo fotografada e gravada (Figura 2). As reagdes
foram consideradas positivas se bandas do tamanho apropriado estivessem
presentes (1500 pares de base). Foi utilizado um controle positivo com DNA
extraido de uma bactéria padrao ATCC, para comprovar se a reagdo estava
realmente correta, e um controle negativo, onde nédo era acrescentado DNA
bacteriano, para verificar se ndo havia contaminagcdo em nenhum dos reagentes

ou na agua MiliQ utilizada.
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Figura 3 — Remocao da banda no gel de agarose e colocacdo em tubos
de eppendorf (A e B) para realizagcdo da purificacdo através do kit
QIAquick® Gel Extraction (C).

Os produtos da PCR foram purificados empregando-se o kit de
purificacao “QIlAquick® Gel Extraction” (QIAGEN) de acordo com as
recomendagdes do fabricante (Figura 3).

- 3.16 3.17 3.18 41 42 43 44 46 49 410 411 4124.13 4.144.15

D e ) ) G S e —" — R —

Figura 2— Eletroforese em gel de agarose demonstrando o produto da
amplificacdo do DNA bacteriano de algumas amostras, com o controle
positivo (+) e negativo (-).

Apds a purificacdo, uma nova corrida em gel de agarose 2% foi
realizada, empregando-se o marcador molecular “Low DNA Mass Ladder”
(Invitrogen®) para a quantificacdo aproximada de DNA amplificado e purificado
(Figura 4). Para que o sequenciamento fosse realizado adequadamente, as
amostras deveriam se apresentar com uma quantidade de DNA proxima a
40ng/uL. Para conseguir alcancar essa concentracdo de DNA ideal para o
sequenciamento, foi necessario realizar a PCR em duplicata, e no momento da
purificacdo os dois volumes de produto amplificado de cada amostra foram
purificados juntos, ou seja, filtrado na mesma coluna do kit. As amostras que se

apresentavam com maiores concentragdes foram diluidas em agua MilliQ estéril, e
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as amostras com concentragdes muito abaixo do ideal (por exemplo 4.12, na
figura 4) foram descartadas e a PCR era repetida em triplicata para tentar
aumentar a concentragdo de DNA.

412 413 414 415 4.16 4.17 4.19 4.204.21 4.22 4.23

50n0/uL

30Ng/uL e
20ng/ul s

10ng/uL s
05ng/uL

Figura 4 — Eletroforese em gel de agarose com o marcador molecular
Low DNA Mass Ladder, demonstrando a concentracdo do produto da
amplificagdo do DNA bacteriano apés a sua purificagao.

1.1.3 - Sequenciamento do gene 16S rRNA

Apo6s quantificagdo as amostras foram armazenadas a -20°C, e no
momento de envia-las para realizagdo da reagdo de sequenciamento, uma
aliquota de 5 pL de cada amostra purificada na concentracdo aproximada de 40
ng/uL foi misturada com 2,5 pL do primer especifico diluido a 5 pmoles/uL (Primer
533R - TKACCGCGGCTGCTG) (Ribeiro et al., 2011). Os sequenciamentos foram
realizados no Laboratério de Pesquisa do Centro de Estudos do Genoma Humano
(USP - Sao Paulo, SP, Brasil) e segundo informagdes fornecidas no site do
laboratério (www.genoma.ib.usp.br), as reagbes de sequenciamento foram feitas
utilizando o “BigDye® Terminator v3.1 Cycle Sequencing Kit” (Applied Biosystems,
California, EUA). A analise do DNA foi feita utilizando o sistema “ABI 3730 DNA
Analyser” (Applied Biosystems), alcangando em média sequéncias com 600 a 700
bases. As corridas foram feitas em capilares de 36 cm utilizando o polimero POP7,
e as sequéncias foram analisadas pelo software Sequencing Analysis 5.3.1
utilizando o Base Caller KB.

Algumas amostras ndo obtiveram éxito no sequenciamento com o

primer 533R, ndo sendo possivel identifica-las genotipicamente. Para essas
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amostras foi realizada a tentativa de sequenciamento com os primers universais

utilizados na reagdo PCR para amplificar o gene 16S rRNA.

1.2 - CLONAGEM E SEQUENCIAMENTO DO GENE 16S rRNA

1.2.1 - Extracao de DNA bacteriano das coletas clinicas

Dez coletas clinicas iniciais de canais radiculares de dentes com
necrose pulpar, sintomatologia dolorosa e alteracdo periapical, realizadas
previamente, foram utilizadas nesta etapa da pesquisa. Essas coletas foram feitas
com cones de papel absorvente introduzidos nos canais radiculares e estavam
armazenadas em tubos de eppendorf contendo 400 uL de meio de transporte
VMGA I, mantidos a -80°C. Para a extracdo de DNA bacteriano também foi
utilizado o kit “QlAamp DNA mini kit” (Figura 1) descrito anteriormente.

Os tubos com VMGA Il e cones de papel absorvente foram deixados
em temperatura ambiente e colocados no agitador de tubos (MA 162-MARCONI,
Séao-Paulo, Brasil) por cerca de 2 minutos, para que as houvesse a
homogeneizacdo do VMGA e para que as bactérias impregnadas no cone de
papel se desprendessem e misturassem no meio. Apos agitacao foram removidos
300 pL do VMGA IIl para a extragdo do DNA, que ao final do processo foi
quantificado em NanoDrop 2000 (Thermo Scientific, Wilmington, Delaware, EUA) e
armazenado a -20°C.

1.2.2 - Preparo de Escherichia coli DH5a — Células Eletrocompetentes

Um estoque de células DH5a deve ser mantido congelado em glicerina
40%, para que possam ser reativadas e transformadas em células
eletrocompetentes no momento da realizacao da clonagem. Esse preparo (através
de lavagens e centrifugacées em baixas temperaturas) € necessario para remover

o sal e reduzir a condutibilidade da solugéo celular, e sensibilizar as células para
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incorporar o plasmidio durante a eletroporacéo. Alta condutibilidade pode resultar
em problemas durante a eletroporacgao.

Apoés crescimento em meio de cultutra Luria-Bertani Agar (LB Agar,
Miller, Difco Laboratories Inc, Detroit, Michigan, EUA), uma Unidade Formadora de
Colbnia (UFC) foi utilizada para inocular 50 ml de LB caldo, em um frasco de 250
ml, que foi mantido sob agitacao (120 rpm) a 37°C por 12-16 horas. Ap6s esse
periodo foi feito um teste de coloragédo de Gram para verificar a pureza da cultura
e esses 50 mL foram transferidos para 1L de LB caldo, em frasco de 2L, mantido
sob agitacdo (120 rpm) a 37°C até atingir a Densidade Optica (OD 550) entre 0,5 e
0,6 (Jen Way — 6405 UV/Vis Espectrophotometer). O tempo para atingir essa
densidade Optica é de aproximadamente 2-3 horas. Nesse momento foi feito outro
teste de coloragdo de Gram para verificar a pureza da cultura (Figura 5).

Figura 5 — Imagem microscépica da lamina com
coloracao de Gram, comprovando a pureza da
cultura de E coli.

Este 1 litro de cultura foi dividido em 4 tubos de 500 mL
(aproximadamente 250 mL em cada tubo), deixados em gelo por 30 minutos e
depois levados para centrifuga resfriada a 4°C. Apds 15 minutos de centrifugacéao
a 5000 rpm, o caldo sobrenadante foi descartado e o pelet de cada frasco
ressuspendido em 200 mL de agua MiliQ estéril e gelada até soltar todo pelet do
fundo do frasco. O conteudo foi transferido para apenas 2 frascos e outra vez
foram centrifugados a 5000 rpm, a 4°C por 15 minutos. Ap6s descartar novamente
0 sobrenadante, o pelet foi ressuspendido em 250 mL de agua MiliQ estéril e

gelada. Mais uma vez a centrifugacao foi repetida, descartado o sobrenadante e o
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pelet ressuspendido em 20 mL de glicerol 10% estéril e gelado. Todas as pipetas
e tubos utilizados deveriam estar também gelados. Depois o conteudo foi
transferido para 2 tubos de 50 mL e centrifugados a 6000 rpm, a 4°C por 15
minutos.

Nesse momento foi preparado um isopor com gelo seco e alcool
contendo tubos eppendorf de 1,5 mL estéreis. O glicerol sobrenadante resultante
da centrifugacao foi mais uma vez descartado e o pelet ressuspendido em 1 mL
de glicerol 10% estéril e gelado, foi entao distribuido nos eppendorfs que estavam
no gelo seco e alcool (55 uL em cada), para promover o congelamento imediato
das células. Apds esses procedimentos as células foram armazenadas em freezer

- 80°C até o momento de serem utilizadas.

1.2.3 - Clonagem do gene 16S rRNA extraido de amostras clinicas

Para realizar a clonagem foi necessario amplificacdo do gene 16S
rRNA, da mesma maneira como descrito anteriormente para as bactérias isoladas.
Os produtos da reacdo de amplificacao do fragmento 16S rRNA de 10 amostras
clinicas (coletas iniciais) foram purificados com o kit “QlAquick® Gel Extraction”
(Figura 3). A reacéo de PCR foi realizada em triplicata para cada amostra, com
objetivo de aumentar a concentragdo de DNA apds o processo de purificagcdo. A
clonagem foi realizada utilizando-se o kit de clonagem chamado TOPO TA
Cloning® (Invitrogen®) para obtencdo de clones no vetor pCR®2.1-TOPO que
foram incorporados por células de Escherichia coli DH5a eletrocompetentes com
auxilio do Eletroporador (MicroPulser, Bio-Rad Laboratories, Hercules, California,

EUA), de acordo com as instrugdes do fabricante.

1.2.3.1 — Reacao de Ligacao com Vetor e Eletroporacao

Para fazer a reacdo de ligacdo com o vetor foi misturado 3 pL do
produto de PCR purificado com 1 yL de agua fornecida pelo kit, 1 pL da solucéo
salina fornecida pelo kit (apds diluicdo 1:4 com a agua fornecida pelo kit) e 1 uL do
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vetor pCR®2.1-TOPO. Essa mistura foi incubada a 37°C por 30 minutos, segundo
recomendacdes do fabricante.

Apods periodo de incubacao foi realizada a eletroporagéo, onde 2 pL da
reacao de ligagdo com vetor foi misturado lentamente com 55 puL de E. coli DH5a
eletrocompetentes (preparadas previamente como descrito acima) e levadas ao
Eletroporador MicroPulser para que as células incorporassem o vetor (plasmideo),
havendo assim a clonagem. Imediatamente ap6és a eletroporagao, 400 uL de meio
de cultura SOC (Invitrogen®) foram adicionados e a solucdo incubada em frasco
de vidro com tampa entre-aberta a 37°C sob agitacdo constante (cerca de 120
rpm) durante 1 hora. Este contetdo foi posteriormente plaqueado em 4 placas de
Petri contendo meio seletivo e incubadas a 37°C overnight (Figura 6).

Figura 6 — A: Eletroporador, cuvetas e meio SOC; B: Plagueamento apos a
clonagem com auxilio de algas drigalski.

1.2.3.2 — Preparo do Meio de Cultura Seletivo: Agar LB + Ampicilina + XGal

E necessario utilizar um meio de cultura seletivo especifico, que permita
o crescimento apenas de células de interesse, ou seja, E coli que incorporaram o
vetor com DNA, indicando sucesso da clonagem.

Apé6s autoclavagem de 1L do meio de cultura LB Agar, quando este
atingiu a temperatura de aproximadamente 50°C em banho maria, estando
portanto ainda em estado liquido, foi acrescentado 500 pL de ampicilina
(100mg/mL), resultando numa concentracdo de antibiético de 50ug/mL. Apds
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verter o meio em placas de Petri e haver sua solidificagdo, 10 pL de X-Gal
(Promega, ltalia) diluido na proporcao de 4:1 foi espalhado na superficie do meio
com auxilio de alcas drigalski.

O vetor apresenta o gene de resisténcia a ampicilina, conferindo entao
essa resisténcia as E coli que o incorporaram pela eletroporacao. Assim, nao ha
crescimento das bactérias que nao incorporaram o vetor.

Ha também o gene lacZ no vetor, que determina a capacidade de
degradacao da galactose (X-Gal) pela B-galactosidase. Quando ha degradagéo da
galactose, percebe-se a formacédo de um composto azul, deixando entdo a col6nia
com cor azul. Quando ha ligacao do DNA extraidos das amostras com o vetor, a
sequéncia desse gene é interrompida pela presenca do inserto, e 0 gene passa a
ser nao-funcional (Figura 7). Nao havendo a degradagédo da galactose a col6nia
permanece com a cor branca (Figura 8).

? —T? DNA extraido das amostras
———
¥ Gene lacZ (p-galactosidase)

—? Vetor: pCR®2.1-TOPO

_5, DNA de interesse, quando se insere
no plasmideo, rompe o gene lacZ

Figura 7 — Esquema representando a ligacdo do DNA de interesse no vetor.
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Figura 8 — Meio de cultura seletivo apds incubacao, mostrando
colbénias azuis (E. coli + vetor) e colbnias brancas de interesse (E. coli
+ vetor + DNA extraido das amostras).

1.2.3.3 - Selecao das colonias de interesse e amplificacao para
sequenciamento

Apos o periodo de incubagédo, 96 coldnias brancas de cada amostra
clonada foram selecionadas ao acaso e repicadas em outra placa com meio LB
com ampicilina e apds 24 hr foram ressuspendidas individualmente em 40 pl de
solugéo TE, e armazenadas em uma placa de 96 wells a -20°C (Figura 9).

Figura 9 — A: Selegao das coldnias de interesse; B: Clones ressuspendidos em TE.
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Seis microlitros desta suspenséo foram usados para uma PCR de 50 ul
(6 ul da amostra + 34,3 ul de agua miliQ estéril + 9,7 do mix de reagentes) com os
primers fornecidos pelo kit de clonagem, o M13 F (GTAAAACGACGGCCAG) e
M13 R (CAGGAAACAGCTATGAC), para determinar o tamanho correto de cada
fragmento do 16S rRNA clonado e possibilitar sua amplificacao.

O mix de reagentes era composto por 5 ul de Buffer 10X PCR; 2 pl de
Cloreto de Magnésio; 0,5 de DNTP; 1 ul e cada primer; 0,2 pl de platinum Taq
DNA Polyremase (Invitrogen®).

As condicoes do ciclo eram: desnaturacao inicial a 94 °C por 10 min, 30
ciclos de desnaturacao a 94 °C por 45 seg, anelamento a 60 °C por 45 seg e
extensao a 72 °C por 1,5 min, seguido por uma extensao final a 72 °C por 10 min
(Ribeiro et al., 2011). Quatro microlitros do produto foram analisados através de
eletroforese em gel de agarose 1 % para verificar posi¢ao e qualidade das bandas
(banda Unica, com tamanho aproximado de 1650 pares de base). O restante do
produto de PCR (46ul) foi purificado usando o kit de purificagédo “GFX PCR DNA
Gel Band Purification” (GE Healthcare, Buckinghamshire, UK) para que
posteriormente fosse feita a quantificacdo do DNA através de eletroforese em gel
de agarose 2%, usando o marcador molecular “Low DNA Mass Ladder”
(Invitrogen®).

Para prosseguir com o0 sequenciamento era necessaria uma
concentragao de aproximadamente 40ng/uL. Algumas amostras apresentavam-se
com uma concentragdo de DNA abaixo do recomendado (Figura 10), mesmo
assim foram enviadas para realizar o sequenciamento.

As amostras foram entdo armazenadas a -20°C até o momento de
envia-las para sequenciamento, o qual foi realizado da mesma maneira ja descrita

para as bactérias isoladas.
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Figura 10 — Eletroforese em gel de agarose, com Low Mass DNA Ladder,
demonstrando a baixa concentracdo de DNA do produto da reacdo M13 apés a sua
purificacdo, para algumas amostras testadas.

1.3 — ANALISE DOS RESULTADOS

As sequéncias do 16S rRNA e respectivos eletroferogramas, tanto das
amostras isoladas quanto dos clones, foram analisadas e editadas usando o
software BioEdit (http://www.mbio.ncsu.edu/BioEdit/bioedit.html) (Figura 11).

% ABI Chromatogram: C:\Users\leticia\Desktop\... | @

LU B ) ¥

— == Selected: none Sample: LN-3 |File: C:\Users'leticia Desktop

30 60 70
AGGCAGTG GCGAACGGCTGAGTAACACGTG

Figura 11 - Eletroferograma de uma amostra sendo
analisado no software BioEdit.

Foram excluidas as sequéncias que apresentaram mais de 4 bases
ambiguas (sobreposicdo de picos no eletroferograma), enquanto que as
sequéncias com 4 ou menos bases ambiguas foram corrigidas a partir da
interpretacédo do eletroferograma.

O BLAST (Basic Local Alignment Search Tool) foi usado para comparar
as sequéncias de 4cidos nucléicos obtidas (aproximadamente 600 pares de base)
contra sequéncias de nucleotideos do banco de dados do National Center for
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Biotechnology Information (www.ncbi.nlm.nih.gov/blast), a fim de determinar e
identificar a posicao filogenética da bactéria.

Apenas os resultados do BLAST com similaridades acima de 98%
foram consideradas para a identificacdo das cepas.

Para determinar a similaridade e posicéao filogenética dos clones foi feito
alinhamento multiplo através do software Bionumerics (Applied Maths, Sint-
martens-Latem, Bélgica), possibilitando a construcédo do dendograma.

1.3.1 — Analise Estatistica

A analise estatistica foi realizada com auxilio do software SPSS for
Windows, considerando um nivel de significancia de 5%. O Teste Q-quadrado de
Pearson ou Teste Exato de Fischer foram utilizados para verificar associacao
entre espécies bacterianas e entre bactérias especificas e sinais e sintomas.

1.4 — CLONAGEM DE CEPAS ISOLADAS POR CULTURA E NAO
IDENTIFICADAS PELO SEQUENCIAMENTO DO GENE 16S rRNA

Como explicado anteriormente, algumas amostras nao obtiveram éxito
no sequenciamento com o primer 533R, ndo sendo possivel identifica-las
genotipicamente. Para essas amostras foi realizada a tentativa de
sequenciamento com o0s primers universais utilizados na reacdo PCR para
amplificar o gene 16S rRNA. Entretanto, mesmo apds esta segunda tentativa,
algumas cepas permaneceram sem identificacdo genotipica, pois a sequéncia
obtida foi inadequada para analise. Apresentavam muitas bases ambiguas ou a
sequéncia estava muito curta (menos de 400 pares de base) para comparagéao
com o banco de dados (GenBank — NCBI).

Considerando a possibilidade do erro no sequenciamento ser devido a
auséncia de uma cultura pura, foi realizado a clonagem na tentativa de promover
uma separacao desse DNA, em 4 cepas isoladas dos casos 1, 2, 5 3 6. Todas as
etapas realizadas ja foram descritas acima, nas sessée 1.2 € 1.3.
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APENDICE

2 - DETALHAMENTO DOS RESULTADOS

Todos os pacientes apresentavam quadro clinico compativel com
abscesso periapical agudo, caracterizado por necrose pulpar, edema, dor
espontanea, alteracao periapical visivel radiograficamente e dor a percusséo. As
caracteristicas clinicas de cada caso encontram-se na Tabela 1.

Tabela 1 — Aspectos clinicos e radiograficos dos 20 casos estudados
CASO DENTE LESAO ESAP CONDICAO DPE DPA EXUD ODOR M

(o}
W

1 11 N S Car S S N S S
2 23 N S Car S S Pur N N
3 42 S N Hig S N Pur S S
4 26 S N Rest S N Pur S N
5 22 S N Rest S S Pur S S
6 46 S N Car S N Pur S N
7 11 S N Rest S S Pur S S
8 11 S N Hig S S N N S
9 12 N S Rest S S Pur S N
10 41 S N Hig S S Hem N N
11 25 S N Car S S N N N
12 37 S N Car S S N N N
13 13 S N Car S N H-P N N
14 16 S N Car S S Pur N S
15 16 S N Rest S S N S N
16 46 S N Car S N Pur S N
17 12 S N Rest S S Pur S S
18 33 S N Rest S N H-P S N
19 36 N S Rest S S Hem S S
20 22 S N Hig S N Hem N N

S: sim; N: ndo; ESAP: espessamento apical; Car: cariado; Hig: higido; Rest:
restaurado; DPE: dor a percussdo; DPA: dor a palpacao; EXUD: exudato; Pur:
purulento; Hem: hemorragico; H-P: hemorragico e purulento; MOB: mobilidade.
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2.1 — IDENTIFICACOES GENOTIPICA DE BACTERIAS ISOLADAS POR
CULTURA MICROBIOLOGICA

Duzentos e vinte cepas foram isoladas por cultura, previamente
identificadas bioquimicamente (Montagner, 2009) e mantidas em freezer -80°C até
o momento de serem processadas para identificagdo genotipica.

Pelos testes bioquimicos foi possivel identificar 155 cepas (70,5%), num
total de 34 espécies diferentes, e pelo sequenciamento do gene 16S rRNA foram
identificadas 215 cepas, sendo 57 espécies diferentes (97%). A média do numero
de espécies por canal foi de 5 pelos testes bioquimicos e 6 pelo sequenciamento

Houve uma concordancia de 49% entre os métodos de identificacao
bioquimica e molecular, sendo 27,7% em nivel de género e 21,3% em nivel de
espécie (Graficol). Foi observada concordancia estatisticamente significante
entre os 2 métodos na identificacdo de Prevotella buccae, Parvimonas micra,
Fusobacterium nucleatum and Propionibacterium acnes (p<0.05; OR=2.500;
IC=1.170-5.341).

90
80

70

60 +— 33 —
50 J ! . _{| Mesma Espécie

40 1 79 Mesmo Género
30

20 A

10 4

0
Concordancia Discordancia

Grafico 1 — Numero de amostras onde houve concordancia ou

discordancia entre os métodos de identificagcao bioquimico e molecular
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As bactérias mais frequentemente identificadas bioquimicamente foram:
Prevotella spp. (16/20), Parvimonas micra (10/20), Gemella morbilorum (7/20),
Bacteroides ureolyticus (4/20), Finegoldia magna (4/20) e Fusobacterium spp.
(4/20). Pelo sequenciamento as mais frequentes foram: Prevotella spp. (16/10),
Pseudoramibacter alactolyticus (9/20), Parvimonas micra (6/20), Dialister invisus
(6/20), Filifactor alocis (4/20), Peptostreptococcus stomatis (4/20) (Grafico 2).

Alguns patégenos endoddnticos, importantes nas infecgdes
endodonticas primarias como Dialister invisus, Dialister pneumosintes, Filifactor
alocis, Pseudoramibacter alactolyticus, Slackia exigua, Atopobium rimae e
Olsenella uli foram identificados somente genotipicamente.

O Quadro 1 mostra a identificagdo bioquimica e por sequenciamento
de cada cepa isolada. Caracteristicas da parede celular e requerimento gasoso
das cepas isoladas também estdo no Quadro 1. A maioria das bactérias
identificadas, por ambos os métodos, eram anaerdbias estritas, e foi observado
equilibrio entre 0 nimero de gram-negativas e gram-positivas. A identificacao
bioquimica revelou 12 espécies anaerbdbias gram-negativas, 14 anaerdbias gram-
positivas, 12 facultativas gram-negativas e 6 facultativas gram-positivas. Ja o
sequenciamento mostrou 25 anaerdbias gram-negativas, 18 anaerdbias gram-

positivas, 3 facultativas gram-negativas e 11 facultativas gram-positivas.
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Prevotella buccae
Parvimonas micra
Prevotella oralis
Propionibacterium acnes
Porphyromonas gingivalis
Staphylococcus epidermides
Fusobacterium nucleatum

Fusobacterium necrophorum
Pseudoramibacter...
Prevotella nigrescens
Dialister invisus
Gemella morbillorum
Prevotella disciens
Prevotella intermedia
Filifactor alocis W Sequenciamento do gene
Peptostreptococcus stomatis 16SrRNA
Prevotella tannerae
Anaerococcus prevotii
Bacteroides ureolyticus

B Testes Bioquimicos

Finegoldia magna
Eggherthella lenta
Clostridium botulinum
Olsenella uli
Prevotella sp
Campylobacter rectus
Solobacterium moorei
Campylobacter gracilis

Dialister pneumosintes
Pyramidobacter piscolens
Prevotella baroniae
Eubacterium limosum
Actinomyces meyeri

Grafico 2 — Bactérias mais frequentemente identificadas pelo Sequenciamento do
gene 16S rRNA e pelos testes bioquimicos.
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Quadro 1 - Identificacao bioquimica e pelo sequenciamento, caracteristicas morfologicas,
requerimento gasoso e coloragao de Gram de cada cepa isolada por cultura. (continua)

Caso Identificacao Bioquimica M/RC/G Sequenciamento M/RC/G
Porphyromonas endodontalis | Bacilo A- Prevotella buccae Bacilo A-
Finegoldia magna Coco A+ Atopobium rimae Bacilo A+
NAO IDENTIFICADA . Pseudoramibacter | . a,
alactolyticus
Prevotella oralis Bacilo A- Prevotella denticola Bacilo A-
Finegoldia magna Coco A+ Atopobium rimae Bacilo A+
Actinomyces naeslundii Bacilo F+ | Lactobacillus fermentum BaFc:LIos
Finegoldia magna Coco A+ Atopobium rimae Bacilo A+
5 .
Finegoldia magna Coco A+ arasgardowa Bacilo A+
denticolens
NAO IDENTIFICADA - ERRO -
Bifidobacterium sp. Bacilo A+ | Bifidobacterium dentium | Bacilo A+
] Bifidobacterium adolescentis | Bacilo A+ | Bifidobacterium dentium | Bacilo A+
Capnocytophaga sp Bacilo F- Prevotella denticola Bacilo A-
NAO IDENTIFICADA - Dialister invisus Coco A-
Prevotella buccae Bacilo A- Prevotella buccae Bacilo A-
Bifidobacterium sp. Bacilo A+ Parascardovia Bacilo A+
denticolens
Prevotella disiens Bacilo A- | Prevotella nigrescens | Bacilo A-
NAO IDENTIFICADA - Prevotella nigrescens | Bacilo A-
Prevotella intermedia Bacilo A- | Prevotella nigrescens | Bacilo A-
Prevotella buccae Bacilo A- l?revote{la Bacilo A-
multisacharivorax
- P j
NAO IDENTIFICADA . seudoramibacter | . a,
alactolyticus
Peptostreptococcus micros | Coco A+ Parvimonas micra Coco A+
Gemella morbillorum Coco F+ Lactobacillus casei Bacilo F+

M: morfologia; RC: requerimento gasoso; G: gram; A-: anaerobio gram-negativo; A+:
anaerdbio gram-positivo; F-: facultativo gram-negativo; F+: facultativo gram-positivo.
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Quadro 1 — Identificacdo bioquimica e pelo sequenciamento, caracteristica morfoldgica,
requerimento gasoso e coloragdo de Gram de cada cepa isolada por cultura.
(Continuacao)

Caso Identificacdo Bioquimica M/RC/G Sequenciamento M/RC/G
o oen " | Bactone| PR o
Gemella morbillorum Coco F+ Olsenella sp. Bacilo A+
NAO IDENTIFICADA - Olsenella sp. Bacilo A+
Porphyromonas endodontalis | Bacilo A- | Porphyromonas uenonis | Bacilo A-
Gemella morbillorum Coco F+ Olsenella profusa Bacilo A+
NAO IDENTIFICADA - Scardovia inopinata Coco A+

NAO IDENTIFICADA - ERRO -
NAO IDENTIFICADA . Pseudoramibacter | . a,

alactolyticus

NAO IDENTIFICADA - Olsenella sp. Bacilo A+
Prevotella oralis Bacilo A- Prevotella tannerae Bacilo A-
NAO IDENTIFICADA - Porphyromonas uenonis | Bacilo A-
0 Peptostreptococcus micros | Coco A+ | Porphyromonas uenonis| Bacilo A-
comconaroptes | BRIOA | e | G0 A
Z:;i Z%ZZ;Z?: Bacilo A- | Porphyromonas uenonis | Bacilo A-

Prevotella disiens Bacilo A- | Porphyromonas uenonis | Bacilo A-

Peptostreptococcus micros | Coco A+ | Porphyromonas uenonis| Bacilo A-

Peptostreptococcus micros | Coco A+ | Porphyromonas uenonis | Bacilo A-

Bacteroides ureolyticus Bacilo A- | Porphyromonas uenonis | Bacilo A-
Porphy romoqas Bacilo A- Olsenella profusa Bacilo A+
asaccharolytica
Porphy romoqas Bacilo A- | Porphyromonas uenonis | Bacilo A-
asaccharolytica
Porphy romor{as Bacilo A- | Porphyromonas uenonis | Bacilo A-
asaccharolytica

NAO IDENTIFICADA - Porphyromonas uenonis | Bacilo A-

M: morfologia; RC: requerimento gasoso; G: gram; A-: anaerobio gram-negativo; A+:
anaerdbio gram-positivo; F-: facultativo gram-negativo; F+: facultativo gram-positivo.
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Quadro 1 — Identificacdo bioquimica e pelo sequenciamento, caracteristica morfoldgica,
requerimento gasoso e coloragdo de Gram de cada cepa isolada por cultura.

(Continuacao)

Caso Identificagao Bioquimica M/RC/G Sequenciamento M/RC/G
Fusobacterium nucleatum Bacilo A- Fusobacterium nucleatum Bacilo A-
Peptostreptococcus micros Coco A+ Slackia exigua Bacilo A+
Streptococcus constelatus Coco F+ Streptococcus gordonii Coco F+
Peptostreptococcus micros Coco A+ Slackia exigua Bacilo A+
Fusubacterium nucleatum Bacilo A- Fusobacterium nucleatum Bacilo A-

Prevotella oralis Bacilo A- Prevotella nigrescens Bacilo A-
Prevotella oralis Bacilo A- Prevotella nigrescens Bacilo A-
Prevotella oralis Bacilo A- Prevotella nigrescens Bacilo A-

3 NAO IDENTIFICADA - Prevotella nigrescens Bacilo A-
Bifidobacterium sp. Bacilo A+ Prevotella oris Bacilo A-
Veilonella sp. Coco A- Veilonella parvula Coco A-

NAO IDENTIFICADA - Aggregatibacter aphorphilus Bacilo F-
Peptostreptococcus micros Coco A+ Parvimonas micra Coco A+
Clostridium botulinum Bacilo A+ Peptostreptococcus stomatis Coco F+
Porphyromonas gingivalis Bacilo A- Prevotella nigrescens Bacilo A-
NAO IDENTIFICADA - Prevotella nigrescens Bacilo A-
NAO IDENTIFICADA - Prevotella nigrescens Bacilo A-
Peptostreptococcus micros Coco A+ Parvimonas micra Coco A+
Anaerococcus prevotii Coco A+ Solobacterium moorei BaciloA+
NAO IDENTIFICADA - Prevotella nigrescens Bacilo A-
Anaerococcus prevolii Coco A+ Solobacterium moorei Bacilo A+
NAO IDENTIFICADA - Dialister invisus Coco A-
Actinomyces meyeri Bacilo F+ Actinomyces georgiae Bacilo F+
Prevotella intermedia Bacilo A- Prevotella nigrescens Bacilo A-

4 Peptostreptococcus micros Coco A+ Parvimonas micra Coco A+
Peptostreptococcus micros Coco A+ Parvimonas micra Coco A+
Peptostreptococcus micros Coco A+ Parvimonas micra Coco A+
Prevotella oralis Bacilo A- Prevotella tannerae Bacilo A-
Peptostreptococcus micros Coco A+ Parvimonas micra Coco A+
NAO IDENTIFICADA - Actinomyces georgiae Bacilo A+
Actinomyces meyeri Bacilo F+ Prevotella nigrescens Bacilo A-
Prevotella disiens Bacilo A- Prevotella nigrescens Bacilo A-

M: morfologia; RC: requerimento gasoso; G: gram; A-: anaerobio gram-negativo; A+:

anaerdbio gram-positivo; F-: facultativo gram-negativo; F+: facultativo gram-positivo.
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Quadro 1 — Identificacdo bioquimica e pelo sequenciamento, caracteristica morfoldgica,
requerimento gasoso e coloragdo de Gram de cada cepa isolada por cultura.

(Continuacao)

Caso Identificacao Bioquimica M/RC/G Sequenciamento M/RC/G
Prevotella buccae Bacilo A- Prevotella buccae Bacilo A-
NAO IDENTIFICADA - Dialister invisus Coco A-
Prevotella buccae Bacilo A- Prevotella buccae Bacilo A-
Peptostreptococcus micros | Coco A+ | Phocaeicola abscessus | Bacilo A-
NAO IDENTIFICADA . P S‘:‘;gcotg a}}’/’;;flfgte' Coco A+
5 Peptostreptococcus micros | Coco A+ ERRO -
Prevotella buccae Bacilo A- Prevotella buccae Bacilo A-
Prevotella buccae Bacilo A- Prevotella buccae Bacilo A-
Gemella morbilorum Coco F+ Slackia exigua Bacilo A+
Clostridium bifermentans | Bacilo A+ PS?;&E%SL?SW Coco A+
Peptostreptococcus micros | Coco A+ Slackia exigua Bacilo A+
NAO IDENTIFICADA - Campylobacter rectus | Bacilo F-
NAO IDENTIFICADO - Streptococcus mutans | Coco F+
Prevotella buccae Bacilo A- Prevotella buccae Bacilo A-
Fusobacterium necrophorum | Bacilo A- Veillonella dispar Coco A-
NAO IDENTIFICADO - Veillonella dispar Coco A-
NAO IDENTIFICADO . Peeudor é}%{fig’e’ Coco A+
NAO IDENTIFICADO - Atopobium parvulum | Bacilo A+
Gemella morbilorum Coco F+ Veillonella dispar Coco A-
6 NAO IDENTIFICADO - Streptococcus mutans | Coco F+
Gemella morbilorum Coco F+ Atopobium parvulum | Bacilo A+
Gemella morbilorum Coco F+ Atopobium parvulum | Bacilo A+
Prevotella buccae Bacilo A- Prevotella buccae Bacilo A-
Prevotela oralis Bacilo A- Prevotella oralis Bacilo A-
NAO IDENTIFICADO - Streptococcus mutans | Coco F+
Staphylococcus epidermidis | Coco F+ ERRO -
NAO IDENTIFICADO - Prevotella oulorum Bacilo A-

M: morfologia; RC: requerimento gasoso; G: gram; A-: anaerobio gram-negativo; A+:

anaerdbio gram-positivo; F-: facultativo gram-negativo; F+: facultativo gram-positivo.
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Quadro 1 — Identificacdo bioquimica e pelo sequenciamento, caracteristica morfolégica,

requerimento gasoso e coloragdo de Gram de cada cepa isolada por cultura.
(Continuacao)

Caso Identificacao Bioquimica M/RC/G Sequenciamento M/RC/G
Prevotella buccae Bacilo A- | Prevotella nigrescens | Bacilo A-
Peptostreptococcus micros | Coco A+ Prevotella buccae Bacilo A-
NAO IDENTIFICADA - Campylobacter rectus | Bacilo F-
7 Eggherthella lenta Bacilo A+| Campylobacter rectus | Bacilo F-
Prevotella oralis Bacilo A- Prevotella sp. Bacilo A-
NAO IDENTIFICADA - Prevotella sp. Bacilo A-
Anaerococcus prevotii Coco A+ | Dialister pneumosintes | Coco A-
Clostridium dificilli Bacilo A+ Filifactor alocis Bacilo A+

NAO IDENTIFICADA - Dialister pneumosintes | Coco A-

NAO IDENTIFICADA - Dialister pneumosintes | Coco A-
8 NAO IDENTIFICADA - Solobacterium moorei | Bacilo A+
NAO IDENTIFICADA - Dialister pneumosintes | Coco A-

NAO IDENTIFICADA i P SpIOSTEPIasoceus | Goco F+
NAO IDENTIFICADA - Campylobacter rectus | Bacilo F-
Fusobacterium necrophorum | Bacilo A- Fusobacterium Bacilo A-

necrophorum

Prevotella disciens Bacilo A- | Prevotella nigrescens | Bacilo A-
Peptostreptococcus micros | Coco A+ Parvimonas sp. Bacilo A-
Prevotella buccae Bacilo A- Prevotella buccae Bacilo A-
NAO IDENTIFICADA - Solobacterium moorei | Bacilo A+
Eggherthella lenta Bacilo A+ Pep tog;gi,t?);c;lgoccus Coco F+
9 Prevotella intermédia Bacilo A- Eubacterium sp. Bacilo A+
NAO IDENTIFICADA - Prevotella nigrescens | Bacilo A-
Prevotella disciens Bacilo A- | Prevotella nigrescens | Bacilo A-
Finegoldia magna Coco A+ ézgzg?fr'gg; Bacilo A+
Prevotella disciens Bacilo A- | Prevotella nigrescens | Bacilo A-
NAO IDENTIFICADA - Prevotella nigrescens | Bacilo A-
NAO IDENTIFICADA - Prevotella tannerae Bacilo A-

M: morfologia; RC: requerimento gasoso; G: gram; A-: anaerobio gram-negativo; A+:

anaerdbio gram-positivo; F-: facultativo gram-negativo; F+: facultativo gram-positivo.
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Quadro 1 — Identificacdo bioquimica e pelo sequenciamento, caracteristica morfoldgica,
requerimento gasoso e coloracdo de Gram de cada cepa isolada por cultura.
(Continuacao)

Caso | Identificacao Bioquimica M/RC/G Sequenciamento M/RC/G
Prevotella disciens Bacilo A- Prevotella tannerae Bacilo A-
NAO IDENTIFICADA - Prevotella marshii Bacilo A-
Prevotella oralis Bacilo A- Prevotella baroniae Bacilo A-
10 Clostridium sp. Bacilo A+ Filifactor alocis Bacilo A+
NAO IDENTIFICADA - Prevotella tannerae Bacilo A-
Gemella morbilorum Coco F+ Slackia exigua Bacilo A+
Anaerococcus prevotii Coco A+ Eubacterium sp. Bacilo A+
NAO IDENTIFICADA - Prevotella tannerae Bacilo A-
Anaerococcus prevotii Coco A+ Filifactor alocis Bacilo A+

% Pseudoramibacter
NAO IDENTIFICADA - alactolyticus Coco A+
Prevotella buccae Bacilo A- Prevotella buccae Bacilo A-

. Pseudoramibacter
Gemella morbilorum Coco F+ alactolyticus Coco A+
Gemella morbilorum Coco F+ Slackia exigua Bacilo A+

~ Pseudoramibacter
11 NAO IDENTIFICADA - alactolyticus Coco A+
Gemella morbilorum Coco F+ Dialister invisus Coco A-

. Pyramidobacter ,

Eggherthella lenta Bacilo A+ piscolens Bacilo A-
Gemella morbilorum Coco F+ Dialister invisus Coco A-

* Pseudoramibacter
NAO IDENTIFICADA - alactolyticus Coco A+
Prevotella buccae Bacilo A- Prevotella buccae Bacilo A-

, Pseudoramibacter
Gemella morbilorum Coco F+ alactolyticus Coco A+

M: morfologia; RC: requerimento gasoso; G: gram; A-: anaerobio gram-negativo; A+:
anaerobio gram-positivo; F-: facultativo gram-negativo; F+: facultativo gram-positivo.

102



Quadro 1 — Identificacdo bioquimica e pelo sequenciamento, caracteristica morfolégica,

requerimento gasoso e coloragdo de Gram de cada cepa isolada por cultura.
(Continuacao)

Caso | Identificacao Bioquimica M/RC/G Sequenciamento M/RC/G
Staphylococcus Staphylococcus
epidermides Coco F+ epidermides Coco F+
Prevotella buccae Bacilo A- Prevotella buccae Bacilo A-
. Prevotella .
Prevotella buccae Bacilo A- melaninogenica Bacilo A-
Prevotella buccae Bacilo A- Prevotella oris Bacilo A-
Prevotella oralis Bacilo A- Prevotella sp. Bacilo A-
12 Prevotella oralis Bacilo A- Dialister invisus Coco A-
Prevotella oralis Bacilo A- Dialister invisus Coco A-
Prevotella intermédia Bacilo A- Prevotella nigrescens Bacilo A-
x Pseudoramibacter
NAO IDENTIFICADA - alactolyticus Coco A+
NAO IDENTIFICADA - Prevotella buccae Bacilo A-
Prevotella intermédia Bacilo A- Prevotella nigrescens Bacilo A-
Prevotella disciens Bacilo A- Prevotella nigrescens Bacilo A-
Prevotella disciens Bacilo A- Prevotella nigrescens Bacilo A-
Gemella morbilorum Coco F+ Lactobacillus casei Bacilo F+
Aerococcus viridans Coco F+ Enterococcus faecalis Coco F+
13 Gemella morbilorum Coco F+ Streptococcus mutans | Coco F+
Pep tostreptococcus Coco A+ | Streptococcus anginosus | Coco F+
micros
Aerococcus viridans Coco F+ Enterococcus faecalis Coco F+
Peptostr eptococcus Coco A+ | Streptococcus anginosus | Coco F+
micros
Propionibacterium acnes | Bacilo A+ | Propionibacterium acnes | Bacilo A+
14 Prevotella buccae Bacilo A- Prevotella buccae Bacilo A-
Neisseria sp. Coco F- ERRO -

M: morfologia; RC: requerimento gasoso; G: gram; A-: anaerobio gram-negativo; A+:

anaerobio gram-positivo; F-: facultativo gram-negativo; F+: facultativo gram-positivo.
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Quadro 1 — Identificacdo bioquimica e pelo sequenciamento, caracteristica morfoldgica,
requerimento gasoso e coloracdo de Gram de cada cepa isolada por -cultura.
(Continuacao)

Caso | Identificacdao Bioquimica M/RC/G Sequenciamento M/RC/G
Prevotella intermédia Bacilo A- Prevotella nigrescens Bacilo A-
Clostridium tetani Bacilo A+ Psc;t;gcotroalgz;gsscter Coco A+
Eubacterium limosum Bacilo A+ | Eubacterium infirmum Bacilo A+
Bacteroides capillosus Bacilo A- Prevotella oralis Bacilo A-
s Finegoldia magna Coco A+ é:ggg?ocr'gg; Bacilo F+
Anaerococcus prevotii Coco A+ Olsenella uli Bacilo A+
Prevotella buccae Bacilo A- Prevotella buccae Bacilo A-
Prevotella intermédia Bacilo A- Prevotella nigrescens Bacilo A-
Prevotella intermédia Bacilo A- Prevotella nigrescens Bacilo A-
Prevotella intermédia Bacilo A- Prevotella nigrescens Bacilo A-
Prevotella intermédia Bacilo A- Prevotella nigrescens Bacilo A-
NAO IDENTIFICADA - Bacillus drentensis Bacilo F+

NAO IDENTIFICADA - Dialister pneumosites Coco A-
NAO IDENTIFICADA - Olsenella sp. Bacilo A+
Prevotella loischeu Bacilo A- Prevotella sp. Bacilo A-
16 NAO IDENTIFICADA - Prevotella nigrescens Bacilo A-
NAO IDENTIFICADA - Porphyromonas gingivalis | Bacilo A-
Clostridium botulinum Bacilo A+ Psz7ggt§;;;gigter Coco A+
Peptostreptococcus micros | Coco A+ Parvimonas micra Coco A+
Actinomyces meyeri Bacilo F+ Olsenella sp. Bacilo A+
Bacterioides ureolyticus | Bacilo A- Bilophila wadsworthia Bacilo A-

M: morfologia; RC: requerimento gasoso; G: gram; A-: anaerobio gram-negativo; A+:
anaerobio gram-positivo; F-: facultativo gram-negativo; F+: facultativo gram-positivo.
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Quadro 1 — Identificacdo bioquimica e pelo sequenciamento, caracteristica morfoldgica,
requerimento gasoso e coloracao de Gram de cada cepa isolada por cultura. (Concluséo)

Caso | ldentificacdo Bioquimica M/RC/G Sequenciamento M/RC/G
NAO IDENTIFICADA - Dialister invisus Coco A-
Clostridium botulinum Bacilo A+ |  Campylobacter gracilis Bacilo F-
NAO IDENTIFICADA - Porphyromonas gingivalis Bacilo A-

17 Bacteroides ureolyticus Bacilo A- Filifactor alocis Bacilo A+
Propionibacterium acnes Bacilo A+ | propionibacterium acnes | Bacilo A+

NAO IDENTIFICADA - Porphyromonas gingivalis Bacilo A-
Clostridium bifermentans Bacilo A+ | porphyromonas gingivalis | Bacilo A-

NAO IDENTIFICADA - Peptococcus Niger Coco A+
Finegoldia magna Coco A+ Atopobium rimae Bacilo A+
Propionibacterium acnes Bacilo A+ | propionibacterium acnes | Bacilo A+

18 Clostridium sp. Bacilo A+ Peptococcus Niger Coco A+
Fusobacterium nucleatum Bacilo A- | Fusobacterium nucleatum | Bacilo A-
Eggherthella lenta Bacilo A+ Filifactor alocis Bacilo A+

Finegoldia magna Coco A+ Atopobium rimae Bacilo A+

NAO IDENTIFICADA . Peptostreplococaus Coco F+
Peptostreptococcus micros Coco A+ Parvimonas micra Coco A+

NAO IDENTIFICADA - Selemonas sp. Bacilo A-

c19 Peptostreptococcus micros Coco A+ Parvimonas micra Coco A+
Clostridium botulinum Bacilo A+ | Campylobacter gracilis Bacilo F-

NAO IDENTIFICADA - Prevotella baroniae Bacilo A-

NAO IDENTIFICADA - Olsenella uli Bacilo A+

NAO IDENTIFICADA - Campylobacter gracilis Bacilo F-
Prevotella buccae Bacilo A- Prevotella bucae Bacilo A-
Eubacterium limosum Bacilo A+ | Pyramidobacter piscolens | Bacilo A-

C20 NAO IDENTIFICADA - Olsenella uli Bacilo A+
Bacteroides ureolyticus Bacilo A- Psi7g§§}r/?;fjscter Coco A+

NAO IDENTIFICADA - Propiobacterium acnes Bacilo A+

M: morfologia; RC: requerimento gasoso; G: gram; A-: anaerdbio gram-negativo; A+:
anaerdbio gram-positivo; F-: facultativo gram-negativo; F+: facultativo gram-positivo.

105



As amostras nao identificadas bioquimicamente (65/220), que estiveram
presentes em 17 casos, foram caracterizadas em 97% (63/65) pelo
sequenciamento, e incluiram Pseudoramibacter alactolyticus, Prevotella spp,
Dialister spp, Campylobacter spp, Olsenella spp. entre outros.

Cinco cepas permaneceram sem identificacdo apds o sequenciamento,
pois a sequéncia obtida foi inadequada para analise. Apresentavam muitas bases
ambiguas ou a sequéncia estava muito curta (menos de 400 pares de base) para
comparacao com o banco de dados (GenBank — NCBI). Duas dessas ja nao
haviam sido identificadas bioquimicamente, e as outras 2 foram identificadas como
Parvimonas micra e Neisseria sp. , porém nao foi possivel a identificacao
genotipica.

Houve uma concordancia significativa entre os 2 métodos na
identificacdo de Prevotella buccae, Parvimonas micra, Fusobacterium nucleatum e
Propionibacterium acnes (p<0.05; OR=2.500; 1C=1.170-5.341). Considerando a
identificagdo genotipica, foi observado uma associagao entre Prevotella buccae e
Pseudoramibacter alactolyticus (p<0.05; OR=9.333; IC=1.193-72.999), e entre
Parvimonas micra e Prevotella nigrescens (p<0.05; OR= 18.333; IC= 1.508-

222.875). Nao foi encontrada associagao entre bactérias e sinais e sintomas.
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2.2 - CLONAGEM DO GENE 16S rRNA

De cada caso submentido a clonagem, 96 colénias foram selecionadas
para analise por sequenciamento, resultando em 960 clones a serem
processados. Apdés a reacao de PCR com primer M-13, 799 clones foram
sequenciados.

Sequencias com mais de 4 bases ambiguas ou extensdo reduzida
(<400 pares de base) foram descartadas, resultando em 689 sequéncias
apropriadas para andlise filogenética.

Firmicutes foi o filo com maior representatividade, detectado nos 10
casos estudados, correspondendo a 43,5% dos clones analisados (Grafico 3). O
filo Bacteroidetes (22.5%), presente em 9 casos, foi o segundo mais prevalente.
Fusobacteria representou somente 3.9% dos clones analisados, entretanto esteve
presente em 7 casos. Proteobacteria (13.2%) foi detectado em 5 casos,
Actinobacteria (6.5%) em 4 casos, Synergistetes (5.2%) e Spirochaetes (3.9%)
em 2 casos e Deinococcus-Thermus (1.3%) em 1 caso.

3,90%
5,20%

3,90% -1,30%

-

M Firmicutes

M Bacteroidetes
M Proteobacteria
M Actinobacteria
M Synergistetes
M Spirochaetes
M Fusobacteria

M Deinococcus-Thermus

Grafico 3 — Prevaléncia de cada filodetectado pela clonagem bacteriana

Foi observada uma grande heterogeneidade entre os pacientes
estudados e nenhum caso abrigou os 8 filos detectados. O caso 6 apresentou 11
filotipos diferentes, pertencentes apenas aos filos Firmicutes e Bacteroidetes,
enquanto que o caso 8 apresentou Firmicutes, Bacteroidetes, Proteobacteria,
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Fusobacteria, Spirochaetes e Synergistetes, num total de 21 filotipos diferentes,
sendo o caso que apresentou maior diversidade.

Setenta e seis filotipos diferentes foram identificados com homologia
maior que 98% com sequéncias depositadas no GenBank do NCBI, dos quais 48
(63,15%) foram espécies diferentes e 28 (36,84%) correspondiam a espécies
ainda nao cultivaveis ou nao caracterizadas. Quarenta e trés filotipos estavam
presentes em apenas 1 caso.

Espécies do género Prevotella, incluindo P. baroniae, P. buccae, P.
denticola, P. infermedia, P. loescheii, P. maculosa, P. marshii, P. oris e P. oulorum
foram detectadas em 9 das 10 amostras estudadas. Fusobacterium nucleatum,
Filifactor alocis e Peptostreptococcus stomatis foram as bactérias mais
frequentemente identificadas (6 das 10 amostras), seguidos por Dialister invisus,
Phocaeicola abscessus, Lachnospiraceae oral clone (5/10 casos), Porphyromonas
spp. e Parvimonas micra (4/10 casos).

O Grafico 4 mostra 0 numero de casos onde as bactérias mais

frequentes foram detectadas.

=
o

O R, N Wk UO J W

Grafico 4 — Numero de casos que apresentaram as bactérias mais
frequentemente identificadas
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A média de filotipos diferentes em cada caso foi de 15, variando de 11 a
21, e a maioria eram anaerdbios gram-negativos. A Tabela 2 mostra todos os
filotipos identificados, o respectivos numeros de acesso no GenBank do NCBI, e

0S casos que abrigaram cada filotipo.

Tabela 2 — Filotipos identificados, numero de acesso e casos onde foram
detectados (continua)

Provavel género e espécie N2 acesso Caso
Acinetobacter Iwofii FN393790 3
Actinomycetales bacterium EU598252 3
Atopobium rimae AF292371 2/5
Bacteroidales oral clone AF481206 9
Bacteroidetes bacterium FJ577256 3/8
Campylobacter gracilis AB663242 1
Campylobacter rectus DQ174169 7/8
Campylobacter sp DQ087191 7

Catonella morbi NR_026248 7
Clostridiales bacterium AF481208 9
Deferribacteres sp AY349371 8
Deinococcus sp AF385541 3
Dialister invisus AB626632 2/4/5/7/8
Dialister pneumosintes NR_026229 5/7/8
Enterobacter sp HM625774 8
Enterococcus faecalis AB362602 6
Escherichia coli AB480776 3/4/7
Eubacteriaceae oral clone AF538856 2/5/7
Eubacterium infirmum HM596276 4/5/10
Eubacterium minutum AB020885 4/5
Eubacterium sp AF287762 2/4/7/8
Eubacterium yurii ssp yurii 34629 8
Exiguobacterium mexicanum JF505980 3
Filifactor alocis AJ006962 2/4/5/7/8/10
Firmicutes oral clone AF287771 2/8/9
Flexistipes-like sp oral clone AY005444 10
Fusobacterium necrophorum EF153310 9
Fusobacterium nucleatum FJ471660 2/4/5/7/8/10
Fusobacterium sp AF287805 7
Lachnospiraceae oral clone AF481218 2/4/5/6/8
Micrococcus flavus HM196864 3
Olsenella profusa AF292374 1
Olsenella profusa AF292374 1
Olsenella uli FN178464 2
Paracoccus sp AB362825
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Tabela 2 — Filotipos identificados, nimero de acesso e casos onde

foram detectados (continuacao)
Provavel género e espécie
Parvimonas micra
Peptostreptococcus stomatis
Phocaeicola abscessus
Porphyromonas endodontalis
Porphyromonas uenonis
Prevotella baroniae
Prevotella buccae
Prevotella denticola
Prevotella intermédia
Prevotella loescheii
Prevotella maculosa
Prevotella marshii
Prevotella oris
Prevotella oulorum
Prevotella sp
Prevotella tannerae
Pseudomonas sp

Pseudoramibacter alactolyticus

Shuttleworthia satelles
Solobacterium moorei
Solobacterium sp
Streptococcus constelatus
Streptococcus intermedius
Streptococcus mitis
Streptococcus mutans
Streptococcus salivaris
Streptococcus sp
Synergistetes bacterium
Tannerella forsythia
Treponema denticola
Treponema socranskii ssp
Treponema sp

Uncultured bacterium
Uncultured bacterium
Uncultured bacterium
Uncultured bacterium
Uncultured Lachnospiraceae
Uncultured Sphingomonas sp
Uncultured Synergistes sp
Veillonellaceae bacterium
Veilonela parvula
Vellonella dispar
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N2 acesso
AY323523
DQ160208
NR_044556
AB547659
GQ422746
FJ940880
AB547675
AB547680
AF414829
AY836508
EF534314
NR_ 041907
GQ131410
NR_029147
AY005056
AF183406
AJ007004
AB036761
NR_028827
GQ182982
AB256031
AF104676
NR_028736
AY518677
AY188348
AY188352
AY953255
GQ149247
DQ344918
AF139203
AB015890
AY349418
EF510405
GQ157701
FJ558096
DQ799777
AM420101
FJ191542
FJ976390
GQ422718
AB538437
GQ422726

Caso
2/4/5/9
2/4/6/7/8/9
2/5/8/9/10
4/7/9

1

4/8/10

2/7

2/5

5

1

8

10

4/5/9

6
1/2/7/8/10
1/10

3

1/4/5

4/5

4/5

2/9



O dendrograma contruido para analisar a relacao filogenética entre os
filotipos encontra-se na Figura 1, e foi construido baseado no alinhamento dos
1500 pares de base.

O numero de clones analizados em cada caso variou de 55 a 86,
dependendo da qualidade dos fragmentos sequenciados. Considerando a
microbiota detectada em cada caso, foi estimado a proporcdo de deteccao de
cada filotipo.

A maioria dos filotipos identificados neste estudo representava menos
de 10% da microbiota total identificada em cada amostra. Ja algumas espécies
correspondia a mais de 30% da microbiota da amostra.

Prevotella oris correspondeu a mais de 10% da microbiota total
detectada nos casos 4 e 5. Outras espécies do género Prevotella corresponderam
a menos de 10%. Em alguns casos, as espécies mais frequentemente
identificadas representaram mais de 10% da microbiota. Phocaeicola abscessus
representou mais de 30% da microbiota no caso 10.

Espécies encontradas em apenas 1 caso, como Exiguobacterium
mexicanum, Enterococcus faecalis e Streptococcus intermedius, foram
encontradas numa alta proporcéo (mais de 30%). Veilonella parvula, Micococcus
flavus, Acinetobacter Iwoffi e Paracoccus sp. representou mais de 10% da
microbiota dos casos onde foram detedtadas (Figura 1).

Associacdo positiva foi observada entre a bactéria Gram-positiva P.
micra e a Gram-negativa P. oris (p<0.05; OR=4.000; IC=0.733-21.888).
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Figure 1 — Arvore filogenética baseada no gene 16S rRN
representam a porcentagem de similaridade das sequéncias. A coluna de quadrados
representa o perfil bacteriano de cada amostra, e a propor¢cao é indicada pelas cores:
branco (ausente), verde (<10%), azul (10%-30%), vermelho (>30%).
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1.3 - CLONAGENS DE CEPAS ISOLADAS POR CULTURA E NAO
IDENTIFICADAS PELO SEQUENCIAMENTO DO GENE 16S rRNA

A clonagem das cepas nao identificadas pelo sequenciamento realmente
mostrou que ndo se tratava de uma cultura pura, justificando a impossibilidade de
identificacdo através da metodologia de sequenciamento empregada neste
estudo, exceto na cepa isolada do caso 6. As identificacbes dessas cepas
encontram-se na Tabela 3 abaixo.

Nao foi possivel realizar clonagem da cepa isolada do caso 2,
provavelmente devido degradacao do DNA extraido.

Tabela 3 - Identificagdo das 4 cepas nao identificadas pelo Sequenciamento do gene 16S
rRNA .
Amostra Ident. Bioquimica  Seq. 16S rRNA Clonagem

C1  NAO IDENTIFICADA ERRO Pseudoramibacter alactolyticus
Bacillis licheniformis
C2  NAO IDENTIFICADA ERRO ERRO

Pyramidobacter piscolens
Phocaeicola abscessus

C5 Parvimonas micra ERRO
Campylobacter rectus
Parvimonas micra
cé6 Staphilococcus ERRO Veillonella sp.
epidermides
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1.4 - DIVERSIDADE BACTERIANA: SEQUENCIAMENTO DO GENE 16S rRNA
DE CEPAS ISOLADAS POR CULTURA + CLONAGEM

O total de espécies detectadas pela clonagem bacteriana e
sequenciamento de cepas isoladas por cultura de 10 casos encontra-se no
Quadro 2. Foram identificadas 92 bactérias diferentes, numa média de 19
bactérias por canal.

As espécies mais frequentes foram: Fusobacterium nucleatum, e
Peptostreptococcus stomatis, Eubacterium spp. presentes em 7 casos.
Parvimonas micra Prevotella buccae, Filifactor alocis e Dialister invisus em 6
casos, Pseudoramibacter alactolyticus, Lachnospiraceae oral clone, Phocaeicola
abscessus e Prevotella nigrescens em 5 casos.

Quanto ao requerimento gasoso e caracteristicas da parede células, a
maioria das bactérias detectadas eram anaerdbias gram-negativas (n=39). Vinte e
trés eram anaerbébias gram-positivas, 8 facultativas gram-negativas e 19

facultativas gram-positivas.

Quadro 2 — Espécies identificadas pelo sequenciamento e pela clonagem, e o niumero de
espécies diferentes por caso (continua)

Caso Isoladas por Cultura Clonagem TOt?I _de
especies
Prevotella buccae
Atopobium rimae Streptococcus intermedius
Pseudoramibacter alactolyticus Streptococcus constellatus
Prevotella denticola Campylobacter gracilis
Lactobacillus fermentum Veillonella parvula
Bifidobacterium dentium Uncultured bacterium
1 Dialister invisus Pseudoramibacter alactolyticus 23
Parascardovia denticolens Prevotella loescheii
Prevotella nigrescens Prevotella sp.
Prevotella multisacharivorax Prevotella Tannerae
Parvimonas micra Porphyromonas uenonis
Lactobacillus casei Olsenella profusa
Pseudoramibacter alactolyticus
Bacillis licheniformis
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Quadro 2 — Espécies identificadas pelo sequenciamento e clonagem, e 0 numero de

es

écies diferentes por caso (continuacao)
. Total de
Caso Sequenciamento Clonagem o
espécies
Eubacteriaceae oral clone
Phocaeicola abscessus
Peptostreptococcus stomatis
Solobacterium sp.
Propionibacterium acidifaciens Parvimonas micra
Olsenella sp. Olsenella uli
Scardovia inopinata Dialister invisus
2 Pseudoramibacter alactolyticus Prevotella buccae 3
Prevotella tannerae Prevotella sp.
Porphyromonas uenonis Prevotella denticola
Olsenella profusa Eubacterium sp.
Filifactor alocis
Atopobium rimae
Lachnospiraceae oral clone
Firmicutes oral clone
Fusobacterium nucleatum
Pseudomonas sp.
Fusobacterium nucleatum Acinetobacter Iwofii
Slackia exigua Actinomycetales bacterium
Streptococcus gordonii Uncultured bacterium
Prevotella nigrescens Paracoccus sp.
3 Prevotella oris Escherichia coli 20

Veillonella parvula
Aggregatibacter aphorphilus
Parvimonas micra
Peptostreptococcus stomatis

Micrococcus flavus
Exiguobacterium mexicanum
Uncultured Sphingomonas sp.
Deinococcus sp. oral clone
Bacteroidetes bacterium
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Quadro 2 — Espécies identificadas pelo sequenciamento e clonagem, e o nimero de
espécies diferentes por caso (continuacao)

Total de

i lonagem .
Caso Sequenciamento Clonage espécies

Parvimonas micra
Pseudoramibacter alactolyticus
Lachnospiraceae oral clone
Prevotella baroniae
Fusobacterium nucleatum
Eubacterium infirmum

Solobacterium moorei P@votella oris
Dialister invisus Filifactor .a/ ocls
4 Actinomyces georgiae Shuttleworth/a satelleg 20
Solobacterium moorei

Dialister invisus
Peptostreptococcus stomatis
Uncultured Lachnospiraceae
Eubacterium sp.
Escherichia coli
Porphyromonas endodontalis

Parvimonas micra

Prevotella oris
Lachnospiraceae oral clone
Fusobacterium nucleatum
Filifactor alocis
Parvimonas micra
Eubacterium infirmum
Prevotella buccae Atopobium rimae
Dialister invisus Shuttleworthia satelles
Phocaeicola abscessus Eubacteriaceae oral clone
Pseudoramibacter alactolyticus Dialister pneumosintes
Slackia exigua Eubacterium minutum
Campylobacter rectus Dialister invisus
Pyramidobacter piscolens Prevotella denticola
Parvimonas micra Prevotella intermedia
Pseudoramibacter alactolyticus
Veillonellaceae bacterium
Phocaeicola abscessus
Solobacterium moorei
Uncultured Lachnospiraceae

23
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Quadro 2 — Espécies identificadas pelo sequenciamento e clonagem, e o nimero de
espécies diferentes por caso (continuacao)

Caso Sequenciamento Clonagem Tot?I d ©
espécies
Streptococcus sp.
Streptococcus mutans
Streptococcus mutans Prevotella oulorum
Prevotella buccae Peptostreptococcus stomatis
Pseudoramibacter alactolyticus Veillonellaceae bacterium
6 Atopobium parvulum Enterococcus faecalis 15
Veillonella dispar Streptococcus salivarius
Prevotella oralis Uncultured bacterium
Prevotella oulorum Streptococcus mitis
Veillonella sp. Vellonella dispar
Lachnospiraceae oral clone
Fusobacterium nucleatum
Fusobacterium sp.
Porphyromonas endodontalis
Catonella morbi
Tannerella forsythia
, mpyl ter sp.
Prevotella nigrescens Campy obgc P
Eubacterium sp.
Prevotella buccae
Prevotella buccae
7 Campylobacter rectus - . 17
Filifactor alocis
Prevotella sp. . .
. . Dialister pneumosintes
Dialister pneumosintes .
Eubacteriaceae oral clone
Escherichia coli
Dialister invisus
Campylobacter rectus
Prevotella sp.
Peptostreptococcus stomatis
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Quadro 2 — Espécies identificadas pelo sequenciamento e clonagem, e o nimero de
espécies diferentes por caso (continuacao)

Caso

Sequenciamento

Clonagem

Total de espécies

Filifactor alocis
Solobacterium moorei
Dialister pneumosintes
Peptostreptococcus stomatis
Campylobacter rectus

Treponema denticola
Filifactor alocis
Uncultured Synergistes sp.
Phocaeicola abscessus
Dialister invisus
Treponema socranskii
Tannerella forsythia
Fusobacterium nucleatum
Firmicutes oral clone
Prevotella maculosa
Campylobacter rectus
Enterobacter sp.
Dialister pneumosintes
Eubacterium yurii
Eubacterium sp.
Prevotella sp.
Deferribacteres sp. oral clone
Peptostreptococcus stomatis
Bacteroidetes bacterium
Lachnospiraceae oral clone
Prevotella baroniae

22

Fusobacterium necrophorum
Prevotella nigrescens
Parvimonas sp.
Prevotella buccae
Solobacterium moorei
Peptostreptococcus stomatis
Eubacterium sp.
Lactobacillus catenaformis

Phocaeicola abscessus
Clostridiales bacterium
Peptostreptococcus stomatis
Parvimonas micra
Fusobacterium necrophorum
Firmicutes oral clone
Prevotella oris
Solobacterium sp.
Porphyromonas endodontalis
Uncultured bacterium
Bacteroidales oral clone

17
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http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=39950

Quadro 2 — Espécies identificadas pelo sequenciamento e clonagem, e o nimero de
espécies diferentes por caso (conclusao)
Caso Sequenciamento Clonagem Total de espécies

Fusobacterium nucleatum
Flexistipes-like sp. oral clone
Treponema socranskii
Phocaeicola abscessus

Prevotella tannerae Prevotella Tannerae
10 Prevotella marshii Prevotella baroniae
Prevotella baroniae Prevotella marshii 16
Filifactor alocis Uncultured Synergistes sp.
Slackia exigua Filifactor alocis
Eubacterium sp. Prevotella sp.

Tannerella forsythia
Eubacterium infirmum
Synergistetes bacterium
Treponema sp. oral clone

O numero de species diferentes por canal various de 15 a 23. A maioria
dela eram anaeribias Gram-negativas (n=39), mas uma houve também a detecgéo
de um significante nimero de Gram-positivas. Todos os 10 casos apresentaram
pelo menos uma espécie do género Prevotella (P. baroniae, P. buccae, P.
denticola, P. intermedia, P. loescheii P. maculosa, P. marshii P.
multisacharivorax, P. nirescens, P. oralis, P. oris, P. oulorum and P. tannerae).
Fusobacterium nucleatum, Peptostreptococcus stomatis e Eubacterium spp. foram
detectados em 7 casos; Filifactor alocis, Dialister invisus, Prevotella buccae e
Parvimonas micra em 6 casos; Phocaeicola abscessus, Prevotella nigrescens,
Pseudoramibacter alactoliticus, Porphyromonas spp. € Lachnospiraceae oral clone
in 5 cases. Nenhuma espécie foi encontrada nos 10 casos, e 54 bactérias foram
detectadas em apenas 1 caso. Bactérias incultivaveis ateé o momento estavam
presentes em 8 casos.

A maioria das bactérias detectadas pertencia ao filo Firmicutes
(40,21%) e Bacteroidetes (21,73%), detectados nos 10 casos. Fusobacteria
representou somente 3,26% das bactérias identificadas, porém esteve presente
em 8 casos. O filo Actinobacteria representou 14,13%, Proteobacteria 10,86%,
Synergistetes 5,43%, Spirochaetes 3,26% e Deinococcus-Thermus 1,08%.
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