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RESUMO

A presente tese teve como objetivos analisar o padrdo de resisténcia a
antimicrobianos de bactérias isoladas de infec¢cdes endodbnticas agudas por meio
de uma revisdo sistematica e meta-analise (capitulo 1); identificar e determinar a
diversidade genotipica, a sensibilidade bacteriana e os fatores de viruléncia de
anaerobios facultativos isolados em casos de abscesso apical agudo (capitulo 2); e
realizar, por meio de uma proposta de informativo, a difusdo de informacdes geradas
com orientagBes sobre o uso de agentes antibidticos em infec¢cdes endoddnticas
agudas para dentistas e pacientes (capitulo 3). A revisdo sistematica foi realizada
por meio de pesquisa em base de dados na internet e na literatura cinza até maio de
2015. As normas do PRISMA foram seguidas. Estudos clinicos em humanos que
avaliaram o perfil de resisténcia a antimicrobianos de isolados de infec¢des
endodonticas agudas primarias por meio de métodos laboratoriais foram incluidos. O
efeito randémico da Meta-andlise foi empregado, e o desfecho foi descrito reunindo
as taxas de resisténcia para cada antibidtico testado. Os dados de sete estudos
foram extraidos. A taxa de resisténcia para 15 diferentes agentes antibioticos foram
avaliadas, variando entre 3,5% a 40%. Baixas taxas de resisténcia foram observadas
para amoxicilina + clavulanato e amoxicilina, e altas taxas foram observadas para
tetraciclina. No capitulo 2, amostras de canais radiculares foram coletadas de sete
dentes com diagnostico de abscesso apical agudo. Bactérias anaerébias facultativas
foram identificadas com o auxilio de métodos fenotipicos e MALDI-TOF MS. A
sensibilidade antimicrobiana das cepas isoladas foi determinada para
benzilpenicilina, eritromicina e clindamicina por meio da difusdo em disco.Bactérias
anaerobias facultativas foram isoladas de 3 dentes. Streptococcus spp.,
Staphylococcus aureus, Enterococcus faecalis, e Actinomyces viscosus foram
identificados. Streptococcus spp. e S. aureus foram sensiveis a benzilpenicilina. E.
faecalis (24 cepas) isolados de um mesmo paciente tiveram a sensibilidade
antimicrobiana determinada por meio da concentracdo inibitéria minima para
benzilpenicilina, amoxicilina e amoxicilina + clavulanato utilizando-se o E-test. A
diversidade genotipica e a presenca de fatores de viruléncia (ace, asa, gelE, efaA,
cylA, esp) nas cepas de E. faecalis foi analisada por meio do PFGE e PCR,
respectivamente. A expressdo da gelatinase e da hemolisina foi testada, e a
producdo de biofilme quantificada. E. faecalis foram sensiveis aos antibiéticos beta-
lactamicos. O mesmo perfil cromossonal de DNA foi revelado para cepas de E.
faecalis isoladas. Os genes gelE, ace e efaA foram detectados em 18 cepas. A
expressao da gelatinase e a producdo de biofilme foram observadas. Cepas de E.
faecalis tiveram o mesmo perfil de DNA cromossomal, porém parecem apresentar
diferentes perfis de viruléncia. No capitulo 3 foram apresentadas duas propostas de
textos informativos. A primeira com o objetivo de orientar o dentista sobre o uso
correto dos antibidticos sistémicos em endodontia. A segunda visa informar os
pacientes sobre a utilizacdo dos antibioticos e esclarecer possiveis duvidas.

Palavras-chaves: Abscesso periapical. Bactérias anaerObias. Resisténcia a
antibioticos. Fatores de viruléncia.



ABSTRACT

The present thesis aimed to analyze the antimicrobial resistance profile of bacteria
isolated from acute endodontic infections through a systematic review and meta-
analysis (Chapter 1); to identify and determine the genotypic diversity, antimicrobial
susceptibility and virulence factors of isolated facultative anaerobes in isolates from
acute apical abscess (Chapter 2); and to provide information for dentist and patients
generated from guidelines on the use of antibiotic agents in acute endodontic
infections (Chapter 3). The electronic databases and the gray literature were
searched up to May 2015 for systematic review. PRISMA guidelines were followed.
The clinical studies in of humans that have evaluated the antimicrobial resistance of
the isolates of primary acute endodontic infections through laboratorial methods were
included. A random effect meta-analysis was employed, and the outcome was
described as being the pooled resistance rates for each antimicrobial agent. The data
from 7 studies were extracted. The resistance rates for 15 different antimicrobial
agents were evaluated, ranging from 3.5% to 40.0%. Lower resistance rates were
observed for amoxicillin+clavulanate and amoxicillin, and higher resistant rates were
detected for tetracycline. In Chapter 2, root canal samples were collected from seven
teeth. Facultative anaerobic bacteria were identified by phenotypic methods and
MALDI-TOF MS. Antimicrobial susceptibility of strains was determined to
benzylpenicillin, erythromycin and clindamycin by disk-diffusion. Facultative
anaerobic bacteria were isolated from 3 teeth. Streptococcus spp., Staphylococcus
aureus, Enterococcus faecalis, and Actinomyces viscosus were found. Streptococcus
spp. and S. aureus were susceptible to benzylpenicillin. E. faecalis strains (n=24)
isolated from the same patients had their susceptibility determined by minimum
inhibitory concentration of benzylpenicillin, amoxicillin and amoxicillin + clavulanate
using the E-test. The genotypic diversity and virulence factors (ace, asa, gelE, efaA,
cylA, esp) were analyzed in E. faecalis strains by PFGE and PCR, respectively.
Phenotypic expression of gelatinase and cytolysin were tested. Biofilm production
was quantified. All the E. faecalis strains were susceptible to B-lactam antibiotics.
The same chromosomal DNA fragmentation profile was revealed to E. faecalis
strains isolated. The gelE, ace and efaA genes were detected in 18 E. faecalis
strains. Gelatinase expression and biofilm production were observed. E. faecalis
strains had the same chromosomal DNA profile, but showed virulence profiles
different. In Chapter 3, two sugestion for information texts were presented. The first
aims to guide dentists on the proper use of systemic antibiotics in endodontics. The
second aims to inform patients about the use of antibiotics and clarify possible
doubts.

Keywords: Periapical abscess. Anaerobes bacteria. Antimicrobial susceptibility.
Virulence factors.
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INTRODUCAO

O abscesso apical agudo (AAA) é uma reacdo inflamatéria frente a uma
necrose e infeccdo pulpar, caracterizado pelo inicio rapido, dor espontanea,
sensibilidade do dente a percusséao e pressao apical, formacéo de pus, e edema dos
tecidos associados (AMERICAN ASSOCIATION OF ENDODONTICS - AAE, 2011).

A comunidade microbiana envolvida em casos de AAA é mista. De acordo
com a literatura, os filos mais frequentemente detectados sdo Firmicutes (52%),
Fusobacteria (17%) e Bacteroidetes (13%) (SANTOS et al., 2011). Embora nesse
tipo de infeccdo haja um predominio de bactérias anaerObias estritas como
Fusobacterium nucleatum, Parvimonas micra e Porphyromonas endodontalis
(SIQUEIRA JUNIOR, ROCAS, 2009); e que a presenca de Fusobacterium spp.,
Parvimonas spp., Atopobium spp., Dialister spp., Porphyromonas spp. e Prevotella
spp. esteja relacionada a dor, edema e exsudato purulento (SANTOS et al., 2011),
certas espécies de bactérias anaerobias facultativas também estdo presentes e
associadas a alguns sinais e sintomas (JACINTO et al., 2003; SAKAMOTO et al.,
2006; SIQUEIRA JUNIOR; ROCAS, 2013).

Bactérias anaerobias facultativas séo as bactérias que usam o oxigénio para
obter a energia, mas podem crescer sem oxigénio. O papel desses micro-
organismos em infec¢cfes endodénticas primarias com sintomatologia dolorosa ainda
nao esta claro. Acredita-se que as bactérias anaerdbias facultativas sejam as
responsaveis por preparar o ambiente para 0s micro-organismos anaerébios estritos
que predominam nesse tipo de infecgdo. Mdlller et al. (1981) verificaram a presenca
de um maior nimero de bactérias anaerdbias facultativas como Streptococcus spp.,
Enterococcus spp., Staphylococcus epidermidis, Lactobacillus spp. no inicio da
infeccdo (1 a 7 dias); e um aumento de bactérias anaerdbias estritas apos 6 a 7
meses de infeccdo. Os principais micro-organismos anaerébios facultativos
encontrados em casos de AAA sdo Streptococcus spp. (KHEMALEELAKUL et al.,
2002; JACINTO et al., 2003; KURIYAMA et al., 2005; OZBEK et al., 2006; SIQUEIRA
JUNIOR; ROCAS, 2009; POESCHL et al.,, 2011; ROCAS; SIQUEIRA JUNIOR;
DEBELIAN, 2011; HSIAO et al., 2012), Enterococcus spp. (JACINTO et al., 2003;
SIQUEIRA JUNIOR; ROGAS, 2009; POESCHL et al., 2011; MONTAGNER et al.,
2012), Actinomyces spp. (KHEMALEELAKUL et al., 2002; JACINTO et al., 2003;
KURIYAMA et al., 2005; SIQUEIRA JUNIOR; ROCAS, 2009), Staphylococcus spp.
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(KHEMALLELAKUL et al.,, 2002; JACINTO et al., 2003; OZBEK et al., 2006;
POESCHL et al., 2011), Corynebacterium spp. (KHEMALLELAKUL et al., 2002;
OZBEK et al., 2006; POESCHL et al., 2011), Eikenella spp. (KHEMALLELAKUL et
al., 2002; KURIYAMA et al., 2005; SIQUEIRA Jr.; ROCAS, 2009; POESCHL et al.,
2011), Lactobacillus spp. (KHEMALLELAKUL et al., 2002; JACINTO et al., 2003).
Streptococcus spp. sdo cocos Gram-positivos, anaerébios facultativos
encontrados frequentemente na infeccdo endoddntica priméaria (SIQUEIRA JUNIOR;
ROCAS, 2009; SKUCAITE et al., 2010). As principais espécies isoladas em AAA s&o
Streptococcus mutans (MUNSON et al.,, 2002; KHEMALEELAKUL et al., 2002;
OZBEK et al., 2006), Streptococcus oralis (MUNSON et al, 2002;
KHEMALEELAKUL et al.,, 2002; JACINTO et al., 2003; POESCHL et al., 2011),
Streptococcus anginosus (MUNSON et al., 2002; JACINTO et al., 2003; OZBEK et
al.,, 2006; POESCHL et al.,, 2011), Streptococcus E1 (MUNSON et al.,, 2002),
Streptococcus sanguis (KHEMALEELAKUL et al., 2002; JACINTO et al., 2003;
POESCHL et al., 2011), Streptococcus sobrinus (KHEMALEELAKUL et al., 2002),
Streptococcus mitis (KHEMALEELAKUL et al., 2002; JACINTO et al., 2003; OZBEK
et al., 2006; POESCHL et al., 2011), Streptococcus gordonii (KHEMALEELAKUL et
al., 2002; POESCHL et al., 2011), Streptococcus crista (KHEMALEELAKUL et al.,
2002), Streptococcus grupo C (KHEMALEELAKUL et al., 2002), Streptococcus
pyogeneses (OZBEK et al., 2006), Streptococcus pneumoniae (OZBEK et al., 2006),
Streptococcus constellatus (KHEMALEELAKUL et al., 2002; JACINTO et al., 2003;
POESCHL et al., 2011), Streptococcus intermedius (KHEMALEELAKUL et al., 2002;
POESCHL et al., 2011). Embora o numero de cepas desse género nado seja
expressivo em casos de AAA, Streptococcus spp. esta relacionado a presenca de
dor (FOUAD et al., 2002), sendo que o Streptococcus constellatus além da presenca
de dor, estd associado a sensibilidade a percussao, presenca de edema e de
exsudato (SIQUEIRA JUNIOR et al., 2002; JACINTO et al., 2003). Além disso, esses
patdgenos possuem um importante papel nesse tipo de infeccdo uma vez que séo
capazes de associar-se a outras espécies de micro-organismos, aumentando a
patogenicidade da doenca e assim contribuindo para o aumento da sintomatologia
do hospedeiro (KHEMALEELAKUL et al., 2002; SIQUEIRA JUNIOR; ROCAS, 2009).
Khemallelakul et al. (2002) ao identificar a composicdo das comunidades
microbianas em casos de AAA mostrou que em 53% dos casos houve uma

associacao entre os géneros Prevotella e Streptococcus. Vale lembrar que espécies
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de Prevotella, especialmente P. intermedia, estam associadas em casos de dentes
com necrose pulpar e sintomatologia dolorosa (JACINTO et al., 2003; SIQUEIRA
JUNIOR; ROCAS, 2013).

Enterococcus spp. s@o micro-organismos Gram-positivos e anaerdbios
facultativos. Dentre as espécies de Enterococcus isoladas em casos de infecgcéo
endodontica destacam-se E. faecalis (JACINTO et al., 2003; GOMES et al., 2006;
SKUCAITE et al., 2010; POESCHL et al., 2011), E. durans (SKUCAITE et al., 2010).
Comumente o E. faecalis esta presente em casos de infeccdo persistente
(PINHEIRO et al., 2003; SEDGLEY et al., 2006; SKUCAITE et al., 2010), devido a
sua habilidade de formar biofilme (AL-AHMAD et al., 2010), e de desenvolver
estruturas complexas sobre as paredes do canal radicular (DUGAN; SEDGLEY,
2007), resistindo aos efeitos da terapia endododntica. Esses micro-organismos tém
sido encontrados em casos de infeccdo primaria (SKUCAITE et al.,, 2010;
MONTAGNER et al., 2010; POESCHL et al., 2011). Gomes et al. (2006) avaliaram a
presenca de E. faecalis em casos de infecgdo primaria e em casos de falha do
tratamento endoddntico utilizando o método de cultura e o método molecular. De
acordo com os resultados, o E. faecalis foi identificado tanto em infeccdo primaria
como em falhas no tratamento endoddntico. Contudo, o método molecular identificou
um maior numero de cepas de E. faecalis quando comparado ao método de cultura.
Isso ocorre devido a maior sensibilidade dos métodos moleculares. Além disso, a
presenca de Enterococcus spp. em casos de AAA tem sido associada a edema
(GOMES et al., 2004).

A literatura ainda destaca a presenca de Actinomyces spp. e sua relacédo a
sensibilidade a percussao (JACINTO et al., 2003). As espécies mais prevalentes de
Actinomyces isoladas em casos de AAA sdo Actinomyces israelli
(KHEMALEELAKUL et al., 2002; OZBEK et al., 2006), Actinomyces odontolyticus
(JACINTO et al., 2003), Actinomyces viscosus (JACINTO et al., 2003), Actinomyces
meyeri (JACINTO et al., 2003), Actinomyces naeslundii (KHEMALEELAKUL et al.,
2002; OZBEK et al., 2006). Em relacdo aos géneros Staphylococcus,
Corynebacterium, Eikenella e Lactobacillus as seguintes espécies foram isoladas
Staphylococcus saccharolyticus (JACINTO et al., 2003), Staphylococcus epidermidis
(KHEMALEELAKUL et al., 2002; JACINTO et al., 2003; OZBEK et al., 2006;
POESCHL et al., 2011), Staphylococcus aureus (OZBEK et al., 2006; POESCHL et
al., 2011), Staphylococcus capitis (POESCHL et al., 2011), Staphylococcus
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saprophyticus (KHEMALEELAKUL et al., 2002; OZBEK et al., 2006), Staphylococcus
haemolyticus (KHEMALEELAKUL et al.,, 2002), Corynebacterium haemolyticum
(KHEMALEELAKUL et al., 2002), Corynebacterium xerosis (KHEMALEELAKUL et
al., 2002; OZBEK et al., 2006), Corynebacterium bovis (KHEMALEELAKUL et al.,
2002), Corynebacterium striatum (KHEMALEELAKUL et al., 2002), Corynebacterium
propinquim (KHEMALEELAKUL et al, 2002), Corynebacterium striatum
(KHEMALEELAKUL et al., 2002; OZBEK et al., 2006), Corynobacterium diphtheriae
(KHEMALEELAKUL et al.,, 2002), Eikenella corrodens (KHEMALEELAKUL et al.,
2002; POESCHL et al., 2011), Lactobacillus rhamnosus (KHEMALEELAKUL et al.,
2002), Lactobacillus fermentum (KHEMALEELAKUL et al., 2002), Lactobacillus casei
(KHEMALEELAKUL et al., 2002).

A viruléncia de uma cepa bacteriana pode contribuir para modular os
aspectos clinicos da infecgcéo. A viruléncia € definida como a capacidade infecciosa
de um micro-organismo, medida pela mortalidade que ele produz e/ou por seu poder
de invadir tecidos do hospedeiro; e € expressa por meio de fatores de viruléncia que
S40 mecanismos que 0S micro-organismos tem para facilitar a aderéncia, a
colonizacdo, a resisténcia, a patogenicidade e a evasdo da resposta imune do
hospedeiro (MEDEIROS et al.,, 2014). O LPS (lipopolissacarideo) presente em
bactérias Gram-negativas € um exemplo de fator de viruléncia. De acordo com
HORIBA et al. (1991) a presenca dessa endotoxina no canal radicular tem
correlagdo com dentes sintomaticos, dentes com radiolucéncia periapical e dentes
com presenca de exudato. Gomes et al. (2012) verificaram que a média da
concentracdo de endotoxinas encontradas na infeccdo primaria em dentes
sintomaticos € maior quando comparado a dentes assintomaticos. Sousa et al.
(2014) mostraram que ha uma forte associacado entre altos niveis de endotoxinas e
AAA. Isso ocorre porque o LPS é um potente ativador da resposta imune celular.

Proteinas produzidas por algumas bactérias também séo exemplos de fatores
de viruléncia. Segundo Provenzano et al. (2013) as proteinas bacterianas
identificadas podem ser classificadas de acordo com sua fung¢do biologica em: de
transcricdo e traducdo, divisdo celular/sintese de peptidioglicano, quimiotaxia,
processo de DNA, metabolismo de energia, metabolismo de acidos graxos,
metanogénese, membrana, metabolismos de nucleotideos, resisténcia a antibibticos,
adesdo, patogéneselviruléncia, protedlise, resposta ao estresse, transporte,

biossintese de vitaminas e outras/desconhecidas. A proteina de ligagdo ao colageno
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(collagen binding protein), detectada pela presenca do gene ace, esta relacionada
ao estabelecimento do E. faecalis na dentina infectada (NALLAPAREDDY et al.,
2000). As proteinas de superficie, detectada pela presenca do gene esp, tem
relacdo com a interacao do E. faecalis dentro dos biofilmes (SHANKAR et al., 1999).
A gelatinase, uma metaloproteinase hidrofébica detectada pela presenca do gene
gelE, tem a capacidade de clivar insulina, caseina, hemoglobina, colageno, gelatina
e fibrina (FRANZ et al., 2003).

Outros exemplos de fatores de viruléncia sdo: o ativador da hemolisina,
detectado pela presenca do gene cylA (GILMORE et al.,, 1994); a substancia de
agregacao (aggregation substance) detectada pela presenca do gene asa e asa 373
(CHOW et al., 1993); antigeno da endocardite (antigen endocarditis) detectado pela
presenca do gene efaA (LOWE; LAMBERT,; SMITH, 1995). Lins et al. (2013)
determinaram as caracteriticas fenotipicas e moleculares de E. faecalis isolados de
canais radiculares com infeccao primaria. Além disso, os resultados mostraram uma
alta prevaléncia dos genes gelE, esp e agg. As cepas foram sensiveis para
penicilina G (PG), eritromicina (EM) e vancomicina (VAN). Em 2016, Barbosa—
Ribeiro et al. investigaram a prevaléncia de fatores de viruléncia e a resisténcia a
antimicrobianos de E. faecalis isolados de dentes com falha no tratamento
endodontico. Fatores de viruléncia (ace, asa, asa373, cylA, efaA, esp e gelE) foram
detectados por meio da reacdo da cadeia da polimerase (polymerase chain reaction
— PCR). De acordo com os resultados, o gene ace foi detectado em 100% das cepas
isoladas, 0s genes asa (60%), asa373 (15%), efaA (95%), esp (70%), e gelE (75%);
por sua vez o gene cylA nao foi detectado. Em relacdo a resisténcia bacteriana, a
associacdo de amoxicilina + acido clavulanico (XL) foi mais eficaz.

No entanto, a presenca de espécies com diferentes tipos clonais pode resultar
em padrdes de viruléncia dispares (OZMERIC; PREUS; OLSEN, 2000). Tal fato,
ajuda a explicar porque alguns micro-organismos podem ser encontrados tanto em
infeccBes sintomaticas como assintomaticas (SIQUEIRA JUNIOR; ROCAS, 2013),
por exemplo o E. faecalis. Diante disso, diferentes métodos tem sido propostos para
avaliar a diversidade genotipica de diferentes espécies.

PCRs utilizando primers arbitrarios (AP-PCR), como OPA-02, tem sido
empregada em estudos de cariologia para avaliar os genotipos de Streptococcus
spp., especialmente Streptococcus mutans (NASCIMENTO et al., 2004; ARTHUR et

al., 2007; ZHOU et al., 2011). Cada primer gera amplicons de diferentes espectrum,
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indicando o polimorfismo do Streptococcus spp. O repetitive extragenic palindromic-
PCR (REP-PCR) faz uso de sequéncias oligonucleotideas iniciadoras de sequéncias
de DNA repetidas no genoma da maioria das bactérias. Esse método tem sido
utilizado avaliar a diversidade genotipica de Streptococcus spp. (PADDICK et al.,
2005; MOMENI et al., 2013), Actinomyces spp. (PADDICK et al.,, 2005), e
Enterococcus spp. (DELBONI et al., 2017). Delboni et al. (2017) utilizaram o REP-
PCR e o AP-PCR para avaliar a diversidade e similaridade genotipica de E. faecalis
isolados de diferentes sitios orais. As amostras foram coletadas da saliva, cAmara
pulpar e canal radicular de dentes tratado endodonticamente, mas com periodontite
apical. A interpretacdo dos resultados do REP-PCR foi similar aos obtidos pelo AP-
PCR. Sete genotipos de E. faecalis foram observados entre os 74 isolados em 3
diferentes sitios. Dos sete genotipos, seis estavam presentes nos canais
radiculares; e quatro estavam presentes no canal radicular, na camara pulpar e na
saliva. Embora o REP-PCR seja um método rapido e de baixo custo, ele possui um
menor poder discriminatério quando comparado a eletroforese por gel pulsatil
(Pulsed-Field Gel Electrophoresis - PFGE) (ZOLETTI et al., 2011). Esse fato também
foi verificado por Crnich et al. (2014) ao avaliar Staphylococcus aureus resistentes a
meticilina (Methicillin-resistant Staphylococcus aureus — MRSA).

O PFGE é um método que utiliza enzimas de restricdo para separar grandes
fragmentos de DNA bacteriano. A visualizacdo dos fragmentos de DNA é realizada
apos a corrida das amostras (DNA + enzima) em uma matriz de gel em um campo
elétrico que muda periodicamente de direcdo. Outro método que tem sido usado é a
tipagem de sequenciamento multilocus (Multilocus Sequence Typing - MLST). O
MLST revela a diversidade genética entre os isolados da mesma espécie com base
na similaridade dos genes housekeeping; e tem como vantagem o fato de permitir a
comparacao dos resultados por meio de bases de dados eletrénicas, disponiveis na
internet. Pinheiro et al. (2006) avaliaram a diversidade genotipica de E. faecalis
isolados de canais radiculares com tratamento endoddntico e lesdo periapical,
utilizando o PFGE e a sequéncia de DNA dos genes ace e salA - MLST. Vinte e
duas cepas de E. faecalis foram isoladas. Os resultados do PFGE mostraram 18
perfis de macrorrestricdo, sendo que apos a analise dos genes 13 genotipos foram
identificados. Pinheiro et al. (2012) investigaram a correlacdo entre linhagens
distintas de E. faecalis e o polimorfismo capsule locus (CPS). A presenca da capsula

tem sido associada a linhagens patogénicas de E. faecalis. Os tipos de CPS foram
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determinados por PCR e as linhagens de E. faecalis por meio do MLST utilizando 7
genes. Os dados obtidos revelaram que 37,5% dos isolados de E. faecalis
produziram genes para producao da capsula, sendo que 16,7% foram classificados
como CPS tipo 2. O MLST revelou diversidade genética entre os isolados. Os
isolados classificados pelo MLST no cluster A pertencentes ao CPS tipo 2 formam
uma linhagem com potencial altamente patogénica. Em 2013, Penas et al. avaliaram
linhagens genéticas de E. faecalis isoladas de canais radiculares e de infeccbes
sistémicas por meio do MLST e polimorfismo capsule locus (CPS); e sua correlagéo
com genes de viruléncia. Os genes de viruléncia esp, cylB, gls24-like, nucl, psA e
cbb foram investigados utilizando PCR. As linhagens de E. faecalis foram avaliadas
por meio do MLST (7 genes) e pela presenca de genes para producdo de cépsula
utiizando PCR. De acordo com os resultados, os isolados de canais radiculares
apresentaram maior diversidade e menor viruléncia quando comparado aos isolados
de infeccdes sistémicas. Os isolados endoddnticos apresentaram 1 ou 2 genes de
viruléncia, enquanto que os isolados sistémicos apresentaram pelo menos 3 genes
dos 6 avaliados. Além disso, 13 dos 19 isolados sistémicos apresentaram genes
para producdo da cépsula. Vale lembrar que os relatos da literatura avaliaram a
diversidade fenotipica e genotipica de cepas de E. faecalis, isoladas de diferentes
casos clinicos (PINHEIRO et al., 2006; PINHEIRO et al., 2012; PENAS et al., 2013).
Entretanto, pouco se sabe sobre a diversidade fenotipica e genotipica encontrada
em multiplas cepas de um mesmo paciente.

A terapia local para casos de abscesso apical agudo consiste em drenagem
(via canal radicular ou cirdrgica) e realizacdo de tratamento endodbntico ou
exodontia. Por sua vez, a terapia antibidtica sistémica é indicada como terapia
coadjuvante ao tratamento endodéntico nos casos em que 0s pacientes apresentam
sintomatologia dolorosa associada a edema progressivo, difuso e sinais sistémicos
de infeccdo como febre, mal-estar e linfadenopatia, ou em pacientes que
apresentam maior risco de infeccdo secundaria resultante de bacteremia (SIQUEIRA
JUNIOR; ROCAS, 2013).

Antibidticos sdo substancias quimicas, naturais ou sintéticas, com capacidade
de impedir a multiplicagdo de bactérias ou de as destruir, ndo tendo contudo eficacia
contra virus. Desde a sua introducdo, varias classes desses medicamentos estdo
disponiveis, incluindo sulfonamidas e trimetoprim, penicilinas, cloranfenicol,

tetraciclinas, colimicinas, macrolideos, lincosamidas, estreptograminas, rinfamicinas,
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glicopeptideos, aminoglicosideos, fluoroquinolonas, oxazolidinoas, glicilglicinas,
lipoglicopedtideos, e suas variagfes (ZINNER, 2007).

A selecdo de um antibidtico deve envolver o medicamento apropriado na
dosagem correta e duracdo adequada para erradicar micro-organismos no local da
infeccdo, minimizando eventos adversos para 0 paciente e a selecdo de bactérias
resistentes (ZINNER, 2007). Além disso, consideracdes clinicas como alergia a
drogas, interacbes medicamentosas, fatores que indiquem regime especial de
prescri¢cao, via de prescricdo, seguimento do tratamento, vantagens na utilizacdo da
associacdo de antibiéticos, e menor custo tem influencia na escolha correta de
antibidtico para um determinado paciente (WANMACHER; FERREIRA, 1999;
ZINNER, 2007).

Os antibioticos beta-lactamicos (B-lactamicos), especialmente as penicilinas,
que atuam inibindo a sintese da parede celular (BABIC; HUJER; BONOMO, 2006),
tém sido tradicionalmente recomendado como os antibidticos de primeira escolha no
manejo de infeccBes endodobnticas agudas (KURIYAMA et al., 2000). De acordo com
Siqueira Junior e Roécas (2013), considerando que a infec¢cdo endodoéntica aguda é
uma infeccdo polimicrobiana, deve-se preferir empregar agentes antimicrobianos
cujo espectro inclua as bactérias mais frequentemente detectadas. Ademais, 0s
antibidticos B-lactdmicos sao agentes bactericidas de baixa toxicidade para
eucariondes (GEORGOPAPADAKOU, 1993).

Flynn (2011) realizou uma revisao sistematica para determinar quais seriam
0s antibiéticos de escolha para o manejo de infec¢cdes odontogénicas e quanto
tempo deveria durar o tratamento. O autor concluiu que os antibiéticos B-lactamicos
deveriam ser os antibioticos de escolha, uma vez que possuem um perfil de
seguranca excelente, contando que seja descartada a ocorréncia de reacao alérgica
por meio de historia médica completa do paciente. Além disso, os custos da
penicilina V e amoxicilina sdo baixos quando comparado a outros antibioticos. Em
comparacao a penicilina V, a amoxicilina é ligeiramente menos dispendiosa e 0 seu
regime posolégico é mais confortavel, devido ao seu intervalo de dosagem mais
longo. O autor também verificou que em situacdes nas quais se observa alergia a
penicilina, a clindamicina deve ser o farmaco de escolha por razées de seguranca.

Em 2017, a Sociedade Européia de Endodontia (SEGURA-EGEA et al., 2017)
publicou uma recomendacado quanto ao uso de antibidticos em endodontia. Segundo

0s autores, os antibiéticos B-lactamicos (penicilina V ou amoxicilina associada ou
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ndo ao acido clavulanico) devem ser os antibidticos de escolha para o tratamento
coadjuvante de infecgcdes endoddnticas. Nos casos em que a penicilina V for
ineficaz, recomenda-se a sua associacdo ao metronidazol. A clindamicina, a
claritromiciva e a azitromicina séao indicados para pacientes alérgicos.

No entanto, segundo a Organizacdo Mundial de Saude (WORLD HEALTH
ORGANIZATION — WHO) houve um aumento da resisténcia bacteriana aos
antibioticos tanto na medicina, como na odontologia nos ultimos anos (WHO, 2014).
Em 2011, Gomes et al. analisaram a resisténcia antimicrobiana de algumas espécies
de anaerdbios isolados de infeccbes endodénticas, ao longo do tempo, em uma
regido do Brasil. De acordo com os resultados, houve aumento da resisténcia a
antibioticos dos isolados ao longo dos anos, em uma populacéo especifica. Entre as
possiveis razdes para 0 aumento da resisténcia bacteriana aos antibidticos estao
prescricées inapropriadas, uso inadequado pelos pacientes, diagndsticos limitados,
venda ndo autorizada, falta de mecanismos adequados para regulamentacdo de
medicamentos em utilizacdo, e uso em ndao humanos (DE PAULA et al.,, 2014;
MARRA et al., 2015; AYUKEKBONG; NTEMGWA,; ATABE, 2017).

Em virtude disso, em 2015, a WHO criou um plano de acéo global sobre
resisténcia antimicrobiana. Esse plano tem como objetivo melhorar a consciéncia e a
compreensao da resisténcia antimicrobiana por meio da comunicacao, educagéo e
treinamento; fortalecer o conhecimento e a base de evidéncias por meio da
vigilancia e da pesquisa; reduzir a incidéncia de infeccdo por meio de saneamento
efetivo, higiene e medidas de prevencdo de infeccdo; otimizar o uso de
medicamentos antimicrobianos em humanos e animais; e desenvolver investimentos
sustentaveis que leve em consideracdo as necessidades de todos os paises e
aumente o investimento em novos medicamentos, ferramentas de diagndstico,
vacinas e outras intervencgoes.

A resisténcia bacteriana é definida como a habilidade de um micro-organismo
para suportar os efeitos dos antibiéticos (RODRIGUEZ-NUNEZ et al., 2009). Ela
pode ser classificada como natural (intrinseca) ou adquirida. A resisténcia natural é
aguela inerente a célula bacteriana, determinada pela dificuldade de permeabilidade
das superficies externas das células bacterianas. Ja a resisténcia adquirida, resulta
quando cepas originalmente sensiveis tornam-se resistentes devido a uma alteracdo

genética determinada por muta¢des ou aquisicao de plasmidios (SILVA, 2002).
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A resisténcia de bactérias anaerobias facultativas aos agentes S-lactamicos
pode ocorrer em virtude da alteragéo das proteinas de ligagédo a penicilina (penicillin-
binding proteins-PBPs), da producao de penicilases (B-lactamase). Streptococcus
spp. e Enterococcus spp. sdo exemplos de bactérias que podem sofrer alteracdo
das PBPs, e assim reduzir a sua a afinidade por esses agentes (DOWSON,;
HUTCHISON; SPRATT, 1989; FONTANA et al., 1992; SMITH et al., 1993; SMITH,;
KLUGMAN, 1995; NAKAYAMA; TAKAO, 2003; SMITH; JACKSON; KENNEDY,
2004). Além disso, Enterococcus spp. podem tornar-se resistente aos antibiéticos (-
lactamicos devido a producédo de B-lactamase (MURRAY et al., 1992). B-lactamases
sdo enzimas bacterianas que hidrolizam o anel beta-lactamico e assim inativam a
ligacdo do antibiético (BABIC; HUJER; BONOMO, 2006). Contudo, a presenca
dessa enzima em isolados clinicos, ndo garante que esses isolados sejam
resistentes para todos os antibioticos B-lactamicos. A producdo de B-lactamase
também conferem resisténcia de Staphylococcus spp. a penicilina. Essas enzimas
sdo codificadas geneticamente em plasmideos transmissiveis por transducdo
(BAUER; PERRY; KIRBY, 1960).

Em relacdo a resisténcia de anaerdbios facultativos ao grupo dos
macrolideos, lincosamidas e estreptogramina B (MLSg), a literatura destaca trés
mecanismos para Streptococcus spp. e Staphylococcus spp.: modificagado no alvo de
ligacdo no ribossomo; efluxo ativo, ou inativacdo enzimatica da droga como a
presenca da enzima metilase (LECLERQ; COURVALIN, 1991; LECLERQ, 2002;
VAN LEER BUTER et al., 2010). J4 Enterococcus spp. sdo intrinsicamente
resistentes a clindamicina (KRISTICH; RICE; ARIAS, 2014).

O padrao de resisténcia bacteriana a antibioticos vem sendo determinado por
meio de testes in vitro que avaliam a sua eficacia e por meio de testes in vivo que
monitoram a sua eficacia (ARAF, 2000). Entre os métodos utilizados para prever a
eficacia dos antibi6ticos pode-se citar: diluicdo em agar, microdiluicdo em caldo,
difusdo em disco e Epsilometer Test (E-test) (AB Biodisk, Culver City, CA, EUA)
(OLSSON-LILJEQUIST; NORD, 1994). Em relacdo aos métodos que monitoram a
eficacia sdo comumente empregados o teste inibitorio do serum e a determinacéo
dos niveis de antibi6ticos no sangue (ARAF, 2000).

O meétodo de diluigdo em agar consiste na incorporacdo de concentracdes
seriadas e logaritmicas de um agente antibiético as placas individuais de petri

contendo meio de cultura. O método de microdiluicdo em caldo emprega antibioticos
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liofilizados ou congelados em distintas concentracdes numa placa de 96 pocos. J4 0
método de difusdo em disco consiste na difusdo de antibiéticos contido em um disco
em agar. O método E-test baseia-se na difusdo em agar de um gradiente de
concentracdo antimicrobiana continua, exponencial a partir de uma tira de plastico
que contém o antibiético (BAUMGARTNER; XIA, 2003).

Os métodos de diluicdo em &gar e E-test baseiam-se na resposta do micro-
organismo frente as diferentes concentracdes de antibidticos encontradas no sangue
ou tecidos, obtidas ap0s a utilizacdo do farmaco pelo paciente (National Clinical and
Laboratorial Standards Institute — NCLSI, 2012). Assim, a concentracao inibitéria
minima (Minimum Inhibitory Concentration — MIC) determina a menor concentracao
de um agente antibiotico capaz de inibir completamente o crescimento de um micro-
organismo visivel; e o patégeno é categorizado em “sensivel”’, “intermediario” e
“resistente”. Embora a MIC seja utilizada para determinar a sensibilidade a
antibiéticos, o método de diluicdo em &agar é considerado trabalhoso (OLSSON-
LILJEQUIST; NORD, 1994). Além disso, as placas contendo antibioticos ndo podem
ser armazenadas antes do uso pois podem perder a atividade antimicrobiana. Ja o
E-test pode ser considerado o método in vitro ideal para avaliar a sensibilidade a
antibiéticos. Ele é um método quantitativo, flexivel, ndo trabalhoso quando
comparado ao método de diluicio em &gar e de leitura confiavel (OLSSON-
LILJEQUIST; NORD, 1994). Contudo, o seu custo ainda é elevado se comparado
aos demais testes.

Frente ao que foi exposto, a presente tese foi conduzida com os objetivos de
analisar o padrdo de resisténcia antimicrobiana de bactérias isoladas de infec¢es
endodonticas agudas por meio de uma revisao sistematica e meta-analise; identificar
bactérias anaerdbias facultativas isoladas em casos de abscesso apical agudo e
determinar a sua diversidade genotipica, a sua sensibilidade antimicrobiana e a
presenca de fatores de viruléncia; e realizar, por meio de uma proposta de difusao
de conhecimentos, orientacbes de uso de agentes antibidticos em infeccdes

endodénticas agudas.
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ABSTRACT

The infected root canal or the acute apical abscess when it exudates can harbor
several species, belonging to the genus Fusobacterium spp., Porphyromonas spp.,
Prevotella spp., Parvimonas spp., Streptococcus spp., Treponema spp., and
Olsenella spp. and yet-non-cultivable species. A systematic review and a meta-
analysis were performed in order to assess the resistance rates to antimicrobial
agents in clinical studies that isolated bacteria from acute endodontic infections. The
electronic databases and the gray literature were searched up to May 2015. The
clinical studies in of humans that have evaluated the antimicrobial resistance of the
isolates of primary acute endodontic infections through laboratorial methods were
included. PRISMA guidelines were followed. A random effect meta-analysis was
employed. The outcome was described as being the pooled resistance rates for each
antimicrobial agent. Heterogeneity and sensitivity analyzes were performed.
Subgroup analyzes were conducted based upon the report, or not, for the use of
antibiotics prior to sampling; this was an exclusion factor (Subgroup A and B,
respectively). The data from 7 studies was extracted. The resistance rates for 15
different antimicrobial agents were evaluated, ranging from 3.5% to 40.0%. Lower
resistance rates were observed for amoxicillin+clavulanate and amoxicillin alone;
higher resistant rates were detected for tetracycline. The resistance rates varied
according to the previous use of an antimicrobial agent, as demonstrated by the
subgroup analyzes. Heterogeneity was observed for the resistance profiles of
penicillin G in Subgroup A; it was also observed for amoxicillin, clindamycin,
metronidazole and tetracycline in Subgroup B. Sensibility analyzes demonstrated
that the resistance rates changed for metronidazole, clindamycin, tetracycline and
amoxicillin. These findings have suggested that clinical isolates had a low resistance
to lactamic agents. Further well-designed studies are needed in order to clarify
whether the differences in the susceptibility among the antimicrobial agents may
influence the clinical responses to the treatment.

KEY-WORDS: Antimicrobial agents. Susceptibility. Acute endodontic infections.
Periapical abscess. Meta-analysis.
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1. INTRODUCTION

Endodontic infections occur due to caries or dental trauma if bacteria gain
access to the necrotic dental pulp or the periradicular tissues and produce a disease
such as opportunistic pathogens [1,2]. The infected root canal or the acute apical
abscess when it exudates can harbor several species, belonging to the genus
Fusobacterium spp., Porphyromonas spp., Prevotella spp., Parvimonas spp.,
Streptococcus spp., Treponema spp. and Olsenella spp., and yet-non-cultivable
species [3,4]. Despite the broad number of species that have been isolated/detected
in acute endodontic infections, the microbial profiles in these communities show few
shared species and a great diversity among the subjects [5]. Only the strict
anaerobes of Olsenella profusa and the taxon Dialister E1 were detected in all of the
samples that were analyzed by Jacinto et al., [6] and Munson et al., [7], respectively.
However, Tannerella forsythia, Shuttleworthia satelles, and Filifactor alocis [6], were
only detected in one sample. The interactions among the biofilm community
members are responsible for the presence of painful symptomatology [8,9]. Clinical
signs and symptoms have been associated with specific bacterial species: pain and
P. micros, P. intermedia/nigrescens and Eubacterium spp.; a tenderness to
percussion and Porphyromonas, Peptostreptococcus and Fusobacterium spp.;
swelling and Peptostreptococcus, Porphyromonas and Fusobacterium spp. [3].

The clinical management of an acute endodontic infection involves a root
canal debridement and local drainage, whenever possible. In specific situations,
antibiotics can be prescribed as a complementary measure, especially for abscesses
that are associated with a systemic involvement, including fever, malaise and
lymphadenopathy; disseminating infections resulting in cellulitis, progressive diffuse
swelling, and/or trismus; and abscess in systemically compromised patients who are
at an increased risk of a secondary infection following bacteremia [2]. The choice of
an antibiotic is usually based upon previously published susceptibility, testing and
clinical trials [1]. The B-Lactam antibiotics, especially penicillin, have been
recommended as being the first-line of antibiotics because they work well against
most causative bacteria and because penicillin has a low incidence of side effects
[10,11]. The clindamycin drug has often been recommended in cases of an allergy to
penicillin or when penicillin has not been effective [10-12]. In the last mentioned

clinical situation, the B-lactamase inhibitors, such as clavulanic acid, in a combination
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with amoxicillin, have also been indicated to extend the spectrum of coverage
[10,11].

The emergence of antibiotic-resistant bacterial strains has increased,
especially due to the excessive and incorrect use of these particular agents [13].
Gomes et al., [14] reported the increase of a resistance among anaerobic bacteria
that was isolated from primary endodontic infections, throughout a 9-year-period in a
specific Brazilian population. The rational prescription of antimicrobial agents must be
based on the resistance pattern of the microorganisms, the characteristics of the
patient (immunosupression, a previous report of an allergy) and the drug’s
characteristics (cost, effectiveness, adverse effects). From a microbiological point-of-
view, it requires a comprehensive analysis of the resistance profiles among microbial
isolates from endodontic infections. Recently, Moraes et al., [15] performed a
systematic review in order to describe the presence of resistance genes to
antimicrobial agents in oral environments such as saliva, dental biofilm and
endodontic infections. However, there is a lack of information if the microbial isolates
from endodontic infections express those virulence factors that are conveyed a
resistance to antimicrobial agents.

Therefore, the aim of this systematic review and meta-analysis was to depict
the antimicrobial resistance profiles of bacterial isolates from primary acute

endodontic infections as reported in the current literature.

2. MATERIAL AND METHODS

2.1 Focused PICO Question

A systematic review was performed by using the check-list items as reported
by the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) [16]. The proposed PICO question was: “What are the resistance rates to
antimicrobial agents in studies that have isolated bacteria from those patients with

acute endodontic infections?”
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2.2 Eligibility criteria

The clinical studies that have evaluated the resistance antimicrobial of the
activity bacterial isolates to primary acute endodontic infections by disc diffusion or E-

test methods in humans were included in the survey.

2.3 Search Strategy and Information Sources

Electronic searches were performed in The PubMed Database, The Cochrane
Library (All Results), ISI Web Database, Scopus, LILACS, OpenGrey, sciELO, the
CAPES Database, the Grey Literature Report, Curtin University, GreyNet
International and the Grey Literature Dentistry Database. Hand searching was
independently and extensively performed by two authors (PML and FM) in the
reference section of the selected studies and the available systematic reviews. No
language restriction was applied to the search, except for ISI Web. The search
comprised of those articles that had been published from the inception of the
database to May 2015. Figure A. 1 describes the search strategies that were
adopted in the study for the PubMed database. This strategy was also employed and

adapted for the other databases.

(("dental pulp cavity"[MeSH Terms] OR ("dental"[All Fields] AND "pulp"[All
Fields] AND "cavity"[All Fields]) OR "dental pulp cavity"[All Fields] OR
("root"[All Fields] AND "canal"[All Fields]) OR "root canal"[All Fields]) OR
("periapical abscess"'[MeSH Terms] OR ("periapical"[All Fields] AND
"abscess"[All Fields]) OR "periapical abscess"[All Fields])) AND ("microbial
sensitivity tests"[MeSH Terms] OR ("microbial"[All Fields] AND "sensitivity"[All
Fields] AND "tests"[All Fields]) OR "microbial sensitivity tests"[All Fields] OR
("microbial"[All Fields] AND "sensitivity"[All Fields] AND "test"[All Fields]) OR
"microbial sensitivity test"[All Fields]) AND "humans”[MeSH Terms]

Figure A. 1 The search strategy adopted that was for the study, presenting the
MeSH keywords and the search terms for the antimicrobial activity and the resistance
of bacterial isolates to acute endodontic infections, as performed in the Pubmed
database and adapted for the other databases.
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The following limits were used for the ISI Web database: Database (Web of
Science™ Core Collection, Biological Abstracts® and the SciELO Citation Index);
Areas of Research (Dentistry and Oral Surgery Medicine, Infectious Diseases,
Pharmacology Pharmacy, Microbiology); Document Type (article); and Language

(English, Portuguese and Spanish).

2.4 Study Selection and Data Collection Process

After the title review and the abstract selection, full-text articles were revised
based upon the following inclusion criteria: clinical studies in humans that had
evaluated the antimicrobial activity resistance of bacterial isolates to primary acute
endodontic infections by disc diffusion or E-test methods. The exclusion criteria
comprised of: (1) Studies that did not specify the cause of the odontogenic abscess
or the odontogenic infections (if endodontic or not) or that did not specify the
microbial susceptibility results for each source of infection; (2) Studies that did not
specify whether the endodontic infection is was acute or chronic; (3) Studies that did
not report the method used to evaluate the antimicrobial resistance or if they used
another method. After reading the included articles, an independent manual search
was performed by two authors (PML and FM) in the References Section and for the
Authors of the selected articles.

Data regarding the research group, the number of subjects included in the
study, the antibiotic exposure as an exclusion criteria, the microbial source/sampling,
the methods to measure the outcomes, the antimicrobial agents tested, bacterial
genus, the number of bacterial strains, and the number of resistant strains, were all
collected from the studies.

The overall resistance percentage of a specific antimicrobial agent was
calculated for each study, despite the bacterial species tested. The overall
percentage of resistance for each tested antimicrobial agent that was resulted from
the average between the total number of resistant strains and the total number of
tested strains. The strains that had an intermediate profile were considered
susceptible to the antimicrobial agent. According to the CLSI Standards [17], the
“‘intermediate” category included isolates with MICs of an antimicrobial agent that
approached usually attainable blood and tissue levels, and for which response rates

may have been lower than that of the susceptible isolates. It implied a clinical efficacy
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in body sites where the drug was physiologically concentrated or when a higher than
normal dosage of a drug was used. It also included a buffer zone, which would have
prevented small, uncontrolled, technical factors from causing major discrepancies in

the interpretations, especially for those drugs with narrow pharmacotoxicity margins.

2.5 Statistical Methods for Meta-Analysis

The statistical analysis was performed in order to evaluate the resistance
profiles of the clinical isolates from the primary acute endodontic infections to the
antimicrobial agents by the Comprehensive Meta-Analysis software version 3.3.070
(CMA, Biostat, Englewood, CO, USA).

A random effect meta-analysis model was used in order to estimate the
combined effect. The outcome was described as the pooled resistance rates for each
antimicrobial agent and was shown by the Forest plot. The degree of heterogeneity
was analyzed by using the X? test and the 12 statistic test, including all of the selected
studies for the meta-analysis. A sensitivity analysis was performed by removing those
studies with the greatest sample size [18,19], in order to evaluate the robustness of
the results. A subgroup analysis was performed that was based on the report or not
of the use of antibiotics prior to collection as an exclusion factor in the original study.
Subgroup A comprised of studies that reported the previous use of antimicrobial
agents as an exclusion factor [20,21]. Subgroup B included those studies that did not
report on the previous use of an antimicrobial agent as an exclusion factor
[12,18,19,22,23].

3. RESULTS

The results of the search strategy are presented in Figure B. 1. The final
results of the search in The Cochrane Library, The ISI Web Database, The Medline
Database (via PubMed), and Scopus were 1, 11, 15 and 24 publications,
respectively. Several studies were shared in more than one database (Medline vs.
ISI Web = 6; Medline vs. Scopus = 15; Scopus vs. ISI Web = 9). By the
implementation of the inclusion and exclusion criteria, six studies were included and

twenty studies were excluded (Table A. 1). The reasons for their exclusion are
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shown in Table A. 1. One additional study was considered relevant by the hand
search.

Information about the selected studies is shown in Tables A. 2, A. 3, A. 4 and
A. 5. The studies were performed over different periods of time (2002-2014) and the
samples were collected in Japan, the United States, Brazil, and European countries.
No selected study mentioned having conducted a sample size calculation; no study
described how the recruitment was conducted. Two selected papers [19,20] reported
no conflict of interest. The samples were collected from the root canals (symptomatic)
and the apical swelling. The great majority of the studies had not adopted the
previous exposure to antimicrobial agents as an exclusion criterion. Descriptive
statistics were reported in all publications.

The data from seven studies were extracted. A total of 15 different
antimicrobial agents had been evaluated in the selected studies and were as follows:
penicillin, amoxicillin, amoxicillin + clavulanic acid, ampicillin, piperacillin-tazobactam,
clindamycin, metronidazole, erythromycin, azythromycin, cephaclor, cephazolin,
cefoxitin, vancomycin, imipenem and tetracycline. The results of the meta-analysis
are show in the Figures C. 1 and C. 2. The data is summarized in Table A. 6.

The overall resistance rates ranged from 3.5% to 40.0% for the
microorganisms that were isolated from acute endodontic infections (Table A. 6).
After the sensitivity analysis, excluding the study of Kuriyama et al., [18], the overall
resistance rate was 9.5%, 23.2%, 25.4% and 64% of the isolates to metronidazole,
erytromicin, clindamycin and tetracycline, respectively. The sensitivity analysis,
excluding the study of Poeschel et al., [19], the overall resistance rate was 4.9%,
4.3%, 12.9% of the isolates to amoxicillin, amoxicillin + clavulanic acid and penicillin
G, respectively.

The subgroup analysis showed that the resistance rates ranged from 6.9% to
82.9% for the studies that excluded the previous use of antimicrobial agents as being
an exclusion factor in the original study. However, it ranged from 1.4% to 21.7% for
the studies that did not report, or did not exclude, the previous use of antimicrobial
agents.

The study observed heterogeneity in the resistance rates for penicillin G (Q-
value=9.479; P=0.002) among the studies that reported the exclusion of the previous
use of antimicrobial agents as being an exclusion factor (Subgroup A). The same

behavior was not observed for amoxicilin + clavulanic acid (Q-value=3.011,;
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P=0.083). In Subgroup A, the heterogeneity analysis was not performed for
clindamycin, erythromycin, metronidazole, tetracycline, and amoxicillin, because only
one study included it (Figure C. 1). Heterogeneity was also observed for amoxicillin
(Q-value=9.809; P=0.02), clindamycin (Q-value=43.906; P=0.000), metronidazole (Q-
value=15.536; P=0.001) and tetracycline (Q-value=33.7; P=0.000), among those
studies that had not reported the previous use of antimicrobial agents as being an
exclusion factor (Subgroup B). In this subgroup, penicilin G (Q-value=3.519;
P=0.172), penicillin V (Q-value=3.161; P=0.075), amoxicillin + clavulanic acid (Q-
value=1.683; P=0.641) and erytromicin (Q-value=6.204; P=0.102), did not show
heterogeneity among the resistance rates in the articles belonging to Subgroup B
and that did not report the previous use of antimicrobial agents as being an exclusion
factor (Figure C. 2).

A random effect meta-analysis model was not performed for cephaclor,
tetracycline, cephazolin, ampicillin, azythromycin, vancomycin, imipenem, cefoxitin
and piperacillin-tazobactam, because they were only mentioned in a single study

[21]. The resistance rates to these antimicrobial agents are shown in Table A. 5.
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Figure B. 1 The flow diagram of the search strategy was developed to find studies
that were related to the antimicrobial activity resistance of bacterial isolates to acute

endodontic infections.
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Author/year Country Title Oral Site Criteria
. Incidence of antibiotic resistance in microorganisms isolated
Driden et al. (1975) [24] USA from root canals Root canal (2)
Dave & Jhala (1975) [25] India Antibiotic sensitivity of the isolates of dento-alveolar Tooth socket )
abscesses
EPSIE & SEa (2T USA Antibiotics and the intraoral abscess ROOt canal or 3)
[26] Tissue swelling
Lewis et al. (1988) [27] Scotland Reliability of sensitivity testing of primary culture of acute Tissue swelling (1)
dentoalveolar abscess.
Lewis et al. (1989) [28] UK Antibiotic susceptibilities of bacteria isolated from acute Tissue swelling (1)
dentoalveolar abscess
Yamamoto et al. (1989) Antimicrobial susceptibilities of Eubacterium,
[29] ' Japan Peptostreptococcus, and Bacteroides isolated from canals of Root canal (3)
teeth with periapical pathosis
Roche & Yoshimori In-vitro activity of spiramycin and metronidazole alone or in
USA combination against clinical isolates from odontogenic Tissue swelling (1,3)
(21997) [30]
abscesses.
Goumas et al. (1997) [31] Greece SP;:EE\'/?&I abscesses: causal bacteria and antibiotic Tissue swelling 3)
Kuriyama et al. (2000) Bacteriologic features and antimicrobial susceptibility in : .
Japan . ; o : Tissue swelling 1)
[32] isolates from orofacial odontogenic infections
Baumgartner & Xia Antibiotic susceptibility of bacteria associated with : .
(2003) [33] USA endodontic abscesses. Tissue swelling (2)
Chan & Chan (2003) [34] Taiwan Antibiotic resistance of pathogenic bacteria from odontogenic Tissue swelling (1)

infections in Taiwan.

(1) Studies that did not specify the cause of odontogenic abscess or odontogenic infections (if endodontic or not) or that did not specify the
microbial susceptibility results for each source of infection; (2) Studies that did not specify whether the endodontic infection is acute or
chronic; (3) Studies that did not report the method used to evaluate the antimicrobial resistance or used another methods other than E-test

or disc diffusion.



Table A. 1 - Excluded articles after the full-text analysis and exclusion criteria (n=20) (continuation).
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Author/year Country Title Oral Site Criteria
Jacinto et al (2006) [35] Brazil chidenc_:e .and antimicrobi_al susceptibilit_y c_)f Porphyromonas Root canal @)
gingivalis isolated from mixed endodontic infection.

Antimicrobial susceptibility and B-Lactamase production of

Blandino et al. (2007) [36] Italy anaerobic and aerobic bacteria isolated from pus specimens from  Tissue swelling D
orofacial infections.
Penicillin compared with other advanced broad spectrum

Warnke et al. (2008) [37] Germany antibiotics regarding antibacterial activity against oral pathogens Tissue swelling Q)
isolated from odontogenic abscesses.
Frequency, microbial interactions, and antimicrobial susceptibility

Jacinto et al. (2008) [38] Brazil of Fusobacterium nucleatum and Fusobacterium necrophorum Root canal 2)
isolated from primary endodontic infections.

Sun et al. (2009) [39] Norway gccurrencg,_populat_ion structure, and _antimig:_robial resistance of Root canal @)

nterococci in marginal and apical periodontitis.

Al-Selivany et al. (2010) Dental ir)fections: cIin'icaI ar_wd micro_bi_ol_ogical eval_uatio_n of . _

[40] ' Iraq responsiveness to twice daily amoxicillin-clavulanic acid Tissue swelling Q)
(amoxiclave).
Antibiotic susceptibility and resistance of the odontogenic

Poeschl et al. (2010) [41]  Austria microbiological spectrum and its clinical impact on severe deep Tissue swelling (2)
space head and neck infections

Jungermann et al. (2011) USA Antibi_otic resistance in primary and persistent endodontic Root canal @)

[42] infections.

Sousa et al. (2013) [43] Brazil Microbiological profile and antimicrobial susceptibility pattern of Root canal @)

infected root canals associated with periapical abscesses.

(1) Studies that did not specify the cause of odontogenic abscess or odontogenic infections (if endodontic or not) or that did not
specify the microbial susceptibility results for each source of infection; (2) Studies that did not specify whether the endodontic
infection is acute or chronic; (3) Studies that did not report the method used to evaluate the antimicrobial resistance or used
another methods other than E-test or disc diffusion.
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Aims

Participants

Antibiotic exposure
as exclusion criteria

Sample Size*

Author/Year
Khemaleelakul et
(2002)

[22]

Jacinto et al. (2003) [23]

Kuriyama et al. (2005)
[18]

Ozbek et al. (2006) [21]

Skucaite et al. (2010) [10]

Poeschl et al. (2011) [19]

Montagner et al. (2014)

[20]

To determine the bacterial composition of the microbiota
from acute endodontic abscesses/celulites. To determine
the antimicrobial susceptibility of bacteria using the E-test.

To investigate the correlation between the composition of
the bacterial flora isolated from infected root canals of teeth
with apical periodontitis with the presence of clinical signs
and symptoms. To test the antibiotic susceptibility of five
anaerobic bacteria most commonly found in the root canals
of symptomatic teeth.

To determine if the treatment of dentoalveolar infection was
influenced by the choice of the antibiotic and the presence
of penicillin-resistant bacteria. To determine any correlation
between the presence of antibiotic-resistance within the
infection and a history of previous antibiotic therapy.

To identify microorganisms in root canals with periapical
abscesses and their antimicrobial susceptibility profiles and
to revise antimicrobial treatment protocols.

To evaluate susceptibilities of endodontic pathogens
isolated from teeth with symptomatic apical periodontitis to
the most commonly prescribed antibiotics.

To evaluate the actual bacterial resistance rates against the
most commonly used antibiotics and to assess the clinical
impact of the findings.

To detect the cfxA/cfxA2 gene through molecular methods
and to observe its expression through the MIC and
degradation of a lactamase substrate.

17 patients (6-45 yrs-
old)

48 patients (13-63
yrs-old)

112 patients (17-
81yrs-old)

30 patients

14 males (31.8 yrs-
old)

16 females (33.8 yrs-
old)

58 patients (20-73
yrs-old)

89 patients (8-85 yrs-
old)

20 patients (does not
mention the average

age)

No

No

No

Yes
(3 months)

No

No

Yes
(3 months)

118 bacterial strains

66 bacterial strains

410 bacterial strains

156 bacterial strains

66 bacterial strains

122 bacterial strains

29 bacterial strains

*Number of strains that were tested for antimicrobial susceptibility.
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Author/Year

Microbial Source/Sampling

Method to measure the outcome

Antimicrobial agent

Khemaleelakul et al.
(2002) [22]

Jacinto et al. (2003) [23]

Kuriyama et al. (2005) [18]

Ozbek et al. (2006) [21]

Skucaite et al. (2010) [10]

Poeschl et al. (2011) [19]

Montagner et al. (2014)
[20]

Tissue swelling/Aspiration

Root canal/Paper points

Root canal/Swab
Tissue swelling/Aspiration
Root canal/Paper points

Root canal/Paper points
Tissue swelling/Aspiration

Tissue swelling/Swabbing or
aspiration
Root canal/Paper points

E-test ®

E-test ®

Disk Diffusion

Oxoid Discs® and

E-test ®

E-test ®

Disk Diffusion

E-test®, Nitrocefin Test

Penicillin; Amoxicillin; Amoxicillin +
clavulanic acid; Clindamycin;
Metronidazole.

Penicillin; Amoxicillin; Amoxicillin +
clavulanic acid; Clindamycin;
Metronidazole; Erythromycin; Cephaclor;
Azythromycin.

Penicillin; Clindamycin; Metronidazole;
Erythromycin; Tetracycline.

Penicillin; Amoxicillin + clavulanic acid;
Clindamycin; Erythromycin; Tetracycline;
Cefazolin; Imipenem; Metronidazole;
Cefoxitin; Piperacillin-tazobactam.
Penicillin; Amoxicillin; Amoxicillin +
clavulanic acid; Clindamycin;
Metronidazole; Erythromycin; Tetracycline;
Ampicillin; Vancomycin.

Penicillin; Amoxicillin; Amoxicillin +
clavulanic acid; Clindamycin; Erythromycin.
Penicillin; Amoxicillin; Amoxicillin +
clavulanic acid.
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Table A. 4. Genus of the Tested Bacteria that were reported in each Included Study.

Author/Year Bacteria (Genus)

Khemaleelakul et al., (2002) [22] Bacteroides spp.; Clostridium spp.; Eubacterium spp.; Fusobacterium spp.; Peptostreptococcus spp.;
Porphyromonas spp.; Prevotella spp.; Veillonella spp.; Propionibacterium spp.; Actinomyces spp.;
Gemella spp.; Streptococcus spp.; Corynebacterium spp.; Eikenella spp.; Lactobacillus spp.;
Staphylococcus spp.;

Jacinto et al., (2003) [23] Fusobacterium spp.; Peptostreptococcus spp.; Streptococcus spp.; Prevotella spp.; Gemella spp.;
Actinomyces spp.; Veillonella spp.; Clostridium spp.; Propionibacterium spp.; Eggerthella spp.;
Staphylococcus spp.; Eubacterium spp.; Enterococcus spp.; Campylobacter spp.; Bifidobacterium spp.;
Bacteroides spp.; Tissierela spp.; Lactobacillus spp.; Porphyromonas spp.

Kuriyama et al., (2005) [18] Prevotella spp.; Peptostreptococcus spp.; Streptococcus spp.; Fusobacterium spp.; Eubacterium spp.;
Actinomyces spp.; Eikenella spp.; Veillonella spp.; Propionibacterium spp.; Porphyromonas spp.;
Capnocytophaga spp.; Clostridium spp.; Unspecified- Strictly Anaerobic; Gram-Negative Bacillus;
Unidentified CO, Dependant; Gram-Positive Coccus.

Ozbek et al., (2006) [21] Staphylococcus spp.; Streptococcus spp.; Corynebacterium spp.; Neisseria spp.; Acinetobacter spp.;
Escherichia spp.; Pseudomonas spp.; Enterobacter spp.; Klebsiella spp.; Peptostreptococcus spp.;
Actinomyces spp.; Eubacterium spp.; Mobilincus spp.; Erysipelothriks spp.; Fusobacterium spp.;
Prevotella spp.; Bacteroides spp.; Porphyromonas spp.

Skucaite et al., (2010) [10] Streptococcus spp.; Enterococcus spp.; Prevotella spp.; Bacteroides spp.; Anaerococcus spp.;
Peptostreptococcus spp.; Tissierela spp.; Eikenella spp.
Poeschl et al., (2011) [19] Streptococcus spp.; Staphylococcus spp.; Prevotella spp.; Peptostreptococcus spp.; Bacteroides spp.;

Fusobacterium spp.; Eikenella spp.; Lactobacillus spp.; Corynebacterium spp.; Enterococcus spp.;
Enterobacteriaceae spp.
Montagner et al., (2014) [20] Prevotella spp.; Porphyromonas spp.; Parvimonas spp.
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Table A. 5. Number of resistant strains for each antibiotic in the included studies.

Author/Year N. of bacterial Resistant strains
strains PG PV AC XL CM MZ EM TC CZ CP AMP VAN IP CX PT
Khemaleelakul et al. 118 - 23 18 0 13 - - - - - - - - - -
(2002) [22] 58 - - - - - 7 - - - - - - - - -
Jacinto et al. (2003) [23] 66 7 - 0 0 3 3 7 - - 0 - - - - -
Kuriyama et al. (2005) 410 - 53 - - 13 82 96 36 - - - - - - -
(18]

Ozbek et al. (2006)* [21] 156 74 - - - 57 - - - - - - - - - -
76 - - - 17 - 15 39 63 23 - - - - - -

70 - - - - - - - - - - - - 3 14 7

Skucaite et al. (2010) 66 - - - - - - - - - - 21 0 - - -
[10] 65 1 - - - 14 - - - - - - - - - -
62 - - - - - - 15 21 - - - - - - -

53 - - 0 - - - - - - - - - - - -

43 - - - 0 - - - - - - - - - - -

10 - - - - - 5 - - - - - - - - -

9 - - - - - - - - - - - - - - -

Poeschl et al. (2011) [19] 122 - - 11 2 - - - - - - - - - - -
113 10 - - - - - - - - - - - - - -

107 - - - - 23 - - - - - - - - - -

76 - - - - - - 17 - - - - - - - -

Montagner et al. (2014)* 29 4 - 2 2 - - - - - - - - - - -

[20]

* Original studies that reported the prior use of antibiotics as an exclusion criterion.

PG — penicillin G; PV — penicillin V; AC — amoxicillin; XL — amoxicillin + clavulanic acid; CM — clindamycin; MZ — metronidazole; EM
— erythromycin; TC — tetracycline;

CZ — cefazolin; CP - cephaclor; AMP - ampicillin; VAN — vancomycin; IP — imipenem; CX — cefoxitin; PT — piperacillin-tazobactam.
(-) — not tested.
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Table A. 6. Percentage of resistance strains, as determined by data extracted from the included studies.

Overall Data Studies that reported use of ATB Studies that did not report/use the use of
Subgroup A ATB
Subgroup B
Antibiotics %oRrES Conf. Int. Nres/N %0RrES Conf. Int. Nres/N %oRrES Conf. Int. Nres/N
Amoxicillin + Clavulanic Acid 3.5 0.8-14.2 21/421 | 14.8% 4.6-38.6 19/105 1.4% 0.5-3.9 2/316
Amoxicillin 7.7% 3.6-15.5 31/388 6.9% 1.7-23.8 2/29 7.4% 3.0-17.2 29/359
Penicillin G 12.3% 3.6-34.6 100/458 | 29.1% 7.0-68.9 78/185 7.9% 4.0-15.0 18/357
Clindamycin 13.1% 5.6-27.5 123/919 | 36.5% 29.4-44.4 | 57/156 10.2% 4.4-21.8 66/756
Penicillin V 15.5% 10.2-22.8 76/528 - - - 15.5% 10.2-22.8 76/528
Metronidazole 17.5% 10.5-27.9 | 112/619 | 19.7% 12.3-30.2 15/76 17.0% 7.7-33.3 97/543
Erythromycin 26.0% 16.2-38.9 | 174/681 | 51.3% 40.2-62.3 39/76 21.7% 16.2-28.3 135/605
Tetracycline 40.0% 6.2-87.0 120/539 | 82.9% 72.7-89.8 63/76 19.9% 3.6-61.9 57/463

* Yores = percentage of resistant strains (pooled values); Conf. Int. = confidence interval; nges/n = number of resistant strains/total
number of strains. Subgroup A: studies that excluded patients with previous use of antibiotics [20,21]; Subgroup B: studies that did
not report or did not exclude patients with previous use of antibiotics [10,18,19,22,23].
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Amoxicillin Penicillin G
Study name Event rate and 95% CI Study name Event rate and 95% CI
Event Lower Upper Event Lower Upper Relative
rate limit limit Total rate limit limit Total weight
Montagner (2014) 0,069 0,017 0,238 2/ 29 Cebek (2006) 0474 0397 0553 74/156 54,42
0.069 0017 0,238 > Montagner (2014) 0,138 0053 0,315 4/29 [ 45,58
0291 0070 0,689
-1,00 -0,50 0,00 0,50 1,00
-1,00 -0,50 0,00 0,50 1,00
Clindamycin Erithromycin
o,
Study name Event rate and 95% CI Study name Event rate and 95% CI
Event Lower Upper
. A Event Lower Upper
rate  limit  limit  Total rate limit  limit Total
Ozbek (2006) 0,365 0,294 0,444 57/ 156 ‘ ‘ - Ozbek (2006) 0,513 0,402 0,623 39/ 76
0,365 0,294 0,444 * 0,513 0,402 0,623
-1,00 -0,50 0,00 0,50 1,00 -1,00 -0,50 0,00 0,50 1,00
Metronidazole -
o Tetracycline
Study name Event rate and 95% CI Study name Event rate and 95% CI
Event Lower Upper Event Lower Upper
rate limit limit Total rate limit limit Total
Ozbek (2006) 0,197 0,123 0,302 15/76 - Ozbek (2006) 0,829 0,727 0,898 63/ 76 -
0,197 0,123 0,302 & 0,829 0,727 0,898 <
-1,00 -0,50 0,00 0,50 1,00 -1,00 -0,50 0,00 0,50 1,00
Amox.+ Clavulanate
Study name Event rate and 95% Cl
Event Lower Upper Relative
rate  limit  limit Total weight
Ozbek (2006) 0,224 0,144 0,331 17/76 [ 3 62,50
Montagner (2014) 0069 0017 0238 2/29 37,50
0,148 0046 0,386 40
-1,00 -0,50 0,00 0,50 1,00

Figure C. 1. Forest plot for the antimicrobial resistance profile of clinical isolates from primary acute endodontic infections for each
antimicrobial agent, according data from the studies that reported exclusion of use of antibiotics. Penicillin G (Q-value=9.479;
P=0.002); Amoxicillin + clavulanate (Q-value=3.011; P=0.083).
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Event Lower Upper

Amox.+Clavulanate

Study name

Event Lower Upper
rate limit limit Total
Khermaleekul (2002) 0,004 0,000 0084 0/118
Jacinto (2003) 0,007 0000 0108 0/66
Skucaite (2010) 0,045 0,003 0448 0/10
Poeschl (2011) 0,016 0,004 0063 2/122
0,014 0,005 0,039

rate limit limit Total
Khemaleekul (2002) 0,153 0098 0229 18/118
Jacinto (2003) 0,007 0000 0,108 0/66
Shucaite (2010) 0,009 0001 0,131 0/53
Poeschl (2011) 0090 0051 0,156 11/122
0,074 0030 0172
1,00
e Clindamycin
Event Lower Upper
rate limit limit Total
Khemaleekul (2002) 0,110 0065 0,181 13/118
Jacinto (2003) 0045 0015 0132 3/866
Kunyama (2005) 0032 0018 0054 13/410
Skucaite (2010) 0226 0,139 0346 14/62
Poeschl (2011) 0215 0,147 0303 23/107
0,102 0044 0218
41,00
Metronidazole
name
Event Lower Upper
rate limit limit Total
Khemaleehl (2002) 0,121 0059 0232 7/58
Jacinto (2003) 0,045 0015 0,132 3/66
Kuriyama (2005) 0,200 0,164 0,242 82/410
Slucaite (2010) 0556 0251 0823 5/9
0,170 0,077 0,333
-1,00

-1,00
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>
-0,50 0,00 0,50 1,00
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Relative
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Relative
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20,71
16,48
20,85
20,59
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26,52
21,42
32,65
19,40

Relative

weight
14,48
14,43
13,88
57,21

Study name
Event
rate
Jacinto (2003) 0,106
Skucaite (2010) 0,015
Poeschl (2011) 0,088
0,079

MI‘I&H‘E

Khemaleekul (2002)
Kuriyama (2005)

Study name

Jacinto (2003)
Kuriyarra (2005)
Skucaite (2010)
Poeschl (2011)

Stu name

Kuriyama (2005)
Skucaite (2010)

Penicillin G

Event rate and 95%Cl

Lower Upper Relative
limit limit Total weight
0,051 0,206 7/66 | 3 40,70
0,002 0,101 1/65 11,37
0,048 0,157 10/113 47,93
0,040 0,150 [ ]

-1,00 -0,50 0,00 0,50 1,00
Penicillin V
Event rate and 95% Cl
Event Lower Upper Relative
rate limit limit Total weight

0,185 0,133 0,276 23/118 [ ] 43,24

0,129 0,700 0,165 53/410 . 56,76

0,155 0,102 0,228

1,00 90,5 000 050 1,00
Erithromycin
Event rate and 956% Cl
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0,106 0,051 0,206 7/66 - 14,61
0,234 0,196 0278 96/410 [ | 41,39
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0,224 0,144 0331 17/76 k& 23,26
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Tetracycline
Event rate and 95% CI
Event Lower Upper Relative
rate limit limit Total weight

0,088 0,084 0,119 36/410 50,66

03% 0275 0532 21/53 49,34

0199 0,03 06819

-1,00 -0,50 0,00 0,50 1,00
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Figure C. 2 Forest plot for the antimicrobial resistance profile of clinical isolates from primary acute endodontic infections for each
antimicrobial agent, according to studies that do not report the prior use of antibiotics as an exclusion criterion. Amoxicillin (Q-
value=9.809; P=0.02); Penicillin G (Q-value=3.519; P=0.172); Clindamycin (Q-value=43.906; P=0.000); Penicillin V (Q-value=3.161;

Metronidazole (Q-value=15.536; P=0.001); Erytromicina (Q-value=6.204; P=0.102); Amoxicillin + clavulanate (Q-
value=1.683; P=0.641); Tetracycline (Q-value=33.7; P=0.000)

P=0.075);
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4. DISCUSSION

For the present study, a comprehensive systematic review was conducted in
order to identify, to evaluate, and to synthesize all of the clinical studies that met the
specified eligibility criteria in order to determine: “What are the resistance rates to
antimicrobial agents in studies that isolated bacteria from patients with primary acute
endodontic infections?” Although the majority of clinical isolates have been found to
be susceptible to the antimicrobial agents that are usually prescribed, there was a
wide range of antibiotic resistance among them. The resistance rates varied
according to the previous use of an antimicrobial agent.

The currently employed methods in order to determine the susceptibility
profiles of clinical isolates are regulated by standard protocols that employ a
cultivation-based approach [17,42]. Only the articles that employed the disc diffusion
and E-test methods were selected, because they included patterns for comparison,
according to the NCLSI and EUCAST guidelines.The continuous monitoring of
microbial susceptibility over time should be encouraged, but there are few reports in
the current literature that describe the shift on microbial resistance to bacteria from
endodontic infections [14]. There is a need for constantly revising the literature in
order to obtain proper data that may guide and support the clinical choices of
adjunctive systematic antimicrobial therapy. The use of statistical methods, as
performed in the meta-analysis, may provide a quantitative synthesis of the data
regarding the susceptibility rates of clinical isolates from patients with primary acute
endodontic infections. Despite the strict selection criteria, the evaluation of the
studies showed few factors that connected them. For example, several species were
isolated and tested for their antimicrobial susceptibility in the articles. Futhermore, the
included articles did not employ the same set of antimicrobial agents to test for the
susceptibility of all of the isolates. The low number of shared information by the
studies did not allow for the determination through a meta-analysis of the resistance
profiles for each species/genera. The overall resistance percentages for a specific
antimicrobial agent were calculated for each study, despite the species that were
tested.

For primary acute endodontic infections, the overall resistance rates varied
according to the antimicrobial agent. The bacterial strains were highly susceptible to

amoxicillin + clavulanic acid and amoxicillin. Higher resistance rates were observed
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for tetracycline. Intermediate values were observed for penicillin G, clindamycin,
penicillin V, metronidazole and erythromycin, respectively. The results were in
accordance with the clinical recommendations that suggest that antibiotics of the
beta-lactamic group, especially amoxicillin and amoxicillin + clavulanic acid, as being
the first choice for the management of acute endodontic infections, due to their
efficacy, their safety, and their convenience for administration and access [5,43,44].
The low susceptibility rates for tetracycline were probably associated with the intrinsic
resistance among the anaerobic strains and the secondary resistance was due to its
broad use and misuse by patients [45,46]. For the past two decades, the most
commonly used antibiotics in periodontal treatment has been the use of the
tetracyclines [47,48]. The widespread emmergence of tetracycline resistance in
medically important bacteria has limited their use in the treatment of medical
infections [49]. In the oral cavity, tetracycline resistance has increased over the last
several years [50]. Some investigators have reported that this may be one of the
reasons for the reduced effects of tetracyclines as being an adjuvant measure for the
treatment of periodontitis [51-54].

Despite the diferences of the laboratorial susceptibility patterns that were
observed for the antimicrobial agents, it was not possible to determine whether they
can influence the clinical responses to the treatment. It should be emphasized that
acute endodontic infections are polymicrobial with a very high inter-individual
variability. The involvement of the species in a mixed consortium promotes a broad
spectrum of relationships among them, modulating their pathogenicity to additive or
synergistic pathogenic effects [2,4]. The control of the endodontic infections does not
have species as a main target. The eradication of some components of the microbial
community may lead to its disturbance and the remaining members may not be able
to survive without cross-interactions [4]. The ecological interference that is promoted
by the local approach (a root canal treatment and a surgical drainage) might
overcome the resistance to antimicrobial agents as demonstrated by some of the
community members and leads to the resistant strain’s death. However, Flynn et al.,
[55] reported in a prospective study that penicillin treatment failure was not predicted
by pre-adimission, timing, anatomic or preoperative clinical variables, in a sample of
37 subjects admitted for severe odontogenic infections. The authors observed that
six out of twenty-four subjects had a penicillin treatment failure, and penicillin

resistant bacterium was detected in all of the patients who had no response to the
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antimicrobial treatment. Therefore, further studies with large sample sizes should be
conducted in order to determine the relationships between the presence of resistant
strains and the outcomes of the proposed treatment.

The previous use of antimicrobial agents is a variable that must be considered
in the data analysis. Skucaite et al., [12] evaluated the susceptibility of endodontic
pathogens to antibiotics in patients with symptomatic apical periodontitis that had had
a previous use of an antimicrobial agent. According to the results, no correlation was
found between the microbial susceptibility to antibiotics and a previous antibiotic
intake. However, Kuriyama et al., [18] showed that penicillin-resistant bacteria were
isolated significantly more frequently from patients that had penicillin before the
sampling. There was no significant correlation between the prevalence of
erythromycin-resistant bacteria and a previous administration of erythromycin.
Therefore, a subgroup analysis was performed concerning the results in order to
determine the effects of a previous use of antibiotics. It was observed that the
resistance rates were different when comparing the studies that reported a previous
use of antimicrobial agents as an exclusion criterion (Subgroup A). The articles that
did not report the previous use of antimicrobial agents as an exclusion criterion were
in Subgroup B. These differences could be related to diverse factors: a small number
of studies that had bacterial strains tested in each one; the fact that the resistance
rates were obtained from a pool of bacteria; the fact that the correlation between the
prevalence of resistance bacteria and a previous use of antibiotics seemed to occur
for some agents, but not for others [14]. Additionally, there was a limitation of
memory bias, since the patients could not remember exactly what drugs that they
had used in the past 3 months. These results emphazise the need to analyze the
data that was reported in the articles and consider the previous use or not of
antibiotics, since the resistance rates differed between the subgroups. However,
independently of the differences among the subgroups of A and B and the overall
data, the general profiles of resistance remained the same: lower rates of resistance
for amoxicillin and amoxicillin and clavulanic acid; higher rates of resistance for the
tetracyclines; and intermediate rates with the other antimicrobial agents that were
tested.

Parallelly, a heterogeneity analysis was performed for specific antimicrobial
agents, depending on the subgroup of the studies. There was heterogeneity among

the resistance profiles for penicillin G for the studies that excluded a previous use
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antimicrobial agent (Subgroup A) and for amoxicillin, clindamycin, metronidazole and
tetracycline among the studies that did not reported this use (Subgroup B). These
findings can be associated with the several bacterial species that were tested and for
the different sites of sampling. Despite being concomitant infections, matched
samples taken from the root canal and the abscess aspirates from the same subject
had discrepancies between the bacterial community profiles [5]. Furthermore, the
microbial profiles of the acute endodontic infection samples were unique for each
subject and did not show any clustering behavior from the samples that were
collected among patients [5,56]. Despite the assessment of a specific group of
endodontic infections, the microbiome was modulated by its geographic location [57-
59]. It was not possible to perform a region-based analysis because the samples
were collected from six different countries (Thailand, Brazil, United Kingdom, Turkey,
Lithuania, and Austria). Only the results reported by Jacinto et al.,, [23] and
Montagner et al., [20] belonged to the same geographic location: Brazil.

Sensitivity analyses were performed in order to evaluate the level of
confidence results, excluding those studies with the largest sample sizes [18,19], in
order to evaluate if the findings were not dependent on arbitrary or unclear decisions.
The overall resistance rates to erytromicin, amoxicillin + clavulanic acid and penicillin
G were similar when the studies were included in the meta-analysis. However, the
overall resistance rates to metronidazole, clindamycin, tetracycline and amoxicillin
were different when these studies were included in the meta-analysis. Although
different, it was not possible to determine whether the difference influenced the
clinical response to the treatment, as discussed previously.

The results of this systematic review and meta-analysis were limited by
several factors, as previously discussed. They were also associated with the
limitations that were imposed by the bacterial recovery from the complex microbial
communities. It should be emphasized that available cultivation methods have not yet
been able to allow for the laboratorial growth and the isolation of several
microorganisms. Furthermore, the results obtained through susceptibility testing
represented a single microorganism or a select group of microorganisms that were
isolated from the infected site. The virulence of the strains might have been
modulated by their isolation in the culture media, especially due to the lack of
interaction among the several microorganisms that were also present in the

odontogenic infection. There was also a lack of data on the specific number of strains
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that were tested for each sample in the articles. The tested isolates may have
represented or not, all of the microbial community that was active in the infected site.
As culturing and testing slow-growing oral bacteria can take up-to 2 weeks, the
therapeutic decisions still have to be based on previous reports from the literature, as

have been summarized in the present study.

4.1Conclusion

The systematic review and the meta-analysis allowed for depicting the
resistance profiles to antimicrobial agents in bacteria that was isolated from acute
endodontic infections. Amoxicillin + clavulanic acid and amoxicillin showed the lowest
in vitro rates for bacterial resistance among the strains. The resistance rates for the
antimicrobial agents varied according to the previous use of an antimicrobial agent.
There was a lack of information regarding the association between the resistance

profiles of the bacterial isolates and the clinical outcomes.
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Selected facultative anaerobes species in acute endodontic infections -
identification, genotypic diversity, antimicrobial susceptibility, and virulence
factors
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ABSTRACT

Aim To identify and determine the genotypic diversity, antimicrobial susceptibility and
virulence factors of facultative anaerobes species isolated in cases of acute
endodontic infections.

Methodology Root canal samples were collected from seven teeth. Facultative
anaerobes bacteria were identified by phenotypic features and MALDI-TOF MS.
Antimicrobial susceptibility of strains was determined by disk-diffusion to
benzylpenicillin, erythromycin and clindamycin. Twenty four Enterococcus faecalis
strains isolated from same patient had their susceptibility determined by minimum
inhibitory concentration of benzylpenicillin, amoxicillin and amoxicillin + clavulanate
using the E-test. The genotypic diversity and the virulence factors (ace, asa, gelE,
efaA, cylA, esp) of the E. faecalis strains were analyzed by PFGE and PCR,
respectivaly. Phenotypic expression of gelatinase and cytolysin were tested. Biofilm
production was quantified.

Results Facultative anaerobes microorganisms were isolated from three teeth.
Streptococcus spp., Staphylococcus aureus, E. faecalis, and Actinomyces viscosus
were found. Streptococcus spp. and S. aureus were susceptible to benzylpenicillin.
E. faecalis strains (24) were susceptible to benzylpenicillin, amoxicillin and amoxicillin
+ clavulanate. The same chromosomal DNA fragmentation profile was revealed to E.
faecalis strains (24) isolated. The gelE, ace and efaA genes were detected in 18/24
E. faecalis strains. Gelatinase expression and biofilm production were observed.
Conclusion Streptococcus spp., Staphylococcus aureus, Enterococcus faecalis and
Actinomyces viscosus was isolated and identified in the present study. Streptococcus
spp. S. aureus and E. faecalis were susceptible to B-lactam antibiotics. E. faecalis
strains had same chromosomal DNA fragmentation profile, however seemed to show

distinct virulence profiles.
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INTRODUCTION

Primary acute endodontic infections are polymicrobial and with a
predominance of strict anaerobic bacteria (Siqueira Jr 2002, Gomes et al. 2004,
Jacinto et al. 2007). Nevertheless, facultative anaerobic bacteria have been
frequently isolated/detected in this type of infection (Khemaleelakul et al. 2002,
Jacinto et al. 2003, Kuriyama et al. 2005, Ozbek et al. 2006, Siqueira Jr & Rbécas
2009, Skucaite et al. 2010, Poeschl et al. 2011, Rocgas et al. 2011, Hsiao et al. 2012,
Siqueira Jr & Rbécas 2013). The genus Streptococcus spp., Enterococcus spp.,
Actinomyces spp., Staphylococcus spp., Corynobacterium spp., Eikenella spp.,
Lactobacillus spp. are the most frequent found (Khemaleelakul et al. 2002, Jacinto et
al. 2003, Kuriyama et al. 2005, Ozbek et al. 2006, Siqueira Jr & Roc¢as 2009; Poeschl
et al. 2011, Rdécas et al. 2011, Hsiao et al. 2012, Montagner et al. 2012). However,
little is known about the role of these microorganisms in these infections.

Enterococcus faecalis is a Gram-positive and anaerobic facultative
microorganism commonly found in root canal of teeth with failed endodontic therapy
(Pinheiro et al. 2003, Sedgley et al. 2006, Skucaite et al. 2010). However, the results
of the studies in relation to their presence in primary endodontic infections have
inconclusive. Gomes et al. (2006) compared the presence of E. faecalis in primary
and secondary root-infected canals with periapical lesions by both culture and
polymerase chain reaction (PCR) analyses. In teeth with necrotic pulps, E. faecalis
was rarely isolated by culture methods (4%), but frequently detected by PCR (82%).
Furthermore, E. faecalis is one of major leading cause of infections endocarditis and
also a common cause of hospital-acquired bacteraemia (Fernandez-Guerreiro et al.
2002, Pinholt et al. 2014; Brady et al. 2017). Virulence factors such as collagen-
binding protein (ace), surface protein (esp), gelatinase (gelE), aggregation substance
(asa), cytolysin activator (cylA) and antigen endocarditis (efaA) may contribute to the
ability of E. faecalis to cause different infections (Penas et al. 2013, Barbosa-Ribeiro
et al. 2016, Heidari et al. 2017). Lins et al. (2013) isolated 20 E. faecalis strains from
43 patients with asymptomatic primary endodontic infection; and detected gelE,
agg/asa 373 and esp genes in 20, 18 and 12 isolates, respectivaly. Barbosa-Ribeiro
et al. (2016) found the presence of ace (100%), asa (60%), asa373 (15%), efaA
(95%), esp (70%) e gelE (75%) genes in E. faecalis strains isolated from failure of

endodontic therapy. However, there is a lack in the current literature on the presence
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of E. faecalis in symptomatic primary endodontic infections and on the
characterization of their virulence factors.

Antimicrobial resistance threatens the core of modern medicine and the
sustainability of an effective, global public health response to the enduring threat
from infectious diseases (World Health Organization, 2015). E. faecalis has intrinsic
resistance to clindamycin, high-level resistance to most cephalosporins and all
synthetic penicillin, and decreased susceptibility to penicilin and ampicillin (Kristich et
al. 2014). Additionally, enterococcal resistance has emerged to vancomycin (van
Harten et al. 2017). In endodontics, the resistance profile of clinical isolates of E.
faecalis recovered from teeth with endodontic failure has been evaluated (Pinheiro et
al. 2003, Pinheiro et al. 2004; Barbosa-Ribeiro et al. 2016). However, the results
show different resistance profile for the same antibiotics tested.

Therefore, the aims of this study were to identified and determine antimicrobial
susceptibility, by diffusion disk, of facultative anaerobes isolated in cases of acute
apical abscess (AAA) (section 1); and evaluated the genotypic diversity, antimicrobial
susceptibility, by E-test, and virulence factors of E. faecalis strains isolated of root

canal of same patients with AAA (section 2).

SECTION 1

Materials and Methods

Patient Selection

The present study was approved by the Ethical Committee in Research of
Universidade Federal do Rio Grande do Sul (Porto Alegre, RS, Brazil) CAAE
46952315.1.0000.5347 and by the Ethical Committee in Research of the Grupo
Hospitalar Conceicdo (Porto Alegre, RS, Brazil) CAAE 46952315.1.3001.5530. A
total of 2880 patients that searched for dental emergency treatment were examined
between August 2014 and December 2016.

Subjects with human immunodeficiency virus (HIV) and those who had used
antibiotics in the last 3 months were excluded from study. Teeth with communication
between the root canal and the oral cavity; that could not be isolated with a rubber

dam; previous manipulation and poor access to the apical region (as determined by
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previous radiographic examinations); and periodontal probing depths of > 4 mm were
also exclusion factors (Montagner et al., 2014).

Seven adult patients presenting the inclusion criteria and signs/symptoms of
AAA were enrolled in this study. All the participants signed an informed consent. The
diagnosis of AAA was based on the presence of spontaneous pain, negative pulp
sensitivity to cold test, positive sensitivity to percussion and palpation tests, and
swelling (Igbal et al. 2007).

Sample Collection
SALIVA

The non-stimulated saliva was collected in a sterile plastic tube for 1 minute

(Papapostolou et al. 2011). Codes were assigned to the sample. Saliva samples
were the positive control for the growth of facultative anaerobic bacteria collected

from the root canal.

ROOT CANALS

Microbial samples were obtained directly from the root canal. Before clinical
procedures, local anesthesia was performed with 2% lidocaine and epinephrine
(1:100,000). Thus, dental caries and restorations were removed without pulp
chambers exposure; and the tooth was isolated with a rubber dam. The disinfection
of operative field was performed using 30% hydrogen peroxide and 2.5% sodium
hypochlorite, respectively. The action of sodium hypochlorite was inactivated with 5%
sodium thiosulfate. Samples from the operative field were taken after disinfection to
verify the effectiveness of asepsis. After, the pulp chambers were exposure using
sterile diamond burs under manual irrigation with sterile saline (Gomes et al. 2006).

Samples were collected with #10 K-file (Dentsply Maillefer, Ballaigues,
Switzerland) and by aspiration. The root canals were irrigated with saline solution.
The solution was stirred with a #10 K-file and aspirated with an insulin syringe (Injex,
Ourinhos, SP, Brazil). Futhermore, the aspirated volume and the active part of the file
were immediately transferred to sterile plastic tube with 1 mL of reduced transport
medium (RTF). Codes were assigned to the root canal samples. In multirooted teeth,

the samples were collected of all root canals.
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Microbial Isolation and Identification

The saliva and root canal samples were vortexed for 30 seconds and serially
diluted in tubes containing brain heart infusion (BHI) broth (Himedia, Mumbai, India),
respectively. A 50 pL sample of each serial dilution as well as of the undiluted sample
were plated onto Triptone Yest Cistine (TYC) medium (Lab M, Lancashire, UK).
Bacterial plates were incubated at 35°C (+ 2°C) under microaerophilic conditions for
48 h. Representative colonies of different types were placed in BHI broth + 1%
glucose and incubated at 35°C (x 2°C) for 24 h. Then, samples were subcultured on
BHI agar (KASVI, Curitiba, Parana, Brazil) with 5% defibrinated sheep blood to obtain
a pure culture; and on BHI agar for susceptibility test. The plates were incubated at
35°C (z 2°C) for 24 h under microaerophilic conditions.

Pure cultures were initially characterized according to Gram stain
characteristic, ability to produce catalysis, coagulase test. Facultative anaerobes
species were identified by matrix-assisted laser desorption ionization time-of-flight
(MALDI-TOF) mass spectrometry (MS) according Moon et al. (2013).

MALDI-TOF MS ANALYSIS

MALDI-TOF MS analysis was performed with a VITEK® MS-RUO version 1.0
(BioMériux, Marcy I'Etoile, France). Facultative anaerobes colonies grown on BHI
agar with 5% defibrinated sheep blood were recovered with a 1 L sterile loop and
placed in a single well of a disposable, barcode labeled target slide (VITEK MS-DS).
Then, each colony was covered with 1.0 pyL of a solution of alpha-cyano-4-
hydroxycinnamic acid matrix. After co-crystallizing the sample matrix, obtained by air
drying, two spots were systematically created for each colony. The quality control

was analyzed using a strain of Escherichia coli ATCC 8739.

Antimicrobial Susceptibility Test
DISK DIFFUSION

The antimicrobial susceptibility of facultatives anaerobics microrganisms was

tested for benzylpenicillin (BP), clindamycin (CM) and erythromycin (EM) (Laborclin,
Pinhais, PR, Brazil).

Inocula were prepared by suspending in BHI broth to a McFarland density of
0.5 for facultative anaerobes as recommended by the Brazilian Committee on

Antimicrobial Susceptibility Testing (BrCAST) guidelines. Sterile cotton swabs were
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used to inoculate plates with Mueller-Hinton agar (KASVI, Curitiba, Parana, Brazil).
Disks with antibiotics were then applied separately to the center of the plate. The
plates were incubated at 35°C (x 2°C) under microaerophilic conditions for 16 to 20 h.
After growth, the zone inhibition was measured around the disk with a digital caliper
(Digimess, Sao Paulo, SP, Brazil). The presence or absence of antimicrobial
resistance was evaluated following the BrCAST guidelines (BrCAST, 2017).

Table 1. Zone diameter breakpoint reference values for facultative anaerobe species
(BrCAST, 2017).

Antimicrobial Zone diameter breakpoint (mm)

Species agents > I e
Staphylococcus spp. BP 26 - 26
CM 22 19-21 19
EM 21 18-20 18
Enterococcus spp. BP - - -
CM - - -
EM 23 14-22 13
Streptococcus spp. BP 18 12-17 12
CM 19 - 19
EM IE IE IE
Actinomyces spp. BP IE IE IE
CM - - -
EM - - -

Data Analysis

Descriptive statistical analysis was performed to show the characteristics of
the participant and the collected tooth. Frequency of the number of the bacteria

species per root canal was determined.

MALDI-TOF MS

The identifcation of the genus and species was considered correct according
to the following: a score of 22.000 indicated species level identification, a score of
1.700 to 1.999 indicated identification to the genus level, and a score of <1.700 was

interpreted as “no identification”.
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DISK DIFFUSION
The strains were classified as susceptible, intermediate or resistant to BP, CM
and EM, according to the BrCAST guidelines (BrCAST, 2017).

Results

Facultative microorganisms were isolated from root canal in 3 out of 7
participants. The previous presence of caries and apical radiolucency were
determinant factors for the isolation of facultative anaerobic bacteria. Samples of the
operation field (control negative) were negative, and saliva samples (positive control)
were positive to facultative anaerobes. A total of 39 isolates were identified by
MALDI-TOF MS (Table 2). These microorganisms were tested for their antimicrobial
susceptibility. Streptococcus anginosus strains were susceptible to BP and CM; and
showed inhibition halo to EM. Staphylococcus aureus was susceptible to BP and CM,
but resistant to EM. Streptococcus gordonii, Streptococcus sanguinis, Streptococcus
oralis strains were susceptible to BP and CM, but did not show inhibition halo to EM.
Actinomyces viscosus strains form inhibition halo to BP and CM, but did not show
inhibition halo to EM. Enterococcus faecalis strains form inhibition halo to BP and
EM, but did not have inhibition halo to CM.



Table 2. Characteristics of the patients and of the teeth collected.

Case Age Gender Smoker Hypertensive Use of anti- Tooth Caries Restotation Apical Exudate Bacterial number
inflammatory Radiolucency

B 57  Female Yes Yes No 45 Yes Inadequate Yes Yes Streptococcus
anginosus (n=2)

D 36 Female Yes No Yes 13 Yes Inadequate Yes Yes Enterococcus
faecalis (n=24)

F 30 Female No No Yes 25 No Adequate No Yes -
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SECTION 2

Materials and Methods

A total of 24 E. faecalis strains were isolated from the same root canal, from
the same patients (Section 1). The antimicrobial susceptibility also was determined
by Epsilometer test (E-test) method (BioMériux, Marcy I'Etoile, France). Furthermore,
the genotypic diversity was analyzed by Pulsed-field Gel Electrophoresis (PFGE); the
presence of virulence genes detected by PCR; production of gelatinase, hemolytic

activity and ability to form biofilm were verified.

E-TEST

The antimicrobial susceptibility to E. faecalis strains was determined by its
minimal inhibitory concentration (MIC) values of benzylpenicillin (BP), amoxicillin
(AC), and amoxicillin + clavulanate (XL) using the E-test System (Montagner et al.,
2014).

E. faecalis strains were suspended in BHI broth to a McFarland density of 0.5.
The Mueller-Hinton agar plates were inoculated with the bacterial suspension. After
20 min of inoculation, the E-test strip was applied separately to the center of the
plate; and the plates were incubated at 35°C (+ 2°C) under microaerophilic conditions
for 16 to 20 h. Then, the ellipse of inhibition around the strip was examined. The MIC
was interpreted according to the Clinical and Laboratory Standards Institute (CLSI)
guidelines (CLSI, 2017).

PFGE

PFGE method was adapted according to the protocol describe by Pinto et al.
(2013). Agarose plugs containing E. faecalis were prepared. The plugs were placed
in 2 mL of lysis solution ( 6 Mm Tris HCI; 2 M NaCl; 100 Mm Tetrasodium EDTA;
0.5% Brij-58; 0.2% Sodium deoxycholate; 0.5% Sarcosyl) + enzymes (10 U/mL
mutanolysin and 1 mg/mL lysosyme) and incubated at 35°C (x 2°C) overnight at
moderate speed. After, the lysis solution + enzymes were removed; and the plugs
were placed in ES solution (0.5 M Tetrasodium EDTA; Sodium lauryl sarcosinate) +
proteinase K (10 pL/mL) and incubated at 50°C for 1 h. This step was performed
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twice. Then, the plugs were washed 4 times with TE (10 mM Tris HCI 1; 0.1 mM
Disodium EDTA).

Digestion was performed with 20 U of restriction enzyme Smal (Anza™ 22
Sma |, Life Technologies, Carlsbad, CA, USA) for 24 h at 35°C (x 2°C). The enzyme
was removed and the plugs were melted at 72°C + 5 min. After, 40 pL of each melted
plug was loaded into the wells agarose gels (KASVI, Curitiba, Parana, Brazil); a
standard DNA fragment (Lambda Ladder PFG Marker — New England Biolabs,
Ipswich, MA, USA) was used to provide molecular size markers. CHEF DR Il System
from Bio-Rad (Bio-Rad Laboratories, Berkeley, CA, USA) was used for performing
electrophoresis; the pulse time was increased from 5 to 35 s over 20 hand 5to 10 s
over 4 h at 6 V/cm (120 V) according Saeedi et al. (2002). Gels were stained with
ethidium bromide (Ludwig Biotecnologia, Alvorada, RS, Brazil) for 20 min and then

photographed under UV illumination.

PCR ASSAY VIRULENCE GENE DETECTION

Polymerase chain reactions (PCRs) were performed for the detection of genes
ace, asa/asa373, cylA, efaA, esp and gelE. The oligonucletotide set (forward and
reverse) was used in according to the described previously by Barbosa-Ribeiro et al.
(2016). A total volume of 30 pL containing 27.8 pL Taq PCR Master Mix Kit
(Qiagen®, Valencia, CA, USA), 0.6 uL of each respective primer (Invitrogen, Séo
Paulo, SP, Brazil) and 1 pL DNA template. The PCR conditions were determined
according Creti et al. (2004) for the genes ace, asa/asa373, cylA, efaA and Shankar
et al. (1999) for the genes esp e gelE. The PCR were performed in a thermocycler
(Techne - Analitica, Sdo Paulo, SP, Brazil).

The PCR products were analyzed by gel electrophoresis in 1% agarose
(Invitrogen, S&o Paulo, Brazil) and staining (Sybr Green, Applied Biosystems, Sao
Paulo, SP, Brazil). The GelPilot® Plus Ladder (Qiagen®, Valencia, CA, USA) was
used as a marker. Positive strain of the sample itself for the gene was the positive
control, and PCR reaction without DNA the negative control. The presence of positive
bands visualized under ultraviolet transillumination determined the presence of the

targeted genes.
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PRODUCTION OF GELATINASE

The production of gelatinase was evaluated by the adapted method of
Anderson et al. (2016). E. faecalis strains were subcultured on BHI broth containing
12% gelatin. The inoculum was incubated at 35°C (z+ 2°C) for 24 h. The inoculum was

stored a 4°C for 24 h. The production of gelatinase was confimed as liquefied agar.

HEMOLYTIC ACTIVITY
E. faecalis strains were subcultured on BHI agar with 5% defibrinated sheep
blood. After incubation at 35°C (x 2°C) for 24 h, the presence or not of halo around

the colonies was evaluated (Coque et al., 1995).

BIOFILM FORMATION ASSAY

Biofilm formation was evaluated by the adapted method of Kafil et al. (2016).
E. faecalis strains were suspended in BHI broth to 0.5 McFarland. Sterile 96 well
polystyrene microtiter plates (TTP, Trasadingen, Switzerland) were filled with 180 pL
Trypticase soy broth (TSB) (Merck KGaA, Darmstadt, Germany) + 5% glucose and
20 pL of inoculum (0.5 McFarland: OD 625: 0.08 and 0.1). Three wells per isolate
were incubated for 24 hours at 35°C (x 2°C). Wells without bacteria received 180 pL
of the TSB as negative controls. After incubation, the wells were washed three times
with 150 mL of sterile phosphate buffered saline (PBS) (Sigma-Aldrich®, St. Louis,
MO, USA) at room temperature. Then, the PSB was removed and biofilms were fixed
using 150 pL of methanol for 20 min at -20°C; the plate was inverted in a paper towel
for 30 min at room temperature. Biofilms were stained with 150 pL of crystal violet
solution (2%) for 15 min at room temperature and the wells were washed in running
water. The plate was inverted in a paper towel at room temperature; 150 pL of 33%
acetic acid (Synth, Diadema, SP, Brazil) was added for 30 min without shaking.
Biofilm production was evaluated by optical density of the re solubilized crystal Violet
using a microtiter plate reader (Thermo Fischer Scientific Inc, Waltham, MA, USA) at
570 nm (OD 570).

Data Analysis

The MIC was determined, and each strain of E. faecalis was classified as
susceptible, intermediate or resistant to each antibiotic. The frequency of virulence

genes in strains was determined according to the present specific bands. The strains
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were classified as positive or negative for gelatinase production; and as a-hemolysis,

B-hemolysis and y-hemolysis according to their hemolytic activity.

PFGE

The gel photographs were saved as JPEG files, which were imported into the
program “Bionumerics”, Version 6.6 (Applied Maths, Belgium). The analysis of the
fragmentation profiles of the samples was performed by visual inspection. The
percentages of similarity of the fragmentation profiles were estimated using Dice
coefficient. The cut-off point to consider the bacteria as belonging to the same clonal
profile was 80% similarity. Dendrograms were generated using the UPGMA method
(unweighted pair method using arithmetic averages) with optimization of 0% and

tolerance of 1.5%.

BIOFILM FORMATION ASSAY

The cut-off optical density (OD) for Biofilm formation by isolates was defined
as the optical density higher than ODs7o = 0.524 (absorbance of biofilm produced by
E. faecalis ATCC 29212) according Kafil et al. (2015).

Results

The MIC range, MICsoy and MICgqy, vValues obtained by E-test method to E.
faecalis strains and susceptibility rate are showed in Table 3.

Table 3. Antimicrobial susceptibility of E. faecalis strains isolated from the same root
canal from teeth with AAA.

E. faecalis (n=24)

Antibiotics MIC (pg/mL) Range Susceptibility rate (%)
50% 90% (hg/mL)

Benzyl penicillin 15 2.0 0.75-4 100%

Amoxicillin 0.5 1.0 0.094-1.5 100%

Amoxicillin + clavulanate 0.38 0.75 0.064-1.5 100%

Susceptibility (S), intermediate (I) and resistance (R) MIC breakpoints (ug mL"l) recommended by
CLSI (2017):BP (=8 S,121,216 R), AC (=2 S,4 1,28 R), and XL (<4 S, 81, 216 R).
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PFGE analysis of the E. faecalis strains revealed the same chromosomal DNA
fragmentation profile (Figure 1). The presence of genes that encode gelatinase
(gelE), collagen-binding protein (ace) and antigen endocarditis (efaA) at the same
was high (Figure 1). Positive gelatinase activity occurred in 91,66% of E. faecalis
strains. Only y-hemolisis was observed in the culture media. Biofilm forming activity

was observed for 75% of the E. faecalis strains.
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Figure 1. Genotipyc diversity, presence of gelE, esp, asa, ace, efaA and cylA genes, production of gelatinase and hemolysin and
ability to form biofilm of E. faecalis isolated in AAA.
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DISCUSSION

Although it is known that strict anaerobes comprise the great majority of the
species isolated and detected in primary acute endodontic infections, there is little
evidence on the presence, and phenotypic/genotypic diversities of facultative
anaerobic bacteria such as estreptococci and enterococci in this group of infections.
The current investigation was designed to identify and determine the genotypic
diversity, antimicrobial susceptibility and virulence factors of facultative anaerobes
isolated in cases of AAA.

The methods employed to microbial sampling were agitation of the root canal
content with a #10 K-file (Dentsply Maillefer, Ballaigues, Switzerland) followed by
aspiration. According Van der Horts et al. (2013) sterile paper points can be a
considerable source of foreign bacterial DNA. However, a limitation of the aspiration
methods might be the possibility to collect also bacterial cells from the pulp chamber.
In the present study, all the carious tissue was carefully removed avoid contamination
between the environments.

Selective culture medium for Streptococcus spp. was used to microbial
isolation and identification based on the phenotypic characteristics. MALDI-TOF MS
was performed to identify the isolates. The advantages of MALDI-TOF MS are low
time for identification, effectiveness and low cost per sample when compared to the
analysis of the 16S rRNA gene (Bizzini & Greub, 2010). The PFGE was used to
evaluate the genotypic diversity of E. faecalis strains. Previous reports in the
literature indicated that PFGE is able to discriminate clones among isolates of E.
faecalis (Murray et al. 1991, Tomayko & Murray 1995, Pinheiro et al. 2006).
However, a limitation of the method is the lack of standartization to allow for
comparison of results among different research centers (Pinheiro et al., 2006).

Facultative anaerobic microorganisms were recoverd from 3 teeth (3/7) using
the culture method. Although the culture method allows for determining the
antimicrobial susceptibily of the isolates (Siqueira Jr & Ré¢as, 2005), it has a lower
sensitivity for isolation/detection when compared to molecular methods (Gomes et al.
2006). Thus, microorganisms may be viable and not cultured (Signoretto et al. 2000).
In addition, the microbial community in AAA is mixed and with a predominance of
strict anaerobic bacteria (Siqueira Jr & Roc¢as 2009). Positive and negative bacterial

association may also influence the composition of AAA (Siqueira & Récas 2009).
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Khemallelakul et al. (2002) showed a positive association between Prevotella spp.
and Streptococcus spp. in cases of AAA. According Lewis et al. (1988) facultatives
anaerobes reduce the concentration of tissue oxygen promoting the installation of
strict anaerobes. The low isolation rates for facultative anaerobes in primary acute
infections might be associated to the shift of bacterial cells in biofilms associated with
intrarradicular endodontic infections. Both facultative and strict anaerobes have been
isolated primary endodontic infections (Khemaleelakul et al. 2002, Jacinto et al.
2003, Kuriyama et al. 2005, Ozbek et al. 2006, Skucaite et al. 2010, Poeschl et al.
2011). However, the high counts of strict anaerobe cells in acute endodontic
infections may limit the recovery and cultivation of the less abundant cells of the
facultatives. Additional studies should be conducted to characterize the microbial shift
in microbial biofilms that are inside the root canal system.

In the present study, S. anginosus, S. gordonii, S. sanguinis, S. oralis, E.
faecalis, S. aureus and A. viscosus were isolated, in agreement with previous reports
in the literature (Khemaleelakul et al. 2002, Jacinto et al. 2003, Ozbek et al. 2006,
Poeschl et al. 2011). Nevertheless, different species were isolated from the different
subjects. Montagner et al. (2010) showed that the microbial profile communities
diverge between subjects in acute endodontic infections. In our study, the previous
presence of caries and apical radiolucency were determinant factors for the isolation
of facultative anaerobic bacteria. According Belda-Ferre et al. (2012) Streptococcus
spp., Lactobacillus spp., Actinomyces spp. Propionibacterium spp. and Veillonella are
found in sample from caries-active lesions in adults. Although less frequently, Kouidhi
et al. (2011) have also shown the presence of E. faecalis in dental caries. As
previously described, all the dentine with carious lesion was removed from the
coronal pulp chamber to avoid cross-contamination. Molander et al. (1998) verified a
higher number of facultative anaerobic bacteria in root-filled teeth with apical
radiolucency when compared to root-filled teeth without apical radiolucency. Although
in the literature, there is no association between periapical lesion and prevalence of
facultative anaerobes in primary endodontic infection. This may explain the absence
of cultivable bacteria in 4 cases in our study.

The inappropriate prescription by health professionals has contributed to the
increase of antimicrobial resistance (Marra et al. 2015, Ayukekbong et al. 2017). In
endodontics, antibiotics should be used as adjunctive treatment in the management

of acute endodontic infections with systemic involvement, or in patients at risk of



74

secondary infection (Siqueira & Régas 2013). B-lactamic drugs are the antibiotics of
choice for the coadjuvant treatment of endodontic infections (Flynn 2011, ESE 2017).
In this study, Streptococcus spp.; S. aureus and E. faecalis were susceptible to -
lactam antibiotics. Khemaleelakul et al. (2002) evaluated the antimicrobial
susceptibilities of isolates from acute endodontic abscesses/cellulitis. The resistance
rate of facultative anaerobes was 12.76% for AC and 21.27% for penicillin V.
However, other facultative anaerobic species were tested. Kuriyama et al. (2005)
showed that Streptococcus spp. and Actinomyces spp. were susceptible to pencillin
V. Poeschl et al. (2011) reported resistant to penicillin G and AC in 7.52% and 6.45%
of the facultative anaerobic microorganisms isolated, respectively. Alterations in
penicillin binding proteins (PBPs), B-lactamase or penicillase production are the main
resistance mechanisms to B-lactam antibiotics developed by facultative anaerobic
bacteria (Dowson et al. 1989, Fontana et al. 1992, Smith et al. 1993; Smith &
Klugman 1995, Nakayama & Takao 2003, Smith et al. 2004).

The findings of our study show that Staphylococcus aureus, Streptococcus
gordonii, Streptococcus sanguinis, Streptococcus oralis were resistant to EM; and
Actinomyces viscosus did not show inhibition halo to EM. Other studies also verified
high antimicrobial resistant of Streptococcus spp. and Staphylococcus aureus to EM,
with resistance values of 65% and 63.2% respectively (Ozbeck et al. 2006, Skucaite
et al. 2010). Poeschl et al. (2011) reported a resistance range of 24% for
Streptococcus spp. and 21% Staphylococcus spp. All E. faecalis strains did not show
inhibition halo to CM. These data confirm its intrinsic resistance to the antibiotic
(Kristich et al. 2014), although the CM is indicated as alternative for patients allergic
to penicillin as an adjunctive therapy to the treatment of AAA (Flynn 2011, Segura-
Egea et al. 2017). It should be emphasized that other microorganisms are part of the
community of acute endodontic infections, and may be susceptible to clindamycin.
The presence of a virulent multispecies bacterial community can be a result of all
microbial interations, favoring the ocorrence an acute inflammation (Rocas et al.
2011).

In our study, 24 E. faecalis strains were isolated in a single root canal. The
same chromosomal DNA fragmentation profile was revealed using PFGE method
with a similarity rate of 80%. Therefore, we conclude that strains isolated from the
same root canal can be considered as clones. Although the genotypic profile of the

E. faecalis strains seemed to be identical, there was the presence of different
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virulence factors among strains. Eaton & Gasson (2001) reported that most virulence
genes are associated with highly transmissible plasmids and do not belong to the
chromosomal DNA. Therefore, a single clonal group of strains may acquire different
virulence genes by conjugation. It suggested that different clones from the same
strain may interact with different species and obtain several virulence determinants,
depending on the unique environmental conditions that are present inside the same
root canal space. It suggested that different clones from the same strain may interact
with different species and obtain several virulence determinants, depending on the
unique environmental conditions that are present inside the same root canal space.

In this study, there was a high prevalence rate for the detection of ace, efaA
and gelE genes among the isolates. The collagen binding protein (ace gene) is
related to the establishment of E. faecalis in infected dentin (Nallapareddy et al.,
2000). Moreover, ace gene is a housekeeping gene (Nallaparedy et al., 2002).
Barbosa-Ribeiro et al. (2016) detected the presence o ace gene in 100% of E.
faecalis strains isolates from teeth with failure of the endodontic treatment. However,
this gene was found in 75% of E. faecalis strains isolates in this study. It may occur
due to non-amplification of the gene, suggesting DNA degradation or punctual
mutation in the sequencing, not allowing for primmer anealling and the nucleic acid
extension.

The gelE gene was detected in 18/24 E. faecalis isolates. Barbosa-Ribeiro et
al. (2016) detected the gelE gene in 75% of E. faecalis strains isolated from teeth
with failure of the endodontic treatment. Lins et al. (2013) verified the presence of
gelE genes in 100% of E. faecalis strains isolated from primary endodontic infections.
These results suggest that the presence of the gelE gene is frequent in E. faecalis
strains isolates from endodontic infection. The literature show positive correlation
between the presence of gelE and gelatinase production (Biviasco et al. 2007,
Anderson et al. 2016). Gelatinase production was verified in 22/24 E. faecalis strains.
However, the gelE gene was not verified in 3 strains positive to gelatinase. Further
studies should be conducted to determine if additional virulence factors may
contribute to gelatinase production. According Makinen et al. (1989), the gelatinase
may dissolve collagen protein or tissue protein from host cells. Steck et al. (2011)
reported in animal study that E. faecalis metalloprotease (gelatinase) compromises

epithelial barrier (E-cadherin) and contributes to instestinal inflammation. In
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endodontics the presence of gelatinase has been related to periapical alveolar bone
loss (Wang et al. 2011).

The efaA gene was detected in 75% of E. faecalis strains isolates from AAA.
Barbosa-Ribeiro et al. (2016) also found high prevalence of efaA gene E. faecalis
isolates from secondary/persistent endodontic infection. The great majority of the E.
faecalis strains isolates in the present study were biofilm producers. Anderson et al.
(2016) reported that differente E. faecalis strains differ in their ability to form biofilm.
The biofilm ODs7o as detected by biofilm assay on polystyrene plates and adherence
to polyvinyl chloride (PVC) plastic might be influenced by some factors, such as the
glucose concentration in the culture media. Toledo-Arana et al. (2001) used TSB with
0.25% glucose and Kafil et al. (2016) used TBS with 0.5%.

The esp gene has also been associated with biofilm production (Toledo-Arana
et al. 2001). High prevalence of the esp gene has been found in E. faecalis spp.
isolated from primary and secondary/persistent endodontic infection (Lins et al. 2013,
Penas et al. 2013, Barbosa-Ribeiro et al. 2016). Nevertheless, the presence this
gene was not detected in E. faecalis strains isolates in this study despite the biofilm
production. Anderson et al. (2016) evaluated the association between the virulence
factors and the ability to produce biofilm in E. faecalis isolates from food, clinical
specimens and oral sites; the esp-negative isolates were moderate or high biofilm
producers. However, current literature shows that several genes and virulence
factors might be determinants to biofilm production by Enterococcus spp (Kreft et al.,
1992, Kafil et al., 2015, Anderson et al., 2016). Therefore, association between a
single gene and biofilm production might not be adequate.

E. faecalis strains analyzed in this study had no haemolytic activity. The cylA
gene was not detected in the strains. Barbosa-Ribeiro et al. (2016) also did not found
the cylA gene in E. faecalis isolates from root canals in teeth with
secondary/persistent root canal infections. Previous studies from the literature did not
detected cyIB gene in E. faecalis isolates from endodontic infections (Lins et al. 2013,
Penas et al. 2013). Our findings agree with the statement by Penas et al. (2013) that
reported the little or not relevant effect of citolisin for the pathogenicity of E. faecalis
isolates from root canal infection.

The asa gene was not found in E. faecalis isolates from AAA. However,
Barbosa-Ribeiro detected asa gene in 60% of the E. faecalis isolates from

secundary/persistent endodontic infection. The asa gene encodes the aggregation
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substance. This substance increases the adherence and invasion of E. faecalis within
human macrophages (Sussmuth et al. 2000). It should be emphasized that E.
faecalis isolated from primary or secondary/persistent endodontic infections may

have different pathogenic characteristics.

CONCLUSION

Streptococcus spp., Staphylococcus aureus, Enterococcus faecalis and
Actinomyces viscosus were isolated and identified in the present study from root
canals associated with acute primary endodontic infections. There is variability in the
composition of the microbial community between different subjects. Facultative
species were isolated from root canals in teeth with caries and apical radiolucency.
The Streptococcus spp. S. aureus and E. faecalis were susceptible to the B-lactamic
antibiotics. Despite the presence of a single clone of E. faecalis inside the same root

canal, the isolates harboured different virulence factors.
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3.1 ORIENTACOES AO PROFISSIONAL

As infeccbes endodonticas agudas primarias sédo infecgcdes polimicrobianas,
nas quais ha o predominio de bactérias anaerobias estritas. A periodontite apical
aguda (PAA) e o abscesso apical agudo (AAA) sdo manifestacbes tipicas da
infeccdo endoddntica aguda, sendo que a PAA precede o0 AAA.

O tratamento local da PAA e do AAA envolve a drenagem (via canal ou
cirdrgica) quando possivel e tratamento endoddntico ou até mesmo a exodontia

guando ela for corretamente indicada.

Quando devemos prescrever antibiéticos?

A prescricdo de antibioticos € indicada como terapia coadjuvante ao
tratamento endoddntico somente nos casos de AAA em que 0S pacientes
apresentam sintomatologia dolorosa associada a edema progressivo, difuso e sinais
sistémicos de infeccdo como febre, mal-estar e linfadenopatia; ou em pacientes que

apresentam maior risco de infec¢do secundaria resultante de bacteremia.

Qual aimportancia do uso racional de antibiéticos?

O uso racional de antibiéticos tem como objetivo evitar a ocorréncia de
resisténcia bacteriana aos antibioticos. De acordo com a Organizacdo Mundial de
Saude (WORLD HEALTH ORGANIZATION - WHO) houve um aumento da
resisténcia bacteriana aos antibidticos tanto na medicina, como na odontologia nos
ultimos anos. Entre as possiveis razdes para o aumento da resisténcia bacteriana
aos antibidticos estdo prescricdes inapropriadas, uso inadequado pelos pacientes,
diagnésticos limitados, venda ndo autorizada, falta de mecanismos adequados para

regulamentacdo de medicamentos em utilizacéo, e uso em ndo humanos.

Como as bactérias tornam-se resistente aos antibiéticos?

A resisténcia bacteriana aos antibidticos pode ocorrer de forma natural
(intrinseca) ou de forma adquirida. A resisténcia natural & aquela inerente a célula
bacteriana, determinada pela dificuldade do farmaco ultrapassar as superficies
externas das células bacterianas e ligar-se ao seu sitio de agdo. Ja a resisténcia

adquirida, resulta quando bactérias originalmente sensiveis tornam-se resistentes
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devido a uma alteracdo genética determinada por muta¢cdes ou aquisicdo de

plasmidios.

Quais antibidticos devem ser prescritos?

Os antibidticos B-lactamicos (Penicilina V e amoxicilina) sdo os farmacos
indicados para o tratamento coadjuvante de infecgbes endododnticas agudas. Isso
ocorre em virtude do seu amplo espectro diante de uma infeccdo polimicrobiana,
devido a sua baixa toxicidade para eucariondes, por apresentar um excelente perfil
de seguranca e baixo custo quando comparado a outros antibioticos.

Em casos de falha no tratamento com amoxicilina, recomenda-se a sua
associacdo com acido clavulanico. E em situacfes nas quais se observa alergia a
penicilina, a clindamicina passa a ser o antibiético de escolha. A Sociedade Europeia
de Endodontia também recomenda em casos de alergia a penicilina, o uso de

claritromicina ou azitromicina.

Tabela 1. Tipo, dosagem e duragdo de antibiéticos prescritos em Endodontia de
acordo com Segura-Egea et al. (2017).

Antibiético de

o Dose de x
escolha Dose inicial manutencao Duracéo
. 500 mg 4/4 horas 3 a 7 dias
Penicilina V 1000 mg 500 mg 6/6 horas

- 500 mg 8/8 horas 3 a 7 dias
Amoxicilina 1000 mg 875 mg 12/12 horas

; Amoxicilin? + 1000 mg 500 mg 8/8 horas 3 a7 dias
acido clavulanico 875 mg 12/12 horas

Clindamicina 600 mg 300 mg 6/6 horas 3a7dias

Claritromicina 500 mg 250 mg 12/12 horas 3 a7dias

Azitromicina 500 mg 250 mg 24/24 horas 3a7dias

Como o cirurgido-dentista pode contribuir para o uso correto dos antibioticos
sistémicos?

O profissional pode contribuir para que ndao haja um aumento na resisténcia
bacteriana aos antibioticos sistémicos comumente prescritos utilizando as seguintes

abordagens:
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Educacao continuada — é de suma importancia que o cirurgido-dentista
mantenha-se atualizado em relacdo ao tema, seja por meio da leitura
de artigos cientificos, ou frequentando congressos que abordem o
assunto.

Diagnostico preciso — o profissional deve ser capaz de realizar um
correto diagnostico, e lembrar que em casos de pulpite irreversivel,
necrose pulpar, periodontite apical aguda, abscesso crbnico e
abscesso apical agudo sem envolvimento sistémico a terapia
antibidtica é contraindicada.

Prescricdo baseada em evidéncias cientificas — o cirurgido-dentista
deve conhecer os principais micorganismos que compde a infeccéo e
prescrever somente o0s antibidticos indicados para aquele tipo de
infeccéo.

Tratamento local — o profissional deve realizar o tratamento local para o
combate da infeccdo, e lembrar que a terapia antibibtica sistémica é
apenas coadjuvante.

Orientacdo ao paciente — o cirurgido-dentista deve orientar o paciente
em relacdo ao uso do medicamento, ou seja, alertar o paciente que a
medicacdo deve ser utilizada nas doses e nos intervalos
recomendados. Além disso, o profissional deve salientar a importancia
de ndo interromper o tratamento, a fim de evitar que bactérias mais

resistentes retornem ao organismo e agravem a situagao.
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3.2 ORIENTACOES AO PACIENTE

Antibidticos sdo os medicamentos empregados para combater processos
infecciosos causados por bactérias, e deve ser utilizado por vocé somente com

receita, do médico ou do dentista.

Como vocé deve utilizar?
Os antibiéticos devem ser utilizados nas doses e nos intervalos
recomendados pelo profissional que o prescreve. Por exemplo, vocé recebeu a

seguinte prescricao de antibidtico:

Consultério Odontoldgico
Cirurgido Dentista
CRO

Fulano de Tal
Via Oral

Amoxicilina 500 mg - 21 comprimidos
Tomar 1 comprimido de 8 em 8 horas por 7 dias

Cirurgido-Dentista
Data

Enderecgo do consultdrio
Telefone do consultoério

Figura 1. Modelo de prescri¢do de antibidtico.

Entdo, vocé devera utilizar comprimidos com dose de 500 mg em intervalos
de 8 horas durante 7 dias. Se vocé utilizar uma dose maior do que a recomendada,
vocé pode ter uma intoxicacdo. Se vocé utilizar uma dose menor, pode haver

agravamento dos sintomas da doenga. O mesmo ocorre quando o medicamento é
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ingerido antes do horéario, ou quando vocé esquece. Por isso, € importante que 0s
intervalos sejam adequados a sua rotina. Lembre-se que a figura acima € apenas
um exemplo. Leia a sua receita, tire as suas duavidas com o médico ou com o

dentista, e assim, utilize o medicamento.

O que vocé deve fazer caso esqueca o horario?
Caso vocé esqueca de usar o antibiotico no horario proposto pelo profissional,
ao lembrar vocé deve utilizd-lo. Assim, vocé conseguira que o antibiético ainda seja

eficaz contra as bactérias responséaveis pela infeccao.

Por que vocé ndo deve interromper o tratamento?
Porque ao interromper o tratamento vocé contribui para a selecdo de
bactérias mais fortes, as chamadas BACTERIAS RESISTENTES. Essas bactérias

resistem a acao do antibiético, fazendo com que este perca o seu efeito.

Como vocé deve proceder em caso de alergia ao medicamento?

Se vocé notar algum desconforto como dermatite, diarreia, nauseas durante o
uso do antibidtico prescrito, vocé deve entrar em contato com o profissional que fez
a prescricdo IMEDIATAMENTE, para que ele substitua o antibidtico e faca as

recomendacdes que julgar necessarias.

Por que vocé néo deve utilizar antibioticos sem realizar consulta prévia?
Porque existem antibioticos especificos para cada tipo de infeccdo. Ao
realizar uma consulta prévia, o profissional fara o diagnéstico, e indicara o antibiotico

adequado para combater o microrganismo responsavel pela doenca.
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CONSIDERACOES FINAIS

A WHO recomenda o monitoramento da eficacia das intervencfes de saude
publica e deteccdo de novas tendéncias e ameacas para elaboracédo de estratégias
de acao global frente ao aumento da resisténcia bacteriana aos antibioticos (WHO,
2015). Em virtude disso, o proposito do Capitulo 1 da tese foi realizar uma revisao
sistematica e meta-analise para descrever o perfil de resisténcia bacteriana de cepas
isoladas de infec¢cdes endodoénticas primarias agudas reportado na literatura até
maio de 2015. De acordo com os resultados encontrados nos estudos selecionados,
0S micro-organismos isolados de infec¢cdes endodénticas primarias agudas ainda
sdo altamente sensiveis a amoxicilina associada ao acido clavulanico e a
amoxicilina. Valores intermediarios de resisténcia foram observados para penicilina
G, clindamicina, penicilina V, metronidazol e eritromicina; e altos valores de
resisténcia foram observados para tetraciclina. Esses resultados fornecem
elementos que dao suporte a prescricdo da amoxicilina como antibiético de primeira
escolha no manejo das infec¢cdes endodbnticas agudas, sua associacdo com acido
clavulanico em casos de falha da terapia, e a utlizacdo da clindamicina para
pacientes alérgicos aos antibioticos B-lactamicos, concordando com Flynn (2011) e
com recentes recomendacgdes da Sociedade Europeia de Endodontia (SEGURA-
EGEA, 2017). Embora a clindamicina tenha mostrado valores de resisténcia
intermediaria, devemos lembrar que a categoria intermediaria inclui isolados cujas
MICs sao proximas a concentracao sérica maxima obtida por aquele antimicrobiano.
Ademais, os antibiéticos sistémicos devem ser utilizados como terapia coadjuvante
ao tratamento local em endodontia (SIQUEIRA JUNIOR; ROCAS, 2013). O
tratamento local por meio da drenagem (via canal ou cirdrgica) reduz a carga
microbiana (VIANNA et al., 2006; ENDO et al., 2012), e talvez auxilie na eliminacao
de micro-organismos resistentes.

Bactérias anaerobias estritas predominam em infec¢cdes endodoénticas agudas
primarias (SIQUEIRA JUNIOR; ROCAS, 2009). Todavia, a presenca de bactérias
anaerobias facultativas também tem sido relatada (JACINTO et al., 2003;
SAKAMOTO et al., 2006; SIQUEIRA JUNIOR; ROCAS, 2013), mas pouco se sabe
sobre o seu papel nesse tipo de infeccdo. Assim, o Capitulo 2 da tese teve como

objetivo identificar e determinar a diversidade genotipica, a sensibilidade
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antimicrobiana e os fatores de viruléncia de anaerdbios facultativos isolados em
casos de abscesso apical agudo. Os resultados mostraram pouco isolamento de
bactérias anaerdbias facultativas mesmo com o uso de um meio de cultura seletivo
para Streptococcus spp. Embora o método de cultivo possibilite determinar a
resisténcia antimicrobiana das cepas isoladas (SIQUEIRA JUNIOR; ROCAS, 2005),
a sua sensibilidade para verificar a presenca de micro-organismos € baixa quando
comparado com os métodos moleculares (GOMES et al., 2006). Desse modo, micro-
organismos viaveis podem ser nao cultivaveis (SIGNORETTO et al., 2000). Todavia,
ndo podemos esquecer que em infec¢cdes endoddnticas agudas primarias had um
predominio de bactérias anaerobias estritas (SIQUEIRA JUNIOR, ROCAS, 2009).
Em adicdo, cabe ressaltar que esses microrganismos foram isolados em dentes
onde havia a presenca de cérie e de lesdo periapical. Todos os cuidados para evitar
contaminacdo cruzada entre os ecossistemas da lesdo de céarie e da infeccdo
endodontica foram tomados. A totalidade da dentina cariada foi removida,
previamente a execucdo da coleta microbiana. Esses achados nos fazem concordar
com a hipétese sugerida por Montagner et al. (2010), que relataram a possivel
influéncia de fatores locais na composi¢cao da comunidade microbiana nesse tipo de
infeccéo.

A identificacdo das cepas isoladas foi realizada com o auxilio de métodos
fenotipicos (coloracdo de Gram, catalase e oxidase) e com o método de ionizacéo
por dessorcdo a laser assistida por matriz (Matrix-Assisted Laser Desorption
lonization Time-Of-Fligh - MALDI-TOF) espectrometria de massas (Mass
Spectrometry - MS). Em comparacdo a andlise do gene 16S rRNA, o método
MALDI-TOF MS além de efetivo, apresenta reduzido tempo para identificacdo e
baixo custo por amostra (BIZZINI; GREUB, 2010). No nosso estudo as seguintes
espécies foram identificadas: Streptococcus spp, S. aureus, A. viscosus e E.
faecalis. No entanto, pode-se observar uma diversidade de espécies entre 0s
pacientes. O isolamento de 24 cepas de E. faecalis (24 cepas) em um mesmo
paciente, mesmo utilizando um meio de isolamento seletivo para Streptococcus spp.,
foi um resultado inesperado. Vale lembrar que até a década de 90, o E. faecalis era
classificado como Streptococcus spp. (MAKINEN et al. 1989). O aprimoramento das
técnicas de identificacdo, assim como a observacdo de um perfil fenotipico diferente
fez com que houvesse uma reclassificagdo desse micro-organismo como

Enterococcus spp.
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Em relacé@o a sensibilidade bacteriana a antibiéticos, todas as cepas isoladas
foram sensiveis aos antibidticos B-lactamicos. Staphylococcus aureus,
Streptococcus gordonii, Streptococcus sanguinis, Streptococcus oralis foram
resistentes a eritromicina; e Actinomyces viscosus nao apresentou halo de inibicao
para esse antibiotico. Por sua vez, o E. faecalis ndo apresentou halo de inibicdo para
a clindamicina, o que demonstra a sua resisténcia intrinseca ao farmaco. Este
achado ndo pode ser utilizado como informacdo para desaconselhar o uso de
clindamicina no tratamento das infeccbes endodbntias agudas quando
adequadamente indicada (SEGURA-EGEA et al.,, 2017). Salienta-se que outros
micro-organismos fazem parte da comunidade microbiana presente em infecgdes
endodonticas agudas, e que talvez essas espécies sejam sensiveis aos antibibticos
comumente prescritos. A eliminacdo ou reducéo dessas espécies pode comprometer
a presenca de outras espécies que delas dependem para manter-se viaveis em
infecgdes no sistema de canais radiculares.

Diante elevado numero de cepas de E. faecalis isoladas em um mesmo
paciente, a sua diversidade genotipica foi avaliada utilizando o PFGE. Além disso, a
presenca de genes de viruléncia (ace, gelE, efaA, esp, cylA e asa) nessas cepas foi
detectada por meio de PCR. Os resultados do PFGE mostraram que o perfil do
fragmento de DNA cromossomal das 24 cepas de E. faecalis isoladas foi o mesmo.
Porém, houve diferencas entre as cepas no que diz respeito a presenca de alguns
fatores associados a viruléncia.

O Capitulo 3 da presente tese teve como objetivo a elaboracdo de duas
propostas de textos informativos, como material de divulgacdo, para orientar 0s
cirurgibes-dentistas e os pacientes em relacdo ao uso de antibiéticos em infeccoes
endodénticas agudas, de forma a aplicar as informacfes obtidas nos capitulos
anteriores. Esta abordagem permite a aplicacdo das informacdes obtidas a partir da
literatura e também produzidas nos capitulos anteriores. De acordo com a WHO
(2015), a divulgacdo, a educacdo e o treinamento dos profissionais da area da
saude e dos pacientes contribuem para que haja uma adequada conscientizagdo e
compreensao do papel de cada ator sobre o0 surgimento ou o controle da resisténcia
bacteriana. Além disso, acreditamos que a elaboracdo desse material seja uma
forma de integrar a pesquisa académica as necessidades que emergem ha
sociedade contemporanea, cumprindo um dos diversos papéis da universidade para

com a populacgao.
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As futuras pesquisas relacionadas a resisténcia microbiana aos antibioticos
em infec¢des endodonticas devem considerar a abordagem da infec¢éo, do paciente
e do prescritor. Novas fontes de medicamentos e investimentos em pesquisa
laboratorial e clinica sdo importantes. A definicdo do papel de cada micro-organismo
na comunidade e ndo de espécies isoladas também o sdo. Ha necessidade ainda de
se realizar ensaios clinicos randomizados para avaliar a prescricdo de antibiéticos e
assim estabelecer novas diretrizes. Porém, € torna-se importante ainda coletar
dados que avaliem o tratamento proposto pelo prescritor e a adeséo pelo paciente.
Essa abordagem permitira contribuir para a compreensao do impacto social e das

implicagbes econdmicas da resisténcia antimicrobiana na sociedade.
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APENDICE A - FICHA CLINICA

Cdbdigo:

Entrevista Dialogada
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1. Vocé estd sobre tratamento médico?
Qual?

Sim

) Naéo

2. Vocé j4 teve uma doenca importante ou ja fez algum procedimento

3.

cirargico? ( )Sim () Nao Qual?

Vocé sabe o valor da sua pressao arterial? () Sim () N&o
Qual? mmHg/ mmHg.

Vocé ja teve alguma das doencas sistémicas listadas abaixo:

a)
b)
c)
d)
e)
f)

9)
h)
)

)

K)

)

Febre Reumética

Problema Cardiaco Congénito
Doengas Cardiovasculares
Hepatite ou doenca hepatica
Convulsdes

Diabetes

Artrite ou outro problema articular
Ulcera Estomacal

Insuficiéncia Renal

AIDS

Cancer

Sangramento excessivo quando se machuca/corta

m) Anemia

Vocé faz uso de drogas, alcool ou cigarro? () Sim

Caso Sim: Qual?
Quantidade:

()Sim
( )Sim
( )Sim
( )Sim
()Sim
( )Sim
()Sim
( )Sim
()Sim
()Sim
( )Sim
( )Sim
( )Sim

( ) Nao

( ) Nao
( ) Nao
( ) Nao
( ) Nao
( ) Nao
( ) Nao
( ) Nao
( ) Néao
( ) Nao
( ) Nao
( ) Nao
( ) Nao

( ) Nao

Frequéncia:
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6. Vocé é alérgico ou ja teve reacao adversa a:

a) Anestésicos Locais

b) Antibioticos ou penicilina
c) Derivados de sulfas

d) Acido acetilsalisilico

e) Dipirona

f) Contrastes para raios X

g) Outros:

( )Sim ( )Nao
( )Sim ( )Nio
( )Sim ( )Nao
( )Sim ( )Nio
( )Sim ( )Nao

( )Sim ( )Néo

7. Vocé estd tomando algum medicamento? () Sim () Nao

Caso Sim: Qual?

8. Mulheres

Vocé esta gravida? () Sim ( ) Néo

Vocé esta amamentando no momento? () Sim () Nao

Queixa Principal:

Em casos de DOR — Caracteristicas:

a) Onde esté localizada a dor?

(Localizada ou Difusa)

b) Como apareceu a dor?

(Provoca ou Espontanea)

c) Ha quanto tempo vocé tem dor?

d) Qual a frequéncia da dor?

(Curta ou Longa duracao)

(Continua ou Intermitente)
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Exame Fisico: Elemento Dental e Tecidos Adjacentes — Dente Envolvido

Dente:
e Coroa: ( ) integra; ( ) cariada; ( ) restauracao direta; ( ) protese; ( ) fratura.
e Raiz: ( ) com exposic¢édo radicular; ( ) sem exposicao radicular.

e Periodonto: ( ) saudavel; ( ) gengivite; ( ) periodontite.

Avaliacédo da Condicao Pulpar

Teste de Sensibilidade Pulpar ao frio (sob isolamento relativo)

( ) Positivo: () dor cessa apds a remoc¢do OU ( ) dor ndo cessa apoés a
remocao;

e () Negativo.
Avaliacdo dos Tecidos Periapicais
e Teste de Percusséo Vertical: ( ) auséncia de dor; ( ) sensibilidade; ( ) dor.
e Teste de Palpacado Apical: ( ) auséncia de dor; () sensibilidade; ( ) dor.
e Edema periapical: ( ) presente; ( ) ausente.
e Mobilidade: ( ) Sim ou ( ) Néo.

e Fistula: ( ) Simou ( ) N&o.

Ha mais de um elemento dental que pode ser a causa da dor? () Sim ou () Nao

Dente | T. Frio | Perc. Vert. | Perc. Horiz. | Edema | Mobilidade | Origem da Dor?

()Sim ( )Nao

()Sim () Ndo

()Sim () Ndo

Exame Radiografico:
e Coroa Dental: ( ) mineralizacdo pulpar; ( ) atresia da camara pulpar; ( )

imagem de acidente.
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e Raiz: ( ) tratamento endodéntico; ( ) pino; ( ) imagem sugestiva de
acidente/fratura radicular.

e Regiao periapical: ( ) normal; ( ) espessamento do LP; ( ) lesao periapical.

Diagndstico:

e Condicdo Pulpar: ( ) polpa normal; ( ) pulpite reversivel, () pulpite
irreversivel; () necrose pulpar; () hipersensibilidade dentinaria.

e Condicéao Periapical: () sem alteracao; () pericementite apical aguda/crénica;
() abscesso apical agudo; ( ) lesédo periapical cronica; ( ) lesdo periapical
cronica.

e Patologias de origem ndo endoddntica: pericoronarites, dores de origem

articular, sinusite maxilar.

Tratamento Proposto:

Autorizacao para a realizacao dos procedimentos

Eu, , me responsabilizo pelas

informacdes prestadas, sendo as mesmas verdadeiras. Todas as minhas duvidas a
respeito deste tratamento foram esclarecidas. Fui alertado da possibilidade de
ocorrerem acidentes/complicacées. Da mesma forma, eu autorizo a execucao dos

procedimentos a serem realizados.

RG:

Assinatura do Paciente ou Responsével

Procedimentos Clinicos Examinador
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Prescricdo de Medicagcdo de Uso Sistémico: () Sim ou () N&do. Caso de Sim,

detalhar.

Farmaco

Dose

Posologia

Duracéo
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APENDICE B — SOLUCOES PARA ASSEPSIA DO CAMPO OPERATORIO

Tiossulfato de Sédio

5 g de Tiossulfato de Sédio (po)
100 ml de Agua

(Distribuir em tubos e autoclavar)
Hipoclorito de Sddio 2,5%

25 ml de Hipoclorito de Sédio

75 ml de Agua

(Distribuir em tubos autoclavados)

Agua Oxigenada 30%

(Distribuir em tubos autoclavados)
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APENDICE C — MEIO DE TRANSPORTE

1. Descri¢cdo do meio

O RTF (Reduced Transport Fluid) € um meio de transporte que tem como
funcdo manter a viabilidade dos microrganismos, sem, no entanto, permitir sua
multiplicacéo, de forma a conservar a proporgao inicialmente existente na amostra.
Geralmente € preparado de maneira a manter um ambiente anaerobio indispensavel
para as bactérias anaerdbias estritas e facultativas, francamente predominantes na
cavidade bucal. Para a obtencdo de um ambiente reduzido, sdo adicionadas
substancias redutoras, indicadores do potencial de o6xido-reducdo, e o meio €
preparado sob fluxo de gases livres de oxigénio. Além disso, na sua formulacéo
existem solucbes de sais que garantem um meio isotbnico necessario para a

estabilidade das células microbianas.

2. Preparo

2.1 Componentes Necessarios

a) Solucado Mineral de Stock 1:
Fosfato de Potassio Dibasico 0,6% - 0,06g/10 ml.

b) Solugédo Mineral de Stock 2:
Cloreto de Sédio (NaCl) 1,2% - 0,12 g/10 ml;
Sulfato de Aménio ((NH4)2 SO4) 1,2% - 0,129 /10 ml;
Fosfato de Potassio Monobasico (KH,PO,4) 0,6% - 0,06 g/10 ml;
Sulfato de Magnésio (MgS0O,) 0,25% - 0,025 g /10 ml.

c) Carbonato de Sddio (Na,CO3) 8% - 0,8 g/10 ml (uso opcional somente se

exposto a atmosfera CO,);

d) Dithiothreitol 1% - 0,19/10 ml;

e) EDTAO0,1 M -1 ml;

f) Resazurin (opcional) 0,1% - 0,1 ml;

g) H-0 destilada.

2.2Modo de Preparo para 100 ml de RTF
a) Mix — 81,4 ml de H,O destilada, 7,5 ml da Solugéo Mineral de Stock 1; 7,5
ml da Solucdo Mineral de Stock 2; 1 ml de EDTA 0,1 M e 0,1 ml de

Resazurin;
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b) Mix é autoclavado por 15 min;
c) Adiciona-se ao Mix autoclavado 0,5 ml de Carbonato de Sdodio 8%

também autoclavado;
d) Apods 2 ml de Dithiothreitol 1% filtrado esterilizado é adicionado;

e) Dispensa-se assepticamente em recipientes de Transporte.

3. Armazenagem

Colocar 1 ml da solucdo em cada eppendorf. Proteger da luz com papel

aluminio. Armazenar por até 3 meses, a 15-20°C.
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APENDICE D — MEIOS DE CULTURA

1. Triptone Yest Cistine (TYC) Medium (Lab M Limited, Lancashire, Reino
Unido)

1.1 Descricéo

Meio seletivo para o cultivo de Streptococcus mutans. Meio rico em
triptona, extrato de levedura, cistina (TYC) agar; a ele pode ser incorporado

bacitracina e sacarose.

1.2 Preparo do Meio

Adicionar 98 g em 1000 ml de agua deionizada. A suspensdo deve ser
mantida em repouco por 10 min e depois agitada. A solugdo deve ser esterilizada
por autoclavagem a 121°C por 15 min e resfriada a 47°C antes de distribuir em

placas de petri.

1.3 Armazenagem

Armazenar as placas por periodo de até 7 dias em temperatura de 4°C,

preferencialmente no escuro.

2. Brain Heart Infusion (BHI) Caldo (Neogen, Lasing, Michigan, USA)

2.1 Descrigao

Meio rico para cultivar estreptococos combinando caldo de dextrose e tecido
cerebral. Pode ser complementado com antibidticos, quantidades variaveis de
cloreto de sdodio, extrato de levedura e soro para fornecer um meio rico para
bactérias, leveduras e fungos patogénicos. A adicdo de 0,1% de agar pode ser
usada para diminuir a tensdo do oxigénio, proporcionando uma atmosfera para
apoiar o crescimento de microorganismos aerobios, microaerofilos e obrigatorios

anaeroébicos.



111

2.2 Preparo do Meio

Adicionar 37 g do p6 em 1000 ml de agua deionizada. A suspensao deve ser
mantida em repouso por 10 min e depois agitada. A solugédo deve ser esterilizada
por autoclavagem a 121°C por 15 minutos e resfriada a 47°C antes de distribuir em

microtubos do tipo eppendorf (1,5 ml).

2.3 Armazenagem

Armazenar a solucdo em geladeira por no maximo 7 dias.

3. Brain Heart Infusion Caldo (BHI) suplementado com Glicose

3.1Descrigcao

Meio de infus@o isotbnico rico em triptose (uma mistura de carne e petonas do
leite) promovendo uma ampla gama de substratos. Uma concentracdo baixa de
glicose € utilizada para estimular o crescimento precoce. E ligeiramente tamponado
para impedir a morte rapida de algumas espécies devido a producao de acido. O pH

do meio é 7,4+0,2.

3.2 Preparo do Meio

Adicionar 3,7 g do p6 em 50 ml de a4gua deionizada. A suspensao deve ser
mantida em repouso por 10 minutos e depois agitada. Separadamente deve-se
adicionar 1 g de p6 de Glicose em 50 ml de agua deionizada. As solucbes devem
ser esterilizadas por autoclavagem a 121°C por 15 min e resfriada a 47°C antes de
distribuir em microtubos do tipo eppendorf (1,5 ml). Apéds, as duas solucdes sado

misturadas para obter um volume final de 100 ml.

3.3 Armazenagem

Armazenar a solugéo em geladeira por no maximo 7 dias.
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4. Brain Heart Infusion (BHI) Agar (KASVI, Curitiba, Parana, Brasil)

4.1 Descricao

Este meio foi desenvolvido inicialmente para o isolamento de patégenos orais.
Com a adicao de 5% de sangue desfibrinado, este meio permite o crescimento da
maioria dos microrganismos fastidiosos. O fosfato tamponado ajuda neutralizar os
acidos produzidos pela utilizacdo da glicose, mantendo a viabilidade dos
microrganismos. Este meio ndo é recomendado para a determinacdo das reacdes

glicose em sua composi¢do. O pH do meio é 7,4+0,2.

4.2 Preparo do Meio

Adicionar 52 g do pé em 1000 ml de agua deionizada. A suspensao deve ser
mantida em repouso por 10 minutos e depois agitada. E esterilizada por
autoclavagem a 121°C por 15 minutos e resfriada a 47°C antes de distribuir sobre as
placas. Caso deseje, adicionar assepticamente 5% de sangue desfibrinado de

carneiro, misturar bem e distribuir nas placas de Petri.

4.3 Armazenagem

Armazenar as placas por periodo de até 7 dias em temperatura de 4°C,

preferencialmente no escuro.

5. Mueller Hinton Agar (KASVI, Curitiba, Parand, Brasil)

5.1 Descrigao

Meio de cultura recomendado para a realizacdo de antibiograma (teste de
sensibilidade), pela técnica de difusdo de discos segundo o CLSI. Possui uma
substancial fonte de proteinas e carboidratos que proporcionam o desenvolvimento e
crescimento de cepas bacterianas de interesse clinico. Além disso, a baixa
concentracéo de timina e timidina e niveis adequados de célcio e magnésio, evitam

falsos resultados de sensibilidade ou resisténcia.
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5.2Preparo do Meio

Adicionar 36 g do p6é em 1000 ml de agua deionizada. A suspensao deve ser
mantida em repouso por 10 min e depois agitada. E esterilizada por autoclavagem a
121°C por 15 min e resfriada a 47°C antes de distribuir sobre as placas.

5.3 Armazenagem

Armazenar as placas por periodo de até 7 dias em temperatura de 4°C,

preferencialmente no escuro.



114

APENDICE E — CULTIVO E ISOLAMENTO DAS CEPAS

1° passo — Coleta da Saliva e do Canal Radicular do Paciente.

Coletar a saliva em tubos plasticos tipo falcons, e coletar as amostras do
canal radicular pelo método da aspiracdo. As amostras do canal devem ser
colocadas em tubo plastico tipo eppendorf contendo 1 ml de RTF.

2° passo - Agitar os tubos plasticos para facilitar a dispersdo dos microrganismos.

3° passo — Realizar diluicdo seriada (10*, 10, 103 10%. Para isso, deve-se colocar
900 ul de BHI caldo em tubos tipo eppendorf e acrescentar 100 pl da amostra méae e

das amostras diluidas:

4° passo — Inocular aliquotas de 50 pul da amostra n&o diluida e da diluicdo 10%e 10*
em placas de petri contendo TYC. Colocar em estufa a 37°C e aguardar por um
periodo de 48 h.

5° passo — Analisar a morfologia das col6nias em microscépio e fotografar. Cada
colénia diferente devera ser colocada em BHI caldo suplementado com 1% de
Glicose. Colocar em estufa a 37°C por 24 h e observar a turvacao do meio.

6° passo - Subcultivar as colénias em placas de BHI e BHI sangue para obter a

cultura pura. Colocar em estufa a 37°C por 48 h.
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APENDICE F — COLORACAO DE GRAM

1.

Principios

O mecanismo da coloracdo de Gram se refere a composicdo da parede

celular. Bactérias Gram-positivas possuem uma espessa camada de peptideoglicano

e 4cido teicoico, enquanto as bactérias Gram-negativas possuem uma fina camada

de peptideoglicano. Diante disso, nas bactérias Gram-positivas o complexo cristal

violeta-iodo € retido na parede apds aplicacdo do descorante. JA nas bactérias

Gram-negativas o complexo é removido da parede.

f)
9)

h)

Componentes

2.1 Cristal violeta
2.2 Solugéo lugol
2.3 Alcool-acetona (Descorante)

2.4 Fucsina ou safrina (Contracoloracao)

Procedimentos

Fazer sobre uma lamina um esfregaco delgado do material em estudo e
deixar secar no ar;

Fixar o material na lamina, utilizando-se o calor da chama no Bico de Bunsen;
Colocar a lamina em um suporte para a coloracao;

Cobrir o esfregaco com a solucéo de cristal violeta, por 1 min. Lavar em agua
corrente;

Cobrir o esfregaco com solucédo de iodo (lugol) de Gram, por 1 min. Lavar em
agua corrente;

Aplicar o descorante (alcool-acetona) por 15 s sobre a lamina;

Imeditamente, cobrir a lamina com contracorante (fucsina ou safrina), por 30 s
a 1 min;

Deixar secar no ar, colocando a lamina em posicao vertical;

Examinar em microscoépio optico, com oOleo de imersédo, com aumento de 100

vezes.
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Interpretagcdo dos Resultados

4.

a) Gram-positiva — roxo;

b) Gram-negativa — rosa/vermelho

Figura 1. Coloragéo de Gram. Fonte: Proprio autor.
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APENDICE G — TESTE DE CATALASE

1. Principios
A catalase € uma enzima que decompde o peroxido de hidrogénio (H,O,) em

agua e oxigénio.

2. Componentes
Peroxido de hidrogénio (H202) a 3%.

3. Procedimentos
Empregar coldnias novas, com 24 h de crescimento, preferencialmente de
meios que ndo contenham agar. Com uma alca, colher uma porcdo da colbnia e
dispensar sobre a lamina de vidro estéril. Adicionar uma gota de peroxido de

hidrogénio 3%.

4. Interpretacdo dos Resultados
a) Reacéo Positiva — formagé&o de bolhas imediata;
b) Reacao Negativa — auséncia de formag&o de bolhas. Formacéo de bolhas
ap6s 20 a 30 s ocorrem, pois algumas bactérias apresentam outras

enzimas capazes de degradar peroxido de hidrogénio.

Figura 2. Teste de catalase. Fonte: Proprio autor.
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APENDICE H - TESTE DA COAGULASE

1. Principios

A coagulase é uma enzima que reage com um fator plasmatico, e forma um
complexo que atua no fibrinogénio do plasma formando a fibrina.

2. Componentes

Plasma de coelho com EDTA.

3. Procedimentos

Colocar 0,5 ml de plasma em um tubo de ensaio. Adicionar uma alcada de
colénia diretamente no plasma com EDTA. Incubar por 4 h a 35 £ 2°C em

estufa ou banho-maria; caso ndo haja formacéo de coagulo, incubar por 24 h.

4. Interpretacdo dos Resultados

a) Formacédo de codgulo inteira ou parcial, identifica Staphylococcus aureus.
b) Ndo ha formacdo de coagulo, identifica Staphylococcus coagulase
negativa.
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Figura 3. Teste da coagulase. Fonte: Préprio autor.
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APENDICE | — IONIZACAO POR DESSORCAO A LASER ASSISTIDA POR
MATRIZ (MATRIX-ASSISTED LASER DESORPTION IONIZATION TIME-OF-
FLIGHT - MALDI-TOF) ESPECTROMETRIA DE MASSA  (MASS

SPECTROMETRY- MS)

O método foi ajustado do descrito por Moon et al. (2013).

1. Subcultivar bactérias anaerdébias facultativas em BHI agar suplementado com
5% de sangue de carneiro desfibrinado.

2. Espalhar uma fina camada de cada colbnia isolada em um poco da placa
(VITEK MS-DS).

3. Cobrir cada colbénica com 1 ul de uma solucdo de matriz (acida alpha-cyano-
4-hydroxycinnamic acid matrix), deixar secar por 1 a 2 minutos a temperature
do ambiente.

4. ApoOs a co-cristalizacdo da matriz, dois pontos sédo sistematicamente criados
para cada colbnia.

5. O controle de qualidade é analizado com uma cepa de Escherichia coli ATCC
8739.

A idenficacdo dos generos e espécies sdo considerados corretos de acordo
com os escores: escore 22.000 identificacdo a nivel de espécies, escore de 1.700 a
1.999 identificacdo a nivel de género, e escore <1.700 foi interpretado como “nédo

identificado”.
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APENDICE J — SENSIBILIDADE BACTERIANA A ANTIBIOTICOS

Disco Difusdo em agar

Bactérias anaerobias facultativas tiveram sua sensibilidade testada para os
seguintes antibitticos: BP, CM e EM por meio do teste de disco difusdo em &gar.
Indculos foram preparados, transferindo as col6nias apos crescimento em BHI agar
para BHI caldo, e agitadas, para atingir a turbidez que equivale ao padrdo 0,5 de
McFarland (NEFELOBAC, PROBAC, Sao Paulo, SP, Brasil) para bactérias
anaerodbias facultativas, que foi verificado no espectrofotdmetro (MARCONI, Sé&o
Paulo, SP, Brasil).

Placas contendo 4 mm de espessura de Mueller Hinton foram utilizadas para
0 repique das cepas. A semeadura foi realizada em toda a extensao da placa, de
maneira uniforme, utilizando um swab esterilizado, umidecido na suspensao
bacteriana. ApGs a secagem das placas (20 min), os discos contendo os antibi6ticos
(Laborclin, Pinhais, PR, Brasil) foram colocados no centro das placas. As placas
foram incubadas em estufa a 37 °C. Ap6s 20 h de incubacéo, o halo de inibicéo foi
mensurado com o auxilio de um paquimetro digital (Digimess, Sao Paulo, SP,
Brasil). A interpretacdo dos valores dos halos de inibicdo em sensiveis ou resistentes
foi realizada seguindo o European Committee on Antimicrobial Susceptibility Testing
(EUCAST) guidelines (EUCAST, 2017).

E-test

Cepas de E. faecalis tiveram sua sensibilidade testada para os seguintes
antibioticos: BP, AC e XL por meio do E-test (BioMériux, Marcy I'Etoile, France).
In6culos foram preparados, transferindo as colbnias apés crescimento em BHI agar
para BHI caldo, e agitadas, para atingir a turbidez que equivale ao padréo 0,5 de
McFarland (NEFELOBAC, PROBAC, S&o Paulo, SP, Brasil) para bactérias
anaerobias facultativas, que foi verificado no espectrofotdbmetro (MARCONI, Séo
Paulo, SP, Brasil).

Placas contendo 4 mm de espessura de Mueller Hinton foram utilizadas para
0 repique das cepas. A semeadura foi realizada em toda a extensdo da placa, de
maneira uniforme, utilizando um swab esterilizado, umidecido na suspenséo

bacteriana. Ap6és a secagem das placas (20 min), as fitas contendo os antibiéticos
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foram distribuidas nas placas. As placas foram incubadas em estufa a 37 °C. Apos
20 h de incubacéo, os valores das CIMs foram determinados pela leitura no ponto de
interseccédo entre o halo de inibicdo em forma de elipse e a fita do E-test. O valor de
CIMso e CIMg, foi determinado e a interpretacéo dos valores das CIMs foi realizada
seguindo o Clinical and Laboratory Standards Institute (CLSI) guidelines (CLSI,
2013).

Figura 4. E-test. Fonte: Préprio autor.
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APENDICE K — ELETROFORESE POR GEL PULSATIL (PULSED-FIELD GEL
ELECTROPHORESIS - PFGE)

Esse método foi ajustado do descrito por Pinto et al. (2013) para bactérias do
género Enterococcus no Laboratdrio de Microbiologia da Universidade Federal de

Ciéncias da Saude de Porto Alegre.

O processo deve ser realizado em ambiente estéril, com material
devidamente limpo e esterilizado. E aconselhavel também o uso de luvas durante as

etapas criticas do procedimento.

Primeiro Dia

1. Verificar a pureza das colGnias obtidas e semear 1-3 colonias em 1 ml de BHI

caldo (eppendorf de 1,5 ml), vortexar e incubar por 5 h;

2. Apos, centrifugar a 3000 rpm por 10 min, retirar o sobrenadante vertendo

apenas o meio (BHI) dos eppendorfs;

3. Adicionar 300 pl de solugdo tampao PIV (Tris HClI 10 mM, NaCl 1M),
homogeneizar bem, e centrifugar a 3000 rpm por 10 min (agitar com

ponteira). Esse procedimento devera ser repetido 3 vezes.
4. Ligar o banho-seco a 52°C para colocar os ependorfs com agarose;

5. Preparar a quantidade necessaria de agarose “Low Melting Point” a 1,8% em
tampé&o PIV (0,18 g em 10 ml de PIV). Fazer a solugdo em um bécker de 50
ml (colocar esse becker em banho-maria dentro de outro Becker (100 ml)
com 20 ml de 4gua), dissolvendo-a em micro-ondas: 10 s, 8 s, 4 s, 4 s cuidar
para néo virar a solugdo. Distribuir 300 pl em cada um dos 13 eppendorfs
NOVOS de 1,5 ml para manter a agarose fundida a 52°C no banho-maria

durante a execucao desta etapa da técnica.
6. Esterilizar canudos em micro-ondas (3 vezes de 10 min).

7. ApOs a terceira centrifugacdo com PI1V, adicionar 300 ul de PIV no precipitado
e homogeneizar. Adicionar essa suspenséo (PIV + precipitado bacteriano)
nos microtubos com agarose “‘Low Melting Point” 1,8% homogeneizar

rapidamente com ponteira, distribuir esses 600 ul em molde evitando a
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formacdo de bolhas e o deslocamento da suspenséo diretamente para o
fundo do canudo. Manter os canudos com agarose a 4°C por cerca de 20 min

ou em temperatura ambiente por mais tempo.
8. Desligar o banho-seco.
9. Preparar a solucéo de lise (EC) +ENZIMAS em um falcon de 50ml estéril:

e 28 mldaEC (Tris HCI 6Mm; NaCl 2M; EDTA tetrassédico 100Mm:; Brij-
58 0,5%; desoxicolato de soédio 0,2%; sarcosil 0,5%) -

DESCONTAR/RETIRAR 560 ul da mutanolisina;
e 560 ul da mutanolisina (esta no congelador da geladeira);

e 0,028 g de lisozima (esta no congelador da geladeira);

*Concentracao final das enzimas na solucédo: mutanolisina 20 ug/ml (solugéo

estoque a 1mg/ml e suspender em EC).

Distribuir 2 ml da solugdo EC+ENZIMAS em cada um dos 13 tubos de ensaio

novos. Agitar bem a solucdo antes de pipetar nos tubos.

10. Apds solidificacdo, cuidadosamente, empurrar a agarose solidificada e
proceder com o corte, com auxilio de um bisturi previamente esterilizado, dos
moldes de forma a obter pequenos “plugs” circulares de aproximadamente 2

mm, depositando-0s nos tubos com 2 ml de solu¢cdo EC+ ENZIMAS.

Segundo Dia

Incubar a 37°C ou overnight em shaker a velocidade moderada.

Terceiro Dia

1. Preparar a solugdo ESP (ES+PROTEINASE) em um falcon de 50 ml estéril:

e Pipetar 56 ml da Solugdo ES (EDTA tetrassoédico 0,5M; Lauril
sarcosinato de sodio) - DESCONTAR/RETIRAR 280 ul referente a
proteinase K;

e 280 ul de proteinase K (esta na porta da primeira geladeira do 202);
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(Adicionar 10 ul/ml de proteinase K (a partir de uma solucdo 20 mg/ml) em 2 ml

de solucdo ES previamente preparada (concentracdo final de proteinase de 0.2

mg/ml).

2.

9.

Remover a solucéo de lise com as enzimas que ficou a 37°C com o auxilio de

um pente previamente lavado com alcool 70%.

Ligar o shaker a 50°C.

Colocar 2 ml da sol. ESP em cada tubo (13) contendo os plugs.
Incubar a 50°C por 1 h no shaker;

Substituir a solugédo contendo os plugs (com auxilio de pipeta ou pente) por

nova solucado ESP (com proteinase K) e repetir a incubagao 50°C por 1 h.
Remover a solucdo ESP com auxilio de pipeta ou pente.

Distribuir 2 ml de tampé&o TE (Tris HCI 10 mM; EDTA dissodico 0,1mM) para

cada amostra.

Incubar a 50°C com agitacao (estufa) por 20 min.

10.Remover o tampdao TE antigo e adicionar mais 2 ml de tamp&o novo.

11.Repetir esta lavagem por mais 4 vezes.

12.Ap0s essas lavagens, os plugs podem ser guardados a 4°C em tampao TE

até o uso, com validade de 2 anos. Ou pode-se dar continuidade ao processo

com um plug.

Quarto Dia

1.
2.

Troca do TE e deixa por 30 min.

Preparar em um tubo estéril uma vez a quantidade necessaria de tampao
para a enzima de restricao (10 ul de tampéo 10X + 10 ul RED + 80 ul de agua
Milli Q estéril — 1 amostra), observando que o acréscimo de RED depende do
fabricante da enzima, caso ndo seja necessario usa-se (10 ul de tampéo 10X
+ 90 ul de agua Milli Q estéril). O céalculo deve ser realizado de acordo com o

namero de amostras.
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SOLUCAO tampé&o para a Smal

e 2520 pl (2 ml + 520 pl) de agua milli Q.
e 280 ul do tampéo da Smal.

e Fazer solugdo em tubinho com tampa preta.

3. Distribuir 100 ul em 13 eppendorfs novos.

4. Transferir um plug para o interior de um microtubo estéril de 1,5 ml, com
auxilio de uma alca azul de primeiro uso. Incubar por 20 min a 25°C (para a
enzima Smal). OBS: A temperatura 6tima desta enzima de restricdo varia de

acordo com o fabricante, conferir sempre este dado.

5. Substituir o tampdo por um novo (100 ul) e adicionar diretamente no
microtubo 20U da enzima de restricdo Smal (2 ul da enzima na concentracao

de 10U/ul — homogeneizar bem) para cada 100ul de tampéao diluido.

6. Incubar a 37°C por 24 h.

Quinto Dia

1. Diluir TBE 5X para fazer 2 litros de TBE 0,5X em agua milli-Q estéril
(ERLENMEYER de 2 litros): 200 ml de TBE 5X + 1800 ml de agua.
2. Adicionar 0,007612 g de tiouréia (concentracédo no tampao de 50 uM).

3. No Laboratério de Microbiologia Molecular (1 h antes do término da

incubacéo):
e Trazer para a Microbiologia Molecular 2 litros de TBE 0,5X.
e Deixar o ar-condicionado da Microbiologia Molecular a 17°C.
e Retirar a agua da mangueira.

e Verter os 2 litros restantes de TBE 0,5X na cuba (no lado) e ligar o

aparelho de PFGE na seguinte ordem:

v Ligar a fonte (botéo preto - POWER).
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v' Ligar a mangueira (botdo laranja - PUMP) — esperar passar
tudo- verificar se o tampao esté circulando (fazer uma bolha e
acompanhar o seu trajeto).

v’ Ligar o cooler a temperatura de 14°C/12°C — cooling module.

v Verificar a velocidade da bomba (tem que estar em 80) -
BIORAD variable spled pump.

v' Trazer suporte para gel.
4. No Laboratério 202:

e Montar os suportes para o0 gel (pente para tras), prestando atencao
para o detalhe do “cartdo da Fernanda”. Montar o gel em um local sem
trepidacéo e nivelado.

e Preparar gel 1% em um volume de 100 ml de TBE 0,5X (pesar em
erlenmeyer, adicionar TBE 0,5X sem tiouréia e dissolver em micro-
ondas, 20 s, 15s e 10 s).

e Esfriar um pouco o erlenmeyer contendo o gel 1%.

e Verter o contetdo, deixando o pente no lugar.

e Retirar as bolhas com uma ponteira empurrando-as para 0 canto e
estourando-as.

e Deixar o gel endurecer e colocar em uma geladeira por 30 min (Cobrir
com um plastico).

e Pegar a seringa contendo o DNA fragmentado padréo.

¢ Nos slots destinados aos padrbes de peso molecular, cortar com um
bisturi (reservado para o padrdo) um fino slice da seringa. Com auxilio
de uma alga bacterioldgica de “1° uso”, empurrar o slice para o interior
do slot.

¢ Retirar o contetdo dos eppendorfs contendo o tampéo diluido e enzima
de restricao e os plugs, deixando estes ultimos;

e Derreter os plugs a 72°C +/- 5 min — dar um peteleco para ver se
dissolveu bem.

e Pegar 40 pul (ATENCAO: verificar a capacidade méaxima do slot e o

tamanho do plug antes) do plug derretido e colocar nos slots.

OBS: Pente de 10 slots - 60/70 pl
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Pente de 15 slots — 40 pl
Pente de 20 slots — 35 pl

e Desligar banho-seco;
5. No Laboratoério de Microbiologia Molecular:
e Desligar os aparelhos na ordem inversa a que ligou:
v' Ligar o cooler a temperatura de 14°C/12°C;
v Ligar a mangueira (botdo laranja - PUMP);
v Ligar a fonte (botdo preto - POWER).
e ApOs completar todos os slots desejados, retirar as laterais do suporte
(de cima e debaixo). Empurrar a base preta cuidadosamente para
retirada dos moldes laterais.
e Com auxilio de um papel toalha, limpar toda a agarose residual do gel

para evitar entupimento do fluxo da cuba.

e Colocar a base preta + gel no centro da cuba certificando-se que esta

devidamente encaixado.

e Ligar os trés botdes de novo. Ligar o aparelho de PFGE: (ligar o
estabilizador na tomada)

e Programar a corrida:

Block -1 Block — 2
Initial time -5 s Initial time -5 s
Final time — 35 s Final time — 10 s
Runtime — 20 s Runtime -4 h

Volt— 6 V/cm
Included angle - 120

e Ligar a corrida apertando o RUN da fonte.

Sexto Dia

1. No Laborat6rio 202

e Encher um erlenmeyer com 2 litros de agua ultrapura.
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Aliguotar 40 ul de Brometo de Etidio em um eppendorf.

2. No Laboratorio de Biologia Molecular

Apés o periodo de corrida, desligar o aparelho:

v’ desligar o aparelho de temperatura (COOLING MODULE);

v desligar a bomba (PUMP);

v’ desligar a fonte (POWER do CHEF-DRII).
Preparar o brometo de etidio (15 pl + 300 ml de agua ultrapura), na
bandeja destinada a coloracdo do gel).
Para tirar o gel, coloque o dedo no vértice e por baixo da bandeja
preta. Jogue somente o gel na bandeja com o brometo de etideo.
Deixe corando por 20 min.
Esvaziar a cuba com tampédo de corrida colocando a mangueira da
direita e encher o depdsito de TBE. Descartar depois na pia.
Desconectar a mangueira da esquerda e escoar o liquido.
Ligar botbes preto e laranja para esvaziar o liquido presente nas
mangueiras.
Tentar fazer vacuo na mangueira de escape para retirar qualquer
pedaco de agarose que possa entupir o fluxo. Inclinar a cuba com
auxilio de uma caixa de ponteira.
Colocar o restante de agua ultrapura 1600 ml para lavar a cuba e ligar
botdes preto e laranja para circular o liquido na cuba e nas
mangueiras.
Desligar botdes preto e laranja e retirar agua da cuba.
Ligar botdes preto e laranja para esvaziar liquido das mangueiras.
Desconectar a mangueira da esquerda e escoar o liquido.
Secar a cuba com papel-toalha ou algodao.
Apds os 30 min corando o gel, visualizar em um trans-luminador e

fotografar no computador.
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Figura 4. Imagem do gel de agarose ap6s PFGE. Fonte: Préprio autor.

SOLUCOES NECESSARIAS

PIV

\

14,61 g de NaCl 1M.

1,25 ml de Tris/HCI 10 mM (tem sol. ESTOQUE Bruna).
Completar com 250 ml de agua ultrapura (~247,5 ml).
Ajustar pH entre 7 e 8.

Autoclavar.

D N N N NN

Fazer em proveta a solucao.
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SOLUCAO DE LISE (EC)

v

v

TE

ES

1,5 ml de Tris/HClI 6Mm com pH: 7-8 (tem sol. ESTOQUE Bruna).
29,22 g de NaCl 1M.

50 ml de EDTA 100 Mm com pH: 7-8 (tem sol. ESTOQUE Bruna.)
2,5 g de Brij-58 0,5% (E6).

1 g de desoxicolato sédio 0,2% (D5).

2,5 g de lauril sarcosinato de sodio 0,5% (D1).

Completar para 500 ml de agua ultrapura (~397 ml).

Filtrar com a bomba a vacuo (autoclavar filtro, membrana, duran de 1litro,
Becker 1 litro).

pH: 7-8.

1,25 ml de Tris/HCI 10 mM com pH: 7-8 (tem sol. ESTOQUE Bruna).
0,025 ml (25 pl) de EDTA 0,1mM com pH: 7-8 (tem sol. ESTOQUE Bruna).
Completar para 250 mL de agua ultrapura (~247,45 ml).

Autoclavar.

pH: 7-8.

2,5¢ de lauril sarcosinato de sodio (D1).
Completar com 250 ml de solugédo EDTA 0,5M com pH: 7-8.
Fazer na proveta 250 ml

Filtrar com a bomba a vacuo (autoclavar filtro, membrana, duran de 1litro,
Becker 1 litro);
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EDTA 0,5M

v

v

46,5g de EDTA 0,5M (B8)

250 ml de agua ultrapura

Ajustra pH: 7-8

Filtrar com a bomba a vacuo(autoclavar filtro e membrana)

Colocar umas 50 pastilhas de NaOH para dissolver bem o EDTA, pois o

EDTA ndo dissolve em pH acido).

SOLUCAO ES + PROTEINASE K (ESP)

v

v

56 ml da Solugdo ES (DESCONTAR/RETIRAR 280ul referente & proteinase
K).

280 pul de proteinase K (esta na porta da primeira geladeira do laboratério
202).

SOLUCAO tampéo para a Smal

v' 2520 ul (2 ml + 520 pL) de agua Milli-Q.
v" 280 ul do tampéao da Smal.
TBE 5X

v' Tris base: 60,6 g.

v" Ac. Bérico (B13): 30,9 g.
v EDTA (B8): 3,722 g.

v Agua Milli-Q: 1000 ml.

v’ pH: 8,4.

v Filtrar solucao.
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APENDICE L - PURIFICACAO DE DNA

alcool 70%.

rack.

1. Aquecer banho d’agua a 56°C (Dubnoff).

2. Limpar bancada de trabalho com hipoclorito. Apds, passar papel/gaze com

3. Separar material:

Amostras descongeladas;
Pipetas/ponteiras;

Eppendorfs 1,5 ml;

Rack para eppendorf;

Agua Milli-Q;

Canetas para marcagao;

Vidros para descarte: seco e liquido;
Gaze/élcool 70%/papel absorvente;
Homogenizador/copo de café/fita adesiva;
Kit extracao;

EPIs (touca, méascara, luvas).

4. Nomear eppendorfs

5. Preparo das amostras mae (cepas de E. faecalis isoladas):

Centrifugar as amostras (200 ul) a 8000 rpm/10 min;
Remover o sobrenadante;

Acrescentar 150 pl de agua Mili-Q;

Agitar.

6. Adicionar 180 ul de ATL (solugao 01).
7. Adicionar 20 pl de Proteinase K (solugao 02).

8. Agitar levemente no homogenizador.

9. Levar ao banho d’agua 56°C por 2 h.

OBS: apés, lembrar-se de alterar a temperatura do banho d’agua para 70°C.

10. Passar gaze com alcool 70% nos eppendorfs antes de posiciona-los no

11. Adicionar 200 pl de AL (solucao 03) e agitar.
12. Levar ao banho d’agua 70°C por 10 min.
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OBS: apds, lembre-se de voltar a temperatura do banho d’agua para 37°C
para poder desligar.

13. Passar gaze com alcool 70% nos eppendorfs antes de posiciona-los no
rack.

14. Dispor os tubos e colunas do kit no rack, e nomear.

15. Adicionar 200 pl de Etanol 100% (solugéo 04) e agitar.

16. Transferir 500 ul da amostra para o filtro/coluna.

17. Levar a centrifuga “grande” por 2 min (8000 rpm), distribuindo
internamente de forma equilibrada, com a dobradica do eppendorf para fora.

18. Descartar o liquido do tubo: remover a coluna, despejar o liquido no
descarte, bater o tubo no papel absorvente, limpar a abertura numa gaze com alcool
70%, e reposicionar a coluna no mesmo tubo.

19. Transferir o restante da amostra para o filtro/coluna.

20. Levar a centrifuga “grande” por 2 min (8000 rpm), distribuindo
internamente de forma equilibrada, com a dobradica do eppendorf para fora.

21. Trocar o tubo (despejar o liquido previamente no descarte).

22. Adicionar 500 ul de AW1 (solugao 05).

23. Levar a centrifuga “grande” por 2 min (8000 rpm), distribuindo
internamente de forma equilibrada, com a dobradica do eppendorf para fora.

24. Descartar o liquido do tubo: remover a coluna, despejar o liquido no
descarte, bater o tubo no papel absorvente, limpar a abertura numa gaze com alcool
70%, e reposicionar a coluna no mesmo tubo.

25. Adicionar 500 ul de AW2 (solugao 06).

26. Levar a centrifuga “pequena” por 3 min.

OBS: Se a centrifuga parar antes, apertar o start de novo.

27. Nomear eppendorfs “finais”.

28. Descartar os tubos (despejar o liquido previamente no descarte!) e
posicionar as colunas nos eppendorfs finais.

29. Adicionar 100 ul de AE (solugédo 07) com a ponteira proxima a
membrana/filtro (cuidado para ndo romper).

30. Esperar 3 minutos (a partir da ultima pipetagem).

31. Levar a centrifuga “grande” por 2 min (8000 rpm), distribuindo
internamente de forma equilibrada, com a dobradica do eppendorf para fora e a

tampa do eppendorf final voltada para dentro.



134

32. Descartar a coluna, fechar e armazenar (-20°C) os eppendorfs finais com
0 DNA extraido.

*Podem ser realizadas no maximo 12 extracdes por grupo (limite da centrifuga).



135

APENDICE M — DETECCAO DO GENE 16S POR PCR

A presenca do gene 16S foi verificada para confirmar a otimizacao da

extracdo de DNA das células bacterianas.
Primer 16S universal (acordo com Nadkarni et al., 2002)

Forward: 5 TCCTACGGAGGCAGCAG 3’
Reverse: 5 GGACTACCAGGGTATCTAATCCTGTT &

Preparo do Primer
SOLUCAO MAE

Diluicdo do primer de acordo com o fabricante para obter uma concentracao
de 100uM.

SOLUCAO DE TRABALHO

Preciso saber o quanto de volume tenho que pegar da SOLUCAO MAE e
misturar com agua milli-Q para obter uma SOLUCAO DE TRABALHO a 10pM num

volume de 50pl.
Mmsze X Vimae = Mtrabalho X Virabalho

Pegar 5 pl da SOLUCAO MAE + 45 ul de agua Milli-Q.

A molaridade dos primers é 0,2 uM. A concentracdo dos nossos primers € 10

MM. Entédo, quanto devems utilizar dos nossos primers?

Ilerimer X Vprimer = l\/lartigo X Vartigo
Vprimer =0,5ul
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Logo, em uma reacgéo de 30 pl deve-se utilizar:
e 0,5 ul Primer Forward }

e 0,5 ul Primer Reverse

1l

Preparo da Mistura para Reacéo de PCR

e 23 ul Tag Master Mix
e 0,5 ul Primer Forward
e 0,5 ul Primer Reverse
e 1 pldeDNA

Condicao para PCR

e Desnaturacao Inicial — 94°C, 5 min.
e 35 ciclos — Desnaturacgao (94°C, 30 s), Anelamento (60°C, 30 s), Extenséo
(72°C, 2 min).

e Extensdo Final — 72°C, 3 min).

Os produtos da reacéo foram analisados em gel de agarose (Invitrogen, Sao
Paulo, Brasil) corado com Syber Green (Applied Biosystems, Sdo Paulo, SP, Brasil).
Para isso 1 ul de Loading Dye foi adicionado a 2,5 pl do produto da reacdo, e
colocado no slot do gel de agarose. O tamanho dos fragmentos gerados por PCR foi
comparado com um marcador GelPilot® Plus Ladder (Qiagen®, Valencia, CA, USA).
Para isso 2,5 yl do marcador foi colocado no primeiro slot. A corrida em eletroforese
foi regulada na voltagem de 100 volts, 120 miliampére e 100 watts por 60 min. A
presenca de bandas positivas vizualizada sob luz ultravioleta determinou a presenca

do gene.
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APENDICE N - DETECCAO DOS GENES DE VIRULENCIA POR PCR

Genes de Viruléncia

e ace - collagen binding protein tem haver com o estabelecimento do E.
faecalis em dentina infectada;

e asa; asa373 - aggregation substance facilita da troca de plamideo e tem
haver com a adesédo da bactéria a matris extracelular;

e cylA — hemolysin activator destruicéo de eritrocitos e células de defesa;

e efaA — antigen endocarditis tem haver com adesina em endocardites;

e esp — protein surface tem haver com a interacdo do E. faecalis dentro dos
biofilmes;

e gelE — gelatinase tem a capacidade de clivar insulina, caseina, hemoglobina,

colageno, gelatina e fibrina;

Table 1. Primers usados no PCR para detectar genes de viruléncia de E. faecalis
(BARBOSA-RIBEIRO et al., 2016)

Gene Primers pairs (5’-3’) Amplicon Concentracao
size (bp)
ace F: GGAATGACCGAGAACGATGGC 616 25N
(collagen- R: GCTTGATGTTGGCCTGCTTCCG
binding
protein)
asa F: CCAGCCAACTATGGCGGACTAC 619 25N
(agreggation R: CTGGGTGTGATTCCGCTGTTA
substances)
cylA F: GACTCGGGGATTGATAGGC 688 25N
(hemolysin R: GCTGCTAAAGCTGCGCTTAC
activator)
efaA F: GCCAATTGGGACAGACCCTC 688 25N
(endocarditis R: CGCCTTCTGTTCCTTCTTTGGC
antigen)
esp F: TTGCTAATGCTAGTCCACGACC 932 25N
(surface R: GCGTCAACACTTGCATTGCCGA
protein)
gelE F: ACCCCGTATCATTGGTTT 405 25N

(gelatinase) R: ACGCATTGCTTTTCCATC
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Preparo dos Primers
SOLUCAO MAE

Diluicdo dos primers de acordo com o fabricante para obter uma concentracao
de 100 pM.

e ace — Forward 455 pul de agua milli-Q

Reverse 487 ul de agua milli-Q

e asa;asa 373 - Forward 452 pl de agua milli-Q

Reverse 408 ul de agua milli-Q

e cylA - Forward 467 pl de 4gua milli-Q
Reverse 574 ul de agua milli-Q

o efaA - Forward 551 pl de 4gua milli-Q
Reverse 601 ul de agua milli-Q

e esp— Forward 575 pl de agua milli-Q
Reverse 532 ul de agua milli-Q

gelE — Forward 555 pl de agua milli-Q
Reverse 623 pl de agua milli-Q

SOLUCAO DE TRABALHO

Preciso saber o quanto de volume tenho que pegar da SOLUCAO MAE e
misturar com agua milli-Q para obter uma SOLUCAO DE TRABALHO a 10uM num
volume de 100 pl.

Mmsze X Vimae = Mtrabalho X Virabalho

100 UM X Vinze = 10 uM X 100 i :> Vimze = 10 pl

Pegar 10 pl da SOLUCAO MAE + 90 pl de agua milli-Q.
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Preparo da Mistura para Reacéo de PCR

De acordo com Barbosa-Ribeiro et al. (2016) para a realizacdo de uma reacao

de 30ul deve-se utilizar:

e 3 pl 10XPCR buffer
e 100 umol/l de dNTPs
e 2,4 mmol/l MgCl,

e 2U Tap Polimerase

MASTER MIX

e 6 pmol Primer Forward
e 6 pmol Primer Reverse
e 100-200 ng total de DNA (1pl)

Para os PRIMERS, o autor usou:
6 pmol em 30 pl, ou seja:
6pmol/30 pl = 0,2 pmol/pl = 0,2 uM

Entdo temos que a molaridade dos primers usada € 0,2 uM. A concentracdo

dos nossos primers é 10 uM. Entdo, quanto devems utilizar dos nossos primers?

Ilerimer X Vprimer = I\/lartigo X Vartigo
Vprimer =0,6 pl

Logo, em uma reacdo de 30 pl deve-se utilizar:
e 0,6 ul Primer Forward }

e 0,6 pl Primer Reverse

1,2 pl
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Table 2. Condigbes para PCR.

Gene Reacéo de PCR Referéncia
ace Desnaturacéo Inicial (95°C, 5 min) _
30 ciclos de desnaturagédo (95°C, 1  Cretiet al.,, 2004.
min), anelamento (58°C, 1 min),
extensdo (72°C, 1 min),
Extensédo Final (72°C, 10 min).
asae Desnaturacéo Inicial (95°C, 5 min);
asa373 30 ciclos de desnaturacao (95°C, 1 _
min), anelamento (58°C, 1 min), Cretietal., 2004.
extensao (72°C, 1 min);
Extensao Final (72°C, 10 min).
cylA Desnaturacéo Inicial (94°C, 4 min);
30 ciclos de desnaturacao (95°C, 1 _
min), anelamento (58°C, 1 min),  Cretietal., 2004.
extensdo (72°C, 1 min);
Extensao Final (72°C, 10 min).
efaA Desnaturacéo Inicial (95°C, 5 min);
30 ciclos de desnaturacdo (95°C, 1 _
min), anelamento (58°C, 45 s), Cretietal, 2004.
extensao (72°C, 1 min);
Extenséo Final (72°C, 10 min).
esp Desnaturacéo Inicial (95°C, 5 min);
30 ciclos de desnaturacdo (95°C, 1 Shankar et al 1999
min), anelamento (63°C, 1 min), '
extenséo (72°C, 1 min);
Extenséo Final (72°C, 10 min).
gelE Desnaturacgéo Inicial (95°C, 5 min);

30 ciclos de desnaturacdo (95°C, 1 Shankar et al.. 1999
min), anelamento (52°C, 1 min), B '
extensao (72°C, 1 min);

Extensao Final (72°C, 10 min).

Os produtos da reacéo foram analisados em gel de agarose (Invitrogen, Sao

Paulo, Brasil) corado com Syber Green (Applied Biosystems, Sao Paulo, SP, Brasil).

Para isso 1 ul de Loading Dye foi adicionado a 2,5 pl do produto da reacgao, e

colocado no slot do gel de agarose. O tamanho dos fragmentos gerados por PCR foi

comparado com um marcador GelPilot® Plus Ladder (Qiagen®, Valencia, CA, USA).

Para isso 2,5 pl do marcador foi colocado no primeiro slot. A corrida em eletroforese
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foi regulada na voltagem de 100 volts, 120 miliampére e 100 watts por 60 min. A
presenca de bandas positivas vizualizada sob luz ultravioleta determinou a presenca

do gene.

LENAf2:,34425 . 6 £

Figura 6. PCR gene gelE. Fonte: Proprio autor.
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APENDICE O — TESTE DA HIDROLISE DA GELATINA

O teste da hidrélise da gelatina foi adaptado do método proposto por
Anderson et al. (2016)

1. Principios

Alguns microrganismos tém a capacidade para produzir a gelatinase, que
atua hidrolisando a gelatina em aminoacidos. Quando ocorre a degradacdo ndo se
consegue restaurar as caracteristicas de gel da gelatina, mesmo a baixas

temperaturas.
2. Componentes
BHI caldo e Gelatina

3. Procedimentos

Inocular um meio de cultura nutritivo, em tubo, suplementado com 12% de
gelatina. Incubar o in6culo a 37°C por 48 h. Ap6s a incubacdo as culturas sao
colocadas em refrigerador a 4°C por 24 h.

4. Interpretacdo dos Resultados

a) Negativo — meio se resolidifica;

b) Positivo — meio ndo se resolidifica.

Figura 7. Teste da hidrélise da gelatinase. Fonte: Préprio autor.
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APENDICE P — TESTE DA HEMOLISE (EXPRESSAO DO GENE cylA)

1. Principios

A hemdlise se refere a quebra dos eritrécitos, ou células vermelhas do
sangue. As bactérias podem ser classificadas em a, B ou y com base na sua
habilidade de induzir a hemdlise em &gar sangue.

2. Componentes

Placas de petri contendo BHI agar com a adicdo de 5% de sangue de carneiro

desfibrinado (BHI agar sangue).

3. Procedimentos

Plaquear as colbnias em BHI 4gar sangue com o auxilio de uma alca. Apdés,
incubar as placas contendo as colénias em ambiente microaerofilico a 37°C por 24

h. Método descrito por Coque et al. (1995).

4. Interpretacdo dos Resultados

e o hemodlise — lise parcial dos eritrocitos (cor esverdeada).
e [3 hemolise — lise total dos eritrocitos (cor transparente).

e vy hemdlise — ndo ocorre hemolise.

Figura 8. Teste da hemdlise. Fonte: Préprio autor.
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APENDICE Q — PRODUCAO DE BIOFILME (EXPRESSAO DO GENE efaA)

Método para a producado de biofilme, foi adaptado do proposto por Kafil et al.
(2015).

Cepas de E. faecalis foram suspensas em BHI caldo para 0,5 McFarland.
Placas de 96 pocos foram preenchidas com 180 ul de TSB (Trypticase soy broth -
Merck KGaA, Darmstadt, Germany) suplementado com 5% de glicose e 20 ul do
inoculo (0,5 McFarland: OD 625: 0,08 e 0,1). O experimento foi realizado em
triplicata, cada isolado foi colocado em 3 pocos e incubados a 37°C por 24 h. Pogos
com TSB somente foram os controles negativos. Apds a incubacao, os poc¢os foram
lavados 3X com 150 ul de PBS estéril (phosphate buffered saline - Sigma-Aldrich®,
St. Louis, MO, EUA). Apéds, o PBS foi removido e os biofilmes foram fixados usando
150 pl de metanol por 20 min a uma temperatura de -20°C. A placa foi invertida
numa toalha de papel durante 30 min a temperatura ambiente. Os biofilmes foram
corados com 150 ul de solucéo violeta de cristal (2%) durante 15 min a temperatura
ambiente e os pocos foram lavados em agua corrente. A placa foi invertida numa
toalha de papel a temperatura ambiente. A producdo de biofilme foi avaliada por
densidade o6ptica do cristal de violeta ressolubilizado usando um leitor de placas
(Thermo Fischer Scientific Inc, Waltham, MA, EUA) a 570 nm (OD570). Para isso,
previamente foram adicionados 150 pl de 33% de &cido acetido (Synth, Diadema,

SP, Brasil) durante 30 min sem agitacao.

Figura 9. Producéo de Biofilme. Fonte: Proprio autor.
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Drientaiﬁes ao Ernﬂssinnal

Como as bactérias tornam-se resistente
aos antibiéticos?

Como o cirurgido-dentista pode contribuir para o
uso correto dos antibidticos sistémicos??

As infeccdes endoddnticas agudas primérias sdo infec-
¢Bes polimicrobianas (SIQUEIRA JR; ROCAS, 2013), nas quais
hd o predominio de bactérias anaerdbias estritas (SIQUEIRA
IR, ROCAS, 2008). A perindontite apical aguda (FAA) & o abs-
cesso apical agudo (AAA) s3o manifestacbes tipicas da infec-
¢do endodbntica aguda, sendo que a PAA precede o AAA (SI-
QUEIRA JR., ROCAS, 2009).

O tratamento local da PAA e do AAS envolve a drenagem
{via canal ou cirdrgical quando possivel e tratamento endo-
déntico ou exodontia (SIQUEIRA JR; ROCAS, 2013).

A resisténcia bacteriana aos antibidticos pode ocorrer de
forma natural (intrinseca) ou de forma adquirida. A resistén-
cia natural & aquela inerente a célula bacteriana, determina-
da pela dificuldade do firmaco ultrapassar as superficies ex-
ternas das células bacterianas e ligar-se ao seu sitio de acio.
J4 a resisténcia adquirida, resulta guando cepas originalmen-
te sensiveis tornam-se resistentes devide a uma alteracio
genética determinada por mutagdes ou aquisicSo de plasmi-
dios (SILVA, 2002),

Quals antibidticos devem ser prescritos?

Quando devemos Erescrmr antibidticos?

A prescricio de antibidticos é indicada como terapia
coadjuvante ao tratamento endoddntico somente nos casos
de AAA em que os pacientes apresentam sintomatologia do-
lorosa associada a edema progressivo, difuso e sinais sisté-
micas de infecgdo como febre, mal-estar e linfadenopatia; ou
em pacientes que apresentam maior risco de infecgdo se-
cundaria resultznte de bacteremia (SIQUEIRA & ROCAS,
013).

EHaI a ImEnrtﬁn:ia do uso racional de antibidticos?

O uso racional de antibidticos tem como objetivo evitar a
ocorréncia de resisténcia bacteriana aos antibidticos. De
acordo com a Organizagdo Mundial de Sadde (WORLD
HEALTH ORGAMIZATION — WHO) houve um aumento da re-
sisténcia bacteriana aos antibidticos tanto na medicina,
como na adontologia nos dltimos anos (WHO, 2014). Entre
as possiveis raztes para o aumento da resisténcia bacteriana
aas antibioticos estio prescrigdes inapropriadas, uso inade-
guado pelos pacientes, diagndsticos limitados, venda nio
autarizada, falta de mecanismos adequades para regula-
mentagdo de medicamentos em utilizacdo, e uso em ndo hu-
manos (DE PAULA et al, 2014; MARRA et al, 2015;
AYUKEKBONG; NTEMGWA; ATABE, 2017).

De acordo com Flynn {2011) e com a Sociedade Europeia
de Endodontia (Furopean Society of Endodontology — ESE,
2017), os antibidticos B-lactimicos (Penicilina V e amoxicili-
na) sdo os farmacos indicados para o tratamento coadjuvan-
te de infecgbes endodonticas agudas. lsso ocorre em virtude
do seu amplo espectro diante de uma infeccSo polimicrobia-
na (SIQUEIRA JR; ROCAS, 2013), devido a sua baixa toxicida
de para eucariondes (GEORGOPAFPADAKOL, 1993), por apre-
sentar um excelente perfil de seguranca e baixo custo
guando comparado a outros antibidticos (FLYNM, 2011).

Em casos de falha no trataments com amaxicilina, reco-
menda-se a sua associagdo com Acido clavuldnico (FLYMNM,
2011; ESE, 2017). E em situagies nas quais se observa alergia
a penicilina, a clindamicina passa a ser o antibidtico de esco-
Iha {FLYMM, 2011, ESE, 2017). A ESE (2017) também reco-
menda em casos de alergia a penicilina, o uso de claritromi-
cina ou azitramicina.

Tabela 1. Tipo, dosagem e duracio de antibidticos pres-
crites erm Endedontia de acorde com ESE (2017).

Ansbistico de

escoma Dose Inicial W predued Durigia
[ —— 1000 mg E mﬂm 9a7 die
Amosision 10c0 mg a?gumr:%;wmzmmmr:n dalfdes
Amosicling + 1000 500 mg 4@ horas a7 dias
o chreulanic ™8 gr5mg 1212 horas
Glincamicina 500 mg 300 my GG horas daT don
Claritranicies 500 gy 250 mg 1217 haras a7 des
Azilromicina S0 g 250 mg 24724 horas Ja T dim

0 profissional pode contribuir para gue n3o haja um au-
menta na resisténcia bacteriana aos antibioticos sistémicos
comumente prescritos utilizando as seguintes abordagens:

© Educagdo continuada = é de suma importancia que o -
rurgifo-dentista mantenha-se atualizade em relacio ao
tema, seja por meio da leitura de artipos cientificos, ou fre-
quentando congressos que abordem o assunta.

@ Diagndstico preciso — o profissional deve ser capaz de
realizar urmn correto diagnostico, e lembrar que em casos de
pulpite irreversivel, necrose pulpar, pericdontite apical
aguda, abscesso cronico e abscesso apical agudo sem enwvol-
vimento sistémico a terapia antibidtica € contraindicada.

@ Prescricio baseada em evidéncias cientificas — o cirur-
gido-dentista deve conhecer of principais micorganismos
que compie a infeccdo e prescrever somente as antibidticos
indicados para aquele tipo de infecgdo.

@ Tratamento local = o profissional deve realizar o trata-
mento local para o combate da infeccio, e lembrar que a te-
rapia antibiotica sistémica & apenas coadpuvante.

@ Orientagdo ao paciente — o cirurgiSo-dentista deve
arientar o paciente em relagdo ao uso do medicamenta, ou
seja, alertar o paciente que a medicacio deve ser utilizada
nas doses e nos intervalos recomendados. Além disso, o pro-
fissional deve salientar 2 importincia de n3o interromper o
tratamento, a fim de evitar que bactérias mais resistentes re-
tornem ao organismo e agravem a situacio.

® Orientagdo ao paciente — o cirurgiSo-dentista deve
arientar o paciente em relagdo ao uso do medicamenta, ou
seja, alertar o paciente que a medicacio deve ser utilizada
nas doses e nos intervalos recomendados. Além disso, o pro-
fissional deve salientar 2 importancia de n3o interromper o
tratamento, a fim de evitar que bactérias mais resistentes re-
tornem ao organismo e agravem a situacio.
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Orientagdes ao paciente

Antibidticos séo os medicamentos empregados
para combater processos infecciosos causados por
bactérias, e deve ser utilizado por vocé somente
com recerta, do médico ou do dentista.

Como vocé deve utilizar?

Os antibidticos devern ser utilizados nas doses e
nos intervalos recomendados pelo profissional que
o prescreve. Por exemplo, vocé recebeu a seguinte
prescricdo de antibidtico:

Consultorio Odontolagico

Cirurgigo Dentista
CRO

Fulano de Tal

Via Oral

Amoxicilina 500mg - 21 comprimidos

Tomar 1 comprimido de & am & horas por 7 dias

Cirurgido Dentista
Data

Endereco do consultorio
Telefone do consultdrio

Figura 1. Modelo de prescricio de antibidtico.

Entdo, vocd deverd utilizar comprimidos com
dose de 500 mg em intervalos de & horas durante 7
dias. 5e vocé utilizar uma dose maior do que a reco-
mendada, vocé pode ter uma intoxicacdo. Se vocé
utilizar uma dose menor, pode haver agravamento
dos sintormas da doenca. O mesmo ocorre quando
o medicamento € ingerido antes do horério, ou
gquando vocé esquece. Por isso, € importante que
os intervalos sejam adequados a sua rotina. Lem-
bre-se que a figura acima & apenas um exemplo.

0 que vocé deve fazer caso esqueca o horario?

Como vocé deve proceder em caso de alergia

30 medicamento?

Sevocé notar algum desconforto durante o uso
do antibidtico prescrito, vocé deve entrar em con-
tato com o profissional que fez a prescricio IME-
DIATAMENTE, para que ele substitua o antibiotico
e faca as recomendagdes que julgar necessarias.

Por que vocé ndo deve utilizar antibidticos
semn realizar consulta prévia?

Caso vocé esqueca de usar o antibidtico no ho-
rario proposto pelo profissional, ao lembrar vocé
deve utiliza-lo. Assim, vocé conseguird que o anti-
bidtico ainda seja eficaz contra as bactérias respon-
savels pela infeccio.

Por que vocé ndo deve interromper o

tratamento?

Parque ao interromper o tratamento vooé con-
tribui para a selecdo de bactérias mais fortes, as
chamadas BACTERIAS RESISTENTES. Essas bactérias
resistern @ acfio do antibidtico, fazendo com que
este perca o seu efeito.

Porgue existern antibidticos especificos para
cada tipo de infeccdo. Ao realizar uma consulta
prévia, o profissional fard o diagndstico, e indicara
0 antibidtico adequado para combater o micro-or-
ganismo responsavel pela doenga.
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ANEXO A — ARTIGO PUBLICADO NO PERIODICO INTERNATIONAL JOURNAI
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Infected root canal or acute apical abscess exudates can harbour several species, including Fusobacte-
rium, Porphyromonas, Prevotello, Parvimonas, Sreptococcus, Treponeme, Ofsenello and not-yet cultivable
species, A systematic review and metz-analysis was performed to assess resistance rates to antimicro-
bial agents in clinical studies that isolated bacteria from acute endodontic infections. Electronic databases
and the grey literature were searched up to May 2015, Clinical studies in humans evaluating the anti-
microbial resistance of primary acute endodontic infection isolates were included. PRISMA guidelines
were followed. A random-effect meta-analysis was employed. The cutcome was described as the pooled
resistance rates for each antimicrobial agent. Heterogeneity and sensitivity analyses were performed. Sub-
group analyses were conducted based upon report or not of the use of antibiotics prior to sampling as
an exclusion factor (subgroups A and B, respectively). Data from seven studies were extracted. Resis-
tance rates for 15 different antimicrobial agents were evaluated (range, 3.5-40.0%). Lower resistance rates
were observed for amaxicillingclavulanic acid and amoxicillin; higher resistance rates were detected for
tetracycline. Resistance rates varied according to previous use of an antimicrobial agent as demon-
strated by the subgroup analyses. Heterogeneity was observed for the resistance profiles of penicillin G
in subgroup A and for amoxicillin, clindamycin, metronidazole and tetragycline in subgroup B. Sensitiv-
ity anabyses demonstrated that resistance rates changed for metronidazole, dindamycin, tetracycline and
amoxicillin. These findings suggest that clinical isolates had low resistance to f-lactams. Further well-
designed studies are needed to clarify whether the differences in susceptibility among the antimicrobial
agents may influence clinical responses to treatment.

i 20 6 Elsevier BV. and International Society of Chemotherapy. All rights reserved.

1. Intreduction

in these communities show few shared species and a great diver-
sity among subjects [5], Only the strict anaerobes Ofsenella profusa

Endodontic infections occur due to caries or dental trauma when
opportunistic bacterial pathogens gain access to the necrotic dental
pulp or periapical tissues | 1,2 ]. The infected root canal or acute apical
abscess can harbour several species, including species belonging to
the genera Fusobocrerium, Porphyromonas, Prevocella, Parvimonas,
Smeprococcus, Treponema and Oisenella spp. as well as not-yet cul-
tivable species [3,4). Despite the broad range of species that have
been isolated in acute endodontic infections, the microbial profiles

* Cormesponding author. Endodontic Division, Deparmment of Conservacive
Dentistry, Federal Unsversity of Bio Grande do Sul, Rua Ramiro Barcelos, 2492 Bairmo
Sanuana, 50035-003 Poro Alegre, Brazil. Fax: +555 133085002,

E-moil oddress: francisco.momagnerdulrgs.br (F. Moncagner ).

hiep: e doi.org/ 10.1016/jijantmicag. 20 16.08.018

and the taxon Didlister E1 were detected in all of the samples analysed
by Jacinto et al [5] and Munson et al [7]. respectively. However,
Tannerela forsy thia, Shurtleworth i sareles and Filifacror alocis were
only detected in one sample [G]. Interactions among biofilm com-
munity members are responsible for the presence of painful
symptomatology [E.9]. Cinical signs and symptoms have been as-
sociated with specific bacterial species; painwith Peprostreprococcus
micros, Prevorella incermedia/nigrescens and Eubacterium spp.; ten-
derness to percussion with Porphyromonas, Peprostreprococcus
and Fusobacrerium spp.; and swelling with Peprostreprococcus,
Porphyromonas and Fusobacterium spp [3].

Clinical management of an acute endodontic infection involves
root canal debridement and local drainage, whenever possible. In
specific situations, antibiotics may be prescribed as a complementary

0924-B579)0 2015 Blsevier BV. and Internarional Sociery of Chemotherapy. All rights reserved.
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measure, especially for; abscesses that are associated with system-
ic involvement, including fever. malaise and lymphadenopathy;
disseminating infections resulting in cellulitis, progressive difuse
swelling andfor trismus,; and abscesses in systemically compro-
mised patients who are at an increased risk of a secondary infection
following bacteraemia [2]. The choice of antibiotic is usually based
upon previously published susceptibility, testing and clinical trials
|1]. The B-lactam antibiotics, especially penicillin, have been rec-
ommended as being the first-line antibiotics because they workwell
against most causative bacteria and because penicillin has a low in-
cidence of side effects [10,11]. Clindamycin has often been
recommended in cases of allergy to penicillin or when penicillin
has not been effective [10-12]. In the latter clinical situation,
E-lactamase inhibitors such as clavulanic acid in a combination with
amaxicillin have also been indicated to extend the spectrum of cov-
erage [10,11].

The emergence of antibiotic-resistant bacterial strains has in-
creased, especially due to excessive and incorrect use of these
particular agents [13). Gomes et al reported an increase in resis-
tance among anaerobic bacteria isolated from primary endodontic
infections over a 9-year period in a Brazilian population [14]. Ra-
tional prescription of antimicrobial agents must be based on the
resistance patterns of the micro-organisms, the characteristics of
the patient (immunosuppression, previously reported allergy) and
the drug's characteristics (cost. effectiveness, adverse effects). From
a microbiological viewpoint, it requires a comprehensive analysis
of the resistance profiles among microbial isolates from endodon-
tic infections. Recently, Moraes et al performed a systematic review
to describe the presence of resistance genes to antimicrobial agents
in oral environments such as saliva, dental biofilm and endodon-
tic infections [15]. However, there is a lack of information regarding
whether the microbial isolates from endodontic infections express-
ing these wirulence factors are conmveyed as resistance to antimicrobial
agenis,

Therefore, the aim of this systematic review and meta-analysis
was to depict the antimicrobial resistance profiles of bacterial iso-
lates from primary acute endodontic infections as reported in the
current literature,

2. Materials and methods

2.1, Focused parent. incervencion, comparison and ourtcome (PICO)
quesrion

A systematic review was performed using the checklist items re-
ported by the Preferred Reporting ltems for Systematic Reviews and
Meta-Analysis (PRISMA) [16]. The following focused question was
developed in accordance with the recognised PICO format: “What
are the resistance rates to antimicrobial agents in studies that have
isolated bacteria from those patients with acute endodontic
infections?

22, Eligibility crieria

Clinical studies evaluating the antimicrobial resistance of bac-
terial isolates in primary acute endodontic infections in humans by
disk diffusion or Etest {bioMériews, Marcy-I'Etoile, France) methods
were included in the survey.

2 3. Search srraregy and informarion sources

Electronic searches were performed in PubMed., the Cochrane
Library (all results), ISI'Web of Knowledge, Scopus, LILAGS, OpenGrey,
SaELO, the CAPES database, the Grey Literature Report, Curtin Uni-
versity. GreyNet International and the Grey Literature Dentistry
Database, Hand-searching was independently and extensively

([{"dental pulp cavity[MeSH Terms] OR (“dentalTAll Fields] AND *puip Al
Fields] AND “cavityTAl Fields]) OR “dental pulp cavityTAl Fields] OR
[rool[Al Fields] AND “canalTAll Fields]) OR “rcal canal'JAll Fields]) OR
"pariapical  abscass"|MeSH Terms] OR  (“perspicalAl  Fields] AND
“abscess'[4 Fields]) OR “penapical abscess®[all Fislds])) AND (*microbsal
sensilivily leste"[MaSH Terms] OR (“micredial[All Fields] AND "sensitivity"[All
Fiehds] AMD “tests"TAll Fields]) OR "microbial sensitivity tests®[All Fields) OR
Cmigrabial Al Frelds] AND “sensitivity"[A] Feeids) AND "test'[All Fields]) OR
“microbial sensitivity test[All Fields]) AND "humans®|[MeSH Terms]

Fig. 1. Search strategy adopeed for the STudy, presenting the MeSH keywords and
search terms for antimicrobial activity and the resistance of bacrerial isolaes from
2CUTe endadontic ifecrions, a5 performed in e PubMed database and adaped for
orher databases.

performed by two authors (PML and FM) of the reference sections
of the selected studies and the available systematic reviews, No lan-
guage restriction was applied to the search, except for 151 Web of
Knowledge. The search comprised those articles published from the
inception of the database up to May 2015, Fig. 1 describes the search
strategies that were adopted in the study for the PubMed data-
base. This strategy was also employed and adapted for the other
databases.

The following limits were used for the 151 Web of Knowledge da-
tabase: Database (Web of Science™ Core Collection, Biological
Abstracts® and the SciELD Citation Index); Areas of Research (Den-
tistry and Oral Surgery Medicine. Infectious Diseases, Pharmacology
Pharmacy, Microbiology ), Document Type (article); and Language
(English, Portuguese and Spanish).

24, Srudy selecion and dara collecrion processes

Following title review and abstract selection, full-text articles were
revised based upon the following inclusion criteria; clinical studies
in humans that evaluated the antimicrobial resistance of bacterial
isolates in primary acute endodontic infections by disk diffusion or
Etest methods. Excusion criteria comprised: (i) studies that did not
specify the cause of the odontogenic abscess or the odontogenic in-
fection (whether endodontic or not) or that did not specify the
microbial susceptibility results for each source of infection; (ii)
studies that did not specify whether the endodontic infection was
acute or chromic; and (iii) studies that did not report the method
used toevaluate antimicrobial resistance or if another method was
used. After reading the included articles, an independent manual
search was performed by two of the authors (PML and FM) in the
reference section and for the authors of the selected articles.

Data regarding the research group, number of subjects in-
cluded in the study. description of the recruitment, antibiotic
exposure as an exclusion criteria, sample size. methods for sample
size determination, conflicts of interest, microbial source/sampling,
methods used to measure outcomes, antimicrobial agents tested,
statistical analysis, number of bacterial strains and number of re-
sistant strains were collected from all of the studies.

The overall percentage resistance to a specific antimicrobial agent
was calculated for each study, regardless of the bacterial species
tested. The overall percentage resistance for each tested antimi-
crobial agent was the average between the total number of resistant
strains and the total number of tested strains. Strains that had an
intermediate profile were considered susceptible to the antimicro-
bial agent. According to the National Committee for Clinical
Laboratory Standards (NCCLS) [17 ], the ‘intermediate’ category in-
cluded isolates with minimum inhibitory concentrations (MICs) of
an antimicrobial agent that approach usually attainable blood and
tissue levels and for which response rates may be lower than that
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Racords identfied through
searching tha datatasa
FUEMED fn = 2%5) Throwgh other
I51Web (1= $168) Sources
SCOPUS f = 7aT)
COCHRAME [n = 1457) =0

| IDENTIACATICN |

| |
+

Final Saaction: Tite: Analysts
PUBMED {n = 32
151 Wil n=13
SOOPLS 1 = 45)
COCHRANE fn = 1)

]

Final Selaction: Abstract Anatysts
PUBMED {n=18)
I51Wed jn = 11)
SCOPUS (= 24)
COCHRAKE fn = 1)

PRELIMMLRY

151

v

in =§)

FulHed articles

Fulltea articles escliced
n=20

+

EUGIBILITY

n=1)

Hand saarch reference list

v

Studies incuded in the quanfitative syrthesis
n =7y

!

IMCLUDED

n=7)

Studias ncuded in the qualstve synthesis

Fig. 2. Fiow diagram of the search smraregy developed m identily smdies related oo the antimicrobial resistance of bacrerial isclames mom acute endod onLic infections.

of susceptible isolates. It implies clinical efficacy in body sites where
the drug is physiologically concentrated or when a higher than
normal dosage of a drug is used. It also includes a buffer zone, which
would have prevented small, uncontrolled, technical factors from
causing major discrepancies in the interpretations, especially for
those drugs with narrow pharmacotoxicity margins,

25, Searisrical methods for the mera-analysis

Statistical analysis was performed to evaluate the resistance pro-
files of the clinical isolates from primary acute endodontic infections
to the antimicrobial agents using Comprehensive Meta-Anabysis soft-
ware v.3.3,070 (Biostat, Englewood, NJ).

A random-effect meta-analysis model was used to estimate the
combined effect. The outcome was described as the pooled resis-
tance rates for each antimicrobial agent and was shown using a
Forest plot. The degree of heterogeneity was analysed by y* test and
the I* statistic, including all of the selected studies for the meta-
analysis. A sensitivity analysis was performed by remaoving those
studies with the greatest sample size [18,19] to evaluate the ro-
bustness of the results, A subgroup analysis was performed based

on the report or not of the use of antibiotics prior to collection as
an exclusion factor in the original study. Subgroup A comprised
studies that reported the previous use of antimicrobial agents as
an exclusion factor [20.21], and Subgroup B included those studies
that did not report the previous use of an antimicrobial agent as
an exclusion factor [12,18.19,22,23),

3. Results

The results of the search strategy are presented in Fig. 2. The final
results of the search in The Cochrane Library, ISI Web of Knowl-
edge, Medline database (via PubMed) and Scopus yielded 1,11, 15
and 24 publications, respectively, Several studies were shared in more
than one database (Medline vs, ISI Web of Knowledge, 6; Medline
vs, Scopus, 15; and Scopus vs. 151 Web of Knowledge, 9. Imple-
menting the inclusion and exclusion criteria, 6 studies were included
and 20 studies were excluded. One additional study was consid-
ered relevant by hand-searching.

Information about the selected studies is shown in Tables 1-4.
The studies were performed over diferent time periods (2002-
2014) and the samples were collected in Japan, the USA, Brazil and
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Table 1
Srudy aims and characreristics of e samples in the included studies.

Aurho, year Aims

Participants Anibioic exposure as

exclusion critersomn

sample
size*

Khemaleelakul et al
2002 [22]

antimicrobial suscepribility of bacteria by Erest

Jacinto et al, 2003 [23]

To deermine the bacterial composition of the microbiota from
acure endodantic abscesses/cellulitis; © determine the

To investigate the correlarson besween the composition of

17 patienss [age 6- 45 years) No 118

A48 parients {age 13-63 years) No 66

bacrerial fAora isolared from infected oot canals of mech with
apical PeTiononits and with the presence of clinical signs and
SYMpPLOmS; [0 test the antkotic suscepribility of five anaerolic
DaCTeria MosT COMITICNEY ToUnd i T root canals of Symprmaric

e
Kuriyama et al, 2005 [ 18]

To dewermine whether meatment of dentoalveslar infection was

112 paments (age 17-81years) Mo 410

influenced by e choice of anibsonse and the presence of
pencillin-resistant bactenia; o deermine any correlaron benveen
The presence of aNCDIOTc resistance Within te infection and a

history of previous ancibiotic therapy
Ozbek ex al, 2006 [21]

Tevise the antimirobial meamment promcols
Skucaite etal, 2010[12]

To identily Mic-Onganisms in root canals with periapical
abscesses and their antimicrobial suscepribiliy profiles and o

To evaluare the suscepribilities of endodontic pathogens isolaed

30 patients:

14 makes (mean age 3 1.8 years)
16 Temales (mean age 33.8 years)
58 patients (age 20-73 years) No 66

¥es {3 months) 156

from rech with Sympromarsc apical periodontitis o the mast

commonly prescribed antibiotcs
Foeschl exal 2011 [19]

To evaluare the acrual bacterial FesisTance Faes Jgainse the most

ED parients {age 8- B5 years) No 122

commonty used anuibiotics and t assess me dinical impact of the

fndings
Maontagner et al, 2014 |20]

lacramiase subsrae

To dewect the gxd/geA? gene through molecular methods and 1
obSeTve its eEXpression through me MIC and the gegradarion of

20} pavients [IVerage age not Yes {3 months) 29
i 1

TV e

MIC, minimum inhibitory concentration.
* Number of bacterial SIrains ested for aniEmecnobial suscepribiliny.

European countries, No selected study mentioned having con-
ducted a sample size calculation; no study described how
recruitment was conducted. Two selected papers reported no con-
flicts of interest [19,20], Samples were collected from the root canals
(symptomatic) and apical swellings. The vast majority of studies had
not adopted previous exposure to antimicrobial agents as an ex-
clusion criterion. Descriptive statistics were reported in all
publications,

Data from seven studies were extracted [12,18-23). A total of 15
different antimicrobial agents were evaluated in the selected studies,
as follows: penicillin; amoxicilling amaxicillin/clarulanic acid (AMC);
ampicillin; piperacillin/tazobactam (TZP); clindamycin; metroni-
dazole; erythromycin; azithromycin; cefaclor; cefazolin; cefoxitin;
vancomycin; imipenem; and tetracycline. Results of the meta-
analysis are shown in Fig, 3. The data are summarised in Table 5.

The owverall resistance rates ranged from 3.5% to 40.0% for micro-
organisms isolated from acute endodontic infections (Table 5). After
the sensitivity analysis excluding the study of Kuriyama et al [18].
the owverall resistance rates were 0 5%, 23 2%, 25 4% and 64% of iso-
lates fior metronidazole, erythromycin, clindamycin and tetracycline,

Table 2
Ouher information in the included studies.

respectively. After the sensitivity analysis excluding the study of
Poeschel et al [19]. the overall resistance rates were 4 9%, 4 3% and
12 9% of isolates to amaoxicillin, AMC and penicillin G. respectively.

Subgroup analysis showed that the resistance rates ranged from
6.9% ro B2.9% for studies that reported previous use of antimicro-
bial agents as an exclusion factor in the original study. However, they
ranged from 1.4% to 21.7% for studies that did not report or did not
emplaoy previous use of antimicrobial agents as an exclusion factor.

The study observed heterogeneity in the resistance rates for pen-
icillin G (Q-value = 9.479; P=0.002) among the studies that reported
previous use of antimicrobial agents as an exclusion factor (sub-
group A). The same behaviour was not observed for AMC (-
value=3.011; P= 0.083). In subgroup A, heterogeneity analysis was
not performed for clindamycin, erythromycin, metronidazole, tet-
racycline and amoxicillin because only one study included them
(Fig. 2A). Heterogeneity was also observed for amoxicillin (Q-
value = 9.809; P=0.02), clindamycin (Q-value=43.90G; P= 0.000),
metronidazole ((}-value=15536; P=0.001) and tetracycline (-
value=337; P=0.000) among those studies that had not reported
the previous use of antimicrobial agents as being an exclusion factor

Authaor, year MicTabial sourcejsampling  Method used i Antmicrobial agents
MeasuTe OulCHnme
Khemaleelakul et al 2002 [22]  Tissue swelling/aspiration  Exest Penicillin; amoxgcilling amoicillin/candlanic acid; clindamycin; merronidaole
Jacinmo et al, 2003 [23] ROOT canaljpaper poims  Erest Penicillin; amoxgcilling amoicillin/claulanic acid; clindamycin; merronidazole;
erythromycin; celaclor; azithromycin
Kuriyama et al, 2005 [ 18] ROt canalj swab Disk diffusion Penicillin; clindamycin; memronidazole; enythromycin; ewacycline
Tissue swelling aspiration
Ozbek ex al, 2006 [21] ROOT canaljpaper points  Oxoid disks and Exest  Penicillin; amocillingclavulanic acid; cindamycin; enythromycin; emacycline;
celazoling imipenem; meronsdazole; celoinin; piperacillingtaz obactam
Skucaite eral, 2010 [12] ROOT canaljpaper points Etest Penicillin; amoxgcilling amaicillinjclanulanic acid; clindamycin; merronidazole;
Tissue swelling/ aspirarion ETYTNrOMyCn; Temacyching; Impicallin; vancommycin
Foeschl exal 2011 [19] Tissue swelling/swabbing  Disk diffusion Penicillin; amoxscilling amimeicillinjclavulanic acid; clindanmycin; erythromycin

Montagner et al, 2014 |20]

Or Zspirason
ROOT Canalj paper points

Erest, Nitrocenn test

Penicillin; amoxscilling amoiciliniclavulanic acid
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Table 3
Genera of wsted bacteria thar were repored in each included study.
Aurhor, year Bacierial genera

Enemalesiakul e al, 2002 [22]

Badervides, Closrridiim, Eu becrerimm . Fusohamerinm, Peprosrepoeoools, Porphyromaonas, Previdella, Velllonella, Propionibacerim,

Aoy ces, Gam &, SIepEocneos, Corymebod evium, Fikenello, Lo obaod s, Staphplococos

Jacinem et al, 2003 [23]

Risobameriiom, PeproSTeprorools, STeproonons, Frevorella, Gamella, Aa inomyces, Veillonello, O0sridinm, Propdon ihacierim,

Fgpemhella, S aphylocoorus, Fuhaoernim, Enrerocoorus, Campylobaaer, Biidobomernom, Bacreroides, Tissierelli, Lomobarilhis,

POrpiTy rOm on s
Kuriyama ex al, 2005 | 18]

Frevogella, Peprosmenoocnocus, Sreprococc s, Fusohameriom, Fubacrerium, Aomomyces, Fikenello, Vellanella, Propion ibooerium,

Forphyromons, Capnocyrophagn, Oosmidiom, unspecified, sricly anserobic Gram-negative bacillus, unsdentified C0-dependent

Gram- positve COOnus
Ozbek eral, 2006 [21]

Saphylococous, STeprococars, Corynebacrerium, Netsseria, Adnaobacer, Eschenichia, Peeudarm ones, Enerabaceer, K lebsiello,

Feprosrepococs, A cinomy ces, B bacerium, Mobilmars, Erysipelochrix, Fusoboa evium, Prevorella, Baaernides, Porphyromm o

Skucaite et al, 2010 [12]
Poeschl eral, 2011 [19]
Enrerococous, Enterobacieriaceae

Monmagner et al, 2014 [20] Prevogella, PorphyTom onis, Parvimonas

Sreprococos, Enverocoorus, Frevarella, Bacter oides, Anaerocooous, Peprosmepococo s, Tissierelle, Fikenella
Sreprococaus, Stophwlococous, Prevorelln, Peprosreprococos, Booervides, Fusobaoerinm, Eikenel o, Looobacilys, Corymebomeriom,

Table 4
Kumber of resistant sirains for each ancibeosc in the included stmudies.
Author, year Mo of baceerial Mo of resisant sains
SITains esed
PCG POV AMX  AMC CU MTZ ERY TET CEE ©CL AMP VAN IPM  OFX  TZP

Khemaleelakul eral, 2002 |22] 118 - 3 OIE 0 13- - - - - - - B N N

58 - - - - - 7 - - - - - - - - -

Jacinan er al, 2003 [23] 66 7 - o 0 3 3 7 - - D - - - -

Kuriyama er al, 2005 | 18] 410 - 53 - - 13 82 o6 3 - - - - - - -

Czbek et al, 2006 [21] 156 M - - - =5 - - - - - - - - - -

76 - - - 17 - 15 3 & 13 - - - - - -

70 - - - - - - - - - - - - 3 147

Skucaite et al. 2010 [12] 66 - - - - - - - - - - 71 0 - - -

65 1 - - - 4 - - - - - - - - - -

53 - - o - - - 15 21 - - - - - - -

10 - - - 0 - - - - - - - - - - -

9 - - - - - 5 - - - - - - - - -

Poeschi et al, 2011 [19] 122 - - 1" 2 - - - - - - - - - - -

107 - - - - 3 - - - - - - - - - -

103 w o - - - - - - - - - - - - - -

76 - - - - - - 7oo- - - - - - - -

Mongagner et al, 2014 [20F 20 1 - 2 2 - - - - - - - - - - -

FCG, penicillin G; POV, penicillin V; ANX, amaxicillin; AMC, amoécillinjclaulanic ackl; CLL clindamycin; MTZ, merronidazole; ERY, erythromycin; TET, wetracycling; CEZ,
cetazoling CCL, cefaclor; AMP, ampicillin; VAR, vancomycin; 1PK, imipenem; CEX, cefoyitin; T2F, piperacilkin/tazobactam.

-, IOt ested.
= Original studies thar reported prior wse of ancibsoncs as an exclusion crierion

{subgroup B). Penicillin G (Q-value =3.519; P=0.172), penicillin V
(Q-value = 3.161; P=0.075), AMC (Q-value = 1.683; P=0.641) and
erythromycin (Q-value = 5.204; P=0.102) did not show heteroge-
neity among resistance rates in the articles belonging to subgroup
B that did not report the previous use of antimicrobial agents as
being an exclusion factor (Fig. 3B).

A random-effect meta-analysis model was not performed for
cefaclor, tetracycline, cefazolin, ampicillin, azithromycin, vancomy-
cin, imipenem, cefaxitin and TZP because they were mentioned in
only a single study [21]. The resistance rates to these antimicro-
bial agents are shown in Table 4.

4. Discussion

In the present study, a comprehensive systematic review was con-
ducted to identify, evaluate and synthesise all of the clinical studies
that met the specified eligibility criteria in order to determine; ‘What
are the resistance rates to antimicrobial agents in studies that iso-
lated bacteria from patients with primary acute endodontic
infections?" Although the majority of clinical isolates have been found
to be susceptible to the antimicrobial agents that are usually pre-
scribed, there was a wide range of antibiotic resistance among them,
The resistance rates varied according to the previous use of an an-
timicrobial agent.

The currently employed methods to determine the susceptibil-
ity profiles of clinical isolates are regulated by standard protocols
that employ a cultivation-based approach [17.24]. Only articles that
employed the disk diffusion and Etest methods were selected because
they included patterns that allow for a comparison according to
MCCLS and Furopean Committee on Antimicrobial Susceptibility
Testing (EUCAST) guidelines, Continuous menitoring of microbial
susceptibility over time should be encouraged, but there are few
repornts in the current literature that describe the shift in antimi-
crobial resistance in bacteria isolated from endodontic infections
[14]. There is a need for constantly revising the literature in order
to obtain proper data that may guide and support the clinical choices
of adjunctive systemic antimicrobial therapy. Use of statistical
methods, as performed in the meta-analysis. may provide a quan-
titative synthesis of the data regarding the susceptibility rates of
clinical isolates from patients with primary acute endodontic
infections.

Despite the strict selection criteria. evaluation of the studies
showed few factors that connected them. For example, several
species were isolated and tested for their antimicrobial suscepti-
bility, Furthermore, the included articles did not test the same set
of antimicrobial agents for susceptibility of all of the isolates. The
little amount of shared information in the studies did not allow for
the determination through a meta-analysis of the resistance
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Fig. 3. () Forest plot for the antimicrobial resiszance proflles of clinscal isclames from primary acute endodonic infections for each antmicrobial agent. according to data
from those studies Tt reported Prior Use of anmbionics 35 an erclusion [ACtor. HETeToZeneity 125t results: Pemsicillin G (G-value - 0.479; P- 0.002); amaicillinjcinulanic
acitl (AMC) (@-Value - 1.011; P- (L0E3). (B) Forest pot for the antimicrobial resistance profiles of clinical isolates (Tom primary acute engodontic infections 1or each anti-
microbial agent, according w0 dara from those smdies tar did not Teport prior use of antibiotics as an exclusion criterion. Heterogeneity test results: Amoxicillin

[Q-value - 0.60%; - 0.02

% penicillin © (Q-value - 3519; F-0.172); chindamycin (G-value - 43.806; P- 0.000); penicillin V (Q-value- 3.161; P- 0.075); mexronsdazale

[value = 15.536; P=0.001]); erythromycin [(Q-value = 6.204; P= 0.102]; AMC [(Q-value - 15E3; P= 0.641); remacydine (G-value = 337; F=0.000) CL confldence interval.

profiles for each species/genera, The overall resistance percent-
ages fior a specific antimicrobial agent were calculated for each study,
regardless of the species that were tested,

For primary acute endodontic infections, the overall resistance rates
varied according to the antimicrobial agent. The bacterial strainswere
highly susceptible to AMC and amoxicillin. Higher resistance rates were
observed for tetracydine, Intermediate values were observed for pen-
icillin G, dindarmycin, penicillin V, metronidazole and erythromycin The
results were in accordance with dlinical recommendations which suggest
antibiotics of the f-lactam group, especially amaoxicillin and AMC as

being the first choice for the management of acute endodontic infec-
tions owing to their efficacy, safety, and convenience for administration
and access [10,25,26]. The low susceptibility rates for tetracydine were
probably assodated with intrinsic resistance among the anasrobic strains
as well as secondary resistance due to its broad use and misuse [2728],
For the past two decades, the most commonly used antibiotics in peri-
odontal treatment have been the tetracyclines [29,20), The widespread
emergence of tetracycline resistance in medically important bacteria
has limited the use of tetracycline in the treatment of medical infec-
tions [31]. In the oral cavity, tetracycline resistance has increased over

Table 5
Thie pocled resistance ram, as determined by dara exrraced from the included sudies.
Anribioc Overall daa Smudies that reporied previous Srudies thar did not repory employ
use of ATHS as exclusion previous use of ATBS a5 exclusion
CTHLERON {SUbgroup & F cTiterion (subgroup B
Tars” a naxsn® st a NaEsm® Tt cl Tgzg/n®
35 0.5-142 217421 148 46 3IE6 19/105 L4 05-39 2316
77 36-155 31/388 B9 17-238 229 74 in-172 13359
123 3.6-346 1007458 2ol T0-GES TE[ES 78 40-15.0 18357
Clindamyrin 131 56-75 123019 365 204-444 57156 1nz 44-218 B6[756
Penacillin V' 155 10.2-228 TE528 - - - 155 102-128 76528
Metronidazole 175 10.5-27.9 112619 187 123-302 1576 170 77-333 7543
Erythromycin 260 16.2-388 174/681 513 402-613 3976 217 162-283 135/605
Terracycline 400 6.2-87.0 1207539 Brg T17-EOQB E3[7E 199 36-619 57463

ATE, anribiotics; CL, confidence inrerval; AMC, amoicillin/clavulanic acid.
* Subgroup A [20.21]; subgroup B [12,18,19,22,23]
® gey = PEICETITAZE Of TESISIANT SITANS (pooled values).
= ﬂmm, numiber of resistant Sl'l'ﬂil'lﬁml number of STains.
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the past several years [32]. Some investigators have reported that this
may be one of the reasons for the reduced effects of tetracyclines as
an adjuvant measure for the treatment of periodontitis [33-36],

Despite the differences in laboratorial susceptibility parterns ob-
senved for the antimicrobial agents, it was not possible to determine
whether they influence dinical responses to treatment. It should
be emphasised that acute endodontic infections are polymicrobial
with very high interindividual variability,

The involvement of species in a mixed consortium promotes a
broad range of relationships among them, modulating their patho-
genicity as additive or synergistic pathogenic efects [2,4). The control
of endodontic infections does not have the species as a main target,
Eradication of some components of the microbial community may
lead to its disturbance and the remaining members may not be able
to survive without cross-interactions [4)], The ecological interfer-
ence that is promoted by the local approach (such as root canal
treatment and surgical drainage) might overcome the resistance to
antimicrobial agents as demonstrated by some of the community
members and lead to death of the resistant strain, However, Flynn
et al reported in a prospective study that penicillin treatment failure
was not predicted by pre-admission, iming, anatomic or preoper-
ative clinical variables in a sample of 37 subjects admitted for severe
odontogenic infections [37]. The authors observed that G of 24 sub-
jects had penicillin treatment failure, and penicillin-resistant bacteria
were detected in all of the patients who had no response to the an-
timicrobial treatment. Therefore, further studies with large sample
sizes should be conducted to determine the relationship between
the presence of resistant strains and the outcomes of the pro-
posed treatment.

Previous use of antimicrobial agents is a variable that must be
considered in the data analysis. Skucaite et al evaluated the sus-
ceptibility of endodontic pathogens to antibiotics in patients with
symptomatic apical periodontitis who had previous use of an an-
timicrobial agent [12]. According to the results, no correlation was
found between microbial susceptibility to antibiotics and previ-
ous antibiotic intake, However, Kuriyama et al showed that penicillin-
resistant bacteria were isolated more frequently from patients who
had received penicillin before sampling [18). There was no signif-
icant correlation between the prevalence of erythromycin-resistant
bacteria and previous administration of erythromycin, Therefore,
a subgroup analysis was performed regarding the results to deter-
mine the effects of previous use of antibiotics, [t was observed that
the resistance rates were different when comparing studies that re-
ported previous use of antimicrobial agents as an exclusion criterion
(subgroup A). Articles that did not report previous use of antimi-
crobial agents as an exclusion criterion comprised subgroup B. These
differences could be related to diverse factors: the small number
of studies; the reduced number of bacterial strains that were tested
in each study; the fact that the resistance rates were obtained from
a pool of bacteria; and the fact that the correlation between the prev-
alence of resistant bacteria and previous use of antibiotics appeared
to occur for some agents, but not for others, In addition, there was
a limitation of memory bias, since patients could not remember
exacthy what drugs they had used in the past 3 months, These results
emphasise the need to analyse the data reported in articles and to
consider the previous use or not of antibiotics, since the resis-
tance rates differed between the subgroups, However, independent
of the differences among the subgroups A and B and the overall data,
the general profiles of resistance remained the same: lower rates
of resistance for amoxicillin and AMC; higher rates of resistance for
the tetracyclines; and intermediate rates for the other antimicro-
bial agents that were tested.

In parallel, a heterogeneity analysis was performed for specific
antimicrobial agents. depending on the subgroup of the studies.
There was heterogeneity among the resistance profiles for penicil-
lin G for the studies that excluded previous use an antimicrobial

agent (subgroup A) and for amoxicillin, clindamycin, metronida-
zole and tetracycline among the studies that did not exclude this
use (subgroup B), These findings can be associated with several bac-
terial species that were tested and for the different sites of sampling.
Despite being concomitant infections, matched samples taken from
the root canal and abscess aspirates from the same subject had dis-
crepancies between the bacterial community profiles [5).
Furthermore, the microbial profiles of the acute endodontic infec-
tion samples were unique for each subject and did not show any
clustering behaviour from the samples that were collected among
patients [5,38], Despite the assessment of a specific group of end-
odontic infections, the microbiome was modulated by its geographic
location [39-41]. It was not possible to perform a region-based anal-
ysis because the samples were collected from six different countries
(Thailand, Brazil, UK, Turkey, Lithuania and Austria). Only the results
reported by Jacinto et al [23] and Montagner et al [20] belonged
to the same geographic location (Brazil),

Sensitivity amalyses were performed excluding those studies with
the largest sample sizes [18.19] to evaluate whether the findings
were dependent on arbitrary or unclear decisions. The overall re-
sistance rates to erythromycin, AMC and penicillin G were similar
when the studies were included in the meta-analysis, However, the
overall resistance rates to metronidazole, clindamycin, tetracy-
cline and amoxicillin were diferent when these studies were
included in the meta-analysis. Although different, it was not pos-
sible to determine whether the difference influenced the clinical
response to treatment, as discussed previously.

The results of this systematic review and meta-analysis are limited
by several factors, as previously discussed. They are also associ-
ated with the limitations that were imposed by bacterial recovery
from the complex microbial communities, It should be emphasised
that available cultivation methods have not yet been able to allow
for the laboratorial growth and isolation of several micro-organisms,
Furthermore. the results obtained through susceptibility testing rep-
resented a single micro-organism or a select group of micro-
organisms that were isolated from the infected site. The virulence
of the strains might have been modulated by their isolation in the
culture medium, especially due to the lack of interaction among the
several micro-organisms that were also present in the odonto-
genic infection, There was also a lack of data on the specific number
of strains that were tested for each sample in the articles, The tested
isolates may or may not have represented all of the microbial com-
munity that was active in the infected site, As culturing and testing
of slow-growing oral bacteria can take up to 2 weeks, therapeutic
decisions still have to be based on previous reports from the liter-
ature, as has been summarised in the present study.

5. Conclusion

This systematic review and meta-analysis allowed for depict-
ing the resistance profiles to antimicrobial agents in bacteria isolated
from acute endodontic infections. AMC and amoxidillin showed the
lowest in vitro rates for bacterial resistance among the strains. The
resistance rates for the antimicrobial agents varied according to
the previous use of an antimicrobial agent, There was a lack of in-
formation regarding the association between the resistance profiles
of the bacterial isolates and clinical outcomes.
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ANTIMICROBIANOS DE Streptococcus spp. EM INFECCOES ENDODONTICAS
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DADOS DO PARECER

Numero do Parecer: 1.183.734
Data da Relatoria: 09/07/2015

Apresentagao do Projeto:

Trata-se projeto de tese de doutorado do PPG Odontologia UFRGS de Pauline Mastella Lang,caracteriza-se
como estudo clinico-laboratorial.

O estudo sera realizado no Plantdo de Urgéncia da Faculdade de Odontologia da UFRGS e na Unidade de
Pronto Atendimento do Grupo Hospitalar Conceicéo.

A amostra sera constituida por 11 participantes, de acordo com o programa WinPepi (JH Abramson, 2010,
Verséo 10.9), adotande uma diferenca aceitavel de 25%, uma proporgéo assumida de 22% com base no
estudo de Gomes et al.(2004) e intervalo de confianca de 95%.

Critérios de inclus&o:

Maiores de 18 anos com diagnostico de Periodontite Apical Aguda (PAA) e Abscesso Apical Agudo(AAA) de
acordo com os critérios estabelecidos por Gutmann et al. (2009);

dente envolvido néo recebeu tratamento endoddéntico prévio; participante sem uso de antibioticos num
periodo minimo de 3 meses, para nao interferir na microbiota do canal radicular; sem comprometimento
sistémico.

Critério de excluséo:

Participantes cujo(s) dente(s) n&o possibilita a realiza¢&o do isolamento absoluto do campo operatorio;em

que a anatomia do canal radicular impossibilite a introdug&o do cone de papel no
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canal radicular até as proximidades do comprimento do dente na radiografia;
dente(s) possuem profundidade de sondagem maior que 4 milimetros (mm); com exposi¢éo direta da
camara pulpar ef/ou canal radicular ao meio bucal.

Coleta: "microbiologicas do canal radicular seréo realizadas nas Clinicas Odontolagicas Integradas Il e Il da
FO-UFRGS e na Unidade de Pronto Atendimento do Grupo Hospitalar Conceig&o”. O processo de coleta
esta descrito em detalhes.

Analise de Dados:"dados coletados serdo colocados em uma planilha de célculo (Microsoft Office Excell
2007, Microsoft Corporation, Redmont, WA, EUA) e estatisticamente analisados utilizando-se o programa
SPSS Statistics 18.0 Software (SPSS Inc., Chicago, IL, EUA). Para todos os testes estatisticos empregados,
o nivel de significancia sera estabelecido em 5%. Sera realizada estatistica descritiva apresentagéo dos
dados como frequéncias absolutas e relativas, media e desvio-padré&o ou mediana e percentis, conforme as
caracteristicas dos dados a serem obtidos, sera delineada a analise estatistica. A frequéncia da presenca
das espécies isoladas por meio do método de cultura microbiana e sequenciamento do gene 165 rRNA sera
determinada para as amostras dos canais radiculares com necrose pulpar e dor.Os microrganismos serao
classificados em suscetiveis (S), intermediarios (1) e resistentes (R) de acordo com a CIM do agente
antimicrobiano testado para a cepa. Os indices de suscetibilidade serédo determinados de acordo com as
concentracdes inibitérias minimas reportadas por normas do European Committee on Antimicrobial

Susceptibility Testing (EUCAST, 2014).Todos os testes que serdo utilizados estédo descritos em detalhes.

Objetivo da Pesquisa:

Objetivo Primario:

Caracterizar o perfil de sensibilidade a agentes antimicrobianos de Streptococcus spp., isolados de canais
radiculares em dentes com necrose pulpar e dor.

Objetivos Secundarios:

Identificar espécies de Streptococcus em canais radiculares de dentes portadores de necrose pulpar e dor
pela associacéo dos métodos de cultura e sequenciamento do gene 16S rRNA;

Verificar o perfil de sensibilidade de Streptococcus spp. aos antibioticos -lactdmicos e clindamicina;
Comparar a eficacia dos agentes antimicrobianos frente a isolados de Streptococcus spp.;

Determinar a diversidade genética dos isolados de Streptococcus spp. em um mesmo canal radicular e
diferentes canais radiculares;
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Determinar a diversidade genética dos genes PBP 2B e PBP 2X em isolados de amostras de canais
radiculares de dentes com necrose pulpar e dor;

Verificar a presenca dos genes erm A e erm B em isolados de amostras de canais radiculares de dentes
com necrose pulpar e dor;

Relacionar o perfil genético das cepas de Streptococcus spp. e a presenca dos genes erm A e erm B com o
perfil de sensibilidade a clindamicina;

Relacionar o perfil genético da cepa de Streptococcus spp. e dos genes PBP 2B e PBP 2X ao seu perfil de
sensibilidade aos antibioticosa -lactamicos .

Avaliagédo dos Riscos e Beneficios:

Os pesquisadores acrescentam que "os riscos ou desconfortos causados aos pacientes com a técnica da
coleta de amostra com cone de papel absorvente esteril ndo séo significativos.Se a manifestacéo dolorosa
ocorrer fora dos dias marcados para a execucé&o do tratamento, o paciente podera ser atendido no Plantéo
de Urgéncia da FO-UFRGS, que funciona normalmente de segunda a sexta-feira, das 8:30 as 11:30 horas e
das 14:30 as 17:30 horas e podera entrar em contato com os pesquisadores responsaveis para receber uma
assisténcia imediata por meio dos telefones: (51) 3308-5430 (Area de Endodontia da FO-UFRGS), ou ao
Plantdo de Urgéncia Odontologica da Unidade de Pronto Atendimento do Grupo Hospitalar Conceicéo que
funciona 24 horas."

Em relac&o aos beneficios dizem que s&o indiretos "aos voluntarios, pois estarédo relacionados ao controle
da sintomatologia dolorosa e a possibilidade de determinar a presenca de microrganismos resistentes aos

antimicrobianos prescritos em odontologia”.

Entretanto o " monitorar periodicamente a resisténcia de microrganismos frente a agentes antimicrobianos,
contribui para o estabelecimento de protocolos de atendimento de urgéncia que contemplem agentes
antimicrobianos eficazes, mais seguros e acessiveis. Tal fato beneficia o GHC como instituicéo, os
pacientes e a sociedade como um todo."

Comentarios e Consideracgdes sobre a Pesquisa:

Projeto apresenta relevancia cientifica e social e pertinéncia teérico metodologica.

Consideragdes sobre os Termos de apresentagido obrigatéria:
Termo de Consentimento Livre e Esclarecido adequado, apresentando informacoes detalhes da participacéo
na pesquisa.
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Encontra-se anexado ao projeto o Termo de Anuéncia do responsavel pela Unida de Pronto Atendimento-
UPA Zona Norte do Grupo Hospitalar Conceigédo ;Carta resposta aos questionamentos do CEP-GHC;Termo
de Compromisso para entrega de relatorios Semestral e final GHC; Relacédo dos participantes do projeto de
pesquisa GHC;Termo de Anuéncia do Cirurgido Dentista UPA-GHC

Recomendacgdes:

Projeto sem recomendacdes.

Conclusdes ou Pendéncias e Lista de Inadequacgdes:
Recomenda-se aprovacéo do projeto.

Situacgdo do Parecer:
Aprovado

Necessita Apreciagcdo da CONEP:
Né&o
Consideragdes Finais a critério do CEP:

Aprovado.

PORTO ALEGRE, 13 de Agosto de 2015

Assinado por:
MARIA DA GRACA CORSO DA MOTTA
(Coordenador)
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ANEXO C - PARECER DO COMITE DE ETICA EM PESQUISA DO GRUPO
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PARECER CONSUBSTANCIADO DO CEP

Elaborado pela Instituicdo Coparticipante
DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: IDENTIFICACAO, DIVERSIDADE GENOTIPICA E PERFIL DE SENSIBILIDADE A
ANTIMICROBIANOS DE Streptococcus spp. EM INFECCOES ENDODONTICAS
AGUDAS - |

Pesquisador: FRANCISCO MONTAGNER

Area Tematica:

Versdo: 1

CAAE: 46952315.1.3001.5530

Instituicao Proponente: UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 1.201.885

Apresentacao do Projeto:
Vide parecer anterior.

Objetivo da Pesquisa:
Vide parecer anterior.

Avaliagdo dos Riscos e Beneficios:
Adequados.

Comentarios e Consideracoes sobre a Pesquisa:

Pesquisadores apresentaram nova verséo adequadas as realidades do GHC.

RESPOSTA AO PARECER:

QUESTAO 1: Quem realizara a coleta na UPA-GHC? Como seréo os fluxos? De que forma afetara a rotina
do servigo?

RESPOSTA: Estas informacdes estédo descritas na pagina 21 (linhas 10 a 13) e na pagina 52
(correspondente ao ANEXO 1). As coletas microbiologicas na Unidade de Pronto Atendimento do Grupo
Hospitalar Conceigéo seréo realizadas pelo cirurgiao-dentista do GHC (Anexo 1). Conforme a declaracéo, os
procedimentos clinicos descritos no projeto seguem as condutas adotadas para o atendimento de infecgdes

endoddnticas agudas UPA-GHC. Os cones de papel, gerados durante o
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atendimento de urgéncia e que seriam descartados, serdo entregues para 0s pesquisadores.

QUESTAQ 2: Como e onde 0s pacientes terdo seus canais tratados?
RESPOSTA: O tratamento que o paciente recebera consiste no tratamento endoddntico de urgéncia de
rotina, motivo pelo qual o paciente procurou o servi¢o, conforme descrito na pagina 23 (linha 10). Os

pacientes seguirdo o fluxo de atendimento proposto pela Unidade de Pronto Atendimento do GHC.

QUESTAO 3: Instrumento coleta dados identifica sujeitos:
RESPOSTA: Conforme solicitado, foi removido do instrumento de coleta de dados (Apéndice 2) o registro

dos dados de identificacéo do paciente (pagina 57).

QUESTAO 4: Como sera o armazenamento do material biolagico? A FOUFRGS tem Biobanco? Como serdo
cumpridas as exigéncias da Resolugéo CNS 441/11?

RESPOSTA: Foi realizada correcdo no projeto e as amostras serdo descartadas apos a realizagéo do
estudo (pagina 40, linha 24).

QUESTAO 5: TCLE: néo traz os beneficios do estudo aos sujeitos envolvidos e nem tempo total dos
procedimentos.

RESPOSTA: Foram incluidos no TCLE os beneficios do estudo aos sujeitos envolvidos. Os beneficios
esperados afetam indiretamente os voluntarios, pois estarao relacionados ao controle da sintomatologia
dolorosa e a possibilidade de determinar a presenca de microrganismos resistentes aos antimicrobianos
prescritos em odontologia, o que contribuird para o estabelecimento de protocolos de atendimento de
urgéncia. Tal fato beneficia ambas as instituigdes envolvidas, os pacientes, e a sociedade como um todo
(pagina 56).

QUESTAO 6: Qual beneficio na participacao do GHC para instituicdo e seus pacientes?

RESPOSTA: Conforme incluido no texto, o individuo n&o tera nenhum beneficio adicional direto resultante
de sua participacéo na pesquisa. Os procedimentos clinicos executados no tratamento endoddntico de
urgéncia visam o tratamento da condig&o clinica de dor e infeccdo e n&o diferem daqueles normalmente
empregados. Os beneficios esperados afetam indiretamente os voluntarios, pois estardo relacionados ao
controle da sintomatologia dolorosa e a possibilidade de determinar a
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presenca de microrganismos resistentes aos antimicrobianos prescritos em odontologia.

Entretanto, sabe-se que a terapia antibidtica sistémica em endodontia é aplicada quando o3 pacientes
apresentam edema progressivo e sinais e sintomas de infeccéo incluindo febre, mal-estar e linfadenopatia.
Os antibidticos -lactamicos, especialmente penicilinas, tem sido recomendado como o0s antibidticos de
primeira escolha, pois apresentam bons resultados contra bactérias e possuem poucos efeitos adversos. No
entanto a atividade das penicilinas tem diminuido frente as bactérias causadoras de infeccdes
odontogénicas, como Streptococcus spp., em virtude sobretudo da automedicag&o.

Assim & necessario monitorar periodicamente a resisténcia de microrganismos frente a agentes
antimicrobianos, contribuindo para o estabelecimento de protocolos de atendimento de urgéncia. Tal fato
beneficia o GHC como instituigdo, os pacientes, e a sociedade como um todo. Este monitoramento é
importante pois fornece dados adicionais para Comissdes Institucionais de Controle de Infeccéo,

especialmente em estabelecimentos de saude (pagina 39).

Consideragdes sobre os Termos de apresentagao obrigatodria:
Adequados.

Recomendacgdes:

N/A

Conclusdes ou Pendéncias e Lista de Inadequacgdes:

Pendéncias atendidas.

Consideragées Finais a critério do CEP:

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situacéo
Projeto Detalhado / | PAULINE-GHC-PROJETO |.docx 19/06/2015 Aceito
Brochura 16:15:38
Investigador
TCLE/ Termos de | PAULINE-GHC-TCLE-APENDICE 1 - 19/06/2015 Aceito
Assentimento / |.docx 16:15:52
Justificativa de
Auséncia
QOutros PAULINE-GHC-CARTA-I docx 19/06/2015 Aceito

16:.17:.07
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Outros PAULINE-GHC-TERMO ANUENCIA 19/06/2015 Aceito
Lipg 16:17:45

Outros FORM GHC Compromisso. jpg 19/06/2015 Aceito
16:17:59

Qutros FORM GHC Integrantes.pdf 19/06/2015 Aceito
16:18:10

Outros CURRICULO - FRANCISCO 08/07/2015 Aceito
MONTAGNER pdf 10:25:59

Outros CURRICULO - MARIA BEATRIZ pdf 08/07/2015 Aceito
10:26:16

Outros CURRICULO - PAULINE LANG pdf 08/07/2015 Aceito
10:26:35

Folha de Rosto Plataforma Prof Francisco.pdf 08/07/2015 Aceito
10:25:01

Qutros Termo de Anuéncia GHC(1).pdf 08/07/2015 Aceito
15:33:27

Informacgdes Basicas| PB_INFORMACOES_BASICAS_DO_P 08/07/2015 Aceito
do Projeto ROJETO 541507 pdf 15:37:58

Situagdo do Parecer:

Aprovado

Necessita Apreciagdo da CONEP:
Néao

PORTO ALEGRE, 26 de Agosto de 2015

Assinado por:

Daniel Demétrio Faustino da Silva
(Coordenadeor)
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