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CYOIA, Paula Signolfi. Determinacdo de genes de Viruléncia, llhas de
Patogenicidade e Andlise Filogenética de amostras de Escherichia coli
Patogénica Extraintestinal Isoladas de Humanos. 2014. 48f. Dissertagao
(Mestrado em Microbiologia) — Universidade Estadual de Londrina. Londrina, 2014.

RESUMO

Escherichia coli Patogénica Extraintestinal (EXPEC) s&o amplamente estudadas
pois, podem ser associadas com varios agentes patogénicos, tais como infec¢des do
trato urinario, meningite neonatal e sepse. Ha muitos fatores de viruléncia (FV)
encontrados em ExXPEC tais como papC, papG, ecpA, iroN, fyuA, iutA, ompT, tsh,
hlyF, hlyA e iss. Esses fatores podem estar presentes em ilhas de patogenicidade
(PAI), que podem codificar varios outros FV. De acordo com a classificagao
filogenética de Clermont, E. coli podem pertencer aos principais grupos A, B1, B2 e
D. As bactérias comensais pertencem principalmente ao grupo A e EXPEC
distribuem-se mais no grupo B2. Neste estudo, foi analisada a presencga de FV, PAI
e grupos filogenéticos de 96 amostras de E. coli isoladas de urina e sangue de
pacientes do Hospital Universitario de Londrina, e estas amostras foram comparadas
com 50 amostras comensais. Destacou-se o FV fyuA (65,60%) em amostras
patogénicas e hlyA (54%) em amostras comensais. A comparacao da distribuicdo de
EXPEC e amostras comensais nos grupos filogenéticos mostraram que no grupo B2
tivemos mais ExXPEC; por outro lado, o grupo A tinha mais amostras comensais. A
distribuicao das sete PAls entre as amostras comensais e EXPEC mostrou que a PAI
IVs3s (44% e 67,7%) foi a mais encontrada em ambos os locais. Estes resultados
mostraram que tanto a caracterizagao filogenética, a busca de fatores de viruléncia e
a pesquisa de PAI contribuem na analise da patogenicidade das bactérias que
causam infecgdes, auxiliando na compreensao da sua patogénese.

Palavras-chave: EXPEC. Grupo filogenético. Fatores de viruléncia. PAI.



CYOIA, Paula Signolfi. Determination of virulence genes, pathogenicity islands
and phylogenetic analysis of Extraintestinal Pathogenic Escherichia coli
strains isolated from human. 2014. 48p. Dissertation (Microbiology Master) —
Universidade Estadual de Londrina. Londrina, 2014.

ABSTRACT

Extraintestinal Pathogenic Escherichia coli (ExXPEC) are widely studied because they
can be associated with various pathogens such as urinary tract infections, neonatal
meningitis and septicemia. There are many virulence factors (VF) found in ExPEC
which are papC, papG, ecpA, iroN, fyuA, iutA, ompT, tsh, hlyF, hlyA and iss. They
may be present in pathogenicity islands (PAI), which can encode several others VF.
According to the phylogenetic classification, E. coli belong to the main groups A, B1,
B2 or D, whereas commensal bacteria belong mainly to group A and ExPEC
distribute themselves more in group B2. In this study, we analyzed the presence of
VF, PAls and phylogenetic groups of 96 EXPEC strains isolated from urine and blood
of patients on the University Hospital of Londrina, and we compared with 50
commensal strains. In this study, we highlight the VF fyuA (65.60%) in pathogenic
samples and hlyA (54%) in commensal samples. A comparison of the distribution of
ExPEC and commensal strains in the phylogenetic groups showed that in the group
B2 we had more EXPEC; on the other hand, group A had more commensal samples.
The distribution of the seven PAls between commensal strains and ExXPEC strains
showed that PAI Vs3s (44% and 67.7%) was the most found in both sites. These
results showed that both phylogenetic characterization, the search for virulence
factors and PAls research contribute in the analysis of the pathogenicity of the
bacteria that cause infections, aiding in the understanding of their pathogenesis.

Keywords: EXPEC. Phylogenetic group. Virulence factors. PAL.
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1 INTRODUCAO

1.1 ESCHERICHIA COLI

Escherichia coli € uma bactéria que faz parte da familia
Enterobacteriaceae e pode ser caracterizada como bacilos Gram-negativos,
anaerdbios facultativos moveis ou imdveis, com presenca de adesinas fimbriais e/ou
afimbriais, responsaveis pela adesao da bactéria. Esta presente na microbiota
intestinal humana, bem como em outros animais de sangue quente como bovinos,
aves e equinos (PITOUT, 2012). Esta bactéria pode ser classificada em diferentes
grupos de acordo com o local da infecgdo e da linhagem patogénica. Nos animais,
podem acarretar quadros gastroentéricos e grande variedade de outras infecgodes,
incluindo mastite, endometrite, cistite, nefrite, artrite, abortamento, osteomielite,
endocardite, pneumonia, conjuntivite, septicemia, entre outros (LLOYD et al., 2007).
No homem, existem amostras comensais, pertencentes a microbiota normal;
amostras associadas as infec¢des intestinais (DEC — E. coli Diarreiogénica),
representadas por E. coli Enteropatogénica (EPEC), E. coli Enterotoxigénica
(ETEC), E. coli Enteroinvasiva (EIEC), E. coli Produtora de toxina shiga (STEC), E.
coli de aderéncia difusa (DAEC), E. coli Enteroagregativa (EAEC) (ESTRADA-
GARCIA et al,, 2009, KOHLER; DOBRINDT, 2011) e outras associados com
infecgcbes extraintestinais (EXPEC — E. coli Patogénica Extraintestinal) (MORIEL et
al., 2010).

1.2 E. CoLI PATOGENICA EXTRAINTESTINAL (EXPEC)

Dentre os patétipos de E. coli, EXPEC s&do os principais agentes
etiologicos das bacteremias causadas por bacilos Gram-negativos, tanto em
infeccbes de origem comunitaria quanto as de origem hospitalar (BIENDENBACH et
al., 2004; PITOUT, 2012; SADER et al., 2001). Sdo amplamente estudadas visto que
podem estar associadas a diversas patogenias extraintestinais como infecgbes no
trato respiratério, urinario (UPEC), meningite bacteriana neonatal (NMEC), sepsis,
osteomielites, celulites, infeccdes de feridas, infecgdes intra-abdominais diversas e
pneumonias hospitalares (JOHNSON; RUSSO, 2002a, 2002b; RUSSO; JOHNSON,
2000; WIESER et al., 2010). Estas infeccoes podem desenvolver-se tanto em
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animais (como a patogénica para aves — APEC) como em humanos sugerindo,
portanto, um risco zoonoético (JOHNSON et al.,, 2009). Tem sido relatado que
ExPEC difere de E. coli comensais especialmente por pertencerem a grupos
filogenéticos distintos e apresentarem diferentes fatores de viruléncia (JOHNSON et
al., 2001). A presencga de alguns fatores de viruléncia nas bactérias esta relacionada
com a capacidade que elas tém de sobreviver em quase todos os sitios anatémicos,
e, dessa forma, evadir-se do sistema imune do hospedeiro, invadir tecidos e induzir
resposta inflamatoria, causando as infecgdes extraintestinais (JOHNSON; RUSSO,
2005).

As infecgbes do trato urinario (ITU) sdo consideradas uma das mais
comuns encontradas na populagdo em geral no mundo todo (LOPES; TAVARES,
2005). O agente etiologico mais comumente isolado das ITUs é a bactéria E. coli,
responsavel por aproximadamente 70-85% das infecgdes urinarias dos pacientes
(RORIZ-FILHO et al., 2010).

Tem sido extensivamente pesquisada uma correlacdo entre ExXPEC
humana, principalmente UPEC, e APEC. APEC ¢é responsavel pela
colibacilose aviaria, que se refere a qualquer infeccao localizada ou sistémica, tais
como uma septicemia aguda ou subaguda fatal, pericardite ou aerossaculite
(CAMPOS et al., 2008; DOZOIS et al., 2000). E responsavel por grandes perdas
financeiras para a industria avicola devido a mortalidade, perda de producido e
condenagbes das carcagcas (ZHAO et al., 2009). ExPEC humana e APEC
apresentam similaridades nos sorogrupos e nos genes de viruléncia (BONACORSI
et al., 2000; BULLEN et al., 2005; OELSCHLAEGER et al., 2002). A presenca
comum de um conjunto de genes associados a viruléncia entre linhagens de APEC e
UPEC, bem como os semelhantes padrbes filogenéticos da doenga, indica uma
relacdo genética entre isolados de APEC e UPEC (KAPER et al., 2004; MOULIN-
SCHOULEUR et al.,, 2006; RON, 2006). Skyberg et al. (2006) sugeriram que
plasmidios de APEC serviiam como reservatérios de genes associados a
uroviruléncia para amostras de UPEC, uma vez que, uma amostra comensal que
recebeu plasmidios de APEC tornou-se capaz de crescer na urina humana e

colonizar rins de camundongos.
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1.3 FATORES DE VIRULENCIA

Os fatores de viruléncia incluem mecanismos que contribuem para a
instalagdo do patdégeno no tecido hospedeiro, subvertendo as barreiras de defesa do
sistema imune sendo que o0s genes responsaveis pela codificagdo destes fatores
podem estar em cromossomos, fagos ou plasmidios (DONNENBERG; WHITTAM,
2001; JOHNSON; STELL, 2000; MUHLDORFER; HACKER, 1994). Por apresentar
estas caracteristicas especiais, podem colonizar diferentes sitios extraintestinais,
sobreviver em ambientes com baixa concentracdo de ferro, escapar do sistema
imune do hospedeiro, resistir as células de defesa e a atividade litica do soro, invadir
tecidos, além de produzir substancias citotoxicas como hemolisinas e fator
necrotizante citotoxico 1, e entdo causar uma infeccdo extraintestinal (JOHNSON;
RUSSO, 2002a; RUSSO; JOHNSON, 2003).

Varios genes de viruléncia tem sido identificados em ExPEC, entre
eles o papC (fimbria P), papG (fimbria P), ecpA (fimbria adesiva extracelular), iroN
(relacionado a sintese de receptores de sideroforo salmoquelina), fyuA (receptor de
yersiniabactina), iutA (relacionado a sintese de receptores de sideréforo
aerobactina), ompT (codifica a producdo de proteina de membrana externa), tsh
(hemaglutinina temperatura sensivel), hlyF e hlyA (responsaveis pela producao de
hemolisina) e iss (confere resisténcia sérica a bactéria) (BELANGER et al., 2011;
EWERS et al., 2009; JOHNSON et al., 2008a; SANTOS et al., 2009). Estes fatores
sdo comumente encontrados em isolados de EXPEC conferindo a estas amostras
um potencial patogénico que é incomum em amostras comensais (SABATE et al.,
2006).

Além disto, recentemente, tem sido relatada uma nova regido
plasmidica chamada Conserved Virulence Plasmidic (CVP) que apresenta 8 operons
ou genes: iro, iuc, sit, ompT, cva, hlyF, ets e iss (LEMAITRE et al., 2013). Esta
regido esta presente em cerca de 10-20% das amostras de infec¢ao urinaria e 50-
60% das amostras de meningite neonatal, e classificada principalmente como do
grupo filogenético B2 (JOHNSON et al., 2008b; MAHJOUB-MESSAI et al., 2011;
PEIGNE et al., 2009).
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1.3.1 Aquisicao de Ferro

A concentragcdo de ferro € limitada em locais de infecgéo
extraintestinal em grande parte devido a fatores do hospedeiro que reduzem a sua
disponibilidade. O ferro é elemento essencial para a multiplicacido bacteriana. No
entenato, a disponibilidade desse ion € limitada, encontrado intracelularmente nas
proteinas heme e em pequena quantidade no meio extracelular (ANDREWS et al.,
2003; RUSSO et al., 2002). Consequentemente como resultado, a aquisigéo de ferro
€ uma necessidade critica de patégenos que se multiplicam dentro de um
hospedeiro (RUSSO et al., 2002). As bactérias patogénicas desenvolvem diversos
mecanismos envolvidos na aquisicdo de ferro para superar seu déficit, como a
sintese de siderdforos, que sdo quelantes de ferro e sistemas de captagcao de ferro
de moléculas como heme, transferrina e lactoferrina (CROSA et al., 2004;
ANDREWS et al., 2003). A perda desses sistemas em bactérias patogénicas diminui
acentuadamente sua viruléncia demonstrando a correlagcdo entre aquisicdo de ferro
e doencas infecciosas bacterianas. Fatores que envolvem a aquisicdo de ferro
possuem uma alta prevaléncia em isolados de ExPEC (BELANGER et al., 2011).

A salmoquelina e a aerobactina sado sideroforos produzidos em
condicdes de baixa disponibilidade de ferro nos fluidos corpéreos e nos tecidos de
vertebrados e tem como fungéo capturar ferro da transferrina (CAZA et al., 2011;
TORRES et al.,, 2001). Além desses dois fatores de viruléncia, também pode ser
encontrado a yersiniabactina, originalmente encontrado em Yersinia spp., que
também esta relacionada com a captagao de ferro (JOHNSON; RUSSO, 2005).

Os genes que codificam a aerobactina podem estar localizados tanto
em plasmidios como no cromossomo bacteriano. Este operon é composto por cinco
genes iucABCD e iutA, dos quais quatro (iucABCD) codificam enzimas necessarias
para a sintese da aerobactina e o iutA, receptor de aerobactina. Este sideréforo é
encontrado facilmente em humanos com pielonefrite (73%), cistite (49%) ou
bacteremia (58%) e, também podem ser encontradas, em pacientes com bacteriuria
assintomatica (38%) ou em amostras fecais (41%), denotando a maior participagao
deste fator de viruléncia nas infecgbes extraintestinais, particularmente no trato
urinario (GARCIA; LE BOUGUENEC, 1996).

O gene iro esta localizado no plasmidio ColV e é codificado pelos

genes iroBCDEN. Foi demonstrado que a expressao génica de iroN é regulada de
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acordo com a concentragao de ferro presente no meio e aumentada na presencga de
urina humana, fluido ascitico ou sangue, de acordo com a origem dos isolados de E.
coli utilizados (SORSA et al., 2003).

1.3.2 Protease e Toxinas

Entre as proteinas identificadas em E. coli a endoprotease OmpT,
hemaglutinina tsh e a alfa-hemolisina. A proteina ompT esta localizada na
membrana externa que originalmente foi classificada como uma protease serina, e
atualmente como uma protease aspartil (familia A26). A enzima consiste de 297
residuos de aminoacidos e apresenta poucas cisteinas, e requer o
lipopolissacarideo da membrana externa para a sua atividade.

O gene ompT, codifica proteinas localizadas na membrana externa e
tem sido caracterizado como um ativador do plasminogénio, com a capacidade
de hidrolisar a protamina e bloquear a sua entrada. As proteinas por ele produzidas
ajudam na permanéncia da E. coli no trato urinario, prolongando a infecgéo
(VANDEPUTTE-RUTTEN et al., 2001). Em um trabalho realizado por Zhao et al.
(2009), foi encontrado mais de 60% de positividade do gene ompT nas amostras de
UPEC.

A hemaglutinina Tsh, codificada pelo gene tsh, foi isolada e
caracterizada pela primeira vez em amostra de APEC que causavam aerosaculite e
colisepticemia em aves (DOZOIS et al., 2000; PROVENCE; CURTISS, 1992). Esta
apresenta atividade proteolitica em adicdo a atividade de hemaglutinacdo. No
entanto, seu papel em EXPEC tem sido questionado por alguns autores. Rodriguez-
Siek et al. (2005), comparando os fatores de viruléncia presentes em APEC e UPEC,
encontraram o gene tsh em 63% de APEC e 39,5% de UPEC. Por outro lado,
Heimer et al. (2004), analisando amostras humanas encontraram o gene tsh em
63% de UPEC e em 33% de E. coli isolada de fezes. Esses dados sugerem que o
gene tsh faz parte do conjunto de genes de viruléncia presentes em ExPEC.

As linhagens hemoliticas predominam em infecgdes extraintestinais,
tais como ITU, peritonite, apendicite, sepsis e meningite neonatal. A hemolisina,
conhecida também como proteina formadora de poros na membrana de células,
possui capacidade de lisar eritrécitos, leucdcitos, granulécitos, fibroblastos e células

uroepiteliais. A lise de eritrocitos aumenta a disponibilidade do ion ferro para o
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microrganismo, e ocorre frente a altas concentragcbes da alfa hemolisina. Esta
proteina, em baixas concentracdes, € litica para leucécitos, mondcitos e linfocitos T
periféricos. A sintese, a maturacdo e a secregcdo da alfa hemolisina s&o
determinadas pelo operon hlyCABD, que codifica as proteinas HIyA, HlyB, HlyC e
HlyD, as quais estdo envolvidas na lise das células (ISLAND et al., 1998).

O gene hlyA tem sido frequentemente associado ao grupo
filogenético B2 de amostras de UPEC. Trabalhos como os de Zhao et al. (2009) e
Piatti et al., (2008), mostraram uma frequéncia de 34% e 10% respectivamente,
sendo que o ultimo encontrou um numero menor de amostras relacionadas a este
grupo filogenético.

O gene hlyF é frequentemente encontrado em amostras de APEC
por ser uma hemolisina aviaria, e também ja foi encontrada em amostra NMEC
(PEIGNE et al., 2009). Estudos como o de Skyberg et al. (2008), mostram uma alta
expressao da hlyF nas amostras de E. coli, quando comparado a outros genes: iroN,
IutA, cvaC e tsh.

1.3.3 Sobrevivéncia Bacteriana

Mecanismo de resisténcia ao soro é compreendido como a
capacidade que determinado microrganismo apresenta em evadir-se do sistema
imunoldgico do hospedeiro. Essa capacidade é devida a alguns fatores como a
presenga de antigenos capsulares, lipopolissacarideos e proteinas da membrana
externa denominadas Iss, codificada pelo gene iss.

O gene iss foi descrito pela primeira vez em E. coli humana
associado com o plasmidio ColV pela sua capacidade de conferir resisténcia sérica.
Este gene é responsavel pelo bloqueio do complexo terminal do sistema do
complemento que atua na membrana celular causando a lise da célula. Portanto, ele
confere a bactéria resisténcia ao complemento, que € um mecanismo de defesa do
hospedeiro e que atua contra infecgdes, pois € capaz de promover a opsonizacao e
lise do agente infeccioso (BINNS et al., 1982). Essa caracteristica € importante para
a patogénese uma vez que auxilia a bactéria a persistir nos fluidos e 6rgaos internos
do hospedeiro (MELLATA et al., 2003).

O gene iss esta localizado em um plasmidio conjugativo R, com um

tamanho aproximado de 100 kb, juntamente com outros genes de viruléncia e de
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resisténcia a antimicrobianos. Este plasmidio pode ser transferido, por conjugagao,
para outras bactérias avirulentas, inclusive outras E. coli. Quando isto ocorre, a
bactéria que o recebeu adquire a capacidade de produzir aerobactina, resisténcia a
ampicilina, a tetraciclina e ao complemento (JOHNSON et al., 2004; JOHNSON et
al., 2002).

1.3.4 Adesinas

A colonizagao dos tecidos do hospedeiro por agentes patogénicos
bacterianos é multifatorial envolvendo adesinas fimbriais e ndo fimbriais, que podem
atuar ao mesmo tempo ou em diferentes estagios durante a infeccdo (RENDON et
al., 2007; SALDANA et al., 2009). Os pili sdo fatores de viruléncia que medeiam a
agregacao e o reconhecimento especifico do receptor da célula hospedeira.

A E. coli pilus comum (ECP), é uma fimbria adesiva extracelular
codificada pelo operon ecpRABCDE. Foi primeiramente documentada em
associagdo com amostras de meningite neonatal e sepsis, onde foi originalmente
chamada de fimbria Mat (meningite associada e com temperatura regulada)
(GARNETT et al.,, 2012; POUTTU et al.,, 2001). Novos estudos, no entanto,
revelaram que o operon do ecp é bastante conservado e distribuido em E. coli,
tornando-o uma estrutura comum tanto em amostras comensais como em amostras
patogénicas (BLACKBURN et al., 2009; GARNETT et al., 2012; SALDANA et al.,
2009) . Além disso, este gene é encontrado em outras enterobactérias patogénicas
que se desenvolvem no trato gastrointestinal e urinario (GARNETT et al., 2012).

A fimbria P, que reconhece glicopeptidios contendo especificamente
o dissacarideo a-D-galactose (1-4) p-D—galactose, esta envolvida em diferentes
infeccdes extraintestinais (KALLENIUS et al., 1980; RUIZ et al., 2002). Foi
inicialmente encontrada em amostras de E. coli que causam UTI em humanos, e é
responsavel pela aderéncia bacteriana as células uroepiteliais, e esta envolvida no
desenvolvimento de pielonefrite (JOHNSON, 1991; LE BOUGUENEC, 2005). Tem
sido encontrada em amostras de ExPEC e em comensais do trato gastrintestinal
(BONACORSI; BINGEN, 2005; RODRIGUEZ-SIEK et al., 2005). E codificada pelo
operon pap - pyelonepritis associated adhesin — que compreende tais genes: papA
que codifica a subunidade maior do corpo da fimbria; papE, papF e papG que

codificam as subunidades menores; papH que ajuda na fixagdo na célula; papC e
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papD que sado responsaveis pela polimerizagcdo e transporte dos peptideos da

fimbria.

1.4 ILHAS DE PATOGENICIDADE (PAl)

Os microrganismos patogénicos se distinguem de outros da mesma
espécie pelo fato de possuirem e expressarem genes que codificam fatores de
viruléncia, isto é, fatores que propiciam a colonizagcdo e ocorréncia de diversos
eventos que subvertem a fisiologia hospedeira, ocasionando o aparecimento de
sinais e sintomas anormais, que irao, finalmente, definir o estado de doencga.

Além dos fatores de viruléncia ja citados, foi descrito em 1990 por
Hacker et al., as llhas Genémicas (IG) e dentre elas, as llhas de Patogenicidade
(PAl) que podem carrear varios fatores de viruléncia, que também podem ser
carreados por plasmidios e bacteridfagos lisogénicos, bem como codificar parte ou
todo arsenal molecular para que esses fatores capacitem o microrganismo a
alcancgar o alvo na célula hospedeira.

As PAls estdo localizadas em regides cromossomais, segmentos
geralmente grandes de DNA, que possuem entre 10 a 200 kb (VIEIRA, 2009). As
PAls sédo constituidas por guanidina e citosina (G+C) em concentra¢des diferentes
da encontrada no genoma bacteriano do hospedeiro e normalmente estdo inseridas
em regides especificas do genoma bacteriano associadas a genes que codificam
RNAt (SABATE et al., 2006). Entretanto, como o sitio-alvo & duplicado durante a
insergcado, um gene de RNAt intacto € regenerado durante o processo de insergao.
Acredita-se que estas PAIls possuem origem exdgena pelos seguintes motivos: estas
ilhas sao flanqueadas por repetigbes invertidas, mostrando que em algum momento
da evolucéao, esta regiao foi inteiramente inserida no cromossomo por transposi¢ao;
a composigao das bases e o0 uso preferencial de codons diferem de forma relevante
do restante do genoma; e por fim, estas ndo sdo encontradas em todas as
linhagens, apenas em algumas (MADIGAN et al., 2010).

Em E. coli uropatogénicas, as PAls mais estudadas sao: PAI | e I
identificadas em E. coli J96 e E. coli CFT073; e PAl | a IV em E. coli 536, verificando-
se que a PAI IVs3 é a mais frequente em UPEC (SABATE et al., 2006; SCHMIDT;

HENSEL, 2004). A presenca de PAls é uma caracteristica presente em amostras de
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UPEC associadas com formas clinicamente graves da infecgdo (GAL-MOR; FINLAY,
2006; KAO et al., 1997).

1.5  ANALISE FILOGENETICA

E. coli pode ser ainda classificada filogeneticamente pesquisando-se
os genes chuA, yjaA e o fragmento de DNA TSPE4.C2 (CLERMONT et al., 2000;
KOTLOWSKI et al., 2007). De acordo com a presenga ou auséncia destes genes,
classifica-se E. coli como pertencentes do grupo B2, grupo D, grupo B1 e grupo A
(Figura 1). Um novo grupo foi descoberto recentemente, o grupo C, um subgrupo
classificado erroneamente como do grupo A pelo triplex de Clermont, apesar de ser
mais correlacionado com o grupo B1 (CLERMONT et al., 2013; LEMAITRE et al.,
2013). As amostras comensais pertencem principalmente ao grupo filogenético A e
B1 (MORENO et al.,, 2005; TENAILLON et al.,, 2010); enquanto as patogénicas
intestinais distribuem-se pelos grupos B1, D e em menor frequéncia pelo grupo A
(SANTOS et al.,, 2009); e as ExPEC humanas, incluindo UPEC, NMEC, séao
representantes do grupo B2 e também, em menor frequéncia, do grupo D (EWERS
et al.,, 2007). ExPEC difere de amostras de E. coli comensais e patogénicas
intestinais ndo s6 devido a presenga de diversos fatores de viruléncia como
adesinas, invasinas, toxinas, sistemas captadores de ferro; mas também por
pertencerem, em sua maioria, ao grupo filogenético B2 (JOHNSON et al., 2008b). As
amostras de EXPEC que pertencem aos grupos A e B1 geralmente possuem poucos
fatores de viruléncia apresentando portanto, baixa viruléncia quando comparadas as
amostras de EXPEC pertencentes aos grupos filogenéticos B2 e D (EWERS et al.,
2007; LEMAITRE et al., 2013).
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Figura 1l - Representacdo esquematica da classificacdo filogenética de E. coli
baseada nos genes chuA, yjaA e no fragmento TSPE4C2, segundo
Clermont et al. (2000).
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1.6 RESISTENCIA AOS ANTIMICROBIANOS

A resisténcia as diversas drogas utilizadas na terapéutica das
infecgdes causadas pela E. coli tem sido motivo de preocupacgao das autoridades de
saude. Nos ultimos tempos o uso indiscriminado de antimicrobianos tem aumentado
a prevaléncia de bactérias resistentes e consequente permuta dos mecanismos de
resisténcia entre bactérias (FOXMAN et al., 2007).

B-lactdamicos, sulfonamidas, fluoroquinolonas e aminoglicosideos sao
as drogas antimicrobianas mais comumente prescritas para o tratamento das ITUs
(ARSLAN et al., 2005). Contudo, o crescente indice de resisténcia aos
antimicrobianos aliado ao fato de que as amostras de E. coli ndo apresentam um
perfil constante de susceptibilidade a estas drogas torna necessaria a realizagao de
testes de sensibilidade aos antimicrobianos a fim de monitorar os padrbes de

resisténcia entre os patégenos causadores de infecgdes urinarias.
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Caracterizar molecularmente os fatores de viruléncia, llhas de
Patogecidade e classificar filogeneticamente amostras de E. coli Patogénica
Extraintestinal (ExPEC).

3.2 OBJETIVOS ESPECIFICOS

1 - Detectar os principais genes de viruléncia presentes em amostras
de ExPEC.

2 - |dentificar a presenca de llhas de Patogenicidade nas amostras
de ExPEC.

3 - Classificar filogeneticamente as amostras de ExPEC.
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ABSTRACT

Extraintestinal Pathogenic Escherichia coli (EXPEC) are widely studied because they
can be associated with various pathogens such as respiratory problems, urinary tract
infections, neonatal meningitis and septicemia. There are many virulence factors (VF)
found in pathogenic bacteria such as EXPEC, which are the papC, papG, ecpA, iroN,
fyuA, iutA, ompT, tsh, hlyF, hlyA and iss. The VF mentioned may be present in
pathogenicity islands (PAIl), which can encode several other VF. According to the
phylogenetic classification, E. coli may belong to group A, B1, B2 or D, and bacteria
from microbiota belong mainly to phylogenetic group A and the pathogenic distribute
themselves in group B2 and also, to a lesser extent, in group D. In this study, by
Polymerase Chain Reaction we characterized the VF, researched PAIls and also
made the phylogenetic analysis of 96 EXPEC strains isolated from urine and blood of
patients in the period of 2008-2011 on the University Hospital of Londrina, comparing
with 50 strains of the normal human microbiota. In this study, we highlight the VF
ecpA (94.79%) and fyuA (65.60%) in pathogenic samples and ecpA (96%) and hlyA
(54%) in microbiota samples. A comparison of the distribution of ExPEC and
microbiota strains in the phylogenetic groups showed that in the group B2 we had
more EXPEC than commensal samples on the other hand, group A had more
commensal samples than pathogenic samples, showing that pathogenic samples fit
in the group of higher virulence, B2, and commensal samples fit in the group of lower
virulence. A comparison of the distribution of the PAls between microbiota and
EXPEC strains showed that the PAl was found more was PAI V536 (44% and
67.7%), followed by PAI ICFT073 (20% and 45.83%), PAI IICFT073 (10% and
32.3%), PAI 1536 (6% and 14.6%) and PAI 11536 (6% and 22.9%). These results
show that the most common EXPEC was UTI, in females aged 18 to 35 years old.
Both phylogenetic characterization, the search for virulence factors and PAls
research contribute in the analysis of the pathogenicity of the bacteria that cause
infections, aiding in the understanding of their pathogenesis.
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INTRODUCTION

Escherichia coli is part of the family Enterobacteriaceae. It is present
in human intestinal microbiota as well as in other warm-blooded animals such as
cattle, horses and poultry (Holt et al., 1994). E. coli are the main etiological agents of
bacteremia caused by Gram - negative bacilli (Biendenbach et al., 2004; Pitout,
2012; Sader et al., 2001) It can be classified in different groups according to the site
of infection and pathogenic strain. In animals can cause gastroenteritis and a variety
of other infections, including UTI, mastitis, endometritis, cystitis, nephritis, arthritis,
abortion, osteomyelitis, endocarditis, pneumonia, conjunctivitis, septicemia, among
others (Johnson & Russo, 2002a; Johnson & Russo, 2002b; Lloyd et al., 2007;
Russo & Johnson, 2000; Wieser et al., 2010). These infections can develop both in
animals (such as pathogenic for poultry - APEC) as in humans, suggesting a
zoonotic risk (Johnson et al., 2009). EXPEC differs from commensal E. coli especially
for belonging to different phylogenetic groups and have different virulence factors
(Johnson et al., 2001a).

The urinary tract infections (UTI) are considered one of the most
common found in the general population (Lopes & Tavares, 2005). The most
commonly isolated etiological agent of UTlIs is E. coli, accounting for approximately
70-85% of urinary patients’ infections (Roriz-Filho et al., 2010). There are many
virulence genes found in pathogenic bacteria such as ExXPEC, among which are the
papC (P fimbriae), papG (P fimbriae), ecpA (extracellular adhesive fimbriae), iroN
(related to the synthesis of the siderophore receptors salmoquelin), fyuA
(yersiniabactin the receiver), iutA (related to the synthesis of aerobactin siderophore
receptor), ompT (encoding the production of outer membrane protein), tsh
(temperature sensitive hemagglutinin), hlyF and hlyA (responsible for the production
of hemolysin) and iss (serum confers resistance to bacteria) (Belanger et al., 2011;
Ewers et al., 2009; Johnson et al., 2008; Santos et al., 2009). These factors are
commonly found in EXPEC isolated from these samples giving a pathogenic potential
that is unusual in commensal samples (SABATE et al., 2006). Was recently
discovered a new plasmid region called Conserved Virulence Plasmidic (CVP)
having 8 genes or operons: iro, iuc, sit, ompT, cva, hlyF, ets and iss (Lemaitre et al.,
2013). This region is present in about 10-20% of UPEC samples and samples of 50-
60% NMEC and classified mostly as the phylogenetic group B2 (Mahjoub-Messai et
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al., 2011; Johnson et al., 2008a; Peigne et al., 2009). By presenting these special
characteristics, E. coli can colonize different extraintestinal sites, survive in
environments with low iron concentration, escape the host immune system, resist
defense cells and the lytic activity of the serum, invade tissues, and produce
cytotoxic substances such as hemolysin and cytotoxic necrotizing factor 1, and then
cause extraintestinal infection (Johnson & Russo, 2002a; Russo & Johnson, 2003).

Besides the VF already mentioned, was described in 1990 by Hacker
and colleagues, the Genomic Islands (Gl) and among them, the pathogenicity islands
(PAI) which may carry several virulence factors, which may also be adduced by
plasmids and bacteriophages, and may encode all or part of molecular arsenal for
these factors enable the microorganism to reach the target host cell. In UPEC, the
most studied PAls are: PAI | and Il identified in J96 E. coli and CFT073 E. coli, PAI |
and IV in 536 E. coli, verifying that the PAI IV536 is more common in UPEC (Sabaté
et al., 2006; Schmidt & Hensel, 2004). The presence of PAls present in samples of
UPEC feature associated with clinically severe forms of infection (Gal-Mor & Finlay,
2006; Kao et al., 1997).

Furthermore, E. coli can be classified phylogenetically researching
the genes yjaA and chuA, and a DNA fragment (TSPE4.C2) (Clermont et al., 2000;
Kotlowski et al., 2007). According to the presence or absence of these genes E. coli
is classified to belong to the main phylogenetic groups: B2, A, B1 and D. A new
group was found, the group C, which is a subgroup misclassified as group A by
Clermont’s triplex, despite being more correlated with the group B1 (Clermont et al.,
2012; Lemaitre et al., 2013). EXPEC strains differs from intestinal and commensal E.
coli not only due to the presence of several virulence factors such as adhesins,
invasins, toxins, siderophores, but also because they belong, mostly to phylogenetic
group B2 (Johnson et al., 2008a). Samples of EXPEC belonging to groups A and B1
generally have few virulence factors presenting so low virulence compared samples
of EXPEC belonging to phylogenetic groups B2 and D (Ewers et al., 2007; Lemaitre
et al., 2013).

Therefore the goal of this study was to describe molecularly the
virulence factors, pathogenicity islands and phylogenetic analysis of EXPEC isolated

from the south of Brazil.
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MATERIALS AND METHODS

Samples

Isolation and identification of E. coli samples

In this study, we used urine samples from urine culture and blood of
patients. These samples were collected by medical criteria aiming to support
diagnosis and treatment from University Hospital (UH), Universidade Estadual de
Londrina (UEL / Pr). We collected 96 samples of EXPEC in the period 2008-2011. As
a case-control study, 50 E. coli were isolated from faecal samples from volunteers
with no infection. Participated in this study, patients older than 18 years, attended by
the service outpatient and emergency department of UH and the Clinic Hospital (CH),
from UEL, after their consent by signing the Consent clarified (Process 23335/08). E.
coli strains were isolated and identified by the clinical microbiology laboratory of UH,
and sent to Department of Microbiology, UEL, where they were stored for the
research.

RS218 and V27 (Johnson & Stell, 2000), EPEC 2348/69 (Levine et
al., 1978), J96 (Sabaté et al., 2006) were used as reference strains. The samples
were stored in Brain Heart Infusion (BHI) (Difco®) plus 20% glycerol (Sigma®) media
at -80 °C.

Analysis of antimicrobial resistance

The following antimicrobial agents were used: amikacin, aztreonam,
cefazolin, cefepime, cefotaxime, ceftazidime, ciprofloxacin, ertapenem, gentamicin,
imipenem, levofloxacin, meropenem, nitrofunrantoina, piperacillin + tazobactam, and
trimethoprim-sulfamethoxazole through the microdilution automated Phoenix® from
UH.

Detecting virulence genes, Pathogenicity islands and Phylogenetic

classification using polymerase chain reaction (PCR)

Detecting virulence genes using polymerase chain reaction (PCR)
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The primers used for amplification of DNA fragments responsible for
virulence characteristics were iroN, ompT, hlyF, iss, iutA (Johnson et al., 2008), tsh
(Dozois et al., 2000), hlyA, fyuA, papG (Johnson & Stell, 2000), papC (Le Bouguenec
et al., 1992) and ecpA (Blackburn et al., 2009). The amplification of bacterial DNA
was performed using 2.5 ul of supernatant in 12,5 pl of reaction mixture, which
contained 1.5 U Taqg polymerase (Invitrogen®), 0.2 mM of each deoxynucleoside
triphosphate (dNTP, Invitrogen®), 2.5 mM MgCl,, PCR Buffer 10X (Invitrogen®) and
the appropriate primers.

Ten microliters of each reaction mixture were subjected to
electrophoresis on a 2% agarose gel followed by staining with 1 yl Gel Red 20X
(Biotium®) (1:500) and visualization in a UV transilluminator. A 1 Kb DNA ladder

(Invitrogen®) was run on each gel.

Detecting PAI

Seven islands were analyzed by PCR: PAI lllszs, PAI [Vs3, PAI
”CFTO73, PAI |536, PAI ”536, PAI |J96 and PAI |CFTO73. The samples were subject to PCR in
a thermal cycler (Applied Biosystems®) with an annealing temperature of 55°C as

used by Sabaté and collaborators (2006).

Phylogenetic classification

The phylogenetic classification into groups is carried out according to
the method developed by Clermont and collaborators (2000) and modified by
Kotlowski and collaborators (2007). Using this method, the isolates are classified into
four main groups (A, B1, B2 and D), based on the presence of two genes yjaA and
chuA, and a DNA fragment (TSPE4.C2) (Table 3). The samples were subject to PCR
in a thermal cycler (Applied Biosystems®) with an annealing temperature of 54°C.
Ten microliters of each reaction mixture were subjected to electrophoresis on a 2%
agarose gel followed by staining with 1 pl Gel Red (Biotium®) and visualization in a

UV transilluminator. A 1 Kb DNA ladder (Invitrogen®) was run on each gel.
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Statistical analysis

Comparison of frequencies among different groups was made by the
Fisher exact test. The threshold for statistical significance was a P value <0.05. The

test was performed with the statistical program BioEstat version 5.3.

RESULTS

Analysis of the distribution of extraintestinal infections

Among the 96 patients with extraintestinal infection may be noted
that 94.8% of infections were urinary tract, and 75.8% were female, while the
remainder (24.2%) belonged to infections in males. The rest of the infections were
characterized as blood cultures, accounting 5.2%. In addition, urinary tract infections
could be divided into cystitis (86.5%), pyelonephritis (2%) and urosepsis (6.3%).
Through the medical records of patients we were able to identify that 24% were
recurrent infections. In addition to observing the UTI was more frequent in female
patients (75.8%), we note that the age that the infection is more appear is between
18 and 35 years, corresponding 42% of cases.

We noticed in our research that the graph of the frequency of UTlIs
reverses when comparing men and women, as can be seen in Figure 1. While
females have a higher incidence in the youngest age group surveyed, between 18-35
years (42%), males have their peak of infection from the age of 50, representing 50%

of cases among men with 51-75 years.
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Correlation between age, gender and frequency of

UTI
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Figurel. Correlation between age, gender and frequency of UTI of 91 patients
seen at University Hospital (UH) and the Hospital of the State University of
Londrina (UEL-HC) in the period 2008-2011.

Antimicrobial resistance

In the analysis of antimicrobial resistance performed on samples of
EXPEC is observed that among the 96 samples, 42 (43.75%) had at least one
resistance to antimicrobial. Many samples (28%) showed resistance to three or more
antimicrobials of 15 tested. Antimicrobials that stood out as bacterial resistance were
sulfamethoxazole-trimethoprim  (35.41%), ciprofloxacin (33.33%), levofloxacin
(32.29%), gentamicin (11.45%) and cefazolin (8.33 %). Of the 50 microbial samples
used as negative control, only 6 (12%) were resistant to at least one antibiotic. The

infection samples are more resistant than normal microbiota samples (p<0,01).
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Resistance profile
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Figure2. Difference in resistance between EXPEC and Microbiota.

Analysis of Virulence Factors

In this study, we highlight the gene ecpA (94.8%) and fyuA (65.60%),
as found in most samples, and both more distributed in the phylogenetic group B2,
as shown in Table 1. Among the other iron uptakers, iroN and iutA, the percentage
remained between 35-50% of positivity and they are also distributed among all
groups but with a higher percentage in group B2 and D. Proteases and toxins, ompT,
tsh, hlyF and hlyA genes had a lower positive (10-20%) and were also well
distributed among phylogenetic groups, with emphasis in group B1 and B2. The iss
gene, responsible for bacterial survival to complement, got 20% positivity in the
samples (p>0,05) and was more distributed in group B1. Finally, among the adhesins
papC, papG, there was a little variation in positivity (20-22% p>0,05) and they were
more concentrated in groups B2 and D.

In the negative control, the majority of these genes appeared less
frequently or was not found (the exception is the ecpA gene), as is the case of iutA
gene (p<0,01). Most genes were present between 0-15% of the samples.

Out of 96 samples of EXPEC isolated, 18 (18.75%) belonged to
group A, 19 (19.79%) belonged to group B1, 33 (34.38%) to group B2 and 26
(27.08%) were classified as group D.



TABLE 1. Frequency of the virulence factor compared between 96 samples of

ExXPEC and 50 samples of microbiota.

Virulence Factor

EXPEC (n=96)

Microbiota (n=50)

iroN 34,38%* 10,00%
hlyF 19,79%* 6,00%
iutA 41,67%* 0,00%
ompT 22,92%* 4,00%
iss 20,83% 8,00%
fyuA 65,6%* 46,00%
tsh 9,38% 2,00%
hlyA 18,75% 54%*
papC 22,90% 12,00%
papG 20,83% 12,00%
ecpA 94,80% 96%
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Figure3. Distribution of phylogenetic groups of EXPEC between Virulence

Factors studied.

Analysis of the distribution of PAIs on the EXPEC samples

50 samples were isolated from commensal E. coli and the PAls were

found in 26 (52%) samples. Of the 96 EXPEC samples analyzed in our study, 75

(78%%) were positive for the PAI. Even finding PAls in commensal samples, this
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percentage shows much smaller than that found in pathogenic samples. A
comparison of the distribution of pathogenicity islands between commensal samples
and ExPEC samples are showed in table 2. In our study PAI [lI1536 was found in only
one sample (1.04% p>0,05), while PAI 1J96 (p>0,05) was not detected in any of the
isolates. The distribution of EXPEC’s and Microbiota’s PAls of this work is illustrated
by Figure 4.

The distribution of the PAIs of EXPEC and normal microbiota in the
phylogenetic groups is shown in Figure 5, and shows that most ExXPEC samples that
have island (78%) belong to group B2 (42.7%). Then appears the group D (30.7%),
group A (14.7%) and less frequent is the group B1 (12%). In samples of normal
microbiota that have islands (52%) most of them belong to group A (84,6%). Then we
have the group B2 (11,5%), B1 (3,84%) and D (0%). Of 96 ExPEC isolates, three or
more PAls were found in 30 (31.25%) EXPEC samples. Samples that were classified
as the group with increased virulence, B2, 86.7% had three or more PAls. However,

the samples that did not have PAls, they were more distributed in group B1 (47.6%).

TABLE 2. Percentage of PAls found in EXPEC samples and microbiota

samples.
PAI ExPEC Microbiota
IV 536 67.7%* 44%
| CFTO73 45.83%"* 20%
Il CFT073 32.3%* 10%
11536 22.9%* 6%
| 536 14.6% 6%
Il 536 1.04% 0%
1 J96 0% 0%

*p<0.01



20,00%

70,00%
60,00%

50,00%
40,00%

Percentage

30,00% -
20,00% -
10,00% -
0,00% -

WE<PEC

Mormal Microflara

35

Figure 4. Analysis of Pathogenicity Islands in samples of EXPEC and Normal

microbiota.
(*) p<0,01

120,00%

100,00%

80,00%

a0,00%

Percentage

40,00%

£ I

20,00%

0,00%

S =

] Bl B2

Filogenetic Groups

ExPEC's PAI

W hormal Microflora's PAI

Figure 5. Distribution of EXPEC and Normal Microbiota’s PAI in the filogenetic

groups.
(*) p<0,01

DISCUSSION

Symptomatic urinary tract infection (UTI) is among the most common

bacterial infections of humans, being the second most common infection in the
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general population, predominantly among adults and in female patients, and
according to Mora and colleagues (2008), this disease affects about 80% of women.

Our data corroborate with other researches (Valiquette, 2001; Mora
et al., 2008), in which this infection affects mostly women, either by their anatomical
training, active sex life, age or previous cases of cystitis or the combination of these
various risk factors (Finegold et al., 1991; Spiegel, 1991; Schaechter et al., 2002;
Toval et al., 2014).

Symptomatic UTI affecting up to 30% of women aged 20 to 40 years,
greater than prevalence in men (Walsh et al., 2002). In this study the majority (42%)
of women patients with UTIl were in the group between 18 and 35 years old. While
females have a higher incidence in the youngest age group surveyed, between 18-35
years, males have their peak of infection from the age of 50. At this age women are
already reducing episodes of urinary infection, while the men begin to develop this
disease more frequently.

According to Head (2008) and Lopes and Tavares (2004), although
UTls are more common in women, the incidence increases among men above 50
years. This is due to invasive urinary tract procedures such as bladder
catheterization and the occurrence of prostatic disease as more factors involved in
the increased incidence in males.

It has been concerned the resistance to several drugs used in the
treatment of infections caused by E. coli. Foxman (2002) also reported that as a
result of antimicrobial therapy may be the increasing prevalence of resistant bacteria
by selects those who end up modifying its resistance mechanism. The distribution of
antimicrobial susceptibility data of microorganisms changes from time to time and
from place to place. Antimicrobials that are widely prescribed for treatment of UTI
episodes are beta-lactams, trimethoprim-sulfamethoxazole, quinolones,
fluoroquinolones and aminoglycosides (Arslan et al., 2005; Olorunmola et al., 2013;
Karlowsky et al., 2014; Teichmann et al., 2014). In south of Brazil we don’t have
recent data about the antimicrobial resistance. As well as the work of Teichmann and
collegues (2014) we also found a great resistance to trimethoprim-sulfamethoxazole
antimicrobial (44.7% vs 35.4%). Another antibiotic that we found with a high
resistance in our study was the quinolone ciprofloxacin (33.3%) which is similar with
the literature but not very high as other studies (Olorunmola et al., 2013; Prakash &

Saxena, 2013; Qiao et al.,, 2013; Teichmann et al., 2014). In the analysis of
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antimicrobial resistance held, many samples had at least one resistance to some
antimicrobials cited. Others already were resistant to three or more. Even in samples
of normal microbiota resistance to these antimicrobial agents were identified. It is for
this reason that it is necessary to perform susceptibility testing to antimicrobial
because the samples of E. coli do not show a constant susceptibility profile of these
drugs.

It is known that EXPEC, by presenting several virulence factors, are
able to survive in almost all anatomical sites. Thus, they may colonize the urinary
tract blood, among others, resulting in infections.

Among the eleven tested virulence genes (iss, ompT, iutA, hlyF,
hlyA, iroN, ecpA, papC, papG, tsh and fyuA), we observed the presence of all of
them distributed among our EXPEC strains and microbiota strains. Other authors
(Johnson et al., 2008; Zhao et al., 2009) also found similar results to this research,
finding the positivity of all the factors in the isolated samples. The ecpA gene was
first identified in NMEC isolates but now is also identified in all classes of pathogenic
and non-pathogenic E. coli. A high percentage of this gene was found in our study
both in EXPEC and microbiota (94.8% and 96%). ECP is considered as a new variant
of the chaperon-usher (CU) fimbriae family and has a important role in adherence
(Garnett et al., 2012; Stacy et al., 2014)

The results show that the presence of virulence factors is very
important in pathogenic bacteria and is a form of this microorganism develop and
establish in the host to survive and multiply , thus resulting in the extraintestinal
infections.

It has been extensively studied the correlation between human
EXPEC, especially UPEC and APEC. APEC is responsible for avian colibacillosis,
which refers to any localized or systemic infection such as an acute fatal septicemia
or subacute pericarditis and airsacculitis. It is responsible for huge financial losses to
the poultry industry due to mortality, loss of production and condemnations of
carcasses (Zhao et al., 2009). Human EXPEC and APEC have similarities in
serogroups and virulence genes (Bonacorsi et al., 2000; Oelschlaeger et al., 2002;
Bullen et al., 2005). The presence of a common set of genes (iutA, iroN, iss, ompT,
hlyF) associated with virulence between APEC and UPEC strains, as well as similar
phylogenetic disease pattern, indicates the genetic relationship between APEC and
UPEC isolates (Kaper et al., 2004; Moulin-Schouleur et al., 2006; Ron, 2006).
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Skyberg et al (2006) suggested that plasmids from APEC serves as reservoirs for
genes associated with urovirulence since the commensal sample received from
APEC plasmids became able to grow in human urine and mice's kidney. In our study
we found the genes iutA, iroN, iss, ompT, hlyF that are common in APEC and UPEC
samples.

UTI is usually associated with fecal microbiota microorganisms that
express additional virulence factors. Many authors believe that the fecal microbiota of
the host is the primary source of UPEC isolates (Moreno et al., 2008; Toval et al.,
2014). The analysis of the samples showed that normal microbiota bacteria present
in stool are not free from virulence genes or even pathogenicity islands for this
reason can provide their installation and subsequent urinary tract infection.

The comparison of the existence of these virulence genes in samples
of normal microbiota and EXPEC showed that some genes are significant to cause
infection, as was present in most of the samples collected. Genes such as iroN, iutA,
ompT and hlyF showed a significant difference to the number found in the human
microbiota. This leads us to believe that the samples obtained this positivity has
possibly plasmid CVP that is a complete conserved region which contains 8 operons
or genes (Lemaitre et al., 2013). Lamaitre also observed that this region is present in
10-20% of UPEC and 50-60% of NMEC being classified as group B2 according to
Clermont classification.

The classification of our isolates from Londrina, Parana showed the
lowest percentage in group A as it was expected since this group is classified as
bacteria belonging to the normal microbiota (Moreno et al., 2005). E. coli from
microbiota also are included in group B1, could actually have originated from any of
the phylogenetic groups, depending on the geographical region studied (Santos et
al., 2013). There was also positive in the EXPEC phylogenetic groups B1, which are
E. coli that colonize the intestinal tract and are associated with intestinal infections
(Moreno et al., 2005; Santos et al., 2009). Isolates belonging to groups A and B1
were less frequent on samples for other countries regions than the frequencies that
we found in our Brazilian region (about 10% vs 20%). Some factors are proposed to
explain this difference like the climate, population habits, and the use of
antimicrobials (Santos et al., 2013).

We confirmed the presence of Clermont B2 group with the highest

percentage found in the samples, demonstrating the high virulence of EXPEC since
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this group is characterized by being the most virulent (Ewers et al., 2007). The
frequencies of B2 strains are higher in other countries (60 vs 34.38%) when we
compared with our results; while group D strains appear in lower frequencies (20 vs
27%) (Sannes et al.,, 2004; Moreno et al., 2005). According to other studies
(Clermont et al., 2000; Johnson et al., 2001b), UPEC isolates also belonged mainly
to phylogenetic group most virulent, B2, demonstrating that this being in accordance
with what has been reported in literature.

However, the application of the method of Clermont and colleagues
(2000) to classify genetically EXPEC is somewhat limited when it comes to
determining the evolutionary descent and the relationship between them, and these
samples a more holistic view. For higher resolution, require such procedures as the
Multilocus Sequence Typing (MLST).

The presence of virulence genes in phylogenetic groups is important
to be able to characterize these groups. Studies show that as have a greater number
of virulence factors, the group is more pathogenic. Likewise, at least as virulence
factors lower the risk encountered in this group cause some kind of infection as in the
case of strains of normal microbiota (Ewers et al., 2007).

There are several studies suggesting that virulent clonal groups are
mainly derived from phylogenetic group B2, and to a lesser extent group D,
explaining the predominance of groups B2 and D among clinical isolates (Johnson &
Russo, 2005).

We found in our samples of EXPEC a greater distribution of virulence
factors in phylogenetic groups B2 and D (34.38%; 27.08%), in the same way as
Johnson and Russo authors. In group B2, for being registered as the most virulent,
was expected greater presence of all tested genes. The group A, as well as
expected, did not show many virulence factors.

Of strains isolated from both microbiota and infections, the
pathogenicity islands were found. Even finding PAIs in microbiota samples, this
percentage shows smaller (52%) than that found in pathogenic samples (78%). The
distribution of PAls of EXPEC samples of this study also corroborate the results
presented by UPEC Sabaté and colleagues (2006).

PAI IV536 was found most frequently in our samples, reported in the
literature as the most present in UPEC PAI (Schubert et al., 1998; Schubert et al.,
2002). According to Middendorf and colleagues (2004) this island is quite stable in E.
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coli 536 - O6: K15: H31 (originally isolated from a patient with acute pyelonephritis)
which could explain its high frequency in the tested samples.

The PAI 111536 showed a low percentage in EXPEC samples (1.04%),
and according to some studies, it is not responsible for pathogenicity developed by
bacteria. This Island is classified as unstable, and easy to be lost, this may explain
the low percentage found in our samples.

According Sabaté and colleagues (2006), because PAIl V536 is
more stable, possibly this was the first to enter the chromosome. It was never found
alone in an isolated group B2, it was always present with PAI ICFT073. Already in
isolates that did not belong to group B2, these islands were often combined with
other islands. So probably the PAIl IICFTO73 may have been the third to be
incorporated into the chromosome followed by PAI [1J96 and PAI 1536. Since the
PAls 11536 and 111536 are less frequent in isolated, being unusual and present only in

samples of high virulence, they have been the last to be acquired.

CONCLUSIONS

The increased resistance to antimicrobials Trimethoprim-
sulfamethoxazole, levofloxacin, ciprofloxacin, gentamicin and cefazolin, indicates the
need to perform tests to examine the sensitivity of EXPEC isolates to antimicrobials in
order to assist in the treatment of patients.

A research of virulence factors of EXPEC is necessary since the
presence of these genes confer increased resistance to bacteria defense
mechanisms of the body compared to the normal microbiota, by increasing its
pathogenicity, surviving, multiplying and causing infections.

It is also important define bacteria’s phylogenetic group in order to
characterize the most virulent strains and the less virulent strains.

For carrying virulence factors, the characterization of these PAls are
extremely important for understanding the molecular arsenal coding for these factors

can achieve the target in the host cell causing infections.
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5 CONCLUSOES GERAIS

De acordo com os resultados obtidos neste trabalho pode-se

concluir que:

A maior resisténcia aos antimicrobianos Sulfametoxazol-
Trimetoprim, Levofloxacina, Ciprofloxacina, Gentamicina e
Cefazolina, indica a necessidade de realizar testes para analisar a
sensibilidade dos isolados de EXPEC aos antimicrobianos afim de
auxiliar no tratamento dos pacientes.

A pesquisa dos fatores de viruléncia de ExPEC faz-se necessaria
ja que a presenca destes genes conferem a bactéria maior
resisténcia aos mecanismos de defesa do organismo, quando
comparado com a microbiota normal, por aumentar sua
patogenicidade. Deste modo, conseguindo entdo sobreviver,
multiplicar e causar as infec¢des estudadas.

E importante a definicdo dos grupos filogenéticos das amostras
para caracterizacdo das amostras nos grupos de maior e menor
viruléncia.

Por carrearem fatores de viruléncia, a caracterizacdo das PAls
sdo de extrema importancia para o entendimento da codificagao
do arsenal molecular para que esses fatores consigam alcangar o

alvo na célula hospedeira vindo a causar infecgdes.
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