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RESUMO

A emergéncia de bactérias produtoras de betalactamases de espectro estendido (ESBL) e/ ou
AmpC em humanos e nas carnes de origem animal tem criado uma grande preocupagéo
quanto a possibilidade de transmissao da resisténcia aos antimicrobianos por meio da cadeia
alimentar. O objetivo do nosso trabalho foi estudar amostras de Escherichia coli produtoras
de ESBL e AmpC mediadas por plasmidios (pAmpC), isoladas da carcaca de frango e da
clinica humana na cidade de Londrina, e estes foram analisados quanto ao perfil de resisténcia
antimicrobiana, viruléncia e relacdo clonal. O primeiro estudo refere-se as amostras de E. coli
produtoras de ESBL isoladas de infecgdo do trato urinario (ITU) e de carcacgas de frango.
Entre as amostras isoladas de ITU, identificamos genes de ESBL, como blactx-m-2, blactx-m-3,
blactx-m-s, blacTx-m-14, blactx-m-15 € blacTx-m-27, €nquanto que nas amostras de carcagas de
frango identificamos blactx-m-1, blactx-m-2 € blacTx-m-s. As amostras apresentaram fatores de
viruléncia associados a E. coli patogénica aviaria (APEC) (93.1% em ITUs e 71.43% em
carcacas de frango) e ilhas de patogenicidade (52.4% em ITUs e 31% em carcacas de frango).
Por meio do “Pulsed Field Gel Electrophoresis” (PFGE) e do “Multilocus Sequence Typing”
(MLST), nossos resultados demonstraram uma alta diversidade de cepas entre ambos 0s
grupos de amostras. O segundo estudo refere-se as amostras produtoras de pAmpC isoladas
de carcacas de frango e amostras clinicas humanas. Nesse trabalho, todas as amostras
apresentaram o gene blacuy-2, € foram consideradas multirresistentes. A maioria das amostras
(71.43%) estavam associadas a sequéncia de inser¢do ISEcpl. Por meio do MLST, 11
“Sequence types” foram identificados, sendo apenas o0 ST354 encontrado em ambos 0s grupos
de amostras. PFGE demonstrou uma alta diversidade entre as amostras clinicas com as
amostras de frango. Nossos trabalhos demonstraram uma alta diversidade bacteriana entre as
amostras clinicas com as isoladas de carcacas de frango. No entanto, a presenca de fatores de
viruléncia e genes de resisténcia, associados a infeccdes humanas, nas amostras isoladas de
carne de frango representam um potencial zoondtico ao homem.

Palavras-chave: ESBL. AmpC. Escherichia coli. Infeccdo do trato urinério. Fatores de
viruléncia.



KOGA, Vanessa Lumi. Characterization of ESBL- and AmpC-producing Escherichia coli
from human clinical samples and chicken carcasses. 2019. 88 p. Thesis (Microbiology
Doctorate) — Universidade Estadual de Londrina, Londrina, 2019.

ABSTRACT

The emergence of extended-spectrum beta-lactamase (ESBL) and/ or AmpC-producing
bacteria from humans and meat of animal origin has raised great concern about the possibility
of transmission of antimicrobial resistance through the food chain. The aim of our study was
research ESBL- and plasmid-mediated (pAmpC)-producing Escherichia coli strains isolated
from chicken carcasses and human clinic samples from Londrina, and these strains were
analyzed for antimicrobial resistance and virulence profile, and relationship clonal. The first
study refers to ESBL-producing E. coli strains isolated from urinary tract infection (UTI) and
chicken carcasses. Among the strains isolated from UTI, we identified ESBL genes, as blacrx-
M-2, blaCTx.M-3, b|aCTx-|\/|.8, b|ac‘|'x.|\/|.14, b|aCTx.|\/|.15 and blaCTx.M.27, while in chicken carcass we
identified blactx-m-1, blactx-m2 and blacrx-m-s. The strains presented virulence factors
associated with avian pathogenic E. coli (APEC) (93.1% in UTIs and 71.43% in chicken
carcasses) and pathogenicity islands (52.4% in UTIs and 31% in chicken carcasses). Through
Pulsed Field Gel Electrophoresis (PFGE) and Multilocus Sequence Typing (MLST), our
results demonstrated a high diversity of strains between both strains groups. The second study
refers to pAmpC-producing strains isolated from chicken carcasses and human clinical
samples. In this work, all strains presented the blacmy-2 gene and they were considered
multidrug resistant. The most of the strains (71.43%) was associated with the ISEcpl
insertion sequence. Though MLST, 11 Sequence types were identified, with only ST354
found in both strains groups. PFGE demonstrated a high diversity between strains from
clinical samples with chicken. Our study demonstrated a high bacterial diversity between
clinical samples with chicken carcass. However, the presence of virulence factors and
resistance genes associated with human infections in strains isolated from chicken meat
represents a zoonotic potential to human.

Keywords: ESBL. AmpC. Escherichia coli. Urinary tract infection. Virulence factors.
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1. INTRODUCAO

Os antimicrobianos tém sido utilizados na producdo animal. Apesar dos varios
beneficios proporcionados pelo uso de antimicrobianos na producdo animal, o uso
indiscriminado dessas drogas tem levado a selecdo de bactérias resistentes aos
antimicrobianos em seus produtos (BRUMANO; GATTAS, 2009; MANGES;
JONHSON, 2012; MELLATA, 2013).

Na avicultura os antimicrobianos s&o utilizados tanto como promotores de
crescimento para melhorar o desempenho das aves, como também para a prevencéo e
profilaxia das doencas infecciosas (BRUMANO; GATTAS, 2009). No entanto, a carne
de frango tem sido considerada uma das carnes com os maiores niveis de contaminagao
por Escherichia coli resistentes aos antimicrobianos. Assim, E. coli € uma bactéria que
tem sido utilizada em muitos estudos como um bioindicador do uso de antimicrobianos
na avicultura. Além disso, E. coli presente em aves pode ser patogénica para 0S
humanos, podendo a carne de frango e seus derivados serem veiculos de transmissao
dos mesmos (EWERS et al., 2012; MANGES; JONHSON, 2012; MELLATA, 2013).

Amostras de E. coli produtoras de betalactamases de espectro estendido (ESBL)
e AmpC estdo sendo encontradas nos animais de producéo, principalmente em carnes de
frango (CASELLA et al., 2018; EWERS et al., 2012; KOGA et al., 2015; SMET et al.,
2010). A producdo de betalactamases constitui o principal mecanismo relacionado a
resisténcia aos beta-lactdmicos em bactérias Gram-negativas. As betalactamases sao
enzimas capazes de hidrolisar os antibidticos beta-lactamicos, através da hidroxilacdo
irreversivel da ligacdo amida do anel beta-lactdmico, inativando a acéo dessas drogas
(DHILLON; CLARK, 2011; GUTKIND et al., 2013). E comum que bactérias
produtoras de ESBL e/ou AmpC sejam multirresistentes, devido ao fato dos genes
codificadores de betalactamases estarem normalmente localizados em plasmidios onde
estdo presentes diversos outros genes que determinam a resisténcia para outras classes
de antimicrobianos como quinolonas, sulfas, aminoglicosideos, cloranfenicol entre
outros (JACOBY, 2009; DHILLON; CLARK, 2011).

No entanto, a presenca, tanto de bactérias produtoras de ESBL quanto de AmpC,
em carnes de frango tem preocupado a sociedade, visto que a producdo destas enzimas
sdo uma das principais causas de falhas terapéuticas em tratamentos de infeccdes

humanas por enterobactérias. Assim, a emergéncia das bactérias produtoras de
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betalactamases, inclusive em animais, se tornou um risco a salide humana devido a
possibilidade de patogenos resistentes aos antimicrobianos poderem colonizar o
homem, ou & possibilidade de ocorrer uma transferéncia desses genes de resisténcia
entre as bacteérias, levando a um possivel risco zoondtico (MANGES, JONHSON, 2012;
MELLATA, 2013).

Muitos estudos tem demonstrado uma alta similaridade entre E. coli de origem
humana com as de origem aviaria, principalmente em relacdo as caracteristicas de
viruléncia, grupos filogenéticos e no perfil de resisténcia. Em 2008, o clone E. coli
sequence type 131 (ST131), produtor de uma betalactamase do tipo CTX-M-15,
emergiu em diversos paises, sendo este caracterizado como uma cepa altamente
virulenta, responsavel por diversos casos de infec¢cbes como as do trato urinario,
bacteremias e meningites em humanos. No entanto, estudos recentes tem demonstrado
também a presenca da ST131 em animais de producdo, representando um risco aos
consumidores (EWERS et al., 2012; PLATELL, et al., 2011; MULLER et al., 2016;
LEVERSTEIN-VAN HALL etal., 2011).

A elevada taxa de resisténcia aos antimicrobianos em bactérias isoladas de
produtos de origem animal tem se tornado um importante desafio para a producdo de
alimentos, sendo necessario que haja uma regulamentagdo do uso de antimicrobianos no
agronegocio em ambito nacional, além de medidas que possam diminuir a disseminacao
de enteropatogenos resistentes aos antimicrobianos em alimentos de origem animal
(EWERS et al., 2012; MELLATA, 2013). Este trabalho tem a finalidade de estudar
amostras de E. coli produtoras de betalactamases do tipo ESBL e AmpC mediadas por
plasmidios, isoladas de infecgdes humanas e de carcagas de frango, visando esclarecer a
disseminacdo de bactérias produtoras de betalactamases entre 0 homem e alimentos de

origem animal, e desta forma, minimizar o risco zoonético.
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2. OBJETIVOS

2.1 Objetivo Geral

Caracterizar as amostras de E. coli produtoras de ESBL e de pAmpC isoladas de
amostras clinicas humanas e da carcaga de frango, da cidade de Londrina- PR, quanto
ao perfil de resisténcia antimicrobiana e viruléncia e avaliar, por clonalidade, quanto ao

potencial zoondtico.

2.2 Objetivos Especificos

-Verificar quais os genes codificadores de ESBL e de pAmpC estdo presentes
nas amostras selecionadas;

-Caracterizar as amostras quanto ao perfil fenotipico e genotipico de genes de
resisténcia a quinolonas, tetraciclina, sulfanamida, fosfomicina e colistina;

-Caracterizar as amostras quanto ao perfil de viruléncia por meio da pesquisa de
fatores de viruléncia e ilhas de patogenicidade;

-Classificar as amostras quanto aos grupos filogenéticos;

-Estudar a proximidade genética entre as amostras isoladas de amostras clinicas

com as isoladas da carcaca de frango, por meio do PFGE e MLST.
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3. REVISAO DE LITERATURA

3.1. Escherichia coli
E. coli foi descrita pelo médico alemdo Theodor VVon Escherich, em 1885, sendo

inicialmente denominado como Bacterium (Bacillus) coli commune. E. coli é uma
bactéria Gram-negativa, pertencente a familia Enterobacteriaceae (dominio Bacteria,
filo Proteobacteria, classe Gammaproteobacteria, ordem “Enterobacteriales”). Esta
amplamente distribuida na natureza, tendo como habitat natural o trato gastrointestinal
humano e animal, geralmente sdo moveis, possuindo flagelos peritriquios, e ndo sédo
formadores de enddsporos. Apresentam metabolismo anaerdbio facultativo, utilizam
glicose como Unica fonte de carbono e energia, sdo oxidase-negativos, catalase-
positivos, podem fermentar tanto a glicose quanto a lactose, produzem indol e reduzem
nitratos a nitritos (KAPER; NATARO; MOBLEY, 2004; WINN et al., 2014).

E. coli é a espécie predominante entre as enterobactérias encontradas no trato
gastrointestinal em humanos e animais, sendo a maioria comumente comensais. Por
comporem a microbiota intestinal, trazem beneficios ao hospedeiro por sintetizarem
acidos graxos, vitaminas K e do complexo B, além de competirem com bactérias
patogénicas por sitios de colonizacdo do trato gastrointestinal (TENAILLON et al.,
2010).

Apesar dos varios beneficios promovidos aos seres humanos, E. coli é uma
espécie bacteriana comumente isolada em laboratérios clinicos, sendo agente de
infeccdo em praticamente todos os tecidos e sistemas organicos dos seres humanos
(TENAILLON et al., 2010; WINN et al., 2014).

3.2. Escherichia coli patogénica
Entre os patotipos de E. coli, ha aqueles que apresentam uma combinacgdo de

fatores de viruléncia que lhes permitem causar infecgdes do trato gastrointestinal,
denominados como E. coli diarreiogénica (DEC - “Diarrheagenic E. coli”’) ¢ ha aqueles
que causam infeccBes extraintestinais, denominados como E. coli patogénica
extraintestinal (EXPEC — “Extraintestinal Pathogenic E. coli”) (KAPER; NATARO;
MOBLEY, 2004; KARIYAWASAM; HAN, 2019).

Entre DECs, existem seis categorias patogénicas de E. coli que causam infec¢do
intestinal em homens e animais, sendo essas diferenciadas pela presenca de fatores de

viruléncia (adesinas fimbriais e afimbriais, toxinas e invasinas), manifesta¢des clinicas e
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sua interacdo com células epiteliais cultivadas in vitro, e classificadas em: E. coli
enteropatogénica (EPEC), E. coli enterotoxigénica (ETEC), E. coli enteroinvasiva
(EIEC), E. coli enterohemorrdgica (EHEC), E. coli produtora de toxina de Shiga
(STEC), E. coli enteroagregativa (EAEC) e E. coli aderente difusa (DAEC) (KAPER;
NATARO; MOBLEY, 2004; SOUZA et al., 2016).

EXPECs apresentam diversos fatores de viruléncia responsaveis pela colonizacéo
em diferentes superficies anatbmicas, pela evasdo das defesas do hospedeiro, aquisi¢do
de nutrientes essenciais como ferro, além por permitir a invasdo no hospedeiro e a
estimulacdo de processo inflamatorio. Esses patdgenos sdo classificados quanto ao sitio
anatomico acometido, fazendo parte desse grupo: E. coli uropatogénica (UPEC —
“Uropathogenic E. coli”), E. coli associada a meningite neonatal (NMEC — “Neonatal
Meningitis E. coli”), E. coli associada a sepse (SEPEC — “Sepsis-associated E. coli”), e
aqueles que podem acometer as aves, pela E. coli patogénica aviaria (APEC — “Avian
Pathogenic E. coli”’) (DALE; WOODFORD, 2015).

UPEC é o principal agente etiologico das infec¢bes do trato urinério (ITU),
responsaveis por 70% a 95% das ITUs adquiridas na comunidade e 50% em ambientes
hospitalares. A patogénese das UPECs esta associada a expressdo de diversos fatores de
viruléncia, como adesinas (fimbria P e tipo 1), formacdo de biofilmes, producdo de
toxinas tais como hemolisinas, entre outros. A presenca desses fatores de viruléncia
permite que a bactéria colonize e provoque danos as células do hospedeiro, resistindo
aos mecanismos de defesa nestes sitios, estimulando uma resposta inflamatoria, e
causando doenca (WILES; KULESUS; MULVEY, 2008; CROXEN; FINLAY, 2009;
PITOUT, 2012).

Outro patotipo extraintestinal, o NMEC, é a causa mais comum de meningite por
bactérias Gram-negativas em neonatos, com uma taxa de letalidade de 15 a 40%, além
de deixar graves sequelas neuroldgicas nos sobreviventes. Nesta patologia, a bactéria
chega ao sistema nervoso central, mais comumente pela via hematogénica, resultando
em inflamacdo das meninges, razdo pela qual a meningite estd fortemente associada a
sepse neonatal. Estas bactérias apresentam diversos fatores de viruléncia, sendo o
antigeno capsular K1 o mais comum, presente em aproximadamente 80% das NMECs
(KAPER; NATARO; MOBLEY, 2004).

E. coli é o principal agente etiologico de infecgdes sanguineas, entre as bactérias
Gram-negativas. SEPECs apresentam varios fatores de viruléncia em comum com

UPEC e APEC. Apesar de ter tido um grande aumento de casos de sepse e bacteremia
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causados por E. coli nos ultimos anos, ainda ha poucos estudos relacionados a
patogénese de SEPEC. EXPEC causadoras de infec¢cBes na corrente sanguinea
pertencem as linhagens que apresentam uma grande variedade de fatores de viruléncia
como adesinas, sistema de captacdo de ferro, resisténcia sérica e toxinas (DAGA et al.,
2019; KOGA et al., 2014).

Uma pequena porcentagem de E. coli é patogénica para aves, conhecida como
APEC, sendo um dos principais causadores de colibacilose, doenca responsavel por
elevados prejuizos para a industria aviaria. Dentre os principais fatores de viruléncia
encontrados em APEC estdo os relacionados ao sistema de captacdo de ferro (iutA e
iroN), hemolisina (hlyF), resisténcia litica ao soro (iss) e proteases (ompT). Muitos
trabalhos demonstraram que cepas de APEC pertencem normalmente aos sorogrupos
01, 02, 018 e 078, sendo sorogrupos comuns a EXPECs que causam infeccdes em
humanos (KARIYAWASAM; HAN, 2019; JOHNSON et al., 2008; MOULIN-
SCHOULEUR et al., 2007).

3.3. Patogenicidade bacteriana em EXPEC
A patogenicidade de E. coli se deve a presenca de diversos genes que codificam

fatores de viruléncia, sendo os principais fatores encontrados em EXPEC, os
siderdforos, adesinas, resisténcia sérica, toxinas e a capacidade de invasdo (PITOUT,
2012; DALE; WOODFORD, 2015).

O ferro é um importante elemento para as bactérias, pois este € um co-fator
essencial para a multiplicacdo bacteriana, e também é importante em alguns processos
biolégicos como na producdo de energia e transporte do oxigénio. Pelo fato da
concentracdo de ferro na forma solivel no homem ser muito baixa, a expressdo de
fatores envolvidos na captacdo de ferro se mostra importante para a sobrevivéncia da
bactéria, tendo um importante papel na aquisicéo de ferro. Devido a baixa concentracdo
de ferro nos locais de infec¢do extraintestinal, EXPECs apresentam uma alta prevaléncia
de sider6foros (como por exemplo a enterobactina e aerobactina), que promovem o
sequestro e a aquisicao do ferro através da remog&o por proteinas carreadoras (DZIVA;
STEVENS, 2008; DALE; WOODFORD, 2011).

A habilidade da bactéria em aderir e colonizar as células epiteliais do hospedeiro
€ um passo essencial para o inicio de uma infec¢do. A adesdo da bactéria & promovida
por estruturas proteicas presentes na superficie bacteriana, que permite que esta se ligue

a receptores especificos, presentes nas células do hospedeiro. Estas estruturas,
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conhecidas como adesinas, podem se localizar em organelas filamentosas denominadas
pili ou fimbrias, ou se caracterizarem como moléculas monoméricas ou multiméricas
ancoradas na parede celular bacteriana, chamadas de adesinas afimbriais. Entre os genes
de viruléncia relacionados a adesdo encontram-se 0s genes papC e papG, sendo estes
constituintes do operon da fimbria P (DALE; WOODFORD, 2015).

As bactérias podem apresentar também resisténcia ao soro, que é uma habilidade
de se evitar a atividade bactericida do soro. A resisténcia ao soro é devida a presenca de
varios fatores de viruléncia: lipopolissacarideos, capsula e proteinas de membrana
externa, que tem sido associados a infecgdes intestinais e extraintestinais causadas por
E. coli (DALE; WOODFORD, 2015; JOHNSON; STEEL, 2000). Essas caracteristicas
permitem que a bactéria possa sobreviver nos fluidos e 6rgdos internos do hospedeiro
(DZIVA; STEVENS, 2008; JOHNSON et al., 2008).

As toxinas sdo capazes de causar citotoxicidade direta no tecido dos
hospedeiros. Os principais genes relacionados a producdo de toxinas, presentes em
EXPECs sdo o cnfl, hlyA, hlyF e cvaC. O gene cnfl codifica uma proteina que contribui
para a invasdo do sistema nervoso central, e tem sido relatado em infeccOes
extraintestinais, incluindo a sepse. As hemolisinas sdo endotoxinas capazes de formar
poros na membrana celular em diferentes tipos de células, levando & morte celular, e
dessa forma disponibilizando o ion ferro ao microrganismo. O gene hlyA esta envolvida
na sintese da a-hemolisina e é frequentemente encontrada em isolados de bacteremias.
O gene hlyF, esta relacionada com E. coli aviéria, e codifica uma hemolisina aviaria. O
gene cvaC é responsavel pela codificacdo da colicina V, normalmente associado a E.
coli uropatogénica e em casos de meningites (DALE; WOODFORD, 2015; JOHNSON
et al., 2008).

Ja a protease OmpT esté localizada na membrana externa da parede bacteriana e
tem sido caracterizado como um ativador do plasminogénio, e também capaz de
degradar peptideos antimicrobianos cationicos (JOHNSON et al., 2008).

A presenca de elementos genéticos moveis como as ilhas de patogenicidade
(PAISs) e os plasmidios, permitem a transferéncia horizontal de genes entre as bactérias,
sendo responsavel pela intensa variabilidade genética entre 0s microrganismos,
permitindo a aquisicao ou perda de genes codificadores de fatores de viruléncia, além de
conferir uma melhor adaptacdo a novos sitios anatdmicos, ampliando o espectro da
doengas (PITOUT, 2012; DALE; WOODFORD, 2015).
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As PAIs sdo segmentos de DNA inseridos no cromossomo bacteriano, variando
de 10.000 a 200.000 pares de bases, sdo elementos genéticos moveis, no qual, séo
flanqueados por pequenas sequéncias diretas repetidas localizadas adjacentes aos genes
que codificam para 0 RNA transportador. Apresentam também genes que codificam
integrases, transposases e sequéncias de origem de replicacdo, podendo ser transferidos
por conjugacdo. As PAIs contém genes associados a patogenicidade, que atribuem uma
variedade de caracteristicas de viruléncia aos microrganismos que a possuem (SABATE
et al., 2006). Muitos dos fatores de viruléncia de UPECs estdo situados nas PAI,
havendo 9 ilhas bem estudadas nesse agente: PAI I e Il em E. coli J96, PAIl I e Il em E.
coli CTFO73 e PAI | ao V em E. coli 536 (KAPER; NATARO; MOBLEY, 2004;
SABATE et al., 2006).

Assim como as PAIs, os plasmideos também sdo elementos genéticos moveis,
com genes capazes de atribuir uma variedade genética bacteriana, porém sdo
extracromossomais, constituidos por duas cadeias de DNA circulares. Em EXPECs, 0s
plasmidios ColV e ColBM foram bastante encontrados. Estes plasmidios tém sido
associados a fatores de viruléncia relacionados com a resisténcia ao soro, aquisi¢do de
ferro, producdo de colicinas entre outros, permitindo o estabelecimento de patdégenos
que a contém em infeccBes sanguineas e do trato urinario. Também ja foi relatado a
presenca de uma regido plasmidial denominada “Conserved Virulence Plasmidic”
(CVP), em EXPECs. Essa regido apresenta oito operons ou genes, que codificam
sistemas siderdforos (genes iroN, iuc, sit), proteina de membrana externa (gene ompT),
colicina V (gene cva), a-hemolisina (gene hlyF), sistema de secrecéo tipo I (gene ets) e
gene relacionado a resisténcia sérica (gene iss) (CYOIA et al., 2015; DZIVA;
STEVENS, 2008).

De acordo com a classificacdo filogenética, as cepas de E. coli podem ser
classificadas em até 8 grupo filogenéticos: A, B1, B2, C, D, E e F. De acordo com esse
esquema a maioria das EXPEC humanas séo classificadas dentro dos grupos B2 e D,
enquanto as cepas de APEC normalmente séo classificadas no grupo C, seguidos do
grupo F, B1 e B2 (CLERMONT et al., 2013; LOGUE et al., 2017).

A patogenicidade da EXPEC se deve a um resultado multifatorial, na qual, o
produto de genes cromossomais e plasmidiais, juntamente com as caracteristicas
relacionadas ao hospedeiro e ao ambiente, levam ao potencial patogénico destes
isolados (DALE; WOODFORD, 2015).
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3.4. Betalactamases
Os Dbetalactdmicos estdo entre os principais antimicrobianos utilizados no

tratamento de infeccBes por enterobactérias. Os antimicrobianos betalactdmicos
caracterizam-se por possuirem um anel betalactamico, cuja estrutura quimica mimetiza
a terminacdo D-alanina-D-alanina da cadeia lateral pentapeptidica dos blocos de
peptideoglicanos, que formam a parede celular das bactérias. Dessa forma, o anel beta-
lactamico liga-se as transpeptidases (ou PBPs- do inglés, Penicillin Binding Proteins),
impedindo-as de se ligarem ao pentapetideo e realizarem a ligacdo cruzada das cadeias
de glicano e, assim, estabilizar a estrutura da parede celular (KATZUNG; MASTERS;
TREVOR, 2017).

Um dos principais mecanismos de resisténcia relacionado aos betalactamicos,
estd associado com a producdo de betalactamases. Essas enzimas hidrolisam o anel
betalactamico, inativando o antimicrobiano, e estdo amplamente distribuidas entre
bactérias Gram-negativas (PEIRANQO; PITOUT, 2019; da SILVA; LINCOPAN, 2012).

As betalactamases séo classificadas, com base em sua estrutura molecular ou por
suas caracteristicas enziméticas, em dois esquemas. O esquema proposto por Bush-
Jacoby-Medeiros baseia-se na preferéncia do substrato da enzima e na inativacao diante
de inibidores especificos, agrupando as betalactamases em grupos de 1 a 4, com
subdivisdes (BUSH; JACOBY, 2010). J& o esquema proposto por Ambler considera a
similaridade entre as cadeias de aminoacidos das enzimas, e elas foram agrupadas nas
classes de A a D, na qual, as enzimas pertencentes as classes A, C e D sdo serina-beta-
lactamases, pois possuem o aminoacido serina no centro ativo da enzima, enguanto as
enzimas da classe B sdo classificadas como metalo-beta-lactamases (AMBLER. 1980).

A primeira betalactamase codificada por elemento genético mével em Gram-
negativos foi a enzima blatem.1, identificada em E. coli isolada de um paciente na
Grécia, chamado Temorieira, nome que designou a enzima TEM-1. Pelo fato dessa
enzima estar associada a plasmidios e transposons, sua disseminacdo ocorreu de forma
muito rapida em varios paises (DATTA; KONTOMICHALOU, 1965).

Devido a rapida disseminagdo das betalactamases, as cefalosporinas de terceira
geragdo foram introduzidas na pratica médica, no Brasil, na década de 1980. No
entanto, devido a pressao seletiva exercida pelo uso desses novos antimicrobianos,
ocasionou a emergéncia de cefalosporinases com espectro de atividade estendido (da
SILVA; LINCOPAN, 2012).
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A répida disseminacao dessas enzimas esta ligado ao fato desses genes estarem
presentes em elementos genéticos altamente mdveis como plasmideos conjugativos,
transposons, sequéncias de insergdo, integrons e, mais raramente, em elementos
relacionados a bacteriéfagos (PITOUT, 2012).

As sequéncias de insercao apresentam trés funcdes basicas: codificam a
transposase, responsavel pela mobilidade de um elemento genético; apresentam
promotores que ativam genes silenciados ou aumentam a expressdo de genes
downstream a elas; e movem o0s genes ligados a elas entre integrons, transposons,
plasmideos e cromossomos, fazendo com que estes genes sejam altamente transferiveis.
Esses elementos podem também carrear genes relacionados a resisténcia a outras classes
de antimicrobianos, o que pode favorecer a manutencdo das betalactamases por
processos de co-selecdo. As principais sequéncias de insercdo ligadas aos genes
codificadores de ESBL tem sido ISEcpl e ISCR1, mas também tem sido relatado a
presenca de 1S10 e 1S26 (CANTON; GONZALEZ-ALBA; GALAN, 2012).

A presenga da sequéncia de insergdo potencializa a transferéncia de genes entre
cromossomos e plasmidios. Interessantemente, testes in vitro tem demonstrado que
quando ISEcpl € inserido upstream ao gene blayuctx-m, €M situacdes de estresse como
altas temperaturas (40°C) ou na presenca de antimicrobianos, como ceftazidima ou
cefotaxima, ocorre um aumento da mobiliza¢do da ISEcpl, o qual, carrega consigo suas
sequéncias downstream. Assim, tem sido especulado que o uso de antimicrobianos, bem
como o aquecimento global ou temperaturas maiores que a temperatura corpérea
humana, presentes em certos animais, tem contribuido para 0 aumento e disseminacgao
dos genes da betalactamase (CANTON; GONZALEZ-ALBA; GALAN, 2012;
LARTIGUE et al., 2006).

A rapida disseminacdo dessas betalactamases tem direcionado ao maior uso de
antimicrobianos carbapenémicos, levando a selecdo de isolados produtores de
carbapenemases no pais. A alta frequéncia de resisténcia em bactérias patogénicas de
importancia clinica fizeram a Agéncia Nacional de Vigilancia Sanitaria (Anvisa), no
ano de 2010, proibir a venda de antimicrobianos sem prescricdo médica, com o intuito
de diminuir o uso inadequado desses medicamento no pais. No entanto, a emergéncia de
betalactamases, ndo sé nas infecgdes relacionadas a assisténcia a saude (IRAS), como
também em infec¢Ges comunitarias, e também em produtos de origem animal, tem
demonstrado a complexidade envolvendo a disseminacdo de betalactamases em
Enterobacteriaceae (da SILVA; LINCOPAN, 2012).
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3.5. ESBL
A emergéncia e a disseminacdo de ESBL entre os membros da familia

Enterobacteriaceae tém sido descritas mundialmente como ponto de urgéncia clinica
devido a grande incidéncia desses isolados nas IRAS (PEIRANO; PITOUT, 2019;
CANTON; GONZALEZ-ALBA; GALAN, 2012).

As ESBLs sdo enzimas capazes de hidrolisar cefalosporinas de terceira e quarta
geracdes e 0 aztreonam, além de serem inibidas por inibidores de betalactamases, como
clavulanato, sulbactam e tazobactam. Essas enzimas fazem parte da classe A de Ambler
e ao grupo 2be pelo esquema de Bush-Jacoby-Medeiros (DHILLON; CLARK, 2011).

Frequentemente, as ESBLs sdo codificadas por genes situados em elementos
genéticos mdveis, como plasmideos, transposons e integrons, na qual, muitas vezes
também estdo presentes genes de resisténcia a outras classes de antimicrobianos. Esse
fato faz com que, normalmente, cepas produtoras de ESBL sejam multirresistentes,
sendo uma das principais causas de falha terapéutica, levando ao aumento consideravel
de morbidade por infeccBes bacterianas (CANTON; GONZALEZ-ALBA; GALAN,
2012; DHILLON; CLARK, 2011).

As ESBLs tem sido encontradas em diversos patdgenos da familia
Enterobacteriaceae, como Klebsiella spp., Escherichia coli, Salmonella enterica,
Citrobacter spp., Enterobacter spp., Proteus mirabilis, Serratia marcescens, entre
outros. Contudo, o ponto de urgéncia clinica tem sido a alta prevaléncia dessa enzima
em Klebsiella spp. e E. coli (da SILVA; LINCOPAN, 2012; CANTON; GONZALEZ-
ALBA; GALAN, 2012).

A primeira descricdo de ESBL foi da SHV-2, derivada de enzimas de espectro
restrito do tipo SHV-1, na qual, foi encontrada em uma amostra de Klebsiella ozaenae,
na Alemanha, em 1983 (KNOTHE et al., 1983). Ja as ESBLs do tipo TEM foram
derivadas de TEM-1 e TEM-2. A primeira ESBL do tipo TEM foi isolada de uma
amostra de Klebsiella oxytoca, na Inglaterra (DU-BOIS; MARRIOTT; AMYES, 1995).

Em 1990, foi reportado na Franca a presenca de uma cefalosporinase diferente
das do tipo TEM ou SHV, a CTX-M, denominada assim devido a sua atividade de
“cefotaximase”. Diferentemente das enzimas do tipo TEM e SHV, todas as variantes do
tipo CTX-M apresentam perfil de ESBL. Desde a sua identificagdo, as enzimas da
familia CTX-M disseminaram-se de forma acelerada no mundo todo (CANTON;
GONZALEZ-ALBA; GALAN, 2012; GUTKIND et al., 2013). Essa familia de enzima

originou-se de genes de cefotaximases intrinsecos, codificados por genes
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cromossdmicos em uma bactéria ambiental denominada Kluyvera spp. A primeira
ESBL do tipo CTX-M foi identificada em uma E. coli na Alemanha em 1989 e foi
designada como CTX-M-1 por conta da sua atividade hidrolitica contra a cefotaxima
(CANTON; GONZALEZ-ALBA; GALAN, 2012).

Baseado na arvore filogenética das sequéncias de aminoacidos, as enzimas da
familia CTX-M s&o divididas em cinco grupos, cuja diferenca entre 0s grupos € maior
ou igual a 10% de residuos de aminoacidos e, dentro de cada grupo, a diferenca dos
residuos é menor ou igual a 5% entre as enzimas. Assim as variantes de CTX-M foram
agrupadas em cinco grupos: grupos CTX-M-1. CTX-M-2, CTX-M-8, CTX-M-9 e CTX-
M-25 (GUTKIND et al., 2013).

Diversas outras familias de ESBL também tém sido identificadas, embora em
menor numero, como: PER, GES, VEB, BES, TLA, SFO e IBC (da SILVA;
LINCOPAN, 2012).

Um dos métodos para identificacdo fenotipica de ESBL é por meio da utilizacdo
de fitas comerciais de E-test ESBL® (Biomérieux, Marcy I’Etoile, France), em que ha
uma queda de pelo menos trés vezes na concentracdo inibitoria minima (CIM) do
antimicrobiano, quando este é associado a um inibidor que indica a producdo de ESBL.
Ha também o teste de aproximacdo de discos, na qual, discos de cefalosporinas, como
cefotaxima, ceftazidima, cefepima e aztreonam, séo colocados a 30mm de distancia do
disco com inibidor (clavulanato, tazobactam e sulbactam), e a presenca de sinergismo
entre os substratos e o inibidor; a producdo de ESBL € confirmada. Outro teste
fenotipico utilizado na deteccdo de ESBLs é o teste do disco combinado, na qual,
utiliza-se discos de cefalosporinas, como cefotaxima e ceftazidima, junto com os
mesmos antimicrobianos combinados com um inibidor. Nesse teste, a presenca de
diferenca maior ou igual a 5mm do didmetro do halo de inibi¢do entre o disco de
cefalosporina e seu respectivo disco combinado com inibidor, infere-se a producéo da
ESBL (da SILVA; LINCOPAN, 2012, JALIER et al., 1988).

3.6. AmpC
As enzimas do tipo AmpC, apresentam serina no sitio ativo, e séo resistentes aos

inibidores clavulanato, sulbactam e tazobactam, além de conferirem resisténcia as
cefalosporinas de primeira, segunda, terceira geracdo e as cefamicinas. Essas enzimas
podem ser cromossomais ou plasmidiais e pertencem ao grupo 1 na classificagcdo de
Bush-Jacoby-Medeiros e ao grupo C na classificacdo de Ambler (JACOBY, 2009).
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As AmpCs cromossomais sdo codificadas por diversas espécies de
Enterobacteriaceae, como Citrobacter freundii, Enterobacter spp., E. coli, Hafnia alvei,
Morganella morganii, Proteus spp., Providencia spp., Serratia spp., e Shigella spp.
Nesses hospedeiros, ha uma hiperproducéo induzivel pela exposicdo aos betalactamicos.
O gene que codifica a AmpC pode sofrer uma desrepressdo quando a bactéria é
submetida a tratamento com antimicrobianos betalactamicos, resultando em resisténcia
aos mesmos (JACOBY, 2009; PEREZ-PEREZ; HANSON, 2002; GUTKIND et al.,
2013).

As AmpCs plasmidiais (pAmpCs) tem sido conhecidas desde 1989, e desde
entdo, tem sido muito encontrado principalmente em Klebsiella pneumoniae e E. coli.
Os genes codificadores de pAmpCs séo derivados dos genes cromossdémicos de varias
espécies da familia Enterobacteriaceae. Nas pAmpC a expressdo ndo € induzivel, como
nas cromossomais, mas é regulada por promotores e mecanismos de atenuacdo.
Normalmente cepas produtoras de pAmpC apresentam carater de multirresisténcia, pois
os plasmidios que carreiam esses genes normalmente carreiam genes de resisténcia a
outros antimicrobianos como quinolonas, sulfas, aminoglicosideos, cloranfenicol, além
de genes codificadores de ESBL (PEREZ-PEREZ; HANSON, 2002; JACOBY, 2009).

As principais pAmpCs sdo CMY, MIR, MOX, LAT, FOX, DHA, ACT, ACC e
CFE. Entre essas variantes, CMY é a pAmpC mais amplamente disseminada no mundo
todo (PEREZ-PEREZ, HANSON, 2002; JACOBY, 2009).

No entanto, ainda ndo ha nenhum método padrdo para deteccdo de pAmpC na
pratica clinica. A dificuldade na deteccdo fenotipica de pAmpC leva a falhas
terapéuticas, e impede a estimativa da prevaléncia desta enzima. A investigagédo
molecular tem se mostrado um importante instrumento na deteccdo desse mecanismos
de resisténcia (PEREZ-PEREZ; HANSON; JACOBY, 2009).

3.7. Tipagem molecular
A principal funcdo da tipagem molecular é a determinacdo da relacdo entre

clones de microrganismos de uma mesma espéecie, por meio da andlise da variacdo
genética observada no DNA cromossomal. Este metodo permite a realizacdo de estudos
da similaridade gendmica para identificacdo e monitoramento da disseminacdo de
clones patogénicos, ou ainda para disseminacdo de cepas resistentes. Atualmente, varias
técnicas baseadas na analise do DNA estdo padronizadas. Entre elas, o PFGE (do inglés,

Pulsed Field Gel Electrophoresis) e o MLST (do inglés, Mulilocus Sequence Typing)
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tém sido amplamente utilizadas, permitindo a identificacdo de fontes e rotas de infecgédo
e o reconhecimento de linhagens virulentas (DALE; WOODFORD, 2015; RANJBAR et
al., 2014).

O PFGE ¢ um método de DNA “fingerprinting” com alta capacidade
discriminatoria, utilizada para analisar a relacdo genética de uma variedade de bactérias.
Essa técnica se baseia na macrorrestricdo do DNA bacteriano apds a digestdo com
enzimas de restricdo e posterior separacdo desses fragmentos de DNA gerados em um
gel de agarose, apos eletroforese em campo elétrico pulsado. Devido a alta capacidade
discriminatoria, o PFGE é considerado padrdo ouro para tipagem molecular. Uma
desvantagem dessa técnica é a baixa capacidade de comparacdo interlaboratorial, a
demanda de varios dias para sua execucdo e o alto custo (DALE; WOODFORD, 2015;
RANJBAR et al., 2014).

O MLST é baseada no sequenciamento de genes housekeeping, que sdo genes
conservados que variam entre as espécies. Essas sequéncias sdo depositadas em um
banco de dados e por meio de analises de muta¢cdes pontuais nos genes sequenciados, se
obtém um perfil de alelos, gerando o sequence type (ST). Através do MLST, é possivel
a comparacédo entre amostras bacterianas isoladas de regiGes geogréaficas distintas, e em
periodos de tempo diferentes. A desvantagem desse método € que essa metodologia ndo
esta disponivel para todas as espécies bacterianas, além do alto custo. Atualmente,
existem dois esquemas mais utilizados para a realizacdo do MLST para E. coli, na qual
analisam genes conservados diferentes (DALE; WOODFORD, 2015; RANJBAR et al.,
2014). O esquema do Instituto Pasteur, se baseia no sequenciamento de 9 genes
housekeeping: dinB (DNA polimerase), icdA (isocitrato desidrogenase), putP (prolina
permease), polB (polimerase Pol IlI), trpB (triptofano sintase subunidade B), trpA
(triptofano sintase subunidade A), pabB (p-aminobenzoato sintase) e uidA (beta-
glicuronidase) (https://pubmlst.org/databases.shtml). J& o MLST pelo esquema da
Universidade de Warwick, se baseia no sequenciamento de 7 genes housekeeping: adk
(adenilato quinase), fumC (fumarato hidratase), gyrB (DNA girase), icd (isocitrato/
isopropilmalato desidrogenase), mdh (malato desidrogenase), purA (adenilsuccinato
desidrogenase) e recA (motivo ligador de ATP/GTP) (http://enterobase.warwick.ac.uk/).

Enquanto o PFGE tem sido utilizado em estudos epidemiologicos localizados,
para a comparacdo de linhagens isoladas em programas de vigilancia locais e em

periodos de tempo mais curtos, o MLST é, geralmente, aplicado em estudos de
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epidemiologia amplos, permitindo comparar linhagens virulentas e resistentes aos
antimicrobianos isoladas no mundo todo (RANJBAR et al., 2014).

3.8. Epidemiologia de betalactamases do tipo ESBL e AmpC no Brasil
As cefalosporinas de terceira geragdo comecaram a serem utilizadas na prética

clinica no Brasil, no inicio dos anos 80 (SAMPAIO; GALES, 2016). Em 1997, foi
relatado o primeiro caso de blacrtx.v-2 em uma cepa de Proteus mirabilis de uma
paciente em ambiente hospitalar no Brasil (BONNET et al., 2000). Ja em 2007, foi
reportada o primeiro caso de uma E. coli produtora de CTX-M-2 em ambiente
comunitario (MINARINI et al., 2007). Desde entdo, muitos trabalhos tem relatado a
rapida disseminacdo de cepas produtoras de ESBL em ambientes hospitalares e
comunitarios no Brasil (da SILVA; LINCOPAN, 2012; ROCHA et al., 2015;
NOGUEIRA et al., 2015).

Atualmente no Brasil, as ESBL tem sido mais frequentemente encontrados em
cepas de Klebsiella pneumoniae e E. coli em amostras clinicas humanas (ROCHA et
al.,2015; SAMPAIO; GALES, 2016), sendo as enzimas do tipo CTX-M-2 e CTX-M-15
as predominantes em nosso pais, seguido de enzimas do tipo CTX-M-8, CTX-M-9 e
CTX-M-59 (ROCHA et al., 2015; da SILVA; LINCOPAN, 2012; GONCALVES et al.,
2016; NOGUEIRA et al., 2015).

Posteriormente ao primeiro relato de ESBL de origem comunitaria, foi reportado
a presenca de ESBLs em carnes de frango em diversas regifes do pais, como Sul,
Sudeste e Centro-Oeste (SILVA et al., 2013; KOGA et al., 2015; FICH et al., 2015).
Interessantemente, um trabalho realizado por Fernandes e colaboradores (2009),
pesquisou cepas isoladas de amostras clinicas de pacientes hospitalizados e de carne de
frango e seu ambiente, entre 0s anos de 2003 a 2004, e encontraram a presenca de ESBL
do tipo CTX-M-2 nessas amostras, demonstrando que a muito tempo antes da detecgéo
de ESBL na comunidade essas betalactamases ja circulavam entre a producdo aviaria.
CTX-M-2 tem sido a variante de ESBL mais frequentemente descrita no Brasil em
enterobactérias tanto em amostras clinicas quanto em animais de producéo (SAMPAIOQ;
GALES, 2016; ROCHA et al., 2015; FICH et al., 2015; da SILVA; LINCOPAN, 2012).

Entre os animais de producdo, cepas produtoras de ESBL tem sido descritas
principalmente em produtos de origem aviaria (frango e ovos) e fontes relacionadas
(granjas produtoras de frango e peru) (da SILVA; LINCOPAN, 2012; KOGA et al.,
2015; FICH et al., 2015; BOTELHO et al., 2015; CASELLA et al., 2018). Entre os
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estudos relacionados a pesquisa de bactérias produtoras de ESBL em carnes de frango,
tem sido relatado principalmente em amostras de E. coli. Entre as ESBLs encontradas
em carnes de frango, as variantes do tipo CTX-M-2 e CTX-M-8 tem sido as mais
frequentemente encontradas, embora também tenha sido relatado, em menor frequéncia,
a presenca de CTX-M-1, CTX-M-14, CTX-M-15, CTX-M-44, CTX-M-55 (KOGA et
al., 2015; FICH et al., 2015; IARK et al., 2018; BOTELHO et al., 2015; FERREIRA et
al., 2018; CUNHA et al., 2017). Alguns estudos também tem reportado a disseminacéao
de Salmonella spp. produtoras de ESBL do tipo CTX-M1, CTX-M-2, CTX-M-8 e CTX-
M-14, em carne de frango (SILVA et al., 2012; FERNANDES et al., 2009; FICH et al.,
2015). Um estudo europeu também identificou o gene blactx.m-2 em E. coli isolada de
frangos importados do Brasil (WARREN et al., 2008).

A presenca de cepas produtoras de ESBL tem sido descritos em outros animais
de producdo. Em suinos foram relatados a presenca de cepas produtoras de CTX-M-15
(SILVA et al., 2016). Palmeiras e colaboradores (2018) relataram a presenca de CTX-
M-2 concomitante ao gene mcr-1 em uma amostra de E. coli isoladas de um bovino na
regido Nordeste do Brasil. Um estudo também detectou a presenca de ESBL do tipo
CTX-M-8 em amostras de E. coli, isoladas de blfalos no estado do Parana (AIZAWA et
al., 2014).

Em animais silvestres também tem sido detectada a presenca de betalactamases.
Em peixes foi descrito a presenca de CTX-M-2 e CTX-M-55 (SELLERA et al., 2018).
Da mesma forma, genes de betalactamases foram identificados em pinguins migratorios,
que apresentaram CTX-M em concomitancia ao gene mcr-1 (SELLERA et al., 2017). A
presenca de genes de betalactamase em animais silvestres demonstra que as rotas de
disseminacédo desses genes vao além do uso de antimicrobianos na clinica humana e na
producdo animal.

As primeiras cepas produtoras de pAmpC foram reportadas no Brasil entre os
anos de 2007 e 2008, sendo identificadas as variantes do tipo FOX-5-like e CMY-2-like
em pacientes de hospitais (CASTANHEIRA et al., 2007; PAVEZ et al., 2008). No
Brasil, as variantes do tipo CMY-2 tem sido a mais prevalentes em E. coli e K.
pneumoniae produtoras de pAmpC entre amostras clinicas humanas e em animais de
producdo (CAMPANHA et al., 2013; PAVEZ et al., 2008; ROCHA et al., 2016).

Quanto a estudos com animais de producéo no pais, além da presenca em frango,
tem sido detectado a presenca de CMY-2 em amostras de APEC isoladas de infecgdes

em perus (SILVA et al., 2017), e colonizando um rebanho de bufalos confinados para a
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producdo de leite no Parana (AIZAWA et al., 2014). No entanto, ainda ha poucos
relatos da frequéncia de pAmpC em enterobactérias no Brasil (SAMPAIO; GALES,
2016).

No Brasil, ndo existem programas de vigilancia de abrangéncia nacional
referentes a epidemiologia da resisténcia antimicrobiana e seus mecanismos, tornando
dificil estimar a proporcdo das variantes de betalactamases no pais (da SILVA;
LINCOPAN, 2012). Muito dos dados publicados em relacdo & epidemiologia de
betalactamases, do tipo ESBL e AmpC, estdo concentrados nas regides Sul, Sudeste e
Nordeste, e ha muito poucos dados nas regibes Norte e Centro-Oeste do Brasil
(ROCHA et al., 2015; GONCALVES et al., 2019).

3.9. Potencial Zoonotico
Antimicrobianos tem sido utilizados na producdo animal, principalmente na

producdo de suinos, bovinos, caprinos, ovinos e aves com objetivos terapéuticos,
profilaticos e como promotores de crescimento (ARIAS; CARRILHO, 2012). Os
antimicrobianos utilizados como promotores de crescimento sdo administrados em
doses subterapéuticas como suplemento alimentar, e atuam através da alteracdo da
microbiota e destrui¢do de bactérias patogénicas do trato gastrointestinal dos animais de
producdo, resultado em uma melhor digestdo dos alimentos e metabolismo dos
nutrientes (ARIAS; CARRILHO, 2012; SANTOS et al., 2013; MARSHALL,; LEVY,
2011).

O uso indiscriminado de antimicrobianos na producéo e medicina animal, tem
levado a disseminacdo de bactérias multirresistentes. Isso tem sido preocupante, visto
que muitas das resisténcias encontradas estdo relacionadas a importantes
antimicrobianos utilizados na clinica humana. Além disso, diversos aditivos
antimicrobianos utilizados na producdo animal sdo analogos ou apresentam resisténcia
cruzada com antimicrobianos utilizados na medicina humana, como por exemplo o
glicopeptideo avoparcina e a vancomicina, 0 que pode interferir no aumento de
bactérias resistentes (ARIAS; CARRILHO, 2012).

Diante da emergéncia de isolados resistentes aos antimicrobianos de importancia
clinica humana em animais de producéo, desde o ano de 2006, esta proibido o uso de
antimicrobianos como aditivos na Europa (MANGES; JOHNSON, 2012). No Brasil, o
Ministério da Agricultura Pecuaria e Abastecimento (MAPA) a cada ano vém

restringindo o uso de antimicrobianos como promotores de crescimento, sendo proibido
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0 uso de antimicrobianos como tetraciclinas, cloranfenicol, sulfonamidas, penicilinas,
entre outros (BRASIL, 2003; BRASIL, 2009). Muitas empresas de agroindustrias
nacionais acataram adicionalmente as proibi¢fes que vigoram em outros paises, como
0s paises da Unido Européia, como forma de continuar atendendo os mercados
internacionais (BRUMANO; GATTAS, 2009). No final do ano de 2016, com a
disseminacdo da isolados resistentes a colistina em diversos paises, e a presenca destes
no Brasil entre infec¢des clinicas humanas e em animais destinados a producdo de
alimentos ao homem, fez com que o seu uso de colistina como aditivo fosse proibido
em todo o territdrio nacional (BRASIL, 2016).

A contaminagdo por bactérias resistentes advindas de animais destinados a
alimentos para o homem, pode ocorrer por meio do consumo da propria carne,
contaminacdo em utensilios utilizados no preparo desses alimentos, pelo consumo de
vegetais fertilizados com adubo orgénico vindo de aves que tiveram contato com
antimicrobianos em sua producdo, contaminacdo do ambiente, entre outras formas
(BELANGER et al., 2011). A contaminagdo na carne animal por bactérias resistentes
ocorre durante o abate do animal e o processamento para a producdo de carne, na qual,
bactérias resistentes do trato gastrointestinal dos animais podem contaminar a carcaca e,
posteriormente, via cadeia alimentar, chegar ao trato gastrointestinal humano, onde
atuam como reservatorios de genes de resisténcia transmissiveis horizontalmente para a
microbiota humana, ou podendo se disseminar para outros sitios corporais, causando
infeccdes de dificil tratamento (MANGES; JOHNSON, 2012).

Entre os animais destinados a producdo de alimentos ao homem, a carne de
frango tem sido considerada uma das principais fontes de bactérias resistentes aos
antimicrobianos, e também fontes de patdgenos, como EXPEC, ao homem (KOGA et
al.,, 2015; CYOIA et al.,, 2019). Diversos trabalhos tém relatado similaridades
genotipicas e fenotipicas quanto ao perfil de susceptibilidade aos antimicrobianos e ao
perfil de viruléncia em cepas de E. coli produtoras de ESBL isoladas de carnes de
frango com cepas isoladas de amostras clinicas humanas. Vicent e colaboradores (2010)
demonstraram, por meio de técnicas de tipagem molecular (PFGE e MLST) e
sorotipagem, alta relacdo entre cepas de E. coli isoladas de carnes de frango com E. coli
uropatogénicas, ambos isolados na mesma regido e em periodos proximos. Van Hoek e
colaboradores (2016) compararam amostras de E. coli resistentes a cefalosporinas
isoladas de carne de frango, de pessoas em contato com essas carnes (moradores ou

trabalhadores), da populagdo em geral e de pessoas com infeccdo urinaria. Nesse estudo,
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amostras de E. coli isoladas de carne de frango e de pessoas que apresentavam contato
com essas carnes, apresentaram similaridades em relacdo a genes de ESBL e pAmpC,
fatores de viruléncia e classificacdo filogenética. Enquanto que amostras isoladas de
infeccdo urinaria e a populacdo em geral apresentaram uma relacdo mais distante. VVoets
e colaboradores (2013) estudaram cepas de E. coli isolados de humanos e de carne de
frango, isolados no mesmo periodo e na mesma regido, e encontraram uma alta
similaridade em relagdo a pAmpC, plasmidios e STs, indicando uma possivel
transmissdo de genes de resisténcia e/ ou cepas entre humanos e alimento. No entanto,
em contraste com esses dados, hd também estudos que encontraram diferencas
genotipicas e fenotipicas entre amostras isoladas de animais de producdo quando
comparadas com amostras isoladas de humanos (VALENTIN et al.,2014; BEEN et al.,
2014).

Muitos estudos também tém demonstrado uma alta similaridade entre E. coli
isolada de aves com EXPECs humana, em relagdo a presenca de genes de viruléncia,
STs, grupos filogenéticos e testes in vivo (TIVENDALE et al.,, 2010; MANGES;
JOHNSON, 2012; PEIRANO et al., 2012; COHEN STUART et al., 2012). Isso sugere
que pode haver pouca ou nenhuma dependéncia de especificidade ao hospedeiro entre
EXPECs humanas e aviarias, demonstrando um potencial risco zoondtico. Um estudo
demonstrou que cepas de APEC sdo capazes de causar meningites em ratos, indicando
que esse patdgeno pode causar doencas em mamiferos, suportando a hipétese de que
APEC seja também um potencial zoono6tico (TIVENDALE et al., 2010).

Em 2008, foi identificado um clone pandémico de E. coli, a ST131, que
apresenta grande viruléncia e capacidade de causar diversas infec¢es, como as do trato
urinario, bacteremias e meningites em humanos. Este clone é o mais bem estudado, e
tem sido encontrado com grande frequéncia, tanto em humanos quanto em animais
domeésticos e de producdo, e varios estudos sugerem a transmissao deste patégeno via
cadeia alimentar pelo consumo de carne de frango. Diversos trabalhos tem demonstrado
uma alta similaridade genética entre ST131 isolada de humanos com aquelas isoladas de
carnes de frango (MANGES; JOHNSON, 2012; MORA et al., 2010).

Outas linhagens de EXPECs em humanos também tém sido relacionadas com um
possivel risco zoondtico. E. coli ST69 tem sido identificada com uma alta frequéncia de
ITUs e resisténcia antimicrobiana nos Estados Unidos, e tem sido encontrada em carne
de frango e suina (MANGES; JOHNSON, 2012). O complexo clonal ST10 tem sido

associado com a disseminacdo de ESBL entre infeccGes hospitalares e comunitarias,
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como também em animais de producdo e seus derivados (PEIRANO et al., 2012;
COHEN STUART et al., 2012). O ST117 tem sido relacionado com linhagens de
APECs, mas também tem sido encontrada em infec¢des humanas e em carne de frango
(VICENT et al., 2010). Em outro estudo, verificou-se que ST95, reconhecido como um
grupo clonal de linhagens de APEC, foi encontrado em 6% de infec¢es por EXPEC em
humanos (GIBREEL et al., 2012).

O uso de antimicrobianos na producdo animal tem favorecido a selecdo de
bactérias resistentes, como as enterobactérias produtoras de betalactamases com
potencial para disseminacdo na comunidade por meio de contato direto e consumo de
alimentos contaminados, podendo ainda se estabelecer nos ecossistemas (da SILVA;
LINCOPAN, 2012). A emergéncia de bactérias produtoras de ESBL e/ou AmpC em
humanos e nas carnes de origem animal tem causado uma grande preocupacdo quanto a
possibilidade de transmissdo da resisténcia aos antimicrobianos por meio da cadeia
alimentar. No contexto “One-Health”, ha a necessidade da colaboragdo conjunta de
profissionais da area da saude humana, saude animal, inddstria alimenticia e da area
ambiental para o controle da disseminacdo da resisténcia antimicrobiana no mundo
(EWERS et al., 2012; VAN PUYVELD, DEBORGGAEVE; JACOBS, 2018).
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5. ARTIGO CIENTIFICO

5.1. ARTIGO CIENTIFICO |

Os resultados e discussao foram apresentados na forma de artigo. O artigo | sera
submetido e segue as normas da revista “International Journal of Food Microbiology”, e
tem como titulo: Characterization of virulence factors and antimicrobial resistance
profile in genetic diversity of ESBL-producing Escherichia coli isolated from

human urinary tract infection and chicken carcasses in a restrict area and period.
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CTX-M-2 was the most frequent ESBL gene found in the strains studied

Similar virulence factors and resistance profile were found in both group

mcr-1 can be present in UTIs in Brazil since 2013

ST131, ST354, ST359 were found both in UPEC and E. coli strain from chicken

UPEC strains and E. coli strains from chicken showed high heterogeneity



51

Title

Characterization of virulence factors and antimicrobial resistance profile in
genetic diversity of ESBL-producing Escherichia coli isolated from human urinary

tract infection and chicken carcasses in a restrict area and period

Vanessa L. Koga®, Paula S. Cyoia?, Larissa C. de Camargo®, Renato P. Maluta®,
Wanderley D. da Silveira®, Sébastien Houle®, Charles M. Dozois®, Eliana C. Vespero®,

Gerson Nakazato®, Renata K. T. Kobayashi®

®Basic and Applied Bacteriology Laboratory, Department of Microbiology, State
University of Londrina (UEL), Londrina, PR, Brazil

"Bacterial Molecular Biology Laboratory, Department of Genetics, Evolution and
Bioagents, Institute of Biology, State University of Campinas (UNICAMP), Campinas,
SP, Brazil

“Institut Armand-Frappier, Institut National de la Recherche Scientifique, Laval, QC,
Canada

“Department of Pathology and Clinical and Toxicological Analysis, State University of
Londrina (UEL), Londrina, PR, Brazil

Corresponding author: Renata K. T. Kobayashi; kobayashirkt@uel.br


mailto:kobayashirkt@uel.br

52

Abstract

Chicken meat is considered a potential source of pathogenic Escherichia coli and
antimicrobial-resistant genes, as to extended-spectrum beta-lactamase (ESBL) genes, to
human. In the present study, we characterized and evaluated the similarities between
ESBL-producing E. coli from urinary tract infections (UTIs) and from chicken carcasses
(CC) about antimicrobial resistance, virulence factors profile, and genetic similarities by
pulsed-field gel electrophoresis (PFGE) and multilocus sequence typing (MLST). A
total of 50 ESBL-producing E. coli strains were selected (21 from UTIs and 29 from
CC) in the same period and city (Londrina, Brazil). Among the UPEC strains, we found
blactx-m-2, blacrtx-m-3, blacrx-m-s, blactx-m-14, blactx-m-1s and blactx-m-27, while in
strains from chicken we found blactx-m-1, blactx-m-2 and blacrx-m-s. The majority of the
strains (96%) were considered multidrug-resistant, with high resistance frequency
mainly for tetracycline (96.55%) and nalidixic acid (86,2%) in strains isolated from CC
and high frequency of resistance for quinolones and fluoroquinolones (95.23 — 85.7%)
in strains isolated from UTIs. This study also showed that some resistance genes as
tetA, tetB, sull and sulll are widespread associated with ESBL-producing strains.
Interestingly, we also evidenced that mcr-1, associated with ESBL-producing E. coli,
can be disseminated in UTI from Brazil since 2013. The strains were screened for
markers of pathogenicity islands (PAI) and virulence factors (hlyF, iss, ompT, iroN and
iutA), which 52.4% of UPEC strains and 31% of strains from chicken showed at least
one of the PAIs surveyed, while 93.1% of UPEC strains and 71.43% of strains from
chicken showed at least one of the virulence genes studied. A total of 23 different
sequence types were found, being ST131 the most found. The ST131, ST354 and
ST359 were found in both groups of strains. Clonal relatedness was analyzed by PFGE,
which revealed a high genetic diversity between the strains. Although we found no
evidence of clonal dissemination of ESBL-producing E. coli in our region, our results
showed that chicken meat has ESBL genes and virulence factors and PAIs similar to
UPEC, suggesting that chicken meat can be a reservoir and dissemination route to
humans.

Keywords: Escherichia coli, chicken, ESBL, UPEC, urinary tract infection
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1- Introduction

Escherichia coli is a dynamic bacterial species that inhabits the gut microbiota
of humans and warm-blooded animals. However, a small percentage of E. coli is
pathogenic, which carries specific virulence genes that allow ability to colonize and
survive in many environment. It is divided into two groups, the group of diarrheagenic
E. coli (DEC) that cause intestinal infections, and the group of extra-intestinal E. coli
(EXPEC), able to cause different types of infections, including septicemia, meningitis,
urinary tract infections (UTI), among others (Kaper et al., 2004; Pitout, 2012; Dale and
Woodford, 2015; Kariyawasam; Han, 2019). Already in birds, avian pathogenic E. coli
(APEC) (part of EXPEC group) are among the main cause of avian diseases, called
colibacillosis. (Johnson et al., 2008; Manges, 2016).

UTI are among the most common bacterial infections worldwide, being caused
mainly by E. coli. The UTIs are a serious societal and public health concern owing to
the resultant morbidity, productivity loss, and healthcare costs (Manges, 2016;
Kariyawasam; Han, 2019). However, the emergence of antimicrobial resistance among
strains of uropathogenic E. coli (UPEC) have led to limitations in effective
antimicrobial treatment options (Kariyawasam; Han, 2019; Nordstrom et al., 2013).

Extended-spectrum beta-lactamases (ESBL)-producing bacteria have emerged in
both community and healthcare settings, representing a public health concern. These
enzymes hydrolyze the B-lactam ring, and inactivate oxyimino-cephalosporins, and
monobactams but not cephamycins or carbapenems. Normally these enzymes are
associated with resistance to other antimicrobials agents, as fluoroquinolones,
sulphonamides, tetracycline and others, which limits therapeutic options. Although the
epidemiology predominant of ESBL families have been for TEM, SHV and CTX-M, in
the last years, the incidence of the CTX-M-type has risen dramatically, with particular
subtypes associated with different geographic regions (Pitout, 2012; Cantén et al., 2012;
Bush and Jacoby, 2010).

The use of antimicrobials in animal production, as prophylactic and therapeutic
way, or even as growth promoters (feed additive), has been described as one of the main
causes of acquiring resistance bacteria in food-producing animals. The emergence of
antimicrobial resistance E. coli isolates in food-producing animals, mainly in chicken
meat, leading to the hypothesis that chicken meat and its products can be transmission
vehicles of antimicrobial resistance E. coli to humans infections. Studies also have

found similarities between avian and human pathogenic E. coli suggesting poultries
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foods derivatives as sources of EXPEC, as UPECs (Manges, 2016; Mellata, 2013; Ewers
etal., 2012; Marshall and Levy, 2011).

In a preview study, we showed a high frequency of ESBL-producing E. coli
isolated from chicken carcasses (CC) in Brazil, mainly strains producers of CTX-M-2
and CTX-M-8 groups (Koga et al., 2015a, Koga et al., 2015b). The objective of this
study was to analyze ESBL-producing E. coli strains between CC and UTIs, both
isolated in the same city and period, and compare they about antimicrobial resistance
and virulence factors profile and the genetic similarities by pulsed-field gel

electrophoresis (PFGE) types and multilocus sequence typing (MLST).

2- Material and methods

2.1- Bacterial isolates

Fifty ESBL-producing E. coli strains were selected to this study. Of these, 21
strains were isolated from UTIs, being they provided by University Hospital of
Londrina (Londrina, city of South of Brazil), and 29 strains were isolated from
commercial refrigerated CCs, sold in Londrina too. The ESBL-producing E. coli strains
isolated from CCs were selected from a previously characterized bacterial collection in
2013 (Koga et al., 2015a; Koga et al., 2015b) and they belong to the collection of the
Basic and Applied Bacteriology Laboratory from State University of Londrina (UEL),
Londrina, PR, Brazil. All the strains were isolated in 2013 and in the same city
(Londrina, Brazil).

The selected strains used in this study were characterized as ESBL producer by
the combination disk test with disks supplemented with cefotaxime and ceftazidime
alone and coupled with clavulanic acid (CLSI, 2015), and by double-disk sinergy
testing with the disc with clavulanic acid along with for cefotaxime, ceftazidime,
cefepime and aztreonam (Jarlier et al., 1988).

2.2- Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was determined by the Clinical Laboratory
Standard Institute (CLSI) disk-diffusion method. Interpretation was performed
according to criteria of the Clinical and Laboratory Standard Institute (CLSI, 2008,
2015). The antimicrobials used included the following: 5ug of ciprofloxacin; 10 pg

each of gentamicin, norfloxacin and enrofloxacin; 30 pg each of cefotaxime, cefoxitin,
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ceftazidime, tetracycline, nalidixic acid, and chloramphenicol; 300 ug of nitrofurantoin;
1.25/23.75 pg of trimethoprim-sulfamethoxazole; and 20/10 pg of amoxicillin-
clavulanic acid; and 200 pg of fosfomycin (Oxoid Ltd., Basingstoke, Hants, UK). For
susceptibility to colistin, strains were tested by broth microdilution method by VITEK®
2 system (bioMérieux, USA), following the criteria of European Committee on
Antimicrobial Susceptibility Testing (EUCAST, 2016). E. coli strain ATCC 25922 was
used as a negative control. Strains were classified as multidrug-resistant when it to be
nonsusceptible to at least 1 agent in 3 or more antimicrobial categories (Magiorakos et
al., 2012).

2.3- Detection of antimicrobial resistance genes

All 50 strains were screened for ESBL genes, including TEM-type, SHV-type
and CTX-M-type (Dallenne et al., 2010; Jouini et al., 2007; Woodford et al., 2006).
DNA from E. coli strains was extracted by a standard boiling procedure and they are
used for polymerase chain reaction (PCR) assay. Primers specific to blacrx-m group
were used (Saladin et al., 2002; Woodford et al., 2006; Jouini et al., 2007; Lido et al.,
2010; Dallene et al., 2010), and the PCR products were purified and sequenced by
Sanger methodology using an ABI PRISM 3500xL Genetic Analyzer (Applied
Biosystems, Foster City, CA). The sequencing was performed at Multiuser Laboratory
of Genotyping and Sequencing from State University of Campinas (UNICAMP) and in
Soil Biotechnology Laboratory from Brazilian Agricultural Research Corporation
(Embrapa). B-lactamases genes were identified using the p-lactamase database
(http://www.lahey.org/studies/webt.asp) after all the sequences were analyzed using
BLAST (http://blast.ncbi.nim.nih.gov/Blast.cgi).
The strains were also analyzed for the presence of others antimicrobial resistance genes,
as AmpC beta-lactamase (blacmy, blamox, blarox, blaiart, blaacT, blamir, blapua, blag),
blaacc), plasmid mediated quinolone resistance (PMQR) determinants (gnrA, gnrB and
gnrS), sulfonamide resistance (sull and sulll), tetracycline resistance (tetA and tetB),
plasmid-mediated colistin resistance (mcr-1) and plasmid-mediated fosfomycin
resistance (fosA3) (Pérez-Pérez and Hanson, 2002; Cattoir et al., 2007; Li et al., 2007;
Liu et al., 2016; Sato et al., 2013) The PCR reaction mixture was prepared using
Promega PCR Master Mix (Promega, USA), and PCR amplicons were visualized on
2.0% agarose gels stained with GelRed (Biotium). Image Capture System

(LPixImageHE) were used to captured the images. Strains positive for AmpC genes
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(Dierikx et al., 2010) and mcr-1 were also sequenced as previously described. All the

primers used are in Table 1.

2.4- Phylogenetic typing

The isolates were screened by PCR to phylogenetic groups according to the
protocol previously described (Clermont et al., 2013). Based on this method, the isolates
were classified into one of seven groups (A, B1, B2, C, D, E or F). The primers used are
in Table 1.

2.5- Screening of virulence factor genes

The strains were screened by PCR for markers of virulence associated with
APEC (hlyF, iutA, iroN, ompT and iss) (Johnson et al., 2008) and for pathogenicity
islands (PAIs) markers associated with UPEC (PAI Is3s, PAI llszs, PAI V53, PAI
Icrro7s, PAI Hcerozs and PAI lyg6) (Sabaté et al., 2006). The primers used are in Table 1.

2.6- Typing of bacteria

Clonal relatedness of the strains were further determined by Xbal restriction
(New England Biolabs, Ipswich, MA), followed by PFGE according to the Centers for
Disease Control and Prevention (CDC)
(https://www.cdc.gov/pulsenet/pathogens/pfge.html), using CHEF DR 11l PFGE System
(Biorad, Hercules, CA, USA). Electrophoresis conditions consisted on an initial time of
2.2 seconds, a final time of 54.2 seconds at a gradient of 6V cm™ and an included angle
of 120°, and the gels were electrophoresed for 18h. Results were evaluated with
Bionumerics (version 7.6; Applied Maths, Austin, TX, USA), and clusters were defined

when isolates presented >90% of similarity.

2.7- MLST

MLST was carried out using the Achtman scheme (fumC, gyrB, icd, mdh, purA,
recA, and adk genes) as previously described (Wirth et al., 2006). Alleles and sequence
types (STs) were determined at EnteroBase, Escherichia coli MLST Database.

(http://enterobase.warwick.ac.uk/species/ecoli/allele_st search). For identical or highly

strains by PFGE, one strains of this cluster were chosen to be typed by MLST.


https://www.cdc.gov/pulsenet/pathogens/pfge.html
http://enterobase.warwick.ac.uk/species/ecoli/allele_st_search
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3- Results

Fifty ESBL-producing E. coli were studied, which they were derived from CC
(N=29) and human UTIs (N= 21). All the strains were confirmed as ESBL producers
by phenotypic tests and by PCR.

All the strains are cefotaxime resistant. The antimicrobial susceptibility test
revealed also high resistance frequency mainly for tetracycline (96.55%) and nalidixic
acid (86.21%) in strains isolated from CC and high frequency of resistance for
quinolone and fluoroquinolones (95.24 — 85.71%) in strains isolated from UTIs. UPEC
strains showed higher frequencies of resistance for the majority of the antimicrobials
tested than E. coli strains from chicken, except for amoxicillin-clavulanic acid,
tetracycline, gentamicin, nitrofurantoin and fosfomycin (Figure 1). The majority of the
total of the strains (96%) were considered multidrug-resistant, according to previously
described criteria.

Among the ESBL genes identified, UPEC strains showed six variants of blacrx-
m, Including blactx-m-2 (N= 6), blactx-m-3 (N= 2), blactx-m-s (N=4), blactx-m-14 (N=5),
blactx-m-15 (N= 3) and blactx-m-2z (N= 1). Among the strains isolated from CC, we
found three variants of blactx-m, including blactx-m-1 (N= 2), blactx-m-2 (N= 18) and
blactx-m-s (N= 7). Two strains from chicken showed SHV-type. Four CTX-M groups
were not identified by sequencing (Figure 2).

By investigating of other antimicrobial resistance genes than ESBL genes, we
observed a high prevalence of genes related to resistance to tetracycline and
sulfonamide between the UPEC strains and strains from CC, as tetA (28.57% vs.
37.93%), tetB (42.86% vs. 79.31%), sull (57.14% vs. 72.41%), and sulll (57.14% vs.
65.52%), respectively. Regarding PMQR, 5 strains isolated from CC showed the gnrS.
About fosfomycin, only one strain was found as positive to fosA3 also isolated from
CC. Only one UPEC strain was positive to AmpC genes, following the sequencing, it
was identified as blacmy-2 (Figure 2).

Interestingly, two strains showed the mcr-1 gene, one strain isolated from CC
and one UPEC strain (Figure 2). By the broth microdilution test, both strains were
considered resistant to colistin.

Regarding the presence of UPEC pathogenicity islands, 52.4% of the UPEC
strains showed at least 1 of the islands surveyed, while 31.03% of strains isolated from
CC presented at least 1 of the islands surveyed. The distribution of PAIs showed the

same pattern in both groups of strains, being the PAI V53 the most prevalent (52.4%
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UPEC vs. 24.14% from CC), followed by PAI llcero73 (19.05% UPEC vs. 13.79% from
CC) and PAI I¢crro73 (14.29% UPEC vs 3.45% from CC) (Figure 2).

According to the presence of APEC virulence factors, 27 strains (93.1%)
isolated from CC and 15 UPEC strains (71.43%) showed at least one of the virulence
genes studied, and 51.72% from CC and 33.33% from UPEC presented the five
virulence markers of APEC (Figure 2).

Phylogenetic classification of the strains isolated from chicken carcasses
revealed that the group B1 (37.93%) was the most frequent, while among the UPEC
strains, group B2 (33.33%) was the most frequent (Figure 2). The phylogenetic group
B2 was also the group that was most related to the strains that presented the greatest
amount of virulence factors in both sampling, in which, 6 strains from group B2
presented from 7 to 8 virulence genes. Interestingly, all strains that presented more than
one PAI belonged to group B2 (Table 2).

Molecular typing by PFGE showed a high genetic diversity, with no clonal
relationship between the UPEC strains with the strains isolated from CC. We observed
clonal relationship into of UPEC strains groups, the strain 144 with 145, and the strains
159 with 152, each strains being isolated from a different patient. We also observed a
clonal relationship between strains isolated from CC, with the strains 22.2 A with 22TE,
and 2.1, 2.3 with 2.6T, being each cluster isolated from the same CC, and the strains
29.3 with 30.2, both isolated from different CC (Figure 2).

A total of 23 different STs were found among the strains (15 different STs in E.
coli isolated from CC and 11 different STs in UPEC strains), being the ST131 the most
prevalent. The ST131, ST354 and ST359 were found in both UPEC strains and in

strains isolated from CC (Figure 2).

Figure 1 — Frequencies of antimicrobial resistance exhibited by UPEC strains and E.
coli isolated from CC. Amc, amoxicillin-clavulanic acid; cfo, cefoxitin; ctx, cefotaxime;
caz, ceftazidime; tet, tetracycline; cn, gentamicin; clo, chloramphenicol; nit,
nitrofurantoin; nal, nalidixic acid; cip, ciprofloxacin; nor, norfloxacin; enr, enrofloxacin;

sut, trimethoprim-sulfamethoxazole; fos, fosfomycin

Figure 2 — Relationship between ESBL-producing E. coli from CC and UTIs by PFGE,
MLST, phylogenetic group, antimicrobial resistance genes profile and virulence factors

genes profile. In antimicrobial resistance and virulence factors genes, black squares
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represent presence of the gene and white squares represent absence of the gene. ST

Cplx, sequence type complex; PG, phylogenetic group; ND, not defined

4- Discussion

The prevalence of ESBL-producing bacteria is increasing in different
environments, as human medicine, veterinary clinics and livestock industries,
particularly in many developing countries, as in Brazil, where there are low investments
in healthcare sector (Liu et al., 2018; Koga et al., 2015a; Botelho et al., 2015; Casella et
al., 2018; Daga et al., 2019). The characterization of the occurrence of ESBL-producing
E. coli in samples from humans and animals is of utmost importance to understand the
routes of dissemination of these resistance determinants (Casella et al., 2018). As Brazil
is one of the most important producer and exporter of chicken meat worldwide,
surveillance studies are essential to identify resistance genes and bacterial clones that
may spread in chickens and ultimately contaminate humans.

In 2015, a study carried out by our group showed a high frequency of E. coli
producers of ESBL, mainly by CTX-M -type enzymes, isolated from CC, especially
ESBL from the CTX-M2 and CTX-M8 groups (Koga et al., 2015a; Koga et al., 2015b).
Close to period of this study, ESBL-producing UPEC were isolated, in the same city.
The similarities of antimicrobial resistance patterns found in strains of UTIs and from
CC, in the same period and city, drew attention to a possible transmission of
antimicrobial resistance genes and/ or pathogenic strains between humans and food-
producing animals. Thus, the aim of this study was to characterize and compare ESBL-
producing E. coli strains isolated from chicken carcasses and from human UTI about
antimicrobial resistance and virulence profile, and about the genetic similarity by
molecular techniques.

ESBL-producing bacteria are a major cause of morbidity, mortality, multidrug-
resistant outbreaks, and increased hospital costs (Rocha et al., 2015). In our study we
found ESBL-producing UPEC strains, positive to blactx-m-2, blactx-m-3, blactx-m-s,
blacTx-m-14, blacTx-m-15 and blactx-m-27, being the blactx-m-2 the most prevalent. These
data corroborate with the literature, in which other studies carried out in Brazil have
already demonstrated the presence of these genes in strains isolated from clinical
samples (Sampaio and Gales, 2016; Rocha et al., 2015; Peirano et al., 2011), with the
exception of blacrx-m-27 that has never been reported in Brazil. Among the ESBL-

producing strains from CC, we found the presence of blactx-m-1, blactx-m-2 and blacrx-
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M-8, being blactx-m-2 the most prevalent ESBL gene too. These data corroborate with the
literature too, in which other studies carried out in Brazil have already demonstrated the
presence of these enzymes in E. coli and Salmonella spp. from chicken meats, being
blactx-m-2 and blactx-m-s the ESBL genes most frequents in food-producing animals in
our country (Fernandes et al., 2009; Ferreira et al., 2014; Botelho et al., 2015; Fitch et
al., 2015; Casella et al., 2018). CTX-M-2- and CTX-M-8-producing E. coli in raw
chicken and broiler meat imported into European countries from South America
countries, including Brazil, has been previously reported too (Warren et al., 2008;
Egervarn et al., 2014). CTX-M2 has commonly been identified the most frequent ESBL
variant in bacteria isolated both in animals, foods and human clinical in South America,
corroborating with our results (Rocha et al., 2015). The fact that CTX-M-2 is the ESBL-
type most prevalent in both groups call us attention to a possible transmission of
antimicrobial resistance via food route. In addition, there are still few studies related to
the molecular epidemiology of ESBL in different environments in our country, with the
majority of studies concentrated in the South, Southeast and Northeast regions of Brazil,
with few studies in the North and Central-West region, hindering the real prevalence of
ESBLs (Rocha et al., 2015).

Data obtained in this study demonstrated a low genetic diversity of beta-
lactamases in E. coli strains from chicken, which we found only three variety of ESBL,
while in UPEC strains we found six variety. This shows that ESBLS circulating among
poultries appear to be well defined in the country, unlike strains isolated from human
clinical samples, in which, the variation of ESBL is much larger. This may be related to
the fact that our UPEC strains are isolated from hospital environment, in which, there is
the use of a greater variety of antimicrobials (Mellata, 2013), besides the use of
antimicrobials of greater action spectrum, than in poultry environment.

The ESBL-producing strains normally show multidrug resistance phenotype,
since ESBL are often encoded by genes located on plasmids that also carry genes for
resistance to other antimicrobials agents (Canton et al., 2012). The presence of
multidrug resistance E. coli-carrying blactx-m in Brazil has been reported (Dhanji et al.,
2010, Egervarn et al., 2014, Ferreira et al., 2014). In our study, 96% of the total of the
strains were classified as multidrug-resistant, with high frequency of resistance for
tetracycline and nalidixic acid for strains from CC and high frequency of resistance for
quinolone and fluoroquinolones in UPEC strains. UPEC strains showed higher

frequencies of antimicrobial resistance than E. coli isolated from chicken. This is
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expected, since the UPEC strains came from a hospitable environment, being an
environment of greater antimicrobial selection. However, in contrast to our result,
Johnson and collaborates (2012) observed that the prevalence of multidrug resistance
were more in avian E. coli than in human EXPEC, although this study not said whether
the origins of strains isolated from humans were from hospital or community.

The presence of other resistance genes can allow the co-selection of ESBL-
producing bacteria via the use of other antimicrobials, both in human medicine and in
animal production (Marshall and Levy, 2011; Canton et al., 2012). Among the research
of other antimicrobial resistance genes than ESBL, a high prevalence of tetracycline and
sulfonamide resistance genes (tetA, tetB, sull and sulll) were found in both strains
groups. The other antimicrobial resistance genes studied were found in less number,
such as gnrS (5 strains from chicken), fosA3 (1 strain from chicken), blacmy-2 (1 UPEC
strain) and mcr-1 (1 UPEC strain and 1 strain from chicken). Although in less
frequency, the presence of these genes in these strains is a concern, as they lead to
resistance to important antimicrobials used in human medical clinic.

Although we found a low frequency of resistance to colistin, the presence of the
mcr-1 gene in one UPEC strains and in one strain from chicken is worrying, because
colistin has been the last option of choice for the human treatment of infections caused
by multiresistant bacteria. Since 2015, studies have shown that the current
dissemination of resistance to colistin in humans, food, animals and the environment
has occurred mainly through the mcr-1 (mobile colistin resistance) gene, being this gene
normally mediated by plasmids, presenting high capacity of dissemination (Fernandes et
al., 2016a; Liu et al., 2016). A Brazilian study evidences that mcr-1 gene has emerging
in Brazil since at least 2012 in food-producing animals, as pigs and healthy chickens
(Fernandes et al., 2016a). Our study demonstrates that close to this period, the mcr-1
gene was already circulating among human clinical samples in our region, since our
UPEC strain was isolated in the year of 2013. Others Brazilian studies also found mcr-1
in E. coli isolated in migratory birds (Sellera et al., 2017) and in human clinical samples
(Fernandes et al., 2016b; Castanheira et al., 2016).

The association of ESBL and virulence genes, such as ESBL-producing EXPEC,
increases the impact that these bacteria may cause to animal and human health (Ferreira
et al., 2018). EXPEC strains harbor specialized virulence factors that confer pathogenic

potential, which are infrequent among commensal isolates (Sabaté et al., 2006). Thus, in
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our study, we investigated virulence factors related to EXPEC, mainly associated with
UPEC and APEC in all of our strains.

UPEC strains show blocks of DNA, called as pathogenicity islands, which there
are genes of virulence factors that contribute to their virulence (Sabaté et al., 2006).
According to our results, PAIs were detected in 52.4% of the our UPEC strains, and in
31% E. coli strains from CC. Although PAIs have been more frequently reported in the
genomes of human EXPEC than poultry, the presence of PAIs in strains isolated from
chicken carcasses demonstrating that animal-producing food can also be a reservoir of
UPEC virulence factors. Despite of it, the distribution of PAIls showed the same pattern
in both strains groups, being PAI 1Vs3s the most frequent pathogenicity island found in
both groups of strains, followed by PAI llcerozs and PAI Icerors. PAL 1Vs3g is reported as
being the most ubiquitous PAI found in Enterobacteriaceae (Sabaté et al., 2006). This
similar pattern of virulence factors is also a fact that demonstrate a possible zoonotic
risk. Others studies realized in the same region of our study, but in different periods
(Daga et al., 2019; Koga et al., 2014), with E. coli strains from human blood culture,
showed that over 70% of the isolates displayed PAI, being PAI 1Vs3 the most
prevalent, followed of the PAI lcer73 and PAI llcgrors, corroborating with our results.
This demonstrating that the PAI profile in different E. coli pathogenic strains have
showed the same in our region.

APEC is one of the main bacterial pathogens diagnosed in avian colibacillosis,
being responsible for significant financial losses in avian production, due to mortality,
morbidity, reduced productivity, and carcass condemnation at slaughter (Kariyawasam
and Han, 2019). According to Johnson and collaborates (2008), the five genes, iutA,
hlyF, iss, iroN and ompT, normally carried by a ColV plasmid, are more prevalent in
APEC strains than in others E. coli, indicating that this genes panel can be used to
predict the APEC pathotype. In our study, about the presence of APEC virulence
factors, 93.1% of strains isolated from chicken showed at least one of these genes.
Interestingly, the majority of UPEC strains (71.43%) showed at least one of these
virulence factors too. Although many studies have shown a high frequency of these
genes in APEC strains, studies found also in UPEC strains and sepsis-associated E. coli
(SEPEC) (Daga et al., 2019; Cyoia et al., 2015; Koga et al., 2014). Thus, this study
demonstrates that UPEC strains and chicken meat are reservoir for EXPEC genes with

possible public health concern both for veterinary medicine as both for human
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medicine. The detection of virulence factors and PAIs in strains from UTIs and chicken
strongly imply relationship between them.

Beyond to virulence attributes, E. coli strains also differ with respect to
phylogenetic group. According to the phylogenetic typing, E. coli strains can be
classified into the groups A, B1, B2, C, D, E and F (Clermont et al., 2013). In this
scheme, a majority of human EXPEC were categorized into groups B2 and D, whereas
majority of APEC strains were reclassified under the phylogenetic group C, followed by
F, B1 and B2 (Logue et al., 2017). In our study, classification of the strains isolated
from chicken carcasses revealed that the group Bl was the most prevalent, while in
UPEC strains, group B2 was the most frequent. The group B2 was the group most
related with the high numbers of virulence factors. Interestingly, all strains that
presented more than one PAI belonged to group B2, while virulence factors associated
to APEC have not a defined phylogroug.

PFGE and MLST showed a high genetic variability between the UPEC strains
and E. coli from chicken. According to PFGE results, the relationship was found only
into the same group. It shows that ESBL-producing E. coli disseminate by different
routes among human infection and poultry production in our country. These results
corroborate with the literature, which studies (Been et al., 2014; Valentin et al., 2014)
found considerable heterogeneity between human and poultry associated isolates,
suggesting that ESBL genes are mainly disseminated in food-producing animals and
humans via mobile elements, as plasmids. However, there are studies that showed many
genetic similarities between E. coli from poultry and from humans, on the basis of
phenotypic and genotypic properties (Miller et al., 2016; Leverstein-van Hall et al.,
2011; Vicent et al., 2010).

MLST is commonly used for E. coli typing, providing the delineate clonal
relationships among EXPEC strains and antimicrobial resistance strains (Kariyawasam;
Han, 2019; Ewers et al., 2012). A total of 23 STs were found, and the ST131, ST354
and ST359 were found both in UPEC and E. coli from chicken. The presence of same
STs in both in human infection and both in chicken suggest the hypothesis that poultry
meat production acts as a reservoir of ESBL-producing EXPEC strains. Among the STs
identified in this study, all were previously reported in the database
(http://mlst.ucc.ie/mlst/dbs/Ecoli), and the majority was associated with animal sources
and ExXPEC infections, excepting ST1246, ST1551 and ST3258 that were found only in

animal source, and ST6761 and ST7973 that were not related to the source.
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Some UPEC lineages have been associated with multiple outbreaks in certain
geographical regions, as E. coli ST131. E. coli ST131 is a classic virulent EXPEC clone,
belonging to group B2 and carrying blactx-m-15 gene, being responsible for many E. coli
infections worldwide, mainly UTI and urosepsis (Kariyawasam and Han, 2019). In this
study, ST131 was the ST most found, being four from UPEC strains and one E. coli
from chicken, all B2 phylogenetic group. Interesting, these strains were clustered
together in the PFGE dendrogram. Of these, only one strain carry the blacrx-m-15 (Strain
144), while the others carry different ESBL genes, as blactx-mz, blactx-m-14 and blacrx-
m-27. These show that, since 2013, the ST131 has disseminated among foods and human
infection in our region, carrying others ESBL genes than CTX-M-15, as disseminated in
the worldwide (Pitout, 2012).

The small number of E. coli strains analyzed is a limitation of this study.
Therefore, our study shows a great diversity of E. coli isolates carrying blacrx-m types
between UTIs and from chicken, indicating that mobile elements, as plasmids, can be
contributed to dissemination of ESBL genes between human infection and food.
Interestingly, the strains of both the groups showed similar profile about virulence
factors and PAI, and antimicrobial resistance genes. The presence of E. coli isolates
from poultry carrying many virulence genes, characterized these commensal bacteria as
potential EXPEC. These factors associated with multidrug resistance showed the
necessity to rational use of antibiotics in poultry industry and human medicine. In
Brazil, there are no nationwide surveillance programs that are related to bacterial
resistance, as spread of ESBL enzymes, being relatively little is known about the
epidemiology of ESBL as in humans as in animals (Rocha et al., 2015). Therefore
continuous monitoring and comparative analyses of ESBL from farm animals, foods,
and humans, as well as limiting spread within and between different sectors are needed,
besides continued collaboration between professionals and agencies working in human
healthcare, animal healthcare, and the food industry is needed. The emergence of new
variants and the prevalence of ESBL in isolates of human infections, environmental and
animal origin has demonstrates the complexity in establishing the origin of ESBL

dissemination.

5- Conclusion
The emergence of ESBL-producing E. coli between human infection and food-

producing animals is a public health concern, especially if pathogenic strains are also
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involved. We aimed to improve overall knowledge regarding the influence of foods on
the frequency of ESBLs in humans and food-producing animals. CTX-M-2 was the
most prevalent ESBL gene in both strains groups, and the majority of the strains was
classified as multidrug resistant. We also evidenced that mcr-1 in E. coli can be
disseminated in UTIs from Brazil since 2013. There is no a clonal ESBL-producing E.
coli between ITUs and chickens, however similar virulence factors and antimicrobial
resistance profile were found, and the same STs were found in both groups, as ST131,
ST354 and ST359, suggesting that chicken carcasses as a potential pathogen, associated

to multidrug resistance to important antibiotics to humans.
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Target Gene Oligonucleotide sequence (5’ to 3°) References
ESBL blacTx-m-1 group F- AAA AAT CAC TGC GCC AGT TC Woodford et al.,
R- AGC TTATTCATCGCCACGTT 2006
blacTx-m2 group F-CGACGCTACCCCTGCTATT
R- CCAGCG TCAGAT TTT TCA GG
blacTx-ms group F- TCG CGT TAA GCG GAT GAT GC
R- AAC CCACGATGT GGG TAGC
blacTx-me group F- CAA AGA GAG TGC AAC GGA TG
R- ATT GGA AAG CGTTCATCACC
blacTx-mzs group F- GCA CGA TGA CAT TCG GG
R- AAC CCACGATGT GGG TAG C
blactx-m-1 group F-GGT TAA AAAATC ACTGCG TC Saladin et al,
R-TTG GTG ACG ATT TTAGCC 2002
blacTx.m2 group F-ATG ATG ACT CAG AGC ATT CG
R-TGG GTT ACGATT TTC GCC GC
blactx-ms group F-TGA GA GAC ATCGCG TTA AG Jouini et al.,
R-TAACCGTCGGTG ACGATTTT 2007
blacTx-m9 group F- CAA AGA GAG TGC AACGGA TG Dallenne et al.,
R-TGA TTC TCG CCG CTG AAG 2010; Woodford
et al., 2006
blatem F-CATTTC CGT GTCGCCCTTATTC Dallenne et al.,
R-CGT TCATCC ATAGTT GCCTGAC 2010
blasnv F- CAC TCAAGG ATGTATTGTG Jouini et al,
R-TTAGCG TTGCCAGTGCTCG 2007
pAmpC blamox-1, blamox2, F- GCT GCT CAA GGA GCA CAG GAT Pérez-Pérez and

blacmy-1, blacmy-s to
blacmy-11

blagat-110 blagar.a,
blacmy- to blacmy-7,

blagL-1

R- CAC ATT GAC ATAGGT GTGGTG C

F- TGG CCA GAA CTG ACA GGC AAA
R-TTT CTC CTG AAC GTG GCT GGC

Hanson, 2002
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PMQR

Tetracycline

resistance

Sulfonamide

resistance

Plasmid-

mediated

blapya.1 and blapna-2
blaacc

blamir-11, blaacT-1
blarox.1to blarox-sh
blacmy-2,  blacmy-4,
blacmy-s,  blacwmy-7,
blacmy-12, blacmy-1s,

blacmy-14, blacmy-s,

blagar-3

gnrA

gnrB

gnrS

tetA

tetB

sull

sulll

mcr-1

F-AACTTT CAC AGG TGT GCT GGG T

R-CCG TAC GCATACTGG CTT TGC

F- AAC AGC CTC AGC AGCCGG TTA

R- TTC GCC GCA ATC ATC CCT AGC

F-TCG GTA AAG CCG ATG TTG CGG

R-CTT CCACTG CGG CTG CCAGTT

F- AAC ATG GGG TAT CAG GGA GAT G

R- CAA AGC GCG TAA CCG GAT TGG

F- ATG ATG AAAAAATCGTTATGC TGC Dierikx et

R- GCT TTT CAA GAA TGC GCC AGG 2010
F- AGAGGATTT CTC ACG CCA GG Cattoir et
R- TGC CAG GCA CAG ATCTTG AC 2007

F- GGM ATH GAA ATT CGC CAC TG
R-TTT GCY GYY CGC CAG TCG AA
F- GCA AGT TCATTG AAC AGG GT
R- TCT AAACCG TCG AGT TCG GCG

F-GCCTTTCCTTTG GGT TCT CT Lietal., 2007
R-TGT CCG ACA AGT TGC ATG AT

F- GCT TTC AGG GAT CAC AGG AG

R- GAC CAA GAC CCG CTA ATG AA

F- ACGAGATTG TGC GGT TCT TC Lietal., 2007
R- GGT TTC CGA GAT GGT GAT TG

F-CCG TCT CGC TCG ACAGTT AT

R- GTG TGT GCG GAT GAA GTC AG

F-CGGTCAGTCCGTTTGTTC
R-CTT GGT CGGG TCT GTA GGG

al.,

al.,
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colistin
Plasmid-
mediated

fosfomycin

Virulence

factors

Pathogenic

islands

fosA3

hlyF

iroN

ompT

iutA

iss

PAI Is36

PAI lls36

PAI V536

PAI lcero73

PAI llcrro73

PAI 1396

F-GGC ATT TTATCA GCAGT
R-AGA CCATCC CCT TGT AG

Sato et al., 2013

F-GGC CAC AGT CGT TTA GGG TGC TTA Johnson et al.,,
CC 2008
R-GGC GGT TTA GGC ATT CCG ATA CTC

AG

F-AAT CCG GCA AAG AGACGAACCGCCT
R-GTT CGG GCAACCCCTGCTTTGACTTT
F-TCA TCC CGG AAG CCT CCC TCA CTA
CTAT

R-TAG CGT TTG CTG CAC TGG CTT CTG
ATAC

F-GGC TGG ACATCATGG GAACTG G

R-CGT CGG GAA CGG GTA GAATCG

F-CAG CAACCCGAACCACTTGATG

R-AGC ATT GCC AGA GCG GCA GAA

F-TAATGC CGG AGATTC ATT GTC Sabaté et al.,
R-AGG ATT TGT CTC AGG GCT TT 2006

F-CAT GTC CAAAGC TCGAGCC

R-CTACGT CAGGCTGGCTTT G

F-AAG GAT TCG CTG TTA CCG GAC
R-TCG TCG GGC AGC GTT TCT TCT
F-GGA CAT CCT GTT ACAGCG CGC A
R-TCG CCA CCA ATC ACA GCG AAC
F-ATG GAT GTT GTATCG CGC

R-ACG AGC ATG TGG ATC TGC

F-TCG TGC TCA GGT CCG GAATTT
R-TGG CAT CCCACATTATCG




Table 2 — Number of PAIs and virulence factors genes according phylogenetic groups within UPEC strains and E. coli isolated from CC

CC UTI
(n=29) (n=21)

Pylogenetic A Bl B2 C D E F A Bl B2 C D E F
group (n=5) (n=11) (n=4) (n=1) (n=1) (n=6) (n=1) (n=0) (n=6) (n=7) (n=5) (n=2) (n=0) (n=1)

3 PAIs - - - - - - - - - 2 - - - -

Number of 2 PAIS ) i 3 i ) ) i i ) 4 i i i i

PAIs

1 PAI - - 1 1 1 3 - - 1 1 2 1 - -

0 PAI 5 11 - - - 3 1 - - 5 3 1 - 1

5 genes - 6 4 1 1 2 1 - 2 3 1 - - -

4 genes - - - - - - - - 1 - - - - -

Number of
3 genes 2 - - - - 2 - - - - - - - -
virulence

factors 2 genes - 3 - - - - - - - - - - - -

1 gene 3 - - - - 2 - - 2 3 1 1 - 1

0 gene - 2 - - - - - - 1 1 3 1 - -
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5.2.ARTIGO CIENTIFICO II

O artigo Il foi submetido e aprovado pela revista “BMC Microbiology”, e tem
como titulo: Characterization of CMY-2-type beta-lactamase-producing
Escherichia coli isolated from chicken carcasses and human infection in a city of
South Brazil.
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Abstract

Background: Food-producing animals, mainly poultry, have been associated with the maintenance and dissemination of
antibiotic-resistant bacteria, such as plasmid-mediated AmpC (pAmpC)-producing Enterobacteriaceae, to humans, thus
impacting food safety. Many studies have shown that Escherichia coli strains isolated from poultry and humans
infections share identical cephalosporin resistance, suggesting that transmission of resistance from poultry meat to
humans may occur. The aim of this study was to characterize pAmpC-producing E. coli strains isolated from chicken
carcasses and human infection in a restrict area and to determine their antimicrobial resistance profiles, and molecular
type by multilocus sequence typing (MLST) and pulsed-field gel electrophoresis (PFGE).

Results: A total of 14 pAmpC-producing E. coli strains were isolated, including eight strains from chicken carcasses and six
strains from human infections (from urine, tissue and secretion). The blacmy-2 gene was identified in all pAmpC-
producing E. coli strains by polymerase chain reaction (PCR) and DNA sequencing. High percentages of strains resistant to
tetracycline, nalidixic acid and sulfamethoxazole-trimethoprim (78—92%) were detected, all of which were considered
multidrug-resistant. Among the non-beta-lactam resistance genes, the majority of the strains showed tetA, tetB, sull and
sulll. No strain was considered an extended-spectrum beta-lactamases (ESBL) producer, and the blatem-1 gene was found
in 2 strains isolated from human infection. Six strains from chicken carcasses and four strains from humans infections
were linked to an ISEcp I -like element. Through MLST, 11 sequence types were found. Three strains isolated from human
infection and one strain isolated from chicken carcasses belonged to the same sequence type (ST354). However,
considerable heterogeneity between the strains from chicken carcasses and humans was confirmed by PFGE analysis.

Conclusion: This study showed the prevalence of E. coli strains producing blacwy-2 linked to ISEcp I that were present in
both chickens and humans in a restricted area. Our results also suggest the presence of a highly diverse strains that

harbor pAmpC, indicating no clonal dissemination. Therefore, continuous monitoring and comparative analyses of
resistant bacteria from humans and food-producing animals are needed.
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Background
Food-producing animals have been associated with the
maintenance and dissemination of antimicrobial-resistant
bacteria to humans, impacting food safety. Studies have
indicated that poultry meat is an important reservoir for
resistance problems rapidly emerging worldwide due to
bacterial selection caused by antimicrobial agents used as
growth promoters or for prophylactic and therapeutic
purposes [1-4].

In recent years, the frequency of resistance to third-
generation cephalosporins has increased both in strains
isolated from human infections and from the colonization
of food-producing animals, mainly mediated by extended-
spectrum beta-lactamases (ESBL) and the AmpC-beta-
lactamase. However, the epidemiology of AmpC-producing
bacteria may be underreported due to the lack of a
phenotypic test for the detection of this mechanism of
resistance. Failure to detect this beta-lacta- mase has
contributed to its uncontrolled spread and occa- sional
therapeutic failure [5-8].

Bacteria overexpressing AmpC beta-lactamases are
usually resistant to all beta-lactam antibiotics, except ce-
fepime, cefpirome, and carbapenems, which is an im-
portant clinical concerns because the bacteria often
express a multidrug-resistant phenotype, leaving limited
therapeutic options. The AmpC beta-lactamase can be
encoded by genes located on chromosomes or plasmids.
In Escherichia coli, the expression of the chromosome-
encoded AmpC beta-lactamase is very low, due to the
absence of the ampR regulator gene. On the other hand,
the genes that encode plasmid-mediated AmpC beta-lac-
tamases (pAmMpC) in E. coli are often overexpressed and
have been found around the world in nosocomial and
non-nosocomial isolates. Plasmid-mediated ampC genes
originated from chromosomal ampC genes carried by
several gram-negative species and are classified into at
least five phylogenetic groups, namely, the Enterobacter
group (MIR, ACT), the Citrobacter freundii group
(CMY-2-like, LAT, CFE), the Morganella morganii group
(DHA), the Hafnia alvei group (ACC), and the Aeromo-
nas group (CMY-llike, FOX, MOX), with the most
prevalent and widely disseminated being CMY -2-like
enzymes. The presence of AmpC in plasmids has
contributed to the rapid spread of this mechanism of
resistance [5, 7,9].

The prevalence of pAmpC-producing E. coli varies sig-
nificantly depending on the geographical region and host,
with a high prevalence in both humans and food- producing
animals mainly in North America [2-4]. In Brazil, pAmpC
betalactamases were first reported in strains isolated from
humans between 2007 and 2008 [10, 11]. Since then,
AmpC-producing bacteria have been reported in food-
producing animals, such as poultry carcasses [12-16].
However, there are few studies on
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AmpC-mediated resistance in human clinical and veterin-
ary medicine in Brazil. As Brazil is one of the largest
chicken meat exporters in the world and our work has
pointed out a significant increase in the presence of beta-
lactamases in chicken meat from Brazil [12], an investiga-
tion of the spread of AmpC genes in food-producing ani-
mals is also important to elucidate the origin of resistant
strains. The aim of our study was characterize pAmpC-
producing E. coli strains from both chicken carcasses and
human clinical samples from a city in southern Brazil
(Parana state) within close time periods to determine
whether chicken meat might act as a reservoir and
dissemination route for pAmpC-producing E. coli. These
strains were studied regarding their antimicro- bial
resistance profiles and molecular typing by multi- locus
sequence typing (MLST) and pulsed-field gel
electrophoresis (PFGE).

Methods

Bacterial isolates

In 2013, a study performed by our group [12] isolated 121
E. coli strains from commercial refrigerated chicken
carcasses intended only for local consumption that were
sold in a city in southern Brazil. From these strains, 8 were
screened and confirmed as pAmpC-producing strains by
polymerase chain reaction (PCR) described by Pérez-Pérez
and Hanson (2002) [7]. These strains belong to the
collection of the Basic and Applied Bacteriology
Laboratory from State University of Londrina (UEL),
Londrina, PR, Brazil. Between 2013 and 2015, 6 E. coli
strains isolated from human infection (from urine, tissue
and secretion) were confirmed as pAmpC by the Vitek
system GNID card (bioMérieux, Marcy I’Etoile, France)
and PCR [7] (Table 1). Only one isolate was selected per
patient. These strains were provided by the University
Hospital of Londrina, Londrina, Parand, Brazil.

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing of E. coli isolates was
performed using the standard disk-diffusion method rec-
ommended by the Clinical and Laboratory Standards Insti-
tute [24, 25], with the following antimicrobials: ciprofloxacin
(5 Mg), gentamicin (10 pg), norfloxacin (10 pg), enrofloxacin
(10 uQ), cefotaxime (30 pg), cefoxitin (30 pg), ceftazidime (30
Mg), tetracycline (30 ug), nalidixic acid (30 ug), chloram-
phenicol (30 pg), nitrofurantoin (300 jg), trimethoprim-
sulfamethoxazole (1.25/23.75 pg) and amoxicillin-clavulanic
acid (20/10 ug) (Oxoid Ltd., Basingstoke, Hants, UK). For the
negative control, we used E. coli strain ATCC 25922. All
strains resistant to 3rd generation cephalosporins were tested
for phenotypic confirmation of ESBL production by standard
ceftazidime and cefotaxime disks combined with clavulanic
acid [25] and by the double-disk diffusion method with disks
containing cefepime, cefotaxime, ceftazidime and



Table 1 Oligonucleotide used for amplification in the PCR
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Target Gene Oligonucleotide sequence (5" to 3') References
blagsg, blactx.m-1 group F- AAA AAT CAC TGC GCC AGT TC 17
R-AGC TTATTC ATC GCCACG TT
blactx-mz group F- CGA CGC TAC CCC TGC TAT T
R- CCA GCG TCA GAT TTT TCA GG
blactx-ms group F- TCG CGT TAA GCG GAT GAT GC
R- AAC CCA CGATGT GGG TAG C
blacrx-me group F- CAA AGA GAG TGC AAC GGA TG
R- ATT GGA AAG CGT TCATCA CC
blactx-m25 group F- GCA CGA TGA CAT TCG GG
R- AAC CCA CGATGT GGG TAG C
blarem F- CAT TTC CGT GTC GCC CTT ATT C [18]
R- CGT TCATCC ATA GTT GCC TGAC
blasnv F- CAC TCAAGG ATG TATTGT G [19]
R-TTAGCG TTG CCAGTGCTCG
blapamec blayox.1, blayox.2, blacwy.1, blacuy.s to blacyy.11 F- GCT GCT CAA GGA GCA CAG GAT [71
R- CAC ATT GAC ATA GGT GTG GTG C
blay sr.4 to blayat.4, blagyy., to blacyy.7, blag4 F- TGG CCA GAA CTG ACA GGC AAA
R-TTT CTC CTG AAC GTG GCT GGC
blapya. and blapya., F- AAC TTT CAC AGG TGT GCT GGG T
R- CCG TAC GCA TAC TGG CTT TGC
blancc F- AAC AGC CTC AGC AGC CGG TTA
R- TTC GCC GCA ATC ATC CCT AGC
blayr.17, blaxcr.q F- TCG GTA AAG CCG ATG TTG CGG
R-CTT CCACTG CGG CTG CCAGTT
blagox.1 to blagox.sy F- AAC ATG GGG TAT CAG GGA GAT G
R- CAA AGC GCG TAA CCG GAT TGG
blacyy.o, blacuy.s, blacuy.e, blacwy.7, blacy-12, F- ATG ATG AAAAAATCG TTATGC TGC [20]
blacyy.13, blacwy.14, blacuy.1s, blaiars R- GCT TTT CAA GAA TGC GCC AGG
PMQR gnrA F- AGA GGA TTT CTC ACG CCA GG [21]
R- TGC CAG GCA CAG ATC TTG AC
gnrB F- GGM ATH GAA ATT CGC CAC TG
R-TTT GCY GYY CGC CAG TCG AA
gnrS F- GCA AGT TCA TTG AAC AGG GT
R- TCT AAA CCG TCG AGT TCG GCG
Tetracycline resistance tetA F-GCC TTT CCT TTG GGT TCT CT [22]
R- TGT CCG ACA AGT TGC ATG AT
tetB F- GCT TTC AGG GAT CAC AGG AG
R- GAC CAA GAC CCG CTAATG AA
Sulfonamide resistance sull F-ACG AGA TTG TGC GGT TCT TC [22]
R- GGT TTC CGA GAT GGT GAT TG
sulll F-CCG TCT CGC TCG ACA GTT AT
R- GTG TGT GCG GAT GAA GTC AG
Insertion sequence ISEcp I - CMY F- AAA AAT GAT TGA AAG GTG GT [7, 23]

R-TTT CTC CTG AAC GTG GCT GGC




aztreonam placed 25 mm apart (center to center) to a disk
containing a beta-lactamase inhibitor (amoxicillin-clavulanic
acid) [26].

Screening of antimicrobial resistance genes and insertion
sequence

All E. coli strains were screened by PCR for blacyy gene as
described by Dierikx and collaborators (2010) and
sequenced [20] (Table 1). For sequencing, amplicons were
purified with a column-based kit (Pure Link Quick PCR
Purification Kit, Invitrogen, Germany). The purified
product was sequenced based on Sanger methodology
using an ABI PRISM 3500xL Genetic Analyzer (Applied
Biosystems, Foster City, CA). The sequencing was
performed at the Multiuser Labora- tory of Genotyping
and Sequencing from State University of Campinas
(UNICAMP) and in the Soil Biotechnology Laboratory
from the Brazilian Agricultural Research Corporation
(Embrapa).

After sequencing, homology searches were done based on
the BLAST algorithm available at http://blast.ncbi.
nlm.nih.gov/Blast.cgi. The DNA sequences were com-
pared with reference sequences from the LAHEY home
page (http://www.lahey.org/Studies/).

The strains were also analyzed for the presence of other
major beta-lactamase genes (blacrx.m, blagay, bla- tem),
plasmid  mediated quinolone resistance  (PMQR)
determinants (gnrA, gnrB and gnrS), sulfonamide resist-
ance genes (sull and sulll) and tetracycline resistance genes
(tetA and tetB) [7, 17-22]. To define the mechan- ism of
transmission of the pAmpC gene, we screened blagm,c for
the insertion sequence ISEcpl by ISEcpl- blacyy linkage
PCR [23]. Strains positive for this PCR were sequenced as
previously described. Details regard- ing oligonucleotide
primers and references are illustrated in Table 1. The PCR
mixture was prepared using Pro- mega PCR Master Mix
(Promega, USA). PCR amplicons were visualized on 2.0%
agarose gels stained with GelRed (Biotium). After gel
electrophoresis, the images were captured using an Image
Capture System (LPixIma- geHE). Strains positive for beta-
lactamases (non AmpC- type) were also sequenced as
previously described.

Multilocus sequence typing

MLST was performed according to the Achtman scheme
(http://mist.warwick.ac.uk/mlst/dbs/Ecoli), for sequen- cing
the PCR amplificon adk, fumC, gyrB, icd, mdh, purA and
recA. Sequencing was performed as previously described
in this manuscript.

Pulsed-field gel electrophoresis

Genomic relationships were analyzed by Xbal restriction
digestion followed by pulsed-field gel electrophoresis
(PFGE) using the CHEF DR Ill PFGE System (BioRad,
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Hercules, CA, USA). Electrophoresis conditions con- sisted
of an initial time of 2.2 s, a final time of 54.2 s at a gradient
of 6 V cm™ ! and an included angle of 120°. The gels were
electrophoresed for 18 h. The results were evaluated with
BioNumerics (version 7.6; Applied Maths, Austin, TX,
USA) using the cut-off value of 80% similar- ity to
distinguish PFGE types.

Results

A total of 14 strains (8 strains isolated from chicken car-
casses and 6 strains isolated from humans infections) were
confirmed as pAmpC-producing strains by PCR. The
strains from humans infections were isolated from urine (N
= 4), a fragment of sacral ulcer tissue (N =1)and secretion
of an abdominal surgical wound (N = 1) (Fig. 1). PCR and
sequencing, using specific primers (Table 1) identified the
blacumy.2 gene in all pAmpC-pro- ducing E. coli strains.

All the strains were resistant to amoxicillin-clavu- lanic
acid, and 92.86% of the strains were resistant to
cefoxitin. According to the antimicrobial sus- ceptibility
profile for non-beta-lactam antimicrobials, the strains
presented a high frequency of resistance for mainly
tetracycline (92.86%), nalidixic acid  (92.86%) and
sulfamethoxazole-trimethoprim (78.57%) (Table 2). Among
the non-beta-lactamase genes, the strains showed tetA (7
from chickens and 2 from humans), tetB (6 from chickens
and 3 from humans), sull (8 from chickens) and sulll (7
from chickens and 1 from humans) (Table 2). PMQRs
were not found. All strains were considered multidrug-
resistant (non- susceptible to at least 1 agent in 3 or more
antimicrobial categories) [27].

ESBL production, by phenotypic testing, was not observed
for any strain. In addition, the blargym.: gene was found in
2 strains isolated from human.

To detect whether ISEcpl is upstream of blacyy.,, PCR
with a forward primer targeting the ISEcpl element and a
reverse primer targeting the blacyy genes was performed,
and the amplicons of positive strains were sequenced. Ten
strains (6 from chicken carcasses and 4 from human
infection) were positive, and sequencing confirmed that
blacmy.. genes are linked to an upstream ISEcpl-like
element.

By MLST, 11 sequence types (STs) were found. Three
strains isolated from human infection (2 from urine and 1
from tissue) and one strain isolated from a chicken carcass
belonged to ST354 (Fig. 1).

The AmpC-beta-lactamase-producers were classified
within 13 PFGE types, showing high diversity among
strains. Only two strains of ST354 from human urine and
tissue (U79167 and T746 strains) showed 100% similarity

(Fig. 1).


http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.lahey.org/Studies/
http://mlst.warwick.ac.uk/mlst/dbs/Ecoli
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Fig. 1 Relationship among pAmpC-producing E. coli strains from chicken carcasses and humans infections by PFGE and MLST
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Discussion

The emergence of third-generation cephalosporin-resistant
Enterobacteriaceae, such as expressing ESBL and AmpC, in
food-producing animals and their products has impacted the
health of consumers, leading to the hypothesis that ani- mals
might become antimicrobial resistance sources and/or even
contribute to the spread of these bacteria. Recent studies have
shown that poultry and humans share similar antimicrobial
resistance genes, and E. coli strain types, sug- gesting that
transmission from poultry to humans may occur [2-4]. The
presence of similar pAmpC in strains isolated from
chicken meat and human clinical samples, in the same city
and similar time period led us to compare the
similarity of these strains by PFGE

their
the

and MLST methodologies and to determine
antimicrobial resistance profiles to understand
dissemination of this mechanism of resistance.

In 2013, our group identified 8 pAmpC-producing E. coli
isolates from chicken carcasses [12]. Near this time period,
6 pAmpC-producing E. coli were also isolated from
patients with infection from a hospital in the same city
where our study was conducted with chicken carcasses. All
pAmpC of these strains, from chicken carcasses and human
infection, were identified as the blacwy., gene by
sequencing. According to the litera- ture, blacyy.; is the
most common pAmpC gene identi- fied from widespread
human and veterinary medical cases [2-4]. Initially, in
Brazil, pAmpC-producing bacteria

Table 2 Antimicrobial resistance profiles, presence of resistance genes and ISEcp | in AmpC beta-lactamase positive E. coli strains

Strains Antimicrobial resistance profile to non beta-lactams Betalactamase genes Non beta-lactam resistance genes ISEcp!
Chicken carcass

23EC tet, gen, nal, sut blacyy.» tetA, tetB, sull, sulll +
30C tet, gen, clo, nal, cip, nor, enr, sut blacyy.-» tetB, sull, sulll +
30TE tet, nal, sut blacyy.» tetA, tetB, sull, sulll +
322A tet, nal, sut blacyy.» tetA, tetB, sull, sulll +
333 tet, nit, nal, cip, enr blacyy.-» tetA, tetB, sull, sulll +
335 tet, nal, cip, nor, enr, sut blacyy.» tetA, tetB, sull, sulll -
43.5 tet, gen, clo, nit, sut blacyy.» tetA, sull, sulll -
442 A tet, nal, sut blacyy., tetA, sull +
Human samples

uroa167 tet, nal, cip, nor, enr, sut blacyy.o. blarey.1 tetA +
U7895 tet, nal, cip, nor, enr, sut blacyy.2 tetA -
T746 tet, nal, cip, nor, enr, sut blacyy.,. blargy 4 tetB -
urrr2 tet, gen, nal,cip, nor, enr, sut blacyy.2 tetB +
S8293 tet, nit, nal, nor, enr blacyy.» tetB, sulll +
S4474 nal, cip, nor, enr blacyy.» - +

tetracycline (tet), gentamicin (gen), chloramphenicol (clo), nitrofurantoin (nit), nalidixic acid (nal), ciprofloxacin (cip), norfloxacin (nor), enrofloxacin (enr),

trimethoprim-sulfamethoxazole (sut)
(+) Presence
(-) Absence



were only observed in human medical settings. FOX-5 like
and CMY-2-like were the first pAmpC beta-lactamases re-
ported in Brazilian isolates and were detected in E. coli
from patients in hospitals [10, 11]. Studies have shown an
increase in the frequency of pAmpC in human clinical set-
ting, but few studies have described the frequency of
pAmpC in Enterobacteriaceae in Brazil [6, 11, 28, 29].

However, since 2015, studies have found pAmpC-pro-
ducing bacteria in food-producing animals, mainly chicken
meat in Brazil, leading to the hypothesis that this might
become an infection source or reservoir that contributes to
the spread of these bacteria. The blacyy.» gene is also the
pAmpC variant more frequently found in food-producing
animals in Brazil [12-16, 30]. Studies have detected a high
prevalence of blacwy, genes harbored on different
plasmids in E. coli from poultry [13, 14]. In Brazil, da
Silva and collaborators (2017) [16] found blacyy., in
avian pathogenic E. coli (APEC) from turkey, with
airsacculitis, showing that this antimicrobial resistance
mechanism can also be found in pathogenic strains.

The true rate of occurrence of pAmpC in strains of E. coli
remains unknown because only a few surveillance studies
have examined this resistance mechanism in Brazil [6].
Moreover, the lack of a standardized pheno- typic method
for the detection of AmpC-producing isolates contributes to
underreporting in human clinical laboratories and
veterinary medicine [5]. This higher frequency of pAmpC
found in food-producing animals in recent years may be
linked to changes in molecular epidemiology of AmpC
beta-lactamase and to the indiscriminate use of
antimicrobials in the production of these animals, which
may be selecting this resistance mechanism.

Infections caused by pAmpC-producing bacteria limit
therapeutic options since these organisms are usually re-
sistant to all beta-lactam antibiotics, except cefepime,
cefpirome, and the carbapenems [5]. In our study, all
strains were considered multidrug-resistant and were
nonsusceptible to at least 1 agent in 3 or more anti-
microbial categories [27]. The highest frequencies of
resistance to non-beta-lactam antimicrobials were for
tetracycline (92.86%), nalidixic acid (92.86%) and sulfa-
methoxazole-trimethoprim (78.57%). In addition, by PCR,
our strains showed that chicken meat is a reservoir of non-
beta-lactam resistance genes such as tetA, tetB, sull and
sulll (Table 2), which corroborates the high fre- quency of
phenotypic resistance for tetracycline and
sulfamethoxazole-trimethoprim. In addition, two strains
from humans have the blatgy.; gene, which encodes a beta-
lactamase with a lower spectrum of action. The blayampc
genes are usually present in mobile genetic elements, which
carry resistance genes encoding other beta-lactamases
and/or genes encoding resistance to
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other classes of antimicrobials, as pAmpC-producing
bacteria are commonly multiresistant [5]. Co-resistance
phenotypes are involved in the maintenance of resist-
ance genes and plasmids in E. coli thus, the use of anti-
microbials in animal production may also play a role in
the selection of multidrug-resistant isolates in the ani-
mals’ environment [4].

A variety of genetic elements has been implicated in the
mobilization of bla,n,c genes onto plasmids. It has been
reported that beta-lactamase genes can be genetic- ally
linked to an upstream insertion elements, as ISEcpl. Many
studies have shown that blasmec- type genes are associated
with mobile genetic elements, including inser- tion
sequences such as ISEcpl, most of which are carried on
transferable plasmids [5, 31, 32]. In Brazil, only one study
reported the presence of the |ISEcp 1-blacuy, gene
present on a plasmid from an E. coli strain isolated from
chickens [13]. In our study, six strains from chicken
carcasses and four strains from humans infec- tion (71.4%
of the total strains) showed the blacyy.. gene linked to an
upstream ISEcp 1-like element. This insertion element can
be responsible for the trans- position of blacyy., to
different plasmids and can also have an important role in
the dissemination of CMY-2 beta-lactamases.

MLST is a methodology that can reflect the microevo-
lution of the E. coli core genome, providing a true pic- ture
of the population structure of this bacterial species [4].
Eleven STs were found in this study (Fig. 1), all of which
were reported both in birds and humans, with the exception
of ST3177, which has never been reported in birds. All the
STs have been reported in Brazil, with the exception of
ST448 and ST3177 [4, 13, 33-42]. STs 10, 57, 93 and 117
were reported in avian pathogenic E. coli (APEC) and
extraintestinal pathogenic E. coli (EXPEC) in Brazil,
showing that these strains may be related to strains
pathogenic, for both poultry and humans [38].

Four strains were grouped as ST354 (3 strains isolated
from human infection and 1 strain isolated from a chicken
carcass) suggested the possibility that they share the same
clonal origin. However, PFGE revealed consid- erable
heterogeneity among these strains. The most closely related
strains were the 2 strains isolated from urine and tissue of
human infection. PFGE also revealed 13 different PFGE
types, with the dendrogram clearly showing a good
distinction between the strains isolated from humans and
chicken carcasses (Fig. 1). These data suggest a high
diversity of strains that carry pAmpC genes and show
possible parallel microevolution [4].

According to our study, we found a diverse E. coli
population from both chicken carcasses and in human
infection carrying the blacyy., gene. Some studies also
concluded that dissemination of AmpC-producing E. coli
does not occur by clonal strains in these hosts [43, 44].



However, in our study, the presence of ISEcpl upstream of
blacmy., in some strains suggests that mobile genetic
elements are being disseminated between bacteria from
humans and animals, mainly poultry.

Antimicrobials are normally used in animal husbandry
as veterinary drugs or feed additives [45]. Although a
withdrawal time for antimicrobial use is required before
the animal is sacrificed for sale, Wang and collaborators
(2017) found residues of antimicrobials in meat and even
detected some human antimicrobials, that are not used as
veterinary drugs. The spread of antimicrobial resist- ance
genes in poultry may be associated with the prophylactic
use of cephalosporins injected into eggs to control E. coli
omphalitis in broiler chickens [46]. In Brazil, third-
generation cephalosporins have been asso- ciated with in
ovo vaccination on the 18th day of incuba- tion because
the vaccine can also select antimicrobial resistant
bacteria in poultry [33].

Further research about the dissemination of resist- ant
bacteria need to be conducted in a given time and
geographical area to trace the flow of resistant bacteria
because there are few studies about this dissemination [4].
Our study allows us to understand some aspects of the
dissemination of this resistance mechanism in a restricted
area, which is important step for developing strategies
aimed at preventing the propagation of this resistance
through food ingestion.

These data show the presence of the bla cMY-2 gene
linked with an ISEcpl-type insertion element in both
chicken carcasses and in human infection in a re- stricted
region. Our results suggest the presence of highly diverse
strains that harbor pAmpC, indicating no clonal
dissemination. In a “One-Health” context, continuous
collaboration among professionals in human and animal
healthcaree, the food industry and the environmental
sector is needed to characterize the occurrence and
routes of dissemination of these antimicrobial resistance
determinants.

Conclusion

Since Brazil is one of the largest exporters of chicken meat
in the world, surveillance studies are essential to identify
resistance genes and bacterial clones that may spread from
chickens to humans. Our results show the presence of
highly diverse strains that harbor pAmpC, indicating no
clonal dissemination. However, the presence of blacyy.,
linked to the ISEcpl element, was present both in chicken
meat and human infection, suggesting that mobile genetic
elements can be respon- sible for the spread of this
resistance mechanism in this restricted area. Therefore,
continuous monitoring and comparative analyses of
resistant bacteria from humans and food-producing animals
are needed.
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CONCLUSAO

De acordo com os resultados obtidos neste trabalho pode-se concluir que:

CTX-M-2 e CMY-2, foram as enzimas do tipo ESBL e pAmpC,
respectivamente, mais frequentemente encontrada em amostras clinicas humanas

e em carcacas de frango;

A maioria das amostras foram classificadas como multirresistentes, sendo tetA,
tetB, sull e sulll os genes de resisténcia antimicrobiana mais associada tanto as
amostras produtoras de ESBL quanto as produtoras de pAmpC;

Nosso trabalho evidencia que o gene mcr-1 pode estar circulando entre amostras
de ITUs no Brasil desde o ano de 2013;

As amostras de E. coli isoladas de amostras clinicas humanas e de carcagas de
frango apresentam um perfil de viruléncia e resisténcia semelhantes, indicando

uma possivel risco zoonotico;

ST131, ST354, ST359 foram encontrados tanto em amostras isoladas de ITUs
quanto em carcacas de frango, indicando que a carne de frango pode ser um
reservatorio de patdégenos humanos, associados a multirresisténcia a importantes

antimicrobianos ao homem

ST131 foi o mais encontrado entre as amostras estudadas, no entanto, ndo estdo

relacionados a um tipo de ESBL especifico;

As amostras de E. coli isoladas de amostras clinicas humanas e de carcagas de
frango n&o apresentaram similaridades por técnicas moleculares, demonstrando
gue na nossa regido ndo ha um clone que dissemina as betalactamases, mas
indica que presenca de elementos genéticos moveis como ISEcpl podem estar

envolvidos na disseminagdo dessas resisténcias, principalmente em pAmpC.



