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KOGA, Vanessa Lumi. Estudo do perfil de sensibilidade aos antimicrobianos e pesquisa
de genes de viruléncia de Escherichia coli patogénica extraintestinal em amostras
isoladas de carcacas de frango. 2015. 73f. Dissertacdo (Mestrado em Microbiologia) —
Universidade Estadual de Londrina, Londrina, 2015.

RESUMO

O uso de antimicrobianos na avicultura, utilizados tanto para fins terapéuticos e profilaticos
guanto como promotores de crescimento, tem levado a selecdo de cepas resistentes.
Escherichia coli tem sido utilizada como indicadora de resisténcia aos antimicrobianos e de
patogenicidade na avicultura. Este trabalho teve como objetivo analisar o perfil de
sensibilidade aos antimicrobianos e pesquisar genes de viruléncia em amostras de E. coli
isoladas de carcacas de frango. Na primeira parte deste trabalho foram estudadas amostras de
E. col iisoladas de carcagas de frango de granja, sendo 84 amostras isoladas em 2007 e 121
amostras isoladas em 2013. Essas amostras foram analisadas quanto a classificacdo
filogenética, presenca de genes de viruléncia e perfil de sensibilidade aos antimicrobianos,
incluindo pesquisa de betalactamases de espectro estendido (ESBL). Entre os genes de
viruléncia pesquisados, o gene iutA foi o mais prevalente em ambos os grupos de amostras
(66.6% em 2007 e 54.5% em 2013). Em 2013 houve um aumento da frequéncia de resisténcia
para a maioria dos antimicrobianos analisados, além da presenca de 39 amostras de E. coli
produtoras de ESBL. Na segunda parte, foram estudadas 35 amostras de E. coli isoladas de
frango caipira e 121 amostras de E. coli isoladas de frango de granja, isoladas em 2013.
Foram analisados quanto a classificacdo filogenética, genes de viruléncia, perfil de
sensibilidade aos antimicrobianos, incluindo a pesquisa de ESBL e AmpC. Os resultados
mostraram que as amostras isoladas de frango de granja apresentam um maior nimero de
fatores de viruléncia pesquisados e maior frequéncia de resisténcia aos antimicrobianos.
Apenas as amostras isoladas de frango de granja apresentaram E. coli produtoras de ESBL e
AmpC. Diante disso, notamos um aumento na frequéncia de resisténcia aos antimicrobianos
em bactérias isoladas de frangos de granja. O restrito uso de antimicrobianos na produc¢éo de
frango caipira pela agricultura familiar pode estar relacionada com a baixa frequéncia de
resisténcia e viruléncia em bactérias isoladas de carnes de frango.

Palavras chave: Escherichia coli. Fatores de viruléncia. Resisténcia aos antimicrobianos.
ESBL, AmpC



KOGA, Vanessa Lumi. Study of antimicrobial sensitivity profile and research of
virulence genes of extraintestinal pathogenic Escherichia coli in strains isolated from
chicken carcasses. 2015. 73 p. Dissertation (Microbiology Master) — Universidade Estadual
de Londrina. Londrina, 2015.

ABSTRACT

The use of antimicrobials in poultry, both as therapeutic and prophylactic and as growth
promoters has led to selection of antimicrobial resistant strains. Escherichia coli has been
used as bio-indicator of antimicrobial resistance and pathogenicity in poultry. This study was
aimed the antimicrobial sensitivity profile and search of virulence genes in E. coli isolated
from chicken carcasses. In the first part, were studied E. coli strains isolated from commercial
conventional chicken carcasses, being 84 strains isolated in 2007 and 121 strains isolated in
2013. These strains were analyzed for phylogenetic classification, presence of virulence genes
and susceptibility to antimicrobials profile, including search of extended spectrum beta-
lactamases (ESBL). Among the virulence genes surveyed, the iutA gene was the most
prevalent in both groups of strains (66.6% in 2007 and 54.5% in 2013). In 2013 there was an
increased in the frequency of resistance to majority of antimicrobials tested, and the presence
of 39 strains of ESBL-producing E. coli. In the second part, we studied 35 strains of E. coli
from free-range poultry and 121 E. coli strains from conventional poultry. They were
analyzed for phylogenetic classification, virulence genes, susceptibility to antimicrobials
profile, including research to ESBL and AmpC. The results showed that the strains isolated
from conventional poultry have a greater number of virulence factors tested and frequency of
antimicrobial resistance. Only strains isolated from conventional poultry showed
ESBL/AmpC-producing E. coli. Thus, we note an increase in the frequency of antimicrobial
resistance of bacteria isolated from commercial conventional poultry. The restricted use of
antimicrobials in free-range poultry by family farmers, may be related with the low frequency
of antimicrobials resistance and virulence in bacteria isolated from chicken meat.

Keywords: Escherichia coli. Virulence factors. Antimicrobial resistance. ESBL. AmpC
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1.INTRODUCAO

A modernizagdo e a producdo em escala de frangos no Brasil iniciou-se na década de
70, em razdo da necessidade de abastecer os mercados na época. Nos anos seguintes, a
avicultura brasileira ganhou um grande impulso com o0s avang¢os da genética, com 0
desenvolvimento das vacinas, nutricdo e equipamentos especificos para sua criagéo.
Atualmente, o Brasil é considerado o maior exportador mundial de frangos e o terceiro maior
produtor de carne de aves, sendo a regido sul do Brasil considerada a maior produtora
nacional (BELUSSO, 2010; UBABEF, 2013).

Com a intensificacdo da producéo avicola, houve um aumento de doencas microbianas
nas aves. No entanto, essas doencas microbianas puderam ser controladas por meio da
utilizagdo de antimicrobianos na avicultura, sendo estes utilizados tanto de forma terapéutica e
profilatica quanto como promotores de crescimento (ARIAS; CARRILHO, 2012).

Vérias pesquisas evidenciaram o0s beneficios promovidos pela utilizacdo de
antimicrobianos na alimentacdo animal, sendo estes administrados como aditivos em ragdo ou
na agua de beber das aves de granja, em doses subterapéuticas (GASKINS; COLLIER;
ANDERSON, 2002; PHILLIPS et al., 2004; BRUMANO; GATTAS, 2009). Porém, 0 uso
indiscriminado de antimicrobianos tem levado a selecdo de bactérias resistentes (ARIAS;
CARRILHO, 2012; SILVA; LINCOPAN, 2012).

Os produtos de origem animal, principalmente as carnes, sdo importantes fontes de
bactérias responsaveis por enfermidades transmitidas ao homem. Uma das bactérias que tem
tido sua viruléncia associada ao uso de antimicrobianos na avicultura tém sido Escherichia
coli, que apesar de fazer parte da microbiota normal em aves, podem ser patogénicas para 0s
humanos, podendo a carne de frango e seus derivados serem veiculos de transmissdo dos
mesmos (MANGES; JONHSON, 2012; MELLATA, 2013).

Escherichia coli é uma bactéria Gram-negativa, pertencente a familia
Enterobacteriaceae, e € um dos principais constituintes da microbiota intestinal do homem e
animais de sangue quente, sendo em aves, habitantes normais do trato gastrointestinal e do
trato respiratério superior (faringe e traquéia). No entanto, uma pequena porcentagem de E.
coli sdo patogénicas, sendo essas divididas em dois grupos, o0 grupo das cepas diarreiogénicas,
que causam infeccOes intestinais, e as cepas extraintestinais (EXPEC), capazes de causar
diferentes tipos de infeccdo, entre elas, as septicemias, meningites, infec¢des do trato urinario,
entre outras (KAPER; NATARO; MOBLEY, 2004; PITOUT, 2012). Ja em aves, EXPEC

estdo entre os principais causadores de enfermidades aviarias (JOHNSON et al., 2008).
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De acordo com a classificagdo filogenética, as cepas de E. coli podem ser classificadas
em quatro grupos: A, B1, B2 e D. EXPEC pertencem geralmente ao grupo B2, com menor
frequéncia ao grupo D, enquanto as E. coli comensais pertencem aos grupos A e Bl
(CLERMONT; BONACORSI; BINGEN, 2000). A patogenicidade das EXPEC se deve a
presenca de genes que codificam fatores de viruléncia, sendo os principais fatores encontrados
0s que conferem adesdo, como fimbria tipo 1 (fimH), fimbria F11 (felA), Pili P (PapC e
PapG); resisténcia a atividade litica do soro (iss e ompT); capacidade de multiplicacdo em
ambientes pobres em ferro devido a presenca de sideréforo (iutA, iroN); capacidade de causar
lesdo tecidual pela hemolisina (hly), entre outros fatores (HEIMER et al., 2004;
YAMAMOTO, 2007; ZHAO et al., 2009).

Vaérios estudos tem demonstrado que amostras de E. coli de origem aviaria apresentam
diferentes perfis de resisténcia maltipla a drogas antimicrobianas, e que sdo frequentemente
resistentes para mais de uma droga (KILONZO-NTHENGE et al., 2008; HASAN et al.,
2012). Um dos principais mecanismos de resisténcia que tém sido encontrados em E. coli
isoladas de frangos é a producdo de betalactamases de espectro estendido (ESBL), sendo
essas enzimas uma das grandes causas de falha terapéutica em tratamentos de infeccdes
bacterianas (EWERS et al., 2012; REICH; ATANASSOVA,; KLEIN, 2013; ABREU et al.,
2014).

A elevada taxa de resisténcia aos antimicrobianos, associada aos diversos fatores de
viruléncia tornaram E. coli em um potencial problema alimentar, devido a possibilidade de
transferéncia horizontal de genes de viruléncia e resisténcia a microbiota residente e/ou a
patégenos humanos (ARIAS; CARRILHO, 2012). Isolados de E. coli em aves, com potencial
patogénico para seres humanos, permanecem um problema importante para os produtores de
aves e uma preocupacdo potencial para os consumidores. Este trabalho tem a finalidade de
demonstrar a necessidade de um constante monitoramento quanto a presenca de E. coli e seus
fatores de viruléncia e resisténcia aos antimicrobianos, visando o controle da disseminacao de
enteropatdgenos multirresistentes em alimentos de origem animal, e desta forma, minimizar o

risco zoonético.
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2. REVISAO BIBLIOGRAFICA

2.1 AVICULTURA NO BRASIL

A avicultura é uma das atividades que mais tem se desenvolvido no Brasil, e
atualmente, nosso pais é o maior exportador mundial de frango e o terceiro maior produtor de
carne de aves. A regido sul do Brasil é responsavel pela maior parte da producdo de aves,
sendo o Parana referéncia em sanidade avicola e o maior produtor nacional, responsavel por
mais de 25% das exportacdes de carne de frango do pais (UBABEF, 2014; SINDIAVIPAR,
2014).

Antes da industrializacdo da avicultura se consolidar no Brasil, havia o
predominio da avicultura tradicional e familiar, conhecida popularmente como a producéo do
frango “caipira”. Nesse sistema de produgdo, as propriedades produziam carne e ovos para o
consumo proprio, e comercializavam os excedentes (CIAS —- EMBRAPA, 2010).

A partir da década de 70 a avicultura industrial passou a se desenvolver de
forma mais efetiva. Esse crescimento foi consequéncia direta domelhoramento genético,
desenvolvimento de vacinas, e avangos na nutricdo e equipamentos especificos para sua
criacdo (BELUSSO, 2010).

Em 2013, a producdo brasileira foi responsavel por 12,3 milhdes de toneladas
de carne de frango, sendo que dessa producdo 68,4% sdo destinados ao mercado interno e
31,6% as exportacOes. Atualmente, o consumo per capita de carne de frangono Brasil é de
41,8 quilogramas por habitante/ ano (UBABEF, 2014).

Nas ultimas décadas, a avicultura brasileira tem apresentado altos indices de producéo.
O progresso desse setor possibilitou a industria avicola a conquista de um espaco significativo
na producdo mundial, sendo atualmente a carne nacional exportada a 142 paises
(MINISTERIO DA AGRICULTURA, 2014).

2.2 Uso DE ANTIMICROBIANOS NA AVICULTURA
Diante do aumento no consumo de carne de frango e a competitividade com mercados
externos, as decisdes em torno das estratégias nutricionais foram fundamentais para interferir
no desempenho da producio (PESSOA et al., 2012).
Na avicultura, além de fontes de energia, proteinas, minerais e vitaminas, sdo
utilizados nas ragdes outros ingredientes, como os aditivos. Entre os diversos tipos de

aditivos, os antimicrobianos séo utilizados como promotor de crescimento para melhorar o
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desempenho das aves, porém também para a prevencdo e profilaxia das doencas
(BRUMANO; GATTAS, 2009).

Vaérias pesquisas evidenciam os beneficios da utilizacdo de antibidticos na alimentacao
animal, sendo estes administrados como aditivos em racdo ou na agua de beber das aves de
granja, em doses subterapéuticas (GASKINS; COLLIER; ANDERSON, 2002; PHILLIPS et
al., 2004; BRUMANO; GATTAS, 2009).

O uso de antimicrobianos tem proporcionado as aves: protecdo do bem-estar animal,
aumento do ganho de peso, diminuicdo do tempo necessario para 0 abate, diminuicdo do
consumo de ragdo, aumento da eficiéncia alimentar, conservagdo das racgdes, prevencédo da
propagacdo epidémica de doengas infecciosas e diminui¢do da mortalidade. Estes beneficios
tem tornado a producdo animal mais eficiente, e reduziu os custos de producdo (BRUMANO;
GATTAS, 2009; ARIAS; CARRILHO, 2012).

Na terapéutica, os antimicrobianos sdo utilizados em animais de produgéo
principalmente para o tratamento de doengas gastroentéricas, respiratorias, cutaneas e
reprodutivas (ARIAS; CARRILHO, 2012).

Os antimicrobianos, utilizados como promotores de crescimento, atuam diretamente
na microbiota intestinal diminuindo a competicdo por nutrientes e reduzindo a sintese de
metabolitos microbianos que interferem no crescimento do animal, e agem também na
destruicdo de bactérias patogénicas do trato gastrointestinal dos animais de producéo,
resultando em uma melhora da digestibilidade dos alimentos e metabolismo dos nutrientes.
Atualmente, os principais promotores de crescimento autorizados no Brasil sdo: acido 3-nitro,
acido arsanilico, avilamicina, colistina, flavomicina, lincomicina, nitrovin, tilosina,
virginiamicina, bacitracina de zinco e enramicina (BRASIL, 2004; BRUMANO; GATTAS,
2009; ARIAS; CARRILHO, 2012).

No entanto, o uso incorreto, abusivo e indiscriminado de antibioticos na medicina
animal, e o seu uso durante algum tempo na agropecuaria como promotores de crescimento,
tem levado ao aparecimento e disseminagcdo de bactérias multirresistentes aos
antimicrobianos. Isso tem sido preocupante, devido ao potencial para disseminagdo na
comunidade por meio de contato direto e consumo de alimentos contaminados, podendo ainda
se estabelecer nos ecossistemas (MANGES; JONHSON, 2012; MELLATA, 2013). Além
disso, muito promotores de crescimento sdo analogos ou apresentam resisténcia cruzada com
antimicrobianos utilizados na terapéutica humana, como por exemplo o glicopeptideo
avoparcina e os antimicrobiano vancomicina, o que também pode interferir no aumento de
bactérias resistentes (BRUMANO; GATTAS, 2009; ARIAS; CARRILHO, 2012).
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Varios estudos tém relatado o aumento da resisténcia aos antimicrobianos em diversas
espécies animais, sendo que muitos desses microrganismos apresentam resisténcia aos
mesmos antimicrobianos utilizados nos tratamentos humanos, o que é preocupante, pois as
bactérias isoladas de animais podem ser reservatorios de genes de resisténcia, podendo
ocorrer a disseminacdo de resisténcias as bactérias patogénicas e comensais humanas
(MANGES; JONHSON, 2012; MELLATA, 2013).

Desde 2006, na Europa, esta proibido o uso de antimicrobianos como promotores de
crescimento (CASTANON, 2007). No Brasil, o Ministério da Agricultura Pecuéaria e
Abastecimento (MAPA) a cada ano vém restringindo o uso de antimicrobianos como
promotores de crescimento, sendo proibido o uso de antimicrobianos como tetraciclinas,
cloranfenicol, sulfonamidas, penicilinas, entre outros (BRASIL, 2003; 2009). Muitas
empresas de agroindustrias nacionais acataram adicionalmente as proibi¢6es que vigoram em
outros paises, como os paises da Unido Européia, como forma de continuar atendendo os
mercados internacionais (BRUMANO; GATTAS, 2009).

2.3 ESCHERICHIA COLI

Escherichia coli € uma bactéria Gram-negativa, pertencente a familia
Enterobacteriaceae, com metabolismo anaerdébio facultativo. S&o moveis (flagelo
peritriqueos) e imoveis, ndo esporulam, integram o grupo dos microrganismos coliformes,
cuja presenca na agua e alimentos indicam contaminacdo fecal. E um dos principais
constituintes da microbiota intestinal do homem e animais de sangue quente, sendo em aves,
habitantes normais do trato gastrointestinal e do trato respiratdrio superior (faringe e traquéia),
podendo ainda ser isolada da pele e das penas, dependendo do nivel de contaminagdo do
ambiente (KAPER; NATARO; MOBLEY, 2004; PITOUT, 2012).

Uma pequena porcentagem de E. coli sdo patogénicas, sendo essas divididas em dois
grupos, 0 grupo das cepas diarreiogénicas, que causam infeccBes intestinais, e as cepas
extraintestinais (EXPEC), capazes de causar diferentes tipos de infeccdo, entre elas, infeccbes
da corrente sanguinea, meningites, infeccbes do trato urinério, entre outras. JA& em aves,
EXPEC estdo entre os principais causadores de enfermidades aviarias, conhecidas como E.
coli patogénica aviaria (APEC) (KOHLER; DOBRINDT, 2011; PITOUT, 2012).

De acordo com a classificacdo filogenética, as cepas de E. coli podem ser classificadas
em quatro grupos: A, B1, B2 e D. EXPEC pertencem geralmente ao grupo B2, e com menor
frequéncia ao grupo D, enquanto E. coli comensais pertencem aos grupos A e Bl
(CLERMONT; BONACORSI; BINGEN, 2000).
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2.4 FATORES DE VIRULENCIA DE ESCHERICHIA COLI PATOGENICA AVIARIA (APEC)

Entre E. coli causadoras de doencas extraintestinais, ha as linhagens de E. coli
patogénica para aves (APEC). Apesar de ser um colonizante normal da microbiota das aves,
E. coli pode apresentar inimeros fatores de viruléncia que conferem a ela a capacidade de
causar infecgdes extraintestinais, entre elas a colibacilose aviaria (JOHNSON et al., 2008).

A colibacilose é uma doenca frequiente responsavel por altos prejuizos para a industria
aviaria. A doenca pode instalar-se em diferentes locais anatdbmicos da ave, sendo as principais
manifestacdes: doencas respiratorias, que frequentemente culmina em septicemia, celulite,
sindrome da cabeca inchada, onfalite, salipingite, entre outros. O aparecimento da colibacilose
depende da interacdo de vérios fatores como: microrganismo, manejo, alimentacéo,
instalacBes e condicdo do animal (DZIVA; STEVENS, 2008).

Dentre os principais fatores de viruléncia encontrados em APEC estdo os relacionados
ao sistema de captacdo de ferro (fyuA, iutA e iroN), resisténcia litica ao soro (iss), proteases
(ompT) e toxinas (hlyF) (JOHNSON et al., 2008).

A aquisicdo de ferro € um importante fator de viruléncia para as bactérias, pois o ferro
é um co-fator essencial para a multiplicacdo bacteriana, e também é importante em alguns
processos bioldgicos como na producdo de energia e transporte do oxigénio. Devido a baixa
concentracdo de ferro nos locais de infecgdo extraintestinal, as EXPEC apresentam uma alta
prevaléncia de fatores envolvidos na captacdo de ferro, como os sider6foros (enterobactina,
aerobactina, entre outros), que promovem o seqlestro e a aquisicdo através da remocdo do
ferro de proteinas carreadoras (DZIVA; STEVENS, 2008; JOHNSON et al., 2008).

Alguns microrganismos possuem também fatores de viruléncia que os capacitam a
escapar do sistema imunoldgico do hospedeiro. Entre esses fatores ha as proteinas de
membrana, codificado pelo gene iss. Esta proteina age bloqueando a ligacdo do complexo do
complemento a superficie celular bacteriana, impedindo a lise bacteriana por acao do sistema
complemento. Essa caracteristica permite que a bactéria possa sobreviver nos fluidos e 6rgaos
internos do hospedeiro (DZIVA; STEVENS, 2008; JOHNSON et al., 2008).

O gene hlyF é frequentemente encontrado em amostras de APEC, por ser uma
hemolisina aviaria, apesar de também ser encontrada em EXPEC humanas. A hemolisina é
uma endotoxina produzida por linhagens de E. coli e tem a capacidade de formar poros na
membrana celular em diferentes tipo de células, levando a morte celular, e dessa forma
disponibilizando o ion ferro para o microrganismo (JOHNSON et al., 2008; KOGA et al.,
2014).
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J& a proteina 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 catidnicos (JOHNSON et al., 2008).

Recentemente foi descrita uma regido plasmidial denominada “Conserved Virulence
Plasmidic” (CVP), sendo esta uma regido que apresenta 8 operons ou genes, relacionados a
codificacdo de sistemas sideroforos (genes iroN, iuc e sit), proteina de membrana externa
(gene ompT), colicina V (gene cva), a-hemolisina (gene hlyF), sistema de secrecdo tipo |
(gene ets) e gene relacionado a resisténcia sérica (gene iss). Essa regido CVP pode ser
encontrada em cepas de APEC, distribuida nos 4 grupos filogenéticos (LEMAITRE et al.,
2013).

2.5 RESISTENCIA POR BETALACTAMASES

Os betalactamicos encontram-se entre 0s antimicrobianos mais utilizados no
tratamento de infecgdes por Enterobacteriaceae, este grupo inclui as penicilinas,
cefalosporinas, monobactamicos e carbapenémicos. No entanto, uma das limitacbes no
tratamento com betalactimicos é devido ao aumento de bactéria produtoras de
betalactamases. A producdo de betalactamases por bactérias Gram-negativas causadores de
infecgBes hospitalares € a maior causa de falha terapéutica, restando poucas alternativas
terapéuticas, visto que estas bactérias acumulam frequentemente resisténcia a outras familias
de antibiéticos (DHILLON; CLARK, 2011; PITOUT, 2012).

As betalactamases sdo enzimas hidroliticas que clivam o anel betalactdmico, através
da hidroxilacdo irreversivel da ligacdo amida do anel, conferindo resisténcias aos
antimicrobianos dessa classe (PITOUT; LAUPLAND, 2008).

Diferentes familias de betalactamases tém sido descritas de acordo com a constituicdo
quimica do seu local ativo e a capacidade hidrolitica sobre os diferentes betalactamicos
(DHILLON; CLARK, 2011).

Atualmente as betalactamases sao classificadas segundo dois esquemas gerais:
a classificagdo molecular de Ambler e a classificacdo funcional de Bush-Jacoby. O esquema
proposto por Bush-Jacoby baseia-se na preferéncia de substrato da enzima e na inativacdo
diante de inibidores especificos (BUSH; JACOBY, 2010). O esquema de classificacdo de
Ambler considera a similaridade entre a estrutura e sequéncia de aminoacidos das enzimas, e
elas foram agrupadas nos tipos A, B, C e D (DHILLON; CLARK, 2011).

A primeira beta-lactamase foi identificada em uma E.coli (SILVA;
LINCOPAN, 2012). Em 1983, foi descrita a primeira beta-lactamase de espectro estendido
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(“Extended-spectrum pB-lactamases” ou ESBL) em isolados de Klebsiella pneumoniae e
Serratia marcenses. O surgimento destas enzimas veio em resposta a introducdo das
cefalosporinas de terceira geracdo no inicio dos anos 80, exemplificando a capacidade de

adaptacdo apresentada por patdgenos causadores de infecgdes hospitalares (PITOUT, 2012).

2.5.1 BETALACTAMASES DE ESPECTRO ESTENDIDO

As ESBL apresentam a capacidade de hidrolisar as penicilinas, as cefalosporinas de
primeira, terceira e quarta geracdo e o aztreonam, e sao inibidas pelos inibidores das beta-
lactamases, como o &cido clavulanico, sulbactam e tazobactam. Porém ndo possuem atividade
contra as cefamicinas, como cefoxitin e cefotetan. Estas enzimas pertencem ao grupo 2be e 2d
de Bush-Jacoby e ao grupo A de Ambler, com exce¢do das OXA (BUSH; JACOBY, 2010;
DHILLON; CLARK, 2011).

Atualmente, patégenos produtores de ESBL s&o a maior causa de falha terapéutica
com cefalosporinas, porque isolados clinicos identificados como sensiveis passam a produzir
ESBL durante a terapéutica antimicrobiana (PITOUT, 2012).

O isolamento de ESBL € descrito em diversos patogenos da familia
Enterobacteriaceae, de origem hospitalar e comunitéria, principalmente em Klebsiella spp. e
E. coli, porém também pode estar presente em Salmonella enterica, Citrobacter spp.,
Enterobacter spp., Proteus mirabilis e Serratia marcescensi, entre outros (SILVA,
LINCOPAM, 2012).

Frequentemente, as ESBL sdo codificadas por genes presentes em elementos genéticos
moveis, como plasmideos, tranposons e integrons, 0s quais também carregam genes de
resisténcia a outras classes de antibidticos, de modo que o isolamento de cepas produtoras de
ESBL multirresistentes tem levado ao aumento consideravel de morbidade por infeccdes
bacterianas (PITOUT; LAUPLAND, 2008; BONNET, 2004).

As ESBL mais comuns sdo as da familia SHV, TEM e CTX-M. Outros tipos
clinicamente importantes incluem VEB, PER, BEL-1, BES-1, SFO-1, TLA e IBC
(DHILLON; CLARK, 2011).

A primeira betalactamase codificada por um elemento genético mével foi a enzima
TEM-1, isolada de uma E. coli. As ESBL do tipo TEM e SHV sao derivadas de enzimas de
espectro restrito TEM-1 e TEM-2 e SHV-1, codificadas por genes blasyy e blargm.
Atualmente, ESBL tipo TEM e SHV sdo de ocorréncia mundial, e foram descritas inclusive

no Brasil. A producdo de varias dessas enzimas por genes localizadas em plasmideos e
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transposons levou a uma rapida disseminacdo de genes de resisténcia a vérias espécies da
familia Enterobacteriaceae (CANTON et al., 2008).

As betalactamases do tipo CTX-M néo apresentam relacdo proxima com as ESBL do
tipo TEM ou SHV, e devido a similaridade com os genes cromossomais do género Kluyvera
acredita-se que se originaram da aquisi¢do de um plasmidio com um gene cromossomal pré-
existente em Kluyvera spp. A primeira CTX-M foi isolada na Alemanha em 1989, em um
isolado clinico de E. coli e denominada CTX-M-1. Atualmente as CTX-M séo as ESBL mais
prevalentes em espécies da familia Enterobacteriaceae. Esta predominancia é observada ndo
apenas entre isolados clinicos hospitalares, mas também entre bactérias multirresistentes
isoladas de infeccBes comunitarias (BONNET, 2004; CANTON et al., 2008).

No Brasil, a ocorréncia de CTX-M foi relatada pela primeira vez na década de 1990,
onde foi descrita uma nova CTX-M (CTX-M-8) produzida por isolados clinicos de
Enterobacter cloacae, Enterobacter aerogenes e Citrobacter amalonaticus (BONNET et al.,
2000).

As enzimas CTX-M, sdo agrupadas de acordo com a similaridade da sequéncia de
aminoacidos em cinco grupos distintos, CTX-M-1, CTX-M-2, CTX-M-8, CTX-M-9 e CTX-
M-25. O grupo CTX-M-1, inclui as enzimas CTX-M-3, -10, -11, -12, -15, -22, -23, -28, 29, -
30, -32, -33, -36, -54, -55, -57 e UOE-1. O grupo CTX-M-2 inclui as enzimas CTX-M-2, -4, -
7, -20, -31, -44. O grupo CTX-M-8 inclui as enzimas CTX-M-8, CTX-M-40 e CTX-M-63. O
grupo CTX-M-9 inclui as enzimas CTX-M-9, -13, -14, -16 a -19, -21, -27, -45, -46, -47, -48, -
49 e -50. O grupo CTX-M-25 inclui CTX-M-25, -26, -39 e -41 (BONNET, 2004; CANTON;
COQUE, 2006).

As enzimas CTX-M apresentam uma alta capacidade de disseminacgdo, devido aos
elementos genéticos mdveis que carregam 0s genes blactx-u, € sua alta prevaléncia ndo sé em
ambiente hospitalar, mas também na comunidade, o que explica seu perfil pandémico. A
mobilizacdo e disseminacdo destes genes sdo mediadas por pelo menos duas sequéncias de
insercdo bem caracterizadas, ISEcpl e ISCR1. Além disso, a co-existéncia nos integrons de
genes que codificam outras ESBL (blasyy € blatgm), € para a resisténcia a outras classes de
antibiéticos como aminoglicosideos (aac ou aad), fluoroquinolonas (PMQR), sulfas (sull),
favorece sua manutencdo em funcdo da pressdo seletiva exercida pela ampla terapia
antimicrobiana e procedimentos de desinfeccdo (CANTON et al., 2008).

Ainda de acordo com a familia CTX-M, as betalactamases mais frequentemente
isoladas em territrio brasileiro incluem os grupos CTX-M-2, CTX-M-8 e CTX-M-9. No

Brasil, a produgdo de ESBL em Enterobacteriacea também é alarmante, uma vez que
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variantes do tipo TEM, SHV, CTX-M, OXA, BES, GES e VEB tém sido descritas (SILVA;
LINCOPAM, 2012).

2.5.2 AMPC

As beta-lactamases tipo AmpC sdo enzimas que podem induzir resisténcia as
cefalosporinas de terceira geracdo, como cefotaxima, ceftazidima e ceftriaxona, as
cefamicinas, como cefoxitina e cefotetan. Pertencem ao grupo 1na classificacdo de Bush-
Jacoby e ao grupo C na classificacdo de Ambler (JACOBY, 2009; BUSH; JACOBY, 2010;
DHILLON; CLARK, 2011).

Estas enzimas sdo produzidas por genes de localizagdo cromossdémica ou
plasmidial. Quando a localizacdo é cromossdmica, ha a presenca de genes acessorios e
reguladores e estdo presentes em diversas bactérias, como Citrobacter freundii, Enterobacter
spp., Serratia spp., Providencia spp., Proteus vulgaris, Morganella morganii, e Hafnia alvei.
Nesses microrganismos, a producdo da enzima é induzivel, sendo produzidas em quantidade
insignificante na auséncia de betalactamicos, e em grandes quantidades quando eles estdo
presentes (PEREZ-PEREZ; HANSON, 2002; JACOBY, 2009).

Quando a localizacdo € plasmidial ou por outros elementos tranferiveis, sdo chamados
de AmpC mediadas por plasmideos. Grande parte dos genes que codificam AmpC plasmidial
principalmente em E. coli e Klebsiella pneumoniae, além de outros géneros, a expressao de
AmpC n&o é induzivel, mas é regulada por promotores e mecanismos de atenuacio (PEREZ-
PEREZ; HANSON, 2002).

Os genes AmpC plasmidiais sdo derivados dos genes cromossdémicos de varias
espécies da familia Enterobacteriaceae. Estdo normalmente localizados em integrons de classe
I, em plasmideos onde também estdo genes que determinam a resisténcia para outras drogas
como quinolonas, sulfas, aminoglicosideos e cloranfenicol, além de genes para a producao
ESBL tipo TEM, SHV e CTX-M. Devido a este ambiente genético, estes genes se
disseminam facilmente através de transmissao horizontal, e cepas produtoras de AmpC séo
normalmente multirresistentes e encontram-se disseminadas ndo somente em ambiente
hospitalar mas também na comunidade (JACOBY, 2009).

As enzimas tipo AmpC mediadas por plasmidios séo conhecidas desde 1989.
Atualmente, sdo descritas 6 diferentes grupos, denominadas CIT, MOX, EBC, FOX, DHA e
ACC. S&o conhecidas 131 variedades de CMY, 12 de FOX, 5 de ACC, 11 de MOX e 23 de
DHA (JACOBY, 2009; LAHEY CLINIC, 2013). CMY-2, é a AmpC mediada por plasmidios

mais comumente encontrada entre membros da familia Enterobacteriaceae. Recentemente,
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CMY-2 foi identificada em Klebsiella pneumoniae isolada de um paciente internado em um
hospital brasileiro (CAMPANA et al., 2013).
Nos manuais de determinacdo de sensibilidade, como o CLSI (Clinical and
Laboratoty Standards Institute) e EUCAST (European Committee on Antibiotic Susceptibility
Testing) ndo hd uma padronizagdo de testes para detectar as bactérias produtoras de AmpC. A
dificuldade de deteccdo fenotipica das cepas produtoras de AmpC impede a estimativa da
prevaléncia destas enzimas, sendo uma barreira para o controle da sua disseminacéo (PEREZ-
PEREZ; HANSON, 2002).
Por isso, a investigacdo molecular da producdo de AmpC plasmidial é um importante
instrumento para se conhecer a diversidade dos mecanismos de resisténcia apresentados por

cepas de importancia clinica.

2.6 BETALACTAMASES DE ORIGEM AVIARIA

O uso intensivo de antimicrobianos na producdo animal, de forma profilatica e
terapéutica, ou mesmo como promotores de crescimento, é descrito como uma das principais
causas de selecdo de resisténcia em enteropatogenos (SILVA; LINCOPAM, 2012).

Amostras de E. coli produtoras de ESBL/AmpC estdo recentemente sendo
encontrados em grande numeros em animais de produgdo (EWERS et al., 2012; REICH,;
ATANASSOVA; KLEIN, 2013; ABREU et al.,, 2014). Um dos primeiros relatos da
identificacdo de ESBL em animais foi da presenca de E. coli produtora de SHV-12 de um
cachorro com infeccdo do trato urinario, em 1998 (ABREU et al., 2014). Ja em aves, 0
primeiro relato de betalactamases foi na Espanha entre os anos de 2000 e 2001, na qual, foram
encontradas E. coli produtoras de CTX-M-14, SHV-12 e CMY-2 (EWERS et al., 2012).
Desde entdo, houve um grande aumento na deteccdo de ESBL em amostras de E. coli isolados
de animais destinados ao consumo humano (AIDARA-KANE; ANDREMONT,;
COLLIGNON, 2013; ABREU et al., 2014). Ewers e colaboradores (2012) relatam que a
distribuicdo de ESBL entre diferentes animais de diferentes paises ndo apresentam uma
similaridade de prevaléncia, e que o tipo de ESBL predominante em animais dificilmente
apresenta 0 mesmo perfil em humanos, que habitam na mesma regido.

Assim como em humanos, as ESBL do tipo CTX-M também s&o as mais prevalentes
em bactérias isoladas de animais, embora também haja relatos da presenca de blargms, €
blasyv-12, além de outros genes (EWERS et al., 2012; REICH; ATANASSOVA; KLEIN,
2013).
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De acordo com um recente estudo realizado na Holanda, a carne de frango apresenta
uma maior prevaléncia de contaminagdo por bactérias produtoras de ESBL do que em outras
carnes, alem de apresentar genes de ESBL similares aos encontrados em microrganismos que
colonizam e causam infec¢des em humanos (OVERDEVEST et al., 2011).

No Canada, a emergéncia de ESBL em bacteérias isoladas de carcagas de frango foram
relacionadas ao uso de ceftiofur (cefalosporina de 3% geracdo) injetados em ovos para
controlar infeccdes por E. coli, como a onfalite, em frangos (DUTIL et al., 2010; MELLATA,
2013).

Um estudo realizado em 2008, no Reino Unido (WARREN et al., 2008) reportou o
isolamento de E. coli isoladas de frangos importados do Brasil com producéo de CTX-M-2.
Recentemente, também foi constatado a presenca de CTX-M-2 em Salmonella enterica
isoladas de produtos de origem avicola em diferentes estados brasileiros, inclusive Parana e
Santa Catarina, os maiores produtores de carne de frango do pais (FERNANDES et al., 2009;
SILVA; LINCOPAM, 2012).

Entre AmpC, o gene blacyuy-2 tem sido 0 mais comumente encontrado, sendo 0s outros
tipos raramente identificados (EWERS et al., 2012; BORJESSON et al., 2013; REICH;
ATANASSOVA,; KLEIN, 2013). No Brasil, ainda ndo ha relatos da prevaléncia de E. coli
produtoras de AmpC em alimentos de origem animal.

Muitos estudos tém demonstrado que frangos originados da agricultura familiar, ou até
mesmo 0S organicos apresentam menores frequéncias de resisténcia aos antimicrobianos,
sendo poucos os relatos da presenca de bactérias produtoras de ESBL nessas carnes
(AIDARA-KANE; ANDREMONT; COLLIGNON, 2013; ROSSA et al.,, 2013). A baixa
frequéncia de resisténcia nesse sistema de criacdo pode estar relacionada ao uso restrito, ou
até mesmo ausente, de antibioticos, além da prépria forma de criacdo, visto que essas aves Sao
muitas vezes criadas soltas, diferentemente das de granja que sdo criados em pequenos
espacos facilitando a transmissdo de genes de resisténcia entre as bactérias (EWERS et al.,
2012). No entanto, recentes estudos tem detectado a presenca de E. coli produtora de ESBL
no ambiente e em animais selvagens, principalmente em aves (GUENTHER; EWERS;
WIELER, 2011; MELLATA, 2013).

Assim, a presenca de patdgenos produtores de ESBL em alimentos de origem animal é
alarmante, devido ao risco de transferéncia horizontal entre isolados aviarios e humanos,
sendo essas enzimas uma das grandes causas de falha terapéutica em tratamentos de infeccGes
bacterianas (SILVA; LINCOPAM, 2012).
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2.7 RIsCO ZOONOTICO

Muitos estudos tem demonstrado uma alta similaridade entre APEC e as outras
linhagens de EXPEC, como as E. coli uropatogénicas (UPEC) e E. coli de meningite neonatal
(NMEC), em relacdo as caracteristicas de viruléncia, grupos filogenéticos e um
comportamento semelhante quando estabelecem infeccbes em locais extraintestinais. 1sso
sugere que pode haver pouca ou nenhuma dependéncia de especificidade ao hospedeiro entre
as E. coli humanas e aviarias, demonstrando um possivel risco zoonético (ZHAO et al., 2009;
TIVENDALE et al., 2010; BAUCHART et al., 2010). Vérios reservatorios potenciais para
EXPEC tem sido descritos em estudos de epidemiologia molecular, incluindo o trato intestinal
humano além de varios reservatorios ndo humanos como produtos carneos de varejo, animais
de companhia e outras fontes ambientais (MANGES; JOHNSON, 2012).

Os produtos de origem animal, principalmente as carnes, sao importantes fontes de
bactérias responsaveis por enfermidades transmitidas por alimentos, sendo a carne de frango
uma das carnes com maiores niveis de contaminacdo por E. coli, e considerada a fonte de
origem alimentar animal mais relacionada com a EXPEC humana, (MANGES; JOHNSON,
2012). A intensificacdo da producdo na avicultura, juntamente com o consumo exagerado dos
antimicrobianos aumentou o risco de disseminagdo de doengas infecciosas de grande impacto
econdmico, sendo que algumas bactérias, como E. coli, que apesar de fazer parte da
microbiota normal em aves, podem ser patogénicas para 0os humanos, podendo a carne de
frango e seus derivados serem veiculos de transmissao dos mesmos (MANGES; JONHSON,
2012; MELLATA, 2013). De acordo com Mellata (2013), um estudo recente sobre o risco
zoon6tico de EXPEC levaram ao Centers for Disease Control and Prevention (CDC) a liberar
relatérios de informacdo ao publico sobre o potencial zoon6tico de EXPEC e sua eventual
transmisséo através de carne de frango.

Muitos estudos tém demonstrado que as bactérias isoladas de carcaca de frango
apresentam genes que codificam fatores de viruléncia semelhantes aos encontrados em APEC
e EXPEC humanas. Visto que a carne de frango é uma das carnes que mais apresentam
bactérias resistentes aos antimicrobianos, estes podem servir como reservatérios de genes de
viruléncia e resisténcia aos antimicrobianos (MANGES; JONHSON, 2012; MELLATA,
2013). A transmissdo dessas bactérias pode ocorrer pelo consumo da carne de frango,
contaminacdo em utensilios utilizados no preparo desses produtos, pelo consumo de vegetais
fertilizados com adubo orgénico advindo de aves tratadas terapeuticamente ou
profilaticamente com antimicrobianos, contaminagdo no ambiente, entre outras formas
(BELANGER et al., 2011).
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Johnson e colaboradores (2005) demonstraram que 92% das amostras de carne de
frango estavam contaminadas com E. coli, e que 46% das amostras apresentavam fatores de
viruléncia associados a EXPEC. Estudos também sugerem que cepas de APEC sdo patdgenos
zoonoticos, e que estes poderiam servir como reservatorios de genes de viruléncia e
resisténcia aos humanos (ZHAO et al., 2009; TIVENDALE et al., 2010). Ja Bergeron e
colaboradores (2012) verificaram que amostras de E. coli da carne de frango eram
significativamente mais relacionados as amostras de E. coli uropatogénica (UPEC) isoladas
de infeccbes urindrias humanos do que amostras da carne bovina e suina, na qual,
apresentavam o mesmo grupo filogenético e as mesmas sequéncias de MLST (multilocus
sequence typing), indicando que podem ter se originado a partir de um ancestral em comum.
Outros autores também encontraram uma alta similaridade entre E. coli isoladas de carne de
frango com UPEC (KYLIE et al., 2005; BAUCHART et al., 2010).

Estudos demonstram que E. coli do grupo B2 isoladas de carcagas de frango e do
intestino de galinhas saudéaveis eram capazes de causar infeccdes em camundongos
(JAKOBSEN et al., 2010; MELLATA, 2013). Em 2010, Johnson e colaboradores
descreveram o plasmidio pAPEC — 0103 — ColBM, presente em APEC. Este plasmidio além
de apresentar genes de resisténcia aos antimicrobianos, também apresenta genes que
codificam fatores de viruléncia capazes de causar septicemias em aves, bacteremia e
meningite em ratos, (modelo de doenga em humano) e resisténcia a atividade bactericida do
soro humano.

Outra possivel relacdo entre EXPEC humanas e APEC, ou E. coli isolados de frangos,
¢ 0 padrdo semelhante de resisténcia aos antimicrobianos entre as E. coli dessas fontes.
Recentes estudos tém identificado uma alta similaridade entre as E. coli produtoras de ESBL
em humanos e em carnes de frango, indicando os alimentos de origem animal como possiveis
reservatorios de ESBL (DIERIKX et al., 2012; ABREU et al., 2014). Um estudo realizado na
Holanda, encontrou uma alta prevaléncia de amostras produtoras de ESBL/AmpC isoladas de
frangos, e mostrou que muitos dos trabalhadores dessas producdes apresentavam bacterias

produtoras de betalactamases similares aos animais criados por eles (DIERIKX et al., 2012).
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4. OBJETIVOS

4.1 OBJETIVO GERAL

Analisar o perfil de susceptibilidade aos antimicrobianos e a presenca de genes

codificadores de fatores de viruléncia em Escherichia coli isolada de carcacas de frango

4.2 OBJETIVOS ESPECIFICOS

e Pesquisar a presenca de genes codificadores de fatores de viruléncia caracteristicos de
EXPEC em amostras de E. coli isoladas de carcacas de frango e classifica-las

filogeneticamente;

e Analisar o perfil de susceptibilidade aos antimicrobianos das amostras isoladas;

e Comparar o perfil de susceptibilidade aos antimicrobianos e a presenca de genes
codificadores de fatores de viruléncia entre amostras de E. coli isoladas de carcagas de

frango entre os anos de 2007 e 2013;

e Comparar o perfil de susceptibilidade aos antimicrobianos e a presenca de genes
codificadores de fatores de viruléncia entre as amostras de E. coli isoladas de carcacas

de frango de granja com as amostras isoladas de carcagas de frango “caipira”.
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Abstract

The indiscriminate use of antimicrobials in commercial poultry production has raised
concerns regarding on human health due toselection for resistant and pathogenic bacteria.
Recent studies have reported similarities betweenextraintestinal pathogenic Escherichia coli
(EXPEC) strains isolated from birds and humans, indicating that these contaminant bacterial
in poultry may be linked to human disease. The aim of our study was to analyze the frequency
of antimicrobial resistance and virulence factors among E. coli strains isolated from
commercial chicken carcasses in Parand, Brazil, in 2007 and 2013. A total of 84 E. coli strains
were isolated from chicken carcasses in 2007, and 121 E. coli strains were isolated in 2013.
Polymerase chain reaction was used to detect virulence genes (hlyF, iss, ompT, iroN and iutA)
and to determine phylogenetic classification. Antimicrobial susceptibility testing was
performed using 15 antimicrobials. The strains were also confirmed as extended-spectrum -
lactamase (ESBL)-producing E. coli with phenotypic and genotypic tests. The results
indicated that our strains harbored virulence genes characteristic of EXPEC, with the iutA
gene beingthe most prevalent. The phylogenetic groups D and B1 were the most prevalent
among the strains isolated in 2007 and 2013, respectively. There was an increase in the
frequency of resistance to a majority of antimicrobials tested. An important finding in this
study was the large number of ESBL-producing E. coli strains isolated from chicken carcasses
in 2013, primarily for the group 2 cefotaximase (CTX-M) enzyme. ESBL production confers
broad-spectrum resistance and is a health risk because ESBL genes are transferable from
food-producing animals to humans via poultry meat. These findings suggest that our strains
harbored virulence and resistance genes, which are often associated with plasmids, that can
facilitate their transmission between bacteriaderived from different hosts, indicating zoonotic
risks.

Keywords: Poultry, E. coli, antimicrobial resistance, virulence markers, human foodborne
pathogen

Introduction

The use of antimicrobial agents has brought many benefits for animal production. But,
the indiscriminate use of antimicrobials have increases antimicrobial-resistant bacteria, both
in humans and animals, and generated significant concern regarding food quality (Dierikx et
al., 2012; Asai et al., 2014; Lai et al., 2014).

Chicken products are suspected to be sources of foodborne pathogens and/or
antimicrobial-resistant bacteria for humans (Marshall and Levy, 2011; Johnson et al., 2012;
Mellata, 2013; Asai et al., 2014). Multi-resistant bacteria are frequently found in poultry
(Dierikx et al., 2012; Jiang et al., 2011; Johnson et al., 2012). Their presence can be caused
by selection pressure on bacteria due to the indiscriminate use of antimicrobials in aviculture
as feed additives or as therapy (Marshall and Levy, 2011; Asai et al., 2014).

Escherichia coli is commonly found in the gastrointestinal tracts of animals and can be
used asa bio-indicator of antimicrobial resistance (Jiang et al., 2011). A small percentage of
E. coli strains are capable of causing diseases and can be subdivided into the following
groups: (i) intestinal non-pathogenic (commensal isolates), (ii) diarrheagenic E. coli (DEC),
and (iii) extraintestinal pathogenic E. coli (EXPEC) (Pitout, 2012). EXPECs strains are
characterized by the possession of many virulence factors that aredistinct from commensal
and diarrheagenic E. coli, and according to phylogenetic classification, these bacteria can
belong to group B2 orless commonly to group D, whereas commensal intestinal strains belong
to group A or B1 (Clermont et al., 2000; Johnson et al., 2008).



35

Avian and human EXPEC strains demonstrate similar characteristics in terms of
virulence genes, phylogenetic groups and common behavior in response to body temperature
when establishing infections in extraintestinal locations. This leads to the hypothesis that
avian E. coli might serve as a reservoir for resistance genes or that it can colonize the human
intestinal tract (Bauchart et al., 2010; Johnson et al., 2012).

The emergence of plasmid-mediated antimicrobial resistance genes among bacteria
can aid pathogenic bacteria in surviving host defenses. An important finding in the last several
years is the increase of extended-spectrum B-lactamase(ESBL)-producing bacteria in chicken
meat in some places. ESBL production confersbroad-spectrum resistance and is a health risk
given that ESBL genes are easily transferable between bacteria; therefore, there may be a
transfer risk from food-producing animals to humans via poultry meat (Warren et al., 2008;
Dierikx et al., 2012).

Parana, located in the south of Brazil, is the largest producer of poultry meat in Brazil
(UBABEF, 2013). However, there have been few studies examining the frequency of
antimicrobial resistance and virulence factors in isolates from chicken carcasses in this region.
In the present study, we analyzed the profile of antimicrobial resistance and virulence factors
in strains of E. coli isolated from poultry carcasses in 2007and 2013. Changes in resistance
and virulence were verified, since the antimicrobials tested have been banned for use as
growth promoters in aviculture in Brazil (Brasil, 2003; 2009).

Materials and Methods

Bacterial isolates

A total of 205 E. coli strains were isolated from commercial refrigerated chicken
carcasses, intended only for local consumption, that were sold in the city of Londrina
(northern region in Parand, Brazil). Of the 205 strains, 84 E. coli strains were isolated in 2007
from 40 poultry carcasses (Kobayashi et al., 2011), and 121 E. coli strains were isolated in
2013 from 26 poultry carcasses. Six main chicken brands consumed in the region were
analyzed in the corresponding periods. Each chicken carcass wasplaced insterile packaging
with 100 mL of brain-heart infusion broth (Himedia Laboratories Pvt. Ltd. Mumbai, India).
After homogenization, 0.1mL was smeared on MacConkey agar (Neogen Corporation,
Lansing, Michigan) and into crystal violet neutral red bile agar (Neogen Corporation,
Lansing, Michigan) inpoured plates, and the plates were incubated at 37°C for 18-24h.
Suspected colonies were confirmed to be E. coli via biochemical tests such as EPM, MILI
(Toledo et al., 1982a; 1982b) and Simon’s citrate agar (Merck, KGaA, Darmstadt, Germany).
One to eight strains were collected from each chicken carcass. Only strains that exhibited
different genotypic characteristics of virulence factors and phenotypic resistance were
selected.

Phylogenetic Classification

E. coli strains were assigned to one of four phylogenetic groups (A, B1, B2 or D).
Phylogenetic classification was based on the analysis of the presence of the chuA and yjaA
genes and a DNA fragment (TSPE4.C2), as described by Clermont and colleagues (2000).
This PCR reaction contained 1.25UTaq DNA polymerase (Invitrogen®, Carlsbad, CA, USA)
in 1X PCR buffer (Invitrogen®, Carlsbad, CA, USA), 0.2mM of each dNTP, 2.5mM MgCl,,
and 1M of each primer. The PCR program consisted of 94°C for 5 min, followed by 30
cycles of 94°C for 30 s, 55°C for 30 s, and 72°C for 30s, and a final extension step at 72°C for
7 min (Clermont et al., 2000). PCR amplicons were visualized on 2.0% agarose gels stained



36

with GelRed (Biotium, Hayward, CA, USA). After gel electrophoresis, the images were
captured usingan Image Capture system (LPixImageHE).

Virulence Factor Genes

Five genes encoding virulence factors in EXPEC were investigated. The selected genes
were iutA (aerobactin siderophore receptor gene), hlyF (putative avian hemolysin), iss
(episomal increased serum survival gene), iroN (salmochelin siderophore receptor gene), and
ompT (episomal outer membrane protease gene). The PCR reaction contained 1.25UTaq
DNA polymerase (Invitrogen®, Carlsbad, CA, USA) in 1X PCR buffer (Invitrogen®,
Carlsbad, CA, USA), 0.2mM of each dNTP, 2.5mM MgCl,, and 1uM of each primer. The
PCR program consisted of 94°C for 2 min, followed by 25 cycles of 94°C for 30s, 63°C for
30s, and 68°C for 3 min, anda final extension step at 72°C for 10 min (Johnson et al., 2008).
PCR amplicons were visualized on 2.0% agarose gels stained with GelRed (Biotium,
Hayward, CA, USA). After gel electrophoresis, the images were captured using an Image
Capture system (LPixImageHE).

Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing of E. coli isolates was performed using the
standard disk diffusion method recommended by the Clinical and Laboratory Standards
Institute (CLSI, 2008; 2013). Antimicrobials used included the following: 5ug of
ciprofloxacin; 10ug each of ampicillin, gentamicin, norfloxacin and enrofloxacin; 30ug each
of cefazolin, cefotaxime, cefoxitin, ceftazidime, tetracycline, nalidixic acid and
chloramphenicol; 300ug of nitrofurantoin; 1.25/23.75ug of trimethoprim-sulfamethoxazole;
and 20/10ug of amoxicillin-clavulanic acid (Oxoid Ltd., Basingstoke, Hants, UK). Strains
resistant to third-generation cephalosporins were tested in an ESBL test. ESBL production
was confirmed via double-disk diffusion testing for amoxicillin/clavulanate and cefotaxime or
ceftazidime,\ or by using a combination disk test with cefotaxime, cefotaxime+clavulanic acid
(Becton Dickinson, Sparks, MD), ceftazidime and ceftazidime+clavulanic acid (Becton
Dickinson, Sparks, MD), according to CLSI recommendations. The E. coli isolate ATCC
25922 was used as a negative control and Klebsiella pneumoniae ATCC 700603 as positive
control. ESBL-producing E. coli were characterized in terms of ESBL gene groups (1, 2, 8, 9
and 25 groups) by PCR as described by Woodford and colleagues (2006).

Statistical analysis

All frequencies comparisons among different groups was performed with Fisher’s
exact test and the Chi-square test. Findings were considered significant for p<0.05. The tests
were performed with the statistical program R version 3.1.0.

Results

Virulence factors and phylogenetic classification

In both 2007 and 2013, the iutA gene was the most prevalent and was present in
66.6% and 54.5% of isolates, respectively. We noted few changes in the frequencies of the
hlyF, iutA, ompT and iroN genes when comparing both years analyzed. However, the iss gene
was significantly different (p<0.05) (Table 1). We found that among the strains isolated in
2013, 19.8% were positive for all five genes surveyed versus 8.3% in 2007 (p<0.05 using
Chi-square test).

In terms of phylogenetic classification, the most prevalent group in 2007 was group D
(34.5%), whereas in 2013, the most prevalent group was group Bl (37.2%). All four
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phylogenetic groups were found in both years. We also noticed that there was a reduction in
the percentage of strains in groups B2 and D; 50%of strains were B2 or D in 2007, whereas in
2013, only 33.8% were B2 or D (p<0.05). We also noted that group B1 greatly increased
(p<0.05) (Table 1).

Resistance

In 2007, we found a high frequency of resistance to tetracycline (70.24%), nalidixic
acid (61.9%) and trimethoprim-sulfamethoxazole (58.33%) (Figure 1). In addition, 62
(73.8%) of the strains were resistant to three or more antimicrobials (Table 2).

In 2013, we found an increase in the frequency of resistance to the majority of
antimicrobials tested, with the exception of gentamicin, ciprofloxacin, enrofloxacin and
trimethoprim-sulfamethoxazole (Figure 1). Resistance to tetracycline was most frequently
observed in 2013 as well, with 90.91% of strains, followed by nalidixic acid (78.51%) and
ampicillin (66.94%) (Figure 1). We observed that 79.3% of strains were resistant to 3 or more
antimicrobials (Table 2), and all strains were resistant to at least one antimicrobial tested.

An interesting observation was that 39 strains present in 17 chicken carcasses (65.4%
of carcasses analyzed in 2013) were positive in the ESBL test in 2013 for all brands except
one; we did not observe these results in 2007. Alleles encoding group 2 cefotaximase (CTX-
M) enzymes were the most commonly found (64.1%). Among the strains that produced
ESBL, the majority were associated with non B-lactam antibiotics, primarily tetracycline
(97.4%) and nalidixic acid (79.5%) (Table 3).

Discussion

Currently, chicken meat is one of the most consumed meats in the world, and Brazil is
the world’s largest exporter of chicken meat and the third largest producer (UBABEF, 2013).
Recently, many authors have demonstrated that E. coli frompoultry is the food animal source
most closely linked to human EXPEC, suggesting azoonotic risk (Marshall and Levy, 2011;
Manges and Johnson, 2012; Mellata, 2013).

Avian pathogenic E. coli (APEC) is responsible for avian colibacillosis, which
promotes significant economic losses in the poultry industry worldwide (Kobayashi et al.,
2011). Johnson and colleagues (2008) showed that APEC isolates can be distinguished from
avian fecal E. coli isolates by their possession of five genes carried by plasmids (iutA, hlyF,
iss, iroN and ompT). Our results show that these genes are present in E. coli isolates from
chicken carcasses.

The most prevalent virulence gene was iutA in both years surveyed; this gene encodes
a siderophore system that is highly prevalent in EXPEC isolates (Bélanger et al., 2011). In
2013, 19.8% of the strains were positive for all five genes surveyed, versus 8.3% in 2007.
These virulence genes are generally present on typical APEC plasmids in a conserved
virulence plasmidic (CVP) region (Lemaitre et al., 2013), and the presence of the five genes
in our strains indicated that they may carry this region, but we can not confirm this because
plasmids were not examined by our group.

These genes were also found in human E. coli isolates, such as those isolated from
urinary tract infections and sepsis (Luo et al., 2012; Koga et al., 2014). Koga and colleagues
(2014) showed that 3 of 14 strains that possessed plasmids had conjugative plasmids, and
some of these carried the iss, iroN, ompT and hlyF genes, which are the genes that were
identified in our strains isolated from chicken carcasses. This indicates that E. coli strains
isolated from commercial chicken carcasses have potential zoonotic risks and additionally
serve as reservoirs for virulence genes for EXPEC strains.
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Studies have demonstrated that the majority of EXPEC strains belong to phylogenetic
group B2 (Clermont et al., 2000). The most prevalent phylogenetic group in our results was
group D in 2007 and group B1 in 2013. Group B2 was infrequently found, and its frequency
decreased from 2007 to 2013 (15.48% to 4.13%, p<0.05). The low presence of group B2
among strains indicates that the main contamination of chicken carcasses occurs with
commensal bacteria.

The use of antimicrobial agents to increase poultry production can be linked to the
emergence of drug-resistant bacteria, including antimicrobials for human use (Marshall and
Levy, 2011). In the present study, we analyzed the frequency of antimicrobial resistance for
strains isolated in 2007 and 2013. Despite the fact that many antimicrobials, such as
tetracyclines, P-lactams and quinolones, are prohibited as growth promoters in Brazil
(BRASIL, 2003; 2009), the frequency of antimicrobial resistance among our strains isolated
in 2013 was higher than the strains isolated in 2007 for the majority of the antimicrobials
tested.

Resistance to tetracycline was most frequently observed in strains from both 2007 and
2013, and there was a significant increase (p<0.05) over the six years gap. Rossa and
colleagues (2013) demonstrated high resistance to tetracycline in Brazil in enterobacteria from
conventional poultry, including E. coli. Similar data were also provided for other countries
(Kang et al., 2005; Jiang et al., 2011; Hasan et al., 2012). This antimicrobial was one of the
first to be used as a growth promoter in the 1940s and was widely used until recently. The
high frequency of resistance to tetracycline may be related to the ease of access to and the low
price of this antimicrobial in veterinary medicine in Brazil (Phillips et al., 2004).

Quinolones are broad-spectrum agents that are often used for enteric infections and
human urinary tract therapy (Pitout, 2012). However, the presence of quinolone-resistant E.
coli in animals has increased (Lai et al., 2013). Our results indicate a high frequency of
resistance to nalidixic acid in strains isolated from chickens, with anincrease from 61.9% in
2007 t078.5% in 2013 (p<0.05). This can indicates that there has been a increase in the use of
quinolones in poultry.

B-lactams are among the most clinically relevant antibiotics, particularly against
pathogenic Gram-negative bacteria, and B-lactam resistance has frequently been linked to
bacteria associated with food-producing animals (Dierikx et al., 2012; Pitout, 2012). One of
the mechanisms of resistance to B-lactamsis the production of ESBL enzyme. The emergence
and dissemination of ESBL-producing bacteria among Enterobacteriaceae has been reported
as a major public health issue, mainly in nosocomial infections. However, ESBL-producing
bacteria from outpatient and environmental samples have been identified as well (Dierikx et
al., 2012; Korzeniewska and Harnisz, 2013). In 2007, our strains did not exhibit ESBL, but
interestingly, 39 strains positives for ESBL production, isolated from 17 chicken carcasses,
were found in 2013, and group 2 CTX-M enzymes were the most prevalent (64.1%). In 2009,
the production of CTX-M2 by Salmonella enteric in chickens in southern Brazil was reported
(Fernandes et al., 2009). Other countries have also reported a high prevalence of ESBL-
producing bacteria isolated from birds (Dierikx et al., 2012; Ewers et al., 2012; Reich et al.,
2013). Our results suggest that broad-spectrum cephalosporins may be used in aviculture. In
Canada, the emergence of ESBL genes in poultry carcasses was associated with the use of
third-generation cephalosporins, particularly ceftiofur, in aviculture; these drugs are injected
into eggs to control E. coli omphalitis in broiler chickens (Dutilet al., 2010; Mellata, 2013).

Our results demonstrated that, in 2013, 79.3% of strains were resistant to 3 or more
antimicrobials. ESBL-producing E. coli strains can harbor genes for resistance to other
families of antimicrobials such as fluoroquinolones, aminoglycosides, and sulfonamides,
among others. This can occur because the genes that encode for resistance for both blagsg.
and other antimicrobial classes are often located in the same mobile genetic elements, such as
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plasmids or transposons (Cantén and Coque, 2006). In our study, the majority of ESBL-
producing strains were associated with resistance to non-p-lactam antibiotics, primarily
tetracycline (97.4%) and nalidixic acid (79.5%). Another possibility for the presence of
ESBL-producing bacteria in poultry is co-selection via the use of other antimicrobials.

In our study, there was a high frequency of resistance to antimicrobials, despite the
banning of several groups of antibiotics as growth promoters in poultry in Brazil. This
suggests that the long-term use of antimicrobials in aviculture has caused selection pressure
among bacteria.

Considering the importance of chicken meat exportation to Brazilian agribusiness,
monitoring the frequency of antimicrobial resistance in animal products can assuring quality
for the consumption of chicken meat. These findings led us to believe that the presence of
isolates harboring virulence and resistance genes in chicken carcasses and the use of
antimicrobials in food animal production can facilitate the transmission of these bacteria
between different hosts, suggesting a zoonotic risk.
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Table 1 — Prevalence of phylogenetic groups and virulence factors among strains of E. coli
isolated from poultry carcasses in 2007 and 2013

2007 (n=84) 2013 (n=121)
No. of isolates (%0) No. of isolates (%0)
Phylogenetic groups
A 26 (30.9) 35 (28.9)
Bl 16 (19.0) 45 (37.2)*
B2 13 (15.5)* 5(4.1)
D 29 (34.5) 36 (29.7)
Virulence factors
hlyF 34 (40.4) 57 (47.1)
iutA 56 (66.6) 66 (54.5)
iss 18 (21.4) 43 (35.5)*
ompT 39 (46.4) 64 (52.8)
iroN 28 (33.3) 35 (28.9)

*p<0.05-Chi-square test. 2007 vs. 2013 E. coli isolates

Table 2 —Prevalence of antimicrobial resistance among E. coli strains isolated from poultry
carcasses in 2007 and 2013

Prevalence of antimicrobial resistance 2007 2013
No. strains (%) No. strains (%o)

No resistance detected 4 (4.8) 0 (0)

Resistant to 1 or 2 antimicrobials 18 (21.4) 25 (20.7)
Resistant to 3 or 4 antimicrobials 32 (38.1) 23 (19)
Resistant to 5 or 6 antimicrobials 18 (21.4) 24 (19.8)
Resistant to 7 or 8 antimicrobials 10 (11.9) 32 (26.5)
Resistant to 9 or 10 antimicrobials 0 (0) 11 (9.1)

Resistant to 11 or 12 antimicrobials 2(2.4) 6 (4.9)




Table 3 — Phylogenetic classifications, virulence factors and antimicrobial resistance profiles of ESBL-producing strains isolated in 2013

Strains
N=39
2.1

2.2

2.3
2.4
25T
26T
2.8 A
21.7
22.4
22.6
22.1 EC

22.2EC

222 A
22 TE
23.5
28 TE
29.3
29.5
29C
30.1
30.2
30.6
30.7
323A
334
342TE

Phylogenetic
classifications
A

A

Bl

Bl

Bl

Bl

A

A

D

Bl

Bl

vy)
(i =

O00O0O>»>» 000>»WWOO0O

Virulence factors

hlyF, ompT

ompT

hlyF, ompT

ompT

ompT

hlyF, ompT

ompT

hlyF, ompT, iss, iroN, iutA
hlyF, ompT, iutA

hlyF, ompT, iss, iroN, iutA
hlyF, ompT, iss, iroN, iutA

NF

hlyF, ompT,iss, iroN, iutA
hlyF, ompT, iss, iroN,iutA
hlyF, ompT, iss, iroN, iutA
hlyF, ompT, iss, iroN, iutA
iutA

hlyF, ompT, iutA

hlyF, ompT, iutA

iutA

iutA

hlyF, ompT, iutA

iutA

hlyF, ompT, iss, iroN, iutA
hlyF, ompT, iss, iroN, iutA
hlyF, ompT, iss, iroN, iutA

Group
enzymes
Group8 CTX-M
Group8 CTX-M
Group8 CTX-M
Group8 CTX-M
Group8 CTX-M
Group8 CTX-M
Group8 CTX-M
NF

Group2 CTX-M
GrouplCTX-M

Group 1CTX-M;

Group 2 CTX-M

Group 2 CTX-M,;

Group 8 CTX-M
Group2 CTX-M
Group2 CTX-M
Group 2 CTX-M
Group8 CTX-M
Group2 CTX-M
Group2 CTX-M
Group2 CTX-M
Group2 CTX-M
Group2 CTX-M
Group2 CTX-M
Group2 CTX-M
Group2 CTX-M
Group2 CTX-M
Group2 CTX-M

CTX-M Resistance profiles

Amp, kz, ctx, tet

Amp, kz, ctx, tet

Amp, kz, ctx, tet, nit

Amp, kz, ctx, tet

Amp, kz, ctx, caz, tet

Amp, kz, ctx, tet, enr

Amp, kz, ctx, tet, nit

Amp, kz, ctx, tet, nal, cip, nor, enr

Amp, kz, ctx, cn, tet, nal, cip, nor, enr, sut
Amp, amc, kz, ctx, tet, nal

Amp, amc, kz, ctx, caz, clo, tet, nal, cip, nor, enr, sut

Amp, kz, ctx, tet, nal, cip, nor, enr, sut

Amp, kz, ctx, cn, tet, nal, cip, enr
Amp, kz, ctx, cn, tet, nal, enr

Amp, amc, kz, ctx, cn, tet, nal, cip, nor, enr, sut
Amp, kz, ctx, tet, nal, cip, nor, enr
Amp, kz, ctx, cn, tet, nal, cip, sut
Amp, kz, ctx, tet, nal, cip, nor enr, sut
Amp, kz, ctx, tet, nal, cip, nor, enr, sut
Amp, kz, ctx, cn, tet, nal

Amp, kz, ctx, cn, tet, nal, cip, sut
Amp, kz, ctx, cn, tet, nal

Amp, kz, ctx, cn, tet, nal

Amp, kz, ctx, cn, tet, nal, cip, enr
Amp, kz, ctx, clo, tet, nal, cip, nor, sut
Amp, kz, ctx, clo, tet, nal
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35.1 D hlyF, ompT, iutA Group2 CTX-M  Amp, kz, ,ctx, cn, tet, nal,cip, enr, sut

35A B1 hlyF, ompT, iss, iroN, iutA  Group2CTX- Amp, amc, kz, ctx, clo, tet, nal, cip, nor, enr, sut
MGroup 8 CTX-
M

35C A hlyF, ompT, iss, iroN, iutA  Group 8 CTX-M  Amp, kz, ctx, clo, tet, nal, cip, nor, enr

35TE B1 hlyF, ompT, iss, iroN, iutA  Group2 CTX-M Amp, kz, ctx, cn, tet, nal

36.3 B2 hlyF, ompT,iss, iroN, iutA  Group2 CTX-M  Amp, kz, ctx, clo, cn, nal, sut

37A A hlyF, ompT, iutA Group2 CTX-M  Amp, kz, ctx, cn, tet, nal

41.2 D hlyF, ompT, iss, iroN, iutA  Group8 CTX-M  Amp, amc, kz, ctx, tet, nal

41 A D hlyF, ompT, iss, iroN, iutA  Group8 CTX-M  Amp, amc, kz, tetnal

42.2 D hlyF, ompT, iss, iroN, iutA  Group8 CTX-M  Amp, amc, kz, ctx, clo, tet, nit, nal, cip, nor, enr, sut

43.1 D iutA Group2 CTX-M Amp, amc, kz, ctx, cn, tet

43 A A iutA Group2 CTX-M  Amp, amc, kz, ctx, tet, nit, nal

44.1 A iutA Group2 CTX-M Amp, amc, kz, cn, tet, nal, sut

44.4 D utA Group2 CTX-M  Amp, amc, kz, ctx, cn, tet, nal

Abbreviations: ampicillin (AMP); amoxicilli-clavulanic acid (AMC); cefazolin (KZ); ceftazidime (CAZ); cefotaxime (CTX); chloramphenicol
(CLO); gentamicin (CN); tetracycline (TET); nitrofurantoin (NIT); nalidixic acid (NAL); ciprofloxacin (CIP); norfloxacin (NOR); enrofloxacin

(ENR); trimethoprim-sulfamethoxazole (SUT). Not found (NF).
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Figure 1 — Frequencies of resistance exhibited by E. coli strains isolated from chicken carcasses in 2007 and 2013

*p<0.05 - Chi-square test

** p<0.05 — Fisher exact test
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Abstract

Microbiological contamination in commercial poultry production has caused concerns
for human health both because of the presence of pathogenic microorganisms and the increase
in antimicrobial resistance in bacterial strains that can cause treatment failure of human
infections. Escherichia coli has been widely used as a bioindicator of resistance to
antimicrobials and pathogens to birds.The aim of our study was to verify the differences in the
antimicrobial resistance and pathogenicity profiles of E. coli isolates from chicken carcasses
obtained from different farming systems (conventional and free-range poultry). A total of 156
E. coli strains were isolated and characterized for genes encoding virulence factors usually
described in extraintestinal pathogenic E. coli (EXPEC) (hlyF, iss, ompT, iroN and iutA) and
phylogenetic classification by polymerase chain reaction.  Antimicrobial susceptibility
testingwas performed for 15 antimicrobials. Strains that were suspected of extended-spectrum
of p—lactamases (ESBL)/ AmpC-producing E. coli in a phenotypic test were confirmed by
genotypic test. The results indicated that strains from free-range poultry have fewer virulence
factors than strains from conventional poultry. In the phylogenetic classification, strains from
free-range poultry mostly belonged to group A, whereas strains from conventionally raised
chickens belonged to group B1. Strains from conventionally raised chickens had a higher
frequency of antimicrobial resistance for all antibiotics tested and also exhibited genes
encoding ESBL/AmpC, unlike free-range poultry isolates, which did not. Group 2 CTX-M
and CIT were the most prevalent ESBL/ AmpC genes, respectively. The absent or restricted
use of antimicrobials in free-range poultry production may contribute to the lower frequency
of virulence factors and resistance to antimicrobials in bacteria, leading toa lower risk of their
transmission to humans.

Keywords: Poultry, Escherichia coli, ESBL, AmpC, Virulence factors
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Introduction

Antimicrobial resistance has become a major concern for both human health and in
veterinary medicine. Antimicrobial agents are being used in many countries in veterinary
practice for therapy and prophylaxis of infectious diseases and for growth promotion in food
animals. However, the indiscriminate use of antimicrobials can result in bacterial selection
pressure of the intestinal microbiota of animals (20, 26,27). Because multi-resistant bacteria
are frequently found in poultry meat (10, 14,18), chicken products are suspected to be a
source of foodborne pathogen and/or antimicrobial resistance bacteria for humans(2, 5,20, 26,
27).

Escherichia colihave an important role within resistant bacteria populations, being
widely used as a bioindicator of antimicrobial resistance and pathogenic to humans and
animals. Extraintestinal pathogenic Escherichia coli (EXPEC) can cause many human
infections, such as septicemia, meningitis and urinary tract infections, also cause disease in
birds, being responsible for significant economic losses in poultry industry (20, 32). EXPECs
are characterized by the possession of many virulence factors including adhesins, toxins, iron
acquisition systems, and serum resistance factors, and belong mainly to group B2 and
occasionally to group D, whereas commensal E. coli belong to groups B1 and A (11, 21).

B-lactamase production is the most common mechanism for B-lactam in Gram-
negative bacteria and are increasing in occurrence in humans, becoming a major public health
problem (32). However, B-lactamases of community and environmental origin have been
discovered, including in food animals. Poultry are recognized as important carriers of f-
lactamase-producing E. coli, and extended-spectrum B-lactamase (ESBL)/AmpC-producing

bacteria in birds have been reported in many countries (7, 15, 37).
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ESBL-production confers resistance to 3"- and 4™-generation cephalosporins but not
to cephamycins (cefoxitin) and carbapenems and are inactivated by clavulanic acid. The
AmpC enzymes confer resistance to 3™ generation cephalosporins and cephamycins but are
not inhibited by B-lactamase inhibitors. Plasmid-mediated fB-lactamases can carry multiple
resistance genes non-B-lactam, and their indiscriminate use can lead to co-selection and/or co-
resistance in bacteria populations (23).

Many studies reported that there is a genetic similarity among avian and human
EXPEC, leading to the hypothesis that meat animals play a role as reservoirs for drug-resistant
bacteria and pathogenic bacteria (3, 20).

Little is known regarding the microbiological quality of chicken meat from different
systems of poultry farming and their potential antimicrobial resistance and/or pathogenic
behavior up on consumption. The aim of this study was to analyze the profile of virulence
factors and antimicrobial resistance, including searching for ESBL/AmpC groups genes, in

strains of E. coli isolated from conventional and free-range poultry carcass.

Material and Methods

Bacterial isolates. A total of 156 E. coli strains were isolated from commercial refrigerated
chicken carcass, intended only for local consumption, sold in the city of Londrina (north
region in Parand, Brazil). Of these, 35 E. coli strains were isolated from15 free-range poultry
(commonly created by family agriculture), and 121 E. coli strains from 26 conventionally
raised poultry (sold in markets in the region, obtained from granges). Each chicken carcass
was placed into the sterile packaging with 100 mL of Brain Heart Infusion (Himedia
Laboratories Pvt. Ltd. Mumbai, India). After homogenization, 0.1mL was smeared onto

MacConkey agar (Neogen Corporation Lansing, Michigan) and crystal violet red neutron bile
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agar (Neogen Corporation Lansing, Michigan) by pour plate. Both were incubated at 37°C for
18-24h. Colonies suspected to be E. coli were confirmed by biochemical tests such as EPM,
MILi (35, 36) and Simons citrate agar (Merck, KGaA, Darmstadt, Germany). One-to-eight
strains were collected from each chicken carcass. Only strains that showed different genotypic

characteristics of virulence factors and phenotypic resistance were selected.

Phylogenetic Classification. E. coli strains were assigned to phylogenetic groups (A, B1, B2
or D), according to the method of Clermont and collaborates (2000). This method is based on
analyze of presence of the chuA and yjaA genes and the DNA fragment (TSPE4.C2), as
determined by Polymerase Chain Reaction (PCR). This PCR reaction contained 1.25U Taq
DNA polymerase (Life technologies, Rockville, Md.) in 1X PCR buffer (Life technologies,
Rockville, Md.), 0.2 mM of each dNTP, 2.5mM MgCl,, and 1uM of each primer. The
conditions of PCR consisted of 94°C for 5 min followed by 30 cycles of 94°C for 30 s, 55°C
for 30 s, 72°C for 30s with a final extension step at 72°C for 7 min. PCR amplicons were
visualized on 2.0% agarose gels stained with GelRed (Biotium,Hayward, CA, USA). After

gel electrophoresis the images were captured using Image Capture Systems (LPixImageHE).

Virulence Factor Genes. Several virulence factors normally studied in EXPEC strains were
surveyed. The selected genes were as follows: iutA (aerobactin siderophore receptor gene),
hlyF (putative avian hemolysin), iss (episomal increased serum survival gene), iroN
(salmochelin siderophore receptor gene), and ompT (episomal outer membrane protease
gene). This PCR contained 1.25U Tag DNA polymerase (Life technologies, Rockville, Md.)
in 1 X PCR buffer (Life technologies, Rockville, Md.), 0.2mM of each dNTP, 2.5mM MgCl,,
and 1uM of each primer. The conditions of PCR consisted of 94°C for 2 min, followed by 25

cycles of 94°C for 30s, 63°C for 30s, and 68°C for 3 min, with a final extension step at 72°C
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for 10 min (21). PCR amplicons were visualized on 2.0% agarose gels stained with GelRed
(Biotium, Hayward, CA, USA). After gel electrophoresis, the images were captured using

Image Capture Systems (LPixImageHE).

Antimicrobial Susceptibility Testing. Antimicrobial susceptibility was performed using the
standard disk diffusion method recommended by the Clinical and Laboratory Standards
Institute (12, 13). Antimicrobials used included: 5ug of ciprofloxacin; 10ug each of
ampicillin, gentamicin, norfloxacin and enrofloxacin; 30 each pg of cefazolin, cefotaxime,
cefoxitin, ceftazidime, tetracycline, nalidixic acid and chloramphenicol; 300ug of
nitrofurantoin; 1.25/23.75ug of trimethoprim-sulfamethoxazole; 20/10ug of amoxicillin-
clavulanic acid (Oxoid Ltd., Basingstoke, Hants, UK). Strains resistant to third-generation
cephalosporines were confirmed for ESBL production by double-disk diffusion testing
between amoxicililin/clavulanate and cefotaxime or ceftazidime (17), or by using a
combination disc test including cefotaxime, cefotaxime+clavulanic acid (Becton Dickinson,
Sparks, MD), ceftazidime and ceftazidime+clavulanic acid (Becton Dickinson, Sparks, MD),
according to the CLSI recommendations. The strains positive in the phenotypic tests to ESBL
production were screened to ESBL genes. Strains that showed intermediate or resistance to
cefoxitin and/or to 3"-generation cephalosporins were tested by molecular screening of
AmpC types genes. The E. coli isolate ATCC 25922 was used as a quality control to

antimicrobial susceptibility testing, and the results were interpreted as per CLSI criteria.

Characterization of p—Lactamase Genes of ESBL and AmpC groups. ESBL-producing E.
coli was characterized for ESBL genes encoding CTX-M (1, 2, 8, 9 and 25 groups), TEM and
SHV type by PCR (1, 4, 38). All isolates suspected by phenotypic tests for the production of

AmpC were tested by a multiplex PCR described by Pérez-Pérez and Hanson (2002). Six
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family-specific AmpC genes plasmid mediated (MOX, FOX, EBC, ACC, DHA and CIT)
were evaluated. PCR amplicons were visualized on 2.0% agarose gels stained with GelRed
(Biotium, Hayward, CA, USA). After gel electrophoresis, the images were captured using

Image Capture Systems (LPixImageHE).

Statistical Analysis. Comparisons of frequencies among different groups were made by the
Fisher’s Exact test and Chi-square test. Findings were considered to be significant where P

<0.05. The test was performed with the statistical program R version 3.1.0.

Results

According to phylogenetic classification, the most prevalent group in strains from
free-range poultry was the group A (54.3%), whereas the strains from conventionally raised
poultry most frequently belonged to group B1 (37.2%), although no statistically significant
differences were observed between them and groups B1, B2 and D (Table 1).

Regarding the search to virulence factors, we found significant difference for the
majority of the genes studied between strains from free-range and conventional poultry, with
the exception of the iss gene (p>0.05) (Table 1). Few strains from free-range poultry were
positive for virulence factors, with only 10 strains (28.6%) having at least one of virulence
factors studied. In contrast, 91 strains (75.2%) from conventionally raised poultry had at least
one virulence factor.

According to the antimicrobial susceptibility test, strains from conventionally raised
poultry showeda higher frequency of antimicrobial resistance than strains from free-range

poultry for all antimicrobials tested (Figure 1). The frequency of antimicrobial resistance to
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strains from free-range poultry were low, except to tetracycline (60% of resistance), whereas
the strains from conventional poultry showed a high frequency of resistance mainly to
tetracycline, nalidixic acid and ampicillin.

ESBL/AmpC genes appeared only in strains isolated from conventional poultry
(42.1% of 121 strains from conventional poultry). Forty strains were ESBL-producing E. coli.
The most prevalent group within these ESBL was the group 2 CTX-M (62.5% of ESBL-
producing strains). Eleven strains showed only the CIT group of AmpC genes (9.1% of 121
strains from conventional poultry). No strain had ESBL and AmpC genes together (Table 2).

All ESBL/AmpC-producing strains showed resistance to one or more non-B-lactam
antimicrobials, with resistance to tetracycline (98%) the most prevalent (Table 2).

We observed that ESBL/AmpC-producing strains were present in all four phylogenetic
groups (A, B1, D and B2), although there were few B2 strains.The majority of these strains

were positive for at least one virulence factor.

Discussion

Many studies have demonstrated similarities between human and avian EXPEC,
leading to the hypothesis that poultry products may serve as a source of EXPEC and are
closely linked to human infections. Poultry meat exhibits the highest levels of E. coli
contamination, and these are indicated as being more extensively antimicrobial-resistant than
E. coli from other meats (25).

Avian E. coli often possess virulence genes similar to those found in human ExPEC
(25). We measured 5 virulence genes carried by plasmids that are normally studied in human

EXPEC (22, 24) and used by Johnson and collaborates (2008) to distinguished avian
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pathogenic avian E. coli (APEC) from commensal E. coli. Our results demonstrated that
strains from conventionally raised poultry have a greater number of virulence genes than the
strains from free-range poultry, with the exception of the iss gene (p>0.05). Furthermore, few
strains from free-range poultry showed virulence factors, unlike strains from conventionally
raised poultry, of which 75.2% had at least one virulence factor. According to phylogenetic
classification, our results showed most prevalence of group A in strains from free-range
poultry and group B1 in strains from conventionally raised poultry. Thus, the majority of the
strains show characteristics relative to commensal phylogenetic groups, although most strains
from conventionally raised poultry were positive for virulence factors. These results can be
related to the creation system because the conventional poultries are raised in larger groups in
few areas, generating a high density, which facilitates the transmission of bacteria between
them because there are many virulence genes carried by plasmids, whereas free-range poultry
creation is in small groups, making it more difficult to transmit pathogens (15).

Antimicrobial resistance in bacteria isolated from food of animal origin is often
associated with the indiscriminate use of antibiotics in livestock (5, 26, 27). Due to the risks
that the use of antimicrobials in aviculture may present to humans, the use of several
antibiotics including tetracyclines, S-lactams, systemic sulfonamides, quinolones and others
has been banned as growth promoters in Brazil, (8, 9).

In the antimicrobial susceptibility test, strains isolated from conventionally raised
poultry showed a higher frequency of resistance than the strains from free-range poultry to all
antimicrobials. There were significant differencesfor the majority of the antimicrobials tested,
except for cefoxitin, ceftazidime and nitrofurantoin (p>0.05). The high frequency of
antimicrobial resistance in strains from conventional poultry carcasses, primarily to
tetracycline, nalidixic acid and ampicillin, can be related to the high use of antimicrobials in

aviculture industries.
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However, an interesting finding in our study was the low frequency of antimicrobial
resistance in strains from free-range poultry, excepted to tetracycline. It is known that the use
of antimicrobials in family agriculture is restricted or even absent, being casually used for
treating diseases (28). Another hypothesis for the low observed frequency is that free-range
poultry normally live in small groups, compared to conventionally raised poultry, leading to
individual therapeutic interventions. Whereas in the poultry industry, birds are kept in larger
groups, so population-based therapeutics are mostly appropriate (15).

Tetracycline was the antimicrobial with the highest frequency of resistance in both
rearing systems. The high frequency may be due to the easy access to and low price of these
antimicrobial and difficult of monitoring by regulatory bodies in veterinary medicine in the
Brazil because these antimicrobials have prohibited use (9). Another explanation of the high
frequency of resistance in strains from free-range poultry is it contact with environmental
microorganisms, which produce natural antibiotics, or by soil contamination with the feces of
wild animals thatcarry antibiotic-resistant microorganisms (5, 34).

B-lactam antimicrobials, especially the third-generation cephalosporins,is the most
common treatment for human infections by Enterobacteriaceae. However, a large number of
resistant bacteria have emerged worldwide. Among ExPEC,B-lactamases remain the most
important mechanisms of B-lactam resistance. B-lactamases are hydrolytic enzymes that
cleave the B-lactam ring. The emergence of B-lactamases is mainly linked to the spread of
genes encoding ESBLs and/or plasmid-mediated AmpC [-lactamases (32).However,
ESBL/AmpC-producing bacteria are now being found in increasing numbers in food-
producing animals, including in poultry meat (14, 15,33).

One notable finding, was the presence of ESBL/AmpC B-lactamases only in strains
from conventional poultry. The absence in strains from free-range poultry may indicate ther

are use of antimicrobials in its production.
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We determined that the most common [-lactamase-producing strains were for the
production of ESBL, with group 2 CTX-M the most prevalent (60.1% of ESBL-producing
strains). CTX-M-type strains are the most common ESBL type in humans, despite several
reports of TEM and SHV as well (32). Other countries have also reported a high prevalence of
ESBL-producing bacteria in poultry (14, 15, 33). In the Brazil, has been identified group 2
CTX-M in Salmonella enteric from chickens (16).

Plasmid-mediated AmpC genes are derived from chromosomal AmpC genes, being
the majority of plasmid-mediated AmpC genes found in nosocomial isolates of E. coli and
Klebsiella pneumoniae. Six families of plasmid-mediated AmpC p-lactamases have been
identified (30). Among AmpC, the CIT group was the most frequently observed in our results.
Studies have related the presence of the CIT group in poultry in others countries (7). In Brazil,
the presence of plasmid-mediated AmpC-producing in human isolates has been sporadically
reported (10, 29). Although there have previously been no studies reporting the presence of
AmpC in food animals, the presence of 11 AmpC-producing strains indicates the importance
of studies both in human and veterinary clinical practice.

Despite the increase of ESBL/AmpC-producing E. coli isolates in food-producing
animals, little is known about the use of p-lactam because these are banned as growth
promoters in Brazilian aviculture. One hypothesis is that theco-selection and co-resistance
have taken place because the gene encoding ESBL/AmpC and other classes non-f-lactam can
be located in the same mobile genetic element, such as plasmid or transposons (23).In our
study, ESBL/AmpC-producing strains showed resistance to one or more non-fS-lactam
antibiotics, mainly to tetracycline (98% of the cases).

The presence of ESBL and AmpC gene was not observed in the same strain. It is
possible that there is a limit to the amount of [B-lactamase that a bacterial cell can

accommodate and still be a viable pathogen (30).
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We also note that the B-lactamases may be present in strains belonging to phylogenetic
groups from commensal groups A and B1, as well as virulent strains from group D. We note
also that the majority of ESBL/AmpC-producing strains have one or more virulence genes
tested.This can indicates that some strains harbor antimicrobial resistance genes mediated by
plasmids, perhaps are harboring virulence factors encoding genes mediated by other plasmid
too. Some studies have shown that virulence plasmids and multidrug resistance plasmid were
not found in the same strains (5, 6). However, Johnson and collaborates (2010) found in some
APEC strains hybrid resistance plasmids encoding both multiple resistance to antimicrobials
and virulence-associated genes that were able to infect human cells and cause meningitis in
rats.

The research of plasmid-mediated genes is important because their presencein food
may indicate a risk of the zoonotic transmission of B-lactamases-carrying bacteria and
plasmids (15).

The low frequency of antimicrobial resistance in strains from free-range poultry may
indicate that the low use of antimicrobials in this system rearing may be related to the low
frequency of resistance and virulence, which can lead to a low risk of transmission of
pathogens or resistance genes to humans through consumption of chicken meat. The
monitoring of antimicrobial resistance frequencies in animal foods can aid in the detection of
banned poultry farming practices.

In our results, it is clear that even with the prohibition of many antimicrobials, there is
still a high frequency of antimicrobial resistance in strains from conventional poultry. The
absence or restricted use of antimicrobials in free-range poultry production may be
contributing to the lower frequency of bacterial virulence factors and resistance to

antimicrobials, leading to a lower risk of their transmission to humans.
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Table 1 — Prevalence of phylogenetic group and virulence genes in strains of E. coli isolated

by free-range and conventionally raised poultry carcass

Free-range (n=35)

No. of isolates (%)

Phylogenetic group

A 19 (54.3)*
B1 09 (25.7)
B2 00( 0 )
D 07 (20 )

Virulence genes

hlyF 09 (25.7)
iutA 06 (17.1)
iss 07 (20 )
ompT 08 (22.8)
iroN 01( 2.8)

Conventional (n=121)

No. of isolates (%)

35 (28.9)
45 (37.2)
5 (4.1)

36 (29.7)

57 (47.1)*
66 (54.5)*
43 (35.5)

64 (52.8)*

35 (28.9)*

*p<0.05 — Chi-square. Free-range vs. conventionally raised poultry carcass E. coli isolates
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Figure 1 — Frequency of antimicrobial resistance to E. coli strains isolated from free-range and conventionally raised chicken carcass

*p<0.05 - Chi-square test

**p<0.05 — Fisher exact test




Table 2 — Characteristics of B-lactamase genes and phenotypic antimicrobial resistance profile of strains ESBL/AmpC-producing isolates

Isolate no.

10

11

12

13

Phenotypic resistance profile

Amp, amc, cfz, ctxtet, nal

Amp, kz, ctx, cn, tet, nal

Amp, kz, ctx, cn, tet, nal, cip, nor, enr, sut
Amp, kz, ctx, cn, tet, nal, cip, sut
Amp, kz, ctx, cn, tet, nal, cip, enr
Amp, kz, ctx, cn, tet, nal

Amp, kz, ctx, clo, cn, nal, sut

Amp, kz, ctx, tet, nal, cip, nor, enr, sut
Amp, kz, ctx, tet, nal, cip, nor, enr, sut
Amp, kz, ctx, clo, tet, nal

Amp, kz, ctx, cn, tet, nal, cip, enr, sut
Amp, kz, ctx, cn, tet, nal, enr

Amp, kz, ctx, cn, tet, nal

B-lactamase genes
Group 1 CTX-M
Group 2 CTX-M
Group 2 CTX-M
Group 2 CTX-M
Group 2 CTX-M
Group 2 CTX-M
Group 2 CTX-M
Group 2 CTX-M
Group 2 CTX-M
Group 2 CTX-M
Group 2 CTX-M
Group 2 CTX-M

Group 2 CTX-M
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14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Amp, kz, ctx, cn, tet, nal, cip, sut

Amp, amc, kz, cn, tet, nal, sut

Amp, amc, kz, ctx, cn, tet, nal

Amp, amc, kz, ctx, cn, tet, nal, cip, nor, enr, sut
Amp, kz, ctx, cn, tet, nal

Amp, kz, ctx, cn, tet, nal

Amp, kz, ctx, clo, tet, nal, cip, nor, sut

Amp, kz, ctx, cn, tet, nal, cip, enr

Amp, amc, kz, ctx, tet, nit, nal

Amp, amc, kz, ctx, cn, tet

Amp, amc, kz, ctx, clo, tet, nit, nal, cip, nor, enr, sut
Amp, kz, ctx, tet, enr

Amp, kz, ctx, tet, nit

Amp, amc, kz, ctx, clo, tet, nal, sut

Amp, kz, ctx, tet

Amp, kz, ctx, tet, nal, cip, nor, enr

Amp, kz, ctx, tet

Group 2 CTX-M
Group 2 CTX-M
Group 2 CTX-M
Group 2 CTX-M
Group 2 CTX-M
Group 2 CTX-M
Group 2 CTX-M
Group 2 CTX-M
Group 2 CTX-M

Group 2 CTX-M

Group 8 CTX-M
Group 8 CTX-M
Group 8 CTX-M
Group 8 CTX-M
Group 8 CTX-M
Group 8 CTX-M

Group 8 CTX-M
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31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Amp, kz, ctx, clo, tet, nal, cip, nor, enr

Amp, kz, ctx, tet

Amp, kz, ctx, caz, tet

Amp, kz, ctx, tet, nit

Amp, kz, tet, nal, cip, nor, enr

Amp, amc, kz, clo, cn, tet, nit, sut

Amp, amc, kz, cfo, tet, nal, sut

Amp, amc, kz, cfo, cn, tet, nal, sut

Amp, amc, kz, cfo, caz, tet, nal, sut

Amp, amc, kz, cfo, tet, nal, sut

Amp, amc, kz, cfo, caz, tet, nal, cip, nor, enr, sut
Amp, amc, kz, cfo, tet, nal, sut

Amp, amc, kz, cfo, clo, cn, tet, nal, cip, nor, enr, sut
Amp, amc, kz, cfo, ctx, tet, nal, sut

Amp, amc, kz, cfo, caz, tet, nal, cip, enr, sut
Amp, amc, kz, cfo, caz, tet, nit, nal, cip, enr

Amp, amc, kz, ctx, caz, clo, tet, nal, cip, nor, enr, sut

Group 8 CTX-M
Group 8 CTX-M
Group 8 CTX-M
Group 8 CTX-M
SHV

CIT

CIT

CIT

CIT

CIT

CIT

CIT

CIT

CIT

CIT

CIT

Group 1 CTX-M, Group 2 CTX-M
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48 Amp, kz, ctx, tet, nal, cip, nor, enr, sut Group 2 CTX-M, Group 8 CTX-M

49 Amp, amc, kz, ctx, tet, nal Group 8 CTX-M, SHV

50 Amp, amc, kz, tet, nal Group 8 CTX-M, SHV

51 Amp, amc, kz, ctx, clo, tet, nal, cip, nor, enr, sut Group 2 CTX-M, Group 8 CTX-M, SHV

Abbreviations: ampicillin (AMP); amoxicilli-clavulanic acid (AMC); cefazolin (KZ); ceftazidime (CAZ); cefotaxime (CTX); chloramphenicol
(CLO); gentamicin (CN); tetracycline (TET); nitrofurantoin (NIT); nalidixic acid (NAL); ciprofloxacin (CIP); norfloxacin (NOR); enrofloxacin

(ENR); trimethoprim-sulfamethoxazole (SUT).
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6. CONCLUSOES GERAIS

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

e Amostras de E. coli isoladas de carcacas de frango apresentam genes codificadores de

fatores de viruléncia caracteristicos de EXPEC;

e Houve um aumento na frequéncia de resisténcia para a maioria dos antimicrobianos

testados de 2007 para 2013;

e Em 2013, foi encontrado amostras produtoras de ESBL, sendo que em 2007 nenhuma

amostra apresentou essa enzima;

e Entre as ESBLs encontradas em 2013, o grupo 2 CTX-M foi o mais prevalente;

e Amostras de E. coli isoladas de carcagas de frango “caipira” apresentam menos genes

codificadores de viruléncia do que as amostras isoladas de frango de granja;

e As amostras isoladas de frango de granja apresentaram uma maior frequéncia de
resisténcia para a maioria dos antimicrobianos testados, em relacdo as amostras de

frango caipira;

e Nenhuma amostra isolada de frango caipira apresentou genes codificadores das
enzimas ESBL e AmpC, diferentemente das amostras isolada de frango de granja, na

qual, 42.1% amostras apresentavam ao menos uma das betalactamases;
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e Os grupos 2CTX-M e CIT foram os mais prevalentes entre os genes codificadores de

ESBL e AmpC em amostras isoladas de frango de granja, respectivamente

e O uso restrito de antimicrobianos na producdo de frango caipira pela agricultura
familiar pode estar relacionada com a baixa frequéncia de resisténcia e viruléncia em

bactérias isoladas de carnes de frango.





