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SCHUROFF, Paulo Alfonso. Identificacdo e caracterizacdo de Escherichia coli
enteroagregativa em amostras de agua destinadas ao consumo humano na
regido Norte do estado do Parana. 2016. 42 f. Dissertacdo (Mestrado em
Microbiologia) — Universidade Estadual de Londrina. Londrina, 2016.

RESUMO

Escherichia coli enteroagregativa (EAEC) tém sido um patdgeno comumente
associado a pacientes HIV positivos, viajantes e presente em surtos alimentares,
contudo sua pesquisa em fontes de agua ainda é bastante escassa. Diante disso, 0
presente trabalho teve por objetivo investigar e caracterizar o patotipo EAEC em 750
isolados de E. coli oriundos de 250 amostras de 4gua destinadas ao consumo nao
tratadas e coletadas de 21 municipios na regido Norte do estado do Parana entre os
meses de janeiro de 2012 a dezembro de 2014. No teste de adesdo, 84% dos
isolados foram classificados como EAEC por apresentarem o padrdo de aderéncia
agregativo (AA) nas células HEp-2. Dos quatro genes de diagndstico pesquisados
(aatA, aggR, aalA and aaiC), apenas o aaiC foi encontrado em 7,2% dos isolados.
No teste deformacdo de biofilme, 72,4% dos isolados apresentaram formacéo de
biofilme e destes 95,6% pertenciam ao patotipo EAEC. Os 18 isolados positivos ao
aaiC foram também testados para oito genes de viruléncia associados com EAEC,
resisténcia a antimicrobianos e analise filogenética. Apenas trés genes de viruléncia
astA (72,2%), shf (22,2%) e pic (5,6%) foram detectados. Resisténcia foi verificada
apenas para os antibioticos ampicilina (38,9%) e cefalotina (11,1%). Na analise
filogenética, os filogrupos B1(61,1%) e A (22,2%) foram os mais prevalentes. Os
resultados encontrados mostras que a agua para consumo € um importante
reservatorio para EAEC em nosso meio ambiente. O teste de adesdo em células
epiteliais ainda é de grande importancia na identificacdo deste patotipo e a pesquisa
de novos marcadores para de detectar EAEC é necessaria. Além disso, a presenca
de diferentes perfis de viruléncia e caracteristicas fenotipicas em cepas EAEC ¢é de
grande preocupac¢do para a saude publica, principalmente por estas cepas poderem
ser transmitidas diretamente para humanos, animais e alimentos.

Palavras-Chave: EAEC. Agua para consumo. Adesdo agregativa. Genes de
diagnostico. Risco a saude publica.



SCHUROFF, Paulo Alfonso. Identification and characterization of
enteroaggregative Escherichia coli in drinking water supplies of North Paran&
State. 2016. 42 f. Dissertacao (Mestrado em Microbiologia) — Universidade Estadual
de Londrina. Londrina, 2016.

ABSTRACT

Enteroaggregative Escherichia coli (EAEC) is a pathogen commonly associated with
HIV-positive patients, travelers and present in food poisoning outbreaks, but it has
not been greatly researched in water sources. Therefore, the present work aimed to
investigate and characterize the EAEC pathotype in 750 E. coli isolates from 250
samples of drinking water untreated collected from 21 municipalities in north of
Parana State between January 2012 and December 2014. In the adhesion test, 84%
of the isolates were classified as EAEC for presenting the aggregative adherence
(AA) pattern in HEp-2 cells. Of the four diagnostic genes researched (aatA, aggR,
aaiA and aaiC), only aaiC was found in 7.2% isolates. In the biofilm formation test
72.4% isolates presented biofilm formation and of these 95.6% belonged to EAEC
pathotype. The 18 aaiC positive isolates were tested for eight virulence genes
associated with EAEC, antimicrobial resistance and phylogenetic analysis. Only the
virulence genes astA (72,2%), shf (22,2%) and pic (5,6%) were detected. Resistance
was verified only for the antibiotics ampicillin (38,9%) and cephalothin (11,1%). In
phylogenetic analysis, the phylogroups B1(61.1%) and A (22.2%) were the most
prevalent. The results found show that drinking water is an important reservoir for
EAEC in our environment. The adhesion test on epithelial cells is still of great
importance in identifying this pathotype and the research of new molecular markers
to detect EAEC is necessary. In addition, the presence of different virulence profiles
and phenotypic characteristics in EAEC strain is of great concern for public health,
mainly because these strains may be transmitted directly to humans, animals and
foods.

Key words: EAEC. Drinking water. Aggregative adhesion. Diagnostic genes. Risk to
public health.
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1. INTRODUCAO

Algumas cepas de Escherichia coli podem causar danos a saude de
individuos saudaveis, resultando em diversas sindromes como: gastroenterite,
infeccdo do trato urinario, sepse e meningite. Na classe de E. coli causadoras de
infeccdo intestinal destacamos a E. coli enteroagregativa (EAEC) na qual apresenta

uma grande relevancia epidemiolégica.

EAEC é um patdgeno emergente que esta associado a casos de
diarreia aguda e persistente. Sua patogenicidade esta relacionada a trés fatores:
abundante aderéncia a mucosa intestinal, formacdo de biofiime e producdo e
liberac&o de toxinas. A infeccao por EAEC pode resultar desde uma diarreia aquosa
branda até casos de crescimento debilitado e subdesenvolvimento mental em
criancas. A transmissdo de EAEC em humanos pode ocorrer principalmente devido

ao contato com fezes, alimentos ou agua contaminada.

A agua é um componente essencial a vida, ja que nenhum
organismo consegue sobreviver na sua completa auséncia. Ainda hoje, grande parte
da populagdo brasileira ndo tem acesso a fontes de 4gua tratada, recorrendo-se

assim a fontes alternativas de abastecimento pouco confiaveis como pogos e minas.

Com a utilizagdo destas fontes alternativas ao consumo, também
aumentam os riscos de contaminagdo com cepas patogénicas de E. coli, como a
EAEC. Devido aos possiveis perigos acarretados a saude publica por este patotipo,
sdo necessarios estudos que evidenciem a distribuicdo e a frequéncia destas cepas
em ambientes aquéticos, além das caracteristicas de viruléncia, no sentido de

melhor conhecer a epidemiologia dessas infeccdes.
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2. REVISAO DA LITERATURA

2.1. [ESCHERICHIA CoLI

Escherichia coli € um bastonete Gram negativo, anaerobio
facultativo que faz parte da microbiota intestinal humana e animal proporcionando
beneficios para seus hospedeiros. Entretanto, algumas cepas dessa espécie podem
causar infeccbes no sistema urinario, no sistema nervoso central, sepse e
gastrenterites (NATARO; KAPER, 1998).

E. coli associada a infeccéo intestinal, tanto em criangas como em
adultos, sdo conhecidas como E. coli diarreiogénicas (DEC) e estdo agrupadas em
oito patotipos, considerando 0s seus mecanismos de viruléncia especificos, as
sindromes que causam, 0s sorotipos, 0s aspectos epidemioldgicos e/ou os tipos de
interacdo com linhagens celulares. Esses grupos de DEC séo classificados como: E.
coli enteropatogénica (EPEC), E. coli enterotoxigénica (ETEC), E. coli
enteroinvasora (EIEC), E. coli produtora de toxina Shiga (STEC), E. coli
enteroagregativa (EAEC), E. coli que adere difusamente a células epiteliais (DAEC),
E. coli aderente invasora (AIEC) e E. coli enteroagregativa produtora de toxina Shiga
(STEAEC) (CLEMENTS et al., 2012).

2.2. ESCHERICHIA COLI ENTEROAGREGATIVA (EAEC)

EAEC séo identificadas por sua habilidade em produzir o padréo de
adesao agregativo (AA) em cultura de células epiteliais, como em células HEp-2 e
HelLa. Inicialmente este padrédo foi descrito por Nataro et al. (1987) em um estudo
examinando diferentes padrbes de adesao de cepas de E. coli obtidas de criangas
chilenas com diarreia. O padrdo AA é definido como uma ligacdo intima das
bactérias as células epiteliais em uma forma de “tijolo empilhado”, na qual podem
incluir bactérias mostrando adesdo predominantemente na laminula e/ou

predominantemente nas células epiteliais (NATARO et al., 1987).

Estudos epidemiologicos conduzidos no Brasil (ARAUJO et al.,
2007; DIAS et al., 2016; LIMA, A. A. et al., 1992) e em outros paises (BEN SALEM-
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BEN NEJMA et al.,, 2014; OPINTAN et al.,, 2010; SARANTUYA et al., 2004)
classificam EAEC como o patotipo mais comumente isolado de criangcas com
diarreia. Estes trabalhos colocam a EAEC como um importante patégeno
emergente, na qual apresenta uma associacao significativa com casos de diarreia
aguda e persistente (HUANG et al., 2006; OKHUYSEN; DUPONT, 2010).

EAEC também tém sido encontrada em fezes de pacientes com
Sindrome da Imunodeficiéncia Adquirida (AIDS) (GASSAMA-SOW et al., 2004,
MEDINA et al., 2010), associada a diarreia do viajante em adultos que retornaram de
viagens oriundas de paises subdesenvolvidos (HUANG et al., 2007; PASCHKE et
al., 2011) e presente em surtos de diarreia ocasionados pela ingestdo de alimentos
contaminados (ESTRADA-GARCIA; NAVARRO-GARCIA, 2012). Normalmente os
sintomas associados a infeccdo por EAEC incluem diarreia aquosa e
ocasionalmente diarreia mucoide, nauseas, anorexia, febre de baixo grau, ruidos
intestinais e tenesmo (OKHUYSEN et al., 2004). Casos crbnicos da infeccao por
EAEC podem levar a desnutricdo, além do crescimento debilitado e

subdesenvolvimento mental em criangas (STEINER et al., 1998).

A patogenicidade da infeccdo por EAEC ainda ndo esta totalmente
elucidada. Os dados acumulados de diversos estudos tém sugerido trés estagios na
sua patogénese: (1) abundante aderéncia a mucosa intestinal, (2) formacdo de
biofilme e (3) producéo e liberacdo de toxinas (Figura 1) (HEBBELSTRUP JENSEN
et al., 2014; NAVARRO-GARCIA; ELIAS, 2011).
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Figura 1 — Representacéo dos estagios da patogénese por EAEC: (1) aderéncia a
mucosa intestinal e (2) elaborag&o de toxinas.
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A Ligacdo a mucosa intestinal € um passo essencial da colonizacéo
e producdo de doenca por EAEC (HICKS; CANDY; PHILLIPS, 1996). Diversos
estudos demonstram que o padrdo AA é associado principalmente com a presenca
de adesinas de origem fimbrial, na qual destacamos Aggregative Adherence
Fimbriae (AAFs) que incluem cinco principais variantes, AAF/I (NATARO et al.,
1992), AAF/Il (CZECZULIN et al.,, 1997), AAF/Ill (BERNIER; GOUNON; LE
BOUGUENEC, 2002), AAF/IV (BOISEN et al.,, 2008) e AAF/V (JONSSON et al.,
2015). Outros fatores também contribuem para o processo de adeséo e colonizacao,
dentre eles temos a proteina anti-agregativa designada de dispersina, codificada
pelo gene aap (anti-aggregation protein dispersin). Esta proteina atua diminuindo a
autoagregacgao bacteriana, permitindo assim a sua dispersdo ao longo da mucosa
intestinal (SHEIKH et al., 2002). O seu transporte para fora da célula bacteriana é
realizado por uma proteina transportadora, codificada pelo gene aatA (anti-
aggregation protein transporter), (anteriormente conhecido como sonda CVD432 ou
sonda AA) (BAUDRY et al., 1990; NISHI et al., 2003).

Dentre os genes conhecidos o aggR (aggregative adherence
regulator) é considerado importante na patogénese e nas propriedades agregativas
de EAEC, sendo um importante ativador transcricional que promove a expressao de
fatores de viruléncia tanto plasmidiais quanto cromossomais, incluindo as AAFs e a
dispersina (DUDLEY et al., 2006). Diversos trabalhos tém sugerido o termo EAEC
tipica (tEAEC) para cepas que apresentam o padrdo AA e 0 gene regulador aggR e
EAEC atipica (aEAEC) para as cepas AA que ndo apresentam o aggR
(HARRINGTON; DUDLEY; NATARO, 2006; MORIN et al., 2013).

tEAEC compreende a um grupo de cepas potencialmente
patogénicas, que tém sido associada a varios casos de diarreia em todo o mundo
(OPINTAN et al., 2010; RAJENDRAN et al., 2010), sendo encontrada
principalmente em reservatério humano e podendo ser transmitida por contato fecal-
oral, alimentos e agua contaminada (JIANG et al., 2002). aEAEC sao cepas bastante
prevalentes em varios continentes, sendo isoladas de diversas fontes, tais como
humanos e animais e agua (TOKUDA et al., 2010; VIJAY et al., 2015). Embora
aEAEC tenha sido identificada em animais, estes ndo sédo considerados como uma
fonte ou reservatorio para a infeccdo humana (OKHUYSEN; DUPONT, 2010).
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Outra caracteristica importante da EAEC é a sua habilidade de
formar biofilme em superficies bibticas e abidticas. A formacdo do biofilme é um
importante fator que contribui para a persisténcia da infecgao bacteriana, permitindo
com que a bactéria evada do sistema imune local, além de tornar os microrganismos
mais resistentes a agentes antimicrobianos (TOKUDA et al., 2010; WINGENDER;
FLEMMING, 2011). Ensaios para quantificar e detectar a formacdo de biofilme
surgiram como possiveis métodos para a triagem de cepas EAEC patogénicas
(BANGAR; MAMATHA, 2008; WAKIMOTO et al., 2004). Além dos ensaios
fenotipicos, o gene shf (Shigella flexneri homologue) tem se mostrado intimamente
relacionado com a producédo de biofilme na cepa de referéncia EAEC 042 (0O44:
H18) (FUJIYAMA et al., 2008).

Uma vez que o biofilme foi estabelecido, mais danos ao epitélio
intestinal sdo descritos, na qual incluem a liberacdo de toxinas bacterianas
(HEBBELSTRUP JENSEN et al., 2014). Dentre estas toxinas, temos a Pet (plasmid-
encoded toxin), na qual cliva o citoesqueleto dos enterdcitos gerando dano a
mucosa intestinal (ESLAVA et al., 1998). Pic (protein involved in intestinal
colonization) é uma mucinase que interfere na integridade da membrana da mucosa
e induz a hemaglutinacdo. (HENDERSON et al., 1999). Por ultimo temos o gene
astA, associado a expressado da EAST1 (EAEC heat-stable enterotoxin), que causa
aumento da secrec¢do de cloro, através do aumento das contragdes intracelulares de
GMP ciclico, e tem sido associado com diarreia aquosa (MENARD; DUBREUIL,
2002).

Para se avaliar melhor as caracteristicas de EAEC outros testes

como a filogenia e sensibilidade a antimicrobianos podem ser utilizados.

Andlises filogenéticas tém mostrado que cepas de E. coli séo
classificadas em sete principais grupos, A, Bl, B2, C, D, E e F. A distribuicdo em
grupos filogenéticos tem sido utilizada como uma maneira rapida e simples de
classificar cepas de E. coli patogénicas, além de contribuir para o entendimento de
como os genes de viruléncia sdo adquiridos (CLERMONT et al., 2013). Cepas de E.
coli extraintestinais normalmente pertencem aos filogrupos B2 e D, enquanto que
cepas de E. coli comensais frequentemente pertencem ao grupo A (CLERMONT;
BONACORSI; BINGEN, 2000). Em contra partida, devido a sua heterogeneidade
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genética, cepas EAEC sao consideradas filogeneticamente diversas, podendo estar

presentes em todos os filogrupos conhecidos (OKEKE et al., 2010).

Resisténcia a antimicrobianos € uma importante propriedade para a
classificagdo de EAEC patogénica. EAEC que apresentam altas taxas de resisténcia
a varias drogas tém sido reportadas em diversos estudos (BANGAR; MAMATHA,
2008; OUNDO et al., 2008). Em ambientes aquaticos cepas de E. coli
multirresistentes normalmente sdo encontradas em aguas residuais, principalmente
as provindas de ambientes hospitalares (REBELLO; REGUA-MANGIA, 2014). E. coli
multirresistentes também tém sido obtidas de fontes aquaticas destinadas ao
consumo humano (TALUKDAR et al., 2013)

Com relacdo ao diagnostico de EAEC, o método ouro para a
identificacdo de cepas deste patotipo ainda continua sendo o teste de adesdo em
culturas de células epiteliais (NATARO et al., 1987). Porém, nos ultimos anos,
diagnoésticos moleculares tém sido desenvolvidos como alternativa ao ensaio de
adesao, o qual é caro, consome tempo e requer cultura de células e infra-estrutura
adequada (ESTRADA-GARCIA; NAVARRO-GARCIA, 2012). Testes moleculares
como a reacdo em cadeia da polimerase (PCR) sé&o considerados menos exigentes
e mais objetivos na deteccéo de E. coli patogénicas, como as EAEC aqui abordadas
(ANDRADE; GOMES; ELIAS, 2014).

Devido a heterogeneidade das cepas EAEC, sabe-se que a
viruléncia deste patotipo resulta da combinacédo de varios marcadores moleculares,
por consequéncia mdultiplos genes vém sendo utilizados para o diagnostico
molecular (HUANG; JIANG; DUPONT, 2003; TOKUDA et al., 2010). Na escala
plasmidial os genes aggR e aatA, presentes no plasmideo pAA, sédo bastante
utilizados na deteccdo de cepas enteroagregativas (MOON; PARK; KIM, 2005).
Outros genes plasmidiais importantes como o da dispersina (aap) e o astA
(Enteroaggregative heat-stable toxin) tem perdido espaco no diagnéstico de EAEC
devido a sua deteccdo em outros patotipos de E. coli, tais como, EPEC, ETEC,
EHEC e em cepas néo patogénicas (MENARD; DUBREUIL, 2002; MONTEIRO et
al., 2009).

O gene aggR € altamente conservado em EAEC e tém forte

correlagdo com o gene aatA (OKEKE et al., 2011). A pesquisa destes marcadores,
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em estudos epidemiolégicos, favorece apenas a deteccdo de cepas tEAEC
(RUTTLER et al., 2006). Recentemente, algumas regides cromossomais vém sendo
utilizadas para o diagnostico de aEAEC (JENKINS et al., 2006; LIMA, I. F. et al.,
2013). Dentre os genes cromossomais temos o aaiC e aaiA (DUDLEY et al., 2006;
LIMA, I. F. et al., 2013). Estes genes estdo presentes numa ilha de patogenicidade
cromossomal inserida em pheU, identificada na cepa EAEC 042 (O44:H18), e
estudos demonstram que esta ilha é responsavel pela codificagdo de componentes
do sistema de secrec¢do do tipo VI (DUDLEY et al., 2006; MORIN et al., 2013). Além
disso, analises por microarranjo de DNA tém demonstrado que estes genes sao

bastante conservados em cepas EAEC clinicas (JENKINS et al., 2005).

2.3. ESCHERICHIA COLI ENTEROAGREGATIVA NA AGUA

A agua é o mais importante recurso natural do mundo e sem ela a
vida ndo pode existir, pois nenhum processo metabdlico ocorre sem a sua acdo
direta ou indireta. O recente crescimento e expansdo demografica e industrial
observado, nas ultimas décadas, trouxeram como consequéncia 0 comprometimento
das &guas dos rios, lagos e reservatorios, sendo estes afetados por diversos
poluentes (CABRAL, 2010).

As doencas veiculadas pela agua sao principalmente causadas por
patdgenos entéricos, sendo E. coli de grande importancia clinica, por se tratar de
uma bactéria termotolerante de origem exclusivamente fecal (CABRAL, 2010). A
presenca de E. coli na 4gua constitui uma preocupacédo significante para a saude
publica, j& que a transmisséo de fatores de viruléncia entre as cepas contribui para
sua patogenicidade e aumenta sua diversidade no ambiente (DONNENBERG,;
WHITTAM, 2001).

Estima-se que cerca de 1,8 bilhbes de pessoas no mundo utilizem
fontes de agua expostas a contaminacao fecal, sendo as fontes alternativas (pocos e
minas) as mais susceptiveis a este risco de contaminacao (BAIN et al., 2014). Estas
fontes normalmente abastecem pequenas comunidades em cidades mais remotas
ou em areas rurais. Mensura-se que uma boa parcela da populacao brasileira (cerca

de 60%) consuma agua proveniente destas fontes, aumentando assim o risco de
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doencas diarreicas (http://www.ibge.gov.br/home/estatistica/populacao/censo2010).
Alguns trabalhos tém mostrado uma alta incidéncia de E. coli em amostras de agua
para consumo humano vinda das fontes alternativas (LASCOWSKI et al., 2013;
NOGUEIRA et al., 2003).

Embora EAEC esteja mais associada a doencas de transmisséo
alimentar (ESTRADA-GARCIA; NAVARRO-GARCIA, 2012), relativamente poucos
estudos tém se empenhado em determinar sua distribuicdo em fontes de agua.
Alguns deles conduzidos em diversos locais do mundo tém reportado diferentes

taxas de EAEC em amostras de agua (Tabela 1).

Tabela 1 - Prevaléncia de EAEC em amostras de agua em diferentes regibes do

mundo.
Tipo de dgua Local Diagnéstico  Cepas EAEC Referéncia
positivas
Superficial Japao aggR 1/549 (0,2%) GOMI et al. (2015)
Consumo Libia Sonda 10/243 (4,1%) ALl et al. (2012)
Humano CVD432
Agua Argentina aggR,aape  6/36 (16,7%) LOSCH et al. (2015)
subterranea sonda AA
Superficial e Brasil aggR NE* REBELLO; REGUA-
residuaria MANGIA (2014)
Consumo Bangladesh aaiC e aatA NE TALUKDAR et al.
humano (2013)
Superficial ~ Africa do Sul aafll NE NONTONGANA et al.
(2014)
Agua Nigéria aggR 7/300 (2,3%) TITILAWO; OBI;
superficial OKOH (2015)
Agua Austrélia aggR 87/300 (29%)  SIDHU et al. (2013)

superficial

Nota: NE: Nao encontrado.

A presenca de EAEC em amostras de agua destinadas ao consumo
ainda é pouco estudado no Brasil, ainda ndo ha dados de sua para as infeccbes em
humanos. Diante disso, surgiu a necessidade deste trabalho, em que foi investigada

a ocorréncia e caracteristicas de viruléncia de EAEC em amostras de agua destinas
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ao consumo humano provindas de fontes alternativas, como pocos e minas, na

regido norte do estado do Parana.
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4. OBJETIVOS

4.1. OBJETIVO GERAL

Investigar a presenca de EAEC em isolados de E. coli obtidos de
amostras de 4gua destinadas ao consumo humano e caracterizd-los
genotipicamente e fenotipicamente.

4.2. OBJETIVOS ESPECIFICOS

e Determinar a presenca de tEAEC e aEAEC através da detec¢do do padrdo
AA em cultura de células HEp-2 e pesquisa dos genes de diagnéstico: aatA,
aggR, aaiA e aaiC pela PCR;

e Investigar a presenca dos genes de viruléncia: astA, pet, pic, aap, aggA, aafA,
agg3A, agg4A e shf pela PCR, nas amostras EAEC,;

e Analisar as propriedades fenotipicas de EAEC com relagdo a formacao de
biofilme e perfis de susceptibilidade aos antimicrobianos;

e Classificar filogeneticamente os isolados EAEC, com base no teste de
Clermont, nos grupos A, B1,B2,C, D, EeF.
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5. TRABALHO CIENTIFICO

O ARTIGO SERA SUBMETIDO A REVISTA JOURNAL OF WATER AND HEALTH

5.1 Identification and characterization of enteroaggregative Escherichia coli

in drinking water supplies of North Parané State, Brazil

EAEC in drinking water supplies
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Abstract: The present work aimed to investigate and characterize enteroaggregative
Escherichia coli (EAEC) pathotype in 750 E. coli isolates from 250 samples of drinking
water untreated collected from 21 municipalities in north of Parand State between
January 2012 and December 2014. In the adhesion test 84% of the isolates were
classified as EAEC for presenting the aggregative adherence (AA) pattern in HEp-2 cells.
Of the four diagnostic genes researched aatA, aggR, aalA and aaiC, only aaiC was
found in 7.2% isolates. In the biofilm formation test 72.4% isolates presented biofilm
formation and of these 95.6% belonged to EAEC pathotype. The 18 aaiC positive
isolates were tested for eight virulence genes associated with EAEC, antimicrobial
resistance and phylogenetic analysis. Only the virulence genes astA (72.2%), shf
(22,2%) and pic (5.6%) were detected. Resistance was verified only for the antibiotics
ampicillin (38.9%) and cephalothin (11.1%). In phylogenetic analysis the phylogroups B1
(61.1%) and A (22.2%) were the most prevalent. The results found show that drinking
water is an important reservoir for EAEC in environment. Thus the investigation and
monitoring of drinking water sources may be useful to prevent waterborne outbreaks.

Keywords: EAEC, Escherichia coli, drinking water
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1. Introduction

Waterborne diseases are a major public health problem, where the
lack of drinking water sources and basic sanitation are responsible for 88% of deaths
caused by diarrheal disease worldwide. Overall, 99% of these deaths are in
developing countries and around 84% of them occur in children (WHO 2009).

Escherichia coli bacteria have been widely distributed in drinking
water samples. It is estimated that about 1.8 billion people in the world use water
sources contaminated by E. coli and are thus exposed to diarrhea diseases (Bain et
al. 2014). Among the main diarrheagenic E. coli pathotypes stands out the
enteroaggregative Escherichia coli (EAEC).

EAEC has been considered an emergent pathogen and is
responsible for cases of acute and chronic diarrhea in developing and industrialized
countries. Many virulence factors are important in the pathogenesis of infection by
EAEC, including aggregative adherence fimbriae (AAF), with their four distinct
variants (AAF I-1V), anti-aggregation protein (dispersin), EAEC heat-stable toxin 1
(EASTL1), plasmid-encoded toxin (Pet), protein involved in colonization (Pic) and
homologue of Shigella flexneri (Shf) (Czeczulin et al. 1999; Boisen et al. 2012).

The gold standard for EAEC identification remains the presence of
aggregative adherence (AA) in HEp-2 cell assay. This methodology presents several
limitations for clinical diagnosis and epidemiological studies, because it is expensive,
labor intensive and requiring adequate infrastructure and qualified personnel
(Estrada-Garcia & Navarro-Garcia 2012). As an alternative to this method, several
molecular markers have been used as plasmid-borne genes aggR (aggregative
adherence regulator) and aatA (anti-aggregation protein transporter) and
chromosomal genes aaiC and aaiA. Considering the importance of the aggR gene as
regulator of the expression of other virulence factors, EAEC pathotype became
divided into two groups: typical EAEC (tEAEC) and atypical EAEC (aEAEC) based
on the presence or absence of aggR gene, respectively (Schmidt et al. 1995; Dudley
et al. 2006).

Although it is commonly found in HIV positive patients (Medina et al.
2010), children (Lima et al. 2013), travelers (Mohamed et al. 2007) and in foodborne
outbreaks (Estrada-Garcia & Navarro-Garcia 2012), EAEC has been little researched

in drinking water supplies. Thus investigation of EAEC occurrence in water is of great
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epidemiological importance because it may serve as a contamination vehicle for
humans and animals.

Therefore, the objective of the present study was to investigate the
presence of tEAEC and aEAEC in drinking water sample by molecular markers and
adhesion test in HEp-2 cells. The isolates were characterized based on their
virulence profiles, biofilm formation, antimicrobials resistance and phylogenetic

analysis.

2. Materials and methods

2.1 Escherichia coli sampling, isolation and identification

The study was carried out in 21 municipalities located in the Northern
region of the state of Parana, Brazil. Samples of drinking water were collected from
alternative supplies such as artesian and shallow wells and springs, that did not have
any type of treatment. A total of 250 samples were obtained from January 2012 to
December 2014,

E. coli was detected by the Colilert chromogenic substrate technique
(SOVEREIGN, Sé&o Paulo, SP, BR). Aliquots were removed from the water samples
positive for E. coli in the Colilert chromogenic kit and sub-cultured in MacConkey
agar (Difco, Sparks, MD, USA) at 37°C for 24 hours. Three colonies were randomly
selected from each MacConkey plate and then identified biochemically using the kit
EPM, MIli and Simmons' Citrate Agar (PROBAC, Sao Paulo, SP, BR). A total of 750
isolates (three from each sample) was identified as E. coli and stored in Brain-Heart
Infusion broth (BHI) (Difco) with 20% glycerol (Sigma, St. Louis, MO, USA) at -80°C.

2.2 Adhesion test

All 750 E. coli isolates were tested for adherence to HEp-2 cells as
described by Cravioto et al. (1979). The adherence pattern was defined in 6 h of

incubation at 37°C.
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2.3 Bacterial DNA Extraction

To extract the DNA, the E. coli isolates were grown in Luria-Bertani
broth (LB) (Difco) for 18 hours at 37°C; 1.5 mL of the culture were added to
microcentrifuge tubes at 10 000 x g for 10 minutes. The bacterial precipitate was re-
suspended in 200 pL sterile ultrapure water, boiled for 10 minutes, and then
centrifuged at 10 000 x g for 5 minutes and the supernatant used in the PCR

reactions.

2.4  Detecting the diagnostic genes by PCR

All 750 E. coli isolates were submitted for the detection of plasmidial
genes (aatA, aggR) and the chromosome genes (aaiA, aaiC) by PCR. The PCR
reaction was performed at a thermocycler Gene Amp PCR System 9700 (Applied
Biosystems, Foster City, CA, USA). In observation of the amplified product was used
electrophoresis in 1.5% agarose gel (Invitrogen), stained with SYBR Safe™ DNA Gel
Stain solution (Invitrogen) and observed in an Ultra-Violeta (UV) trans-illuminator. A
100-pb DNA ladder (Invitrogen) was loaded on each gel. The EAEC 042 (044:H18)
was used as positive control of reactions. HB101 (E. coli K-12) and water were the
negative controls. The PCR conditions, primer sequences and size of products

obtained are listed in Table 1.

Table 1 - Primer sequence, size of products obtained and annealing temperature for
the diagnostic, virulence and phylogenetic genes used.

Gene Primer sequence (5" =23) Amplicon Annealing References
size (pb) temp. (°C)

Diagnostic genes

aatA (F) CTGGCGAAAGACTGTATCATC 630 57°C Schmidt et
(R) AATGTATAGAAATCCGCTGTT al. (1995)

aggR (F) GCAATCAGATTAARCAGCGATACA 426 57°C Boisen et
(R) CATTCTTGATTGCATAAGGATCTGG al. (2012)

aaiA (F) CCCACGACCAGATAACG 476 56 °C Dudley et
(R) GTTTTCAGGATTGCCATTAG al. (2006)

aaiC (F) ATTGTCCTCAGGCATTTCACACG 215 57°C Lima et al.
(R) ACACCCCTGATAAACAA (2013)

Virulence genes

shf  (F) ATGAATTCCACTTTCTCCCGAGACATT 613 51°C Czeczulin et

C al. (1999)

(RIATGTCGACCCTTTAGCGGGAGCATTC
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AT

astA (F) ATGCCATCAACACAGTATAT 110 58 °C Boisen et
(R) GCGAGTGACGGCTTTGTAGT al. (2012)
pet (F) GGCACAGAATAAAGGGGTGTTT 302 58 °C Boisen et
(R) CCTCTTGTTTCCACGACATAC al. (2012)
pic (F) ACTGGATCTTAAGGCTCAGGAT 572 58 °C Boisen et
(R) GACTTAATGTCACTGTTCAGCG al. (2012)
aap (F) GGACCCGTCCCAATGTATAA 250 57 °C Boisen et
(R) CCATTCGGTTAGAGCACGAT al. (2012)
aggA (F) TCTATCTRGGGGGGCTAACGCT 220 57 °C Boisen et
(R) ACCTGTTCCCCATAACCAGACC al. (2012)
aafA (F) CTACTTTATTATCAAGTGGAGCCGCTA 289 57 °C Boisen et
(R) GGAGAGGCCAGAGTGAATCCTG al. (2012)
agg3A (F) CCAGTTATTACAGGGTAACAAGGGAA 370 57 °C Boisen et
(R) TTGGTCTGGAATAACAACTTGAACG al. (2012)
agg4A (F) TGAGTTGTGGGGCTAYCTGGA 169 57 °C Boisen et
(R) CACCATAAGCCGCCAAATAAGC al. (2012)
Phylogenetic
arpA  (F) AACGCTATTCGCCAGCTTGC 400 59 °C Clermont et
(R) TCTCCCCATACCGTACGCTA al. (2013)
chuA (F) ATGGTACCGGACGAACCAAC 288 59 °C Clermont et
(R) TGCCGCCAGTACCAAAGACA al. (2013)
yjaA (F) CAAACGTGAAGTGTCAGGAG 211 59 °C Clermont et
(R) AATGCGTTCCTCAACCTGTG al. (2013)
TspE (F) CACTATTCGTAAGGTCATCC 152 59 °C Clermont et
4.C2 (R)AGTTTATCGCTGCGGGTCGC al. (2013)

2.5 Biofilm formation test

One isolate from each water sample was submitted to biofilm
formation test following the method described by Wakimoto et al. (2004), biofilm
formation was considered when the optical density (OD) at 570 nm presented a value
above 0.2. The EAEC 042 strain (O44:H18) was used as positive control and HB101

(E. coli K-12) as negative control.

2.6 Determination of susceptibility to antimicrobials

From each water sample one E. coli isolate that presented some
diagnostic gene was submitted to antimicrobial susceptibility test as described by the
Clinical Laboratory Standards Institute (CLSI 2012). The following antimicrobial
agents (Oxoid, Basingstoke, UK) were used: nalidixic acid (30 pg), amikacin (30 ug),
ampicillin (10 pg), cephalothin (30 pg), cefoxitin (30 pg), ciprofloxacin (5 ug),
gentamicin (10 pg), piperacillin-tazobactam (100/10 pg), ampicillin-sulbactam (10/10
Kg) and trimethoprim- sulfamethoxazole (1.25/23.75 ug).
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2.7 Research of virulence genes by PCR

The same E. coli isolates that were tested for susceptibility to
antimicrobials was screened by PCR for the presence following virulence genes: Shf
(shf), EAST1 (astA), Pet (pet), Pic (pic), dispersin (aap) and the four fimbriae (AAF I-
IV) represented, respectively, by the genes aggA, aafA, agg3A and agg4A. The PCR
conditions, primer sequences and size of products obtained are listed in Table 1. The
EAEC 042 (044:H18) strain was used as positive control of the genes shf, astA, pet,
pic, aap and aafA; EAEC 17-2 (O3:H2) for the aggA gene; EAEC 55989 for the
agg3A gene and EAEC C1010-00 for the agg4A gene. HB101 (E. coli K-12) and

water were the negative controls.

2.8 Distribution of the phylogenetic groups

Positive isolates for diagnostic genes were also tested for
phylogenetic groups (A, Bl1, B2, C, D, E and F) by the PCR technique according to
the study by Clermont et al. (2013), using the quadraplex with the DNA markers
arpA, chuA, yjaA and the DNA fragment TspE4.C2 (Table 1).

2.9 Statistical analyses

The statistical analyses were performed using the chi-square (X?)
test and the exact Fisher test. Values of p < 0.05 were considered significant. The R
statistical program (Federal University of Parana, Curitiba, PR, BR) was used for the
analyses.
3. Results
3.1 EAEC identification

All the 750 E. coli isolates from different drinking water sources were

tested for the presence of AA pattern and diagnostic genes aatA, aggR, aaiC and

aaiA.
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In the adhesion test in HEp-2 cells, only one E. coli adhesion pattern
was associated with each water sample. The frequency of the distinct adherence
patterns found was 210 (84%) presenting the AA pattern, four (1.6%) the diffuse
adherence, 26 (10.4%) undefined adherence and 10 (4%) did not adhere to HEp-2
cells. Therefore 84% of bacterial isolates were classified as EAEC and the AA
pattern was significantly predominant in the water samples analyzed (p < 0.05).

Of the four diagnostic genes researched, aaiC gene showed to be
present in 18 (7.2%) samples. The other three genes (aaiA, aatA and aggR) were not
found. All the isolates positive to aaiC gene also expressed the aggregative
phenotype in the adhesion test. The non-detection of aggR gene classified all the
EAEC isolates as aEAEC.

The results obtained by molecular diagnosis compared with the
adhesion test, showed that EAEC detection by the phenotypic test (210/250, 84%)
was significantly greater than that by molecular diagnosis (18/250, 7.2%) (p < 0.05).
Comparing these results, it is possible to conclude that the PCR technique, using
molecular diagnostic genes, did not diagnose 91.4% of EAEC found by the adhesion

test.

3.2 Biofilm formation

In the biofilm formation test the 250 isolates analyzed were classified
in two groups based on their absorbance values: group 1 (OD 570 > 0.2) with 159
isolates and group 2 (OD 570 < 0. 2) with 91 isolates. The proportion of aEAEC
isolates was significantly greater in group 1 than in group 2 (p < 0.05). In the
research of the aaiC gene, only one of the 18 positive isolates did not form biofilm
(OD 570 <0.2) (Table 2).

Table 2 - aEAEC and aaiC gene presence in each absorbance group.

Group OD 570 N° isolates aaiC (%) aEAEC (%)
1 >0,2 159 17 (10,7) 152 (95,6)"
2 <0,2 91 1(1,2) 58 (63,7)

Total 250 18 (7,2) 210 (84)

Notes: OD s70, optical density at 570 nm; aEAEC, atypical enteroaggregative Escherichia coli. * p <
0.05.
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3.3  Susceptibility to antimicrobials

Eleven (61.1%) of 18 bacterial isolates researched did not show any
resistance to the antibiotics tested, while seven (38.9%) were resistant to at least one
antimicrobial (Table 3). Two of seven isolates (L59/12 and L586/14) were resistant
simultaneously to two antimicrobials (ampicillin and cephalothin). Resistance was
identified for ampicillin (5/18, 38.9%) and cephalothin (2/18, 11.1%). There was no

significant difference between the resistance rates of two antimicrobials (p = 0.121).

Table 3 - Genotypic and phenotypic characteristics of the E. coli isolates positives for
aaiC gene and AA pattern obtained from drinking water supplies.

Isolate Year  Source  Virulence Resistance Biofilm  Phylogenetic

genes ' profile?  formation group
L59/12 2012 SW - AMP® IKF® + B1
L110/12 2012 SW astA Susceptible + Bl
L206/12 2012 SW - Susceptible + Bl
L265/12 2012 SW - Susceptible + A
L79/13 2013 SW astA Susceptible + A
L160/13 2013 AW astA Susceptible + A
L165/13 2013 SP astA Susceptible + Bl
L200/13 2013 S - Susceptible - A
L205/13 2013 SP astA AMP? + B1
L227/13 2013 SP astA shf  Susceptible + B2
L243/13 2013 SP astA AMP? + B1
L305/13 2013 SwW - AMP? + B1
L411/13 2013 SP astA Susceptible + Bl
L255/14 2014 SP astA AMP + B1
L554/14 2014 SP astA pic AMP? + B1
L586/14 2014 SP astA shf AMP® /KF? + B1
L617/14 2014 SP astA shf  Susceptible + E
L668/14 2014 SW astA shf  Susceptible + B2

Notes: SW, shallow well; AW, artesian well; SP, spring; AMP, ampicillin; KF, cephalothin; AA,
aggregative adhesion.

lvirulence genes researched: shf, astA, pet, pic, aap, aggA, aafA, agg3A and agg4A.

*Antimicrobial agents used: nalidixic acid, amikacin, ampicillin, cephalothin, cefoxitin, ciprofloxacin,
gentamicin, piperacillin-tazobactam, ampicillin-sulbactam and trimethoprim- sulfamethoxazole.
*Resistance to determined drug is intermediary according to the CLSI.

3.4  Virulence genes

Only three of eight virulence genes researched were present in 18 E.
coli isolates analyzed. The astA gene was found in 13 (72.2%), shf was found in four
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(22.2%) and the pic gene in one (5.6%) isolate. The four isolates positive to shf gene

and the isolate positive for pic gene also presented astA gene, as shown in Table 3.

3.5 Phylogenetic classification

Phylogenetic analysis revealed that the majority of the 18 isolates
analyzed belonged to the B1 phylogroup (11/18, 61.1%), followed by groups A (4/18,
22.2%), B2 (2/18, 11.1%) and E (1/18, 5.6%) (Table 3). The proportion of the isolates
belonging to B1 and A groups was significantly greater than those from other groups
(p < 0,05).

4. Discussion

EAEC pathotype has been little reported in drinking water sources
(Carlos et al. 2011), as well as only one diarrhea outbreak was described in the
literature associating EAEC strains with drinking water (Pai et al. 1997). Thus EAEC
is considered a neglected pathogen, the absence of studies of this pathotype
difficulty to know their real distribution worldwide. In Brazil this present study, to our
knowledge, is the first report of the presence of EAEC in drinking water samples.

Initially EAEC isolates were submitted to the adhesion test in HEp-2
cells, in which was detected a large occurrence of this pathotype (84%). The AA
pattern presence and no detection of the regulatory gene (aggR) classified all
samples as aEAEC. High incidence of aEAEC has been reported in stool samples
from children and animals (Vijay et al. 2015). The high presence of bacterial strains
presenting the AA pattern was also described in other E. coli isolates obtained from
drinking water samples (Lascowski et al. 2013). This work believes that the presence
of this phenotype is extremely useful in the environment, enabling the bacterial
colonization of piping and water reservoirs.

Various plasmidial and chromosome genes have been used to
diagnose EAEC by PCR, but none of them has been shown to be widely distributed
(Bouzari et al. 2005; Lima et al. 2013). Recently, Andrade et al. (2014) developed a
multiplex PCR that could be useful in detecting aEAEC strains. The diagnostic genes
aaiA, aaiG, aggR and aatA were used and it was found that the molecular method

detected 85% of the aEAEC identified initially by the adhesion test. In the present
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study, the use of molecular markers aaiA, aaiC, aggR and aatA was able to detecting
only 8.6% (18/210) of aEAEC identified in adhesion test. The data of this work are
divergent to that observed by Andrade et al. (2014) and reinforce the hypothesis of
the search for new markers to detect aEAEC strains.

Biofilm formation by EAEC is an important factor that contributes to
the persistence of bacterial infection, allowing the bacterial evasion of local immune
system in addition to making the microorganism more resistant to antimicrobial
agents (Mohamed et al. 2007). The high number of biofilm forming isolates may be
related to their aquatic origin, because it naturally tends to form a more intense
biofilm in order to facilitate their permanence and survival in the environment.
Overall, the proportion of biofilm forming EAEC strains varies greatly in literature,
Vijay et al. (2015) reported that 73% of strains isolated from human stool samples
and 35% of those from animal stool were shown to be biofilm formers. In another
study, 47% of the isolates of human origin did not form biofilm (Mohamed et al.
2007). These different results indicated that the variation in biofilm formation may be
due to geographic region where EAEC strains were isolated, their origin, or genetic
heterogeneity of the strains.

Antimicrobial resistance has been an important test for characterizing
EAEC. Some studies have reported that the presence of antibiotic resistant of E. coli
strains varies according to geographic region, strain origin and pathotype researched
(Rebello & Regua-Mangia 2014). According to the literature, indiscriminate use of
first-generation penicillin (ampicillin) and first-generation cephalosporin (cephalothin)
in recent decades has led to a greater rate of strains resistant to these antimicrobials
compared to more recent drugs, such as the group of quinolones and fluoquinolones
(Medina et al. 2010).

Of the eight virulence genes screened, astA was the most prevalent
(Table 3). This gene is responsible for encode the EAEC heat-stable toxin 1 (EAST1)
and several studies have reported a high proportion of strains possessing astA gene
in aquatic environments (Sidhu et al. 2013; Rebello & Regua-Mangia, 2014). It
should be pointed out that EAEC strains (astA positive) have already been described
as responsible for a large outbreak of diarrhea that occurred in 16 high schools in
Japan, affecting about 2.697 children in 1997 (Itoh et al. 1997). In general, EAEC
strains are considered fairly heterogeneous presenting a variety of virulence factors.

It is believed that this heterogeneity may be the result of acquisition and deletion of
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genetic elements. The location of many genes in plasmids, transposons and
pathogenicity islands contributes to this genetic loss or gain (Okeke et al. 2010).

E. coli strains are separated into seven main phylogenetic groups: A,
B1, B2, C, D, E and F (Clermont et al. 2013). The isolates analyzed in this work were
classified mainly on the phylogenetic groups Bl and A (Table 3). The wide
distribution of these phylogenetic groups has also been reported in EAEC obtained
from food products and stool samples in other regions of the world (Rugeles et al.
2010). Although EAEC strains are considered phylogenetically diverse, some specific
phylogenetic groups may predominate according to geographic region researched or

virulence profile found (Okeke et al. 2010).

5. Conclusions

In summary, this work is the first to describe EAEC pathotype from
drinking water supplies in Brazil, thus the results suggest that drinking water is an
important reservoir for EAEC. Although the adhesion test on epithelial cells is still of
great importance in identifying this pathotype, the research of new molecular markers
to detect EAEC is necessary. In addition, the presence of different virulence profiles
and phenotypic characteristics in EAEC strain is of great concern for public health,
mainly because these strains may be transmitted directly to humans, animals and

foods.
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6. CONCLUSAO

Os resultados deste estudo sugerem que a 4gua € um importante
reservatério para EAEC e que o teste de adesdo em células epiteliais ainda é de
grande importancia na identificacdo deste patotipo. A pesquisa de novos marcadores
moleculares para a deteccdo de EAEC é necesséaria, uma vez que 0s genes de
diagnéstico conhecidos ainda ndo conseguem diagnosticar todas as cepas de E. coli
possuidoras do padrdo AA. A presenca de diferentes perfis de viruléncias e
caracteristicas fenotipicas nas cepas EAEC é de grande preocupac¢do para a saude
publica, principalmente devido a possibilidade destas cepas serem transmitidas
diretamente para homens e animais ou ainda contaminar alimentos.



