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RESUMO

Escherichia coli enteroagregativa (EAEC) € um patégeno causador de doencgas
gastrointestinais, particularmente em pacientes imunocomprometidos, resultando em
significativa morbidade e mortalidade. Assim, o trabalho teve como objetivo verificar
a prevaléncia de EAEC em pacientes hospitalizados infectados pelo virus da
imunodeficiéncia humana (HIV) no estado do Parana, Brasil. EAEC foi pesquisada
em 275 cepas oriundas de fezes diarreicas de 55 pacientes PVHA (pessoa vivendo
com HIV/Aids) do Hospital Universitario da Universidade Estadual de Londrina,
através da pesquisa de genes de viruléncia pela técnica da PCR, teste de aderéncia
em células HEp-2, biofilme, sorotipagem, teste de sensibilidade a antimicrobianos e
filogenia. EAEC foi detectada em 14 (25,4%) pacientes PVHA e todas as amostras
apresentaram o padrdo de adesdo agregativo em células HEp-2 e foram
classificadas em trés grupos filogenéticos: A (35,7%), B1 (42,9%) e D (21,4%).
Nelas ainda, foram identificados 12 sorotipos diferentes: O168:H4, O105ab:H6, O59:
H19, O59:H6, 0O120:H25, O43:H2, O159:H?, O145:H34, O32:H14, O8:H51, O175:
H28, O44:H18. Foi verificada a resisténcia intermediaria em trés cepas (21,4%) para
Cefalotina e duas (14,3%) foram resistentes para Trimetropin/Sulfametoxazol. Foram
classificadas como formadoras de biofilme 13 cepas (92,9%). Ainda as EAEC
identificadas foram classificadas em dois grupos: EAEC tipica quando apresentava o
gene aggR (57,1%) e EAEC atipica quando nao apresentava esse gene (42,9%).
Destaca-se o ineditismo deste trabalho uma vez que é o primeiro no Brasil a
pesquisar EAEC em pacientes PVHA com diarreia e os resultados mostraram uma
alta prevaléncia de EAEC neste grupo.

Palavras- chave: Escherichia coli enteroagregativa. PVHA. Fezes diarreica.
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ABSTRACT

Enteroaggregative Escherichia coli (EAEC) is a pathogen that causes gastrointestinal
diseases, particularly in immunocompromised patients, resulting in significant
morbidity and mortality. This study aimed to verify the prevalence of EAEC in
hospitalized patients infected with the human immunodeficiency virus (HIV) in the
state of Parana, Brazil. EAEC was investigated in 275 E. coli isolates from diarrheal
stools from 55 PLWHA (people living with hiv/Aids) patients hospitalized in the
University Hospital of the State University of Londrina. EAEC was characterized and
the presence of virulence factors evaluated using by PCR, a HEp-2 cell adherence
test, and assays for biofilm formation, serotyping, and sensitivity to antimicrobials,
along with analysis of phylogeny. EAEC was detected in 14 (25.4%) PLWHA
patients. All strains detected exhibited an aggregate adhesion pattern in HEp-2 cells
and were classified into three phylogenetic groups: A (35.7%), B1 (42.9%), and D
(21.4%). In addition, 12 different serotypes were identified: O168:H4, O105ab:H6,
059:H19, 059:H6, 0120:H25, 0O43:H2, O159:H-, O145:H34, O32:H14, O175:H28,
and O44:H18. Intermediate resistance for cephalothin was verified in three strains
(21.4%) and two (14.3%) were resistant to trimethoprim/sulfamethoxazole. Thirteen
strains (92.9%) were classified as biofilm forming agents. In addition, the EAECs
were classified into two groups according to the presence of the aggR gene: EAEC
typical (aggR-positive; 57.1%) and atypical EAEC (aggR-negative; 42.9%). It stands
out the novelty of this work since it is the first in Brazil to research EAEC in HIV
infected patients with diarrhea and the results demonstrate a high prevalence of
EAEC in this group.

keywords: Enteroaggregative Escherichia coli. PLWHA. Diarrheic stools.
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1 INTRODUCAO

A infeccdo diarreica apesar do avangco da medicina, ainda é
responsavel por um alto indice de mortalidade, principalmente em paises em
desenvolvimento como o Brasil. Dentre as causas, a precaria qualidade da agua
distribuida a uma parte da populagdo e a auséncia de saneamento basico sdo as
principais. Estas infeccbes acometem principalmente criangas, idosos e
imunocomprometidos.

O individuo imunocomprometido refere-se ao que nao apresenta
reagdes imunitarias normais, ou seja, a uma pessoa cujo sistema imunolégico esta
enfraquecido. Fazem parte desta categoria os pacientes com Aids, em decorréncia
da redugédo na linhagem de linfocitos T CD4+ ocasionada pelo virus HIV. Esta
condicdo torna o individuo susceptivel a infeccbes oportunistas, com casos de
diarreia grave.

A infeccao diarreica pode ser causada por agentes etioldgicos como,
virus, protozoarios e bactérias. Dentro do grupo das bactérias, a Escherichia coli que
faz parte da microbiota gastrointestinal dos mamiferos, pode adquirir fatores de
viruléncia caracteristicos que permitem danos a saude de individuos, resultando em
sindromes que podem incluir gastroenterites e até colite hemorragica.

E. coli associadas a infeccao intestinal, sdo denominadas como E.
coli diarreiogénicas (DEC) e estdo agrupadas em oito categorias. Dentre elas, tem-
se E. coli enteroagregativa (EAEC), caracterizada pela habilidade em produzir o
padrao de adesao agregativo (AA) em cultura de células epiteliais. EAEC podem ser
classificadas como EAEC tipica para as cepas que apresentam o padrao AA e o
gene regulador aggR e EAEC atipica para as que apresentam o padrdo AA mas néo
apresentam o gene aggR. Assim as EAEC sao identificadas pelo seu padrao de
adesdo AA em cultura de células HEp-2 e pelo diagndstico molecular pela técnica da
PCR.

Deste modo, justifica-se a realizacdo deste trabalho considerada a
relevancia do estudo de EAEC como agente etiolégico da infecgado diarreica em
pacientes imunocomprometidos com HIV e devido a caréncia de estudos com esta

abordagem na regido de Londrina e no Brasil.
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2 REVISAO DE LITERATURA

2.1 DOENCA DIARREICA EM PACIENTES IMUNOCOMPROMETIDOS cOM HIV

De acordo com a Organizagdo Mundial de Saude (OMS) e o Fundo
das Nacgdes Unidas para a Infancia a doenca diarreica é definida como uma
alteracdo intestinal caracterizada pela ocorréncia de evacuagdes liquidas ou de
consisténcia diminuida em trés ou mais episddios em 24 horas, ou ainda uma unica
semiliquida contendo muco e sangue no periodo de 12 horas (WHO, 2013). Em
condigdes normais o sistema digestorio absorve os eletrélitos e fluidos,
aproximadamente 9 litros de fluidos s&o reabsorvidos diariamente. Entretanto,
durante a doenca diarreica ocorre uma alteragdao na movimentacado ibnica normal
(HODGES; GILL, 2010).

Apesar dos avangos da medicina, em todo mundo, anualmente dois
milhdes de pessoas morrem como vitimas da infecgdo diarreica, tornando-se,
portanto, um problema de saude publica (BLACK et al., 2010; FISCHER WALKER et
al., 2012). Os fatores determinantes para estas mortes sao a falta de agua potavel e
de saneamento basico (WHO, 2009).

De acordo com os estudos epidemiolégicos realizados por Walker e
Black (2010), nas areas com maior frequéncia de doencas diarreicas, os agentes
infecciosos bacterianos mais comuns sao E. coli (pertencentes aos patotipos de E.
coli diarreiogénica - DEC), Shigella sp., Salmonella sp., Campylobacter jejuni e
Yersinia enterocolitica.

O paciente imunocomprometido é assim classificado por apresentar
algum grau de comprometimento do seu sistema imunolégico que pode ser desde
uma imunodeficiéncia primaria, uma patologia que atue sobre o sistema
imunoldgico, ou ainda, que esteja sendo tratado com farmacos citotoxicos e/ou
imunossupressoras (ROITT; DELVES, 2004).

Diversos estudos ja apontaram que protozoarios, fungos, bactérias e
virus podem acometer pacientes imunocomprometidos sendo nessa situagao
denominados de patdgenos oportunistas, os quais, dependendo da natureza da
imunossupressao do paciente, o sistema imunolégico ndo consegue combater
(HIERHOLZER, 1992; PATEL; PAIVA, 1997; POLLOCK; FARTHING, 2000;
KISHORE et al., 2004; TASHIRO et al., 2006). Uma elevada incidéncia de infec¢des
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gastrointestinais é observada nos imunocomprometidos que pode chegar a
acometer todo o trato gastrointestinal (FORREST, 2004).

Pacientes doentes de Aids, também fazem parte da categoria dos
pacientes imunocomprometidos e podem apresentar doenca diarreica por fatores
infecciosos e nao infecciosos. Sao descritos como fatores infecciosos aqueles
causados por agentes microbianos e como néao infecciosos farmacos antirretrovirais
(THOM; FORREST, 2006).

Nos pacientes soropositivos o HIV induz a destruicdo dos linfécitos T
CD4+, o que torna o organismo mais suscetivel a infec¢gdes oportunistas
(LEWTHWAITE et al., 2005). Observou-se ainda que em pacientes que nao sao
submetidos a terapia com TARV (terapia antirretroviral), apresentam uma maior
incidéncia de infecgdes gastrointestinais que ocasionam a perda de peso
(LEWTHWAITE et al., 2005; THOM; FORREST, 2006).

A doenga diarreica € uma das principais causas de morbidade e
mortalidade associada a pacientes com Aids em todo o mundo. Os estudos
realizados em paises em desenvolvimento apontam que, a diarreia persistente, de
duragdo superior a sete dias, afeta até 95% dos pacientes com Aids (THOM,;
FORREST, 2006). Nesses pacientes a doencga diarreica pode ser causada por
diversos agentes microbianos como, virus, bactérias e protozoarios (PIERRE et al.,
2004; SESTAK, 2005).

A diarreia bacteriana em pacientes com Aids normalmente é
ocasionada pela agao dos patdgenos, Salmonella, Campylobacter e Shigella spp.
Entretanto, em pacientes com TARV o perfil microbiologico difere. Os patotipos de
DEC (principalmente E. coli enteroagregativa - EAEC) se tornaram importantes
agentes etiologicos das infecgdes diarreicas em pacientes soropositivos, apos a
introducao da terapia desses pacientes com TARV. (GASSAMA-SOW; SOW, 2004).

2.2 ESCHERICHIA COLI

Escherichia coli € um bastonete Gram-negativo mével na maioria
das vezes, anaerobio facultativo que pertence a familia Enterobacteriaceae. Faz
parte da microbiota intestinal humana proporcionando beneficios para seu
hospedeiro. Por outro lado, quando o hospedeiro esta debiltado ou

imunocomprometido, quando as barreiras gastrintestinais ndo estdo integras ou
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quando cepas adquirem genes de viruléncia especificos, as cepas de E. coli que
fazem parte da microbiota normal podem causar infecgoes (KAPER; NATARO;
MOBLEY, 2004).

E. coli associadas a infeccao intestinal, tanto em criangcas como em
adultos, sao conhecidas como E. coli diarreiogénicas (DEC) e estdo agrupadas em
oito patotipos de acordo com os seus mecanismos de viruléncia, a sindrome clinica
gue causa, os sorogrupos O e H, os aspectos epidemioldgicos, clinicos e os tipos de
interagbes com linhagens celulares (NATARO; KAPER, 1998). Os patotipos de DEC
sdo identificados em: E. coli enteropatogénica (EPEC), E. coli enterotoxigénica
(ETEC), E. coli enteroinvasora (EIEC), E. coli produtora de toxina Shiga (STEC), E.
coli que adere difusamente a células epiteliais (DAEC), E. coli aderente invasora
(AIEC), E. coli enteroagregativa produtora de toxina Shiga (STEAEC) e E. coli
enteroagregativa (EAEC) (CLEMENTS et al.,, 2012). Embora essa classificagéo
continue sendo amplamente empregada, tem sido demonstrado que algumas
categorias incluem microrganismos distintos. Desta forma, EPEC e EAEC foram
subdivididas em tipicas e atipicas e E. coli enterohemorragica (EHEC) passaram a
constituir uma subcategoria de STEC (KAPER; NATARO; MOBLEY, 2004).

E. coli apresenta diferentes grupos antigénicos, sao identificados e
caracterizados por diversas combinagdes do antigeno O (antigeno da parede
celular), antigeno K (antigeno capsular) e antigeno H (antigeno flagelar) dando
origem a varios sorotipos (EWING, 1986). Na literatura encontram-se descritos mais
de 188 antigenos O. Em adicédo, também foram descritos, pelo menos 53 antigenos
H e 74 antigenos K diferentes, possibilitando inumeras combinagdes (FRATAMICO.,
2016).

Analises filogenéticas tém mostrado que cepas de E. coli sdo classificadas em
sete principais grupos filogenéticos: A, B1, 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).

2.3 ESCHERICHIA COLI ENTEROAGREGATIVA (EAEC)

As cepas de EAEC séo identificadas por sua habilidade em aderir no

padrdo de adesdo agregativo (AA) em cultura de células epiteliais, como em células
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HEp-2 e Hela. Este padrao foi descrito por Nataro et al. (1987) em um estudo
examinando diferentes padrdes de adesao de cepas de E. coli isoladas de criangas
com diarreia, no Chile.

No padréao de adesao AA ocorre uma ligagao intima das bactérias as
células em uma forma de “tijolo empilhado”, a ades&o bacteriana pode ocorrer
predominantemente na laminula e/ou nas células epiteliais. O teste de adesao para
identificacdo de EAEC é considerado o padrao ouro, porém, apresenta muitas
desvantagens como a sua morosidade (NATARO et al.,, 1987; JENSEN et al.,
2014;).

EAEC é um importante patégeno emergente em todo o mundo, por
sua significativa associacdo com diarreia aguda e persistente (CROXEN et al.,
2010). Estudos apontam que EAEC esta relacionada com o quadro clinico de
diarreia persistente em criancas (duragcdo maior de 14 dias), ocorrendo
principalmente nos paises em desenvolvimento (HUANG et al., 2007; WEINTRAUB,
2007; OKHUYSEN; DUPONT, 2010).

Adultos também podem ser acometidos por diarreia associada a
EAEC, principalmente pacientes imunocomprometidos em destaque os portadores
da Sindrome da Imunodeficiéncia Adquirida (Aids) (GASSAMA-SOW; SOW, 2004;
MEDINA et al.,, 2010; JENSEN et al., 2014), pessoas que viajam até paises em
desenvolvimento (PASCHKE et al., 2011) e também estd associado a surtos de
diarreia pela ingestdo de alimentos e agua contaminada (NATARO et al., 2006;
ESTRADA-GARCIA; NAVARRO-GARCIA, 2012).

No trabalho de revisao realizado por Huang et al. (2006), através da
analise de artigos publicados entre os anos de 1987, ano que foi descrito o patotipo
de EAEC, até o ano de 2006, foi verificado que EAEC estava associada tanto a
infeccao diarreica aguda como a persistente, a diarreia dos viajantes, a diarreia em
pacientes HIV soropositivo e tanto em paises desenvolvidos como em
desenvolvimento.

Em um estudo realizado na Alemanha com pacientes HIV, foi
encontrado pelo teste de adesdo, EAEC em 22% das amostras, e pelo teste
genotipico em 6% (DURRER et al., 2000). Em estudo realizado por Gassama-Sow et
al. (2004) no Senegal, EAEC foi encontrada em 19,6% dos pacientes HIV com
diarreia. Na Suica, DURRER et al. (2000) detectaram genes de EAEC em 6% dos
pacientes HIV com diarréia. No Peru, Medina et al. (2010) detectaram EAEC em 6%
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das criancas HIV, com diarreia. Ja Samie et al. (2007), encontraram EAEC em
29,5% nas amostras de fezes diarréica de paciente adultos soropositivo para HIV.

A patogenicidade da infeccdo por EAEC ainda n&o é totalmente
elucidada. O maior obstaculo da identificacdo dos mecanismos de patogénese
destas bactérias ocorre, devido a heterogeneidade deste grupo, além da falta de
estudos com modelos animail. Diversos estudos tém sugerido os trés seguintes
estagios para a patogénese de EAEC: (1) aderéncia a mucosa intestinal, (2)
formagao de biofilme, e (3) indugéo da resposta inflamatéria e liberagdo de toxinas
(NAVARRO-GARCIA; ELIAS, 2011; JENSEN et al., 2014).

Os principais sintomas associados a infecgao por EAEC séo: diarreia
aquosa e ocasionalmente diarreia mucoide, nauseas, anorexia, febre de baixo grau,
ruidos intestinais e tenesmo (OKHUYSEN et al., 2004; NATARO et al., 2006).
Infecgcbes cronicas podem levar a subnutricdo, além do crescimento debilitado e
subdesenvolvimento mental em criancas (STEINER et al., 1998).

Uma das etapas essenciais do processo de patogénese de EAEC é
a adesdo a mucosa intestinal (HICKS; CANDY; PHILLIPS, 1996). A adeséo
agregativa de EAEC esta associada principalmente, a presenga de adesinas fimbrias
conhecidas como Aggregative Adherence Fimbriae (AAFs) que incluem cinco
principais variantes, AAF/l (NATARO et al., 1992), AAF/Il (CZECZULIN et al., 1997),
AAF/IIl (BERNIER; GOUNON; LE BOUGUENEC, 2002), AAF/IV (BOISEN et al.,
2008) e AAF/V (JONSSON et al., 2015).

EAEC apresenta ainda outros fatores de viruléncia como toxinas e
proteinas secretadas envolvidas em outros processos de viruléncia. Estes fatores
sdo codificados por genes presentes no DNA cromossdmico e plasmidial. O genoma
da bactéria EAEC 042 (044: H18) ja foi completamente sequenciado o que permite
a melhor compreensdo das caracteristicas genéticas deste microrganismo
(CHAUDHURI et al., 2010; NAVARRO-GARCIA et al., 2010).

As cepas de EAEC podem apresentar plasmideos de alto peso
molecular denominados pAA que codificam varios fatores de Vviruléncia
(HARRINGTON; DUDLEY; NATARO, 2006).

No plasmideo denominado pAA1, da amostra protétipo EAEC 17-2
(O3: H2) com tamanho aproximado de 100 Kb, estdo presentes os seguintes genes
que codificam fatores de viruléncia: aggA, codificador da fimbria de adesao (AAF/I),

aggR, gene que codifica o regulador transcricional de genes de viruléncia
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plasmidiais e cromossémicos, astA, gene que codifica a toxina EAST-1, aap, gene
que codifica a proteina dispersina (NATARO et al.,, 1992; NATARO et al.,1994;
BOISEN, 2012).

Na cepa 042 encontramos o plasmideo de tamanho aproximado de
100 Kb denominado de pAA2 que codifica varios fatores de viruléncia de EAEC bem
caracterizados como: pet, gene que codifica uma toxina autotransportadora, gene
shf (Shigella flexneri homologue) astA, aafA responsavel pela expressao da fimbria
AAF/Il, aggR e aap (CHAUDHURI et al., 2010; CZECZULIN et al., 1999). Na figura 1

estd demonstrada a localizagdo dos genes de viruléncia no plasmideo pAA2.

Figura 1 - Plasmideo de viruléncia pAA2 com a localizagdo dos genes que codificam fatores de
viruléncia em EAEC. Fonte: Adaptado de Chaudhuri et al. (2010) e Czeczulin et al. (1999).

A expressao do gene aggR é importante para a patogénese de
EAEC. Este gene é um ativador global transcricional que promove a expressao de
varios genes de viruléncia que podem ser plasmidiais ou cromossomais, incluindo a
AAF | e Il e a dispersina (DUDLEY et al., 2006).

Nataro e Kaper (1998) sugeriram o termo EAEC tipica para as cepas
que apresentavam o gene regulador aggR e ainda, o termo EAEC atipicas para as
que nao apresentavam o gene aggR. Inicialmente, acreditava-se que surtos de
diarreia estariam mais relacionados a cepas de EAEC tipicas, mas alguns trabalhos
véem mostrando surtos ocasionados por cepas de EAEC atipica (COBELJIC et al.,
1996).
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Outro gene importante é o aatA, derivado da sonda pCVD432,
responsavel pela codificagdo de uma proteina de membrana que faz parte do
sistema de transporte de proteinas (BAUDRY et al., 1990; NISH et al., 2003).

EAEC apresenta ainda uma capacidade importante para sua
patogénese que é a formacgéo de biofiime. A formacgao do biofilme contribui para a
persisténcia da infecgdo 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).

Diversos genes de viruléncia estdo associados com a formacao de
biofiilme, dentre eles temos o aatA, aap, aggR, as fimbrias AAF, entre outros
(WAKIMOTO et al.,, 2004; MOHAMED et al., 2007). O gene shf tem se mostrado
intimamente relacionado com a produg¢ao de biofilme na cepa de referéncia 042
(FUJIYAMA et al., 2008).

A proteina antiagregativa também contribui para a patogenicidade de
EAEC. Ela atua diminuindo a autoagregacgao bacteriana e permitindo a dispersao ao
longo da mucosa intestinal. Codificada pelo gene aap, induz alteragbes na superficie
eletrostatica da camada de lipopolissacarideo das bactérias, neutralizando a carga
negativa da superficie bacteriana e permitindo a projecéo das fimbrias (SHEIKH et
al., 2002; FUJIYAMA et al., 2008).

Apods a produgéo do biofilme algumas toxinas podem ser expressas
por este patdtipo, que causam danos ao epitélio intestinal e tém importante papel na
producdo da diarreia secretora (ARENAS-HERNANDEZ, 2012). Dentre estas
toxinas, temos a Pet, que causa exfoliagcdo celular através da clivagem do
citoesqueleto epitelial e estd associada com a diarreia mucoide (ESLAVA et al.,
1998). O gene astA, esta associado com a expressao da toxina EAST1, associada a
diarreia secretéria (MENARD; DUBREUIL, 2002). A toxina Sat (secreted
autotransporter toxin) tem mostrado causar um afrouxamento das jung¢des celulares
nos rins, além da vacuolizagao tanto em células renais quando em células da bexiga
(GUYER et al.,, 2002). Pic (protein involved in intestinal colonization) € uma
mucinase que interfere na integridade da membrana da mucosa e induz a
hemaglutinacdo (HENDERSON et al., 1999).

O teste de adesdo em cultura de células epiteliais é considerado o
método ouro para a identificagdo de EAEC, segundo Nataro et al. (1987). Entretanto,

como esse teste é dispendioso, consome tempo e requer infra-estrutura adequada,
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diagnodsticos moleculares tém sido desenvolvidos para a deteccdo de genes de
viruléncia de EAEC como alternativa ao teste de adesao (BOISEN et al., 2012;
ANDRADE; GOMES; ELIAS, 2014).

Os genes aatA, aap e aggR, para a identificacdo de EAEC sao muito
utilizados e apresentam resultados satisfatérios (CERNA; NATARO; GARCIA-
ESTRADA, 2003; BOUZARI; JAFARI; ZAREPOUR, 2005; CORDEIRO et al., 2008).

Os protocolos de PCR, na sua maioria, propdem apenas a detecgao
de genes plasmidiais para a identificacdo de EAEC tipicas deixando de abordar a
deteccdo genotipica de EAEC atipicas (CERNA; NATARO; GARCIA-ESTRADA,
2003; RUTTLER et al., 2006).

Varios pesquisadores propuseram a utilizagdo de genes
cromossomais especificos para EAEC como o aaiA, aaiC e aaiG (DUDLEY et al.,
2006; LIMA et al.,, 2013; ANDRADE; GOMES; ELIAS, 2014). Esses genes estao
presentes na ilha de patogenicidade cromossomal inserida na regido pheU,
identificada na cepa EAEC 042 (O44:H18) (DUDLEY et al., 2006; MORIN et al.,
2013). Anadlises por microarranjo de DNA tém demonstrado que estes genes séo
bastante conservados em cepas EAEC clinicas (JENKINS et al., 2006).

Ruttler et al. (2006) desenvolveu um biplex com os marcadores
aggR e astA para o diagnostico de EAEC e esse ndo se demonstrou eficiente ja que
0 gene astA também foi identificado em outros patotipos de DEC (SAVARINO et al.,
1993; SAVARINO et al., 1996).

Jenkins et al. (2006) verificaram que os genes aatA e aaiA foram
eficientes para a identificagdo de EAEC tanto tipicas como atipicas.

Lima et al. (2013) investigaram a prevaléncia de EAEC em fezes de
166 criancas da regido nordeste do Brasil pelo diagndstico molecular utilizando os
genes aaiC e aatA. Os resultados mostraram que EAEC foi detectada em 68
amostras, sendo o gene aaiC o mais prevalente.

Andrade, Gomes e Elias (2014) desenvolveram uma multiplex PCR,
com os marcadores de diagnostico aaiA, aaiG, aggR e aatA para identificacdo de
EAEC tipica e atipica em 58 cepas de EAEC. A multiplex PCR detectou 38 EAEC
tipicas e 17 atipicas.
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EAEC que apresentam altas taxas de resisténcia a varios farmacos
tém sido reportados em diversos estudos (DURRER et al., 2000; GASSAMA-SOW et
al., 2004).

Assim, este trabalho teve como objetivo investigar a presenca de
EAEC em pacientes com diarreia infectados pelo HIV, no municipio de Londrina,

Parana.
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Abstract

Purpose: Enteroaggregative Escherichia coli (EAEC) is a pathogen that causes
gastrointestinal diseases, particularly in immunocompromised patients, resulting in
significant morbidity and mortality. This study aimed to verify the prevalence of EAEC
in human immunodeficiency virus-positive (HIV) patients in the state of Paran3,
Brazil.

Methodology: EAEC was investigated in 275 E. coli isolates from diarrheal stools
from 55 HIV infected patients hospitalized in the University Hospital of the State
University of Londrina. EAEC was characterized and the presence of virulence
factors was evaluated using PCR, HEp-2 cell adherence test, and assays for biofilm
formation, serotyping, and sensitivity to antimicrobials, along with analysis of
phylogeny.

Results: EAEC was detected in 14 (25.4%) HIV infected patients. All strains
detected exhibited an aggregate adhesion pattern in HEp-2 cells and were classified
into three phylogenetic groups: A (35.7%), B1 (42.9%), and D (21.4%). In addition,
12 different serotypes were identified: O168:H4, O105ab:H6, O59:H19, O59:H6,
0120:H25, 043:H2, 0159:H-, 0145:H34, 032:H14, 0175:H28, and 044:H18.
Intermediate resistance for cephalothin was verified in three strains (21.4%) and two
(14.3%) were resistant to trimethoprim/sulfamethoxazole. Thirteen strains (92.9%)
were classified as biofilm forming agents. In addition, the EAECs were classified into
two groups according to the presence of the aggR gene: EAEC typical (aggR-
positive; 57.1%) and atypical EAEC (aggR-negative; 42.9%).

Conclusion: This is the first study conducted in Brazil to investigate EAEC in HIV
infected patients with diarrhea and the results demonstrate a high frequency of EAEC

in this group.
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INTRODUCTION

EAEC is an important emerging pathogen associated with acute and
persistent diarrheal infection in children, adults, and HIV infected patients [1-3].

The pathogenesis of EAEC has not yet been fully described and a major
obstacle to the identification of the mechanisms of its pathogenesis is the
heterogeneity of EAEC strains. Several studies have suggested the following three
stages of EAEC pathogenesis: (1) adherence to the intestinal mucosa, (2) biofilm
formation, and (3) induction of the inflammatory response and release of toxins [4,3].

The initial process of adherence to the intestinal mucosa involves fimbrial
adhesins, such as the five variants of aggregative adherence fimbriae (AAF), AAF |-
V [5-9]. After the production of the characteristic biofilm associated with EAEC, toxins
may be expressed, causing damage to the intestinal epithelium and playing an
important role in the production of secretory diarrhea [10]. Among these toxins, Pet
(plasmid-encoded toxin) causes cellular exfoliation and is associated with mucoid
diarrhea [11], Pic (protein involved in intestinal colonization) is a mucinase that
interferes with mucosal membrane integrity and induces hemagglutination [12], and
EAST1 toxin (EAEC heat-stable enterotoxin) is associated with secretory diarrhea
[13].

Other virulence factors also contribute to the pathogenicity of EAEC, such as
the anti-aggregation protein, dispersin, which is encoded by the aap and shf (Shigella

flexneri homologue) genes, and closely related to biofilm production [14].
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EAEC are primarily identified by their aggregative adherence pattern (AA) in
HEp-2 cell culture; however, as the cell culture adherence assay is expensive, time
consuming, and requires adequate cell culture infrastructure, molecular diagnostics
have been developed for detection of EAEC [15-17].

The aggR and aatA genes, which are located on the pAA plasmid, and the
chromosomal genes aailA and aaiC, are the most commonly used markers for
genotypic identification of EAEC, and the aggR gene is used to classify this group
into typical EAEC (aggR-positive) and atypical EAEC (aggR-negative) [18,17].

This work is of relevance, since it is the first study carried out in Brazil to verify

the prevalence of EAEC in HIV infected patients with diarrhea.

METHODS

Fecal samples and bacterial strains

E. coli isolates were obtained from feces from 55 HIV infected patients with
symptoms of gastrointestinal disorders attending the infectious disease room of the
University Hospital of Londrina, State University of Londrina (UEL), in the North of
Parana State, Brazil. Feces samples were collected between May 2013 and January
2015. Of a total of 55 patients included in the study, 32 were men, aged between 18
and 83 years and 23 were women between 23 and 83 years old.

Each feces sample was collected using a single rectal swab. Samples were
transported to the laboratory in Cary-Blair medium (Difco, USA) and cultured using
MacConkey Agar (Difco, USA) plates, which were then incubated at 37°C for 24 h.
Five colonies from each plate were selected and examined using biochemical assays

[19] to confirm the presence of E. coli. E. coli isolates were stored in Brain Heart
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Infusion media (Difco, USA) plus 20% glycerol (Sigma®) at -80°C.

HEp-2 cell adherence assay

The capacity of isolates to adhere to HEp-2 cells was tested according to the

reference method [20] after 6 h of bacteria—cell interaction.

Bacterial DNA isolation

Bacterial DNA was obtained by the boiling method. Briefly, isolates were
cultivated on Luria-Bertani Agar (Difco, USA) overnight at 37°C. One colony was
resuspended in 300 pL of sterile ultrapure water, boiled at 100°C for 10 min and

centrifuged 10 000 x g for 5 min.

Detection of virulence genes by PCR

EAEC identification was first performed by screening for the aggR, aatA, aaiC,
and aaiA diagnostic genes. Further, virulence genes: astA, pet, pic, aap, shf, aafA,
aggA, agg3A, and agg4A (Table 1) were screened in isolates positive for the
diagnostic genes for EAEC.

Amplification reactions were performed on a GeneAmp® PCR System 9700
thermal cycler (Applied Biosystems, USA), in a final volume of 25 yL containing 2 uL
of bacterial lysate, 200 uM dNTPs (Invitrogen®), 1X PCR buffer, 2.5 yM MgCl,, 20
pmol of each primer (Invitrogen®), and 1 U of Taq DNA Polymerase (Invitrogen®).
PCR products were analyzed by 1.5% agarose gel electrophoresis and visualized

using SYBR Safe™ DNA Gel Stain (Invitrogen®) under ultraviolet light (Vilbert
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Loumart, France) ECX-20.M.

Phylogenetic groups

Isolates positive for diagnostic genes were tested for phylogenetic groups (A,
B1, B2, C, D) by PCR, according to a reference method [21], using a quadruplex
reaction to analyze the DNA markers arpA, chuA, yjaA, and the DNA fragment,

TspE4 (Table 1).

Biofilm formation assay

E. coli strains that were positive for some of the genes screened in this
investigation were submitted to a biofilm formation assay [22]. Biofilms were

considered to have formed when the optical density (OD) value at 570 nm was > 0.2.

Antimicrobial susceptibility

Antimicrobial susceptibility test was performed as described by the Clinical
Laboratory Standards Institute [23]. The following antimicrobial agents were used:
amikacin (30 ug), ampicillin (10 ug), cephalothin (30 ug), cefoxitin (30 ug),
ciprofloxacin (5 jg), gentamicin (10 pg), piperacillin/tazobactam (100/10 ug),
ampicillin/sulbactam (10/10 pg) and trimethoprim/sulfamethoxazole (1.25/23.75 uQ)

(Oxoid, UK).
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Serotyping

Determination of O and H antigens was carried out as previously described,
using a reference method [24], employing all available O (O1-0187) and H (H1-
H56) antisera. O and H antisera were produced in the Universidad Nacional
Autonoma de México, Ciudad Universitaria, México. Isolates that did not react with O
antisera were considered as non-typeable (ONT) and those that were nonmotile

classified H".

Statistical analyses

Statistical analyses were performed using the chi-square test Values of p

<0.05 were considered significant.

RESULTS

Detection and characterization of EAEC from stool samples

A total of 275 E. coli isolates were collected from the 55 HIV infected patients
studied. Among these, EAEC was identified in isolates from 14 patients (25.4%), and
the aggR gene was found in eight isolates (57.1%), which were, therefore, classified
as typical EAEC. Six isolates (42.9%) were classified as atypical EAEC, because
they positive for at least one of the other diagnostic genes (aaiA, aatA and aaiC)
while negative for, aggR (Table 2).

With respect to the other virulence genes investigated in EAEC isolates (Table
2), those responsible for Pet toxin expression and fibrin adhesins type Ill and IV (pet,

agg3A, and agg4A) were not detected. The aap and aafA genes, which encode
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dispersin and fibrin type Il adhesin, were identified in one isolate (7.1%); the pic
gene, encoding a protein involved in colonization, was observed in two isolates
(14.3%); the aggA gene, which is related to the expression of fibrin type | adhesin,
was found in three isolates (21.4%); the astA gene, responsible for EAST1 toxin
production, was found in four isolates (28.6%); and the shf gene, associated with
biofilm production, was positive in eight isolates (57.1%).

Adherence assay

An aggregative adherence pattern was observed in E. coli isolates from 50
patients (91%), isolates from two patients (3.6%) presented an undefined pattern
(IND), and of one patient (1.8%) a diffuse adhesion pattern (DA), while those of two
patients (3.6%) were not adherent to HEp-2 cells. The AA pattern was significantly
predominant among the samples analyzed (p < 0.001). All EAEC samples showed a
pattern of aggregative adhesion to HEp-2 cells (Table 2).

Phylogeny

Regarding the phylogenetic groups, EAEC isolates were distributed into three

groups: A (35.7%), B1 (42.9%), and D (21.4%).

Biofilm formation assay

Biofilm formation assays were performed using the 14 EAEC isolates. Among
these, 13 (92.9%) were classified as biofilm forming. The shf gene, which is
associated with biofilm formation in EAEC, was detected in eight strains (57.1%) of
the 14 EAEC strains detected in this study. Of the 13 EAEC that exhibited biofilm
formation, four (30.7%) were positive for the shf and aggR genes, and the isolate that

did not form biofilms was positive for these two genes.
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Antimicrobial susceptibility

The results of the antimicrobial susceptibility assay indicated that two EAEC
isolates (14.3%) exhibited resistance to trimethoprim/sulfamethoxazole and
cephalothin (intermediate resistance), and one isolate (7.1%) demonstrated
intermediate resistance to cephalothin. The other 11 EAEC isolates were sensitive to
all antimicrobials studied (Table 2).

EAEC serotypes

A total of 12 different serotypes were identified in EAEC isolates: O168:H4,
0O105ab:H6, 059:H19, 059:H6, O120:H25, 043:H2, O159:H-, O145:H34, 032:H14,
08:H51, O175:H28 and O44:H18 (Table 2). Although some EAEC isolates presented
with the same serotype (0105 ab:H6 and O44:H18) and phylogenetic group, they
exhibited very different genotypic profiles (Table 2).

DISCUSSION

Diarrhea remains a serious health problem in HIV infected patients. Despite
the relevance of the association between HIV and diarrhea, no study has previously
been conducted to clarify the role of EAEC in this group of patients with diarrhea in
Brazil.

According to the literature, few studies have investigated DEC pathotypes in
HIV individuals in Brazil. A study analised feces samples from 55 HIV children,
enteropathogenic E. coli (EPEC), enterotoxigenic E. coli (ETEC), enteroinvasive E.
coli (EIEC), and enterohemorrhagic E. coli (EHEC) were investigated, but not EAEC;

5% and 17% of samples were positive for EIEC and EPEC, respectively [25]. Another



35

study investigated EPEC in 42 HIV adults and identified four positive samples (9.6%)
[26].

In the present study, EAEC was detected in 14 (25.4%) of 55 HIV infected
patients with diarrhea, by molecular diagnosis; however, comparison of the results
obtained by molecular diagnosis with those from adherence assays indicated that the
detection of EAEC by phenotypic testing was significantly higher than that using the
molecular technique (p < 0.001). These data demonstrate that the genotypic test did
not identify 72% of EAEC compared with the phenotypic test.

In a study of HIV infected patients carried out in Germany, EAEC was
detected in 22% of samples by adherence assay, and in 6% by genotype test [27],
corroborating the observations in our study; however, the adherence test has some
limitations (cost, time required, infrastructure, and specialized labor requirements)
that mean it cannot be applied in routine clinical diagnosis. In addition, it is a
subjective assay, as it cannot distinguish between pathogenic and non-pathogenic
EAEC strains [15,17].

We observed a higher rate of infection with EAEC (25.4%) compared with
those reported by other studies: in Senegal, EAEC was detected in 19.6% of HIV
infected patients with diarrhea [28]; in Switzerland, EAEC genes were detected in 6%
of HIV infected patients with diarrhea [27]; and in Peru, Medina, et al. (2010) reported
a positivity rate of 6% for EAEC in diarrheal feces from HIV children [29] however, a
study of diarrheic stool specimens from HIV adults in South Africa detected EAEC in
29.5% of samples, which was greater than the percentage identified in this study [2].

EAEC isolates can be classified as typical and atypical EAEC. Those positive
for aggR were classified as typical EAEC (57.1%), while aggR-negative were defined

as atypical EAEC (42.9%). Typical EAEC strains had more pathogenic genotypic
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profiles than those classified as atypical, and exhibited higher levels of resistance to
the antibiotics tested, consistent with the results of previous studies [15,18].

In Peru the pic gene was detected more frequently in EAEC isolated from
children with diarrhea than in those without diarrhea. In this study, we identified pic in
two isolates of typical EAEC; however more work is required to verify the importance
of atypical EPEC in HIV infected patients [30].

Regarding the phylogenetic groups described by the reference method [21],
EAEC samples were classified A, B1, and D. In contrast with the results reported
from a study carried out in Egypt, which verified that 73% of EAEC isolates found
belonged to phylogenetic group D [31], in our study, only 21.4% of EAEC belonged to
this group. In contrast, among eight isolates of EAEC isolated from children with
diarrhea in Costa Rica, phylogenetic group D was not detected [32]. A study of EAEC
isolates from Nigerian children found that they were distributed among phylogroups
A, B1, B2, and D [33]. In our study, no group B2 EAEC isolates were detected. These
differences in phylogenetic groups among EAEC isolates may be due to the differing
ancestral origins of EAEC isolated at various geographical locations.

Biofilm formation is an important feature of EAEC pathogenesis. After
intestinal colonization and mucus secretion, EAEC begin biofilm production, which
contributes to persistent infection [18]. Of the 14 EAEC isolates in this study, only
one did not exhibit biofilm formation.

Some EAEC genes are described in the literature as involved with biofilm
production, including shf and aggR [14]. In the present study, this association was
not observed, since of the 13 EAEC that exhibited biofilm formation, only four

(30.7%) were positive for the shf and aggR genes, and the single isolate that did not
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form biofilm did have these two genes, which can be explained by the fact that biofilm
production is a multifactorial process [34].

The rate of antimicrobial resistance observed in this study was lower than that
reported by other researchers. In Zurich, 71% of the EAEC samples isolated from
HIV infected patients were resistant to trimethoprim/sulfamethoxazole, 71% to
ampicillin, and 43% to cephalothin [27]. Of the EAEC isolates from HIV infected
patients in Senegal, 85% were resistant to ampicillin, 56% to carboxypenicillin, 30%
to amoxicillin/clavulanic acid, 78% to trimethoprim/sulfamethoxazole, and 96% to
tetracycline [28].The low rate of resistance identified in this study can be explained by
the fact that it is not standard practice in Brazil to adopt antibiotic therapy for the
treatment of EAEC infections; as it is a self-limiting infection, the medical therapy
used is oral rehydration [18].

The most frequently identified EAEC serotypes are: 0O3:H2, 0O15:H18,
044:H18, O86:NM, O77:H18, O111:H12, O111:H21, and 0127:H2 [35]. Of serotypes
identified in our study, only O44:H18 has been reported by other researchers as
associated with cases of diarrhea caused by EAEC [36, 37].

Several studies have shown that a characteristic of EAEC is to present a
diversity of serogroups or serotypes and the non-existence of a prevalent serogroup
[38-40].

This is an important, unique study of the prevalence of EAEC in HIV infected
patients in Brazil, and the results indicate that a high prevalence of EAEC (25.4%)
was detected. Our findings also suggest that the genotypic assay employed cannot
yet accurately identify EAEC, due to genetic heterogeneity among strains. Thus, it
will be important to develop molecular markers that can identify this pathotype,

similar to those that have been established for other E. coli pathotypes.
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Table 1. Primer sequences, sizes of products obtained, and corresponding references for the
genes analyzed in this study

Gene Sequence (5°-3") Amplicon Reference
size (bp)
aatA (F) CTGGCGAAAGACTGTATCATC 630 [41
(R) AATGTATAGAAATCCGCTGTT
aggR (F) GCAATCAGATTAARCAGCGATACAC 426 [42]
(R) ATTCTTGATTGCATAAGGATCTGG
aaiA (F) CCCACGACCAGATAACG 476 [43]
(R) GTTTTCAGGATTGCCATTAG
aaiC (F) ATTGTCCTCAGGCATTTCACACG 215 [44]
(R) ACACCCCTGATAAACAA
shf (F) ATGAATTCCACTTTCTCCCGAGACATTC 613 [6]
(RIATGTCGACCCTTTAGCGGGAGCATTCAT
astA (F) ATGCCATCAACACAGTATATGC 110 [45]
(R) GAGTGACGGCTTTGTAGT
pet (F) GGCACAGAATAAAGGGGTGTTT 302 [46]
(R) CCTCTTGTTTCCACGACATAC
pic (F) TTCAGCGGAAAGACGAA 500 [47
(R) TCTGCGCATTCATACCA
aap (F) GGACCCGTCCCAATGTATAACCATTC 250 [42]
(R) GGTTAGAGCACGAT
aggA (F) TCTATCTRGGGGGGCTAACGCTA 220 [42]
(R) CCTGTTCCCCATAACCAGACC
aafA (F) CTACTTTATTATCAAGTGGAGCCGC 289 [42]
(R) TAGGAGAGGCCAGAGTGAATCCTG
agg3A (F) CCAGTTATTACAGGGTAACAAGGGA 370 [42]
(R) ATTGGTCTGGAATAACAACTTGAACG
agg4A (F) TGAGTTGTGGGGCTAYCTGGACACC 169 [42]
(R) ATAAGCCGCCAAATAAGC
arpA (F) AACGCTATTCGCCAGCTTGC 400 [21]
(R) TCTCCCCATACCGTACGCTA
chuA (F) ATGGTACCGGACGAACCAAC 288 [21]
(R) TGCCGCCAGTACCAAAGACA
yjaA (F) CAAACGTGAAGTGTCAGGAG 211 [21]
(R) AATGCGTTCCTCAACCTGTG
TspE4. (F) CACTATTCGTAAGGTCATCC 152 [21]

C2

(R) AGTTTATCGCTGCGGGTCGC




Table 2. Genotypic and phenotypic characteristics of EAEC isolates from HIV+ patients
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Patient Biofilm Classification HEp-2 Phylogenetic Phenotypic Serotype Resistance
formation of EAEC?® adhesion group profile profile

06/2013 + tEAEC Aggregative A aatA aggR aggA astA 0168 H4 Sensitive
07/2013 + tEAEC Aggregative A aatA aggR aggA astA 0105ab H6 Sensitive
16/2013 + tEAEC Aggregative A aatA aggR shf O59 H19 Sensitive
17/2013 + tEAEC Aggregative B1 aatA aggR shf 059 H6 Sensitive
31/2013 + tEAEC Aggregative D aatA aggR aggA 0120 H25 STX'/ KF"
33/2013 + aEAEC Aggregative B1 aatA aaiA astA 043 H2 Sensitive
36/2013 + aEAEC Aggregative B1 aaiA shf 0159 H? Sensitive
37/2013 + aEAEC Aggregative A aaiA 0145 H34 Sensitive
41/2013 + aEAEC Aggregative A aaiA shf 0O105ab H6 Sensitive
48/2014 + tEAEC Aggregative B1 aggR shf 032 H14 STX/KF
57/2014 + aEAEC Aggregative B1 aaiA 08 H51 Sensitive
61/2014 + aEAEC Aggregative B1 aatA aap pic aafA shf 0175 H28 Sensitive
69/2014 + tEAEC Aggregative D aatA aaiC aaiA aggR pic astA shf 044 H18 KF
73/2014 - tEAEC Aggregative D aaiC aaiA aggR shf 044 H18 Sensitive

§tEAEC, typical EAEC; aEAEC, atypical EAEC; 'STX, Trimethoprim/Sulfamethoxazole; KF, Cephalothin; - Drug resistance is intermediate according to CLSI

(2017); =Not typeable.
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5. CONCLUSOES

Destaca-se a importancia deste trabalho, pois ndo existem estudos
no Brasil sobre a prevaléncia de EAEC em pacientes HIV e nesse trabalho foi
verificada uma alta frequéncia de EAEC (25,4%) nesses pacientes, comparado a
outros estudos realizados. Verificou-se também que o ensaio genotipico até o
momento ainda nao apresenta boa sensibilidade e especificidade para identificacdo
de EAEC, devido a heterogeneidade genética das cepas, por isso sao importantes
os estudos com EAEC e o desenvolvimento de novos marcadores moleculares que
consigam identificar esse patotipo, assim, como se tem bem estabelecidos

marcadores moleculares para outros patotipos de E. coli
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