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RESUMO

Introducdo: A infeccdo do trato urinario (ITU) é uma das infec¢cdes mais comuns de procura
ao servico médico, acometendo milhdes de pessoas no mundo todo, sendo a Escherichia coli
o principal agente responsavel. A resisténcia aos antimicrobianos tem aumentado
expressivamente nos Ultimos anos, e o perfil de sensibilidade varia de regido para regido. Os
principais antimicrobianos utilizados no tratamento de primeira escolha da ITU s&o:
sulfametoxazol-trimetropim (SMX-TMP), nitrofurantoina, a fosfomicina e as quinolonas, além
das cefalosporinas de primeira geragdo e a amoxicilina-clavulanato como escolha para
gestantes. Estudos mostram que a sensibilidade ao SMX-TPM ultrapassa 30% em varios
locais do mundo, sendo substituido por alternativas nos guidelines. A presenca de bactérias
produtoras de betalactamase é muito estudada em ambiente hospitalar, porém sabe-se que
essas bactérias alcancaram também as infeccdes comunitarias, como as ITUs. E. coli
Sequency Type (ST)131 e ST648 sdo responsaveis por ITUs recorrentes e de dificil
tratamento com antibiéticos de primeira escolha pela alta resisténcia aos antimicrobianos. A
resisténcia as quinolonas, muito utilizadas em outras infec¢cdes, como as respiratérias e
abdominais, tem alcancado niveis de alarme em muitos locais, principalmente pelo uso
inadequado nas ITUs ndo complicadas. Objetivo: Caracterizar o perfil de sensibilidade aos
antimicrobianos de E. coli de uroculturas de mulheres atendidas em Unidades Bésicas de
Salde e de Pronto Atendimento no municipio de Londrina. Caracterizar 0s mecanismos
moleculares de resisténcia de isolados resistentes a ciprofloxacina, norfloxacina e &cido
nalidixico e aos B-lactamicos, além de conhecer os sorogrupos, ST e a classificacdo
filogenética das amostras resistentes as quinolonas. Metodologia: Foram estudadas as
uroculturas realizadas pelo Laboratério Central da Prefeitura (Centrolab) de mulheres
atendidas nas Unidades Basicas de Saude e Pronto Atendimento do municipio de Londrina,
de junho de 2016 a maio de 2017. As culturas positivas foram selecionadas para avalia¢cdo no
Laboratorio do Hospital Universitario. A identificag@o dos isolados e os testes de sensibilidade
a antimicrobianos foram processados pelo Sistema Automatizado VITEK® 2 (bioMérieux). As
amostras foram sequenciadas utilizando-se o kit Nextera® XT Sample Preparation (lllumina),
no equipamento MiSeq® System (lllumina), pela plataforma NextSeq (lllumina). A
classificagdo filogenética foi executada por PCR. Resultados: No periodo foram realizadas
56.555 uroculturas, das quais 8.832 foram positivas para E. coli, sendo 5.377 de mulheres.
Dessas amostras, 4,7% eram enterobactérias produtoras de betalactamases de espectro
estendido (ESBL) e 15,5% resistentes as quinolonas. O SMX-TMP se mostrou resistente em
mais de 30% das amostras em todas as faixas etarias dos pacientes. Entre os isolados
resistentes as quinolonas, também a resisténcia a cefalotina, ampicilina e sulfametoxazol-
trimetoprim foi maior que 60%. Somente a nitrofurantoina apresentou resultados superiores a
90% de sensibilidade. Nas 33 amostras selecionadas de E. coli para a realizacdo do
sequenciamento, obteve-se 0s seguintes resultados: o ST131"serotype”025:H4 (n=8) e o
ST648”serotype” 01:H6 (n=6) foram os mais frequentes, o gene blacrx wis foi 0 mais
encontrado. As mutagBes nas regides Gyr A e ParC (QRDR) e o gene aca(6')-ib-cr na
resisténcia a quinolona mediada por plasmidio (PMQR) foram o0s mecanismos mais
frequentes, produzindo resisténcia as quinolonas. O grupo filogenético B2 foi o mais
encontrado com 54,5% (n=18), seguido pelo grupo B19% (n=3); o grupo nao identificado foi
responsavel por 12,1% (n=4) e os grupos A, C, E e F foram responsaveis por 6,1%. Entre as
33 amostras estudadas, todas tinham pelo menos um fator de viruléncia, sendo os mais
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frequentes o iss (n=24), seguido pelo pfA (n=17), gag (n=16), iha (n=12), eilA (n=11) e air
(n=10). Conclusdo: O SMX-TMP apresentou resisténcia superior a 30% e a nitrofurantoina
manteve altas taxas de sensibilidade, maiores do que 90%. A maioria dos isolados
apresentava mutacdes nas regides gyrA e parC (QRDR) e os genes aca(6”)-ib-cr e blacrx mis,
pertenciam ao grupo filogenético B2, aos ST131 e ST648 de grande importancia
epidemioldgica, presentes em ITU na comunidade de Londrina. A combinagéo de genes de
resisténcia a quinolonas associada a genes ESBL diminui o arsenal de antimicrobianos a
serem usados em infeccdes urindrias ndo complicadas, principalmente na comunidade.
Demonstra, assim, a necessidade de estabelecer sistemas de monitoramento locais e
nacionais da resisténcia antimicrobiana no Brasil para fornecer dados as diretrizes de
tratamento de ITU na comunidade.

Palavras-chave: Infecgcdo do trato urinério, bacteridria, resisténcia, Escherichia coli
uropatogénica
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ABSTRACT

Background: Urinary tract infection (UTI) is one of the most common causes of visit to medical
care. It affects millions of people worldwide. Although the prevalence among elderly men and
women is similar, young, sexually active women have a high risk of developing UTI. It is
considered uncomplicated cystitis when it affects young women, without functional or structural
changes in the urinary tract.E. coli is the causative agent of UTI. Antimicrobial resistance has
increased significantly in recent years, and the sensitivity profile varies from region to region.
The first-choice antimicrobials treatment used for UTI are sulfamethoxazole-trimetropim (SMX
| TMP), nitrofurantoin, fosfomycin and quinolones, in addition to first-generation
cephalosporins, and amoxicillin-clavulanate as a choice for pregnant women.Studies show
that the sensitivity to SMX-TPM exceeds 30% in several places in the world, being replaced
by alternatives in the guidelines.The presence of extended producing beta lactamase bacteria
is widely studied in a hospital environment, however, it is known that these bacteria also
reached community infections, such as UTI. E. coli ST131 and ST648 are responsible for
recurrent UTI that are difficult to treat with antibiotics of first choice due to their high resistance
to antimicrobials. Quinolones resistance has reached alarm levels in many places, mainly due
to the inappropriate use in uncomplicated UTIl.Objective: To characterize the profile of
antimicrobials sensitivity to E. coli in urocultures of women treated at Basic Health Units and
Emergency Care Units in the city of Londrina. To characterize the molecular resistance
mechanisms of isolates resistant to ciprofloxacin, norfloxacin and nalidixic acid and 3-lactams,
in addition to knowing the serogroups, ST and the phylogenetic classification of samples
resistant to quinolone. Methodology: Urocultures performed by the Central Laboratory
(laboratory responsible for performing all urocultures in the municipality) of women attended in
the Basic Health and Emergency Care Units of the city of Londrina, were selected over a period
of 12 months (June 1, 2016 to may 2017).
Positive cultures were selected for evaluation at the University Hospital Laboratory. The
identification of isolates and antimicrobial sensitivity tests were performed by the VITEK® 2
Automated System (bioMérieux, France), The samples were characterized by molecular
methodologies; the Multiplex Polymerase Chain Reaction (PCR) for gnr genes, molecular
typing by ERIC-PCR; Phylogenetic profile and complete sequencing of the genome. Results:
56,555 urine cultures were performed in the period, of which 8,832 were positive, of which
5,377 were women. Of these samples, 4.7% were enterobacteria producing extended-
spectrum beta-lactamases (ESBL) and 15.5% resistant to quinolones. SMX-TMP was resistant
in more than 30% of the samples in all age groups. Among quinolone-resistant isolates,
resistance to cephalothin, ampicillin and sulfamethoxazole-trimethoprim was greater than
60%. Nitrofurantoin was the only antimicrobial that showed 90% of sensitivity. In the thirty-
three samples E.coli selected to perform the sequencing, ST131 serotype 025: H4 (n = 8)
and ST648 serotype”01: H6 (n = 6) were found more frequently and among the ESBL
producing genes, blactx miswas the most frequent.The most frequent mechanism of resistance
to quinolones were mutations in the Gyr A and Par C (QRDR) regions and the aca(6")-ib-cr
gene in plasmid-mediated quinolone resistance (PMQR). Phylogenetic group B2 was the most
found with 54.5% (n = 18), followed by group B19% (n = 3), the unidentified group was
responsible for 12.1% (n = 4) and groups A, C, E and F were responsible for 6.1%. Among
the thirty-three samples studied, all had at least one virulence factor, the most frequent was
iss (n = 24), followed by pfA (n = 17), gag (n = 16), iha (n = 12), eilA (n = 11) and air (n = 10).
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Conclusion: SMX-TMP resistance was greater than 30% in the study samples. Nitrofurantoin
maintains high sensitivity rates greater than 90%. Resistance to quinolones increases
proportionally with age, as well ESBL. Most of the isolates had mutations in the gyrA and parC
(QRDR) regions and the genes aca(6")-ib-cr and blactxmis, belonged to the phylogenetic group
B2, to ST 131 and ST648. his study demonstrated the presence of E.coli ST131 CTX-M-15
strains, of great epidemiological importance, present in ITU in the community of Londrina. The
combination of quinolone resistance genes associated with ESBL genes decreases the
arsenal of antimicrobials to be used in uncomplicated urinary infections, especially in the
community. Thus demonstrating the need to establish local and national monitoring systems
for antimicrobial resistance in Brazil to provide data for the treatment guidelines for UTI in the
community.

Key Words: Urinary Tract Infection, bacteriuria, drug resistance, Uropathogenic Escherichia
coli
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1.INTRODUGAO E REVISAO DE LITERATURA
1.1 EPIDEMIOLOGIA DA INFECCAO DO TRATO URINARIO

A descricdo da infeccao do trato urinario (ITU) data de 1550 a.C., no Papyrus de Ebers,
um dos primeiros tratados escritos no antigo Egito (Simdes de Paula), e credita-se a Galeno
0 primeiro tratado sobre a urina, criando os termos disuria (mic¢ao dificil e dolorosa) e
estranguria (miccdo lenta e dolorosa, gota a gota) (Tubino, 2017). Atualmente, € uma das
infeccbes bacterianas mais comuns, afetando 150 milhdes de pessoas por ano (Stamm,
2001). Em 2007, nos Estados Unidos, houve 10.5 milh8es de visitas ao consultorio por
sintomas de ITU (0,9% de todas as visitas ambulatoriais) e de 2-3 milhdes de procura a
emergéncia. O custo direto e indireto da ITU nos Estados Unidos foi estimado em 2,3 milhbes
de délares em 2010 (Foxman, 2014).

Embora ITUs sejam um dos agravos mais comuns no mundo causados por bactérias,
no Brasil ha escassez de dados epidemiolégicos, estando disponiveis apenas alguns estudos
locais como o realizado em Florianépolis sobre a demanda nas Unidades Basicas de Saude.
O estudo apontou que as ITUs sdo o 14° motivo de consulta, ficando atras apenas das
infeccBes do trato respiratério superior e gastroenterite (Gusso, 2009). Segundo outro estudo,
realizado também no Sul do Brasil, as ITUs foram responsaveis por 13,3% das prescricdes
de antibiéticos, nimero menor apenas que as infeccbes de vias aéreas superiores e
amigdalites (Tavares, 2008).

Com relagdo as espécies de bactérias envolvidas nas ITUs, um estudo realizado no
Rio Grande do Norte mostrou que a E. coli foi a bactéria mais frequentemente isolada (60,4%),
seguida por Klebsiella sp. com 14,2% entre 1.082 amostras de urina estudadas (Cunha,
2016). Do mesmo modo, um estudo realizado em Curitiba, em 10.200 culturas de urina
positivas, E. coli foi a bactéria mais comumente isolada (54,7%), enguanto a segunda bactéria
mais isolada foi o S. agalactiae (18,8%), uma bactéria comensal do trato genital feminino,
seguida por Proteus mirabillis, Enterococcus sp, Staphylococcus sp e Klebsiella sp (Reu,
2018). Esses estudos demonstram que no Brasil, como nos demais paises, apenas uma
guantidade limitada de dados foi publicada sobre a frequéncia de agentes causadores de
ITUs, sendo que a bactéria entérica Escherichia coli foi e continua sendo a mais constante,
com frequéncia variando entre 53% a 72% em pacientes da comunidade (Wilson and Gaido,
2004).

Ha poucos estudos recentes sobre dados epidemiolégicos da infeccao urinaria na
comunidade da América Latina. Dados do SENTRY Antimicrobial Surveillance Program na
América Latina reinem informacdes sobre a presenca de ESBL na Argentina, Brasil, Chile e
México: mostram 18.1%, 12.8%, 23.8% e 48.4% entre E. coli, respectivamente (Gales, 2012).
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1.2 INFECCAO DO TRATO URINARIO

O trato urinario € composto pelos rins, ureteres, bexiga e uretra. Qualquer infec¢édo
nessas estruturas sera considerada infec¢ao do trato urinario. Elas sao divididas de acordo
com o local de acometimento (rins, bexiga, ureteres e uretra) e pela gravidade (complicadas
e ndo complicadas). As infec¢cdes ndo complicadas afetam individuos saudaveis e sem
anormalidades estruturais ou neuroldgicas do trato urinério, que podem ser baixas (cistites)
ou altas (pielonefrites), além de bacteriuria, que significa literalmente “bactéria na urina”,
porém sem sintomas urinarios (Mandell, 2015; Hooton TM, 2012). As infec¢des complicadas
sdo aquelas que possuem alguma anormalidade funcional ou anatémica uroldgica (presente
em criangas), como obstrucdo do trato urinario (como aumento da prostata em homens),
retencdo causada por disturbio neurolégico, imunossupresséo, insuficiéncia renal, transplante
renal, gravidez e presenca de corpos estranhos como cateter urindrio ou calculo
(Lichtenberger, 2008). As ITUs sédo classificadas ainda como comunitérias, aquelas que nao
estdo relacionadas a internacdo ou a presenca de cateter urinario, e as relacionadas a
assisténcia a saude (ITU-RAS), que sdo definidas como qualquer infec¢éo do trato urinario
associada a procedimento urolégico, podendo estar associada ou ndo ao uso de sondagem

vesical de demora (Anvisa, 2017).

1.3 FATORES DE RISCO

Os principais fatores de risco identificados para ITU séo idade, histéria prévia de ITU,
atividade sexual e diabetes melittus. A ITU € mais comum entre as mulheres, apesar de a
prevaléncia entre homens e mulheres idosas ser similar. Mulheres jovens, sexualmente ativas,
possuem alto risco de desenvolver ITU. Entre os fatores de risco para essas mulheres estédo
a relacdo sexual e o uso de contraceptivos do tipo espermicida. Além disso, a curta distancia
entre uretra/regido anal/cavidade vaginal, onde a colonizacao por uropatégenos é frequente,
favorece a ascenséo das bactérias (Foxman, 2014).

A historia prévia de ITU é um fator de risco maior, contudo ndo esta claro se a
recorréncia estad relacionada ao comportamento do hospedeiro, susceptibilidade, fatores
bacterianos ou a uma interacao dos trés.

A atividade sexual permite que a bactéria se mova para a uretra, tanto em homens
como em mulheres, aumentando o risco de ITU. Pesquisa realizada com mulheres jovens
demonstrou que a primeira ITU em universitarias esta 21 vezes mais relacionada a sexo
vaginal nas ultimas duas semanas do que os controles (Foxman, 1995). O uso de
preservativo, diafragma e espermicida também esta associado a um aumento de ITU. Com

relacdo ao preservativo, este estad relacionado ao aumento do trauma, que pode ser
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melhorado com a aplicagédo de lubrificantes (Foxman, 1997), enquanto o uso do diafragma
pode obstruir o fluxo de urina e geralmente é utilizado com o espermicida (Foxman, 2000).
Infecgdes vaginais, como vaginose, podem facilitar o crescimento da E. coli, aumentando o
risco de ITU (Harmanli, 2000). Gestantes possuem alto risco de desenvolver ITU, devido as
alteragdes anatdbmicas que ocorrem durante a gestacdo (Ramos, 2012).

O risco de ITU aumenta com a idade. A incidéncia entre mulheres com 85 anos ou
mais é de 29.6%, sendo que os fatores de risco incluiram fraturas vertebrais, incontinéncia
urinaria, doengas reumatolégicas e deméncia (Eriksson I, 2010).

A presenca de diabetes € um fator de risco importante para o desenvolvimento de ITU,
principalmente nos pacientes descompensados. A presenca de hiperglicemia faz com que o
diabético seja considerado imunossuprimido, favorecendo a disfuncdo de neutrofilos,

comprometimento do sistema antioxidante e do sistema imune humoral (Akash, 2020).

1.4 FISIOPATOLOGIA

Adeséo e Colonizagéo

A adesdo bacteriana é o evento chave para o inicio da patogénese da ITU. Tipicamente
se inicia com a contaminag&o da regido periuretral por um uropatdégeno presente no intestino,
seguido pela colonizagéo da uretra e migragéo para a bexiga, evento que necessita de flagelos
e pili. A interagdo entre patdogeno-hospedeiro determinara se a bactéria colonizard ou sera
eliminada da bexiga.

As adesinas presentes nas bactérias reconhecem os receptores no epitélio da bexiga
(uroepitélio) e facilitam a colonizagao. Os uropatégenos, como E. coli, invadem o epitélio da
bexiga e sobrevivem através da producado de toxinas e proteases para liberar nutrientes das
células hospedeiras e sintetizar siderofaros para obter ferro, uma vez que a urina é pobre em
ferro, se multiplicando e evadindo do sistema imune. Os uropatégenos ascendem ao rim,
colonizando o epitélio e produzindo toxinas. Consequentemente, podem atravessar a barreira
epitelial e acessar a corrente sanguinea, levando a bacteremia (Flores-Mireles, 2015). A fig 1
mostra a fisiopatologia da ITU.

Ap0s a ascensdo pela uretra, os mecanismos de defesa inata séo iniciados na bexiga,
desencadeando a resposta inflamatéria mediada pelo TLR4 (Toll like receptor 4) e LPS
(lipopolissacaride) das células epiteliais da bexiga e leucécitos, culminando na ativagdo via
NF-kB (fator nuclerar — kB), que promove a expressao de citocinas e atragdo dos neutrofilos
(Olson, 2000). Esse meio inflamatdrio gera um influxo maci¢co de neutréfilos no tecido e na
bexiga, correlacionando-se com o diagnéstico de ITU.

1. O AGENTE ETIOLOGICO
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Os principais agentes etioldgicos das ITUs comunitérias sdo as Enterobactérias, que
sdo Escherichia coli, Klebsiella spp, Proteus spp, além de Staphylococcus saprophyticus.
Porém, a principal e mais frequentemente isolada € E. coli, que serd estudada de maneira
mais aprofundada neste topico.

2.1 Escherichia coli (E. coli)

E. coli € uma bactéria Gram-negativa, em formato de haste, membro da familia
Enterobacteriaceae. E uma das bactérias mais estudadas, tem crescimento rapido (tempo de
geracdo: 20 minutos) em condi¢des ideais. O genoma da E. coli foi reportado primeiramente
em 1997, desde entdo mais de 4.800 genomas foram sequenciados. H& sete grupos
filogenéticos identificados até o momento (A, B1, B2, C, D, E e F), baseados em propriedades
genotipicas e fenotipicas. As “uropathogenic Escherichia coli” (UPEC) pertencem na maioria
aos grupos filogenéticos B2 e D (Clermont, 2013).

As E. coli sédo categorizadas geneticamente e clinicamente em cepas comensais e
patogénicas, sendo esta Ultima em intestinais ou extraintestinais. As E. coli comensais,
pertencentes a flora bacteriana intestinal, podem ser responsaveis por infeccoes
extraintestinais na presenca de corpos estranhos (cateter urinario), anormalidades
anatdmicas e/ou imunossupressao; as cepas patogénicas intestinais sdo responsaveis pelas
diarreias e as extraintestinais, as EXPEC (Extraintestinal pathogenic E. coli), causam

infeccBes nos mais variados sitios anatdmicos (Russo, 2003; Johnson, 2000).
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FIGURA 1- Fisiopatologia da infec¢édo do trato urinério
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2.1 FATORES DE VIRULENCIA DE E. coli

E. coli uropatogénicas possuem um grupo de fatores de viruléncia que sdo essenciais
para a patogenicidade e sobrevivéncia no trato urinario. Esses fatores incluem uma variedade
de adesinas, quelantes de ferro, sider6foros, toxinas, capsulas, flagelos, proteinas de
membrana externa e lipopolissacarideos, cujos genes sao transferidos através de plasmidios,

transposons, bacteriéfagos e ilhas patogénicas para outras bactérias (Cruz, 2020).

2.1.1 Adesinas-Fimbriais

Cepas de UPEC possuem um potente arsenal de fatores de viruléncia que inclui até
12 fimbrias com diferentes adesinas. Dois grupos de fimbrias foram identificados nas cepas
UPEC: manose-sensivel e manose-resistente. As adesinas do tipo manose-sensivel (pili tipo
1 ou tipol like) parecem ser as mais importantes nessas cepas e sao codificadas por um gene
no cromossomo bacteriano. O maior componente da fimbria é a proteina FimA e os menores
sédo FimC, FimD, FimF, FimH e FimG. A adesina FimH é o principal fator de ligacdo da UPEC

as células epiteliais da bexiga, causando apoptose das células epiteliais, sugerindo o papel
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da fimbria tipo 1 na formagdo das comunidades bacterianas intracelulares, na invaséo das
células e na formacao de estruturas tipo biofilme (Dhakal, 2008).

As adesinas manose-resistentes sédo altamente diversas nas cepas UPEC, divididas
em diferentes tipos com base nas caracteristicas do receptor e outras propriedades. A adesina
Fimbria P é a mais conhecida e tem papel importante na coloniza¢édo dos rins pela UPEC e
possui trés subunidades PapF, PapE e PapK (Luthje, 2014). Com relacéo a Pili S, manose-
resistente, esta é composta por uma subunidade principal SfaA, além de trés subunidades
secundarias SfaG, SfaH e SfaS, esta Ultima responsavel pela adesao da bactéria ao epitélio
renal, relacionada a infec¢des mais graves, como a pielonefrite (Mulvey, 2002).

Outro grupo de fimbria manose-resistente é a familia DR. Essas fimbrias se ligam as
células vermelhas e células epiteliais facilitando a colonizacdo e prolongando a sobrevivéncia
bacteriana no trato urinario. Pacientes que carreiam a adesina DR possuem maior risco de

apresentar ITU recorrente (Karan, 2019).

2.1.2 Adesinas-N&o-Fimbriais

Ha uma variedade de adesinas que sao classificadas como néao fimbriais, entre elas a
TosA, que possui papel importante na colonizagéo de E. coli na bexiga em modelos animais.
Outras adesinas-nao-fimbriais sdo membros da familia autotransporte FdeC, UpaH, UpaC,
UpaG e Ag43. Este dltimo tem papel importante na patogenicidade da UPEC, responsavel
pela ligacdo, colonizacdo e formacdo de comunidades bacterianas intracelulares e biofilmes

levando a estabilidade bacteriana dentro da bexiga (Karan, 2019).

2.1.3 Receptores de quelantes de ferro

Ha uma necessidade vital de aquisicdo de ferro pela E. coli demonstrada pelo
“upregulation” dos genes que codificam os sistemas de aquisicao de ferro durante as ITUs.
Assim, a E. coli utiliza multiplas estratégias para absorver ferro do trato urinario do hospedeiro.
Um desses sistemas sao os siderdforos que se ligam avidamente ao ferro férrico e se
internalizam. Quatro sistemas sideréforos foram descritos em isolados de E. coli até o
momento: a salmoquelina, aerobactina, enterobactina e yersinibactina. Além disso, ha
também os receptores de ferro Hma e ChuA, produzidos pelas cepas UPEC, importantes
proteinas que captam a heme dos eritrécitos e transferem para o periplasma. Esses
receptores também tém um importante papel na coloniza¢do, formacdo de biofilmes e

reservatorio de comunidades bacterianas intracelulares (Karan, 2019).

2.1.4 Toxinas
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As toxinas, outro importante fator de viruléncia das bactérias, sdo produzidas pelos
patégenos e auxiliam na penetracdo dos tecidos, no acesso aos nutrientes da célula
hospedeira, na destruicdo das células imunes efetoras e evasao da atividade antibacteriana,
levando a uma reacao inflamatdria importante (Luthje, 2014).

2.1.4.1 a hemolisina
Alfa-hemolisina € uma proteina secretora célcio-dependente produzida pela metade
das cepas UPEC. E capaz de lesar as células da bexiga e dos rins, invadir e estimular a

producao de citocinas e induzir a resposta inflamatéria (Luthje, 2014).

2.1.4.2 Fator necrotizante citotoxico (CNF1)

Essa toxina é observada em aproximadamente 30% das cepas UPEC. Ela ativa a Rho
GTPases e, como consequéncia, induz mudancas celulares e rearranjos no citoesqueleto.
Essa toxina tem um papel na ligagdo e invasdo da UPEC nas células hospedeiras. Ela exerce
também efeito inibitério sobre os neutréfilos, reduzindo a fagocitose e a atividade
antimicrobiana (Lithje, 2014).

2.1.4.3. Autotransporte serina protease

Atuam como adesinas, porém podem agir como toxinas. As toxinas Sat e Vat
autotransporte sdo um tipo de serina protease que possui efeitos letais sobre as células da
bexiga e do rim in vitro e causa danos glomerulares e vacuoliza¢ao renal em modelos animais
(Karan, 2019).

2.2 Lipopolissacarideos (LPS) e capsula

O LPS é o maior componente da célula bacteriana presente em bactérias Gram-
negativas e é extremamente imunogénico. E um componente estrutural da parede celular e
geralmente ndo é secretado. Contudo, durante o processo de divisdo celular, pequenas
quantidades de LPS podem ser liberadas levando ao processo de morte celular. As moléculas
de LPS contribuem para a integridade das células bacterianas, além de serem essenciais para
a funcédo de barreira protetora da membrana externa da parede celular, principalmente contra
agentes nocivos a prépria bactéria (Zariri, 2015).

Estudos mostram que LPS e os polissacarideos podem ser importantes fatores de
viruléncia por fazer evasdo das cepas UPEC do sistema imune como a opsonizacdo € o
sistema complemento, além da evasao e morte pelos antimicrobianos. Embora a estrutura da

LPS de diferentes bactérias apresente uma enorme variedade, principalmente quanto ao
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tamanho e composi¢cdo da cadeia polissacaridica, manifesta uma estrutura comum (ou
genérica), que consiste no lipidio hidrofébico A, localizado no folheto externo da membrana
externa. O antigeno O € coberto por um folheto capsular (antigeno K). H& uma
heterogeneidade entre os antigenos O e K das UPEC, por exemplo, os antigenos O1, 02, O4,
06, 018, 025 e O75 observados em cepas UPEC (Karan, 2019).
Alguns antigenos capsulares, como o K1 e o K5, possuem um mimetismo molecular
com os tecidos do hospedeiro, neutralizando a resposta humoral contra os patdégenos
urinarios (LUthje, 2014; Karan, 2019). A figura 2 mostra as adesinas e estruturas moveis

das E. coli.

FIG 2: ADESINAS E ESTRUTURAS MOVEIS
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3.TRATAMENTO

O tratamento das ITUs ndo complicadas é realizado de maneira empirica, pois a
urocultura ndo é mandatdria no primeiro episédio e os antibibticos prescritos seguem padrdes
de sensibilidade/resisténcia local ou regional, ou ainda, padrdes sugeridos na literatura
internacional, através de guidelines, como o “International Clinical Practice Guideline for the
treatment of acute Uncomplicated Cystitis and Pyelonefritis in women: 2010 update by The
Infectious Diseases Society of America and European Society for Microbiologyand Infectious
diseases” (Gupta, 2011).
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7

Uma vez que o teste microbiolégico ndo é realizado como rotina nas ITUs néo
complicadas, a sensibilidade aos antimicrobianos pode ser sub-representada, como mostra
estudo realizado na Alemanha, onde pacientes com sintomas de ITU foram classificadas
como complicadas e ndo complicadas, sendo que a resisténcia ao sulfametoxazol-trimetoprim
para os quadros ndo complicados foi de 13%, enquanto para os quadros classificados como
complicados foi de 24,4% (Klimberg A, 2018).

Estudos relatam que a resisténcia da E. coli aos antimicrobianos tem aumentado
expressivamente, principalmente aos antibidticos de primeira escolha no tratamento de
infeccbes urinarias ndo complicadas, como ampicilina, sulfametoxazol e cotrimoxazol
(Kahlmeter et al., 2011).

Vérios guidelines internacionais recomendam o0 uso de nitrofurantoina e fosfomicina
para infecgbes ndo complicadas, ficando as quinolonas para uma segunda escolha devido
aos efeitos colaterais severos (ruptura de tenddo, aumento do intervalo QT e alteragfes do
sistema nervoso central). Nao se recomenda 0 uso de cotrimoxazol quando a prevaléncia da
resisténcia a esse antimicrobiano for maior do que 20% (Gupta, 2011; Cueto, 2017; Kang,
2018). No meio estudado, o sulfametoxazol-trimetoprim é a primeira escolha para o
tratamento de cistite simples, seguido da ciprofloxacina (quinolona) e a nitrofurantoina (Guia
da Unimed, 2019).

No ano de 2020, a Sociedade Brasileira de Infectologia, a FEBRASGO (Federagao
Brasileira de Ginecologia e Obstetricia), a Sociedade Brasileira de Urologia e a Sociedade
Brasileira de Patologia Clinica e Medicina Laboratorial se uniram e publicaram
recomendacdes para o manejo clinico da infec¢a@o urinaria (cistites) em pacientes gravidas e
nado-gravidas. Tais recomendac¢des trazem uma revisao dos perfis de sensibilidade de estudos
realizados em S&o Paulo e Curitiba, mostrando que o0 SMX-TMP possui resisténcia préxima a
40% e que a nitrofurantoina mantém sensibilidade acima de 90%, sugerindo o tratamento de
primeira escolha para mulheres ndo-gravidas a fosfomicina em dose Unica e a nitrofurantoina
por cinco dias. Como segunda escolha, a cefuroxima e a amoxicilina-clavulanato por sete
dias, contraindicando o uso de quinolonas para o tratamento de cistite pelos efeitos adversos
e resisténcia (de Rossi, 2020).

Em infec¢Bes por enterobactérias ESBL, onde E. coli € uma das mais prevalentes, o
Infectious Diseases Society of America Antimicrobial Resistant Treatment Guidance Gram-
Negative Bacterial Infections sugere o uso de nitrofurantoina e SMX-TMP como uma
alternativa segura e eficaz. O uso de fluoroquinolonas €é desencorajado caso haja
disponibilidade de um outro agente sensivel, evitando a toxicidade das quinolonas. Os

aminoglicosideos possuem boa penetracado renal e sdo uma boa alternativa como dose Unica



O 00 N o U B W N

[ERY
o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

24

em cistite simples. A fosfomicina oral € uma alternativa para o tratamento apenas da E. coli
ESBL, pois a presenca do gene fosA, intrinseca a K. pneumoniae e outras Enterobactérias,
pode levar a falha terapéutica (Tamma, 2020).

4.RESISTENCIA BACTERIANA

Dentre as possiveis causas de falha no tratamento das infec¢des, a resisténcia
bacteriana aos antibiéticos é, sem duvida, uma das mais importantes. A resisténcia aos
antibiéticos tem aumentado em niveis alarmantes em todas as partes do mundo. Novos
mecanismos de resisténcia surgem e se expandem globalmente, ameacando o tratamento de
doencas infecciosas comuns (Who, 2020).

A resisténcia antimicrobiana ndo é um fenémeno recente e foi descrita pela primeira
vez quatro anos antes da descoberta da penicilina por Alexander Fleming em 1928. O
antimicrobiano em questédo era o chamado Salvarsan, utilizado no tratamento de sifilis de
1910 a 1940 (Stekel, 2018).

Os fatores de risco de ITU por uma bactéria Gram-negativa resistente incluem ter 60
anos ou mais, historia de ITU anterior, presenca de cateter urinario, doengas croénicas,
hospitalizacdo e/ou uso recente de antibidtico e viagem recente. Pacientes com ITU por
bactérias resistentes possuem maior risco de hospitalizacéo, de permanecer mais tempo no
hospital, manifestar falha no tratamento antibiético e evoluir para sepse de foco urinario
(Bader, 2017).

Foram descritos dois tipos de resisténcias: as primarias, em que 0 micro-organismo é
resistente naturalmente a um antibiético, porém susceptivel a outro; e as resisténcias
adquiridas, em que a bactéria é capaz de resistir a um antibiético que ja foi eficaz contra ela,
ou seja, aquela originada a partir de mutagdes nos proprios genes ou pela aquisicdo de genes
de resisténcia de outras bactérias (conjugacédo: plasmidio e transposons), via bacteriéfago
(transducao) ou via ambiente (transformacao). De acordo com a inativacdo do antibiético, os
principais mecanismos de resisténcia conhecidos podem ser classificados como: enzimas que
degradam ou modificam antibidticos; reducdo da permeabilidade da membrana externa;
sistemas de efluxo hiperexpressos e alteracao do sitio de ligacdo (Nicolaou KC, 2018).

A producdo de betalactamase é o principal mecanismo de resisténcia aos beta-
lactamicos pelas Enterobactérias. Varios géneros de bacilos Gram-negativos, como
Enterobacter spp., Citrobacter freundii, Morganella morganii, Serratia marcescense
providencia spp., possuem a betalactamase cromossomal AmpC cefalosporinase fortemente
induzivel por amoxicilina, acido clavulanico, cefoxitina, cefalosporinas de primeira geragéo e

alguns carbapenémicos, o que resulta em resisténcia intrinseca (Ruppé¢, 2015).
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Essas enzimas bacterianas protegem o0s micro-organismos contra a acdo de
antibidticos B-lactamicos como penicilinas, cefalosporinas e carbapenémicos, hidrolisam os
anéis B-lactamicos, tornando-os drogas inertes. De acordo com a classificacdo de Ambler,
baseada na identificacdo da sequéncia de aminoéacidos, as betalactamases podem ser
divididas em quatro diferentes classes moleculares (A, B, C e D). As classes A, C e D usam
residuos de serina na atividade catalitica para a inativacao das drogas. J& a classe molecular
B é representada por metaloenzimas, que requerem zinco como cofator para sua acao
catalitica (Rasmussen, 2006).

A prevaléncia de E. coli ESBL (b-lactamases de espectro estendido) tem aumentado
significativamente. Estudo realizado em Brasilia entre julho de 2013 e abril de 2014, em 324
amostras de E. coli isoladas de mulheres acima de 20 anos, encontrou 7,1% de ESBL, todas
produtoras da enzima CTX-M. Nesses isolados o sequence type encontrado foi ST131 e o ST
648, associado a cepas pandémicas resistentes (Gongalves, 2016). Em criangas abaixo de
15 anos, a prevaléncia de ESBL em infecgéo de trato urinario foi de 2,1% em estudo realizado
em Sdo Paulo, em 847 amostras de urina realizadas em atendimento na Emergéncia (Lo,
2019). Estudo realizado por dez anos em um hospital oncolégico no México encontrou 50%
dos isolados de infec¢bes adquiridas no hospital e 20% das infec¢bes adquiridas na
comunidade possuiam perfil ESBL (Cérdova, 2014). Swamy et al. estratificaram a incidéncia
por faixa etéria de 2005 a 2009 e encontraram uma tendéncia estatisticamente significativa
na incidéncia ao longo do tempo para infecgdes E. coli ESBL no grupo 18 a 64 anos (7-15
casos por 100.000 pessoas ano; p=0.03) e no grupo 65-79 anos (variando de 28-73 casos por
100.000 pessoas ano; p=0.02).

As quinolonas sdo o grupo de antibidticos mais prescrito para o tratamento das ITUs
(Benko R, 2019). Estudo realizado na Suica mostra que as quinolonas foram prescritas em
78% dos casos diagnosticados como cistite e 0 SMX-TMP em apenas 22% (Stuck, 2012). As
fluoroquinolonas séo antibiéticos que podem ser utilizados tanto por via oral ou parenteral,
tém boa concentracdo em trato urinério, porém a resisténcia a essas drogas pode levar a
sérias consequéncias clinicas, pois se apresentam como uma das poucas alternativas para o
tratamento de infecgdes graves por Salmonella spp (Fasugba, 2015).

Os mecanismos descritos de resisténcia as quinolonas eram exclusivamente
cromossdmicos (DNA girase e topoisomerase V), porém, a partir de 1998, mecanismos de
resisténcia transferiveis tém sido descritos na literatura, como gnrA, um gene distribuido
mundialmente e presente em  diferentes  micro-organismos,  principalmente
Enterobacteriaceae. A presenca do gene estd relacionada a aquisicdo de resisténcia a

quinolonas com maior facilidade quando comparada aqueles que ndo o possuem (Ruiz, 2012).
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O gene gnrA foi seguido pela descoberta de outros genes plasmidiais como o gnrS, gnrB,
gnrC, gnrD, e mais recentemente o gnrVC. Além do QNR, um segundo mecanismo plasmidial
foi descoberto, a modificacdo da quinolona por um aminoglicosidio acetiltransferase-AAC (6)
-Ib-cr. Além desses, existe um terceiro mecanismo chamado de resisténcia a quinolona
mediada por plasmidio (PmQR), que € uma bomba de efluxo plasmidio mediada QepA 1 e
OgxAB (Hooper DC,2015).

Clinicamente, o acumulo de genes PMQR e muta¢gfes QRDR confere alta resisténcia
as quinolonas. Estudo realizado com 440 enterobactérias isoladas de ITU no Egito, de julho
de 2016 a marco de 2017, mostrou que 32,5% eram resistentes a quinolonas e 20,5%
resistentes a fluoroquinolonas. O QNR B foi 0 mais frequentemente isolado (62,9%). A
presenca de dois genes PMQR em 46,9% das amostras levou a alta resisténcia a
ciprofloxacina (MICs > 128 ug/mL) (Kotb DN, 2019).

JUSTIFICATIVA

A infeccdo do trato urinario (ITU) € uma das mais comuns indicagbes de uso de
antibidticos para mulheres jovens e saudaveis. O principal agente responsavel por essas
infecgcBes é a E. coli, em torno de 70% a 80% dos casos.

O perfil de sensibilidade aos antimicrobianos comumente utilizados para o tratamento
das infec¢bes causadas por esses patdégenos na comunidade é desconhecido em nosso meio,
assim como a prevaléncia de bactérias produtoras de betalactamases de espectro estendido
e 0 mecanismo de resisténcia a quinolonas.

O objetivo deste trabalho foi determinar o perfil de sensibilidade aos antimicrobianos
de E. coli isoladas em urinas de mulheres na comunidade de Londrina e caracterizar por
biologia molecular algumas cepas produtoras de betalactamases de espectro estendido e

resisténcia a quinolonas na comunidade.

5. Objetivos

5.1 Obijetivo Geral
Avaliar o perfil de sensibilidade aos antimicrobianos e caracterizar molecularmente E.
coli isoladas de uroculturas de mulheres atendidas em Unidades Bésicas de Saude e de

Pronto Atendimento no municipio de Londrina.

5.2. Objetivos especificos
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5.2.1. Determinar o perfil de sensibilidade de E. coli aos antimicrobianos de primeira
escolha no tratamento de ITUs ndo complicadas.

5.2.2. Correlacionar o perfil de sensibilidade aos antimicrobianos com a faixa etaria.
5.2.3. Caracterizar o mecanismo molecular de resisténcia as quinolonas de E. coli nas
amostras resistentes as trés quinolonas testadas.

5.2.4. Associar o perfil filogenético de E. coli resistentes as quinolonas aos
antimicrobianos.

5.2.5. Determinar os mecanismos de resisténcia aos betalactamicos e quinolonas de
amostras selecionadas para o sequenciamento.

4.2.6. Conhecer 0s sorogrupos e sequence type das amostras urinarias comunitarias.

6. Materiais e Métodos

6.1. Aspectos Eticos

O projeto foi submetido ao Comité de Etica em Pesquisa da Universidade Estadual de
Londrina por envolver seres humanos, tendo parecer favoravel em 05/08/2016, sob o nimero
CAAE: 56869816.0.0000.523 (em anexo). As amostras das uroculturas foram coletadas no
Laboratério CentroLab, responsavel pela realizacdo de todos os exames de urina do

municipio. A autorizac@o da Secretaria de Saude de Londrina se encontra em anexo.

6..2. Delineamento

6.2.1 Local do Estudo

O estudo foi realizado com a colaborac¢éo do laboratério CentroLab, responsavel por
realizar todas as uroculturas do municipio de Londrina, abrangendo todas as Unidades
Bésicas de Saude e Unidades de Pronto Atendimento.

Todas as uroculturas positivas foram encaminhadas ao laboratério de microbiologia do
Hospital Universitario de Londrina para a realizagdo de antibiograma e pesquisa de

mecanismo de resisténcia.

6.2.2 Tipo do Estudo

Estudo transversal

6.2.3 Populacéo do Estudo

Critérios de Inclusao
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e Uroculturas positivas de mulheres em qualquer idade.

e Urocultura positiva com contagem >10° Unidades Formadoras de Col6nias/ml.
Critérios de Excluséo

¢ Presenca de mais de dois micro-organismos na urocultura.

e Sexo masculino.
Dados Demograficos

Dados como idade, local do atendimento, ser gestante ou ndo também foram coletados
do prontuério eletrdnico.

Foram selecionadas todas as uroculturas positivas, respeitando os critérios de incluséo,
realizadas pelo CentroLab num periodo de 12 meses (1° de junho de 2016 a 1° de junho de
2017).

As amostras de urocultura positivas foram encaminhadas ao Laboratério de
Microbiologia do Hospital Universitario de Londrina para a realizagdo do estudo dos
mecanismos de resisténcia e perfil filogenético descritos abaixo.

As amostras resistentes as trés quinolonas (acido nalidixico, norfloxacino e
ciprofloxacino) foram encaminhadas ao laboratério de Microbiologia da Universidade de Sao
Paulo para avaliagdo molecular dos genes de resisténcia.

6.2.4. Coleta das amostras no Centrolab

As amostras de urocultura positivas foram coletadas, identificadas e estocadas. Para
identificacdo e testes de sensibilidade aos antimicrobianos foi utilizado o sistema
automatizado VITEK® 2 (bioMérieux, France). Testes de susceptibilidade aos seguintes
antimicrobianos foram realizados: amicacina (AST-N054), ampicilina, amoxicilina/acido
clavulanico, aztreonam (AST-N054), cefalexina, cefepime, cefotaxima, ceftazidima, cefoxitina,
cefuroxime, ciprofloxacina, norfloxacina, ertapenem, gentamicina, meropenem, acido
nalidixico, nitrofurantoina, piperacilina/tazobactam e sulfametoxazol-trimetoprim. A
interpretac@o da susceptibilidade utilizada foi do Clinical Laboratory Standards Institute (CLSI)

breakpoints.

6.2.5. Descricdo das metodologias moleculares

6.2.5.1 PCR Multiplex para genes Qnr
Para investigar a presenca de genes para genes gnrA-, gnrB- e gnrS, foi realizada a
PCR Multiplex, conforme descrito por Cattoir (2007). Cada reagao de 25uL contém: 2uL DNA
molde, 1uL (0,8pcmol) de cada primer, 0,5uL (10Mm) da mistura de dNTP (Invitrogen), 0,2uL
(5U/uL) Tag DNA polymerase (Invitrogen), 2,5uL do tampao 10X (Invitrogen), e 1,25uL de
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MgCl2 (2,5Mm) (Invitrogen). As condigdes do ciclo foram: desnaturagdo do DNA a 94°C por
10 minutos, seguida por 35 ciclos de 94°C por 1 minuto, 54°C por 1 minuto e 72°C por 1
minuto, e uma elongagéo final a 72°C por 10 minutos.

Os produtos de PCR foram analisados em gel de agarose 1,0% (Sigma-Aldrich Ltd.,
Madrid, Spain), as corridas eletroforéticas ocorreram em tampéo 1X Tris-Borato-EDTA por 40
minutos a 80V. Posteriormente, os géis foram corados com brometo de etidio por 15 minutos

e visualizados na luz ultravioleta.

6.2.5.2 Tipagem molecular por ERIC-PCR

A tipagem por ERIC-PCR foi realizada utilizando-se o primer ERIC-2 e metodologia
previamente descrita (Versalovic et al.,1991). Foram utilizados 2,5 pyL do primer (10 pmol/uL),
2,5 yL de tampéo (10X), 2,0 uL de MgCl, (50mM), 2,0 yL de dNTP (10 mM), 2,5 pLdo primer
(10 pmol/uL), 1,0 uL de Taqg (1U/uL), 2,0 uL de DNA (500 ng) e 13,0 yL de agua (q.s.p. 25
ML). O DNA foi desnaturado a 94°C por 10 minutos e submetido a 30 ciclos com as etapas de
desnaturagéo a 94°C por 1 minuto, anelamento a 52°C por 1 minuto, extensdo a 72°C por 8
minutos e extenséo final a 72°C por 16 minutos.

Os produtos dessa reacao foram analisados em gel de agarose a 1,5%, previamente
adicionado de brometo de etidio (0,08 uL/100 mL). A eletroforese foi realizada a 100 volts, por
120 minutos. Na aplicacdo no gel de agarose foram adicionados 2 pL de solucéo de azul de
bromofenol. O marcador de peso molecular de 1Kb (Invitrogen) foi aplicado no gel para

determinar o tamanho dos fragmentos obtidos.

6.2.5.3. Amostras enviadas para a realizacdo do sequenciamento
Descricdo - Sequenciamento completo do genoma

Para a realizacdo do sequenciamento, os DNAs das amostras foram extraidos por
meio do kit de extragcdo de DNA gendmico (Invitrogen®, Carlsbad, CA), de acordo com as
instrucdes do fabricante. Os DNAs extraidos foram encaminhados para o Centro de
Facilidades de Apoio a Pesquisa (CEFAP), da Universidade de Sdo Paulo (USP). Apés o
sequenciamento, foi utilizado o programa CLC Genomics Workbench (CLC bio®) para a
montagem dos genomas de cada amostra. As leituras dos genomas foram realizadas em
colaboracdo com o Laboratério de Resisténcia Bacteriana e Alternativas Terapéuticas da
USP, Sdo Paulo. Os genomas montados foram analisados pelo Center for Genomic

Epidemiology (CGE) (https://cge.cbs.dtu.dk/services/), para a analise quanto ao MLST,

sorotipo, resisténcia antimicrobiana e viruléncia, utilizando, respectivamente, as bases de
dados MLST 2.0, SerotypeFinder 2.0, ResFinder 3.2 e VirulenceFinder 2.0. Os FASTQs


https://cge.cbs.dtu.dk/services/

O 00 N o U B W N

[ERY
o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

30

gerados foram depositados no National Center for Biotechnology Information (NCBI), sob o
bioproject PRINA578368.

6.2.5.4. Analise filogenética

A classificagdo em grupos filogenéticos foi realizada de acordo com o método de
Clermont et al. (2013). Usando esse método, os isolados foram classificados em quatro
grupos (A, B1, B2 ou D), baseados na presenca de dois fragmentos dos genes chuA e yjaA,
e um fragmento de DNA (TSPE4.C2), (genes: chuA, yjaA, TSPE4.C2) verificado pelo método
de multiplex PCR.

O lisado fervido de cultura de 24h foi usado como fonte de DNA para o estudo. Para a
reacdo de PCR, foram utilizados 2,5 uL de tampéo 10 vezes concentrado, 0,5 uL de dNTP
(2,5 mM), 0,5 pM/uL dos trés pares de primer; 0,25 uL de taq polimerase (5U) e 2 uL de DNA,
completando a mistura para 25 uL com agua ultrapura para cada amostra. O material foi
submetido a um ciclo de 95°C por 4 minutos e 30 ciclos de 5s a 94°C, 10s a 59°C, e uma
extensao final de 5 min a 72°C. Posteriormente, o produto de amplificag&o foi visualizado em
gel de agarose 2% contendo brometo de etidio, através do transluminador com luz de

ultravioleta.

6.2.5.5. Fatores de viruléncia
Identificacdo genotipica dos principais fatores de viruléncia

Os primers utilizados para a amplificacdo de fragmentos de genes responsaveis pelas
caracteristicas de viruléncia foram: kps I, FimH, felA, PapG, SfaS, IutA, Hly, CvaC, TraT,
conforme Johnson (2000), Tsh (Dozois, 2000), Iss (Foley, 2000), PapC, Afa I, Afa Ill, SfaDE
(Le Bouguénec, 1992, 1993,1992, 1996).

A PCR foi realizada num volume total de 25 ul contendo 5 ul do DNA da amostra, 20
pmol de cada primer, 200 uM de deoxinucleotideos, tampao de amplificacdo 10 X, 2,5U Taq
DNA polimerase e agua ultrapura para completar o volume. O material foi submetido a 30
ciclos especificos a cada primer. Posteriormente, o produto de amplifica¢éo foi visualizado em

gel de agarose contendo brometo de etidio, através do transluminador com luz de ultravioleta.

7. ANALISE ESTATISTICA
As variaveis continuas foram expressas em meédias e desvio-padrdo (distribuicdo
gaussiana), medianas e interquartis (distribuicdo gaussiana) e as variaveis categoricas foram

expressas como proporgao.
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Andlise estatistica descritiva foi utilizada para as variaveis relevantes. As variaveis
categoricas foram comparadas utilizando-se teste Qui-quadrado de Pearson com correcao de
continuidade de Yates e teste exato de Fisher quando apropriado. Nivel de significancia de
5% (p= 0,05).
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8. RESULTADOS
ARTIGO 1

Susceptibility to first choice antimicrobial treatment for urinary tract infections to Escherichia

coli isolates from women urine samples in community South Brazil

Autores: Tano, Z; Kobayashi RTT; Candido EP., Buck JD., Perugini LF., Vespero, EC;
Pavanelli WR

Key Words: Urinary Tract Infection, bacteriuria, drug resistance, Uropathogenic Escherichia
coli

Abstract: E. coli is the main pathogens of Urinary Tract Infection. It is important to be aware
the local epidemiological data for an appropriate initial treatment. Resistance to antimicrobial
agents has increased, especially to first-choice antibiotics in the treatment of cystitis.
Objective: To characterize the profile of sensitivity to antimicrobials to E. coli isolated from
urocultures of women treated at Basic Health Units and Emergency Care Units in the city of
Londrina during a period of 12 months (June 1, 2016 to June 1, 2017). Results: 56,555 urine
cultures were performed in the period, of which 8,832 were positive, of which 5,377 were
women. Of these samples, 4.7% was E. coli producing extended-spectrum beta-lactamases
(ESBL) and 15.5% resistant to quinolones. SMX-TMP was resistant in more than 30% of the
samples in all age groups. Among quinolone-resistant isolates, resistance to cephalothin,
ampicillin and sulfamethoxazole-trimethoprim was greater than 60%. Nitrofurantoin was the
only antimicrobial that showed 90% of sensitivity. Conclusion: The antimicrobials sensitivity
profile was similar to that reported in the literature, with SMX-TMP resistance greater than 30%
in the studied samples. Nitrofurantoin maintains high sensitivity rates greater than 90%.

Resistance to quinolones increases proportionally with age, as well ESBL.

Background: Urinary Tract Infection (UTI) is the most common outpatient infection, and the
second more frequent, after respiratory tract infection (Schappert SM, 2007). Women is more
affected because the shorter distance between urethra and bladder, makes bacterial
colonizers ascend before they are removed by micturition (Foxman, 2010). Symptomatic
infection is more frequent in women age 15-29 years with incidence 12,6% compared to men
3% in USA (Johnson, 1991).

Among healthy women age 18-39 years 80% UTI are caused by E. coli. Empirical
treatment should be target it, however, in recent years significant variations in antimicrobial
susceptibility have been observed in several countries, with progressive emergence of

resistance to fluoroquinolones and other antibiotics commonly used in the community-acquired
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empirical treatment of UTI. Presence of extended-spectrum beta-lactamases in Latim America
increased from 1,7% to 7,1 — 12,5%(Cordoba, 2017; Lee, 2010; Cunha 2019).

Since 2011, the Infectious Diseases Society of America (IDSA) recommended that
trimethoprim-sulfamethoxazole (cotrimoxazole), nitrofurantoin, fosfomycin, or pivmecillinam
could be used if local resistance rates of uropathogens causing acute uncomplicated urinary
tract infection do not exceed 20% or if the infecting strain is known to be susceptible to these
drugs (Gupta, 2011). Currently, guidelines recommend fosfomycin trometamol and
nitrofurantoin as the first choice treatment and cotrimoxazol in third option (Lee, 2018). In
Korea, nitrofurantoin, fosfomycin and pivmecillinan is the choice for treatment of uncomplicated
UTI and cotrimoxazol could be used when the susceptibility test is available and confirms drug

sensivity (Kang, 2018).

The choice of antibiotics in patients with suspected uncomplicated UTI should be based
on up-to-date surveillance data of patients from primary care. Thus, prospective surveillance
of resistant patterns of uropathogens from all patients attending primary care is crucial for
guiding first and second line antibiotic selection (Cordoba, 2017).

The aim of this study was evaluate the antimicrobial susceptibility profile for first line
treatment for UTI from E.coli isolated in urine samples of women in community and presence

of extended spectrum beta lactamase.
Material and Methods

A cross sectional from June 2016 to June 2017, all urine samples collected in the Basic
Health Units and Emergency Departments in Londrina city, State Parana, Btazil, were sent to
a Central Laboratory where the identification and susceptibility tests were performed. The
samples were collected by clean-catch midstream ofthe first urine of the day and ten microliter
of urine was inoculated in chromogenic media CPS ID 3 (BioMérieux, Marcy-I'Etoile, France),
and incubated overnight at 36°C. The criteria to consider a cultures positive were growth of a
pure culture and colony countsal counts>10°CFU/mL (Anvisa 2013). Bacteria were identified
according to the characteristics developed in CPS ID 3 media or using the Vitek® 2 automated
system (BioMérieux, Marcy-I'Etoile, France). Male culture and others bacterial non E. coli were
excluded. Data such as age and pregnancy were analyzed through the WebSaude system of

the Londrina prefecture.

Susceptibility test
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Susceptibility test was performed using AST238 panel on the VITEK® 2 (BioMérieux, Marcy-
I’Etoile, France) system. The following antibiotics was tested: amikacin (AST-N054 only),
ampicillin, amoxicillin/clavulanic acid, aztreonam (AST-N054 only), cefalexin, cefepime,
cefotaxime, ceftazidime, cefoxitin, cefuroxime, ciprofloxacin, norfloxacin, ertapenem,
gentamicin, meropenem, nalidixic acid, nitrofurantoin, piperacillin, piperacillin/tazobactam, and
trimethoprim. Clinical Laboratory Standards Institute (CLSI) breakpoints were used for the
interpretation of susceptibility. Isolates were classified as susceptible (S), intermediately
resistant (I) or resistant (R) according to the respective MIC breakpoints (ug/mL): ampicillin,
<8, 16, =232; amoxicillin-clavulanic acid, <8/4, 16/8, 232/16; cefuroxime axetil, <4, 8-16, 232;
norfloxacin, <4, 8, 216; ciprofloxacin, <1, 2, 24; cotrimoxazole <2/38, 24/76; nitrofurantoin, <32,
64, 2128; fosfomycin was evaluated by diffusion disk (Oxoid Cambridge —UK).The presence
of ESBL were also subjected to the Chrom ID BLEE® agar plate test (bioMérieux- Marcyl’Etoile,
France).

Statistical analysis

The results were collected and analysed using SPSS 17. For analysis isolated was divided in
four groups of age: <15, 15- 45, 46- 59,> 60 years old. A two-sided chi-squared test and Exact
Fisher test was used to assess differences in resistance by age group and for resistance
profiles. Differences in the prevalence of resistance between age groups were determined by
calculation of odds ratios with 95% confidence intervals with p-value <0,05. The study was
approved by Ethics and Research Committee of the State University of Londrina CAAE
56869816.0.0000.5231 and authorized by the Health Department of Londrina, Parana.

Results

A total of 56,555 microbiologic tests were performed, 8,382 were positive. Of this
5794 (72,2%) was E. coli. Women were responsible for 5,377 positive culture, 10% were
pregnant, as shown figure 1. Extended-spectrum beta-lactamase production was present in
4.7% (n=255) of samples.

The avarage age was 47 years old (ranging from 0 to 101 years). In this study 1777
(33%) were 60 years old with ESBL higher frequency (8.3%). Susceptibility to fosfomycin
was 98,3% for samples resistant to three quinolones, whose susceptibility was 73.3%, 85.7%
and 85.9% for nalidixic acid, ciprofloxacin and norfloxacin, respectively.
The lowest susceptibility was observed for cephalotin with 51.8% followed by ampicilin with
54%. While the greatest susceptibility was observed for Amicacyn, Ertapenem and
Meropenem with 99.7%.

Susceptibility to first line antimicrobial treatment for ITU according to age
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Cephalotin (48,1%) and ampicillin (52%) have de lowest sensivity pattern, regardless of age.
Trimethoprim sulfamethoxazole has resistance greater than 30% in all age groups, as well as
cefuroxime has sensibility greater than 90%. Susceptibility to gentamicyn, amoxicilin
clavulanic, piperacillin-tazobactan, cephalotin, cefepime, ceftriaxone, cefuroxime, nalidixic
acid, norfloxacin, ciprofloxacin and TMP/SMX had a significant asociation with age. In age 15-
45, quinolone maintain 90% of sensivity, except for nalidixic acid that has 78%. Table 1 shows

antimicrobial susceptibility of E. coli isolated from women acordding to age range.

Resistance to three quinolones was 15,5%. The sensitivity profile to others first-line
antimicrobials in treatment decreased dramatically, mainly cephalotin, ampicillin and
Trimethoprim sulfamethoxazole which has only 40% sensibility in this samples. The only first-
line antimicrobial that maintains sensitivity greater than 90% in these samples was
nitrofurantoin, regardlles age. The presence of ESBL strains does not have significant
association with age when the strain is resistant to three quinolones.

Table 2 - Show the susceptibility of antimicrobial agents in samples resistant to three

quinolones (ciprofloxacin, norfloxacin and nalidixic acid).

Discussion

The Cross sectional study shows the antimicrobial sensitivity profile of urocultures
colected from women in Basic Health and Emergency Units carried out in a city in South Brazil,
that has 537.377 inhabitants, localized in 23 ° 18 '36 "S 51 ° 09 '46 "O. E. coli was the most
common pathogen isolated, as well as between women age 15-45 had the most positive
culture, the same profile as noted by other authors(Aypak C, 2009; Kung CH, 2015; Foxman
B, 2010; Rocha JL, 2012). In this study, men were excluded from analysis because they had
complicated urinary tract infections, which did not contemplate the objective, as also performed
by Dubbs et al. Reu at al 2019. In study realized whith outpatients attended by the publichealth
system, in Curitiba, also relatated that lowest E. coli frequencies were found between pregnant
women, men, and boys (Reu, 2018). These data suggest that although E. coli is the most
common uropathogen, its distribution may vary with sex and patient physiological status being

lower in men.

Resistance to SMX/TMP was greater than 30% in this study, regardless of age, when
32.5% of samples from patients over 60 years old showed resistance.. According Gupta and
col. 2011, SMX/TMP is recommended as the first line of treatment for uncomplicated UTI,
however, resistance should not be greater than 20%. Resistance varies geographically,

including within the country itself, like shows Cunha et al 2016 that demonstrated resistance
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to cotrimoxazol 50,6% in northeastern Brazilian Capital, while in India in 2013 resistance was
52%, and in 2017 it increased up to 59.6% (Prasada, 2019). However in EUA study by Yamaji
et al 2018 showed that frequencies of TMP-SMZ resistance in UPEC isolates obtained from
outpatients with UTI symptoms in 1999-2000 and in 2016-2017 did not significantly change
(resistance slightly increased from 16.9% to 17.1%). Studies where TMP-SMZ resistance to is
greater than 35% guide the replacement and / or withdrawal of this antibiotic from the first line
treatment of uncomplicated UTI (Guneysel O, 2016). Currently, guidelines have recommended
use of fosfomycin—trometamolfor the first-line treatment and pivmecillinam as second choice
(Caron, 2018).

In this study quinolone resistance is more than 10% in samples of women age 46 or
more and the resistance to three quinolones together are 15,5% and is associated with older
age, similar to literature. Quinolone is the most frequently antimicrobial selected for treatment
for uncomplicated UTI in many countries (Stuck, 2012; Benko, 2019). Risk factors for
resistance is been older than 60, obstructive uropathy, recurrent UTI history and use of
guinolone in the past three months (Seija, 2014; Benko, 2019; Kobayashi, 2016). Despite FDA
box warning about quinolone use in 2016, the rate of prescriptions do not change over years.
The innapropriated use was more frequent in treatment of unconplicated urinary tract infection.
The overuse and side effects of quinolone may be incorporated in decision of antimicrobial
treatment of all infections, like upper respiratory infection, uncomplicated UTI and abdominal
infection (Cowart, 2019; Bratsman, 2020).

Nitrofurantoin resistance is very low, less than 5% in all age groups, even among
samples resistant to three quinolone 7,6% in age >60. The same pattern was observed in a
study from Rio Grande do Norte, when 6,6% of E. coli was resistant to nitrofurantoin (n=653)
(Cunha,2016). Likewise, a retrospective analysis performed by Sanchez et al (2016) showed
that in the United States nitrofurantoin retains a high level of antibiotic activity against urinary
E.coli. India and Mexico resistance to nitrofurantoin are among the highest reported 13,3%
and 12,7% repectively (Ramirez-Castillo, 2019; Prasada, 2019). These results show that
nitrofurantoin remain the treatment of choice for uncomplicated UT]I, although it should not be
used for the treatment of pyelonephritis since its concentration in the renal parenchyma is too
low (Kot, 2019).

In this study fosfomycin was tested for samples that was resistance for three
quinolones show high susceptibility. Study from India with 7,295 isolates obtained from
patients with uncomplicated UTI shows that antimicrobial with greater susceptibility is
fosfomycin and nitrofurantoin(Batra P, 2020). Other countries in Europe and EUA reported

high rates susceptibility for fosfomycin too (Hirsch EB, 2015; Kresken M., 2015). This results
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led to fosfomycin as the first choice for the treament of UTI (Kang C, 2018). In Brazil fosfomycin
is an expensive antimicrobial and is not offered free in the health system, as SMX/TPM,
nitrofurantoin, norfloxaxin and ciprofloxacina, in this context, exposure to this antimicrobial is
a fundamental factor in the selection of E. coli resistant.

Among beta lactamic used for uncomplicated UTI amoxicilina clavulanic acid had low
resistance regardlles age, 12,1%, 11,1%, 11,8% and 14,6%, <15, 15-45, 46-59 and > 60,
respectivelly. The resistance to cefuroxime (secondgeneration cephalosporin) in Belgium,
Germany, and Spain was 5.5%, 12.8%, and 16.6%, respectively (Kresken et al. 2016), in this
study cefuroxime shows low resistance rate similar showed in literature and could be a
treatment option for community UTI in our place.

Extended-spectrum beta-lactamase were more frequent as the age of women
increased, being more commun in women over 60. The ESBL prevalence in samples was
4,7%, lower than found by Abreu et al (2013) in Sao Luiz, in northeast, 7,6% and 7,1% by
Goncalves, however, the prevalence is higher than Southern 0,4% and South 1,5% of the
country (Abreu, 2013; Gongalves, 2016; Minarini, 2007; Wollheim, 2011). ESBL prevalence is
diverse in countries, study from Pakistan shows 33% ESBL in E. coli isolated from UTI in
community (Fatima, 2018). In Southern France, approximately 4% of E. coli isolates from
community-acquired urinary tract infections are extended-spectrum beta-lactamase producers
(Zucconi, 2018).Changing prevalence with time can occur as showin Northwestern Memorial
Hospital, Chicago USA, the percentage of ESBL-producing E. coliamong community-
onset urine isolates increased from 0.21% in 2003 to 2.99% in 2008, an increase from 14 times
from 2003 to 2008, where CTX-M-producing E. coli accounted for the majority of ESBLs
producers (Qi, 2010).

Our study has limitations. The samples could not represent the real susceptibility profile
of uncomplicated UTI, because uroculture is not recomended in first episod of uncomplicated
UTI. The empirical treatment is based in a positive test strip (leukocytos+ or nitrites +) and
clinical signs and symptoms. We don’t have information about clinical history, use of
antimicrobial therapy, recurrency of UTI and comorbiditys from patients. Fosfomycin was
tested in samples resistant to three quinolones, but do not for all samples. This antimicrobial
is expensive and is not offered free of charge by Public Health System, like, SMX- TMP,

ciprofloxacin, norfloxacin, cefalotin, amoxicilin and nitrofurantoin.

In conclusion SMX/TMP could be removed from first line treatment for community UTI.
Nitrofurantoine, fosfomiycin could have the lowest resistance standard and could be choose
empirical antimicrobial for uncomplicated UTI. Resistance to quinolone increases with age, the

treatment in older women should be guide by uroculture. Resistance to three quinolone was
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15,5% in this study, empirical treatment for pielonefritis should be avoided.
Continued education (Stewardship) is necessary for racional prescription, in an attempt to

decrease the selective pressure of resistance, hospital costs with hospitalization and deaths.



1

22

23
24
25

26

27

28

Table 1- Antimicrobial susceptibility of E. coli isolated from women acordding to age range

Amicacyn
Gentamicyn
Amoxicillin clavulanic
Ampicilin

Piperacillin tazobactan
Cefalotin

Cefepime
Ceftriaxone
Cefuroxim

Nalidixi acid
norfloxacin
ciprofloxacin
Ertapenem
Meropenem
nitrofurantoin

SMX /TMP

ESBL

TOTAL

<15

347

341

305

190

338

186

339

341

330

279

330

329

347

347

334

255

07

347

%
100
98,3
87,9
54,8
97,4
53,6
97,2
98,3
95,1
80,4
95,1
94,8
100
100
96,3
73,5
2,0

100

15-45

2130

2037

1901

1203

2091

1155

2079

2079

2009

1684

1941

1938

2135

2136

2072

1573

54

2139

%
99,6
95,2
88,9
56,2
97,8
54,0
97,2
97,2
93,9
78,7
90,7
90,6
99,8
99,9
96,9
73,5

2,5

100

*p valor qui square test or Exact Fisher Test

Variables with association significative: gentamicyn, amoxicilina- clavullanic, piparacilin

46-59

1113

1059

982

601

1084

574

1064

1062

1020

810

941

940

1106

1108

1082

781

47

1114

%
99,9
95,1
88,2
53,9
97,3
51,5
95,5
95,3
91,6
72,7
84,5
84,4
99,3
99,5
97,1
70,1

4,2

100

> 60

1769

1629

1518

924

1703

855

1635

1625

1500

1096

1306

1303

1770

1767

1698

1200

147

1777

%
99,5
91,7
85,4
52,0
95,8
48,1

92
91,4
84,4
61,7
73,5
73,3
99,6
99,4
95,6
67,5

8,3

100

Valor de p*
3
0,255
<0,001
0,011
0,068
0,005
0,003
<0,001
<0,00T
<0£Xff
<0,001
<0£Xﬁ4
<0,001
0,08%6
0,059
0,0798
<0,001

<0,0Q10

tazobactan, cefalotin, cefepime, ceftriaxone, cefuroxime, nalidixi acid, norfloxacin,

ciprofloxacin, SMX/TMP

39
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Table 2- Antimticrobial Susceptibility of samples resistant to three quinolones according to

age range

Amicacyn
Gentamicyn
Amoxicillin clavulanic
Ampicilin

Piperacillin tazobactan
Cefalotin

Cefepime
Ceftriaxone
Cefuroxim
Ertapenem
Meropenem
nitrofurantoin
TMP/SMX

ESBL

TOTAL

17

17

15

02

15

05

13

13

12

17

17

16

07

05

17

<15
%
100
100
88,2
11,8
88,2
29,4
76,5
76,5
70,6
100
100
94,1
41,2
29,4

100

146

140

146

32

178

62

154

152

140

192

192

184

81

37

192

15-45

%
99,5
72,9

76
16,7
92,7
32,3
80,2
79,2
72,9
100
100
95,8
42,2
19,3

100

p valor qui square and test Exact Fisher Test

Vaiables with sigificant association (p<0,05): Amycacin, gentamicyn, cefuroxin, ertapenem

46-59

n %
166 100
135 81,3
130 78,3
46 27,7
158 95,2
58 349
140 84,3
141 84,9
122 73,5
161 97
164 98,8
159 95,8
78 47
24 14,5
166 100

> 60

338

350

338

89

417

127

359

353

201

456

457

426

200

105

461

%
99,6
75,9
73,3
19,3
90,5
27,5
77,9
76,6
63,1
98,9
99,1
92,4
43,4
22,8

100

Valor de p*

<0,001
0,031
0,339
0,041
0,246
0,294
0,349
0,158
0,024
0,076
0.414
0,254
0,809

0,102



1  FIGURE 1- STUDY POPULATION
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Gram positive
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beta- lactamase
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ARTIGO 2

Genomic analysis of Escherichia coli isolated from urine samples from patients in
South Brazil

Authors: Tano Z., Soncini JG., Kobayashi RKT., Pavanelli WR., Vespero EC.,
Abstract

Uropathogenic Escherichia coli (UPEC) is the leading cause of community-acquired
urinary tract infection (CAUTI).The increasing prevalence of CA-UTI caused by UPEC strains
resistant to broad-spectrum drugs complicates clinical management of these infections. Whole
genome sequencing 33 UPEC samples, Fluorquinolones resistant (FQ-R), from community
patients to characterize beta-lactamase and fluorquinolones genes of UPEC isolated from
cases of CA-UTI in a city in South of Brazil. The phylogenetic group B2 was the most frequent
in the sequenced samples. The iss (increased serum survival) gene responsible for the
increased resistance to the lytic effects of the serum was the most frequent virulence factor.
CTX m1s was the ESBL most frequently among the isolates. ST131 and ST648 were the most
frequently found, with CTX misrelated to ST131. Serogroups O25: H4 were related to ST131
while O1: H6 related to ST648. The most frequent resistance to quinolones were mutations in
the regions GyrA and ParC A of the regions that determine quinolone resistance (QRDR),
while the aac (6")-ib-cr gene present in plasmid-mediated resistance (PMQR).These findings
indicate that much of the prevalence of broad-spectrum drug-resistant CA-UTI in our region is
due to a limited set of pandemic lineages of UPEC circulating in thecommunity instead of

multiple genotypes selected by antimicrobial agents.

Background

Escherichia coli (E. coli) is the most common uropathogen in urinary tract Infection
(UTD) (Marrs, 2005), responsible for 80% of cases (Foxman al.,, 2003). Uropathogenic
Escherichia coli (UPEC), classified as Extraintestinal pathogenic E. coli (EXPEC), are one of
the most predominant causes of UTIs. E. coli strains are classified in the following phylogenetic
groups: A, B1, B2, C, D, E, F, and clade | (Clermont, 2013).

Commensal E. coli, with no pathogenic features, occur in gastrointestinal tract mucosa,
most often belonging to group A or B1; pathogenic E. coli responsible for intestinal infections
represent phylogenetic groups A, B1 or D. Extraintestinal infections belong to groups B2 and
D and Group E is related to group D (including O157: H7), while group F is related to the main
group B2. Clones of E. coli strains, which are genetically diverse but phenotypically
indistinguishable, have been assigned to cryptic clade | (Kéhler and Dobrindt, 2011; Tivendale,
2010)
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There are numerous virulence factors (VF) related to the pathogenicity of EXPEC with
a wide range of activities, from those related to bacteria colonization to those related to
virulence, including adhesins, toxins, iron acquisition factors, lipopolysaccharides,
polysaccharide capsules, and invasins, which are usually encoded on pathogenicity islands
(PAIs), plasmids and other mobile genetic elements. Mechanisms underlying the dynamics of
EXPEC transmission and the selection of virulent clones are still poorly understood and require
further research (Dale and Woodford; 2015).

Sequency analysis of housekeeping genes called Mutlilocus Sequence Typing (MLST)
explore with more accuracy the phylogenetic structure of E. coli species (Chaudhuri and
Henderson, 2012). This method based on determining the allel's types of selected
housekeeping genes and strains are assigned to Sequence Types, (STs) (Baldy-Chudzik,
2015). Analysis with MLST application showed faults and blanks in the past division of E. coli
into four main phylogenetic groups. Analysis with sequencing revealed that among E. coli
species there are hybrid groups and about 80—-85% of E. coli strains were incorrectly assigned
to phylogenetic groups (Wirth, 2006; Gordon, 2008; Clermont, 2013). With application of MLST
revealed that among multidrug resistant extraintestinal pathogenic E. coli strains the most
frequent is Sequence Type 131 (ST131) [Rogers, 2013]. ST131 is a clone of E. coli
disseminated worldwide and resistant to many antibiotics (Sarowska, 2019). Like ST131, also
ST405 and ST648 are considered high-risk lineages as they are associated with the spread of
resistance genes (Cruz Campos, 2020).

UTls are often treated with different broad-spectrum antibiotics, one with a narrow
spectrum of activity may be appropriate because of emerging concerns about infection with
resistant organisms, and antimicrobial susceptibility testing of the urinary pathogens
constitutes the basis for antibiotic therapy. However, in view of the increasing bacterial
resistance, regular monitoring of resistance patterns is necessary to improve guidelines for
empirical antibiotic therapy (Kripke,2005).

The emergence of E. coli isolates carrying several virulence and antimicrobial
resistance (AMR) genes represents a worrisome public health issue, which has been
associated with severe infections and therapeutic failure (Dale and Woodford; 2015; Cruz
Campos AC., 2020). So, this study aimed to characterize virulence, resistance genes to
quinolones and B-Lactamics, phylogenetic classification and MLST of UPEC samples isolated

from UTI patients in community.

Material and Methods.

Samples
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E. coli strains were isolated from urine samples collected from women attended by
Public Health service in a city in South Brazil from June 2016 to May 2017. A total of 5377 E.
coli strains were obtained from urine culture, of this 15,5% were resistant to all quinolones
tested. The aim of this study was evaluated the genome of E. coli samples isolated from
women age 18-44 resistant to all quinolones (Nalidixic acid, Norfloxacin, Ciprofloxacin) (FQ-
R). The strains were chosen of according to ERIC-PCR.

Identification and antimicrobial susceptibility

The identification and bacterial susceptibility were realized by automated VITEK®2
system, using GN ID card and AST 238 card, all from bioMérieux, USA. The bacterial
susceptibility was tested by 14 B-lactam and non-B-lactam antibiotics: ampicillin,
amoxicillin/clavulanate, ceftriaxone, cefepime, ertapenem, meropenem, nalidixic acid,
ciprofloxacin, norfloxacin, gentamicin, amikacin nitrofurantoin, trimethoprim-sulfamethoxazole
and piperacillin-tazobactam. The interpretation was performed according to the CLSI 2017
(Clinical and Laboratory Standards Institute) criteria.E. coli ATCC25922 was used as quality
control strain. All the isolates were kept in Tryptic Soy Broth (TSB) with 15% glycerol (-20-C).

Phylogenetic Classification

The E. coli isolates were classified into 7 phylogenetic groups (A, B1, B2, C, D, E, and
F), based on the presence of the genes chuA, yjaA, arpA, and trpA, and a DNA fragment
(TSPEA4.C2), which were detected by the PCR method (Clermont et al., 2013).

Analysis of Genetic Variability

Enterobacterial Repetitive Intergenic Consensus (ERIC-PCR) was performed as
previously described by Versalovic et al. (1994).The products were stained by ethidium
bromide (Invitrogen, Carlsbad, USA) and observed under UV light. The sizes of the fragments
were first normalized according to the molecular weight of the DNA markers, and then the
fingerprints were analyzed using BioNumerics software (Applied Mathematics, Kortrijk,
Belgium, version 4.6), with a position tolerance of 3%. The samples were submitted to similarity
analyses using the UPGMA algorithm (unweighted pair-group method, with arithmetic) with the
Dice coefficient. DNA fragments greater than 12,000 bp or smaller than 200 bp were excluded

from the analysis. Strains were considered genetically related if the similarity index was = 85%.

DNA isolation and whole-genome sequencing
For DNA extraction, strains were grown on Mueller-Hinton Agar for overnight at 37 °C.

Subsequently, a single colony was inoculated in 2 mL of Luria-Bertani broth for 12 hours at 37
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°C.The suspension was used to continue extraction and purification by the DNA extraction kit
(Invitrogen, Carlsbad, CA). To quantify the concentration of extracted DNA, the Qubit dsDNA
(double-stranded DNA) BR assay kit (Invitrogen, Carlsbad, CA) was used. After quantification,
the DNA was used to construct a paired-end library (150 bp), which was sequenced using the
NextSeq platform (lllumina). The instructions of each manufacturer were followed in all steps.

Bioinformatic analysis

Genome assemblies was performed by the CLC Genomics Workblench version 7.0
(Aarhus,Denmark). Multilocus sequence type (MLST), resistome and virulome were identified
using bioinformatics tools available from the Center for Genomic Epidemiology
(http://genomicepidemiology.org/), like MLST 2.0, PlasmidFinder 2.0, ResFinder 3.1 and

VirulenceFinder 2.0.

Results

In this study 33 E.coli isolates were resistant to all three quinolones tested and were
used for genome analysis. Antimicrobial resistance profile revelead 25 samples with ESBL
phenotype. Resistance to others antimicrobial agents like Sulfamethoxazole/Trimetropin was
high, while to carbapenems and aminoglycosides the suscepyibility is 100%.

The phylogenetic grouping founded were: B2 group 54,5%(n=18), following by Group
B1 9,0% (n=3), Group A, C E and F with 6,1 (n=2) each, unknown 12,1% (n=4). Group D was
not found. Table 1 show phylogenetic group and susceptibility to antimicrobial agents.

In this samples, 87% have at least three virulence factors, ranging from 1 to 8 genes.
The virulence factor gene found more frequently was iss (n=24), follwing by IpfA (n=17), gag
(n=16), iha (n=12), eilA (n=11) and air (n=10) (figure 1)

The result of the ERIC-PCR and sequencing genome analysis showed genetic diversity
amog samples (figure 1). The ST also demonstrated high diversity, ST 131 and ST 648 were
more frequent. The ST131, serotype O25:H4, was present in 8 samples, following by ST 648,
serotype O1:H6 in six. Table 1 show all virulence factors gene, serotype and sequency type of
all samples and susceptibility profile.

Among Quinolone Resistance Determinant Region (QRDR), all the strains selected
had gyrA and parC mutations, while 69.7% had parE mutations too. Five types of mutations
were found in parC, being S80I the most frequent (97%); while in gyrA we found three different
mutations, being S83L (100%) and D87N (93.3%) the most frequent; and four types of
mutations were four found in parE, being S458A (30.3%) the most common. Plasmid-mediated

quinolone resistance (PMQR) determinants, the aac(6')-lb-cr (aminoglycoside
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acetyltransferase) gene was found in five strains and gqnrB19 in two. Figure 1 show the ST,
guinolone resistance genes, ESBL genes and

Discussion

Whole genome sequencing has become the key technology for understanding AMR pathogen
evolution, population dynamics, and genomic epidemiology, as it provides a far greater degree
of resolution than previous genotyping methods (Baker, 2018). In this study, 33 UPEC
samples, FQ-R, from community patients were sequenced in order to understand their
pathogenicity and endemicity. The choice of sequencing FQ-R samples went based in that
fluoroquinolones have been frequently prescribed as empirical therapy against community
infections due to increased appearance of multiple drug resistant Gram-negative pathogens
and to the disease severity. In Brazil has one of the highest rates of resistance to quinolones
among Latin American countries. A report from the SENTRY Antimicrobial Surveillance
Program revealed that resistance to nalidixic acid of Salmonella spp. was higher in Latin
American (15%) than in North America (6.3%), being as high as 50% in Mexico and 33.6% in
Brazil (Biedenbach, 2006). Brazilian investigators confirmed the information reporting that the
significant increase in resistance of Enterobacteriaceae to quinolones detected in Brazilian
Medical Centers may be related to increased drug use in community acquired infections
(Minarini; Darini, 2012).

Phylogenetic classification of EXPEC isolates can be performed based on the
detection of the chuA, yjaA, arpA, trpA genes, and DNA fragment known as TSPE4.C2
(Clermont et al., 2013). We detected B2 as the most prevalent phylogenetic groups among
UPEC isolates. In fact, another study also showed that B2 was reported to be most common
phylogenetic group in EXPEC (Micenkova et al., 2017). This phylogenetic group B2 and D of
EXPEC have higher virulence in humans that allows them to induce extraintestinal infections

in both healthy and compromised hosts (Fratamico et al., 2016).

One of the main mechanisms of fluoroquinolone resistance is amino acid substitutions
in the DNA gyrase and topoisomerase IV proteins, in particular in GyrA and ParC (Ruiz, 2003;
Hopkinsetal., 2005). Several resistance mutations have been characterized in E. coli, and the
majority of these are located in the QRDR defined as cddons 67-106 in gyrA and 56—108in
parC (E. coli numbering). Certain single mutations in gyrA are sufficient to generate high-level
resistance to nalidixic acid, a non-fluorinated first generation quinolone. Additional mutations
in gyrA or other typel topoisomerase genes are, however, necessary for high-level resistance

to later generations of fluoroquinolones, such as ciprofloxacin (Hopkinsetal., 2005). Indeed, a
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study of 58 FQ-R clinical E. coli isolates from two hospitals in Houston, TX, USA, found that
all isolates had aminoacid substitutions in GyrA and approximately 85% had additional
substitutions in ParC (Morgan-Linnell et al., 2009), confirming chromosomal mutations as the
main mechanism of clinically relevant fluoroquinolone resistance. The frequency of resistant
invasive E. coli infections in Europe in 2012 ranged from 9.7% in Iceland to 42.0% in Cyprus
(ECDC, 2013). Surveillance outside of Europe is less systematic, but a hospital in India
reported that as many as 73% of uropathogenic E. coli infections were resistant to ciprofloxacin
(Mandaletal., 2012). In this study all the strains selected had gyrA and parC mutations, being
S80I the most frequent in parC; while in gyrA we found three different mutations, being S83L,
in all samples, following of D87N the most frequent; and four types of mutations were four
found in parE, being S458A.

The Aac(6)-Ib-cr variant, an enzyme usually encoded by a plasmid-borne gene,
extends its drug targets to include fluoroquinolones (FQs) in addition to aminoglycosides. It is
characterized by amino acid changes at codon 102 (Trp—Arg) and codon 179 (Asp—Tyr). The
Aac(6')-1b-cr protein is able to specifically acetylate hydrophilic FQs presenting a free
piperazinyl amine (i.e. ciprofloxacin and norfloxacin) (Robicsek 2006). The association of
aac(6’)-1b-cr with genes encoding the beta-lactamase CTX-M-15 or other ESBLs has been
reported (Pitout et al. 2008). Furthermore, it should be noted that PMQR genes may facilitate
the emergence of quinolone resistance, which would have thera-peutic implications
(Rodriguez-Martinez et al. 2011). In this study, Aac(6")-Ib-cr went the PMQR genes most and
was related to ST 131.

This worldwide increase in resistance of UPEC is associated with specific evolutionary
successful lineages, such as the often multidrug-resistant, as ST131 clone (Mathers et al.,
2015; Price et al., 2013). Isolates of this lineage often belong to phylogenetic group B2 and
serotype O25b:H4 and possess a variable combination and number of virulence genes, which
may be responsible for their virulence potential and successful global spread (Dahbi et al.,
2013; Peirano and Pitout, 2014). MDR-EXPEC clones are often associated with plasmid-based
Extended-Spectrum Beta-Lactamase (ESBL) genes, such as the frequently detected CTX-M-
15 genes (Johnson et al., 2012). Recently, the classification of ST131 isolates in virotypes
according to the presence of specific virulence genes was introduced, virotype C being the
most prevalent among ESBL-producing ST131 E. coli (Miyoshi-akiyama et al., 2016). Other
evolutionary successful lineages, as ST69, ST73, ST405, and ST648, have been associated
with an enhanced ability to colonize and persist in the host. Like ST131, also ST405 and ST648
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are considered high-risk lineages as they are associated with the spread of resistance genes.
In this study, the samples with ST 131 were also the majority CTX-M-15, following ST648.

In conclusion, our results suggest that the community prevalence of antimicrobial resistant UTI
is strongly linked to the community dissemination of pandemic lineages of EXPEC. Future
studies are warranted to identify factors driving the dissemination of these resistant UPEC

genotypes in this and other communities.



w

O 00 N oo u b

10
11
12
13
14
15
16
17

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

53
REFERENCES

Baker S, Thomson N, Weill FX, Holt KE. Genomic insights into the emergence and spread of
antimicrobial-resistant bacterial pathogens. Science. 2018 May 18;360(6390):733-738.

Baldy-Chudzik K, Bok E, Mazurek J. Znane i nowe warianty patogennych Escherichia coli jako
konsekwencja plastycznego genomu [Well-known and new variants of pathogenic Escherichia
coli as a consequence of the plastic genome]. Postepy Hig Med Dosw (Online). 2015 Mar
17,69:345-61.

Biedenbach DJ, Toleman M, Walsh TR, Jones RN. Analysis of Salmonella spp. with resistance
to extended-spectrum cephalosporins and fluoroquinolones isolated in North America and
Latin America: report from the SENTRY Antimicrobial Surveillance Program (1997-2004).
Diagn Microbiol Infect Dis. 2006 Jan;54(1):13-21.

Marrs CF, Zhang L, Foxman B. Escherichia coli mediated urinary tract infections: are there
distinct uropathogenic E. coli (UPEC) pathotypes? FEMS Microbiol Lett. 2005 Nov
15;252(2):183-90.

Clermont O, Christenson JK, Denamur E, Gordon DM. The Clermont Escherichia coli phylo-
typing method revisited: improvement of specificity and detection of new phylo-groups.
Environ Microbiol Rep. 2013 Feb;5(1):58-65.

da Cruz Campos AC, Couto N, Lucas da Silva Andrade N, Friedrich AW, de Paula Rosa AC,
Vieira Damasco P, Chlebowicz-Fliss MA, Rossen JWA; SOLIDNESS Working Group.
Virulence and resistance properties of E. coli isolated from urine samples of hospitalized
patients in Rio de Janeiro, Brazil - The role of mobile genetic elements. Int J Med Microbiol.
2020 Dec;310(8):151453.

Dale AP, Woodford N. Extra-intestinal pathogenic Escherichia coli (EXPEC): Disease, carriage
and clones. J Infect. 2015 Dec;71(6):615-26

Foxman B, Brown P. Epidemiology of urinary tract infections: transmission and risk factors,
incidence, and costs. Infect Dis Clin North Am. 2003 Jun;17(2):227-41.

Fratamico PM, DebRoy C, Liu Y, Needleman DS, Baranzoni GM, Feng P. Advances in
Molecular Serotyping and Subtyping of Escherichia coli. Front Microbiol. 2016 May 3;7:644.
Gordon DM, Clermont O, Tolley H, Denamur E. Assigning Escherichia coli strains to
phylogenetic groups: multi-locus sequence typing versus the PCR triplex method. Environ
Microbiol. 2008 Oct;10(10):2484-96.

Frasson |, Cavallaro A, Bergo C, Richter SN, Palu G. Prevalence of aac(6')-Ib-cr plasmid-

mediated and chromosome-encoded fluoroquinolone resistance in Enterobacteriaceae in Italy.



O 00 N o U B W N

[ERY
o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

54

Gut Pathog. 2011 Aug 9;3(1):12. doi: 10.1186/1757-4749-3-12. PMID: 21827661; PMCID:
PMC3163596.

Johnson JR, Owens KL, Clabots CR, Weissman SJ, Cannon SB. Phylogenetic relationships
among clonal groups of extraintestinal pathogenic Escherichia coli as assessed by multi-locus
sequence analysis. Microbes Infect. 2006 Jun;8(7):1702-13.

Kohler CD, Dobrindt U. What defines extraintestinal pathogenic Escherichia coli? Int J Med
Microbiol. 2011 Dec;301(8):642-7.

Minarini LA, Darini AL. Mutations in the quinolone resistance-determining regions of gyrA and
parC in Enterobacteriaceae isolates from Brazil. Braz J Microbiol. 2012 Oct;43(4):1309-14.
Micenkova L, Beriova A, Frankoviéova L, Bosak J, Vrba M, Sevéikova A, Kmetova M, émajs
D. Human Escherichia coli isolates from hemocultures: Septicemia linked to urogenital tract
infections is caused by isolates harboring more virulence genes than bacteraemia linked to
other conditions. Int J Med Microbiol. 2017 Apr;307(3):182-189.

Pitout JD, Wei Y, Church DL, Gregson DB. Surveillance for plasmid-mediated quinolone
resistance determinants in Enterobacteriaceae within the Calgary Health Region, Canada: the
emergence of aac(6")-lb-cr. J Antimicrob Chemother. 2008 May;61(5):999-1002.
Rodriguez-Martinez JM, Cano ME, Velasco C, Martinez-Martinez L, Pascual A. Plasmid-
mediated quinolone resistance: an update. J Infect Chemother. 2011 Apr;17(2):149-82
Rogers BA, Doi Y. Who is leading this dance? Understanding the spread of Escherichia coli
sequence type 131. Infect Control Hosp Epidemiol. 2013 Apr;34(4):370-2

Sarowska J; Futoma-Koloch, B; Jama-Kmiecik, A; Frej-Madrzak, M; Ksiazczyk, M;
Bugla-Ploskonska G, Choroszy-Krol, 1. Virulence factors, prevalence and potential
transmission of extraintestinal pathogenic Escherichia coli isolated from different sources:
recent reports.Gut Pathog (2019) 11:10

Tivendale KA, Logue CM, Kariyawasam S, Jordan D, Hussein A, Li G, Wannemuehler Y, Nolan LK.
Avian-pathogenic Escherichia coli strains are similar to neonatal meningitis E. coli strains and are able
to cause meningitis in the rat model of human disease. Infect Immun.2010;78:3412-9.
Robicsek A, Strahilevitz J, Jacoby GA, Macielag M, Abbanat D, Park CH, Bush K, Hooper DC.
Fluoroquinolone-modifying enzyme: a new adaptation of a common aminoglycoside
acetyltransferase. Nat Med. 2006;12:83—-88

Versalovic J, Koeuth T, Lupski JR. Distribution of repetitive DNA sequences in eubacteria and
application to fingerprinting of bacterial genomes. Nucleic Acids Res. 1991 Dec
25;19(24):6823-31.



[EEN
QWO N o un b W N B

[EEN
[N

12

13

14

15

55

Wirth T, Falush D, Lan R, Colles F, Mensa P, Wieler LH, Karch H, Reeves PR, Maiden MC,
Ochman H, Achtman M. Sex and virulence in Escherichiacoli: an evolutionary perspective. Mol
Microbiol. 2006;60:1136-51.

Yun KW, Kim HY, Park HK, Kim W, Lim IS. Virulence factors of uropathogenic Escherichia coli
of urinary tract infections and asymptomatic bacteriuria in children. J Microbiol Immunol Infect.
2014 Dec;47(6):455-61.



TABLE 1- Antimicrobial Susceptibility Profile according phylogenetic group

AMK AMC AMP | CEFAL | CEFEP | CEFT | CXM ERT GEN MER NIT PIP SMX

Phylogenetic
N/% N/% N/% N/% N/% N/% N/% N/% N/% N/% N/% N/% N/%

group
Group A 2(100) [1(50) [0(0) |0(0) 1(50) |1(50) |0(0) 2 (100) | 2(100) | 2(100) | 2(100) |1 (50) 1 (50)
Group B1 3(100) | 0(0) 0(0) |0(0) 2(66,6) | 2(66,6) | 133,3) | 3(100) |2(66,6) | 3(100 |3(100 |3(100) | 2(66,6)
Group B2 18 (100) | 6 (33,3) | 0(0) | 0(0) 4(22,2) |4(22,2) | 4(22,2) | 18 (100) | 8 (44,4) | 18 (100) | 17 (94,4) | 14 (77,8) | 5 (27,8)
Group C 2(100) [1(50) |0(0) |0(0) 0 (0) 0 (0) 0 (0) 2(100) | 2(100) | 2(100) | 2(100) |2(100) | 1 (50)
Group E 2(100) [1(50) |[1(50) |1(50) |1(50) |[1(50) |1(50) |2(100) |1(50) |2(100) |2 (100) |2(100) | 1(50)
Group F 2(100) |0(0) 0(0) |0(0) 0 (0) 0 (0) 0 (0) 2(100) [1(50) |[2(100) |2(100) |2(100) [0(0)
Unknown 4(100) [1(25) |0(0) |0(0) 1(25) |[1(25) |1(25) |4(100) |3(75) |4(100) |4 (100 3 (75) 0 (0)
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ARTIGO 3 (Submetido a Revista Microbiology Resource Announcements)
Genome Sequences of three Escherichia coli isolated from community-acquired urinary
tract infections in Brazil
Zuleica Naomi Tano, Joao Gabriel Soncini Louise Cerdeira, Vivian D’Afonseca, Nilton

Lincopan, Eliana CarolinaVespero, Wander Rogério Pavanelli

ABSTRACT

Escherichia coli is a common inhabitant of the gastrointestinal tract and also an important
human pathogen.Three Escherichia coli isolated from community-acquired urinary tract
infections(UTI) in Brazil were identifiedduringa genomic surveillance. In this study, we
reportthe draft genomes of E.coli (ST57, ST59 and ST393), which present different
antimicrobial resistance profiles and classical repertory of virulence genes.These data could

provide insights to understandingthe pathogenicity of these strains.

ANNOUNCEMENT

Escherichia coli is a common inhabitant of the gastrointestinal tract of most warm-
blooded mammals and it is an important human pathogen (1). Urinary tract infection (UTI) is
the second most common bacterial infection managed in primary care and uropathogenicE.
coli (UPEC) is responsible for 75% to 95% of the cases (2). Itis estimated that half of women
will have at least one UTI during their lifetimes, generating a high annual expenditure on
healthcare services. (3-4). Additionally, infections caused by extended spectrum B-lactamase
(ESBL)-producing E. coli represent a significant healthcare and their isolation from food-
production animals are increased worldwide, especially from chicken meat (5-6).We report
three draft genome sequences of multidrug-resistant E. colistrains(ST57, ST59 and
ST393).These bacteria wereisolated from community-acquired urinary tract infections (UTI) in

Brazil during a genomic surveillancein South region.
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Genomic DNA was extracted using a PureLink™ Quick Gel Extraction Kit (Life
Technologies, CA). The quality and concentration of genomic DNA were assessed using a
Qubitl 2.0 fluorometer (Life Technologies). Libraries were prepared with a NexteraXT library
prep kit (lllumina Inc., San Diego, CA). The samples were sequenced via lllumina Next Seq
500 platform (lllumina Inc., San Diego, CA), using 150-bppaired-end reads. Reads were de
novo assembled using Unicylerv0.4.0 software (7). The E. coligenomes were annotated using
the Prokaryotic Genome Annotation Pipeline v.3.2 (PGAP) from National Center for
Biotechnology Information (NCBI). Multilocus sequence type (MLST), antimicrobial resistance
(AMR) genes, virulence factors and plasmid repliconswere predicted using the MLST 2.0,
PMLST 2.0, ResFinder 4.1, FimTyper 1.0,VirulenceFinder 2.0 and PlasmidFinder 2.1

(https://cge.cbs.dtu.dk/services/)softwares (8).

For ST57, ST59 and ST393 the sequencing yielded 9.234.415, 9.103.782 and
8.915.121 paired-end reads with (231, 228 and 223 coverages) and 266, 212 and 104 contigs
respectively. The draft genomes were of length 147,4 bp (ST57); 148,4 bp (ST59) and 148,2
bp (ST393) with mean GC content of 99,72%, 99,87% and 99,83%. A total of 4871 CDS, 83
tRNAs and 0 rRNAs were annotated for ST57 strain. For ST59 the numbers were (4802, 85
and 10) and for ST393 were (4803, 85 and 0).

MultipleAMRprofileswere identified in allgenomes. ST57 and ST59 shared a similar
antimicrobialprofile, whichthey were resistant to several beta-lactam antibiotics. Additionally,
these strains harbor Col-like resistance plasmids, ST57 carriesCol(MP18), ColRNAI and
Col(MG828) and ST59%harborstheCol(BS512). ST393 presented resistance to quinolones and
fluoroquinolones antibiotics. This strain carries the genes parC, pare andgyrA mutated and
IncF, IncX4 and p0111 plasmids.

Concerning virulence, adhesins as ipfA (ST393 and ST59) andiha(all), toxins factors
as sigA (ST57) and sat (ST393 and ST59) and environment resistance as iss(ST393 and
ST57) and gad (ST57 and 59) are present in these genomes. ST57 carries microcin H47 unit

compose of mchB, mchC, mchFgenes.
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In summary, the genome information provided to these three sequences may help to

better understand the pathogenicity basis of circulating E. coli in Brazil.

Data availability. Draft whole-genome assemblies were depositedinDDBJ/ENA/GenBank
under the SRA accession numbersSRR10310388 (ST57), SRR10310390 (ST59) and

SRR10310415 (ST393).
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9.CONCLUSAO

A nitrofurantoina e a fosfomicina sédo boas op¢des para o tratamento de primeira escolha para

as infec¢des urinarias ndo complicadas.

O SMX-TPM apresentou resisténcia elevada, ndo sendo indicado para o tratamento de ITU

ndo complicada em pacientes da comunidade.

A resisténcia as quinolonas aumenta proporcionalmente a faixa etaria. Nos maiores de 60

anos a norfloxacina e a ciprofloxacina apresentam 27% de resisténcia.

A presenca de amostras ESBL aumentou proporcionalmente a faixa etéaria, alcancando 8,3%

em pacientes acima de 60 anos.
O grupo filogenético B2 foi o mais frequente nas amostras sequenciadas.

O gene iss (increased serum survival), responsavel pelo aumento da resisténcia aos efeitos

liticos do soro, foi o fator de viruléncia mais frequente.
A CTX M15 foi a ESBL mais frequentemente encontrada entre os isolados.

O ST131 e o ST648 foram os mais frequentemente encontrados, sendo o CTX M15

relacionado ao ST131.

Os sorogrupos 025:H4 foram relacionados ao ST131, enquanto o O1:H6 foi relacionado ao
ST648.

A resisténcia mais frequente as quinolonas foram as mutagfes nas regides GyrA e ParC das
regibes determinantes de resisténcia as quinolonas (QRDR), enquanto o gene aac(6’)-ib-cr

esteve presente na resisténcia mediada por plasmidio (PMQR).
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10.CONSIDERACOES FINAIS

O estudo permite concluir que o SMX-TMP poderia ser substituido pela nitrofurantoina como

primeira escolha no tratamento das infec¢ées urinarias ndo complicadas.

A fosfomicina apresentou sensibilidade aproximada de 98,3% em amostras resistentes as
gquinolonas, porém é uma medicacao que nao esta no rol de antimicrobianos disponiveis nos

postos de salde para tratamento gratuito.

O uso de cefalosporina de 12 geracdo, como a cefalotina, deve ser realizado com precaucao

pela alta resisténcia encontrada, assim como a ampicilina.

A cefuroxima axetil, uma cefalosporina de 22 geracdo, apresentou sensibilidade proxima de

95%, porém também nao esta disponivel para tratamento gratuito nos postos de saude.

As quinolonas tém aumento da resisténcia proporcional a idade. Mulheres acima de 60 anos
possuem maior risco de resisténcia, ndo sendo apropriado seu uso empirico em infecgées de

trato urinario complicadas, exceto quando houver um antibiograma em maos.
Este estudo possui algumas limitagdes:

N&o houve controle sobre os sintomas apresentados pelas pacientes como disuria, urgéncia
miccional ou dor em baixo ventre. O estudo teve acesso apenas aos dados demograficos e
microbioldgicos, portanto, ndo se sabe se as culturas obtidas representam bacteridria

assintomatica, infeccdo urinaria ndo complicada ou complicada.

Para minimizar esses vieses, obteve-se apenas uroculturas de mulheres (infecgfes urinarias
em homens séo consideradas complicadas) e as avaliagdes de resisténcia as quinolonas
foram realizadas em mulheres entre 15 e 45 anos, faixa etaria comum de infec¢cdes néo

complicadas.

E necesséria educacéo continuada em antimicrobianos (Stewardship), para que haja um uso
racional na tentativa de diminuicdo da presséo seletiva da resisténcia, custos hospitalares

com internacao e mortes.
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