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RESUMO

Introducdo: Pseudomonas aeruginosa esta frequentemente envolvida com infecgdes
relacionadas a assisténcia a saude (IRAS) no Brasil, altas taxas de mortalidade e possui uma
grande capacidade de desenvolver ou adquirir resisténcia aos antimicrobianos. Objetivos: Este
estudo investigou o impacto da terapia antimicrobiana inapropriada na evolugdo de pacientes
com infec¢do por P. aeruginosa resistentes aos carbapenémicos € sua associagdo com genes
responsaveis por codificarem as metalo-f-lactamases (blamp, blaviv, blasm, blacim, blaspwm,
blanpm) e exotoxinas do Sistema de Secrecao Tipo III (T3SS III) - exoS, exoT, exoU e exoY.
Material e Métodos: Foi realizada uma coorte retrospectiva para determinar os fatores de risco
para mortalidade em 30 dias e o impacto da terapia empirica inapropriada em pacientes com
primeiro episodio infeccioso por P. aeruginosa (262 pacientes). Os genes blawp, blaviv, blasiv,
blacim e blaspm, os genes do T3SS III (exoT, exoS, exoY, exoU) foram detectados por PCR.
Resultados: Os resultados obtidos foram assustadores quando se trata da taxa de mortalidade.
Observou-se que 17.9% dos pacientes com infec¢do morreram em até 5 dias do diagndstico e a
taxa de terapia empirica inapropriada foi de 52,7% e esteve associada ao pior prognostico. A
maioria dos pacientes incluidos no estudo apresentou infec¢do por P. aeruginosa
multirresistente (59,5%). Além disso, pacientes com comorbidades que desenvolveram
infeccdes por P. aeruginosa apresentaram maiores chances de receberem terapia empirica
inapropriada e a taxa de mortalidade foi significativamente maior nesse grupo (75,5%). Além
da Terapia empirica inapropriada, o tempo de hospitalizacdo prolongado; a presenca de
comorbidades como: neoplasia, nefropatia e cardiopatia; uso de dispositivos invasivos, foram
fatores independentes para a mortalidade precoce. Os resultados sdo ainda mais significativos
considerando que 64.5% dos isolados apresentaram gene T3SS, sendo a exoT o gene mais
comum. Apesar do gene exoU ter sido encontrado em menos de 20% dos isolados avaliados,
esse genotipo foi significativamente mais frequente entre amostras multirresistentes (80%) e
associado com pior prognodstico em 46,7% dos casos. Conclusdes: Estes resultados
demonstram que P. aeruginosa continua sendo um dos patdgenos mais importantes no ambiente
hospitalar, acometendo na sua maioria pacientes criticos. Aqui, percebemos que a terapia
antimicrobiana inapropriada est4 intimamente relacionada com o pior progndstico dos pacientes
principalmente naqueles com infec¢des mais graves como bacteremia e pneumonia. Nossos
resultados sugerem também que a multirresisténcia associada com viruléncia (T3SS III) deve
ser adicionada a lista de fatores responsaveis para o aumento das taxas de mortalidade nesses
pacientes. Independentemente, da baixa deteccdo de genes associados a resisténcia aos
carbapenémicos na nossa coorte, a importancia da combinagdo de mecanismos que levam a
resisténcia deve ser considerada e estudada. Este estudo torna-se fundamental para que, em um
futuro proximo, novas estratégias possam ser formuladas e implementadas a fim de diminuir a
taxa de infeccdo por P. aeruginosa multirresistente, a prescricdo de terapia empirica
inapropriada e, consequentemente, reduzir de forma significativa as taxas de mortalidade.

Palavras-chave: Pseudomonas aeruginosa, multirresisténcia, T3SS III, mortalidade
hospitalar, resisténcia aos carbapenémicos, terapia empirica inapropriada.



ABSTRACT

Introduction: Pseudomonas aeruginosa is frequently involved with healthcare-related
infections (HAIs) in Brazil, high mortality rates and has a great capacity to develop or acquire
resistance to antimicrobials. Objectives: This study investigated the impact of inappropriate
antimicrobial therapy on the evolution of patients with carbapenem-resistant P. aeruginosa
infection and its association with genes responsible for encoding metallo-p-lactamases (blamp,
blavim, blasm, blaciv, blasem, blanpm) and exotoxins of the Type III Secretion System (T3SS
IIT) - exoS, exoT, exoU and exoY. Material and methods: A retrospective cohort was
performed to determine risk factors for mortality within 30 days and the impact of inappropriate
empirical therapy on patients with a first infectious episode due to P. aeruginosa (262 patients).
The blawp, blavim, blasim, blagim and blaspm genes, the T3SS genes (exoT, exoS, exoY, exoU)
were detected by PCR. Results: The results obtained were frightening when it comes to the
mortality rate. It was observed that 17.9% of patients with infection died within 5 days of
diagnosis and the rate of inappropriate empirical therapy was 52.7% and was associated with a
worse prognosis. Most of the patients included in the study had multidrug-resistant P.
aeruginosa infection (59.5%). Also, patients with comorbidities who developed P. aeruginosa
infections were more likely to receive inappropriate empirical therapy and the mortality rate
was significantly higher in this group (75.5%). In addition to inappropriate empirical therapy,
prolonged hospital stays; the presence of comorbidities such as neoplasia, nephropathy and
heart disease; the use of invasive devices, were independent factors for early mortality. The
results are even more significant considering that 64.5% of the isolates had a T3SS gene, exoT
being the most common gene. Although the exoU gene was found in less than 20% of the
isolates evaluated, this genotype was significantly more frequent among multiresistant samples
(80%) and associated with a worse prognosis in 46.7% of cases. Conclusions: These results
demonstrate that P. aeruginosa remains one of the most important pathogens in the hospital
environment, affecting mostly critical patients. Here, we realize that inappropriate antimicrobial
therapy is closely related to the worst prognosis for patients, especially those with more serious
infections such as bacteremia and pneumonia. Our results also suggest that multi resistance
associated with virulence (T3SS) should be added to the list of factors responsible for increased
mortality rates in these patients. Regardless of the low detection of genes associated with
resistance to carbapenems in our cohort, the importance of combining mechanisms that lead to
resistance must be considered and studied. This study becomes essential so that, shortly, new
strategies can be formulated and implemented to decrease the rate of infection by multidrug-
resistant P. aeruginosa, the prescription of inappropriate empirical therapy and, consequently,
significantly reduce the rates of mortality.

Keywords: Pseudomonas aeruginosa, multidrug resistance, T3SS, hospital mortality,
resistance to carbapenems, inappropriate empirical therapy.
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Infeccdes relacionadas a assisténcia a satide (IRAS) sdo um problema de saude publica,
que ocorre em hospitais do mundo todo, atraindo a atencdo de 6rgdos governamentais nacionais
e internacionais. Em paises em desenvolvimento a ocorréncia de IRAS chega a ser 20 vezes
maior em relacdo as taxas de paises desenvolvidos, fato atribuido a falta de recursos humanos
e infraestrutura, uso pouco criterioso e excessivo de antimicrobianos, aliado a dificuldade de
realizar medidas de controle, j& que até 30% dos casos sdo em pacientes admitidos em Unidades
de Terapia Intensiva (UTI) (ALP; DAMANI, 2015; PADOVEZE; FORTALEZA, 2014; ZAIDI
et al., 2005).

No Brasil, cerca de 15% dos pacientes internados em hospitais desenvolvem IRAS,
sendo que a frequéncia dos sitios mais acometidos varia entre os hospitais de diferentes regides
e por isso sdo reconhecidas pela Organizagdo Mundial da Satde (OMS) como grave risco para
pacientes internados (WHO, 2011). Piorando ainda mais a situagdo, essas infec¢cdes podem ser
causadas por bactérias multirresistentes, e por isso sdo reconhecidas como grave risco para
pacientes internados. Uma vez que o Brasil ¢ um pais de dimensdes continentais e,
consequentemente com grande diversidade de hospitais, ainda permanecem lacunas e
dificuldades no conhecimento da epidemiologia (cléssica e molecular) das IRAS causadas por
microrganismos multirresistentes em territdrio nacional (BOTELHO; GROSSO; PEIXE, 2019;
HORCAJADA et al., 2019).

Quanto a etiologia, a literatura mostra que infecgdes por bactérias Gram positivas,
principalmente Staphylococcus aureus, ainda correspondem a maioria das infeccoes em UTI e
enfermarias de paises desenvolvidos (PFALLER et al., 2020). No entanto, em paises em
desenvolvimento a realidade ¢ um pouco diferente, ja que bactérias Gram negativas tem sido
0s principais responsaveis como causa das IRAS (SANTOS et al., 2019; BRAGA et al., 2018;
SADER et al., 2016; SOSA et al., 2010).

Entre os principais microrganismos causadores de IRAS no pais e no mundo,
Pseudomonas aeruginosa destaca-se por ser um patdogeno que acomete principalmente
pacientes imunocomprometidos, incluindo aqueles com comorbidades, especialmente quando
internados em UTI (PONCE DE LEON et al., 2020; GONCALVES et al., 2017). A importancia
clinica de infec¢des por P. aeruginosa esta associada com sua dificil erradicacdo, considerando
que as opgoes para tratamento de infecgdes graves sao limitadas devido a incidéncia cada vez
maior de isolados multirresistentes (MDR), extensivamente resistentes (XDR) e pan-resistentes
(PDR) no ambiente hospitalar (SADER etal., 2018; WALKTY etal.,2017; PENA etal., 2015).

Esses fenotipos associados as IRAS, colaboram para o aumento das taxas de morbimortalidade,
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do tempo de hospitaliza¢do e dos custos com o paciente (PONCE DE LEON et al., 2020;
GONCALVES et al., 2017). P. aeruginosa também pode sobreviver no ambiente por longos
periodos de tempo, o que contribui significativamente para a transmissao pessoa-a-pessoa, além
da sua disseminacao levando ao aparecimento de surtos hospitalares (BOTELHO; GROSSO;
PEIXE, 2019; MORADALI et al.,2017; GELLATLY; HANCOCK, 2013; SILBY etal., 2011).

Cada vez mais, para completar a falta de dados existentes na epidemiologia das IRAS
causadas por microrganismos MDR, com destaque para aquelas causadas por P. aeruginosa, €
justificar seu sucesso no ambiente hospitalar, causando infec¢des relacionadas com alta
mortalidade, pesquisadores do mundo todo vem trabalhando em metodologias e técnicas mais
modernas e precisas. Dessa forma, podemos avancar no conhecimento epidemioldgico e
molecular da disseminagdo de patdgenos resistentes. Estudos ja realizados pelo nosso grupo de
investigagcdo tém adotado metodologias importantes no monitoramento de bactérias Gram
negativas multirresistentes de importancia epidemioldgica, incluindo P. aeruginosa,
elucidando fatores que possam contribuir para manuten¢ao desses microrganismos em diversos
ecossistemas, e fornecendo informacdes que podem potencializar estratégias de prevencao e

controle de infec¢des causadas por esses patogenos.

A presente tese de Doutorado foi realizada no Laboratorio de Microbiologia Molecular
do Instituto de Ciéncias Biomédicas da Universidade Federal de Uberlandia (UFU). Embora a
maioria das metodologias utilizadas nesse estudo tenham sido empregadas nesse laboratorio, a
equipe contou com a colaboracdo fundamental da Comissdao de Controle de Infec¢dao do

Hospital de Clinicas da Universidade Federal de Uberlandia.

Assim, este trabalho teve como objetivos principais:
1 - Avaliar a ocorréncia de infec¢des por P. aeruginosa diagnosticadas no Hospital de Clinicas
(HC) da UFU;
2 — Determinar a taxa de mortalidade por P. aeruginosa resistente a carbapenémicos no HC-

UFU durante os anos de estudo;

3 - Avaliar os principais preditores de mortalidade e o impacto da terapia antimicrobiana

inapropriada na evolucao clinica dos pacientes;

4 - Determinar os genes responsaveis por codificarem as metalo-p-lactamases (blamp, blaviv,

blasi, blacim, blaspm, blanpwm);
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5 - Determinar a frequéncia dos genes codificadores das exotoxinas do Sistema de Secre¢do

Tipo II (exoS, exoT, exoU e exoY).
Esta tese foi subdividida em sete capitulos, conforme apresentado a seguir:
Capitulo I: Fundamentagao Teorica

Capitulo II: artigo 1 - High mortality by nosocomial infections caused by carbapenem-resistant

P. aeruginosa in a referral hospital in Brazil: Facing the perfect storm.

Capitulo III: artigo 2 - The rising problem of hospital antimicrobial resistance and the

challenges of Antibiotic Prescription in Brazil

Capitulo IV: artigo 3 - Bloodstream infection caused by carbapenem-resistant P. aeruginosa:

impact of inappropriate empirical therapy in a referral hospital in Brazil.

Capitulo V: artigo 4 - Inappropriate empirical antibiotic treatment in patients with infections by
Pseudomonas aeruginosa in the era of multidrug resistance.

Capitulo VI: artigo 5 — Weighting the impact of genotype type III secretion system virulence
on the outcome of Carbapenem resistant Pseudomonas aeruginosa infections.

Capitulo VII — Consideragdes finais. Principais conquistas obtidas com o estudo, contribui¢des

e aplicabilidade dos resultados da pesquisa.

Os Capitulo II e III incluem os artigos que foram publicados nas revistas Journal of
Medical Microbiology e Journal of Chemotherapy, respectivamente. Por fim, os capitulos IV,

V e VI incluem os artigos a serem submetidos.
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Copituls I
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1 INFECCOES RELACIONADAS A ASSISTENCIA A SAUDE

Infecgdes relacionadas a assisténcia a satide sao um problema de saude publica, que
ocorre em hospitais do mundo todo. Esse tipo de infeccao chama a atengdo de 6rgaos de saude
de varios paises por acarretar aumento nos custos de hospitalizagdo de pacientes e por
apresentar elevadas taxas de morbimortalidade (ANVISA, 2013a; ANVISA 2013b;
BARSANTI 2009). Trata-se de uma questdo tanto bioldgica, historica e social que impacta
diretamente na seguranca em assisténcia a saude e representa um dos principais desafios

mundiais para qualidade dos cuidados em satde (OLIVEIRA; SILVA; LACERDA, 2016).

O reconhecimento da magnitude e dos fatores relacionados a incidéncia de IRAS em
nivel regional, nacional ou supranacional ¢ componente essencial de qualquer estratégia para
seu enfrentamento (PITTET; DONALDSON, 2006). Com isso varios aspectos devem ser
considerados, dentre eles os fatores de risco que favorecem o desenvolvimento dessas
infecgdes. De acordo com a literatura, alguns fatores de risco para o desenvolvimento de IRAS
sdo citados com maior frequéncia: idade mais avancada; gravidade da doenga de base; presenca
de comorbidades, como diabetes; uso prolongado de antimicrobianos, especialmente aqueles
de amplo espectro que podem exercer uma pressdo seletiva, resultando na emergéncia de
isolados multirresistentes; realizacdo de procedimentos invasivos, tais como: uso de cateter
venoso central (CVC), ventilagdo mecanica (VM), sondagem nasogastrica e vesical e intubacao
endotraqueal; tempo de hospitalizacao prolongado; falta e/ou falha nas medidas de prevengao,
dentre outros (PAPAZIAN; KLOMPAS; LUYT, 2020; PONCE DE LEON et al., 2020;
BRAGA et al., 2018; GONCALVES et al., 2017).

As UTIs sdo consideradas nucleos de emergéncia e disseminacdo de microrganismos
resistentes aos antimicrobianos, portanto, a internagdo nessas unidades também ¢ considerada
um fator de risco importante para o desenvolvimento de infec¢des hospitalares. Pacientes
admitidos nessas unidades apresentam notoriamente estado de satide mais grave, seja pelo fato
de terem realizado algum procedimento cirtirgico, ou por terem comorbidades cronicas mais
sérias, ou ainda por apresentarem scores de gravidade clinica mais elevados, apresentando,
portanto, um comprometimento imunologico maior e, na maioria dos casos, necessidade de
utilizagdo de varios dispositivos invasivos por tempo prolongado (MONTERO et al., 2020;
PAPAZIAN; KLOMPAS; LUYT, 2020; SANTOS et al., 2019; ALP; DAMANI, 2015). Além
disso, nessas unidades também existe uma alta frequéncia de contato profissional-paciente, e
isso favorece muito a transmissdo e disseminagdo de patdgenos epidemiologicamente

importantes, principalmente aqueles multirresistentes. Ainda associado, a baixa adesdo a
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higienizacdo das maos, bem como a sobrecarga de trabalho dos profissionais de saude, aliada
ainda a diversos problemas estruturais, fazem com que essas unidades sejam muito

problematicas nesses paises (ALP; DAMANI, 2015; MOREIRA et al., 2013).

Nos paises com poucos recursos financeiros, fazendo referéncia especial ao Brasil, os
dados sobre as taxas de IRAS, e os custos hospitalares em decorréncia dessas, sdo limitados e
frequentemente de baixa qualidade. Entretanto, existem evidéncias de que, quando essas
infec¢des sao associadas a procedimentos invasivos, essas taxas elevam-se substancialmente,
mesmo nos paises desenvolvidos (ALLEGRANZI et al., 2011). A literatura tem mostrado
poucos estudos de vigilancia nacionais ou multicéntricos em paises com poucos recursos

financeiros (ALP; DAMANI, 2015; ALLEGRANZI et al., 2011; ROSENTHAL et al., 2006).

Na América Latina, importantes dados de um programa de vigilancia de resisténcia a
antimicrobianos, (SENTRY Antimicrobial Surveillance Program), tem mostrado variagdes nas
taxas de IRAS causadas por germes resistentes ao longo do tempo (GALES et al., 2012). No
Brasil, poucos trabalhos multicéntricos sao importantes de serem mencionados no que se refere
ao controle e prevencao de IRAS, com destaque para o estudo de Starling; Couto; Pinheiro
(1997), Rosenthal et al. (2012), Padoveze et al. (2010), Fortaleza et al. (2017) ¢ Braga et al.
(2018). Em paises em desenvolvimento a ocorréncia de IRAS chega a ser 20 vezes maior em
relagdo as taxas de paises desenvolvidos, fato atribuido a falta de recursos humanos,
infraestrutura e medidas de controle, ja que até 30% dos casos s@o em pacientes admitidos em

UTI (ALP; DAMANI, 2015; PADOVEZE; FORTALEZA, 2014; ZAIDI et al., 2005).

No Brasil, hé pesquisas que observaram o trato urinario como sendo o mais acometido,
seguido do trato respiratério, corrente sanguinea e sitio cirirgico, ja em outros estudos, Infec¢ao
de Corrente Sanguinea (ICS) foi mais comum, seguido de pneumonia (BRAGA et al., 2018;
ANVISA, 2013a; ANVISA 2013b; OLIVEIRA et al., 2012). Um importante estudo foi
realizado nos hospitais brasileiros no periodo de 2011-2013, envolvendo hospitais de diferentes
tamanhos de 10 estados localizados nas cinco macrorregides do Brasil, compreendendo 152
hospitais (FORTALEZA et al., 2017). Esse estudo descreveu uma prevaléncia geral de IRAS
de 10,8%, sendo que a regido norte do Brasil apresentou maior predominio (12,2%) dessas
infecgoes, seguido pela regido centro-oeste (11,3%), regido sudeste (10,2), nordeste (9,3%) e
sul (8,3%). Em relacdo ao tipo de infec¢do, a pneumonia foi a mais frequente (3,6%), seguida
por infec¢des de corrente sanguinea (2,9%), infecgdes do sitio cirtrgico (1,5%) e infecgdes do
trato urinario (1,4%), sendo que a maior frequéncia das sindromes infecciosas foi encontrada

em recém-nascidos, lactantes e idosos (FORTALEZA et al., 2017).
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Quando observamos os estudos voltados para UTIs, como o de Braga e colaboradores
(2018), realizado em 28 UTIs localizadas no estado de Minas Gerais no Brasil, observou-se
prevaléncia superior de IRAS (51,2%) comparada com Estados Unidos (6,1%) e Europa
(48,4%), mas semelhantes a outros estudos brasileiros (RICHARDS, et al., 1999; VINCENT,
et al., 2009; BRAGA et al., 2018). Esta investigagdo também revelou que pneumonia foi tipo
de infeccdo mais frequente, seguido por infecgdes da corrente sanguinea e infec¢des do trato
urindrio, que juntas representaram 90,8% de todas as infec¢des nosocomiais (BRAGA et al.,

2018).

Os pulmoes constituem um dos principais sitios de infeccdo adquirada em ambiente
hospitalar, especialmente quando o paciente estd em uso de ventilagdo mecanica. Quando a
ocorrencia dessa infec¢do se dd apds 48 horas de uso de VM ou do processo de intubagdo
endotraqueal, ¢ denominada Pneumonia Associada a Ventilagdo Mecanica (PAV)
(PAPAZIAN; KLOMPAS; LUYT, 2020). Isso, porque, a presenca desses dispositivos
comprometem os mecanismos de defesa do individuo, como a tosse ¢ a barreira muco-ciliar,
favorecendo a microaspiracdo de secregdes da orofaringe colonizadas por microrganismos
potencialmente patogénicos como P. aeruginosa (PAPAZIAN; KLOMPAS; LUYT, 2020;
JOSEPH et al., 2010). A PAV ¢ considerada entre as IRAS a mais frequente, adquirida em
UTIs, com uma incidéncia variando de 6 a 52% (JOSEPH et al., 2010), e esta associada com o
tempo de ventilag¢do e periodo de internacdo longo, resultando em maior mortalidade e custos
hospitalares (CHAN; GRAVES; DELLIT, 2010). A importancia clinica da PAV tem sido
demonstrada por recentes estudos de vigilancia que mostram que esta ¢ uma infeccdo comum
em todos os continentes (ARABI et al.,2008; LEYLABADLO et al., 2017, POURMAND et
al., 2017). Estudos mostram que a taxa de PAV em hospitais da América do Norte varia entre
1 e 2,5 casos por 1000 ventilagdes-dia (DUDECK et al., 2013). Na Europa a taxa de incidéncia
de PAV ¢ um pouco maior, chegando a 18,3 episodios/1000 ventilagdes-dia em alguns hospitais
(KOULENTI; TSIGOU; RELLO, 2017) e esta associada a uma elevada taxa de mortalidade
(DENIS et al., 2019). Em paises em desenvolvimento a ocorréncia de PAV também ¢ elevada
(SOUZA et al., 2017; RESENDE et al., 2013). No Brasil, estudos realizados em hospitais
terciarios no Nordeste encontraram uma frequéncia de PAV variando entre 26,2% e 42,1%. No
HC-UFU, pesquisadores observaram que a mortalidade associada a PAV foi alta, ficando acima

de 50% (ROYER et al., 2015).

Além das PAVs, as infec¢des de corrente sanguinea, estdo entre as IRAS mais graves e

frequentes no ambiente hospitalar, e também sdo associadas a taxas elevadas de mortalidade e
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tempo de hospitalizacao prolongado (LAUPLAND et al., 2020; MITT et al., 2009). O aumento
observado nas taxas dessas infec¢des nas ultimas décadas, pode estar relacionado a utilizagao
frequente de cateter venoso central, que ¢ considerado o principal fator de risco para o
desenvolvimento desse tipo de infeccao (LAUPLAND et al., 2020; KAYE et al., 2010). As
bacteremias sdo classificadas em primadrias e secundérias. Nas primarias a fonte da infec¢do nao
¢ conhecida, sendo usualmente relacionadas ao uso de Cateter venoso central em mais de um
tergo dos casos (LEAL et al., 2019; VALLES etal.,2011; ZARKOTOU et al., 201 1). No Brasil,
as bacteremias primarias correspondem a maioria dos casos de ICS, sendo relatadas taxas entre
65.9% e 75,7% (LEAL et al., 2019; GONCALVES et al., 2017). Estando relacionadas a outros
sitios anatomicos, como pulmoes, trato geniturinario, ferida de sitio cirargico, dentre outros,

sao denominadas de bacteremias secundarias (MAYER, et al., 2012; PELEG; HOOPER, 2010).

Infecgdes por bactérias Gram positivas, principalmente Staphylococcus aureus, ainda
correspondem a maioria das infecgdes em UTI e enfermarias de paises desenvolvidos
(PFALLER et al., 2020). No entanto, um estudo realizado pelo Sentry entre 2010 e 2016,
envolvendo hospitais dos Estados Unidos e da Europa, verificou que bactérias Gram negativas
jé& sdo responsaveis por 46 ¢ 57% dos casos de IRAS nestes locais, respectivamente (MENDES
etal., 2018). J4 em estudo semelhante na América Latina mostrou que 53% dos microrganismos
isolados eram espécies de Gram negativos, com predominio das Enterobactérias (SADER et
al., 2016). No Brasil, um levantamento epidemioldgico realizado em 28 hospitais de nivel
terciario no estado de Minas Gerais encontrou uma frequéncia semelhante aquela relatada por
Sader e colaboradores (2016) em um estudo na América Latina porém, ndo fermentadores como
P. aeruginosa (27%) e Acinetobacter baumanni (27%), seguidos por Escherichia coli (19%)

foram as espécies mais isoladas (BRAGA et al., 2018).

Esses relatos revelam uma tendéncia de aumento das taxas de infec¢des em pacientes
hospitalizados no mundo todo, especialmente em paises em desenvolvimento, onde a
frequéncia de infec¢des por bactérias Gram negativas tem sido cada vez mais significativa,
sendo comum relatos desses microrganismos como 0s principais patdgenos isolados de

infec¢des nosocomiais (SOSA et al., 2010).

Nesse cenario, P. aeruginosa tem emergido como um dos principais patdogenos
responsaveis pela ocorréncia de IRAS, colaborando para o aumento das taxas de
morbimortalidade, do tempo de hospitalizagdo e dos custos com o paciente (PONCE DE LEON
et al., 2020; GONCALVES et al., 2017). Levantamentos epidemiologicos realizados em

diversos paises mostram que aproximadamente 10% do total de IRAS sdo causadas por P.
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aeruginosa, além de ser o principal agente responsavel pelos casos de pneumonia em hospitais
brasileiros, ter participagdo importante nas infec¢des de trato urindrio, corrente sanguinea e sitio
ciriirgico (SANTOS et al., 2019; BRAGA et al., 2018; DORTET; POIREL; NORDMANN,
2012).

Estudos epidemiologicos realizados em paises europeus apontam P. aeruginosa como
o principal microrganismo responsavel por episoédios de pneumonia, infecgdes do trato urinario
e ICS adquiridas em UTI (ECDC, 2018). Pesquisas de prevaléncia pontual de IRAS e uso de
antimicrobianos em instalagdes de cuidados prolongados e hospitais de cuidados agudos
europeus revelam que P. aeruginosa foi a espécie isolada com maior frequéncia nos casos de

IRAS (ECDC, 2014; ECDC, 2013a).

A ocorréncia de IRAS torna-se ainda mais preocupante quando s3o ocasionadas por
microrganismos resistentes a acao de antimicrobianos, alvo de grande preocupacgao da medicina
mundial, em consequéncia da limitacdo de opg¢des terapéuticas e da piora no progndstico dos
pacientes que isso desencadea. Nesse sentido, P. aeruginosa tem se destacado no cenario

mundial (SANTOS et al., 2019; SHORTRIDGE et al., 2019).

Diante do exposto, conclui-se que as IRAS sdo uma das maiores causas de
morbimortalidade em hospitais ao redor do mundo. Por isso, faz-se necessario adotar medidas
de controle destas infecg¢des, incluindo a observacao de pacientes de risco, higienizagao das
maos, seguindo as precaucdes e estratégias padrdo para reduzir a transmissdo cruzada de
microrganismos, além de uma eficiente vigilancia de controle de infec¢ao hospitalar (DIAS,
2019). Globalmente, essas infec¢des requerem cuidado especial devido a emergéncia e
disseminagdo de microrganismos que expressam resisténcia a uma ampla variedade de
antimicrobianos utilizados no tratamento de infec¢des hospitalares (CORNEJO-JUAREZ et al.,
2015).

2 USO DE ANTIMICROBIANOS

Diversas pesquisas apontam que essa resisténcia a antimicrobianos, esta diretamente
relacionada ao seu uso indiscriminado, especialmente em ambiente hospitalar (CHOU et al.,
2020; HORCAJADA et al., 2019; RUIZ et al., 2018; DORON; LISA; DAVIDSON, 2011).
Além disso, outras condigdes podem estar ligadas ao surgimento e disseminagdo de
microrganismos resistentes, tais como: internagdo em UTI, transferéncia de pacientes de uma

unidade de atendimento médico para outra ou de uma comunidade para outra, tempo


https://www.ncbi.nlm.nih.gov/pubmed/?term=Dortet%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23070158
https://www.ncbi.nlm.nih.gov/pubmed/?term=Poirel%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23070158
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nordmann%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23070158

29

prolongado de hospitalizacdo, alta taxa de utilizacdo de dispositivos invasivos, colonizagdo
prévia e baixa adesao de profissionais de saide as medidas de controle de IRAS (DANTAS et
al., 2017; LABARCA et al., 2016; DANTAS et al., 2014; OLIVEIRA et al., 2012).

Oito categorias de antimicrobianos sdo utilizadas atualmente no tratamento de infecgdes
por P. aeruginosa: aminoglicosideos (gentamicina, amicacina, netilmicina, tobramicina),
carbapenémicos (imipenem, meropenem, doripenem), cefalosporinas (ceftazidima),
fluoroquinolonas com inibidores da [-lactamase (tetraclicina com 4acido clavulanico,
piperacilina-tazobactam), monobactamas (aztreonam), acidos fosfonicos (fosfomicina) e
polimixinas (colistina e polimixina B). Além disso, antimicrobianos mais novos como
ceftazidima-avibactam e ceftolozane-tazobactam ja foram aprovados pelo Food and Drug
Administration (FDA) e estdo disponiveis para uso (BOTELHO; GROSSO; PEIXE, 2019;
BASSETTI et al., 2018; NGUYEN et al., 2018).

Apesar dessa gama de antimicrobianos elegiveis para o tratamento de infec¢des por P.
aeruginosa, a classe dos carbapenémicos, especialmente os antimicrobianos imipenem e
meropenem, constitui o grupo de primeira escolha, ja que nao sao hidrolisados pela maioria das
beta-lactamases de espectro estendido (BOTELHO; GROSSO; PEIXE, 2019; HORCAJADA
et al., 2019; GALES et al., 2012). Entretanto, a utilizagdo desses antimicrobianos tem sido
ameacada em virtude do numero cada vez maior de amostras clinicas resistentes aos
carbapenémicos (CHOU et al., 2020; HORCAJADA et al., 2019; HO et al., 2013; CHANG et
al., 2009). No Brasil, varios grupos independentes de pesquisa tém relatado que as taxas de
resisténcia ao imipenem entre isolados de P. aeruginosa podem ser superiores a 60% em alguns

hospitais (QUILES et al., 2017; MATOS et al., 2016).

Muitas vezes essa resisténcia pode estar associada a uma ou mais fatores, tornando
importante o conhecimento desses mecanismos de resisténcia e qual o fendtipo predominante
em cada regido para propor medidas alternativas de tratamento e prevencdo de infeccdes

desencadeadas por P. aeruginosa (HORCAJADA et al., 2019).

Nesse cendrio, estudos que buscam estabelecer a relagdo entre o uso indiscriminado de
antimicrobianos e a sele¢do de isolados resistentes através da Dose Diaria Definida (DDD) tem
sido desenvolvido nos ultimos anos (ONG et al., 2011). Isso, porque a DDD ¢ considerada um
bom marcador para avaliagdo do consumo de antimicrobianos e evita o viés paciente € numero,
possibilitando a comparagdo entre as taxas de microrganismos e os fenotipos de resisténcia e o

uso de antimicrobianos entre diferentes paises (MONNET; MOLSTAD; CARS, 2004). Um
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estudo conduzido por Chou e colaboradores (2020) observou uma relagdo entre o aumento da
DDD para cefepime, imipenem e ciprofloxicina e a redugdo da susceptibilidade dos isolados de
P. aeruginosa. Desse modo, os autores afirmam que o uso excessivo de agentes antimicrobianos
promove uma falha terapéutica bastante alta, a qual esta diretamente relacionada a resisténcia
antimicrobiana. Assim, os pesquisadores ainda sugerem que esforcos adicionais para a
vigilancia de varias op¢des de tratamento sdo necessarios, além de implantacdo de estratégias
para administragao de antimicrobianos, com intuito de controlar a disseminagdo da resisténcia

(CHOU et al., 2020).

De acordo com a literatura, um ter¢o dos pacientes hospitalizados recebem terapia
antimicrobiana, e sabe-se que em cerca de 50% seu uso ¢ desnecessario (MARTINEZ-NADAL
etal., 2020; MONTERO et al., 2020; GARCIA-VIDAL et al., 2018; KIM et al., 2014). Os erros
mais frequentes sdo observados quando do uso profilatico desses medicamentos, considerando
que uma proporcao substancial dos antibioticos prescritos nos hospitais ¢ de uso profilatico
(CHOU et al., 2020; POPOVIC et al., 2020). Com isso, podemos listar reagdes adversas,
emergéncia de resisténcia e aumento nos custos do tratamento, como algumas consequéncias
indesejadas quanto ao uso incorreto de antimicrobianos (CHOU et al., 2020; MARTINEZ-
NADAL et al., 2020; MONTERO et al., 2020; POPOVIC et al., 2020).

O uso excessivo e inadequado de antimicrobianos, principalmente aqueles de amplo
espectro, determinam maior pressao seletiva e aliado as dificuldades na implantagdo das
medidas de prevengdo de controle das IRAS, acabam se tornando os principais fatores
responsaveis pela emergéncia de agentes cada vez mais resistentes em unidades que apresentam
elevada densidade de uso desses antimicrobianos, como as UTIs (CHOU et al., 2020;
MARTINEZ-NADAL et al., 2020; MONTERO et al., 2020; POPOVIC et al., 2020). Estudos
realizados na tltima década no Clinical Hospital da Universidade Federal de Uberlandia relatam
0 uso excessivo de antimicrobianos em pacientes criticos, além de uma elevada taxa de Terapia
empirica inapropriada relacionada a mortalidade (GONCALVES et al., 2017; FERREIRA et
al., 2015; ROYER et al., 2015).

Além dessa vigilancia ativa, deve-se incentivar o uso racional dos antimicrobianos
existentes, especialmente os de amplo espectro, como também alocar mais recursos para
pesquisas basica e clinica e desenvolvimento de novos farmacos, para o efetivo controle e
possivel reducdo de microrganismos multirresistentes, como ainda para obten¢do de €xito no

tratamento das infecgoes (HORCAJADA et al., 2019).


https://www.ncbi.nlm.nih.gov/pubmed/?term=Horcajada%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=31462403
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3 INFECCOES POR P. aeruginosa MULTIRRESISTENTES

E notério o aumento de infecgdes por microrganismos resistentes em todo o mundo,
situagdo importante que impacta diretamente na elevacao das taxas de morbimortalidade de
pacientes hospitalizados. Essa condicdo representa uma ameaga a saude e a economia de
diversos paises, em virtude da falta de uma terapia eficaz (HORCAJADA et al., 2019; BOGAN
et al., 2014; KOSMIDIS; CHANDRASEKAR, 2012; PELEG; HOOPER, 2010; BOUCHER et
al., 2009; LIVERMORE, 2009). Esse cenario passa a ser ainda mais ameacador considerando
que esses microrganismos estdo se disseminado entre animais e humanos, bem como entre os
diferentes ecossistemas, causando surtos graves (von WINTERSDORFF et al., 2016). Nesse
contexto, paises como o Brasil tem sofrido mais, e isso € mostrado nas inumeras publicag¢des
nacionais e internacionais disponibilizadas, em que principalmente bactérias Gram negativas
sdo o foco principal (BOSZCZOWSK et al., 2019; DAGA et al., 2019; LEAL et al., 2019;
OLIVEIRA et al., 2019; MATOS et al., 2016, FERREIRA et al., 2015).

Epidemiologicamente falando, a referéncia a esses microrganismos tem sido
classificada seguindo terminologias padronizadas mais recentemente, como a descrita por
Magiorakus et al. (2012) em que: microrganismos multirresistentes (MDR), fazendo referéncia
aqueles isolados que apresentam resisténcia a pelo menos um agente em trés ou mais categorias
de antimicrobianos. Microrganismos extensivamente resistentes (XDR) como sendo aqueles
que apresentam resisténcia a pelo menos um antimicrobiano de todas as classes, podendo
excluir no maximo duas categorias. E, por fim, microrganismos pan-resistentes (PDR) como
sendo aqueles que apresentam resisténcia a todos os antimicrobianos de todas as categorias
existentes.

Muitos microrganismos com fendtipos resistentes, com destaque para o Staphylococcus
aureus resistente a meticilina (MRSA) entre os cocos Gram-positivos e K. pneumoniae,
Pseudomonas aeruginosa e Acinetobacter baumannii resistentes aos carbapenémicos entre 0s
bacilos Gram negativos, estdo entre os microrganismos com grande risco para o
desenvolvimento de infeccdo, principalmente entre pacientes criticos (PFALLER et al., 2020;
BRAGA et al., 2018; MENDES et al., 2018; SADER et al., 2016). Neste contexto, como
mencionado anteriormente, tem-se observado aumento importante da incidéncia de IRAS
causadas por bactérias Gram negativas multirresistentes, com destaque para P. aeruginosa.
Esse microrganismo tem sido uma ameaga nos ultimos anos, principalmente entre os pacientes
criticos, uma vez que esse patogeno estd associado a dificil erradicagdo e fracassos terapéuticos

continuos (MONTERO et al., 2020; POPOVIC et al., 2020; SADER et al., 2016).



32

P. aeruginosa é considerada um patégeno extremamente problematico por ser versatil
e responsavel por infec¢des hospitalares com taxas elevadas de morbimortalidade, podendo
estar associada frequentemente a terapia antimicrobiana inadequada (CHOU et al., 2020;
MONTERO et al., 2020; BOTELHO; GROSSO; PEIXE, 2019; MORADALI et al., 2017).
Além disso, esse microrganismo também ¢é responsavel por diversos surtos descritos no Brasil

(MACIEL et al., 2017; QUILES et al., 2017; ARAUJO et al., 2016).

No ambiente hospitalar, a prevaléncia desse microrganismo tem sido também
fortemente documentada, como demonstrado nos estudos de Balkhair et al. (2019), Quiles et
al. (2017) e Santos et al. (2019). Outros estudos mostraram niveis crescentes de resisténcia em
P aeruginosa, sendo observado uma prevaléncia cada vez maior de isolados MDR e XDR, com
taxas variando entre 15 e 30% em alguns paises (SADER et al., 2018; WALKTY et al., 2017;
PENA et al., 2015). De acordo com dados do ECDC, em 2015 cerca de 14% dos isolados de P.
aeruginosa recuperados de infecgdes nosocomiais eram MDR e aproximadamente 6% XDR
(ECDC, 2015). Nos Estados Unidos, P. aeruginosa MDR ja s3o responsaveis por 13% das
IRAS (CDC, 2013).

Estudos realizados no Brasil encontraram uma taxa de mortalidade associada a infecgao
por P. aeruginosa multirresistente proxima a 50%, com a maioria dos pacientes evoluindo para
0 6bito em até 30 dias ap6s a infecgio (DIAS et al., 2017; ARAUJO et al., 2016). Em paises do
Oriente Médio a mortalidade chega a 60% (BALKHAIR et al., 2019), enquanto que em paises
da Asia essa taxa é de 20% (TSAO et al., 2018; KIM et al., 2014). Essa taxa de mortalidade
elevada pode ser explicada pela terapia empirica inadequada, aliada ao inicio tardio do
tratamento correto, sendo incompativel com o antimicrobiano utilizado (RETAMAR et al.,

2012; VALLES et al., 2011).

Shortridge et al. (2019) em um estudo de 20 anos de vigilancia global, observaram que
a maioria dos isolados de P. aeruginosa com fendtipo MDR foram provenientes da América

Latina (41,1%), seguido da Europa (28.4%), América do Norte (18.9%) e Asia (18.8%).

Em um levantamento epidemiologico realizado em um hospital universitario no interior
de Minas Gerais, Dantas e colaboradores (2017) relataram 157 pacientes ndo repetitivos com
bacteremia por P. aeruginosa, dos quais 42,7% foram classificados como microrganismos

MDR ¢ 22,3% como XDR.
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Infelizmente essa situagdo tem sido cada vez mais comum, principalmente em paises
em desenvolvimento como o Brasil (BRAGA et al., 2018). Diante desse aumento e das graves
consequéncias trazidas por infec¢des isolados resistentes, aliado a escassez de dados, de
recursos humanos, financeiros, de laboratorios de microbiologia especializados e do emprego
da terapia empirica no tratamento dos pacientes, pesquisas que objetivam avaliar isolados
multirresistentes, seja do ponto de vista epidemioldgico ou laboratorial, devem ser estimuladas

(KOLLEF et al., 2005).

Essa facilidade em assumir um papel importante como patdgeno hospitalar oportunista
esta relacionado com sua resisténcia intrinseca a varios antimicrobianos, aliada a capacidade de
expressar diversos fatores de viruléncia, e a plasticidade genética, citadas anteriormente
(BOTELHO; GROSSO; PEIXE, 2019; MORADALI et al., 2017; GELLATLY; HANCOCK,
2013; SILBY et al., 2011).

4 MECANISMOS DE RESISTENCIA

P. aeruginosa pode desenvolver resisténcia a uma gama de antimicrobianos através da
combinac¢do de mecanismos intrinsecos e extrinsecos, que podem ser adquiridos ou adaptativos.
Quando a resisténcia esta relacionada as caracteristicas intrinsecas, o microrganismo ¢
naturalmente menos susceptivel a agdo de alguns antimicrobianos, devido a a expressao
constitutiva de B-lactamases e bombas de efluxo, combinada a baixa permeabilidade da
membrana externa. Quando ela ocorre em virtude de mecanismos extrinsecos, o patdogeno pode
carrear plasmideos e outros elementos de resisténcia (BOTELHO; GROSSO; PEIXE, 2019;
BASSETTI et al., 2018; NGUYEN et al., 2018; CHEVALIER et al., 2017; MORADALI et al.,
2017; OLIVER et al., 2015). Em isolados de P. aeruginosa a maioria dos mecanismos de
resisténcia estdo relacionados a alteragdes genéticas como mutacdes em porinas (diminuigdo de
OprD) associada a reducdo na expressdo do gene ampC cromossomial e superexpressao de

bombas de efluxo (DUMAS et al., 2006).

Sabe-se que as porinas sdo proteinas presentes na membrana externa da célula
bacteriana, formando canais que permitem a passagem de solutos, incluindo antimicrobianos,
para o interior da célula. Em P. aeruginosa ja foram detectados diferentes tipos de porinas,
sendo a OprD a que apresenta maior importancia clinica, visto que sua ndo expressdo na
membrana celular estd diretamente relacionada com a resisténcia intrinseca aos

carbapenémicos, especialmente ao imipenem, ¢ a menor susceptibilidade ao meropenem
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(BOTELHO; GROSSO; PEIXE, 2019; CHEVALIER et al.,, 2017, CANTON; RUIZ-
GARBAJOSA, 2011). Estudos indicam que a ndo expressdo de OprD em isolados de P.
aeruginosa nao confere resisténcia a outros antimicrobianos da classe dos B-lactamicos e que
esse fenomeno pode ser desencadeado durante a terapia com imipenem (HORCAJADA et al.,
2019; LIVERMORE et al., 2002). Um estudo realizado por Quale e colaboradores em 2006
verificou que aproximadamente 85% dos isolados de P. aeruginosa resistente a

carbapenémicos, recuperados de infecgdes nosocomiais, apresentavam expressao reduzida de

OprD.

O sistema de bomba de efluxo ¢ um mecanismo de resisténcia de grande importancia
para P. aeruginosa, que pode ser expresso isoladamente, ou combinado com OprD e
cefalosporinases (DANTAS, 2015). Localizado através da membrana citoplasmadtica, constitui
um dos elementos mais antigos das bactérias, estando presente muito antes da era dos
antibioticos, sendo responsavel por expulsar do interior da célula bacteriana substancias toxicas
a ela. Por atuar em inumeros substratos, este sistema ¢ de extrema importancia para o
desenvolvimento da resisténcia a multiplos antimicrobianos com ac¢do anti-pseudomonas,
incluindo aminoglicosideos, fluorquinolonas e B-lactamicos (BOTELHO; GROSSO; PEIXE,
2019; DU et al., 2018; MARTINEZ et al., 2009).

As bombas de efluxo promovem nao s6 aumento da concentragao inibitoria minima que
deve ser utilizada para alcancar sucesso na terapia antimicrobiana, como ainda reduzem a
concentracdo do antibidtico no interior da célula bacteriana, fazendo com que estas
concentragdes sub-inibitdrias levem ao desenvolvimento de cepas mutantes resistentes (SAIER;
PAULSEN, 2001). Esses sistemas de bomba de efluxo apresenta trés componentes estruturais:
I) proteina transportadora de membrana citoplasmatica, que exerce a funcdo da bomba; II)
proteina de membrana externa (porina), que constitui o canal extrutivo; III) proteina de fusao
localizada no espago periplasmatico, que promove a unido dos outros dois constituintes

(ASKOURA et al., 2011).

Esses sistemas geralmente sao agrupados em cinco familias e sio uma importante causa
de resisténcia em P. aeruginosa, sendo os sistemas de maior relevancia clinica aqueles
pertencentes a familia resistance-nodulation-cell division (RND): MexAB-OprM, MexCD-
Opr], MexXY e MexEF-OprN, cuja denominacao Mex vem do inglés Multi-drug Efflux Pump
e todos os genes codificadores localizam-se no cromossomo bacteriano (BOTELHO;

GROSSO; PEIXE, 2019; VALOT et al., 2015).
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MexAB-OprM foi o primeiro sistema de efluxo descoberto e confere uma reduzida
susceptibilidade basal a quase todos os B-lactamicos (exceto imipenem) e a fluoroquinolonas
(LTI et al., 2015). Por remover da célula bacteriana uma gama de substratos, este sistema ¢ o de
maior relevancia clinica e o principal contribuinte para desenvolvimento do fenétipo MDR

(HORCAJADA et al., 2019; XAVIER et al., 2010).

Assim como MexAB-OprM, MexXY possui expressao constitutiva, justificando o
fendtipo intrinseco de multirresisténcia. MexXY ¢ um sistema importante porque confere
reducdo na susceptibilidade a aminoglicosideos (BOTELHO; GROSSO; PEIXE, 2019;
HORCAIJADA et al., 2019; LI; PLESIAT; NIKAIDO, 2015).

Dados da literatura mostram que a expressao de MexAB-OprM e MexXY sdo comuns
em isolados clinicos de P. aeruginosa, variando entre 10 ¢ 30%, ao passo que a expressao de
MexCD-OprJ e MexEF-OprN ¢ bem menor, em torno de 5%, sendo que a hiperexpressao de
MexCD-Opr] ¢ mais frequente em infecgdes cronicas, promovendo uma menor
susceptibilidade a cefepime. Além disso, a combina¢do de superexpressdo de MexAB-OprM
aliada a inativagdo de OprD constitui-se como uma das principais causas de resisténcia ao
meropenem em isolados clinicos de P. aeruginosa (GUENARD et al., 2014; MULET et al.,
2011; RIERA etal., 2011). Em um estudo realizado em Sao Paulo que avaliou isolados clinicos
de P. aeruginosa produtores de carbapenemases encontrou que a expressdo de bombas de

efluxo constituiu o principal mecanismo de resisténcia antimicrobiana (PEREIRA, 2017).

Outro mecanismo de resisténcia intrinseco importante em P. aeruginosa ¢ a produgdo
de uma B-lactamase cromossomal do tipo AmpC (cefalosporinase). Essa enzima ¢ produzida
em niveis basais em cepas selvagens e na auséncia de [B-lactdmicos, conferindo assim,
susceptibilidade a penicilina, penicilina associada a inibidores de B-lactamases, cefalosporinas
e carbapenemas. Porém, quando exposta a antimicrobianos dessa classe, a exemplo dos
carbapenémicos, a produ¢do de AmpC pode aumentar de forma significativa. Esse aumento ¢é
desencadeado através da inducao do gene ampC ou por desrepressao, resultando em um alto
nivel de expressdo constitutiva, conferindo resisténcia a antimicrobianos da classe dos B-
lactamicos, exceto aos carbapenémicos, porém possivelmente contribui para a resisténcia de P.
aeruginosa a essa categoria quando acompanhado de mecanismos adicionais, como a perda de
porinas OprD e hiperprodugdao de bombas de efluxo (BOTELHO; GROSSO; PEIXE, 2019;
HORCAJADA et al., 2019; LIVERMORE, 1992).
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Além dos fatores de resisténcia intrinsecos, P. aeruginosa também pode apresentar
varios mecanismos de resisténcia adquiridos (seja por mutagdo ou pela aquisi¢ao de genes de
resisténcia via elementos genéticos maéveis), especialmente em relagdo aos carbapenémicos.
Esses mecanismos estao diretamente relacionados com a produgdo de enzimas inativadoras de
antimicrobianos. Essas enzimas podem inibir a acdo desses farmacos através de trés
mecanismos: transferéncia de grupos (observada em varias classes de antimicrobianos,
incluindo fenomenos de fosforilagdo, glicosilacao, ribosilagdo e transferéncia de grupos thiol),
mecanismos de oxidagdo (observado na classe das tetraciclinas) e hidrolise (que ocorre,
principalmente, com os beta-lactimicos) (BOTELHO; GROSSO; PEIXE, 2019;
HORCAJADA et al., 2019).

A resisténcia adquirida aos carbapenémicos também pode estar relacionada a produgao
de carbapenemases, incluindo aquelas pertencentes a classe A, a exemplo da serino-
carbapenemase KPC (Klebsiella pneumoniae carbapenemase); aquelas pertencentes a classe D,
como a oxa-carbapenemase; ¢ as B-lactamases. A producao de P-lactamases foi o primeiro
mecanismo de resisténcia aos P-lactamicos reconhecido, ¢ ainda ¢ a principal causa de
resisténcia a essa classe de antimicrobianos observada em bactérias Gram negativas
(BOTELHO; GROSSO; PEIXE, 2019; HORCAJADA et al., 2019). O mecanismo de agdo
dessa enzima baseia-se na hidrolise do anel beta-lactimico desses antimicrobianos, formando

um derivado acido que ndo possui atividade terapéutica (LIVERMORE et al., 2002).

As enzimas [-lactamases podem ser classificadas conforme suas caracteristicas
bioquimicas e estruturais (BUSH, 2001; AMBLER, 1980). A classificacdo mais simples ¢ a de
Ambler (1980), que divide as enzimas em quatro classes de acordo com suas estruturas
primarias: classe A — B-lactamases de amplo espectro (ESBL), classe B - metalo B-lactamases
(MBL), classe C — cefalosporinases e classe D — oxacilinases. Essas quatro classes ainda podem
ser divididas em dois grandes grupos: serina B-lactamases (classes A, C e D) e metalo B-
lactamases (classe B), de acordo com as diferengas nos seus mecanismos cataliticos. Nesse
sentido, destacamos MBL por ser o mecanismo de resisténcia mais frequente, sendo
responsavel por elevados niveis de resisténcia aos carbapenémicos no Brasil (MACIEL et al.,
2017; QUILES et al., 2017; JACOME et al., 2016; MATOS et al., 2016; FERREIRA et al.,
2015). No mundo, a distribui¢do de P. aeruginosa produtoras de MBL varia entre as diferentes
regides geograficas, podendo chegar a 50% em paises da América Latina, incluindo Brasil, e

Europa (PATEL; BONOMO, 2011).
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As enzimas B-lactamases geralmente sdo codificadas por elementos genéticos moveis,
como os integrons, transposons e plasmideos, motivo de preocupagdo em relagdo a terapia
antimicrobiana, devido a grande capacidade de disseminacao desses elementos (DANTAS,
2015). Para MBL, atualmente sao descritos genes responsaveis pela codificagdo de 11 subtipos:
IMP (Imipenemase), VIM (Verona Imipenemase), SPM-1 (Sao Paulo MBL), GIM (“German
Imipenemase”) e SIM-1 (“Seul Imipenemase”) (MENDES et al., 2006), e mais recentemente
AIM-1 (Australian Imipenemase) (YONG et al., 2007), KHM (“Kyorin University Hospital”),
NDM-1 (“New Delhi MBL”) (YONG et al., 2009), DIM-1 (“Dutch imipenemase”) (POIREL
et al., 2010) e TMB-1 (Tripoli Metalo-beta-lactamase) (EL SALABI et al., 2012), sendo
relatada similaridade estrutural entre VIM, IMP, NDM, SPM, DIM, GIM e FIM
(HORCAJADA et al., 2019). Os genes blaviv, blamp € blanpm-1 sdo disseminados por todo o
mundo, enquanto blaspm-1, blaciv-1, blarm-1 € blaamv-1 estdo restritos ao Brasil, Alemanha, Italia
e Australia, respectivamente (CORNAGLIA et al., 2011; OLIVER et al., 2015), embora haja
relatos do isolamento de P. aeruginosa expressando blaspm-1 em individuos no Reino Unido e
Sui¢a (HOPKINS et al., 2016; SALABI et al., 2010). Apesar do nimero consideravel de MBL
conhecidas, a origem dessas enzimas ainda permanece desconhecida (HORCAJADA et al.,

2019).

No Brasil, apesar de existir predominio de P. aeruginosa blaspm-1 € este perfil estar
associado a elevadas taxas de mortalidade, ja foram relatadas infec¢des por P. aeruginosa

blavm, blanp e surtos por blanpm-1 (BONOMO et al., 2018; RIZEK et al., 2014).

Além das MBL, P. aeruginosa ¢ capaz de produzir MBL do tipo ESBL, dentre elas
SHV, TEM, PER, VEB, BEL, GES, OXA e CTX-M (FARSHADZADEH et al., 2014;
PELLEGRINO et al., 2006), sendo que apenas as do tipo GES sdo capazes de hidrolisar
carbapanemas (POIREL et al., 2001).

A detecgdo de P. aeruginosa produtoras de KPC ¢ rara, havendo relatos principalmente
no continente americano (SANTOS et al., 2019; CORREA et al., 2012; JACOME et al., 2012).
O primeiro relato de infecgdo por P. aeruginosa produtora de KPC no Brasil foi em 2010 na
cidade de Recife. A época, o gene blaxpc foi detectado em dois isolados de P. aeruginosa
recuperados de dois pacientes internados na mesma UTI de um hospital terciario e

apresentavam perfil de resisténcia semelhante (JACOME et al., 2012).
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Assim como relatado para KPC, a deteccdo de oxacilinases em isolados de P.
aeruginosa ¢ algo raro. Até o momento, apenas trés carbapenemases da classe D foram descritas

nessa espécie: OXA-40, OXA-181 e OXA-198 (BOTELHO; GROSSO; PEIXE, 2019).

5 DISSEMINACAO DE CLONES DE ALTO RISCO

E consenso de que o aumento de infeccdes desencadeadas por microrganismos
resistentes a um ou varios antimicrobianos ¢ um problema grave cada vez mais comum em
hospitais de todo o mundo. No entanto, além dessa questdo, outro ponto importante que as
equipes de controle de infec¢do hospitalar t€ém enfrentado ¢ a disseminacdo de um mesmo
isolado clinico entre pacientes de uma mesma unidade hospitalar, ou até mesmo entre unidades
diferentes. Essa transmissdo cruzada de microrganismos muitas vezes esta relacionada a
assisténcia a saude, e ocorre através das maos dos profissionais ou de dispositivos médicos.
Esse fato ¢ preocupante, pois a maioria desses microrganismos capazes de disseminar pelo
ambiente hospitalar sdo virulentos, apresentam maior capacidade de permanéncia no ambiente
e na maioria das vezes apresentam resisténcia aos antimicrobianos utilizados (KARAMI et al.,

2019; SCHAFER et al., 2019; FERREIRA et al., 2015; LUCENA et al., 2014).

Nesse contexto, ¢ de extrema importancia conhecer nao s6 os mecanismos de resisténcia
e de viruléncia desses microrganismos a fundo, como também a relagdo clonal entre isolados
obtidos de diferentes pacientes e/ou locais de um mesmo hospital, como forma de conhecer e
compreender a epidemiologia e as rotas das infec¢cdes em uma determinada unidade hospitalar,
ou até mesmo no hospital como um todo, e tracar medidas de combate e controle de infecgdes
cruzadas, ou até mesmo de surtos, desencadeados por microrganismos resistentes e virulentos
(NEOH et al., 2019; DE LA ROSA-ZAMBONI et al., 2018; KEVAT et al., 2018). Para
conhecer melhor esses microrganismos e estabelecer uma relagdo entre eles, técnicas que
permitem a identificacdo de vérias cepas de uma mesma espécie sao empregadas (NEOH et al.,

2019; SABAT et al., 2013).

A disseminacdo clonal de isolados de P. aeruginosa MDR ¢ algo preocupante que ¢é
relatado em diversos paises do mundo. Em um estudo de vigilancia realizado no Estados Unidos
envolvendo hospitais de vdarias regides, encontraram uma porcentagem de P. aeruginosa
resistente a carbapenémicos proxima a 10%, e em apenas 2,3% desses isolados foram
detectados genes codificadores de carbapenemases (WATERS et al., 2019). J4 na Alemanha,

um estudo multicéntrico analisou 62 isolados de P. aeruginosa recuperados de varios sitios
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anatomicos, dos quais 21 foram produtores de carbapenemases, sendo encontrado gene blaviv-
2em 17 isolados, blavim-1 em dois, blamp-g2 € blanpm-1/blaces-s em um isolado cada. Os autores
observaram também que grande parte desses isolados foram considerados MDR e acometeram
principalmente pacientes admitidos em UTI, chamando ateng¢ao para a necessidade de controle

de transmissdo desse microrganismo em unidades criticas (SCHAFER et al., 2019).

Ja em um estudo epidemioldgico envolvendo varios hospitais do Ira, verificou que a
prevaléncia de P. aeruginosa produtoras de MBL foi de 32,4%, sendo os genes blaviv € blawvp
os mais frequentes, correspondendo a 19 e 11%, respectivamente de todos os isolados MBL

positivos (VAEZ et al., 2018).

Gongalves e colaboradores (2017) em um estudo realizado em um hospital universitario
na regido do Triangulo Mineiro, Minas Gerais, relataram que dos 157 isolados de P. aeruginosa
recuperados de bacteremias, 43.9% apresentaram resisténcia a carbapenémicos, dos quais
16,1% foram positivos para MBL, sendo que 10.7% expressaram o gene blaspm gene € 5.3%
blayi. Os autores também relataram como fatores de risco independentes para bacteremia por
P. aeruginosa com este perfil, Terapia empirica inapropriada, uso de ventilagdo mecéanica e

sonda nasogastrica.

Ainda no Brasil, Quiles e colaboradores (2017) relataram um surto com elevada
mortalidade por P. aeruginosa resistente a carbapenémicos, produtora de MBL codificada por
blaspm-1 em um hospital de oncologia pediatrica no estado de Sao Paulo. Neste estudo, os
pesquisadores observaram que todos pacientes acometidos por este clone apresentavam estado
critico de satde e eram neutropénicos. Além disso, todos os pacientes com bacteremia
evoluiram para o 6bito e a maioria apresentou choque séptico e sindrome respiratoria aguda. Ja
em um estudo realizado no HC-UFU detectou que 87.5% dos isolados de P. aeruginosa

recuperados de infecgdes nosocomiais apresentavam os genes blaspm.1 € blavim (ARAUJO et

al., 2016).

Apesar de varios estudos no Brasil descreverem a disseminagdo de clones
predominantes em hospitais das diferentes regides, ainda existem poucos dados e estudos
multicéntricos bem delineados quanto a incidéncia de P. aeruginosa resistentes a
carbapenémicos, bem como sua disseminagao clonal e associado a evolugdo dos pacientes com
bacteremia por esse microrganismo. Além disso, as consequéncias de infec¢des por P.
aeruginosa resistentes podem ser fatais, especialmente para individuos imunocomprometidos,

Desse modo, a realiza¢do de uma vigilancia epidemioldgica continua dos pacientes que permita
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conhecer o perfil dos isolados prevalentes tanto no hospital, aliada a manipula¢ao adequada dos
dispositivos invasivos, a execugdo correta de técnicas de higienizacdo de maos e objetos e ao
uso racional de antimicrobianos, sao fundamentais para minimizar ou até mesmo evitar os riscos
de desenvolvimento de infecg¢des invasivas por P. aeruginosa, contribuindo para a redugao das

taxas de morbimortalidade.

6 VIRULENCIA

Para que um processo infeccioso se instale ¢ necessario um desequilibro na relagao
parasito-hospedeiro, e a expressdo de fatores de viruléncia pelo microrganismo pode conferir
‘vantagens’ em relacao ao hospedeiro, permitindo a instalagao e/ou manutencao desse processo.
Desse modo, ¢ possivel dizer que a patogenicidade do microrganismo esta diretamente
relacionada a sua habilidade de expressar esses fatores. No entanto, os tipos e intensidade de
fatores de viruléncia varia de acordo com o microrganismo, com a resposta apresentada pelo

hospedeiro e com o estagio da infecgao.

Um dos principais fatores de viruléncia que tem sido cada vez mais estudado por
pesquisadores no mundo todo em diversos microrganismos, inclusive P. aeruginosa, ¢ a
capacidade de formacao de biofilme, o qual, além de permitir a manuten¢ao da bactéria por
mais tempo no ambiente, hospedeiro e/ou superficies de equipamentos hospitalares e
dispositivos médicos, também dificulta a agdo dos mecanismos de defesa do hospedeiro, a
remog¢ao do microrganismos dessas superficies por agentes biocidas e inibe a acdo de diversos
antimicrobianos. Isso, porque, o biofilme ¢ formado por uma comunidade de células bacterianas
aderidas a superficies bidticas ou abidticas, embebidas por uma matriz polimérica composta por

proteinas, polissacarideos e 4cidos nucleicos (COSTERTON, 1999).

Além do biofilme, isolados de P. aeruginosa também expressam outros fatores de
viruléncia que podem ser estruturais ou produzidos e secretados para o meio externo ou
diretamente no interior das células do hospedeiro. Sdo considerados fatores de viruléncia
estruturais: fimbrias ou pilli, estruturas presentes na superficie bacteriana e que permitem sua
adesdo ao epitélio do hospedeiro; flagelo, que confere motilidade a bactéria; capsula de
polissacarideo, que permite a bactéria evadir da acdo do sistema imunoldgico do hospedeiro;
lipopolissacarideo (LPS), responsavel pelas manifesta¢des sistémicas do processo infeccioso,
sendo encontrado na membrana bacteriana externa (PIMENTA, DI MARTINO e BLIGHT,
2006).
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Dentre os fatores de viruléncia que podem ser produzidos e secretados para o meio,
temos: piocina, pioverdina, proteases, elastases, fosfolipases e exotoxinas, podendo essa tltima
ser secretada de forma passiva pela célula, ou ativamente através de sistemas de secrecao tipo
I (T1SS), tipo II (T2SS), tipo III (T3SS), tipo V (T5SS) e tipo VI (T6SS), sendo II e III os
sistemas responsaveis pela secre¢do de grande parte das toxinas descritas na literatura

(BRADBURY et al, 2010; SAWA et al, 2014).

O sistema T2SS ¢ responsavel pela secrecao para o meio extracelular de exotoxina A,
responsdvel por processos necroticos e por inibir a biossintese de proteinas na célula
eucaridtica. Este sistema também inclui a protease LasA, que atua de forma a deixar a elastina
mais susceptivel a clivagem pela LasB, a qual tem atividade proteolitica tanto sobre tecidos
conectivos, quanto sobre moléculas do sistema imune (BRADBURY et al., 2010; NIKBIN et
al., 2012).

O sistema de secre¢do tipo III constitui o grupo de exotoxinas mais estudado. Isso,
porque, as toxinas secretadas por este sistema sao langadas diretamente no interior das células
do hospedeiro, por intermédio de bombas de transporte presentes na membrana da célula
bacteriana (TAKATA, YAMAGISHI, MIKAMO, 2018; EL-SOLH et al., 2012). Desse modo,
esse sistema ¢ considerado o fator de viruléncia mais efetivo de P. aeruginosa e esta diretamente
associado a processos infecciosos graves e com a piora da evolugao clinica do paciente. Apesar
dos genes que codificam a translocagdo do sistema T3SS estarem presentes em todas as cepas
de P. aeruginosa, apenas um pequeno numero € capaz de expressa-lo e secretar as proteinas

efetoras (TAKATA, YAMAGISHI, MIKAMO, 2018; FELTMAN et al., 2001).

Sdo quatro as proteinas efetoras que podem ser secretadas de forma variavel pelo
sistema T3SS: exoenzima S (ExoS), exoenzima T (ExoT), exoenzima U (ExoU) e exoenzima
Y (ExoY), cuja liberagdo ¢ ativada quando h4d o contato com a membrana de células
eucaridticas, provocando interferéncia na tradu¢do, morte celular e na resposta imune do
hospedeiro (RUTHERFORD et al.,, 2018; TAKATA, YAMAGISHI, MIKAMO, 2018;
GALLE, CARPENTIER e BEYAERT, 2012; BRADBURY et al, 2010; HAUSER, 2009). No
entanto, secre¢ao das quatro enzimas por um mesmo isolado ¢ incomum (SUBEDI et al., 2018).
Geralmente, os isolados clinicos de P. aeruginosa enquadram-se em um dos trés fenotipos a
seguir: a) aqueles que secretam exoU e exoT, b) aqueles que secretam exoS e exoT e ¢) aqueles

que nao secretam proteinas do sistema T3SS (ADITI et al., 2017).
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ExoS e ExoT foram as primeiras exotoxinas identificadas, sendo estruturalmente
similares e bifuncionais, j& que apresentam dois dominios ativos, um (C-terminal) com
atividade ADP-ribosiltransferase e outro (N-terminal) com func¢do ativadora de RhoGTPase,
que estd diretamente relacionado com a regulagdo de iniimeras fungdes celulares, dentre as
quais destaca-se a transcricdo genética (MOON e ZHENG, 2003). Ambas atuam no
citoesqueleto das células do hospedeiro, interferindo em fendmenos diversos, como a sintese
de DNA. Apesar da alta similaridade, ExoT apresenta somente 0,2% da atividade de ExoS
(SILVA, 2016).

Sabe-se que ExoS ¢ a principal proteina relacionada ao processo de colonizagao,
invasdo e disseminacao bacteriana durante a infec¢do (SAWA, 2014). Sua patogenicidade esta
relacionada a capacidade de romper a actina e causar rearranjos no citoesqueleto, culminado na
reducdo da internalizagdo bacteriana por células fagociticas do hospedeiro (VANCE, RIETSCH
e MEKALANOS, 2005). Ja ExoT atua promovendo a reducdo da motilidade de macrofagos e
a fagocitose, além de impedir a cicatrizagdo de feridas (SAWA, 2014). No entanto, ainda ¢

considerada a proteina com menor atividade de viruléncia (CHO et al, 2014).

ExoY ¢ uma adenilato-ciclase que provoca reducdo de AMP-ciclico no citoplasma da
célula eucaridtica, levando a destruicdo da actina do citoesqueleto. Além disso, impede a
internalizacao das células bacterianas pelos macréfagos e aumenta a permeabilidade endotelial,
resultando na formagao de edema (SAWA, 2014; PEREIRA, 2013). Apesar de ser relatada essa
acdo severa que exoY pode causar nas células do hospedeiro, exoY tem demonstrado menor

efeito sobre a viruléncia de isolados de P. aeruginosa.

Exo U ¢ uma fosfolipase com atividade citotoxica agil e letal, devido a capacidade de
provocar morte rapida das cé€lulas nas quais € injetada ao promover a perda da integridade da
membrana plasmatica, compativel com necrose (SAWA et al., 2014). E uma exotoxina que
possui inumeros substratos, dentre eles: fosfolipidos, lisofosfolipidos e lipidos neutros
(HAUSER, 2009). Sabe-se que ExoU ¢ responsavel por citotoxicidade aguda em células
epiteliais e macrofagos (BOTELHO; GROSSO; PEIXE, 2018; KULASEKARA et al., 2006),
como ainda por provocar destrui¢do de neutrofilos no caso de doencgas infecciosas graves,
promovendo persisténcia e dissemina¢do bacteriana (HAUSER, 2009; DIAZ et al., 2008).
ExoU também exerce um consideravel efeito pro-inflamatorio e atividade pré-coagulante. A
toxicidade de exoU chega a ser 100 vezes maior do que a observada em exoS, estando associada
a choque séptico e a piora na evolugdo clinica do paciente (BOTELHO; GROSSO; PEIXE,
2018; BRADBURY et al., 2010; KULASEKARA et al., 2006).
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Além da acdo citotoxica, cepas de P. aeruginosa que expressam gene exoU apresentam
maior resisténcia antimicrobiana, sendo menos susceptiveis a agao de cefepima, ceftazidima,
piperacilina/tazobactam, carbapenémicos e gentamicina (BOTELHO; GROSSO; PEIXE, 2018;
SUBEDI et al., 2018; KULASEKARA et al., 2006). Além disso, abrigam mutagdes em gyrA e
expressdo aumentada de bombas de efluxo, culminando na resisténcia a fluoroquinolonas
(SUBEDI et al., 2018; WONG-BERINGER et al., 2008). No entanto, a razdo dessa relagao
ainda permanece desconhecida (SUBEDI et al., 2018; TAKATA; YAMAGISHI; MIKAMO,
2017).

Diante disso, observa-se que a capacidade de modular a resposta imunoldgica do
hospedeiro, aliada a habilidade de provocar grandes danos teciduais justifica porque ExoU e

ExoS desempenham papel importante na patogenicidade de isolados de P. aeruginosa

(GALLE, CARPENTIER e BEYAERT, 2012).

ExoU e exoS sdo mutuamente exclusivas na maioria das cepas de P. aeruginosa e,
apesar de estarem relacionadas uma maior viruléncia, a frequéncia que isolados que expressam
exoU e exoS varia, dependendo do sitio de infecg¢do e do histérico do paciente. Ao passo que
exoY e exoT, mesmo ndo sendo tdo impactantes na patogenicidade de P. aeruginosa sao
expressas na maioria das cepas (TAKATA; YAMAGISHI; MIKAMO, 2017). Pesquisas
mostram que isolados com gendtipo exoS +/exoU- apresentam fenotipo bastante invasivo,
enquanto aqueles com genotipo exoS-/exoU+ estdo relacionados a uma citotoxicidade celular
elevada e frequentemente relacionados a processos infecciosos cronicos (DIAZ; HAUSER,

2010; JUAN; PENA; OLIVER, 2017).

Estudos mostram que a porcentagem de isolados de P. aeruginosa que expressao gene
exoS, exoT e exoY € superior a 80%, sendo exoU encontrado numa frequéncia menor, variando
de 10 a 20% dos isolados (KHODAYARY et al., 2019; TAKATA; YAMAGISHI; MIKAMO,
2018; FERREIRA et al., 2015). Vale destacar que esses autores encontraram uma expressao
significativamente maior de exoU em isolados resistentes a carbapenémicos, e que individuos
com infecgdo por P. aeruginosa exoU+ apresentam apresentaram prognostico pior, evoluindo

para o 6bito.

7 EPIDEMIOLOGIA MOLECULAR NA PREVENCAO E CONTROLE DE
IRAS

As vantagens adaptativas observadas para os microrganismos, como a resisténcia aos

antimicrobianos, a viruléncia e a produ¢do de biofilme, estabelecem um quadro complexo no
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controle e tratamento das IRAS (BOTELHO; GROSSO; PEIXE, et al., 2019; HORCAJADA
et al., 2019). Como mencionado anteriormente, estudos multicéntricos fornecem dados
alarmantes sobre essas infecgdes, principalmente em casos com pior progndstico (sepse €
pneumonia), particularmente em paises como o Brasil, onde os recursos para a saide sao cada
vez mais escassos (FORTALEZA et al., 2017; BRAGA et al., 2018) associados com a
frequéncia elevada de fen6tipos extremamente resistentes e um alto uso de antimicrobianos nos
hospitais (BRAGA et al., 2018). Dessa forma, ha um consenso dos profissionais e especialistas

na area quanto a necessidade de tomada de agdes estratégicas para a redugdo das IRAS (CHOU

et al., 2020; BOTELHO; GROSSO; PEIXE, et al., 2019; HORCAJADA et al., 2019).

Em estudos envolvendo P. aeruginosa a detec¢ao de genes de resisténcia e/ou viruléncia
geralmente ¢ feita utilizando a técnica de Reacdo em Cadeia pela Polimerase (PCR)
convencional ou sua variante, a PCR em tempo real (qQRT-PCR), sendo essa ultima mais
empregada em estudos que pesquisam mecanismos que sdo relacionados ao aumento ou
diminuic¢ao dos niveis de RNA mensageiros especificos. Os estudos envolvendo amostras de P.
aeruginosa baseiam sua analise na comparacao dos resultados dos genes expressos pelas cepas
em andlise com os da linhagem padrido de P. aeruginosa (PAOLl), possibilitando inferir
quantitativamente a hiperprodugdo ou expressao reduzida de determinada proteina ou gene

relacionado com a resisténcia e/ou viruléncia (XAVIER et al., 2010).

Estudos que visam estabelecer uma relagdo clonal entre cepas de P. aeruginosa de
diferentes fontes (clinica e ambiental) e individuos e tragar possiveis rotas de infeccdo fazem
uso de técnicas mais modernas como a Eletroforese em Gel de Campo Pulsado (PFGE) e do
Polimorfismo no Tamanho dos Fragmentos de Restrigdo (RFLP); ou ainda de métodos
baseados na amplificagdo de acidos nucl€icos pela PCR, como o Polimorfismo do DNA
Amplificado Aleatoriamente (RAPD-PCR) e Tipagem de Sequéncia Multilocus (MLST)
(GOMILA et al., 2013).

Técnicas moleculares tem sido cada vez mais empregadas em estudos epidemiologicos,
sendo um aporte importante para nortear a adogdo de medidas de controle de IRAS pelas
equipes de saude. Assim, a escolha da técnica a ser empregada depende do tipo de problema
que o pesquisador pretende solucionar, do contexto epidemioldgico, temporal e geografico do
estudo. Em pesquisas cujo objetivo € investigar surtos, a técnica escolhida deve ter um poder
discriminatorio que permita ndo so6 a disting@o de todas as cepas ndo relacionadas do ponto de
vista epidemiologico, como ainda detectar aquelas que sdo altamente similares, com intuito de

revelar a transmissdo cruzada do patdgeno e possibilitar o desenvolvimento de estratégias de
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controle e prevencao. Além disso, o pesquisador também deve levar em consideragdo o custo
para execugdo da técnica, sua reprodutibilidade, facilidade de execu¢do e interpretacdo dos
resultados obtidos. Nesse contexto, em estudos epidemioldgicos e de surtos causados por
bactérias, a técnica PFGE ¢ a mais empregada, sendo considerada o padrao ouro (NEOH et al.,
2019; YU etal., 2012). Apesar de ser a técnica mais utilizada, o PFGE ainda ¢ uma metodologia
relativamente cara, principalmente para paises em desenvolvimento, cujo protocolo de
execug¢do ¢ longo, podendo levar varios dias para obtencao do resultado final, dependendo da

espécie que esta sendo analisada (NEOH et al., 2019).

Por outro lado, quando a tipagem molecular ¢ realizada visando uma vigilancia
continua, a escolha da técnica deve levar em consideracao a capacidade de fornecer resultados
estaveis ao longo do tempo, com intuito de permitir ado¢do de medidas eficazes no controle de
infecgdes nosocomiais. Além disso, a metodologia deve permitir a criagdo de um banco de
dados, que podera ser utilizado em redes internacionais, produzir dados mdveis que sejam
facilmente transferidos entre sistemas operacionais diferentes e que possa ser acessado da forma

mais facil possivel através de uma base de dados na internet (SABAT et al., 2013).

Nesse sentido, o MLST ¢ a técnica mais utilizada, especialmente em estudos
epidemioldgicos, geograficos e de analise evolutiva de linhagens bacterianas. Através do MLST
¢ possivel discriminar isolados de P. aeruginosa por meio da analise das diferencas nas
sequéncias de sete genes: acsA, aroE, guaA, mutL, nuoD, ppsA e trpE, fornecendo uma base de
dados que permite a comparagio dos resultados obtidos (MAATALLAH et al., 2013;
CURRAN et al., 2004). Além disso, ¢ uma técnica facil de ser padronizada, possui alto poder

discriminatorio e os resultados obtidos podem ser compartilhados.

Por ser uma técnica que fornece bons resultando em estudos locais, o PFGE tem sido
empregado em varios estudos desenvolvidos em um unico hospital que visam determinar a
relacdo entre isolados obtidos, especialmente em unidades hospitalares que atendem pacientes
criticos, a exemplo das UTI. Utilizando a técnica de PFGE, Quiles e colaboradores (2017)
confirmaram um surto com alta taxa de mortalidade por P. aeruginosa resistente a
carbapenémicos, produtora de MBL e expressando gene blaspmi, em uma unidade pediatrica de
um hospital oncologico no estado de Sao Paulo. Os pesquisadores relataram ainda que um dos
clusteres identificados apresentava alta similaridade com um clone endémico de SPMI1

detectado anteriormente no mesmo hospital.
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J& um estudo de vigilancia molecular, utilizando a técnica PFGE, realizado em trés
hospitais na Alemanha encontrou 13 isolados de P. aeruginosa produtora de carbapenemase
com alta similaridade, sendo confirmado trés casos de transmissao cruzada entre pacientes de

UTI e um caso de transmissdo ambiente para paciente (SCHAFER et al., 2019).

No Clinical Hospital da Universidade Federal de Uberlandia, um estudo realizado entre
2009 e 2012 observou a disseminagao policlonal de amostras de P. aeruginosa MDR contendo
gene blavim em duas enfermarias distintas. Além disso, utilizando a técnica de PFGE foi

possivel detectar a dissemina¢do de um unico clone de P. aeruginosa na UTI e enfermarias

cirargicas (DANTAS, 2015).

Esses achados permitem conhecer a epidemiologia de infecgdes bacterianas nos
hospitais ao longo do tempo e como se dé a disseminacao de clones resistentes entre as unidades
hospitalares e pacientes, possibilitando descobrir quais perfis sdo endémicos em cada hospital

para tracar medidas de controle e até mesmo terapéuticas (NEOH et al., 2019).

Atualmente, as amostras de P. aeruginosa isoladas no HC-UFU apresentam indices de
resisténcia aos carbapenémicos bastante elevados, sendo associados a mortalidade expressiva,
sendo assim faz-se necessarios trabalhos que envolvam estudos capazes de esclarecer a
importancia dos fatores de viruléncia, resisténcia bem como a terapia inadequada associados

com mortalidade no pais.
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ABSTRACT

Introduction: Carbapenem-resistant Pseudomonas aeruginosa is responsible for increased
patient mortality.

Aims: Five and 30-day in-hospital all-cause mortality in patients with P. aeruginosa infections
were assessed, followed by evaluations concerning potential correlations between the Type II1
Secretion System (T3SS) genotype and the production of metallo B lactamase (MBL).
Methodology: This assessment comprised a retrospective cohort study including consecutive
patients with carbapenem resistant infections hospitalized in a hospital in Brazil from January
2009 to June 2019. PCR analyses were performed to determine the presence of T3SS-encoding
genes and MBL genes.

Results: The 30-day and 5-day mortality rates for 262 patients were 36.6%, and 17.9%,
respectively. The unadjusted survival probabilities for up to 5 days were 70.5% for patients
presenting exoU-positive isolates and 86% for those presenting exo-negative isolates. The use
of urinary catheters, as well as the presence of comorbidity conditions, secondary bacteremia
related to the respiratory tract, were independently associated with death at 5 and 30-days. The
exoS gene was detected in 64.8% of the isolates, the presence of the exoT and exoY genes varied
and exoU genes occurred in 19.3% of the isolates. The exoU genotype was significantly more
frequent among multirresistant strains. MBL genes were not detected in 92% of the isolates.
Conclusions: Inappropriate empirical therapy is a crucial factor regarding the worse prognosis
among patients with infections caused by multiresistant P. aeruginosa, especially those who

died within 5 days of diagnosis, regardless of the genotype associated with T3SS virulence.

Keywords: Type III secretion system; multi-drug resistance; virulence; carbapenem-resistant

Enterobacteriaceae; Pseudomonas aeruginosa.
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INTRODUCTION

Infection epidemiology in hospitalized patients has exhibited a changing profile in the
last few decades in Brazil, with significant increases in Gram-negative bacilli (GNB), as well
as a progressive rise in multidrug-resistant (MDR) strains. For this reason, inappropriate
empirical antibiotic treatment of patients presenting infection by multidrug-resistance bacteria
has become a major challenge [1-3]. Information regarding the current impact of inappropriate
empirical therapy on patients with nosocomial infection, however, is lacking.

Studies have reported heightened resistance levels in P. aeruginosa, with an increasing
prevalence, ranging between 15 and 60% in certain countries [3-5]. Carbapenem resistance in
P. aeruginosa isolates is an emerging problem, with nosocomial outbreaks of this
microorganism occurring worldwide, mainly in Brazil, contributing to increased morbidity and
mortality rates, hospitalization time and treatment costs [6-8]. The resistance of P. aeruginosa
to carbapenems has been reported as over 60% in some Brazilian hospitals, and around 50% in
other developing countries, like Iran [9,10]. The production of metallo-B-lactamase (MBL)
encoded by the blaspm-1, blavim and blaipm genes is considered the main antibiotic resistance
mechanism [10-12]. However, poor outcomes concerning P. aeruginosa infections have also
been associated to factors related to the host, the antibiotic treatment, and the microorganism
itself [7,13].

In addition to multidrug resistance, studies have shown that the type III secretion system
(T3SS), which delivers effector toxins (ExoS, ExoT, ExoY and ExoU) directly into host cells
[14,15], is associated with worse clinical outcomes and higher mortality rates in patients
infected with P. aeruginosa [16,17]. Aggravating this scenario, some data from epidemiological
studies published in the literature suggest that P. aeruginosa strains positive for the exoU gene
exhibit higher multidrug resistance and more significant mortality rates than those expressing
other T3SS genes [16,18,19].

In light of the current knowledge gap concerning local epidemiology, this study aimed
to identify mortality risk factors by carbapenem resistant P. aeruginosa infections in this setting
for 5 and 30-day in-hospital patients in a large tertiary hospital in Brazil, followed by
assessments on the potential correlation between the T3SS effector genotype (exoU, exoS, exoT

and exoY) and MBL production.
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METHODS
Patients and setting

This ten-year retrospective cohort study was carried out at the Clinical Hospital,
belonging to the Federal University of Uberlandia (HC-UFU), a 506-bed tertiary-care
university hospital. All patients presenting at least one episode of carbapenem-resistant P.
aeruginosa infection between January 2009 and June 2019 were included in the study. Only the

first infection episode was analyzed for patients presenting more than one episode.

Study design and data collection

This ten-year investigation was employed to identify mortality predictors and the impact
of inappropriate empirical therapy on the outcomes of patients presenting P. aeruginosa
infections.

The following patient data were obtained from patient records: age, gender, total length
of hospital stay, admission to the ICU, surgery, invasive procedures, such as mechanical
ventilation (MV), central venous line, urinary catheter, tracheostomy, haemodialysis, catheter
enteral or gastric nutrition, and surgical drain during the current hospitalization, underlying
conditions such as diabetes mellitus, chronic renal failure, heart failure and cancer, bacteremia
sources, antibiotic use during the current hospitalization and cases of previous antimicrobial
use and inappropriate antimicrobial therapy.

The previous use of one or more of the following antibiotics was verified:
piperacillin/tazobactam, gentamicin, amikacin, cefepima, ciprofloxacin, colistin and
carbapenems. These antibiotics exhibit antipseudomonal activity and are part of the local
antibiotic policy.

Antimicrobial therapy was considered inappropriate when the patient was given
antimicrobials that did not present "in vitro" activity and/or when treatment was started over 48
hours after infection [20,21].

Multidrug resistance (MDR) was defined as acquired non-susceptibility to at least one
agent belonging to three or more antimicrobial categories [22].

The primary endpoints of this study were 5 and 30-day in-hospital all-cause mortalities.

Bacterial isolates and molecular testing

Cultures were obtained according to the HC-UFU Microbiology Laboratory protocol.

Microbial identification and antimicrobial susceptibility tests were performed by automation
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using the Vitek® Biomérieux system, and strains displaying intermediate susceptibility were
considered resistant.

A multiplex PCR was performed with 138 isolates to assess the presence of MBL genes
(blawwm, blavim, blagiv, blaxpm and blaspm) in P. aeruginosa strains, as described previously
[23]. Briefly, for a final reaction volume of 25 puL, 1 pL of the extracted DNA suspension,
ultrapure water, a Taq buffer solution [10x] diluted to a final concentration of [1x], 0.05 U of
Taq DNA polymerase containing MgCl> (Promega Corporation), four deoxyribonucleotides
(dNTPs) at a concentration of 0.2 mM (Promega Corporation) and 0.5 uM of the blanp, blay,
blagmv, blasms, blaspy primers was used. The cycling conditions were: 94°C for Sminutes,
followed by 30 denaturation cycles at 94°C for 30 seconds, annealing at 53°C for 45 seconds
and an extension step at 72°C for 30 seconds, followed by a final extension at 72°C at 10
minutes. The PCR products were subjected to electrophoresis on 1.5% agarose gels in a TBE
buffer (0.089 M Tris-borate, 0.002 M EDTA) and 1 pL of SYBR® Safe (Invitrogen) and every
20 mL of gel was subjected to a constant voltage of 90 V, visualized under UV light and
photographically documented using a L-Pix EX system (Loccus Biotechnology).

The presence of T3SS virulence genes (exoS, exoY, exoT and exoU) in 88 isolates was
determined by simplex PCR, as described previously [24]. For amplification of the cytotoxin-
coding genes exoT and exoS, 5 uL. of DNA were used, while a small part of the bacterial colony
directly in the reaction was used for the exoY and exoU genes. The reaction was prepared for
a final volume of 25 pL, containing ultrapure water, buffer [10x], 1.5 U of Taq DNA
polymerase containing MgCl> (Promega Corporation), 0.2 mM of dNTP Mix (Promega
Corporation), 0.5uM of the specific primers for exoS, exoT, exoU, exoY. The amplification
reaction conditions were: initial denaturation at 94°C for 3 minutes, 40 denaturation cycles at
94°C for 40 seconds, annealing at 55°C (for exoS and exoY), 64°C (for exoU) and 65.5°C (for
exoT) for 30 seconds, an extension step at 72°C for 60 seconds, and a final extension at 72°C
for 5 minutes. The analysis of the reaction products, electrophoresis and gel documentation
were performed as described previously. P. aeruginosa PAO1 and PA103 strains were used as
controls. The control strains were kindly provided Dr Ana Lucia da Costa Darini (College Of
Pharmaceutical Sciences, University of S3o Paulo) and Maria Cristina Plotkowski (Rio de

Janeiro State University).

Statistical analyses
The student’s t-test was used to compare continuous variables, and X? or Fisher’s exact

tests were used to compare categorical variables. To determine independent risk factors for the
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30-day mortality, a multiple logistic regression model was used to control for the effects of
confounding variables. Variables at P < 0.05 in the univariate analysis were candidates for the
multivariate analysis. All P values were two tailed, and P < 0.05 was considered statistically

significant.

RESULTS

A total of 262 non-repetitive patients presented carbapenem resistant P. aeruginosa
infections at the University Hospital were identified during this study.

The detailed information on the factors associated with death and the relevant
demographics and clinical characteristics of the study population are summarized in Table 1.
Previous use of antibiotics (90%), invasive procedures (92.4%), comorbidities (50.8%), and
surgery (46.9%) were common among patients presenting infection by carbapenem resistant P.
aeruginosa. Of the total number of patients, 36.6% died within 30 days of diagnosis, with 17.9%
dying within 5 days. A total of 138 (52.7%) patients received inappropriate empirical therapy.
Compared to the cohort of patients with infections who died within 30 days, mean patient age
was of 60.75+ 20.94 years old (range 9 month -90 years) and most were from Emergency Room
and Clinical Medical wards (45.4% and 27.9%, respectively). Most of the considered risk
factors were significant by the univariate analysis. The multivariate analyses results concerning
the association between risk factors and 30-day mortality indicate that predictors independently
associated with death comprised the presence of comorbidity conditions, such as cancer and
heart failure and secondary bacteremia related to the respiratory tract. Regarding patients who
died within 5 days of hospitalization, the predictor independently associated with death was the
use of a urinary catheter.

The Kaplan—Meier cumulative survival estimates (Figures 1 and 2) for patients with
inappropriate versus appropriate therapy indicate that the first group displayed a lower survival
probability (P=0.001 and P=0.04). The 30-day mortality rate for the first group was of 45.6%,
and for the second group, 26.6%. The 5-day mortality rate for the first group was of 23.2%, and
for second group, 12.1%.



Table 1 - Risk factors associated with 5 and 30-day mortalities in patients with infections caused by carbapenem-resistant Pseudomonas aeruginosa

Group 1 Group 2
. Univariate Univariate Multivariate Multivatite
Risk Factors Total Death — 30 days Survival Death — 5 days Survival Group 1 Group 2 Group 1 Group 2
N=262(%) N=96(%) N=166(%) N 47(%) N=215(%) OR' (CI195%)* P OR' (CI195%)* P OR (CI 95%)* P OR (CI 95%)* P
Age-mean 54.58+21.98 60.75+20.94 51.02£21.77 59.2421.8 53.584+21.93 - 0.0001* - 0.0535 - - - -
Gender
Male 182 (69.5) 63 (65.6) 119 (71.7) 31 (66) 151(70.2)  0.75(0.43-1.29) 03047  0.82(0.42-1.60)  0.5643 - - - -
Female 80 (30.5) 33 (34.4) 47 (28.3) 16 (34) 64 (29.8) 132(0.77-227)  0.3047 1.21(0.62-2.38)  0.5643 - - - -
Length of hospital stay-
mean (days) 61.22+49.19 41.02+25.16 72.90+55.54 31.3+23.3 67.75£50.95 - 0.0001* _ 0.0001* - - - -
Intensive Care Unit 182(69.5) 76 (79.2) 106 (63.9) 37(78.7) 145 (67.4) 2,15(1,19-3,86)  0.0095* 178 (0.83-3.79)  0.1282  2.02(0.91-4.43)  0.080 - -
Length of ICU stay-mean
(days) 20.09+19.81 24.26+£16.53 20.78+23.12 13.5+13.4 21.67+22.42 - 0.6615 B 0.1000 - - - -
Surgery 121 (46.9) 44 (45.8) 77 (46.4) 23 (48.9) 98 (45.6) 0.97(0.59-1,61)  0.9312  1.14(0.60-2.15)  0.6760 - - - -
Invasive Procedures
Mechanical ventilation 191 (72.9) 80 (83.3) 111 (66.9) 40 (85.1) 151(70.2)  247(1.32-4,63)  0.0039*  242(1.03-5.69)  0.0377*  1.17(0.45-3.01)  0.736  1.02(0.33 —3.16) 0.970
Tracheostomy 134(51.1) 48 (50) 86 (51.8) 21 (44.7) 113 (52.5) 093 (0.56-1.53)  0.7780  0.72(0.38-1.37)  0.3277 - - - -
Urinary cateter 181 (69.1) 75 (78.1) 106 (63.9) 42 (89.4) 139 (64.6)  2.02(1.13-3.60)  0.0160*  4.59 (1.74-12.10) ~ 0.0009*  1.17 (0.55-2.47)  0.677  3.60(1.22—10,59)  0.020*
Central Venous Catheter 213 (81.3) 88 (91.7) 125 (75.3) 46 (97.9) 167 (77.7)  3.60(1.61-8.07)  0.0011* 13.22(1.77-98.43)  0.0007*  1.51(0.49-4.57)  0.465 8.14(0.87-75.98)  0.066
Surgical drain 54 (20.6) 21 (21.9) 33 (19.9) 10 (21.8) 44 (20.5) 1.12(0.60-2.09)  0.7004  1.05(0.48-227)  0.9009 - - - -
Enteral or gastric
nutrition probes 178 (67.9) 79 (82.3) 99 (59.6) 38 (80.6) 140 (65.1)  3,14(1.71-5.78)  0.0002* 226 (1.03-4.92)  0.0363*  1.64 (0.73-3.68) 0231  0.78 (0.30 —2.51) 0.626
Hemodialysis 57 (21.7) 31(32.3) 26 (15.7) 18 (38.3) 39(18.1) 256 (1.41-4.67)  0.0017*  2.80(1.41-5.54)  0.0024* 1.61(0.78-329) 0.192  1.96 (0.87 —4.44) 0.103
Parenteral Nutrition 25(9.5) 13 (13.5) 12 (7.2) 9(19.1) 16 (7.4) 2.01(0.87-4.60)  0.0938  2.94(1.21-7.15)  0.0133* - - 1.46 (0.53 — 4.01) 0.459
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Heart Failure 52(19.8) 27 (28.1) 25(15) 11 (23.4) 41(19) 220(1.19-4.08)  0.0106*  1.29(0.60-2.76) 04997 227 (.11 - 4.66) " - -
Cancer 35(13.3) 21(21.9) 14 (8.4) 11 (23.4) 24(112)  3.04(146-6.31)  0.0021*  2.43(1.09-5.40)  0.0254* 421 (1.77 - 9.967) e 2.44 (0.99- 6.03) 0.052
Diabetes Mellitus 50 (19.1) 22 (22.9) 28 (16.9) 12 (25.5) 38(17.7) 146 (0.78-2.74) 02299 159 (0.75-335)  0.2143 - - - -
Chronic Renal Failure 33 (12.6) 14 (14.6) 19 (11.4) 9.(19.1) 24(112)  132(0.62-2.77) 04608  1.88(0.81-437)  0.1350 - - - -
Lung disease 9(3.4) 5(52) 424 3(6.4) 6(2.8) 222(0.58-849) 02949  2.37(0.57-9.86)  0.2062 - - - -
Primary bacteremia 57(21.7) 29 (30.2) 28(16.9) 19 (40.4) 38(17.8)  2.13(1.17-3.87)  0.0117*  3.16(1.60-623)  0.0006*  1.36(0.34-5.32)  0.657  0.64(0.10-3.84) 0.631
Central Line Catheter
related 12 (4.6) 5(5.2) 7(42) 2(42) 10 (4.6) 124 (0.38-4.04) 07115  0.91(0.19-4.30)  1.0000 . y . y
Unknown 45(17.8) 24 (25) 21(12.6) 17 (36.2) 28 (13) 239(120-441)  0.0107*  3.78(1.85-7.74)  0.0001*  2.00(0.48-8.33)  0.338  4.79(0.78-29.47)  0.090
Secondary bacteremia 30 (11.5) 17 (17.7) 13 (7.8) 8(17) 22(102) 253 (1.17-547)  0.0156*  1.80(0.74-4.33)  0.1855  0.86(0.22—-331)  0.830 - -
Respiratory tract 16 (6.1) 13 (13.5) 3(1.8) 5(10.6) 11(5.1)  851(2.35-30.71)  0.0002%  2.20(0.72-6.68)  0.1521  10.83 (1.68 - 69.7) o - -
Pneumonia 99 (37.8) 32 (33.3) 67 (40.4) 13 (27.6) 86 (40) 0.73(0.43-125) 02583  0.57(0.28-1.14)  0.1140 - - - -
Urinary Tract Infection 30(11.4) 11 (11.4) 19 (11.4) 5(10.6) 25(11.6)  1.00(0.45-220) 09975  0.90(0.32-2.50)  1.0000 - - - -
Other sites* 46 (17.5) 9(9.3) 37(22.3) 3(6.4) 43 (20) 036 (0.16-0.78)  0.0081*  0.27(0.08-0.92)  0.0324* 131 (0.59-2.89) 0499  0.93 (0.35 -2.48) 0.893
Previous antimicrobial 236 (90) 91 (94.8) 145 (87.3) 45 (95.7) 191 (88.8)  2.63(0.95-7,23)  0.0522  2.82(0.64-12.41)  0.1861 - - - -
Multiresistance 156 (59.5) 53 (55.2) 103 (62) 28 (59.6) 128 (59.5)  0.68(0.40-1.16)  0.1632  0.95(0.49-1.86)  0.8931 - - - -
Inadequate treatment 138 (52.7) 63 (65.6) 75 (45.2) 32 (68) 106 (49.3)  2.31(1.37-3.89)  0.0014*  2.19(1.12-4.28)  0.0195*  1.54(0.83-2.85)  0.164  1.86(0.87-3.97)  0.108

Note: 'Odds ratio; *Confidence interval; *P value; *Ascitic fluid, cavity abscess, wound secretion, ocular secretion, liquor; *Statistically significant P (< 0.05)
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Figure 1: Survival curve (30 days) using the Kaplan—Meier method for patients who received
antimicrobial appropriate therapy compared to those who received inappropriate empirical

therapy
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Figure 2: Survival curve (5 days) using the Kaplan—-Meier method for patients who received
antimicrobial appropriate therapy compared to those who received inappropriate empirical

therapy

Table 2 summarizes the characterization of P. aeruginosa strains regarding MBL
production, resistance profile and T3SS genotype of carbapenem-resistant clinical isolates
included in the study. According to the PCR assessments, the T3SS genotype for genes
encoding the cytotoxins ExoU, ExoS, ExoY and ExoT indicate that 57 (64.8%) of the clinical
isolates carried exoS, 76 (86.3%) carried exoT and 65 (73.9%) carried exoY. The
exoS+exoT+exoY genotype was observed in 42 (47.7%) of the strains. Fifty-two isolates were
positive for the two effector genes exoT and exoS (59%), the exoU gene was observed only in

19.3% of the strains, and a low frequency was observed for isolates encoding all four T3SS
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genes (9.1%). Of the 15 patients exhibiting exoU producing P. aeruginosa, 46.7% died and
35.3% were associated with pneumonia (data not shown).

Resistance rates were similar among isolates containing exo7, exoS, exoU and exoY,
with high resistance frequencies for ciprofloxacin (100%), gentamicine (100%) and cefepime
(87.5%). In general, the strains exhibited an MDR profile (75%). Most of the isolates expressing
the T3SS genotype exhibited an MDR profile (over 78%). Thus, the important relationship
between exoU and MDR expression is highlighted since, of the total positive isolates for exoU,
76.5% were multirresistant.

MBL multiplex PCR was conducted on 138 carbapenem resistant PA isolates, and 5.1%,
2.2% and 0.7% of the isolates, respectively, presented an amplicon consistent with MBL genes,

identified as blaspm-1-type, blavim-type and blanp-type.
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Table 2. Characterization of carbapenem-resistant Pseudomonas aeruginosa isolated from clinical specimens and relation to metallo-p-lactamase

production, Type III Secretion System genotype, resistance profile and virulence factors

Site Resistent PA' A;n/[zgﬁd PCR’ product size Analyzed T35S T3SS profile (isolates) Resistance profile (%)"
CBP?/ MDR* positive N(%) pb/gene (isolates) genotype
Blood 122/62 62/9(14.5%) 271/blase (6) exoU (5) FEP’ (60) GEN*(80) AMK’(20) TZP%(40), FLQ'(80)
390/blagpm (3) exoS (21) FEP*©90.5) GEN*(95.2) AMK?(52.4) TZP%(76.2), FLQ'(100)
25 exoT (22) FEP? (81.8) GEN*(86.3) AMK’(45.4) TZP%(68.2), FLQ7(90.9)
exoY (20) FEP® (80) GEN*(85) AMK’(35) TZP%(65), FLQ"(90)
exoYlexoT/exoU (5) FEP? (60) GEN*(80) AMK?(20) TZP°(40), FLQ(80)
exoYlexoT (17) FEP® (76.6) GEN*(82.3) AMK’(35.3) TZP%(58.8), FLQ"(88.2)
exoSlexoTlexoY (14) FEP® (85.7) GEN%(92.9) AMK’(42.8) TZP%(64.3), FLQ"(100)
exoS/exoT/exoY/exoU (3) FEP? (66.7) GEN*(100) AMK?(33.3) TZP%(33.3), FLQ’(100)
Lungs 197/68 55/1(1.8%) 188/blan (1) exoT (34) FEP® (64.7) GEN*(69.6) AMK’(17.6) TZP%(32.3), FLQ(67.6)
exoY (28) FEP® (67.8) GEN*(71.4) AMK’(21.7) TZP%(32.1), FLQ"(78.6)
exoS (23) FEP® (78.3) GEN*(65.2) AMK’(17.4) TZP%(30.4), FLQ"(78.3)
exoU (6) FEP* (66.7) GEN*(50) AMK®(33.3) TZP%(33.3), FLQ"(50)
40 exoTlexoS (21) FEP? (80.9) GEN*(71.4) AMK5(23.8) TZP%(33.3), FLQ'(81)
exoTlexoY (27) FEP* (66.6) GEN*(70.4) AMK®(14.8) TZP%(33.3), FLQ"(77.7)
exoYlexoTlexoS (17) FEP® (76.5) GEN*(82.3) AMK’(17.6) TZP%(29.4), FLQ"(88.2)
exoYlexoTlexoU (5) FEP? (60) GEN*(40) AMK’(20) TZP%(40), FLQ"(40)
exoTlexoY/exoS/exoU (1) FEP? (100) GEN*(100) AMK?3(100) TZP®(100), FLQ(100)
Urine 63/32 13/0 - - exoU (4) FEP’ (100) GEN*(75) AMK3(25) TZP%(100), FLQ'(100)
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exoS (7) FEP? (71.4) GEN“(57.1) AMK’(28.6) TZP®(71.4), FLQ'(71.4)
exoT (12) FEP? (66.7) GEN*(66.7) AMK’(16.7) TZP®(66.7), FLQ(75)
exoY (11) FEP? (63.6) GEN“(81.8) AMK®(27.3) TZP*(72.7), FLQ(81.8)

14 exoTlexoY (10) FEP? (60) GEN*(80) AMK?(20) TZP%(70), FLQ'(80)
exoTlexoYlexoU (3) FEP? (100) GEN*(100) AMK®(33.3) TZP%(100), FLQ(100)
exoTlexoSlexoU (3) FEP? (100) GEN*(66.7) AMK’(33.3) TZP®(100), FLQ(100)
exoTlexoY/exoS (6) FEP? (66.7) GEN“(66.7) AMK®(33.3) TZP*(66.7), FLQ(66.7)
exoT/exoY/exoS/exoU (2) FEP? (100) GEN*(100) AMK?(50) TZP®(100), FLQ’(100)

Others* 89/36 7/1 (14.3%) 271/blaspm (1) exoS (6) FEP’ (83.3) GEN*(83.3) AMK’(0) TZP(66.7), FLQ'(83.3)
exoT (7) FEP? (71.4) GEN“(85.7) AMK’(14.3) TZP(57.1), FLQ'(85.7)
exolU (2) FEP* (100) GEN*(100) AMK’(0) TZP%(50), FLQ"(100)

8 exoY (5) FEP? (100) GEN*(100) AMK3(0) TZP®(80), FLQ(100)
exoSlexoY (5) FEP? (100) GEN*(100) AMK?(0) TZP%(80), FLQ’(100)
exoTlexoS (6) FEP? (83.3) GEN“(83.3) AMK’(0) TZP%(66.7), FLQ"(83.3)
exoTlexoY/exoS (5) FEP? (100) GEN*(100) AMK?(0) TZP%(80), FLQ’(100)
exoT/exoY/exoS/exoU (2) FEP? (100) GEN*(100) AMK?>(0) TZP%(50), FLQ’(100)

Catheter tip 23/16 1/0 - - 1 exoT (1) FEP® (0) GEN*(0) AMK>(0) TZP%(0), FLQ(0)
exoY (1) FEP? (0) GEN*(0) AMK3(0) TZP*(0), FLQ(0)
exoTlexoY (1) FEP? (0) GEN*(0) AMK3(0) TZP*(0), FLQ(0)

Note: *Wound secretion (6); Ear secretion (1); Tissue fragment (1); ' Pseudomonas aeruginosa isolated from clinical specimens; 2CBP: carbapenemics; *FEP: Cefepime;
4GEN: Gentamicin; >’AMK: Amikacin; °PPT: Piperacillin-Tazobactam; "FLQ: Fluoroquinolonas; 3Metallo-beta-lactamase; Polymerase chain reaction; '°Type three secretion
system *Resistance profile of isolates expressing the T3SS gene. ¥ number of resistant multidrug isolates.
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DISCUSSION

According to the literature, relationships between antimicrobial resistance and virulence
traits and how they may impact the outcome of bacterial infections are a subject of growing
interest [4,16,25-27]. P. aeruginosa is considered one of the most problematic pathogens
among Gram-negative bacteria that cause hospital infections, especially due to its extraordinary
ability to acquire resistance genes and virulence [25,28].

Resistance to carbapenems has become an increasing and important problem,
particularly in Latin America. The current panorama of antibiotic therapy is restricted to
therapeutic alternatives with drugs considered problematic due to their high toxicity, such as
polymyxins B and colistin, which are often not commercially available in Brazil [7,29-31].
Inappropriate empirical therapy was considered a risk factor for increased mortality.
Individuals undergoing inappropriate empirical therapy were up to 2.31-fold more likely to die
when compared to patients who received adequate treatment. This has also been reported by
other authors, i.e. Matos et al. [12], Aviv et al. [32], Osih et al. [33] and Bogan et al. [34].

Literature reviews have indicated mortality frequencies caused by carbapenem resistant
P. aeruginosa ranging from 47.3% to 70%, with studies from Brazil included [12,28] and in
about 23% of all studies carried out in the US [35], highlighting antimicrobial resistance,
inappropriate empirical therapy and the severity of underlying diseases as risk factors for worse
patient evolution [12,32,36,37]. Using these data as basis, the rates are considered high in the
assessed center in Brazil. The use of urinary catheters and the presence of comorbidity
conditions, such as secondary bacteremia related to the respiratory tract, were independent risk
factors associated with death for 5 and 30-days mortality. These results are in agreement with
data from other Brazilian studies [12,36].

Numerous factors may make these patients more vulnerable to microorganism
acquisition and infection which could, in turn, lead to mortality. Furthermore, the acquisition
of multidrug resistant Pseudomonas aeruginosa in the hospital could be responsible for the
deterioration of the patients’ clinical condition [12,38].

Although the prevalence of MBL as a resistance mechanism has increased, particularly
in Latin America, also associated with severe infections, the results reported herein indicate
that, although a relatively high number of the carbapenem-resistant P. aeruginosa was detected,
strains encoding these enzymes was extremely low (8% of all strains), independent of
genotype. Our results also reveal an important change in the epidemiology of carbapenem-
resistant P. aeruginosa isolates at the HC-UFU since 2005, in which only SPM-1 producing

isolates were found [39], and 2011, reporting the emergence and dissemination of MBL-
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producing isolates of the VIM type. Currently, no MBL genes were detected in 92% (127/138)
of the isolates, although further research should be carried out in order to determine exact
resistance mechanisms. Contrary to what was reported by Hosein et al. (2019) in Iran, 64.3%
of P. aeruginosa isolates recovered from infections exhibited an MBL profile, with blansp as
the most frequent genotype [10]. Since the frequency of multidrug-resistant strains was high in
the present study, these results suggest that other resistance mechanisms coexist in these strains,
such as efflux pumps and membrane impermeability, which were not evaluated.

Functional T3SS has been associated with worse clinical outcomes and higher mortality
rates in patients with P. aeruginosa infections, and approximately 70% of clinical strains
contain the exoS-encoding gene [25,40]. In this study, the exoS gene was detected in 64.7% of
the clinical isolates, while the presence of the exoT and exoY genes varied and, unlike other
studies [17,19,25,40], exoU genes occurred at a low, but significant, frequency (19.5%).

The relationship between multidrug resistance and exoU-producing strains is evident in
the literature [26,28,41,42]. We also investigated the potential association between T3SS
genotypes and resistance profiles. Interestingly, we found that the exoU genotype was
significantly more frequent among MDR strains.

As expected, exoT and exoY genes were detected in the vast majority of all strains, but
the presence of exoS and exoU was almost mutually exclusive. Overall, 64.8% of the strains
were exoS+ and 19.3%, exoU+. Our findings are, therefore, in agreement with previous studies
demonstrating that exoU+, ranging from 10% to 40%, 1s less frequent than exoS+ (60% to 90%)
among P. aeruginosa clinical strains [19,25,28,40].

Our study presents some limitations. First, this is a retrospective study conducted in a
single tertiary care hospital in the Brazil. Therefore, the results may not be generalized to other
institutions and/or countries. However, we believe that a single center study design is preferred
when studying the sole effect of inadequate treatment above other patient- and care-related risk
factors. Second, it is easier to collect data and clinical isolates for analysis and attempt to
determine endemic strains in studies conducted in a single hospital. One of the strengths of our
study is that, despite being a single center study, a large group of patients was evaluated.

In conclusion, our results present evidence of an important change in the epidemiology
of carbapenemresistant P. aeruginosa isolates in a Brazilian hospital regarding MBL
production, with low detection of SPM and VIM, inferring the participation and co-existence
of other resistance mechanisms in these strains. Additionally, genes from the T3SS were
detected in most isolates, revealing their virulence potential and their relationship with the

MDR profile, which, combined with inappropriate empirical therapy, is a crucial factor



86

concerning the worse prognosis among patients with infection caused by MDR P. aeruginosa,
especially those who died within 5 days of diagnosis. These results should encourage a
reassessment of empirical antibiotic use guidelines in institutions, as well as a new approach to

predict MDR P. aeruginosa infections.
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Dear editor,

Over the years, became worryingly the overuse and misuse of antimicrobials to the
hospital setting, particularly in lower and middle-income countries (LMICs) where antibiotic
utilization has increased the most in recent years and where there is the greatest inappropriate

use.

The hospital microbiota has been modulated over decades mainly by the use of the most
prescribed antibiotics, a factor that favors the appearance of increasingly elaborate resistance
mechanisms, which can contribute to the permanence and adaptation of microorganisms in the
hospital environment?. Although there is still limited knowledge regarding on the impact of
antimicrobial consumption in different environments, scientists have made important progress
in the detailed mechanisms which has contributed to the establishment of these resistants
microorganisms.

A rising number of scientific articles have shown that, in Brazil, a country with
continental dimensions, the problems of assisted population and lack of available resources, as
well as extremely high frequencies of bacterial resistance in hospitals of tertiary care lead
significant problem and a challenge of the patient treatment. Making this situation even worse,
antibiotic therapy in these hospitals is commonly overused and often little judicious®*>.

In this scenario, studies that seek to establish the relationship between the indiscriminate
use of antimicrobials and the selection of resistant isolates has gained notoriety among
researcher and hospital staff. In recent years, antibiotic therapy has collapsed due to the
emergence of new and comprehensive resistance mechanisms in different species of
epidemiologically important bacteria, in response to the widespread use of the latest generation
of antibiotics. Among Gram-negative, the problem is very significant due to the emergence of
resistance to carbapenems (imipenem, meropenem, ertapenem), which is considered a global
clinical and epidemiological emergency'~.

A recent article in the present journal touched the problem. Popovic and collaborators
(2020)¢ conducted a retrospective, non-interventional, single-centre study was conducted
covering the period between 1st January 2014 and 31st December 2018, for the monitoring of
antimicrobial resistance and consumption of antibacterials in the Intensive Care Unit in
northern Serbia. According to with study the results demonstrated the extensive use of broad-
spectrum antimicrobial agents, together with high resistance rates among the Gram-negative

bacteria surveilled. Even more worrying was the correlation found between antibiotic
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prescription and resistance for several combinations of antimicrobial drugs and
microorganisms, confirming the indirect influence of selection pressure of different antibiotics
to antimicrobial resistance in Gram-negative bacteria®.

In a study published by our research group involving 35 adult Intensive Care Units
located south-eastern Brazil, were observed alarming data on antibiotic use in Brazilian
Intensive Care Units, with high rates of acquired infections and high rates of antibiotic use
(62%), mainly in the patients underwent empirical treatment (68.6%)*.

The results suggest that the problem of high antimicrobial resistance and infections
related to health care (HAI) caused by multi-resistant microorganisms are complex a
catastrophe for global security. Recent publications from Brazil, have shown worrying results
associated with inappropriate empirical therapy and multidrug-resistant organisms as risk

factors for worse patient evolution®>’

and as a consequence, this inappropriate antibiotic
prescribing widely contributing with increased morbidity, mortality and health care costs?.
The outlook today in hospitals across the country is bleak. In Brazil, after almost three
decades of official regulation of HAI control, several initiatives have been developed to
institute HAI control and prevention, but few initiatives have been made to identify its
magnitude* and HAI caused by multi-resistant organisms on in country is out of control.
From all that has been said, we can reach a fundamental conclusion: quantifying the
impact of HAIs, especially those caused by multi-resistant bacteria, and defining the

infrastructure for their prevention and control, including the rational use of antimicrobials in

different contexts, is a challenge that is far from being achieved in Brazil.
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ABSTRACT

This study included 87 patients who BSI by carbapenem-resistant P. aeruginosa. 61% received
inappropriate empirical therapy, the 30-day mortality rate was 57.5%. Inappropriate antibiotic
therapy contributed to the increase in mortality. These informations that will assist physicians

in adopting more effective approaches for treating BSI by carbapenem-resistant P. aeruginosa.

Keywords: Pseudomonas aeruginosa, Carbapenem resistance, inappropriate empirical

therapy, bloodstream infection, mortality.
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Introduction

The high prevalence of infections caused by multidrug-resistant Pseudomonas
aeruginosa has increased the morbimortality over the past decade, especially among
hospitalized patients in less developed countries such as Brazil. The problem is greater in large
hospitals with many beds complex care levels.!*?

Treatment of bloodstream infection (BSI) in the resource-limited country is largely
empirical and a challenge for patients with infections for multidrug-resistant (MDR) P.
aeruginosa. These patients had limited treatment options and are highly vulnerable to receiving
inappropriate empiric therapy, which contributes to increased length of hospitalization and
worst clinical outcomes. '

The increasing burden of hospital-acquired BSI caused by MDR pathogens has been
previously observed in Brazil.> However, only a few studies had examined the impact of
inappropriate antimicrobial therapy on the outcomes of patients who had BSI caused by P.

aeruginosa. Thus, this study aims to evaluate and to identify the predictors of mortality in

patients with BSI by carbapenem-resistant P. aeruginosa in a Brazilian tertiary hospital.

Methods
Study design, Patients and setting

A cohort study was employed to identify the predictors of mortality at the period of
2009 to 2019, and the impact of inappropriate empirical therapy on the outcomes of patients
with BSI by carbapenem-resistant P. aeruginosa. Clinical and demographic information about
each patient was obtained from hospital records.

This study was carried out at the Clinical Hospital of Federal University of Uberlandia,
Brazil, a tertiary-care hospital. The clinical microbiology laboratory database was reviewed,
and 87 patients who had BSI by carbapenem-resistant P. aeruginosa were identified. Only the
first episode of infection was analyzed. The strains that showed intermediate susceptibility
were considered resistant and the following antimicrobials tested were:
piperacillin/tazobactam, gentamicin, amikacin, cefepime, ciprofloxacin, colistin, imipenem
and meropenem.

Antimicrobial therapy was considered inappropriate when the patient was given
antimicrobials that did not present "in vitro" activity and/or when treatment was started over
48 hours after diagnosis of infection.* Multidrug resistance was defined as acquired non-

susceptibility to at least one agent belonging to three or more antimicrobial categories.’
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Statistical analysis

Student’s t-test was used to compare continuous variables and x* or Fisher’s exact tests
to compare categorical variables. To determine independent risk factors for 30-day mortality,
a multiple logistic regression model was used to control for the effects of confounding
variables. A survival curve was constructed using the Kaplan—Meier method. P values of <0.05

were considered statistically significant.

Ethical approval
The research was approved by the Federal University of Uberlandia Committee of

Ethics in Research with Human Participants (Approval No. 2.527.621).

Results

Among patients with BSI by carbapenem-resistant P. aeruginosa was observed a high
Intensive Care Unit (ICU) admission rate (63.2%). The previous use of antibiotics and central
venous catheter use was common, with 87.3% and 88.5%, respectively and 53 patients received

inadequate treatment empirical, and the 30-days mortality rate was 57.5% (Table 1).
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Table 1: Univariate and multivariate analysis of factors associated with the mortality of 87 patients with bloodstream infection caused by
Carbapenem Resistant P. aeruginosa

Caracteristics Total Outcome Statistical analysis
N=87(%) Death 30days Discharge Univariate Multivariate
N=50(%) N=37(%) OR! (IC% 95%) P OR! (IC% 95%) P
Mean age in years (DS) 57.124£20.5 60.2+ 20.7 52.9+£19.6 0.0295%* --
Male Sex 58 (66.7) 32 (64) 26 (70.3) '_°H 0.5396 --
Lenght of hospital stay-mean (days) 63.6+57.6 41.6+31.1 87+68.1 0.0007* --
Intensive Care Unit 55(63.2) 35 (70) 20 (54) T 0.1273 --
Lenght of ICU stay-mean (days) 18.66+23.63 23.1+17.9 40.8+28.5 0.9158 --
Days at risk (time from admission to BSI) 38.71£37.36 34.4+28.9 44.7+46 0.5278 --
Hospitalization during summer months 37 (42.5) 17 (34) 20 (54) — 0.0614 --
Comorbidity/ Underlying disease 52 (59.8) 38 (76) 14 (37.8) — 0.0030* [ 0.3117
Heart Failure 21 (24.1) 15 (30) 6 (16.2) R 0.1374 --
Cancer 14 (16.1) 13 (26) 1(2.7) e 0.0031* N 0.7225
Diabetes Mellitus 13 (15) 10 (20) 3(8.1) e 0.1428 --
Chronic Renal Failure 20 (23) 14 (28) 6 (16.2) . 0.1965 --
Lung disease 5(5.7) 3(6) 2(54) #—'ﬁ 1.000 --
Invasive devices
Central venous catheter 77 (88.5) 46 (92) 31(83.8) ——— 0.3128 --
Vesical cateter 63 (72.4) 39 (78) 24 (64.9) Ve 0.1754 --
Mechanical ventilation 64 (73.6) 38 (76) 26 (70.3) ——— 0.5491 --
Probes enteral or gastric nutrition 69 (79.3) 44 (88) 25 (67.6) R 0.0200* —_—— 0.1819
Traqueostomy 49 (56.3) 26 (52) 23 (62.2) -—-_- 0.3448 --
Hemodialysis 31 (35.6) 22 (44) 9(24.3) e 0.0582 -
Surgery 47 (54) 25 (50) 22 (59.4) P 0.3814 --
Prior use of antibiotic 76 (87.3) 46 (92) 30 (81.1) e 0.1923 --
Inappropriate antibiotic empirical therapy 53 (61) 42 (84) 11 (29.7) — - 0.001* —— 0.0001*
Primary bacteremia 57 (65.5) 31 (62) 26 (70.3) ._.H 0.4223 --
Secundary bacteremia 30 (34.5) 19 (37) 11 (29.7) e 0.4223 --
MDR* 60 (69) 33 (66) 27 (73) el 0.6450 --
Polymicrobial bloodstream infection 11 (12.6) 6(12) 5(13.5) L. 1.000 --
0:1 1I 1I0 160 0j1 1I 1I0 160

Note: 'Odds ratio; 2Confidence interval; *P value; *Multidrug Resistance; *P statistically significant (< 0,05).
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The mean age among patients who died was 61 years (range 9 months to 89 years) and
the majority of these patients had more comorbidity than the patients who survived (76% versus
37.8%). Also, a major frequency of invasive device use was observed among patients with death
results within 30 days: CVC (92%), a vesical catheter (78%) and mechanic ventilator (76%).
The major of patients who died used previous antibiotic therapy (92%) and were submitted to
inappropriate empirical antibiotic therapy (84%). Furthermore, inappropriate antibiotic
empirical therapy was independently associated with death.

The mean length of hospitalization was 87 days for survivors and 41.6 days for non-
survivors. The Kaplan—Meier cumulative survival estimates (Figure 1) for patients with
inappropriate versus appropriate therapy showed that the first group had a lower probability of
survival (P=0.0001). The 30-day mortality rate of the first group was 79.2%, while the second
group was 23.5%.

150- _
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Figure 1: Survival curve (30 days) using the Kaplan—Meier method for patients who received
antimicrobial appropriate therapy compared with those who received inappropriate empirical

therapy

Discussion
The rapid emergence and spread of carbapenem-resistant P. aeruginosa are a worldwide
public health problem, especially in less developed countries as Brazil, where there is a lack of

efficient prevention and control actions.!
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The development of BSI contributes to the severity of the clinical condition during the
hospitalization of the patients who have surgery, immunocompromised, in the use of invasive
devices and have greater illness severity. Currently, infection by carbapenem-resistant P.
aeruginosa, increase the risk of inappropriate empirical antibiotic therapy, what is frequent in
hospitals worldwide, but more frequent in lower and middle-income countries.!’”-8

This study indicates that older patients, who remained hospitalized longer and with some
comorbidity or use of invasive devices, such as cancer and are in use of enteral or gastric
nutrition probes were associated with worse outcomes, as well as, those that were in use of
inappropriate empirical antibiotic therapy. According to the literature, escalation rates of
antibiotic resistance and inappropriate empirical therapy add substantially the morbidity,
mortality, hospitalization length and cost related to bloodstream infectious MDR
microorganisms.®’

In this study, patients who use inappropriate antimicrobial therapy increase the risk of
the outcome of death in 14 times. In a study with leukemia patients, observed that BSI caused
by MDR P. aeruginosa with inappropriate antibiotic therapy increased the risk to the outcome
to death of these patients in 12.8 times. However, it can be avoided by implementing protocols,
and greater agility in the execution of microbiological tests for microbial identification and
susceptibility. These protocols must be developed for each hospital, based on data from active
epidemiological surveillance, which allows knowing the predominant species in each hospital
unit, as well as, the most frequently observed resistance mechanisms.’

In this study, inappropriate empirical therapy was an independent risk factor for 30-day
mortality. Similarly, Martinez-Nadal et al. (2020)’, in a study carried out in two Spanish
hospitals, observed that inadequate therapy was an independent factor associated with increased
mortality in patients with BSI caused by P. aeruginosa. According to Montero and collaborators
(2020) appropriate empirical therapy in patients with BSI by extensive drug resistance P.
aeruginosa acts as a protective factor, preventing early mortality.'

This study observed that P. aeruginosa causing BSI in this hospital were highly resistant
to most antibiotics commonly used in our setting. This trend of resistance could be accounted
for by increasingly empirical use of antibiotics; in most cases, indiscriminate and intense use
of antibiotics. According to literature empiric treatments often fail and increasing mortality.>!°
Our study had limitations. It was a single-centered, retrospective with small sample size.

However, this study generated valuable data regarding infection control aspects, and how it

impacts the outcomes of hospitalized patients who had BSI by carbapenem-resistant P.
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aeruginosa and were treated with inappropriate antibiotic therapy. Results should be validated
in other centers and on larger populations.

These findings some insights about the relationship between higher mortality and
inappropriate empirical therapy for patients with BSI by P. aeruginosa. There is a need for
better diagnostic tests and infection control programs should focus on de-escalation the
antibiotic inappropriate empirical therapy, mainly in BSI caused by carbapenem-resistant P.

aeruginosa.
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ABSTRACT

Background: Pseudomonas aeruginosa remains a significant cause of nosocomial infections
and responsible for high morbidity and mortality, especially in healthcare-associated infections.
We aimed to describe the current rates of inappropriate antibiotic treatment in patients with
multi-drug resistant P. aeruginosa infection and its impact on mortality. Material and
methods: A retrospective cohort study including 262 patients with non-duplicate P. aeruginosa
infections was performed. The medical records of cohort diagnosed with P. aeruginosa
infections from January 2009 to June 2019 at the Clinical Microbiology Laboratory of Hospital
(Brazil), a 506-bed tertiary-care university hospital, were reviewed. Only the first infection
episode for each patient was included in the analysis. Results: 138 patients (52.7%) had
received inappropriate antimicrobial therapy. A significant difference in the 30-day mortality
rate was found between the inappropriate empirical therapy group and the appropriate therapy
group (63/138 [45.6%] vs. 33/124 [26.6%], P = 0.0014). Most of the isolates included in the
study were considered multidrug resistance (59.5%) and P. aeruginosa extensive drug-resistant
corresponded to 35.5% of the total isolates. Patients with multidrug resistance infection showed
significant association with high mortality. The presence of heart failure, chronic renal failure,
cancer and use of parenteral nutrition were independent risk factors for the administration of
inappropriate antimicrobial therapy. Conclusions: This study demonstrated that inappropriate
antimicrobial is frequent and our data suggest that the inappropriate antimicrobial therapy
significantly affected the outcome of patients with P. aeruginosa infections. Change that reality,
in turn is, the main factor to improve outcomes.

Keywords: carbapenem-resistant P. aeruginosa; inappropriate antimicrobial therapy;

Pseudomonas aeruginosa; healthcare-associated infection
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INTRODUCTION

Healthcare-associated infections (HAI) are a public health problem and Pseudomonas
aeruginosa is one of the main agents causing HAI in the world, especially in lower and middle-

income countries, like Brazil [1-4].

Carbapenems are the antimicrobials of the first choice for the treatment by Gram-
negative HAI bacteria, but their use has been threatened by the increase in resistant clinical
isolates, especially P. aeruginosa, responsible for nosocomial outbreaks in hospitals in several
countries [5,6]. P. aeruginosa is a very versatile microorganism capable of developing
resistance to antimicrobials of the various classes used in the treatment of HAI, resulting in a
significant increase in resistant multidrug isolates in a hospital environment. This phenotype
limits the therapeutic options used in the treatment of invasive infections and increases the
chances of the patient receiving inappropriate empirical therapy, resulting in increased

morbidity and mortality rates [7-9].

Despite the severity of this situation, few studies evaluate the impact of inappropriate
empirical therapy on the evolution of patients with invasive infections caused by resistant P.
aeruginosa in hospitals in underdeveloped countries. Therefore, this study aims to evaluate the
the risk factors for inappropriate empirical therapy and the impact this therapy in the mortality
of patients with invasive carbapenem-resistant P. aeruginosa infections in a highly complex

hospital in Brazil.

MATERIAL AND METHODS
Study design, Patients and setting

This is an observational retrospective cohort study, was carried out at the Clinical
Hospital of Universidade Federal de Uberlandia (HC-UFU), a highly complex hospital, which

has 506 beds and is a reference for the region.

A cohort of patients admitted to the hospital who had infection by P. aeruginosa
carbapenem-resistant between January 2009 to June 2019 was selected to study. To determine
the risk factors for mortality and the impact of inappropriate empirical therapy on the evolution
of each patient the hospital records were analyzed and obtain demographic and clinical data,

including intrinsic and extrinsic risk factors. The clinical microbiology laboratory database was
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reviewed and only the first episode of infection was analyzed for these patients with more than

one episode.

Antimicrobial therapy was considered inappropriate when the patient was given
antimicrobials that did not present "in vitro" activity and/or when treatment was started over 48

hours after infection [10,11].

Multidrug resistance (MDR) was defined as acquired non-susceptibility to at least one
agent belonging to three or more. Extensively Resistant (XDR) categories as those presenting

resistance to at least one antimicrobial of all classes [12].
Bacterial isolates and clinical microbiology

A total of 262 consecutive non-duplicate P. aeruginosa isolates were included in the
study. Cultures were collected according to the protocol used by the Microbiology Laboratory
of the HC-UFU, and the identification and antimicrobial susceptibility tests were performed by
automation using the Vitek® Biomérieux system. The antimicrobials tested were:
piperacillin/tazobactam, gentamicin, amikacin, cefepima, ciprofloxacin, colistin, imipenem and

meropenem and the strains that showed intermediate susceptibility were considered resistant.
Statistical analysis

Student's t-test was used to compare continuous variables, and X? or Fisher's exact tests
were used to compare categorical variables. To determine independent risk factors for mortality
among patients who received inappropriate or inappropriate empirical therapy, a multiple
logistic regression model was used to control for the effects of confounding variables. All P <

0.05 were considered statistically significant.

Ethical approval
The Committee of Ethics in Research approved the research with Human Participants

at the Federal University of Uberlandia (Approval No. 2.527.621).

RESULTS

Of the 262 patients included in the study, 69.5% were male, with a mean age of 54.5
years. Most of the patients required admission to the Intensive Care Unit (ICU), where they
stayed on average 20 days, and 52.7% were submitted to inappropriate antimicrobial therapy.
The total mortality rate was 50%, and 96 (36.6%) patients died within 30 days after the first
infection episode. Of the total number of patients who died, 123 (93.9%) used antimicrobial
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therapy before the diagnosis of infection, cephalosporins being the most commonly used class
(77.9%) and 83 (63.5%) received inappropriate antimicrobial therapy (Table 1). Most of the
isolates included in the study were considered MDR (59.5%) and P. aeruginosa XDR
corresponded to 35.5% of the total isolates.

It was observed that the presence of heart failure, chronic renal failure, cancer and use
of parenteral nutrition were independent risk factors for the administration of inappropriate
antimicrobial therapy. Also, death in 30 days was significantly higher among patients who

received inappropriate empirical therapy (P=0.0014) (Table 1).



Table 1: Risk factors for Antibiotic
carbapenemics
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empirical therapy inappropriate and evolution of patients with the Pseudomonas aeruginosa resistant to

Characteristics N="l;zt2a:%) Antibiotic empirical therapy Statistical analysis
Inappropriate Appropriate Univariate Multivariate
N=138 (%) N=124 (%) OR! (IC? 95%) P OR! (IC? 95%) P
Male Sex 182 (69.5) 91 (65.9) 91 (73.4) 0.70 (0.41-1.19) 0.1914 - -
Mean age in years (SD%) 54.584+21.9 56.48+21.4 52.47422.5 - 0.1502 - -
Length of hospital stay-mean (days) 61.22449.1 55.014+44.73 68.12+53 - 0.0234%* - -
Intensive Care Unit 182 (69.5) 94 (68.1) 88 (71) 0.87 (0.51-1.48) 0.6168 - -
Length of ICUS stay-mean (days) 20.09+19.8 27.84+20.53 30.43+19.16 - 0.1315 - -
Average hospitalization time after diagnosis (= SD) days 31.31+48.8 27.5+49.9 35.5+47.3 - 0.0011* - -
Comorbidity/ Underlying disease
Heart Failure 52 (19.8) 38 (27.5) 14 (11.3) 2.98(1.52-5.83) 0.0010* 0.46 (0.22 - 0.96) 0.040*
Cancer 35(13.3) 25 (18.1) 10 (8.1) 2.52(1.16-5.49) 0.0170* 0.40 (0.17 -0.92) 0.033*
Diabetes Mellitus 50 (19.1) 26 (18.8) 24 (19.3) 0.96 (0.52-1.79) 0.9158 - -
Chronic Renal Failure 33 (12.6) 29 (21) 4(3.2) 7.98 (2.71-23.44) 0.0001* 0.18 (0.05 - 0.58) 0.004*
Lung disease 93.4) 2(1.4) 7 (5.6) 0.24 (0.05-1.20) 0.0892 - -
Invasive Procedures
Mechanical ventilation 191 (72.9) 101 (73.2) 90 (72.6) 1.03 (0.59 -1.78) 0.9120 - -
Tracheostomy 134(51.1) 64 (46.4) 70 (56.4) 0.66 (0.40 -1.08) 0.1033 - -
Urinary cateter 181 (69.1) 95 (68.8) 86 (69.3) 0.97 (0.57-1.65) 0.9283 - -
Central Venous Catheter 213 (81.3) 112 (81.1) 101 (81.4) 0.98 (0.52-1.82) 0.9517 - -
Surgical drain 54 (20.6) 29 (21) 25(20.2) 1.05 (0.57 -1.92) 0.8646 - -



Enteral or gastric nutrition probes
Hemodialysis
Parenteral Nutrition

Prior use of antibiotic

Aminoglycosides
Carbapenems
Cephalosporins 3™, 4th
Polymyxin

Fluoquinolones

Primary bacteremia
Secundary bacteremia
Pneumonia

Urinary Tract Infection
Other sites®

MDR’

Polymicrobial infection
Death

Death — 30 days

178 (67.9)
57 (21.7)
25(9.5)

236 (90.1)
16 (6.1)

157 (60)
190 (72.5)
63 (24)
44 (16.8)

57 (21.7)
30 (11.5)
99 (37.8)
30 (11.4)
46 (17.5)
156 (59.5)
58 (22.1)
131 (50)
96 (36.6)

94 (68.1)
43 (31.1)
20 (14.5)
126 (91.3)
6 (4.3)

82 (59.4)
103 (74.6)
30 (21.7)
26 (18.8)

34 (24.6)
19 (13.8)
49 (35.5)
16 (11.6)
20 (14.5)
84 (60.9)
32 (23.2)
83 (60.1)
63 (45.6)

84 (67.7)
14 (11.3)
5 (4.0)
110 (88.7)
10 (8.0)

75 (60.5)
87 (70.2)
33 (26.6)
18 (14.5)

23 (18.5)
11 (8.9)
50 (40.3)
14 (11.3)
26 (20.9)
72 (58)
26 (20.9)
48 (38.7)
33 (26.6)

1.01 (0.60-1.71)
3.55 (1.83- 6.90)
4.03 (146 -11.11)
1.33(0.59 -3.01)
0.51 (0.18 -1.47)

0.95 (0.58 -1.57)
1.25 (0.72-2.15)
0.76 (0.43 -1.35)
1.36 (0.70-2.63)

1.43 (0.79-2.60)
1.64 (0.74 -3.60)
0.81 (0.49-1.34)
1.03 (0.48-2.21)
0.63 (0.33-1.21)
1.12 (0.68-1.84)
1.13 (0.63-2.05)
2.38 (1.45 -3.92)
2.31 (1.37 -3.89)

0.9484
0.0001*
0.0053*
0.4831
0.2097

0.8608
0.4177
0.3567
0.3498

0.2330
0.2139
0.422
0.005*
1.892
0.6442
0.6655
0.0005*
0.0014*

0.54 (0.25 - 1.17)
0.33 (0.11 - 0.99)

0.66 (0.27 — 1.59)

0.98 (0.41 - 2.34)
0.60 (0.24 -1.46)
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0.120
0.049*

0.360

0.973
0.260

Note: 'Odds ratio; *Confidence interval; P value; “Standard deviation; *Intensive Care Unit; ®Ascitic fluid, cavity abscess, wound secretion, ocular secretion, liquor;’Multidrug-resistant, *Statistically significant P

(<0.05).
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Patients who underwent appropriate therapy had a significantly longer hospital stay
when compared to patients using inappropriate therapy (68.1 and 55 days, respectively).

The mean length of hospitalization for those patients with P. aeruginosa MDR infection
(59.7 days) was shorter than the length of hospitalization for patients with non-MDR P.
aeruginosa infection (64.2 days).

The Kaplan — Meier cumulative survival estimates for patients with inappropriate
versus appropriate therapy showed that the first group had a lower probability of survival (P =
0.0013) (Figure 1A). The rate of 30-day mortality was 45.6% and 26.6%, respectively.

When considering only patients with MDR P. aeruginosa infection, it was observed
that the 30-day mortality was significantly higher among patients undergoing inappropriate
antimicrobial therapy (P = 0.0005), since 45.2% of these patients died. In contrast, the mortality
rate among patients with MDR P. aeruginosa infection and who received appropriate antibiotic
therapy was 20.8% (Figure 1B).

In the group of patients with infection by non-MDR P. aeruginosa, the death in 30 days
did not present a significant difference between the group treated appropriately and the group

submitted to inappropriate therapy (Figure 1C).
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Figure 1: Survival curve for: A - patients with infection by P. aeruginosa who received
antimicrobial appropriate therapy compared with those who received inappropriate empirical
therapy. B - patients with MDR P. aeruginosa infection who received antimicrobial appropriate
therapy compared with those who received inappropriate empirical therapy. C - patients with
non-MDR P. aeruginosa infection who received antimicrobial appropriate therapy compared

with those who received inappropriate empirical therapy

DISCUSSION

The current study describes the epidemiology of a cohort of patients with risk presenting
with infection by carbapenem-resistant P. aeruginosa and focuses on the use of inappropriate
empirical therapy in this population and its impact on mortality. The most important findings
were as follows: (1) rates of mortality in patients with infection were high; (2) inappropriate

empirical therapy was frequent and high; (3) infection due to MDR P. aeruginosa was
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common, and was frequently associated with inappropriate empirical therapy; (4) overall,
inappropriate empirical therapy was associated to increased mortality in P. aeruginosa
infections (5) independent risk factors for inappropriate empirical therapy in P. aeruginosa
infections were the presence of heart failure, chronic renal failure, cancer and use of parenteral

nutrition.

The frequency of MDR P. aeruginosa isolated on different cultures from hospital
patients has steadily increased throughout the preceding years with most studies reporting a
progressive increase mainly in critical patients [13-15]. These findings might be attributed,
among others, to the overuse and misuse of antimicrobial compounds [14,15]. In our study
draws attention that, inappropriate empirical therapy was frequent, particularly in patients with

MDR P. aeruginosa infections.

In this study, patients who received inappropriate empirical therapy were 2.3 times
more likely to evolve to death. Also, it was found that the mortality rate varied proportionally
from inappropriate empirical therapy during the period of investigation. A similar association
was found by Martinez Nadal et al. (2020), whose research found that only among patients
with P. aeruginosa infection the mortality rate was significantly higher when they received
inappropriate empirical therapy [13]. Although this association is not yet fully known, there is
a consensus that inappropriate empirical therapy allied with P. aeruginosa is associated with a

WOTSe prognosis.

Multi-drug resistance in P. aeruginosa and inappropriate antimicrobial therapy has
well-known frightening future prospects, mainly in a country the antibiotic therapy is
commonly overused and often little judicious [1,7,16]. Previous studies have linked multidrug
resistance in P. aeruginosa with worse prognosis associated with inappropriate antimicrobial

therapies [4,13,15,17].

Unfortunately, we also found a high prevalence of MDR P. aeruginosa. This
observation is concordant with other current studies, that show high and increasing prevalence,
mainly in countries like Brazil [1,16,18,19]. As a consequence, makes P. aeruginosa coverage
a major problem [20]. In these countries, this problem is made even more serious by limited
financial resources, which reduce access to broad-spectrum antimicrobials due to high cost,
shortage of trained personnel and supplies, lack of compliance to hand hygiene and lack of

access to microbiology laboratories [21,22].
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Although this study was conducted in a single tertiary hospital in Brazil and with a
relatively small sample group, the results found to indicate an increasing trend of P. aeruginosa
MDR and XDR infection cases, reflecting a higher inappropriate prescription of antimicrobials
and, consequently, an increased mortality rate. Results should be validated in other centers and
on larger populations.

The results presented in this study allow us to conclude that the frequency of MDR P.
aeruginosa in the hospital under study is high. Also, more severe patients who develop
infections by P. aeruginosa are more likely to undergo inappropriate antimicrobial therapy.
Finally, the inadequate prescription of antimicrobials significantly reduces the survival of
patients with infections by P. aeruginosa. Thus, in addition to active surveillance, the rational
use of existing antimicrobials, especially those of broad-spectrum, should be encouraged for
the effective control and possible reduction of MDR microorganisms, as well as for the

successful treatment of infections caused by them and consequent reduction in mortality.
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ABSTRACT

Background: From a clinical point of view, detection of Type III Secretion System (T3SS)
genes in hospital isolates of multidrug-resistant P. aeruginosa could be useful, because these
genes may be associated with a poor prognosis in patients with infection. Aims: We
investigating the impact of the virulence genotype T3SS on mortality in carbapenem-resistant
P. aeruginosa infections. Methods: A total of 76 P. aeruginosa infections isolates recovered
from a hospital were analyzed. Clinical variables, susceptibility profiles and T3SS genotypes
(exoS, exoY, exoT and exoU) and presence of the MBL genes (blawpm, blaviv, blaciv, blaxpm
and blaspm) were available from PCR. The main outcomes analysed was 5-day and 30-day
mortality. Results: Up to 77.6% (59/76) of the isolates showed a high-virulence phenotype, and
22.4% (17/76) a low-virulence one. Interestingly, 4 isolates possessing both exoU and exoS
genes were detected simultaneously. No association between virulence phenotype and the main
outcome variable (30-day mortality) was found. However, significant mortality 5-day (about
20%) was observed among patients who had more virulent strains. The presence of
comorbidities, such as chronic kidney disease, male gender and Intensve Care Unit admission
were risk factors for infection with more virulent genotypes. The presence of exoU and exoS in
P. aeruginosa isolates was significantly differently distributed between the multi-drug resistant
and non-multi-drug resistant isolates (40.7% vs 15.2%, respectively). The exoU genotype was
significantly more frequent among multiresistant strains. Inappropriate empirical therapy was
significantly impacted by P. aeruginosa exoS+. Conclusions: Inappropriate empirical therapy
is a crucial factor in the worst prognosis among patients with infection caused by multiresistant
P. aeruginosa, regardless of the genotype associated with the virulence of T3SS.

Keywords: Type III secretion system; multidrug resistance; virulence; Carbapenemase,

Pseudomonas aeruginosa, inappropriate empirical therapy, mortality.
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Introduction

The emergence of multi-drug resistance P. aeruginosa is a global problem [1,2]
resulting in a negative impact on effective antimicrobial therapy. The increased mortality in
resistant P. aeruginosa infections has been associated with inappropriate empirical therapy [3-
5] and in Brazil, the antibiotic therapy is commonly overused and often little judicious [6,7].

Multiple factors contribute to the worse clinical outcomes of P. aeruginosa infections,
but we can highlight the resistance antimicrobial and virulence factors, mainly the Type III
Secretion System (T3SS), which directly injects effector toxins (ExoT, ExoY, ExoS and ExoU)
into the host cells [8-10]. Understanding the interplay between these factors is of paramount
relevance for the analysis of the outcomes of resistant P. aeruginosa infections inpatients.

Infections caused by resistant P aeruginosa, inappropriate empirical therapy and
virulence were significantly interconnected in a previous study [8,9,11] having a major impact
on the mortality of hospitalized patients. Therefore, in this manuscript, we investigate the
impact of the virulence phenotype T3SS on mortality in carbapenem-resistant P. aeruginosa

infections.

METHODS
Patients and setting:

The study was conducted at the Uberlandia University Hospital (Brazil), a referral
tertiary care facility affiliated with the Uberlandia Federal University following approval by the
research Ethics Committee. A retrospective cohort study was established based on P.
aeruginosa infections isolates collected according to the protocol used by the Microbiology
Laboratory of the hospital, that was stored in a databank from the University. Patients were
included only once in the database to ensure the independence of observation. Among those
with multiple infections episodes, only the first event was analyzed. The cohort database
included information on sociodemographic characteristics (age, gender), presence of Intensive
Care Unit (ICU), comorbidities, phenotypes, early mortality (5 days) and mortality 30 days and
inappropriate empirical therapy. A total of 76 P. aeruginosa infections isolates recovered from

a hospital were analyzed.

Definitions
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Antimicrobial therapy was considered inappropriate when the patient was given
antimicrobials that did not show "in vitro" activity and/or when treatment was started over 48
hours after infection [12,13].

Resistance phenotype stratification of isolates was made following Magiorakos et al.
(2012) [14]. A multidrug resistance (MDR) isolate was defined as a strain non-susceptible to at
least one agent in three or more antipseudomonal antimicrobial categories. An XDR isolate was
defined as non-susceptible to at least one agent in all but up to two antipseudomonal
antimicrobial categories; hence, an extensive drug resistance (XDR) isolate was also included
in the MDR category.

The primary endpoint of this study was 5 and 30-day in hospital all-cause mortality.

Information on the T3SS genotype (presence of exoU, exoS, exoY and exoT genes) was

also available from previous studies [15].

Bacterial isolates and Molecular testing

The identification and antimicrobial susceptibility tests were performed by automation
using the Vitek® Biomérieux system and the strains that showed intermediate susceptibility
were considered resistant. All Polymerase Chain Reaction (PCR) primers and reaction
conditions used in this study are described by Urzedo et al. [15]. To assess the presence of the
MBL genes (blarm, blavivm, blaciv, blaxom and blaspm) in P. aeruginosa strains, a multiplex
PCR was performed, as described previously [11]. The presence of the T3SS virulence genes
(exoS, exoY, exoT and exoU) was determined by simplex PCR, as described previously [16].
All PCRs were carried out in a Mastercycler Personal (Eppendorf). P. aeruginosa strains PAO1

and PA103 were used as controls.

Statistical analysis

The student’s t-test was used to compare continuous variables and x2 or Fisher’s exact
test was used to compare categorical variables. A survival curve was constructed using the
Kaplan-Meier method, and the logrank test was used for comparisons between groups of
patients with infections caused by different strains (exoS-/exoU-; exoU+/exoS+/-; exoS+;
exoU+ or exoS+) and for comparisons in inappropriate and appropriate therapy between the

groups. P values <0.05 was considered statistically significant.

Ethical approval
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The research was approved by the Federal University of Uberlandia Committee of

Ethics in Research with Human Participants (Approval No. 2.527.621).

RESULTS

Of'the 76 P. aeruginosa isolates, 88.2% (67/76) possessed at least one of the four T3SS-
related genes evaluated in this study (Table 1). Fifty-nine P. aeruginosa isolates (77.6%)
harboured exoU and/or exoS genes, including the non-cytotoxic/invasive strain (exoU—/exoS+,
74.5%), cytotoxic/non-invasive strain (exoU+/exoS—, 10.2%) and the cytotoxic/invasive strain
(exoU+/exoS+, 15.3%). The genes exoY and exoT were detected in 42 and 48 isolates (71.2

and 81.3%) of invasive strains, respectively.

Table 1: Distribution of the type III secretion system-related genotypes among Pseudomonas

aeruginosa strains isolated from the Healthcare-associated infections

Genotype Characteristics exoU exoS exoY exoT N° of Percentage
isolates (%)
Non-cytotoxic/Invasive strain - + + + 31 40.8
(exoU—/exoS+) ] N ] ] | 13
- + - + 8 10.5
; + + - 4 53
Cytotoxic/Non-invasive strain + - + + 6 7.9
(exoU+/ex0S-) N ) ) ) 0 0
+ - + - 0 0
+ B - + 0 0
Cytotoxic/Invasive strain + + + + 9.2

(exoU+/exoS+)

2.6

Non-cytotoxic/Non-invasive - - - - 53

strain (exoU—/exo0S—)

+
+
+
1

| B [\ S S |
()

9.2
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- - + - 0 0
- - - + 6 7.9
Total 76 100

The associations between clinical features of patients with P. aeruginosa infections and
virulence genes to T3SS are summarized in Table 2. When comparing the groups of patients
who presented infection with P. aeruginosa with an exoS/exoU negative profile with the others,
we observed that individuals with the presence of comorbidity, such as chronic kidney disease,
were significantly higher among the group of patients with infection by isolates with a profile

exo U+/exoS +/- (P =0.0060 and P = 0.0380, respectively).

When we compare the group of patients with P. aeruginosa exoS/exoU negative with
those with infection by P. aeruginosa exo S+ and exoU+ or exoS+, we find that in addition to
the presence of comorbidity (P = 0.0225 and P = 0.0102, respectively), as chronic kidney
disease (P = 0.0255 and P = 0.0174, respectively), male (P = 0.0054 and P = 0.0056,
respectively), non-MDR susceptibility profile (P = 0.0054 and P = 0.0056, respectively),
extensively drug-resistant and the occurrence of bacteremia were also significantly higher in

the positive groups for the T3SS III profile.

Ultimately, when comparing the groups of patients with P. aeruginosa infection with a
more virulent genotype (exo U+/ exoS +/- vs. exo S+), we observed patients admitted to the
ICU were more likely to develop infection with samples with an exo S+ profile (P = 0.0486)
(Table 2).
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Table 2: Characteristics of patients with Pseudomonas aeruginosa infections according to

T3SS III virulence genotype

T3SS II genotype

Characteristics
exoS/exoU exo U'/exoS™ exo S* exoU+ or exoS+
N=17 (%) N=15 (%) N=44(%) N=159 (%)
Male sex 9 (52.9)°¢ 12 (80) 38 (86.4)° 50 (84.7)°
Age (mean + SD) 58.14£22.2 60.5+18.5 55.84€21.1 57+20.4
Total Mortality 10 (58.2) 7 (46.7) 26 (59.1) 33 (55.9)
Late Mortality, 30 days 8(47.1) 6 (40) 19 (22.7) 25 (42.3)
Early mortality, 5 days 0 3 (20) 9(20.5) 12 (20.3)
P. aeruginosa phenotype
Susceptible (non-MDR'") 8 (47.1)°>° 3 (20) 6 (13.6)° 9(15.2)°
Multidrug-resistant 7 (41.2) 6 (40) 18 (40.9) 24 (40.7)
Extensively drug-resistant 2 (11.7)>¢ 6 (40) 20 (45.5)° 26 (44.1)°
ICU? stay 14 (82.3) 8 (53.3)¢ 35(79.5)¢ 43 (72.9)
Length of ICU stay-mean (days) 34.7+17.1 31.1+10.3 29.4+21 29.7¢£19.4
Bacteremia 1 (5.9)>¢ 4 (26.7) 18 (40.9)° 22 (37.3)°
Pneumonia 10 (58.2) 6 (40) 21 (47.7) 27 (45.8)
Urinary tract infection 4(23.5) 4 (26.7) 4(9.1) 8 (13.6)
Others sites® 2(11.7) 1(6.7) 1(2.3) 2(3.4)
Comorbidity conditions 5 (29.4)»b¢ 12 (80)* 28 (63.6)° 40 (67.8)°
Heart Failure 1(5.9) 5(33.3) 8(18.2) 13 (22)
Cancer 3(17.6) 3 (20) 49.1) 7(11.9)
Diabetes Mellitus 2 (11.7) 3 (20) 13 (29.5) 16 (27.1)
Chronic Renal Failure 030 4 (26.7)* 11 (25)° 15 (25.4)°
Lung disease 0 1(6.7) 1(2.3) 2(3.4)
Inappropriate empirical therapy 10 (58.2) 10 (66.6) 25 (56.8) 35(59.3)

Note: 'Multidrug Resistance; “Intensive Care Unit; *Ascitic fluid, cavity abscess, wound secretion, ocular

secretion, #>¢¢ P < 0.05 between the groups.

Of the 76 isolates, 11 (14.5%) had MBL resistance genes, of which 10 were blaspm and

only one blaipm. Among these 11 isolates, all were positive for exoS and only one for exoU.
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While genes encoding exoT and exoY were found in 90.9% and 72.7% of the isolates,

respectively (data not shown).

PCR analysis showed that more than 77% of the P. aeruginosa strains represented the
T3SS genotypes exoU+ or exoS+. In the multi-drug resistant, P. aeruginosa isolates, the
percentage of exoU was 20.3% (12/59), and exoS was 79.7% (47/59). The presence of exoU
and exoS in P. aeruginosa isolates was significantly differently distributed between the Multi-

drug resistant and non-multi-drug resistant isolates (40.7% vs 15.2%).

The overall 30-day crude mortality was 43.4%. Surprisingly, the 30-day and in-hospital
mortality rates among patients with P. aeruginosa isolates that expressed only ExoS and ExoU
protein were 22,7% and 40%, respectively, compared with 47.1% among patients whose P.

aeruginosa did express any of the exotoxins ExoU (Table 1).

Although the survival curve does not show significant differences in the first 5 and 30-
day cumulative probability of death after infections between T3SS genotype, the presence of

ExoS and ExoU there was a trend toward higher mortality in these groups (Figure 1).

Further, inadequate antimicrobial therapy was associated with the worse 30-day
outcomes than those who had appropriate therapy irrespective of the T3SS phenotype (55.6%

versus 4% versus 25.8, respectively).
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Figure 1: Survival curve using the Kaplan—Meier method — A: 30-day mortality among groups
of patients with infection P. aeruginosa exoS/exoU", exo U'/exoS™", exo S* and exoU+ or
exoS+. B: 5-day mortality among groups of patients with infection P. aeruginosa exoS/exoU,
exo U'/exoS™ exo S and exoU+ or exoS+. C: for patients with exoS/exoU" P. aeruginosa
infection who received antimicrobial appropriate therapy compared with those who received
inappropriate empirical therapy. D: for patients with exo U*/ex0S™" P. aeruginosa infection
who received antimicrobial appropriate therapy compared with those who received
inappropriate empirical therapy. E: for patients with exo S* P. aeruginosa infection who
received antimicrobial appropriate therapy compared with those who received inappropriate
empirical therapy. F: for patients with exoU" or exoS™ P. aeruginosa infection who received
antimicrobial appropriate therapy compared with those who received inappropriate empirical

therapy.
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DISCUSSION

Although considered an opportunistic pathogen, the resistance and virulence of P.
aeruginosa may severely impact patients’ clinical conditions. Understanding the T3SS factors
responsible for the severity and mortality of P. aeruginosa infections is of paramount relevance
[1,2]. In this series, we investigated the presence of the T3SS genotype in 76 isolates of
carbapenemic resistant P. aeruginosa isolated from different anatomical sites and tried to
establish the risk factors for infections with more aggressive strains. Thus, we found that exoS+
was the most frequent genotype, followed by exoU+, corroborating with previous findings, in
which the frequency of exoU+ was between 10% to 40% [11,16,17].

More than two thirds of the isolates expressed the exoU and exoS genes. Interestingly,
4 isolates possessing both exoU and exoS genes were detected simultaneously, which is a
notable finding since exoU and exoS appear to be mutually exclusive in different P. aeruginosa
populations in human and environmental isolates [8,11,17]. Type III secretion system
genotypes were obtained by PCR assays and most isolates possess factors associated with T3SS
exoS. Garey et al. (2008) reported that exoU and exoS are more frequent in bloodstream
infections [18]. The study by Subedi et al. (2018) and collaborators found that the majority of
isolates recovered from non-invasive infections, such as conjunctivitis and ocular keratitis had
T3SS virulence genes, especially exoU [19]. In this study, even though most of the isolates have
been recovered from tracheal secretion, we observed that bloodstream infections were caused
significantly by more virulent strains, directly impacting early mortality, since 45.5% of
patients with bacteremia due to exoU + or exoS + strains died in up to 30 days after diagnosis
of the infection, with an early mortality rate of 27.3% (data not shown). These findings confirm
reports in the literature, which say that patients with infection by P. aeruginosa exoU+ have a
worse prognosis [8,11,17].

In some Brazilian hospitals, the resistance in P. aeruginosa to carbapenems and
multidrug resistance are a big problem, with frequencies up 30% for MDR and XDR isolates
[7], and carbapenem resistance mainly occurs by production of MBL, mainly SPM-1 enzyme
[11,20]. In this study, we found a high relationship between the presence of MBL and T3SS

production, since all isolates were positive for at least one T3SS genotype.

The relationship between multidrug resistance and exoS or exoU genotype is already
reported [11,19,21]. In this study, we observed a high relationship between the presence of the

exoS genotype and multidrug resistance, which may justify the significant impact of



132

inappropriate empirical therapy on 30-day mortality in the group of patients with infection by
exoS+ strains, due to the limitation of effective therapeutic options. According to literature, the
co-occurrence of inappropriate empirical therapy and MDR P. aeruginosa are frequent in
patients with HAI worldwide [3,22], but with higher rates in countries with low-resources, as

Brazil [6,11].

Strains showing a high-virulence phenotype (ExoU) tended to be associated withome
underlying conditions [8,17], whereas, the analysis of this cohort revealed that bacterial
virulence T3SS itself was not a major player driving mortality in P. aeruginosa infections.
Several factors could explain this lack of impact. First, small sample cohort and high frequency
of MDR phenotypes, because MDR phenotypes are associated with higher 30-day mortality,
probably due to inappropriate empirical therapy. Although we have not observed a significant
association between T3SS genotype we observed that strains showing a exoU and exoS

phenotype tended to have higher mortality early (5-day) mortality and this was not documented.

Our study presents some limitations. First, this is a retrospective study conducted in a
single tertiary care hospital in Brazil. Therefore, the results may not be generalized to other
institutions and/or countries. However, we believe that a single-center study design is preferred
when studying the sole effect T3SS genotype expression and evaluate its relationship with early
mortality and inappropriate empirical therapy. Second, it is easier to collect data and clinical
1solates for analysis and attempt to determine endemic strains in studies conducted in a single
hospital. One of the strengths of our study is that, despite being a single-center study, a large
group of patients was evaluated.

In conclusion, our results indicate that the T3SS in P. aeruginosa virulence genotype
correlates MDR profile, but a poor prognostic was associated with inappropriate empirical

therapy regardless of T3SS genotype.
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Diante dos resultados deste estudo, conclui-se que:

50% dos pacientes incluidos no estudo evoluiram para o 6bito, demonstrando que P.
aeruginosa ainda ¢ um microrganismo epidemiologicamente importante no pais, ja que
¢ responsavel por infecgdes em diversos sitios anatomicos e esta associado elevadas
taxas de mortalidade;

O sitio mais acometido foi o pulmao (37,8%), seguido de corrente sanguinea (33,2%) e
trato urinario (11,4%);

A maioria dos pacientes incluidos no estudo apresentaram infec¢do por P. aeruginosa
MDR (59,5%);

Pacientes com comorbidades que desenvolveram infec¢des por P. aeruginosa
apresentaram maiores chances de receberem Terapia empirica inapropriada e a taxa de
mortalidade foi significativamente maior entre os pacientes submetidos a Terapia
empirica inapropriada (75,5%);

Foram considerados fatores de risco para mortalidade até cinco dias apds o diagnostico
de infecgdo: o tempo de hospitalizacao prolongado; a presenca de comorbidades como:
neoplasia, nefropatia e cardiopatia; uso de dispositivos invasivos, dentre eles: sonda
vesical e nutri¢do parenteral e terapia antimicrobiana inapropriada;

A frequéncia dos genes que codificam as metalo-f-lactamases foi muito baixa (7,9%),
sendo o gene blaspm 0 mais frequente;

64.5% dos isolados apresentaram gene T3SS, sendo a exoT o gene mais comum. Apesar
da frequéncia do gene exoU na nossa casuistica ter sido relativamente baixa, esse
gendtipo foi significativamente mais frequente entre isolados MDR e associado a maior

mortalidade entre os pacientes.

Estes resultados demonstram que P. aeruginosa continua sendo um dos patdgenos mais

importantes no ambiente hospitalar, acometendo na sua maioria pacientes criticos. Aqui,

percebemos que a terapia antimicrobiana estd intimamente relacionada com o pior prognostico

dos pacientes principalmente naqueles com infec¢des mais graves como ICS e pneumonia.

Nossos resultados sugerem também que a multirresisténcia associada com viruléncia deve ser

adicionada a lista de fatores responsaveis para o aumento das taxas de mortalidade nesses

pacientes.
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Além disso, nota-se um aumento da resisténcia antimicrobiana dos isolados recuperados, o
que dificulta a escolha do tratamento adequado e promove o aumento das taxas de mortalidade.
Esse aumento de P. aeruginosa resistente encontrado neste estudo chama a atencao para o uso

indiscriminado e incorreto de antimicrobianos, que resultam na sele¢do de isolados resistentes.

Assim, nossos achados revelam uma ripida disseminagdo de microrganismos
multirresistentes, limitando de forma significativa as opg¢des de tratamento. Apontam uma
necessidade urgente de melhora na vigilancia, teraputica antimicrobiana mais racional e

sobretudo de foco em estratégias de controle de infeccdo mais efetivas.

Portanto, conhecer os mecanismos de resisténcia de uma bactéria importante como P.
aeruginosa ¢ extremamente importante ndo so para tragar estratégias de controle de IRAS,
como ainda para estabelecer uma terapia antimicrobiana eficaz. Diante disso, deve ser
incentivado a realizacdo de pesquisas semelhantes a essa no intuito de permitir que tanto
Comissdes de Controle de Infecgdo Hospitalar, como ainda os profissionais de saude que lidam
diretamente com os pacientes de risco e 6rgdos competentes conhegam a e compreendam a
epidemiologia e dindmica das IRAS e, consigam tracar medidas de controle e prevencao das

mesmas.
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ANEXO B - FICHA EPIDEMIOLOGICA

Clinica do HC-UFU: Data: / /
Iniciais do nome: Prontuario:
Género:( )M ( ) F Idade:

Admissao: /1 Saida: /__/ ___ ( )alta ( ) transferéncia( ) dbito

Movimentagio no hospital: DESTAQUE TEMPO UTI (TEMPO HOSPITALIZACAO
ATE O DIAGNOSTICO DA INFECCAO

Unidade: Admissao:  / / Saida: / /
Unidade: Admissao: / / Saida: / /
Unidade: Admissao:  / /  Saida: / /
Doenca(s) de base:

Procedimento(s) realizado(s):

Dispositivos: ( ) VM ()SVD ( )CVC ( ) SNG ou SNE () Drenos
( ) NPP( ) ( )HEMODIALISE

Outros ( ) --

Diagnostico principal:

Co-morbidades:

( ) Doenca cardiaca( ) Doenca pulmonar ( ) Doenca renal ( ) Doenca hepatica
( ) Diabetes mellitus ( ) Doenca do SNC ( ) Neoplasia ( ) ( ) Aids ( ) Trauma
() Outra(s):

Antimicrobianos:( )N( )S VIGENCIA DA INFECCAO

1. de / / a / / total:  dias
2. de / / a / / total: __ dias
3. de / / a / / total:  dias
4. de !/ a /] total: dias
5. de /o a /o total: dias
6. de /[ a /[ total: dias
7. de /o a /o total: dias
8. de /] a /] total: dias

TERAPIA PREVIA 30 DIAS ANTES DA INFECCAO



