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RESUMO

Os microrganismos multirresistentes (MDR) representam uma das principais
ameacas globais a saude publica na atualidade. Dentre eles, destacam-se os
bacilos Gram-negativos resistentes aos carbapenémicos (BGN-RC), classificados
pela Organizagdo Mundial da Saude (OMS) como prioridade maxima para pesquisa
e desenvolvimento de novos antibidticos. A disseminagao desses microrganismos
pode resultar em surtos hospitalares, nos quais a rapida identificagao do patégeno,
a caracterizagao do perfil de resisténcia e a determinagao das rotas de transmissao
sS40 essenciais para 0 manejo adequado dos pacientes, bem como para a escolha
de terapias antimicrobianas eficazes. Este estudo teve como objetivo avaliar a
prevaléncia de carbapenemases em BGN-RC no Hospital de Clinicas de Porto
Alegre, realizar a caracterizagdo molecular dos isolados e analisar o perfil de
suscetibilidade a Novos antimicrobianos, incluindo cefiderocol,
meropenem-vaborbactam, sulbactam-durlobactam e ceftazidima-avibactam. Foi
possivel caracterizar um surto de Acinetobacter multirresistente por meio de
analises genbmicas, identificar os genes de resisténcia aos carbapenémicos mais
prevalentes em isolados de Pseudomonas aeruginosa e padronizar a técnica de
espectroscopia no infravermelho por transformada de Fourier (FTIR) para a
avaliagao clonal de isolados de Klebsiella pneumoniae. Além disso, foi avaliado o
desempenho da técnica de disco-difusdo em comparagao a microdiluigdo em caldo
para o teste de suscetibilidade ao cefiderocol, bem como a atividade in vitro dos
novos antimicrobianos frente aos BGN-RC isolados de amostras clinicas de
pacientes atendidos no hospital no ano de 2023. A caracterizacdo molecular dos
isolados incluiu a deteccao de genes de carbapenemases, analise fenotipica por
FTIR e analise genotipica por sequenciamento de nova geracgdo, permitindo a

avaliagao da distribuigdo clonal desses microrganismos.

Palavras-chave: cefiderocol; meropenem-vaborbactam; ceftazidima-avibactam;

sulbactam-durlobactam; IR Biotyper; carbapenemases.



ABSTRACT

Multidrug-resistant (MDR) microorganisms represent one of the major global public
health threats worldwide. Among them, carbapenem-resistant Gram-negative bacilli
(CR-GNB) are of particular concern and are classified by the World Health
Organization (WHO) as the highest priority for research and development of new
antibiotics. The spread of these pathogens may lead to hospital outbreaks, in which
rapid pathogen identification, resistance profiling, and determination of transmission
routes are essential for appropriate patient management and for guiding effective
antimicrobial therapy. This study aimed to assess the prevalence of CR-GNB at the
Hospital de Clinicas de Porto Alegre, to perform molecular characterization of the
isolates, and to evaluate the susceptibility profile to new antimicrobials, including
cefiderocol, meropenem-vaborbactam, sulbactam—durlobactam, and
ceftazidime—avibactam.

A multidrug-resistant Acinetobacter outbreak was characterized through genomic
analyses, the most prevalent carbapenem resistance genes among Pseudomonas
aeruginosa isolates were identified, and Fourier-transform infrared (FTIR)
spectroscopy was standardized for clonal assessment of Klebsiella pneumoniae
isolates. In addition, the performance of the disk diffusion method was evaluated in
comparison with broth microdilution for cefiderocol susceptibility testing, as well as
the in vitro activity of new antimicrobials against CR-GNB isolated from clinical
samples of patients attended at the hospital in 2023. Molecular characterization
included the detection of carbapenemase genes, phenotypic analysis by FTIR and
genotypic analysis by next-generation sequencing, enabling the assessment of the

clonal distribution of these microorganisms.

Keywords: cefiderocol; meropenem-vaborbactam; ceftazidime-avibactam;

sulbactam-durlobactam; IR Biotyper; carbapenemases.
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1. INTRODUGAO

A resisténcia aos antibidticos € reconhecida como uma das principais
ameacgas globais a saude publica contemporanea. Entre os microrganismos
portadores de mecanismos de resisténcia, destacam-se os bacilos gram-negativos
(BGN) resistentes aos carbapenémicos (RC), classificados pela Organizacao
Mundial da Saude (OMS) como uma prioridade critica para a pesquisa e
desenvolvimento de novos antibidticos, o que evidencia a importancia mundial
desse tipo de resisténcia (OMS, 2024). Em pacientes hospitalizados, infecgdes
causadas por bactérias multirresistentes (MDR, do inglés multidrug-resistant) sao
mais frequentes em Unidades de Terapia Intensiva (UTIs), representando até 40%
de todas as infec¢des adquiridas nesses ambientes. Infecgdes por MDR resultam
em maior mortalidade quando comparadas as infeccbes causadas por bactérias
sensiveis, além de contribuir para o aumento do tempo de internagao e dos custos
hospitalares (BARRASA-VILLAR et al., 2017; MEKES et al., 2020).

A disseminacdo de bactérias MDR em ambientes hospitalares ocorre
principalmente devido a falhas na higienizagdo das maos, uso inadequado de
antibioticos de amplo espectro, baixa adesao ao uso de equipamentos de protegao
individual (EPIs) e limpeza insuficiente dos ambientes (MODY et al., 2019; PEREZ
et al., 2020; THOMA et al., 2022). Essa propagacéo pode culminar em surtos nos
quais a identificagdo do patégeno e o perfil de resisténcia s&o elementos cruciais
no manejo dos pacientes infectados (CHEUNG & KWAN, 2012).

Para investigar a relagcdo epidemiolégica desses microrganismos em
ambientes hospitalares, bem como para a avaliagdo e caracterizagao de surtos, o
sequenciamento do genoma bacteriano € considerado o método padréao-ouro,
permitindo a analise da distribuicdo e do perfil clonal das bactérias, além de
possibilitar a correlacdo das cepas circulantes e a identificacdo de sua fonte de
origem (XIONG et al., 2021). Como o sequenciamento de todo o genoma é uma

técnica de alto custo e demorada, metodologias alternativas mais rapidas e
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custo-efetivas, como a espectroscopia no infravermelho por transformada de
Fourier (FTIR), tem sido propostas como técnicas de tipagem bacteriana. O
equipamento "IR Biotyper®" (Bruker Daltonics), o qual utiliza a metodologia de
FTIR, permite avaliar a relacdo clonal de microrganismos em poucos minutos,
podendo ser uma ferramenta util para o monitoramento da disseminagao
bacteriana (MARTAK, 2019; BURCKHARDT, 2019). No entanto, sdo necessarios
estudos de validagdo e padronizagdo do IR Biotyper em diferentes contextos de
avaliacdo epidemioldgica, como em surtos ou em avaliagdo de marcadores
moleculares.

Além do monitoramento da epidemiologia local, que € essencial para o
controle da disseminagcdo de bactérias MDR, também €& fundamental o
conhecimento do perfil de suscetibilidade desses microrganismos frente aos novos
antimicrobianos disponiveis para o combate de infec¢gdes causadas por BGN-RC.
Nesse contexto, o presente estudo teve como objetivo caracterizar molecularmente
os BGN-RC no Hospital de Clinicas de Porto Alegre, bem como avaliar o uso do IR
Biotyper® como metodologia de tipagem molecular alternativa. O estudo também
visou avaliar a atividade in vitro de novos antimicrobianos, como
ceftazidima-avibactam, recentemente  introduzido no pais, além de

meropenem-vaborbactam, sulbactam-durlobactam e cefiderocol.
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2. REVISAO DA LITERATURA

2.1 Estratégias de Busca

A revisao da literatura foi realizada através de dados do PubMed/Medline e
BVS (Biblioteca Virtual em Saude), utilizando de forma combinada ou isolada as
palavras chaves: “carbapenem-resistant enterobacterales AND epidemiology®,
carbapenem-resistant pseudomonas aeruginosa AND epidemiology”,
“carbapenem-resistant acinetobacter baumannii AND epidemiology, “IR Biotyper”,

“Whole genome sequencing AND Gram negative bacilli”, “cefiderocol AND in vitro
activity”, "sulbactam-durlobactam AND in vitro activity", "meropenem-vaborbactam
AND in vitro activity” e "ceftazime-avibactam AND in vitro activity”. Para a selegcéo
especifica dos artigos foram selecionadas apenas as opg¢des de “free full text”, no
periodo de 2021-2026, devido ao grande numero de artigos. Artigos duplicados
entre as bases de dados foram excluidos.

Os artigos foram selecionados, inicialmente, com base em seus titulos e
resumos e, apdés a leitura na integra dos artigos selecionados, os que
correspondiam com o assunto foram utilizados (Figura 1). Outros artigos citados
pelos artigos selecionados também foram incluidos para a elaboragdo deste

trabalho.

16



Estratégia de Busca na Literatura
_PubMedIMedline BVS
Base de Dados ' Base de Dados
£ s

[ Carbapenem-resistant Enterobacterales AND Epidemiology: 471 Artigos | 510 Artigos

[Carbapmmﬁistant Heﬂdmmmmm AND Epidemiology: 328 Artigos | 395 Artigos i
[ Carbapenem-resistant Acinetobacter baumannii AND Epidemiology: 445 Artigos 501 Artigos :
[ IR Biotyper: 46 Artigos 56 Artigos )
[ Whole Genome Sequencing AND Gram Negative Bacilli: 58 Artigos 72 Artigos ]
( Cefiderocol AND In Vitro Activity: 167 Artigos 226 Artigos w
( Sulbactam-Durlobactam AND In Vitro Activity: 28 Artigos | 45 Artigos i
[ Meropenem-Vaborbactam AND In Vitro Activity: 83 Artigos 115 Artigos
[ Ceftazidime-Avibactam AND In Vitro Activity: 247 Artigos 347 Artigos ﬁ

Filtros Aplicados:

Free Full Text ] | Periodo: 2021-2026

Exclusao de Artigos Duplicados

Selecio por Titulos e Resumos

Leitura Integral dos Artigos Artigos Incluidos
Selecionados na Revisao

Incluséo de Referéncias dos
Artigos Selecionados

Figura 1. Fluxograma de pesquisa em bases de dados
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2.2 Bacilos gram-negativos resistentes aos carbapenémicos

Os principais bacilos gram-negativos (BGN) de importancia clinica podem
ser divididos em 2 grandes grupos: Enterobacterales e BGN nao fermentadores
(BGNNF). Esses grupos de bactérias sao responsaveis pela maioria das infecgdes
hospitalares e por isso sua identificagdo € de suma importdncia para o
direcionamento terapéutico (BLASER; COHEN; HOLLAND, 2025). Nas ultimas
décadas, infecgbes hospitalares causadas por microorganismos multirresistentes
tém causado um significativo aumento da morbidade e mortalidade em pacientes,
assim como um importante impacto nos custos das internagées (HANSEN, 2021).

O sucessivo aumento de resisténcia contra antibidticos aminoglicosideos,
cefalosporinas e fluorquinolonas fez com que restassem como tratamento de
escolha os carbapenémicos para tratar infeccbes causadas por BGN
(TZOUVELEKIS, 2012). Contudo, nos ultimos anos, tem surgido cada vez mais
casos de bactérias resistentes a todas essas classes de antibioticos, incluindo os
carbapenémicos, o que se tornou um problema de saude publica em todo 0 mundo
devido a escassez de opgdes para tratar essas infecgdes (BASSETTI, 2019).

A resisténcia aos carbapenémicos em BGN pode ocorrer por mutagao
cromossomal, mas ocorre mais frequentemente por transferéncia horizontal de
elementos  genéticos carreadores de genes de carbapenemases
(REDONDO-SALVO, 2020). As carbapenemases podem ser divididas em dois
grandes grupos: serino-carbapenemases e metalo-beta lactamases (MBL). O
primeiro grupo contém um grupo serina em seu sitio ativo e pode ser inativado por
inibidores de beta-lactamases, ja o segundo contém ion zinco no seu sitio ativo, e
sdo inibidos por compostos quelantes como o EDTA (QUEENAN, BUSH, 2007).

Conforme a definicdo de Ambler, as serino-carbapenemases podem ser de
Classe A - sendo a mais conhecida a Klebsiella pneumoniae carbapenemase
(KPC); de Classe C (cefalosporinases, como AmpC) e de Classe D (oxacilinases).
Ja as MBL, pertencentes a Classe B de Ambler, englobam como principais enzimas

a Imipinemase (IMP), a “Verona integron-encoded metallobetalactamase” (VIM) e a
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“‘New Delhi metallobetalactamase” (NDM) (BUSH e JACOBY, 2010; NORDMANN e
POIREL, 2002; VAN DUIN e DOI, 2017) (Figura 2).

Beta-lactamases

|
| |

Sitio ativo Serina Metalo
{ | \ \ ‘
Classe
molecular A c D -
Grupo funcional 2 1 2d 3
|
Subgrupo [ I I I I | !—l—\ !—‘—I l—‘—\
funcional 2a 2b 2be 2br 2c 2f 1 1e 2d 2de 2(‘1f 1l 1e
P CTX-M KPC OXA-23 IMP
F;r:;?rfaa: ESBL SME OXA-48  VIM
(TEM, SHV) NDM

Figura 2: Classificagdo das beta-lactamases e principais enzimas (Adaptado de Bush, 2018).

Com o significativo aumento de infecgdes causadas por bactérias
produtoras de carbapenemases nos Uultimos anos, se faz necessario o
desenvolvimento de novos antimicrobianos e de métodos diagndsticos mais
rapidos para a identificagcdo do patdégeno e determinacdo da sensibilidade aos
antibidticos para que se possa controlar o aumento da resisténcia bacteriana e
aumentar as chances de vida de pacientes que venham a adquirir estas infecgdes
(DIENE; ROLAIN, 2014; PEREZ, BONOMO, 2019).

2.2.1 Enterobacterales Resistentes aos Carbapenémicos (ERC)

As ERC sao consideradas pelo “Centers for Diseases Controls and
Prevention” (CDC) como bactérias da ordem Enterobacteriales que apresentam
resisténcia fenotipica a qualquer um dos carbapenémicos, ou ainda, possuam

alguma enzima codificadora de carbapenemase (VAN DUIN et al., 2020), e foram
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classificadas como patégenos prioritarios pela Organizagao Mundial de Saude para
a pesquisa e o desenvolvimento de novos medicamentos e diagndsticos mais
rapidos (OMS, 2024). Entre as ERC, Klebsiella pneumoniae tem se destacado em
todo mundo por sua elevada prevaléncia, capacidade de aquisicdo de
determinantes de resisténcia e associagao a surtos hospitalares. No entanto, outras
espécies de ERC, como Escherichia coli, Enterobacter cloacae complex, Klebsiella
aerogenes e Serratia marcescens, também tém sido cada vez mais reportadas em
diferentes contextos clinicos, contribuindo para a expansdo desse problema de
saude publica (KONG, 2026; GUO, 2026). Do ponto de vista epidemioldgico, a
disseminagdo das ERC é fortemente impulsionada pela propagacao clonal de
linhagens de alto risco e pela transferéncia horizontal de genes de resisténcia,
especialmente aqueles que codificam enzimas carbapenemases como KPC, NDM,
OXA-48-like e VIM, conforme descrito em estudos recentes que analisam a
diversidade genética e os mecanismos de resisténcia nessas bactérias (KIFFER,
2023; PETAZZONI, 2026; BAWANKAR, 2025).

Esses microrganismos estdo amplamente associados a infecgdes
relacionadas a assisténcia a saude, sendo mais frequentemente isolados de
hemoculturas, trato urinario, trato respiratorio inferior e infecgdes de sitio cirurgico,
com destaque para a elevada frequéncia em infecgdes de corrente sanguinea e
pneumonias em pacientes hospitalizados, especialmente em unidades de terapia
intensiva (ANTOCHEVIS, 2025; BAWANKAR, 2025; KONG, 2026). Além disso,
infecgcdes urinarias complicadas tém sido descritas como importantes reservatorios
e vias de disseminacdo dessas bactérias, contribuindo para sua persisténcia no
ambiente hospitalar (GUO, 2026). A capacidade de colonizagdo do trato
gastrointestinal e a subsequente transmissédo cruzada entre pacientes reforgam o
papel das ERC em surtos hospitalares e evidenciam a necessidade de medidas

rigorosas de vigilancia epidemioldgica e controle de infecgao.
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2.2.2. Pseudomonas aeruginosa e Acinetobacter baumannii resistentes aos

carbapenémicos

Assim como as ERC, alguns BGNNF como Pseudomonas aeruginosa e
Acinetobacter baumannii resistente aos carbapenémicos também s&o considerados
importantes causadores de infec¢gdes hospitalares e também considerados
patdgenos prioritarios pela OMS.

A Pseudomonas aeruginosa resistente aos carbapenémicos (CRPA) € um
patdgeno de grande relevancia clinica, amplamente associado a infecgdes
relacionadas a assisténcia a saude, especialmente em pacientes criticos
(FALCONE, 2023). Essa bactéria apresenta notavel capacidade adaptativa,
combinando resisténcia intrinseca com multiplos mecanismos adquiridos, incluindo
a produgao de carbapenemases, perda de porinas como OprD e superexpressao
de bombas de efluxo, o que favorece fendtipos de multirresisténcia (PAI, 2001;
OLIVER, 2024; FALCONE, 2024 ). Como consequéncia, as opgoes terapéuticas
tornam-se limitadas, e infec¢gdes causadas por CRPA - particularmente bacteremias
e pneumonias associadas a ventilagdo mecanica - estdo relacionadas a elevadas
taxas de mortalidade (YU, 2024). Do ponto de vista epidemiolégico, a CRPA
apresenta ampla distribuigdo mundial, com taxas particularmente elevadas em
paises de baixa e média renda e em ambientes hospitalares, especialmente em
unidades de terapia intensiva (REYES, 2023).

O complexo Acinetobacter baumannii compreende um grupo de espécies
intimamente relacionadas — incluindo Acinetobacter baumannii, Acinetobacter pittii,
Acinetobacter seifertii, Acinetobacter nosocomialis e Acinetobacter calcoaceticus -
que apresentam elevada similaridade fenotipica e genémica, o que frequentemente
dificulta sua diferenciacdo em ambientes laboratoriais de rotina (VIJAYAKUMAR,
2019). Dentre essas, A. baumannii destaca-se como a principal espécie associada
a infeccbes em humanos, especialmente no contexto hospitalar. Esse
microrganismo € reconhecido por sua capacidade de sobreviver por longos

periodos em superficies inanimadas e de formar biofilmes em dispositivos médicos,
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como ventiladores mecanicos e cateteres, favorecendo sua persisténcia e
disseminagdo em unidades de terapia intensiva, e assim como CRPA, esta
frequentemente implicado em pneumonias associadas a ventilagdo mecénica e
infeccbes de corrente sanguinea, particularmente em pacientes criticos (SIEVERT,
2012; CASTANHEIRA, 2023; YU, 2024).

No que se refere a resisténcia aos carbapenémicos, o complexo A.
baumannii resistente (CRAB) representa um dos maiores desafios atuais em saude
publica global. Esse fendtipo resulta de uma combinagao de mecanismos, incluindo
alteragdes na permeabilidade da membrana, superexpressdo de bombas de efluxo
e, sobretudo, aquisicdo de genes que codificam carbapenemases. Diferentemente
do observado em Enterobacterales, nas quais enzimas como KPC e NDM
predominam, em CRAB as oxacilinases do tipo OXA - especialmente OXA-23 - sdao
as principais responsaveis pela resisténcia aos carbapenémicos. Porém, relatos
recentes indicam a emergéncia de outros determinantes, como OXA-24/40 e
OXA-58, evidenciando a continua evolugdo desse patdgeno e reforgando a
necessidade de vigilancia epidemiolégica constante e estratégias eficazes de
controle de infecgdo (DE SOUZA, 2025).

2.3 Vigilancia Epidemiolégica

Infeccbes Relacionadas a Assisténcia em Saude (IRAS) sdo aquelas
adquiridas apds a entrada do paciente no ambiente de saude, e muitas destas sao
causadas por bactérias MDR (NEJAD et al; 2011). A transmissao destas bactérias
nos ambientes de saude ocorre por diversos motivos, sendo o mais comum a
transmissao paciente-paciente e profissional de saude-paciente, devido a
inadequada higiene de méos, falha nos processos de limpeza do ambiente e dos
equipamentos, bem como procedimentos inadequados no controle de infeccao
(FRASER et al., 2021). Além disso, estudos recentes sugerem que o numero de

pacientes atendidos em urgéncia, numero de pacientes internados, tempo de
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internacao e taxa de uso de antimicrobianos sao fatores diretamente relacionados a
IRAS por bactérias MDR (CHEN et al. 2022).

Entre as bactérias MDR mais prevalentes na ultima década em ambientes
hospitalares se destacam: Escherichia coli e Klebsiella pneumoniae produtoras de
ESBL (Extended-spectrum beta-lactamase), Acinetobacter baumannii e
Pseudomonas aeruginosa produtores de carbapenemases, 0s quais apresentaram
um aumento significativo e preocupante, que deve ser monitorado e devidamente
controlado (CHEN et al, 2022).

2.3.1 Reagdo em Cadeia da Polimerase por High Resolution Melting

No que diz respeito a pesquisa de carbapenemases, a técnica considerada
padrao-ouro € a Reagao em Cadeia da Polimerase (PCR — do inglés “Polymerase
Chain Reaction”). Essa metodologia pode ser aplicada de forma convencional, por
meio da visualizagao de bandas correspondentes a determinados amplicons em gel
de agarose (POIREL, 2011), ou por PCR em tempo real, na qual um termociclador
projeta os resultados em forma de graficos, permitindo o acompanhamento das
curvas de amplificacdo em tempo real (SWAYNE, 2011).

Desenvolvido por Monteiro e colaboradores em 2012, o PCR multiplex em
tempo real para detecgado de carbapenemases é capaz de identificar até seis genes
(blakpe, blages, blapgxass, blayw, blaye € blaypy) simultaneamente em uma Unica
amostra. A técnica utiliza a analise de curvas de dissociacdo de alta resolucéo
(High Resolution Melting — HRM) como critério de interpretagcéo, proporcionando
uma identificacdo rapida e sensivel dos principais genes de carbapenemases
presentes em BGN-RC. Essa abordagem representa uma ferramenta valiosa tanto
para o controle de infeccbes quanto para a escolha do tratamento antimicrobiano

mais adequado.
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2.3.2 Sequenciamento de Nova Geragéo

Uma estratégia mais atual de vigilancia epidemiolégica para o
monitoramento de IRAS € a utilizagdo da tecnologia de sequenciamento de nova
geragdo (NGS — do inglés “Next Generation Sequencing”) a qual permite a
avaliacao do genoma completo (WGS - do inglés "Whole Genome Sequencing"). A
técnica de NGS permite, entre outras funcionalidades, determinar a distribuicdo e o
perfil clonal das bactérias detectadas nos ambientes de saude, e correlacionar a
transmissao destas cepas, bem como detectar a sua fonte de origem (XIONG et al.,
2021). Desde que o primeiro método de sequenciamento foi descrito por Sanger na
década de 1970 (SANGER et al., 1973), muitos avangos foram desenvolvidos
nesta area até se chegar ao NGS (MARDIS, 2013).

A técnica de NGS combina alto rendimento e sequenciamento de
moléculas de DNA, onde milhdes de reagbes de sequenciamento ocorrem em
paralelo (HU et al., 2021). No sequenciador lllumina®, o método é baseado em
“sequenciamento por sintese” por tecnologia de terminagéo reversivel marcada
com fluorescéncia e acoplados a um terminador reversivel pela enzima DNA
polimerase, tendo como produto final a incorporacdo de nucleotideos em que o
sinal fluorescente resultante é visualizado (MARDIS, 2013; HU et al., 2021) (Figura
3).
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Figura 3: Principio do sequenciamento por NGS - lllumina® (Figura desenvolvida por lllumina®)

Apesar de sua grande importancia, o método de NGS demanda tempo,
profissionais capacitados tanto para executar o sequenciamento como para

analisar os dados, além de ser considerado laborioso e de alto investimento.
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2.3.3 IR Biotyper

FTIR (Fourier transform infrared spectroscopy) € um método fenotipico
tradicionalmente usado em quimica para determinar a composicao molecular de
uma ampla variedade de amostras de forma rapida, nao destrutiva, simples, barata
e de alto rendimento (MACCANNELL, 2013). Essa tecnologia evoluiu também para
a area de microbiologia, e tem sido utilizada para avaliar a relagdo de isolados
bacterianos de forma fenotipica baseado na vibragdo diferencial de ligagdes
quimicas distintas das moléculas presentes na célula bacteriana a partir da
exposicdo a um feixe infravermelho. A medida que diferentes grupos quimicos
funcionais absorvem a radiacdo infravermelha em diferentes comprimentos de
onda, serdo originados picos espectrais, relacionando a absorbancia com os
numeros de onda (NOVAIS, et al., 2019) (Figura 4).
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Figura 4: Metodologia de FTIR (Fonte: Adaptado de Muchaamba and Stephan, 2024).

O equipamento IR Biotyper (Bruker Daltonik, GmbH), comercializado a

partir de 2018, € um sistema novo baseado nesta tecnologia de FTIR em que
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transforma os espectros em graficos ou dendrogramas, o qual permite determinar,
de forma rapida, a tipagem molecular bacteriana a fim de avaliar a relagdo entre
isolados de uma mesma espécie, bem como classificar isolados utilizando um
classificador com o auxilio de aprendizado de maquina (NOVAIS, et al. 2019;
MARTAK, et al., 2019; BURCKHARDT et al., 2019).

Alguns estudos tém sido executados para avaliar a performance do IR
Biotyper, os quais tém demonstrado boa concordéncia com relagdo aos métodos
padrao-ouro, como NGS, demonstrando ser uma 6tima opg¢ao na caracterizacao
molecular de bactérias e no auxilio para o monitoramento de controles de infecgéo,
de uma forma mais rapida e custo-efetiva (LOMBARDO et al. 2021; HU et al. 2021).
Entretanto, ainda ndo ha uma padronizagdo deste método para avaliar a relagéo

clonal de isolados bacterianos, fazendo-se necessario mais estudos nesta area.

2.4 Novos antimicrobianos na era das bactérias multirresistentes

Com o aumento de infecgcbes causadas por bactérias MDR, nos ultimos
anos novos antimicrobianos foram introduzidos na clinica a partir de classes ja
existentes, a exemplo de novas cefalosporinas (cefiderocol) ou ainda utilizando
combinagdes de antimicrobianos ja existentes com a insercdo de novos inibidores
de betalactamases (ceftazidima-avibactam, = meropenem-varborbactam,
imipenem-relabactam, sulbactam-durlobactam, entre outros) (TOMPKINS e VAN
DUIN, 2021).

2.4.1. Cefiderocol

Um dos antimicrobianos mais recentes e promissores € o cefiderocol.
Cefiderocol € um derivado das cefalosporinas em combinagdo com um grupo

sideroforo o que facilita sua entrada na célula bacteriana através do mecanismo de
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transporte de ferro, vital para a atividade bacteriana. Apds a penetracao facilitada
na célula o grupo cefalosporina inibe a sintese do peptidoglicano através da
afinidade por proteinas de ligagdo a penicilina, causando a morte celular da
bactéria e, por isso, o cefiderocol é considerado um “cavalo de tréia”
(EL-LABABIDI e RIZK, 2020). Estudos in vitro demonstraram que o cefiderocol
apresenta atividade contra bactérias MDR incluindo as produtoras de serino
carbapenemases (KPC e OXA-48-like) como também de MBL (NDM, VIM e IMP),
além de serem ativos ndo somente contra Enterobacterales mas também contra
BGNNF como Pseudomonas aeruginosa e Acinetobacter species. (KOHIRA et al.
2015; ITO-HORIYAMA et al. 2016; ZHANEL et al. 2019). Alguns estudos clinicos
também demonstraram superioridade do cefiderocol com comparadores em
pacientes com infecgdes por BGN MDR, incluindo maior taxa de cura e menor taxa
de mortalidade (FALCONE, 2021; TIMSIT, 2022, Al e CHANG, 2026).

Uma questdo importante é a dificuldade na realizagdo do teste de
suscetibilidade ao cefiderocol in vitro. Por se tratar de um sideréforo, a execucéo da
microdiluicdo em caldo - considerada o padrao-ouro para testes de suscetibilidade -
requer a remogao do ion ferro do meio de cultura por meio da adigdo de um agente
quelante (HACKEL, 2019). Esse processo torna o método mais trabalhoso,
demorado e oneroso. Como alternativa, pode-se utilizar a técnica de disco-difusdo,
que é mais simples e custo-efetiva. Entretanto, ha a presenca de uma “Area de
Incerteza Técnica” em determinadas faixas de zona de inibicdo (EUCAST, 2025), o
que compromete a confiabilidade dos resultados nessas condic¢oes.

Além disso, os mecanismos envolvidos na resisténcia ao cefiderocol ainda
nao estdo completamente elucidados. Alguns estudos sugerem que a presenca de
carbapenemases, em combinagao com alteragdes nos sistemas de transporte de
ferro, pode estar associada ao aumento da Concentragao Inibitéria Minima (CIM)
em isolados resistentes. No entanto, devido a grande diversidade de
transportadores de ferro, ha consideravel divergéncia na literatura quanto a quais
sistemas especificos estariam implicados nesse fenébmeno (DAOUD, 2022; YANG,
2022; SHEN, 2026).
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2.4.2. Novos inibidores de betalactamases

Avibactam (AVI), um novo inibidor de betalactamases, foi aprovado em
2015 pelo Food and Drug Administration (FDA) nos Estados Unidos, para ser
utilizado em combinagcdo com Ceftazidima (CAZ) (cefalosporina de 32 geracgao).
Essa combinagao (CAZ/AVI), disponibilizada no Brasil a partir de 2018 (ANVISA), é
ativa contra BGN-RC que possuem enzimas de Classes A, C e algumas enzimas
de Classe D de Ambler, mas o CAZ/AVI é inativo contra as betalactamases de
Classe B (MBL) (STACHYRA, 2009; PAPP-WALLACE and BONOMO, 2016;
NICHOLS et al., 2018; KANJ, 2022).

Outros dois inibidores de betalactamases recentemente desenvolvidos sao
o relebactam (REL) e o vaborbactam (VAB). O primeiro é utilizado em combinag¢ao
com imipenem (IMI) e o segundo com meropenem (MER), e ambos tém
demonstrado eficacia semelhante ao CAZ/AVI, porém sem atividade contra a
enzima OXA-48 (YAHAV, 2020; KANJ, 2022). Interessantemente, um relato de caso
reportou um cenario em que um paciente em uso de CAZ/AVI desenvolveu
resisténcia a este antimicrobiano ao longo do tratamento, e MER/VAB foi capaz de
tratar a infeccdo, demonstrando ser uma alternativa promissora em caso de
resisténcia desenvolvida por tempo de tratamento a CAZ/AVI (ATHANS, 2018). Até
o momento, MER/VAB ainda nao foi aprovado pela ANVISA para comércio no
Brasil e poucos estudos tém avaliado a eficacia in vitro desta combinagdo em
isolados BGN-RC no pais, e apenas em isolados de Klebsiella pneumoniae
(CAMARGO, 2023; WILHELM, 2024).

Um dos mais recentes inibidores de betalactamases aprovado em 2023
pelo FDA é o durlobactam (DUR). Diferentemente dos outros inibidores de
betalactamases, DUR €& capaz de inibir enzimas oxacilinases presentes
principalmente em cepas de Acinefobacter species, e sua utilizagdo em
combinagdo com sulbactam (SUL) restaura a acdo deste contra isolados de
Acinetobacter MDR, sendo um medicamento promissor em infecgdes hospitalares
no combate a este microrganismo (DURAND-REVILLE, 2017; KAYE, 2023). Ainda,
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um estudo recente indica que SUL/DUR pode ser efetivo também em isolados de
Enterobacterales produtoras de OXA-48-like (OUTEDA-GARCIA, 2026).

Apesar do avango no cenario de novos antimicrobianos, o potencial de
desenvolvimento de cepas resistentes a estes farmacos é alto (TOMPKINS e VAN
DUIN, 2021). Por isso, se faz necessario uma vigilancia a fim de monitorar o perfil

epidemiologico dos BGN-RC frente a esses novos medicamentos.
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3. MARCO CONCEITUAL

Problema Global Investigacao Epidemiolagica Implicagoes Clinicas

b Caracterizagdo Molecular ‘ e
Resistencia em BGN-RC § ‘ Perfil de Suscetibilidade
(PCR + NGS)

1 R 1 o 1

Disseminagdo Hospitalar = = i Avaliagdo de Novos
de MDR Tipagem Clonal IR Blotyper Antimicrobianos
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Figura 5: Marco conceitual sobre resisténcia bacteriana em BGN-RC: caracterizagdo molecular e
avaliagédo da suscetibilidade aos novos antimicrobianos.
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4. JUSTIFICATIVA

A disseminacdo de BGN-RC ¢é uma das grandes preocupag¢des nao
apenas nos ambientes hospitalares como também na comunidade e no meio
ambiente. A detecgdo da presenca de genes de carbapenemases que levam a
resisténcia a maior parte dos antimicrobianos é indispensavel para guiar o
tratamento das infec¢gdes causadas por estes microrganismos. Além disso, uma
das formas de mapear a disseminacdo destes microrganismos € através de
tecnologias como NGS, capaz de identificar e classificar se as cepas bacterianas
pertencem ao mesmo clone. Apesar do avango tecnolégico de equipamentos
capazes de realizarem o sequenciamento de todo o genoma bacteriano por NGS e
de seu alto poder de discriminagao genética, o procedimento de realizagédo de um
sequenciamento apresenta alto custo e demanda profissionais capacitados, bem
como um grande tempo na execucgdo. Outra forma de analise de clones
bacterianos é utilizando a técnica de tipagem molecular, a qual, mais atualmente,
pode ser realizada pelo equipamento denominado de “IR Biotyper®”, capaz de
realizar a tipagem através do uso de FTIR de uma forma relativamente mais rapida
e custo-efetiva.

Além da caracterizagcdo molecular dos BGN-RC mais prevalentes ser
importante para estabelecer a epidemiologia local da instituigdo, bem como auxiliar
no manejo, tratamento e controle de IRAS, também é necessario conhecer o perfil
de suscetibilidade destas bactérias aos novos antimicrobianos desenvolvidos e
recém introduzidos no Brasil (ceftazidima-avibactam) bem como os que ainda estéo
em processo de aprovagdo no pais (Cefiderocol, Meropenem-vaborbactam,
Sulbactam-durlobactam), para um prévio conhecimento de sua suscetibilidade até
a etapa de introducédo na clinica.

Neste sentido, este trabalho objetivou identificar e caracterizar
molecularmente os BGN-RC mais prevalentes no Hospital de Clinicas de Porto
Alegre bem como determinar o perfil de suscetibilidade destes microrganismos

frente aos novos antimicrobianos.
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5. OBJETIVOS

5.1 Objetivo Geral

Caracterizar com uso de técnicas moleculares os BGN-RC mais prevalentes no
Hospital de Clinicas de Porto Alegre no periodo de janeiro de 2023 a dezembro de
2023, e determinar o perfil de suscetibilidade destes isolados aos novos

antimicrobianos.

5.2 Objetivos Especificos

1) Avaliar a prevaléncia dos genes de carbapenemases entre os BGN-RC no

Hospital de Clinicas de Porto Alegre através da analise de PCR por HRM;

2) Avaliar a técnica de tipagem molecular por FTIR através do equipamento IR

Biotyper comparado com o método de NGS;

3) Avaliar a distribuicao clonal dos isolados clinicos mais prevalentes utilizando a
técnica do FTIR;

4) Determinar o perfil de suscetibilidade dos BGN-RC frente aos novos
antimicrobianos cefiderocol, meropenem-vaborbactam, ceftazidima-avibactam e
sulbactam-durlobactam (Complexo Acinetobacter-baumannii-calcoaceticus) em

comparagao com Polimixina.

5) Comparar as técnicas de disco-difusao e microdiluicdo em caldo na avaliagédo do

perfil de suscetibilidade ao cefiderocol.

6) Avaliar, por NGS, o contexto genético de isolados resistentes ao cefiderocol.
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ARTICLEINFO ABSTRACT

Keywords: Carbapenem-Resisiant Pseudomonas Aeruginoza (CRPA) is considered as one of the high priority pathogens by the
Peetidimncnay srvgingts Culfaeeiiiges World Health Organization. As CRPA carbapenemase producers have increased worldwide, the aim of this study
NDM was to evaluate the carbapenemase prevalence in CRPA at a tertiary care hospital in Brazil”. All 395 CRPA

identified in the period of September 2021 to May 2024 were evaluated by multiplex real-time polymerase chain
reaction (qPCR-HRM) for the following carbapenemase genes: Maygpe, Moyny. Hom g e, Bidpap, Baynyy blagpy
and Moges. In the first period analyzed (September to December 2021), almost 70 % of the isolates were negative
for the 7 tested genes, and the blgypy, was found in 27.3 % of the CRPA_ In the following semesters there was an
increase of blgyrey as follows: January to June of 2022 = 29.8 %; July to December of 2022 = 43.8 %; January to
June of 2023 = 42.4 %; July to December 2023 = 58.9 % and January to May of 2024 = 50.5 % of bldyp. The
prevalence of the other carbapenemases remained low. These results indicated an important increase of the
blaypy gene, overcoming the CRPA non-carbapenemase producers in our institution.
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Abstract:

Carbapenem-resistant Pseudomonas aeruginosa (CRPA) is considered as one of
the high priority pathogens by the World Health Organization. As CRPA
carbapenemase producers have increased worldwide, the aim of this study was to
evaluate the carbapenemase prevalence in CRPA at a tertiary care hospital in
Brazil”. All 395 CRPA identified in the period of September 2021 to May 2024 were
evaluated by multiplex real-time polymerase chain reaction (QPCR-HRM) for the
following carbapenemase genes: blawpc, blanow, blaoxassikes bPlamp, blaym blaspy
and blages. In the first period analyzed (September to December 2021), almost
70% of the isolates were negative for the 7 tested genes, and the blaypy was found
in 27.3% of the CRPA. In the following semesters there was an increase of blaypy
as follows: January to June of 2022 = 29.8%; July to December of 2022 = 43.8%;
January to June of 2023 = 42.4%; July to December 2023 = 58,9% and January to
May of 2024 = 59.5% of blaypy. The prevalence of the other carbapenemases
remained low. These results indicated an important increase of the blayu gene,

overcoming the CRPA non-carbapenemase producers in our institution.

Keywords: Pseudomonas aeruginosa; carbapenemases; NDM.
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Pseudomonas aeruginosa is a non-fermenting gram-negative bacilli
typically found in healthcare settings, usually associated with urinary tract,
respiratory and bloodstream infections. [1] Carbapenem-resistant P. aeruginosa
(CRPA) is particularly worrying and is considered a high-priority pathogen in the
2024 Bacterial Priority Pathogens List due to their global threat and limited
therapeutic options. [2] Furthermore, CRPA are associated with worse morbidity and
mortality outcomes compared to susceptible isolates, as well as an important impact
on hospitalization costs. [3,4]

The main mechanisms which lead to carbapenem resistance in P
aeruginosa are: efflux pump overexpression, overproduction of AmpC
beta-lactamase usually associated with porin loss or inactivation, and, more rarely,
production of carbapenemases. [5] While the most prevalent carbapenemase gene
worldwide are blay,, followed by blages, [6] blaypy has been emerging in the last
years in CRPA from Europe [7], Africa [8] and other countries. [9]

Until 2010, the blagpy gene used to be the most common carbapenemase
among CRPA in southern Brazil. [10,11] However, a shift from blagpy to other
carbapenemase genes, including blaypy, Was described in the last three years. [12]
The increasing rates of blaypy is highly alarming, as this gene is commonly
associated with resistance to carbapenems and other antimicrobial classes [13,14]
which limits treatment options. Therefore, the aim of this study was to evaluate
carbapenemase prevalence in CRPA clinical isolates from a tertiary care hospital in
southern Brazil.

All CRPA (only one isolate per patient) identified at the Microbiology
Laboratory of Hospital de Clinicas de Porto Alegre during the period of September
2021 to May 2024 were evaluated for carbapenemase genes by multiplex real-time
polymerase chain reaction (QPCR) using high-resolution melting (HRM) analysis for
blagpy, blakec, blanpw, blaoxa.asike, Plame, blayy and blages as previously described.
[15] DNA was extracted by thermal lysis, and gPCR HRM was performed using
QuantStudio 3® (Thermo Fisher). The identification of the isolates was performed

by matrix-assisted laser-desorption ionization time-of-flight mass spectrometry -
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MALDI-TOF MS (Bruker Daltonics) and resistance to carbapenems was determined
by meropenem disk diffusion method. [16]

In the period of this study, 395 CRPA isolates of P. aeruginosa were
evaluated. A total of 218 (55,2%) presented carbapenemase genes by qPCR HRM
assays. In the second semester of 2021, when carbapenemase evaluation in CRPA
initiated, almost 70% (38/55) of isolates were negative for the 7 genes tested, and
blaypy gene was detected in 27.3% (15/55). In the following semesters, there was a
steadily increasing of blaypy as follows: January to June of 2022 = 29.8% (17/57) of
blayoy, July to December of 2022 = 43.8% (21/48); January to June of 2023 =
42.4% (28/66); July to December 2023 = 58,9% (53/90) and January to May of 2024
= 59.5% (47/79) of blaypn. The prevalence of the other carbapenemases remained

constant (Figure 1).
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Figure 1: Prevalence of carbapenemase genes in CRPA at Hospital de Clinicas de Porto Alegre - Brazil,
from September 2021 to May 2024.

The Brazilian Agency of Sanitary Surveillance issued a document of risk

warning [17] for identification of P. aeruginosa resistant to carbapenems producing
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blagsc and blaypy in health care services in Brazil in September 2021 and since then
we have been evaluated for carbapenemase genes all CRPA in our institution. Until
recently, bla,,, and bla, were the most frequently carbapenemase found in CRPA
worldwide, with blagpy maintaining regional spread in Brazil. [18,19] This same
picture was seen in southern Brazil and in our institution. [10, 11]

A study conducted in Brazil, between November 2015 and August 2016,
evaluated 28 CRPA in hospitalized patients, and the main mechanism involved in
carbapenem resistance was due to mutations in porin genes that altered expression
levels, with low prevalence of carbapenemases and no blay, detected. [20]
Another study, conducted by Kiffer et. al., evaluated the prevalence of
carbapenemases in brazilian gram negative pathogens from 2015 to 2022. This
study demonstrated a high prevalence of P. aeruginosa blagpy in 2015 (22.5%)
which decreased to around 10% in 2016-2019 and to less than 5% in 2020-2022.
Noteworthy, the study of Kiffer et al., indicated that the blaypy, which was very
uncommon before 2020, presented a steady increase from 2021 to 2022 (8.8% and
6.9%, respectively). [12]

In our study we found a significant increase, from September 2021 to May
2024, in carbapenemase in CRPA, markedly due to the blaypy gene. Conversely,
CRPA without carbapenemase gene which accounted for around 70% in September
2021 decreased significantly to less than 37% in May 2024. Although we did not
evaluate efflux pump and porin expression, our results demonstrate that CRPA in
our institution are mostly carbapenemase producers, mainly due to the presence of
the blaypy gene.

The data from our study is alarming as the treatment of CRPA blaypy would
not respond to the treatment with the new beta lactam/beta lactamase combinations
such as ceftazidime/avibactam, which has no activity against metallo enzymes such
as NDM. [21] Furthermore, while blaspy, was usually carried in plasmids not
associated with other antimicrobial resistant genes, [18] blayoy was found in
plasmids carrying genes that lead to resistance to aminoglycosides and

fluoroquinolones. [13,14]
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This study reinforces the need for surveillance of local epidemiology and
early detection of the molecular mechanism of CRPA to avoid the empirical
treatment with ceftazidime/avibactam and to improve resources against these

infections.
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Key Wrds: Background: Acinetobacter seifertii, a member of A boumannii-calcoaceticus complex, can be considered a
Infectious disease guthreaks pathogen of concern due to the presence of resistance genes. The aim of the study was to describe an

Plasmid

outhreak of carbapenem-resistant A seifertii among neonates admitted to the neonatal intensive care unit
MDM-1 beta-lactamase

(NICU}) at a tertiary care hospital.

Methods: All patients with carbapenem-resistant A seifertii diagnosed and admitted to the NICU from June

2023 to October 2023 were included. The presence of carbapenemase genes (blagep, bloge, bloyns, Wogpe,

blage, blitggs, ag e, and bliagy, 3] was investigated by qPCR. Whole-genome sequencing (WGS) was per-

formed by MiSeq (lllumina) and MinlON (Nanopore) platforms. Fourier-transform infrared spectroscopy (IR

Biotyper) was applied for microbial strain typing.

Resiilts: Eleven patients were affected and a set of measures were implemented at NICU to reduce the risk

af transmission. The isolates exhibited identical resistance patterns; additionally, all isolates presented the

blayppg.; gene and were grouped in the same cluster by IR Biotyper. The WGS revealed that the isolates

belonged to a novel ST assigned as ST2712, and the Blasos., was carried by the same plasmid type.

Discussion: Our study has identified a novel strain of A seifertii carrying blaypes. responsible for the out-

break, indicating its emergence in the institution.

Conclusions: This is the first report of carbapenem-resistant A seifertii ST2712. The use of WGS for genomic

surveillance allowed understanding the dissemination of Carbapenem-resistant A bawmanmii, which is

crucial in outbreak scenarios.

© 2024 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All
rights are reserved, including those for text and data mining, Al training, and similar technologies.
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Background

Acinetobacter seiferti is one of the six species belonging to the
Acinetobacter calcoaceticus-baumannii complex (A. baumannii, A. calcoaceticus, A.
nosocomialis, A. pitti, A. lactucae and Acinetobacter genomic species “between 1
and 3")." The first report of A. seiferti obtained from human clinical
specimens occurred in 2015 in isolates from different countries.? Recent reports
suggested a higher incidence of shock and high Pitt bacteremia score associated
with A. seifertti compared to A. baumannii infections®. Despite its prevalence is not
well-established, A. seifertti seems to be an emerging pathogen associated with
severe infections, mainly in the elderly and children.*

Carbapenem-resistant A. baumannii (CRAB) outbreaks have been
documented in various hospital settings, including Intensive Care Units (ICUs),
emergency departments, and general wards. These outbreaks often involve multiple
patients and can be challenging due to CRAB survival ability on dry surfaces and
their resistance to common disinfectants.>® The resistance to carbapenems is often
due to carbapenemase genes such as blagxa.,3, blayp and blaypy which are usually
localized in plasmids and eventually integrated into the bacterial chromosome.
Although there are few reports of outbreaks caused by A. seifertti, the resistance
and virulence mechanisms appear to be similar to other species from the A.
baumannii-calcoaceticus complex.* Furthermore, it is capable to transfer
carbapenem-resistant determinants to other species of A. baumannii complex which
highlights the importance of monitoring its emergence’.

Antimicrobial resistance is considered one of the top ten global public health
threats to humanity,® and CRAB complex was identified as a critical-priority
pathogen by the World Health Organization (WHQ)® since the treatment poses as a
considerable challenge.' In this context, this study aimed to investigate an outbreak
of carbapenem-resistant A. seiferti (CRAS) among neonates admitted to the

Neonatal Intensive Care Unit (NICU) at a hospital in southern Brazil.
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Material and Methods

Outbreak Investigation

This study was conducted at “Hospital de Clinicas de Porto Alegre” located
in southern Brazil, an 860-bed tertiary care university hospital with a 20-bed NICU.
The first case of CRAS was identified in June 2023 in sputum and blood culture
specimens collected from a newborn hospitalized for 50 days. The second and third

cases were identified in July 2023, characterizing the onset of the outbreak.

Proactive Implementation of Infection Control Measures

A set of additional measures were implemented by the Infection Control
Service in response to the identification of the three first CRAS cases. These
measures included contact screening conducted through swabs for culture
surveillance; the isolation of all patients in cohorting beds with stringent contact
precaution measures; limited access to NICU restricting for one partner and
exclusive staff. Further, specific guidance was provided to parents on appropriate
conduct during hospitalization and after discharge, emphasizing the importance of
avoiding unnecessary movement within the unit, avoiding contact with other parents

and patients, and maintaining strict hand hygiene.
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Additionally, the standard protocols were revised and a total of 142 staff
members were trained to reinforce contact precautions procedures which included
hand hygiene, the proper use of gloves and gowns, disinfection of surfaces around
the bed three times a day, and the exclusive use of medical devices, which were
disinfected after each use. Terminal cleaning of beds was performed after patients
were discarded. Proper storage of isolates identified by the microbiology laboratory
was ensured. The health surveillance authority was immediately notified of the

outbreak to allow for a coordinated and effective response.

Microbiological Methods

Species were identified using matrix-assisted laser desorption ionization
time-of-flight mass spectrometry (MALDI-TOF MS) with the VITEK MS® v3.0
database (bioMérieux, Marcy [I'Etoile, France). Meropenem resistance was
determined by disk diffusion, and antimicrobial  susceptibility to
trimethoprim/sulfamethoxazole,  ciprofloxacin, = gentamicin, amikacin, and
ampicillin/sulbactam was performed using the Sensititre system (Thermo Fisher
Scientific, Waltham, MA, USA), with GNX3F and MDR2GNXXF plates. The
antimicrobial susceptibility interpretation was performed according to the EUCAST
guidelines, except for ampicillin/sulbactam, which was according to the CLSI
guidelines. In addition, the minimal inhibitory concentration (MIC) for polymyxin B
was determined by standard broth microdilution (BMD), according to the EUCAST

guidelines.

Carbapenemases characterization
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The carbapenemase genes (blakpc, blanpm, blaoxass.ikes blame, blayy and
blages) were investigated by multiplex real-time polymerase chain reaction (qQPCR)
using high-resolution melting (HRM) as previously described.”” DNA was extracted
by thermal lysis, and qPCR-HRM was performed using QuantStudio® (Thermo

Fisher). The blagxa,; gene was evaluated by conventional PCR.

Molecular Typing

CRAS isolates were phenotypically characterized by Fourier-transform
infrared spectroscopy (FTIR) methodology using the IR Biotyper® (Bruker
Daltonics), according to the manufacturer's instructions. Spectra were acquired
using OPUS 7.5 software (Bruker Daltonics GmbH & Co. KG, Bremen, Germany).
The spectrum range of 1,300-800 cm™ was automatically processed and
normalized, and second derivatives were applied by OPUS 7.5 software. The data
were analyzed with IRBT Client by building dendrograms using the Euclidean
distance and average linkage clustering method. One isolate belonging to A.
baumannii complex species without a relationship with the outbreak was included

as an outgroup.

Whole Genome Sequencing (WGS) and Bioinformatic Analyses

The isolates were sequenced by lllumina MiSeq (2x250bp; average depth
coverage ~100x%) and genomic DNA was extracted, using a Maxwell RSC Cultured
Cells DNA Kit (Promega®). According to the manufacturer protocols, the paired-end
library was constructed with lllumina DNA prep (lllumina). The raw short reads were

quality trimmed (Q>30) and assembled using CLC Genomic Workbench 23. Two
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isolates were also sequenced using the Minlon Oxford Nanopore (R9.4 flow cell;
coverage ~100x) for characterizing the complete sequence of plasmids. The DNA
was extracted with QIAmp® DNA Mini Kit (QIAGEN) kit and the metrics were
evaluated as described above. The library was constructed with Rapid sequencing
gDNA barcoding kit (SQK-RBK004) according to the manufacturer protocols. Rapid
Prokaryotic Genome Annotation (Prokka) was used for primary annotation, and the
CDS generated were manually curated in Geneious Prime® 2023.1.2 using BLAST
and GenBank protein database. The database PubMLST was used to confirm the
species using rMLST and predict the ST. Antimicrobial resistance genes were
identified in silico by the QIAGEN Microbial Insight-Antimicrobial Resistance
database (QMI-AR). A polished assembly was generated with QIAGEN CLC
Genomics Workbench Version 23.0 for plasmid characterization. Comparison
analyses were performed with Geneious and BLAST Ring Generator (BRIG) among
similar plasmids deposited in NCBI and circularized plasmids from this study. The
plasmids were selected from the database based on the percentage of identical
sites, size, query cover, maximum score, and the presence of the blaypu.s gene.
Easyfig 2.2.5 was used to build a graphical representation of the genetic
environment of carbapenemase genes. The short-reads and polished sequencing

data are available in GenBank under the BioProject accession PRINA1124142.

Results

From June to October 2023, 20 patients were screened during the outbreak
investigation, and 11 were positive for CRAS (Figure 1). The standard protocols
were reviewed and the additional control measures were implemented in the first
weeks (07/28/2023-08/10/2023) after the onset of the outbreak when six new cases
were detected. After two months without new cases, another two patients were
diagnosed with CRAS (Table 1). CRAS were identified in the following
sites/specimens: low respiratory tract (7/11; 63.6%), blood culture (1; 9.0%) and

patients surveillance swabs (3; 27.3%). However, only 4 (36.4%) patients had an
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infection diagnosis according to National Health Agency Surveillance criteria

(ANVISA)." No deaths occurred due to A. seifertii infection or colonization.

JUNE - 2023

First case identified (specimens:
sputum and blood culture, 50-day

. g \ hospitalized newborn).
! Juy- zo\\

Second and third cases identified, -'" .
marking the onset of the outbreak. H ,é -

. /
/ ©
il Control Measures Implemented

+ Cohorting and patient isolation

« Contact screening through swab
culture surveillance

+ Restricted access to unit areas

« Training of 142 staff members

August - 2023

An additional six cases were identified

during the outbreak.
/ Control measures - August

Terminal cleaning of beds
Appropriate storage of isolates
Notification to the health

E .
surveillance authority
* Guidance provided to parents on
hospital conduct
September - 2023 \ \

No new cases identified.

An additional two cases were
identified during the outbreak.

-‘;\“\‘\\‘
Figure 1: Timeline of the outbreak of carbapenem-resistant A. seiferti (CRAS) in the neonatal

intensive care unit (NICU). The figure illustrates the identification of cases and the implementation of
control measures over time.
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We were able to recover eight isolates to further analysis. The identification
at species level by MALDI-TOF with a high level of confidence was confirmed for all
Acinetobacter seifertii isolates by WGS using rMLST (rST-61366). The susceptibility
patterns were identical for all of them, demonstrating resistance to meropenem,
imipenem, ciprofloxacin, gentamicin, amikacin, ampicillin/sulbactam as well as for
new antibiotics as meropenem-vaborbactam, imipenem-relebactam, and
ceftazidime-avibactam. Minimum inhibitory concentrations (MICs) of plazomicin
were = 4.0mg/L, and between 0.5 - 1.0 mg/L for tigecycline. Noteworthy, the isolates
remained susceptible to polymyxin (MIC test range was 0.5 to 2 mg/L). Additionally,
all isolates tested positive for blaypy.1 and the virulence factors are similar with those

reported for A. baumanii complex (Supplementary Table 1).
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Table 1. Description of CRAS isolates obtained during the NICU outbreak

solate

Sa
mple

Coll
ection Date

T

H Mer
openem MIC

Gene
s encoding
B-Lactamase
resistance

Genes
encoding
non-B-lactamase
resistance

Genome
accession number

11353

11464

11473

11512

11513

11554

11716

11747

Blood

Sputum

Tracheal
aspirate

Bronchial
aspirate

Rectal
swab

Bronchial
aspirate

Tracheal
aspirate

Tracheal
aspirate

36-16-2023

07-21-2023

07-28-2023

08-07-2023

08-08-2023

08-25-2023

10-12-2023

10-15-2023

2712

2712

2712

2712

2712

2712

2712

2712

>8

>8

>8

>8

>8

>8

>8

>8

blanpm-1

blanpm-1

blanpm-1

blanpm-1

blanpm-1

blanpm-1

blanDM-1

blanDM-1

aph(3))-VI
, aph(3')-Vla,
ant(2")-la, msr(E),
1ph(E), sul2, tet(X3)

aph(3')-VI
, aph(3')-Vla,
ant(2")-la, msr(E),
1ph(E), sul2, tet(X3)

aph(3')-VI
, aph(3')-Vla,
ant(2")-la, msr(E),
1ph(E), sul2, tet(X3)

aph(3')-VI
, aph(3')-Vla,
ant(2")-la, msr(E),
1ph(E), sul2, tet(X3)

aph(3')-vi
, aph(3')-Vla,
ant(2")-la, msr(E),
1ph(E), sul2, tet(X3)

aph(3')-vi
, aph(3')-Via,
ant(2")-la, msr(E),
1ph(E), sul2, tet(X3)

aph(3')-vi
, aph(3')-Via,
ant(2")-la, msr(E),
1ph(E), sul2, tet(X3)

aph(3')-vI
, aph(3')-Vla,
ant(2")-la, msr(E),
1ph(E), sul2, tet(X3)

SAMN41842051

SAMN41842052

SAMN41842053

SAMN41842054

SAMN41842057

SAMN41842055

SAMN41842058

SAMN41842056
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FT-IR demonstrated that all A. seifertii isolates were grouped in one cluster,
with the A. baumannii isolate separated in a second cluster (Figure 2). Furthermore,
results from WGS revealed that all isolates belonged to a new ST assigned as
ST2712 by PubMLST (Pasteur scheme).

Figure 2: Dendrogram of Acinetobacter seifertii harboring blayyy.; gene from NICU outbreak.
Comparison of eight Acinetobacter seifertii blaNDM-1 positive isolates (11747, 11464, 11512, 11473,
11353, 11513, 11716/a and 11554) obtained from the NICU outbreak with an Acinetobacter
baumannii isolate (448-3) unrelated to the outbreak. Cutoff of 0.123.

Comparative genomic analysis showed that the blayp.; gene was carried by
the same plasmid type (97% to 100% similarity) in all isolates. The closed plasmid
carrying blaypy.; was characterized in two isolates and named pNDM_GABA0299
(285,755 bp; deposited under accession number CP159922) and
pNDM_GABAO0305 (292,120 bp; deposited under accession number CP159871).
These plasmids demonstrated high identity to CP096121 (99.91%), CP078046
(99.69%), and CP133707 (98.84%) deposited in the NCBI database (Figure 3A,
3B), isolated from Acinetobacter portensis, Acinetobacter Iwoffii e A. baumannii,

respectively. The coverage ranged from 69-76%.
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The genetic context of the blayp,., revealed an ISAba125 upstream and a
bleMBL gene downstream. Furthermore, upstream ISAba125, an aph(3’)-VI gene,
and an ISAba14 were also identified (Figure 3C). This region of 4,232 bp was
identical to that found in the Tn7382 transposon previously reported in A. baumannii
(CP060011.1). Finally, aph(3')-Vla, ant(2")-la, msr(E), mph(E), sul2 and tet(X3) were
also identified in the same plasmid.

A) B)

zzzzz

PNDI_GABA0299
285755 bp

o]

tpA_ISt4
aph(@)VI
oA _ISt25
blaNDMH
toA_ISt4

Tn7382-like (CP159871)
pPNDM_GABA0305

Tn7382-like (CP159922)
pNDM_GABA0299

aph(3)VI
DblaNDIv-1
bieVBL

praLl
GroEL
zeta toxin
DsbD.
CulA
gIoES.
pA_ISH

Figure 3: Genetic context of blayy.; gene. A) Circular Alignment of pPNDM_GABA0299 plasmid. The
inner circle represents the pNDM_GABA0299, GC content (black), and GC skew (dark green and
purple). The other colorful circles represent the plasmids CP133707.1 (orange), CP096121.1 (pink),
and CP078046.1 (blue). The last circle shows the features of the genetic context of the blayou.s gene
(red) and other antimicrobial resistance genes (black). The labels on the right show the percentage
of identity by a color gradient. B) Circular Alignment of pPNDM_GABAOQ305 plasmid. The inner circle
represents the pNDM_GABAOQ305, GC content (black), and GC skew (dark green and purple). The
other colorful circles represent the plasmids CP133707.1 (orange), CP096121.1 (pink), and
CP078046.1 (blue). The last circle shows the genetic context of the blaypw.; gene (red) and other
antimicrobial resistance genes (black). The labels on the right show the percentage of identity by a
color gradient. C) Linear comparison of blayp.,-harboring transposons. The colored arrows represent
the different features present in transposons. The names of each feature are described above or
below the arrows. The gray lines that cross the arrows indicate the genetic organization of the
features in each sequence. In the upper left corner is a color gradient scale of these gray lines to
visualize the identity percentual. The region identical to the Tn7382 transposon (CP060011.1) is
highlighted in the lower-left corner. Each transposon and its respective GenBank accession number
are identified in the right corner. The transposons in red belong to this study. Prai:
phosphoribosylanthranilate isomerase; TSN: thermonuclease; hp: hypothetical protein.
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Discussion

Characterization of isolates causing an outbreak is crucial for understanding
strain dissemination and evaluating the control infection measures that play an
essential role in outbreak scenarios. Our study identified a novel strain of A. seifertii,
which emerged and was associated with an outbreak in the NICU. Additional control
measures were very effective in stopping the outbreak since most cases were
detected during the first weeks. Further, the revision of standard protocols and
continued training are essential to avoid outbreaks mainly in critical care. However,
the stay of a colonized patient in the hospital for a long time may be a source of new
outbreaks as sometimes it is necessary to share the professionals among different
units.

While CRAB remains as the most frequently recovered species of the genus
Acinetobacter from clinical samples,® there are increasing reports of other
Acinetobacter species, also resistant to carbapenems,’ including those producing
blayow,'* being involved in human infections. However, only a limited number of
infections attributed to A. seifertii have been documented in the literature, mainly in
Asia and Latin America."”"" In a study conducted in Taiwan'®to assess bloodstream
infections attributed to A. seifertii, carbapenem resistance was detected in 13
isolates, comprising 16.3% of the total. Notably, the primary mechanism driving
carbapenem resistance in A. seifertii strains appears to be the plasmid-borne
ISAba1-blagya.s1.ie 9€NEtiC structure, and the most common ST related was ST553.

In Brazil, reports of carbapenem-resistant A. seifertii causing human
infections are scarce. A study in Sdo Paulo in 1990, analyzing a historical series of
isolates, identified only two clinical cases in hospitalized patients. In this case, the
carbapenem resistance mechanism was attributed to blagy.ss.'® Noteworthy, there is
only one documented case in the literature of NDM-producing A. seifertii causing
infection, this isolate was obtained from patient at a hospital in South Korea as part

of a study covering Acinetobacter sp. infections from 2011 to 2014." Our study is

61


https://www.zotero.org/google-docs/?20jCNb
https://www.zotero.org/google-docs/?AZQiSI
https://www.zotero.org/google-docs/?dZS21m
https://www.zotero.org/google-docs/?YpB8ci

the first reported outbreak of A. seifertii carrying blayow.,, and the novelty of a
sequence type ST2712. The emergence of a novel ST carrying blaypw.1 suggests the
adaptation of this gene in a new strain, confirming its high ability to disseminate as
have already been observed in Enterobacterales®.

The genetic context (ISAba14 - aph(3')-VI - ISAba125 - blaypy.1 - bleMBL) of
blanpm-1 has been previously reported in plasmids and chromosomes of
Acinetobacter spp., and also in plasmids of Enterobacterales,? mainly embedded in
a Tn7382 transposon. The Tn7382 is a transposon derived from Tn125, flanked by
two ISAba14, and that harbors resistance genes as blaypy.1 and aph(3')-VI, which
encode resistance to carbapenems and amikacin, respectively?’. In this study,
pNDM_GABA0299 and pNDM_GABAO0305 presented an identical region to
transposon Tn7382 (Figure 3C); however, the complete transposon presented
differences. To the best of our knowledge, this Tn7382-like transposon has not yet
been reported in other studies. The high similarity of Tn7382-like transposon with
previously reported suggest that this is a stable structure to carry the blaypy.s even
from different species, which found in different plasmid types an appropriate site for
recombination??'. Further, the presence of other antimicrobial resistance genes in
the same mobile genetic element, increase the possibility of the dissemination by
selective pressure of other antimicrobials than carbapenems.

Unfortunately, it was not possible to characterize the type of plasmid
carrying the blaypy.1 gene. Chen (2023) proposed a database for typing plasmids of
Acinetobacter spp. based on the rep genes; however, no rep genes were identified
in the plasmids of our study. This could be explained by the presence of a novel rep
gene in our plasmids or by the lack of a rep protein, which has already been

reported in megaplasmids, as they have acquired other replication strategies.?**
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Finally, it is very important to reinforce the infection control measures to
avoid outbreaks. Genomic surveillance may be an important approach for detecting
outbreaks ahead of time in clinical settings, especially linked to multidrug-resistant
nosocomial infections. In this context, the data generated by WGS allows in silico
typing of these strains (such as MLST) and makes it possible to carry out in-depth
genomic analysis of antimicrobial resistance determinants. In addition, FT-IR seems

to be a faster and more practical method for outbreak evaluation.
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Abstract

Klebsiella pneumoniae is one of the most frequently reported healthcare-associated
pathogens. The current gold standard approach to perform the epidemiological type
of these bacteria is Whole Genome Sequencing (WGS), which is an expensive and
challenging procedure. IR Biotyper (Bruker Daltonics, GmbH) is a new equipment
based on fourier transform infrared spectroscopy (FTIR) which allows a rapid,
low-cost and user-friendly method to type bacterial isolates. However, there is a
need for studies that evaluate the efficacy of the IR Biotyper. The aim of this study
was to evaluate the capability of IR Biotyper to type K. pneumoniae according to
Sequence Type (ST) and Capsular Type - using K Locus (KL) - as well as to
develop a classifier using machine learning. Seventy three isolates of K.
pneumoniae previously characterized by WGS were selected for IR Biotyper
analysis using principal component analysis (PCA) for dimensionality reduction,
Euclidean & UPGMA for clustering method and spectra were analyzed in the
1300-800 cm™ wavenumber range. Among these, 54 isolates were used to create a
classifier and 19 were used to validate the classifier. When considering the ST,
ST307 were grouped in the same cluster as ST11. When KL was considered for the
analysis, the clusters were 100% correctly grouped according to their KL type.
Furthermore, the classifier developed was able to classify the isolates according to
KL with a high concordance. This study showed that KL correlates well with KL for
typing K. pneumoniae isolates using the IR Biotyper. Additionally, IR Biotyper
demonstrated to be a cost-effective method and a promising tool to classify isolates

within minutes.

Keywords: IR Biotyper; Klebsiella pneumoniae; KL.
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Introduction

Carbapenem-resistant Klebsiella pneumoniae (CRKP) is one of the top
priority pathogens of concern in public health (WHO, 2024). Therefore, it is
important to develop methodologies to track in real time the spread in healthcare
settings of the CRKP strains with high potential to cause outbreaks of infection due
to increased antibiotic resistance and/or with virulence factors. (Gomez-Simmonds,
2017; Holt, 2015). Bacterial typing is commonly performed for monitoring and
characterization of bacterial isolates by using genetic methods, which can
determine capsular type according to K locus (KL), strain type (ST), core genome
multilocus sequence typing (cgMLST) and other features (Podschun & Ullman,
1998; Simar, 2021). These methods, which demand sequencing of some genes or
the whole genome, are expensive, laborious and time-consuming. As an alternative,
Fourier-transform infrared (FTIR) spectroscopy has emerged as a tool for typing
(Dinkelacker, 2018; Martak, 2019).

FTIR spectroscopy is a phenotypic method based on differential vibration of
distinct chemical bonds of the molecules present in the bacterial cell by exposure to
an infrared beam. As distinct functional chemical groups absorb infrared radiation at
different wavelengths, specific spectral peaks are generated which are related to the
absorbance to wavenumbers (Novais, 2019). This methodology has been applied to
evaluate the relationship among isolates in an outbreak (Uribe, 2023; Teng, 2022;
Rakovitsky, 2020) and to classify bacteria according to a specific feature, such as
the KL type (Rodrigues, 2020; Novais, 2024), which can be used for bacterial
characterization and surveillance. The KL is a chromosomal region that encodes
approximately 10 to 30 genes responsible for the capsule biosynthesis pathway. To
date, there are a total of 147 loci defined, and the KL types were found to be very
related to the serologically defined K type (capsule antigen) (Lam, 2022). Although
studies evaluating KL typing by FTIR have employed the mode of attenuated total
reflectance (ATR) presented promising results (Rodrigues, 2020; Novais, 2024),

studies assessing the transmission mode are still lacking.
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IR Biotyper is a platform developed by Bruker (Daltonik, GmbH), which uses
FTIR in transmission mode and presents a very user-friendly software. It allows the
users to evaluate the relatedness of bacterial isolates in only a few minutes and to
classify them according to some features with the application of artificial intelligence
to develop a classifier (Martak, 2019; Burckhardt, 2019). Therefore, the aim of this
study was to develop a classifier and evaluate the capability of IR Biotyper in
classifying bacterial isolates according to KL type. The study also evaluated the

performance of IR Biotyper for typing K. pneumoniae according to the ST.

Material and Methods

Selection of Isolates

A total of 73 K. pneumoniae previously characterized by Whole Genome
Sequencing (WGS) (lllumina® miSeq) as part of a routine epidemiological
surveillance in our laboratory were selected for IR Biotyper analysis. The strains
were collected between 2019 and 2023, representing a variety of clinically relevant
STs and KLs frequently associated with healthcare-associated infections. The
selection aimed to include genetic diversity (six STs and seven KLs) in order to build
and validate a robust FT-IR classifier. The isolates were randomly divided into a
training set (n = 54) and a validation set (n = 19), containing the most prevalent ST’s
in our country, while maintaining the proportional representation of different ST and
KL types in both sets. The training set was used to build the KL-based classifier
using the IR Biotyper software, the validation set - composed of isolates that were
not included in the classifier training - was used to independently assess the
classifier's performance. This approach was used to avoid bias and to ensure that

the validation set truly tested distinct isolates of the classifier. Isolates that were
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phenotypically translucent on agar Muller Hinton were excluded, as previous tests
showed that the color of the colonies could affect the interpretation by IR Biotyper

(Supplementary Material - Figure 1).

Whole Genome Sequencing

The isolates were sequenced by lllumina MiSeq (2x250bp; average depth coverage
~100x%) using genomic DNA extracted by a Maxwell RSC Cultured Cells DNA Kit
(Promega®). The concentration was determined by Qubit dsDNA HS Assay Kit with
a Qubit 4 fluorometer (Thermo Fisher Scientific) and fragment lengths assessed
using the TapeStation 2200 (Agilent, UK). The quality of DNA was determined by
NanoDrop™, and the 260/280 ratio was considered. The paired-end library was
constructed with Illlumina DNA prep (lllumina) according to the manufacturer
protocols. The raw short-reads were quality trimmed (Q>30) and assembled using
CLC Genomic Workbench 23. Sequence types and KLocus were obtained from

PathogenWatch - a bioinformatics tool used for WGS-based typing .

IR Biotyper

The selected isolates were phenotypically characterized by Fourier-transform
infrared spectroscopy (FTIR) methodology using the IR Biotyper® (Bruker
Daltonics) equipment. Bacterial isolates were subcultured onto MacConkey agar,
and after growth were subcultured onto Mueller Hinton agar plates. A bacterial
suspension for each isolate was prepared resuspending a 1 uL loopful of bacterial
colonies in 50 yL of 70% ethanol solution in a IR Biotyper suspension vial

containing sterile metal rods. The suspensions were vigorously vortexed and 50 uL
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of deionized water were added and vortexed again. Fifteen puL of the bacterial
suspension were spotted in five technical replicates onto the IR Biotyper target
plate, and left to dry in ambient air. Spectra were acquired using OPUS 7.5 software

(Bruker Daltonics GmbH & Co. KG, Bremen, Germany). The spectrum range of

1,300-800 cm_1 was automatically processed and normalized, and second

derivatives were applied by the IR Biotyper software. The data were also analyzed
with IR Biotyper software by initially verifying the distribution of the isolates with
principal component analysis (PCA) for dimensionality reduction into 2D graphics
and Euclidean & UPGMA - statistical method used by the software to calculate
pairwise spectral distances and generate hierarchical clustering - for clustering
method. Then a classifier - a machine learning model included in IR Biotyper
software - was developed in order to classify the isolates according to the KL type,
following the manufacturer instructions. Default splicing method and artificial neural
network (ANN) with previous PCA were applied with the following parameters: a
cut-off value of 0.95 was applied to define spectral similarity between isolates, and
the first 20 principal components (PCs) were included in the model. The similarity
matrix was calculated based on the correlation of the PCA scores among the
spectra, as per the manufacturer's standard algorithm. The clustering was
performed using the built-in hierarchical clustering algorithm provided by the IR
Biotyper software, and no additional training cycles were required, as the
classification is unsupervised and data-driven. The outlier and inlier for result
reliability thresholds were set at 4.99 and 4.98, respectively. The isolates selected
for the training set are listed in Supplementary Material - Table 1. The remaining

isolates used for the validation set are listed in Supplementary Material - Table 2.

72



Results

Among the 54 K. pneumoniae isolates used to create the classifier, there were six
different STs (ST11, ST15, ST16, ST258, ST307 and ST340) and 7 different KLs
(KL102, KL105, KL107, KL151, KL24, KL51 and KL64). Among ST11 isolates, there
were 10 KL64 and 8 KL105. All ST15 were KL24 (n=6), ST16 were KL51 (n=18),
ST258 were KL107 (n=5), ST307 were KL102 (n=3), ST340 were KL151 (n=4)
(Supplementary Material - Table 1).

Considering the analysis by KL, all isolates of the training set were grouped

according to their KL type (Figure 1).

L T

Figure 1: Isolates from training set grouped by KL. Each color represents one KL type and each dot
represents 1 spot.
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When considering the analysis by ST, different KLs were grouped in the same

cluster, and ST307 were plotted into the ST11 (Figure 2).

™

Figure 2: Isolates from training set grouped by ST. Each dot color represents one KL type and each
dot represents 1 spot. The ellipses indicate the area of the STs.

The remaining isolates (validation set) were classified into a KL using the developed

classifier as demonstrated in Table 1.
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Table 1: Isolates from validation set classified by KL classifier. The green color indicates agreement
between methods. The red color indicates disagreement.

KL (IR Score
Isolate KL (WGS) Biotyper) Classification
(IR Biotyper)
GKPNO0326 KL 24 KL 24 100%
GKPNO0333 KL 105 KL 105 80%
GKPNO0308 KL 105 KL 105 100%
GKPNO0331 KL 105 KL 105 100%
GKPNO0332 KL 64 KL 64 100%
GKPNO0273 - KL 64 KL 64 100%
Isolate 1
GKPNO0273 - KL 64 KL 64 100%
Isolate 2
GKPNO0353 KL 64 KL 64 100%
GKPNO0375 KL 151 KL 151 0%
GKPNO0374 KL 151 KL 151 100%
GKPNO0358 KL 107 KL 107 100%
GKPNO0355 KL 107 KL 107 100%
GKPNO0356 KL 107 KL 107 100%
GKPNO0322 KL 51 KL 51 100%
GKPNO0267 KL 51 KL 51 100%
GKPNO0354 KL 15 KL 102 0%
GKPNO0328 KL 46 KL 102 0%
GKPNO0311 KL 10 KL 102 0%
GKPNO0327 KL 10 KL 102 0%
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The isolates used to validate the classifier were also plotted into 2D graphic which
allows to observe the distribution of the isolates according to their KL type as
determined by WGS (Figure 3).

GKPNO3TS

oo

0

.‘I

Figure 3: Isolates from validation set grouped by KL. Each color represents one KL type and each
dot represents 1 spot. Isolate GKPN0375 (0% score) is marked in the square.

Discussion

FTIR is a phenotypic method traditionally used in chemistry to determine the
molecular composition of a wide variety of structures in a rapid, non-destructive,
simple, cheap and high-throughput manner. FTIR has also evolved for bacterial

identification (Maccannell, 2013). The IR Biotyper equipment (Bruker Daltonik,
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GmbH), available since 2018, is a system based on the FTIR technology, which
allows rapid bacterial molecular typing (Novais, 2019). Until recently, a few studies
have evaluated the capability of IR Biotyper to characterize isolates compared to
WGS (Uribe, 2023; Kon, 2024; Scheier, 2023; Passaris, 2022).

Considering K. pneumoniae isolates, recent studies have indicated that the
IR Biotyper did not present reliable results to classify isolates in the same cluster of
ST. In fact, the results demonstrated that the IR Biotyper grouped in the same
cluster isolates of different STs (Candela, 2025) or did not group all the same STs
within the same clusters (Hu, 2021). We also found similar results when considering
the results of IR Biotyper in comparison to the STs established by WGS.

K. pneumoniae is known to have mucoid appearance in culture media due
to well-developed capsules, which are divided into 77 types. Also, capsule typing
demonstrated to be a good marker for serotyping with good reproducibility and
capability to differentiate clinical isolates (Podschun & Ullman, 1998; Orskov, 1984).
Additionally, approximately all capsule serotypes are correlated to the KL (Lam,
2022). We, therefore, attempted to evaluate the capability of IR Biotyper to type K.
pneumoniae according to the ST as well as KL. As mentioned before, considering
only the ST, the IR Biotyper presented a low correlation with WGS, as isolates
belonging to the same ST were distributed in different clusters as well as different
STs were grouped into the same cluster (Figure 2). When we use KL to evaluate K.
pneumoniae, all 73 isolates were grouped according to their KL type (Figure 1 and
Figure 3), indicating that FT-IR correlates well with KL for typing K. pneumoniae
isolates using the IR Biotyper. However, it is important to notice that this study did
not include multiple STs sharing the same KL, which would allow direct comparison
of KL clustering across different genetic backgrounds. Therefore, it remains
unconfirmed whether FT-IR typing by KL would always distinguish unrelated STs
with the same KL and future studies are needed to address these complementary
genomic approaches.

Furthermore, we created a classifier using 54 isolates correctly separated
by the KL, in order to classify the remaining isolates. When the classification was

performed, 15 isolates were correctly classified according to their KL, whereas only
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the isolates with KL15, KL10 and KL46 (not included in the classifier training set)
were wrongly classified as KL 102. Nevertheless, the score of this classification -
the confidence value (0—100%) generated by the classifier when assigning a KL
type - was 0% (Table 1), which indicates that there is no reliability in this
classification, as expected. Interestingly, 1 isolate (GKPN 0375), which was
correctly classified into its KL, showed a 0% score, indicating that the classifier may
be improved, possibly considering a different cutoff or different parameters for
accepting the results of the classifier. Therefore, more studies are needed before
considering the classifier for use in a laboratory routine.

To the best of our knowledge, this is the first study to use the KL to type
different strains of K. pneumoniae using the IR Biotyper technology. Use of a
classifier considering the KLs and STs in the IR Biotyper demonstrated to be a
promising tool to type K. pneumoniae in a faster and cost-effective way compared to
WGS.
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Supplemental Material Table S1: Isolates used for the training set

Isolate ST KL (WGS)
GKPNO0062 11 KL 64
GKPNO0064 11 KL 64
GKPNO0068 11 KL 105
GKPNO0070 11 KL 105
GKPNO0078 11 KL 64
GKPNO0089 11 KL 64
GKPNO0130 11 KL 105
GKPNO0161 11 KL 64
GKPNO0O164 11 KL 64
GKPNO0167 11 KL 64
GKPNO0175 11 KL 105
GKPNO0178 11 KL 64
GKPN0192 11 KL 64
GKPNO0270 11 KL 105
GKPNO0271 11 KL 64
GKPNO0272 11 KL 105
GKPNO0312 11 KL 105
GKPNO0323 11 KL 105
GKPNO0081 15 KL 24
GKPNO0085 15 KL 24
GKPNO0090 15 KL 24
GKPNO0091 15 KL 24
GKPNO0313 15 KL 24
GKPNO0320 15 KL 24
GKPNO0001 16 KL 51
GKPNO0004 16 KL 51
GKPNO0010 16 KL 51
GKPNO0040 16 KL 51
GKPNO0058 16 KL 51
GKPNO0059 16 KL 51
GKPNO0069 16 KL 51
GKPNO0073 16 KL51
GKPNO0075 16 KL 51
GKPNO0079 16 KL 51
GKPNO0080 16 KL 51
GKPNO0083 16 KL 51
GKPNO0165 16 KL 51

GKPNO0166 16 KL 51



GKPNO0258
GKPNO0260
GKPNO0261
GKPNO0266
GKPNO0095
GKPNO0096
GKPNO0126
GKPNO0127
GKPNO0200
GKPNO0255
GKPN0314
GKPNO0030
GKPNO0092
GKPN0128

GKPNO0129
GKPN0295

16
16
16
16
258
258
258
258
258
307
307
307
340
340

340
340

KL 51
KL 51
KL 51
KL 51
KL 107
KL 107
KL 107
KL 107
KL 107
KL 102
KL 102
KL 102
KL 151
KL 151

KL 151
KL 151
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Supplemental Material Table S2: Isolates used for the validation set

Isolate ST KL (WGS)
GKPNO0326 15 KL 24
GKPNO0354 11 KL 15
GKPNO0333 11 KL 105
GKPNO0308 11 KL 105
GKPNO0331 11 KL 105
GKPNO0332 11 KL 64

GKPNO0273 - Isolate 1 11 KL 64

GKPNO0273 - Isolate 2 11 KL 64
GKPNO0353 11 KL 64
GKPNO0375 340 KL 151
GKPNO0374 340 KL 151
GKPNO0358 258 KL 107
GKPNO0355 258 KL 107
GKPNO0356 258 KL 107
GKPN0322 16 KL 51
GKPNO0267 16 KL 51
GKPNO0328 196 KL 46
GKPNO0311 855 KL 10

GKPNO0327 1128 KL 10
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Dear Editor,

New antimicrobials such as cefiderocol have been introduced into the clinic
to treat multidrug resistant bacteria (MDR). Cefiderocol has a cephalosporin moiety
and a catechol-type siderophore, which has the ability to bind to iron, facilitating its
entry into the bacterial cell using iron transporters [1]. In order to obtain the same
condition of iron restriction in vitro, the antimicrobial susceptibility testing by broth
microdilution (BMD) — reference method — has to be performed using a medium
with depleted iron [2]. Cefiderocol can also be tested by disk diffusion (DD) without
altering iron concentration of the medium. However, the DD may be insufficient to
provide reliable results due to technical issues. The aim of this study was to
evaluate the correlation between DD and BMD for clinical isolates of
Enterobacterales, P. aeruginosa and Acinetobacter spp. resistant to carbapenems
considering the EUCAST updated breakpoints (January 2024).

A set of 123 (84 Enterobacterales, 19 P. aeruginosa and 20 Acinetobacter
spp.) clinical isolates resistant to carbapenems, obtained from a tertiary care
hospital in southern Brazil from January 2023 and December 2023, were evaluated
(Supplementary Material Tables 1, 2 and 3). The identification of the isolates was
performed by matrix-assisted laser-desorption ionization time-of-flight mass
spectrometry - MALDI-TOF MS (Bruker Daltonics) and resistance to carbapenems
was determined by meropenem using the DD test.

The DD technique was performed with 30 ug disks of Cefiderocol
(Lioflchem®) in Mueller Hinton Agar plates (NewProv®) according to EUCAST
criteria [3]. BMD was performed with iron-depleted Mueller Hinton Cation Adjusted
(ID-MHCA) broth as previously described [2]. Escherichia coli ATCC 25922 and
Pseudomonas aeruginosa ATCC 27853 were used as quality control. The results
were only considered when both ATTC were in the range of 0.06-0.5 mg/L in BMD.
For DD, the results of QC strains are presented in Supplementary Material - Table 4.
Categorical agreement (CA) and categorical errors were evaluated.

DD in comparison to BMD of Enterobacterales presented a CA of 32.14%
(27/84), with 90.3% (56/62) of Major Errors (ME) and 4.5% (1/22) of Very Major
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Error (VME). A total of 33 out of 84 isolates (39.29%) of Enterobacterales presented
halos in the Area of Technical Uncertainty ATU and 27 (81,81%) of these isolates
were categorized as resistant using DD but susceptible by BMD. Considering only
the isolates in the ATU, there was only 18.18% (6/33) of concordance between both
methods (Figure 1 - a). There was a CA of 78.95% (15/19), ME of 14.29% (1/7) and
VME of 25.0% (3/12) for P. aeruginosa. Three P. aeruginosa were in the ATU but
only one isolate presented discordant results (Figure 1 - b). Interestingly, three
isolates that were susceptible by DD (halo diameter of 22 mm - out of the ATU
range) were classified as resistant by BMD (Supplementary Material - Table 2). For
Acinetobacter spp., there was a CA of 85.0% (17/20) and ME of 21.43% (3/14). The
three discordant isolates presented susceptible results by BMD but resistant by DD

(Figure 1 - c).
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a)

b)

c) W :

__________________________________

Figure 1. Correlation of minimum inhibitory concentration (MIC) and halo diameter of a)
Enterobacterales b) Pseudomonas aeruginosa and c) Acinetobacter spp., tested for cefiderocol
susceptibility by broth microdilution and disk-diffusion method. Gray zone represents the area of
technical uncertainty (ATU) and dashed lines represent the breakpoints.

Cefiderocol is one of the most promising antimicrobial agents due to its
putative activity against MDR bacteria, including Enterobacterales and
non-fermenting bacteria [4]. In contrast to its high clinical potential, the AST of this
antimicrobial has been a challenge for microbiology laboratories. In fact, EUCAST
established that the disk diffusion for cefiderocol presents reliable results only
whether QC results are close to the target value. Even though we have found

satisfactory results of CQ in our experiments (Supplementary Material - Table 4), the
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results of this study indicate that there is a considerable discordance between DD
and the reference method, especially for Enterobacterales that fall in the ATU.

According to EUCAST, it is recommended that laboratories test cefiderocol
primarily by DD and zone results of DD within the ATU should be tested by a
reference method such as BMD. Whether the laboratory is not able to test by BMD,
results of DD within ATU should be interpreted according to the zone diameter in the
breakpoint table [5]. Conversely, our study showed that the majority of the isolates
that could be reported as resistant by DD are actually susceptible to cefiderocol,
and may hinder the clinical use of this antimicrobial. Therefore, we suggest that
laboratories that are willing to test cefiderocol must be capable to perform the BMD
method in order to confirm resistance by DD, and when BMD could not be
performed, we recommend that isolates within the ATU by DD should be reported
as “insufficient evidence to report”. Furthermore, we noticed that the range of
18-20mm for Enterobacterales in the DD should be maintained in the ATU, as it was
in the previous version. In contrast, 3 P. aeruginosa with halo diameter of 22 mm
(susceptible by DD, out of the ATU range) were found to be resistant by BMD, which
may suggest that this range should be included in the ATU. For Acinetobacter spp.,
all isolates with halos for cefiderocol 217 mm in DD were confirmed to be
susceptible by BMD, indicating that this cutoff is reliable to categorize Acinetobacter
as susceptible.

Noteworthy, the majority of the isolates that were classified as susceptible
by DD also were susceptible by BMD, corroborating the fact that DD is reliable for
susceptible isolates.
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Supplemental Material Table 1. Comparison between DD and BMD for Cefiderocol in
Enterobacterales

Isolate Bacteria Disk diffusion (mm) Interpretation ATU MIC (mg/L) Interpretation
PD001 K. pneumoniae 14 R No 4,00 R
PD002 K. pneumoniae 18 R No 0,25 S
PD003 K. oxytoca 21 R Yes 2,00 S
PD004 K. pneumoniae 17 R No 2,00 S
PDO0O05 K. pneumoniae 20 R No 1,00 S
PD006 K. pneumoniae 18 R No 2,00 S
PD008 K. pneumoniae 21 R Yes 1,00 S
PD009 K. pneumoniae 20 R No 1,00 S
PD010 K. pneumoniae 21 R Yes 1,00 S
PD011 K. pneumoniae 21 R Yes 2,00 S
PD015 M. morganii 20 R No 0,25 S
PD020 K. pneumoniae 22 R Yes 2,00 S
PD022 K. pneumoniae 20 R No 2,00 S
PD023 C. freundii 22 R Yes 2,00 S
PD024 K. pneumoniae 22 R Yes 2,00 S
PD025 K. pneumoniae 28 S No 0,125 S
PD026 K. pneumoniae 23 S Yes 1,00 S
PD028 K. pneumoniae 29 S No 0,50 S
PD029 K. pneumoniae 28 S No 2,00 S
PD032 P. mirabilis 24 S No 0,50 S
PD037 K. pneumoniae 22 R Yes 2,00 S
PD038 K. pneumoniae 19 R No 2,00 S
PDO039 Enterobacter sp. 20 R No 2,00 S
PD048 K. pneumoniae 20 R No 2,00 S
PD049 K. pneumoniae 22 R Yes 4,00 R
PD059 Enterobacter sp. 16 R No 4,00 R
PD060 K. pneumoniae 22 R Yes 1,00 S
PDO061 K. oxytoca 22 R Yes 8,00 R
PD062 K. pneumoniae 26 S No 4,00 R
PD068 E. coli 20 R No 4,00 R
PDO069 Enterobacter sp. 15 R No 8,00 R
PD078 K. pneumoniae 17 R No 2,00 S
PD080 K. pneumoniae 23 S No 2,00 S
PD081 K. pneumoniae 20 R No 1,00 S
PD082 K. pneumoniae 22 R Yes 1,00 S
PD083 K. pneumoniae 22 R Yes 2,00 S
PD084 K. pneumoniae 19 R No 1,00 S



PD089
PD091
PD093
PD095
PD104
PD105
PD113
PD114
PD120
PD135
PD140
PD150
PD164
PD171
PD172
PD176
PD177
PD180
PD187
PD209
PD216
PD232
PD234
PD235
PD237
PD241
PD242
PD244
PD253
PD256
PD258
PD259
PD272
PD276
PD281
PD283
PD285
PD286
PD287
PD288

K. pneumoniae
K. pneumoniae
K. pneumoniae
C. freundii
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
E. coli
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
S. marcescens
K. pneumoniae
K. pneumoniae
K. pneumoniae

Enterobacter sp.

K. pneumoniae
K. pneumoniae
K. pneumoniae
E. coli
K. pneumoniae
E. coli
K. pneumoniae
K. pneumoniae
S. marcescens
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
C. freundii
K. pneumoniae
K. pneumoniae
S. marcescens
K. pneumoniae
E. coli
K. pneumoniae
K. pneumoniae

22
22
22
20
22
20
22
20
19
21
19
20
20
20
18
21
21
22

20
22
18
21
18
19
18
22
20
22
19
20
18
18
18
22
20
22
21
20
20
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PD290 K. pneumoniae 22 R Yes 1,00 S
PD294 S. marcescens 18 R No 8,00 R
PD307 M. morganii 22 R Yes 16,00 R
PD309 K. pneumoniae 22 R Yes 2,00 S
PD310 E. coli 19 R No 4,00 R
PD311 E. coli 13 R No >16 R
PD312 Enterobacter sp. 16 R No 4,00 R

S = Susceptible; R = Resistant; ATU = Area of Technical Uncertanty; MIC = Minimum Inibitory Concentration
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Supplemental Material Table 2. Comparison between DD and BMD for Cefiderocol in P. aeruginosa

Isolate Bacteria Disk(:j':f;l;sion Interpretation ATU (nTg:?L) Interpretation
PD013 P. aeruginosa 25 S No 0,50 S
PDO0O14 P. aeruginosa 31 S No 0,13 S
PD018 P. aeruginosa 17 R No 16,00 R
PD019 P. aeruginosa 20 R Yes 4,00 R
PDO031 P. aeruginosa 29 S No 0,25 S
PD151 P. aeruginosa 22 S No 1,00 S
PD168 P. aeruginosa 22 S No 4,00 R
PD178 P. aeruginosa 18 R No 16,00 R
PD181 P. aeruginosa 22 S No 16,00 R
PD182 P. aeruginosa 30 S No 0,25 S
PD223 P. aeruginosa 21 R Yes 4,00 R
PD231 P. aeruginosa 21 R Yes 2,00 S
PD238 P. aeruginosa 15 R No >16 R
PD245 P. aeruginosa 17 R No 16,00 R
PD246 P. aeruginosa 17 R No >16 R
PD257 P. aeruginosa 22 S No 2,00 S
PD261 P. aeruginosa 22 S No 4,00 R
PD318 P. aeruginosa 15 R No >16 R
PD324 P. aeruginosa 20 R No 4,00 R

S = Susceptible; R = Resistant; ATU = Area of Technical Uncertanty; MIC = Minimum Inibitory Concentration
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Supplemental Material Table 3. Comparison between DD and BMD for Cefiderocol in Acinetobacter spp

Disk diffusion

Isolate Bacteria (mm) Interpretation MIC (mg/L) Interpretation
PD007 C. A. baumannii 20 S (PK/PD) 0,50 S
PDO012 C. A. baumannii 20 S (PK/PD) 0,25 S
PDO016 C. A. baumannii 21 S (PK/PD) 1,00 S
PD086 C. A. baumannii 6 R (PK/PD) >16 R
PDO087 C. A. baumannii 12 R (PK/PD) 2,00 S
PD130 C. A. baumannii 21 S (PK/PD) 1,00 S
PD139 C. A. baumannii 10 R (PK/PD) 4,00 R
PD145 C. A. baumannii 18 S (PK/PD) 2,00 S
PD184 A. seifertii 15 R (PK/PD) 8,00 R
PD194 C. A. baumannii 16 R (PK/PD) 2,00 S
PD211 C. A. baumannii 15 R (PK/PD) 2,00 S
PD212 C. A. baumannii 18 S (PK/PD) 2,00 S
PD225 C. A. baumannii 23 S (PK/PD) 0,50 S
PD250 A. seifertii 10 R (PK/PD) >16 R
PD254 C. A. baumannii 20 S (PK/PD) 2,00 S
PD265 A. seifertii 6 R (PK/PD) >16 R
PD266 C. A. baumannii 20 S (PK/PD) 2,00 S
PD297 C. A. baumannii 6 R (PK/PD) >16 R
PD303 C. A. baumannii 18 S (PK/PD) 2,00 S
PD320 C. A. baumannii 23 S (PK/PD) 2,00 S

S = Susceptible; R = Resistant; MIC = Minimum Inibitory Concentration
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CONSIDERAGOES FINAIS

O presente estudo permitiu determinar a prevaléncia de genes de
carbapenemases em BGN-RC isolados no Hospital de Clinicas de Porto Alegre, um
dos maiores hospitais de alta complexidade da regiao Sul do Brasil, ao longo de um
periodo de um ano (2023). Esses achados contribuem de forma significativa para o
entendimento do cenario local de resisténcia aos carbapenémicos em um centro de
referéncia, reforgcando a importancia da vigilancia microbioldgica continua.

Adicionalmente, foi possivel estabelecer o perfil de suscetibilidade desses
isolados frente a novos antimicrobianos - cefiderocol, meropenem—-vaborbactam e
sulbactam—durlobactam - ainda nao disponiveis para uso clinico no Brasil. A
avaliagao da atividade in vitro desses agentes fornece subsidios relevantes para o
conhecimento epidemioldgico e terapéutico, especialmente no contexto de uma
futura incorporacdo dessas opgdes no arsenal antimicrobiano nacional.
Paralelamente, avaliou-se o perfl de suscetibilidade in vitro a
ceftazidima—avibactam, antimicrobiano recentemente introduzido na pratica clinica
brasileira, ampliando a compreensdo sobre sua efetividade frente a isolados
multirresistentes.

O estudo também permitiu a identificacdo de achados epidemiologicos
relevantes, incluindo o aumento da prevaléncia da enzima NDM em isolados de
Pseudomonas aeruginosa e a caracterizagdo de um surto envolvendo
Acinetobacter seifertii pertencente a uma nova cepa durante o periodo avaliado.
Esses resultados evidenciam a dinamica evolutiva dos mecanismos de resisténcia
e ressaltam o impacto clinico e epidemiolégico de clones emergentes em
ambientes hospitalares.

No que tange a comparagdo entre os métodos de disco-difusdo e
microdiluicdo em caldo para a determinagédo da suscetibilidade ao cefiderocol, foi
possivel determinar discrepancias significativas entre as técnicas. Esses achados
reforcam a necessidade de cautela por parte dos laboratérios de microbiologia

clinica na interpretacdo dos resultados obtidos por disco-difusdo, bem como
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sugerem a importancia de revisdes criticas dos pontos de corte clinicos atualmente
recomendados por diretrizes internacionais, como o EUCAST, para esse
antimicrobiano.

Por fim, a avaliacdo do equipamento IR Biotyper, associada ao
desenvolvimento de um classificador para a tipagem de isolados de Kilebsiella
pneumoniae, possibilitou a realizagdo de estudos de diversidade clonal dos
isolados incluidos neste trabalho. Além disso, esse classificador configura-se como
uma ferramenta reprodutivel e potencialmente aplicavel por outros pesquisadores
que disponham desse equipamento, contribuindo para a ampliagao e o avango do

conhecimento cientifico na area de epidemiologia molecular bacteriana.
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PERSPECTIVAS FUTURAS

Os resultados obtidos neste estudo abrem diversas possibilidades para
aprofundamento e expansado das investigagdes relacionadas a resisténcia aos
antimicrobianos em BGN-RC. Em particular, a avaliagdo do contexto genético dos
isolados resistentes ao cefiderocol por meio do sequenciamento do genoma
completo gerou um conjunto robusto de dados que permitira uma analise detalhada
dos mecanismos moleculares envolvidos nesse fenodtipo de resisténcia. Esses
achados serdo explorados de forma aprofundada e sistematizada em um
manuscrito subsequente - o qual ja esta em fase de desenvolvimento - com foco na
caracterizagcao de genes, mutagdes e arranjos genéticos associados a diminuigao
da suscetibilidade ao cefiderocol, referente ao objetivo 6.

Ainda, considerando a possivel futura incorporacdo de novos
antimicrobianos no cenario clinico brasileiro, estudos prospectivos que relacionam
dados microbiolégicos, gendmicos e clinicos serdo fundamentais para avaliar o
impacto dessas terapias na pratica assistencial. Nesse contexto, a continuidade da
vigilancia molecular e fenotipica dos isolados multirresistentes se mostra essencial
para antecipar tendéncias de resisténcia, subsidiar politicas de uso racional de
antimicrobianos e orientar estratégias de controle de infeccdo em ambientes

hospitalares.
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Equipe de Pesquisa: Afonso Luls Barth & Patricia Orlandi Barth

Mas dltimas décadas, infecgbes hospitalares causadas por microorganismeos multiresistentes tém causado
um significativo aumento da morbidade & mortalidade em pacientes, assim como um importante impacto nos
custos das internacbes. Para verificar quais bactériag =ao mais prevalentes no ambiente hospitalar, &
necessdrio realizar a identificacio gendmica destas bactérias a qual pode ser realizada através de tipagem
maolecular utilizando eqguipamentos capazes de analisar a distribuicio & o perfil clonal das bactérias
detectadas nestes ambientes, e correlacionar a transmissao destas cepas, bem como detectar a sua fonte
de origem. Além da importAncia do conhecimento da epidemiologia local para monitoramento @ controle da
dizseminacio de bactérias multimesistentes, & importante também conhecer o perfil de suscetibilidade frente
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antimicrobiancs a fim de facilitar o ratamento empirico até o diagndstico final. Com o significative aumento
de infecodes causadas por essas bactérias nos Gltimos anos, se faz necessirio o desenvolvimento de
métodos diagndsticos mais rdpidos para a identificagio do patdégeno e determinagio da sensibilidade para
que se& possa controlar o aumento da resisténcia bacteriana e aumentar as chances de vida de pacientes
que venham a adquirir estas infeccbes.

Finalidade ou justificativa: Neste sentido, este trabalho objetiva identificar e caracterizar molecularmente as
bactérias MDR mais prevalentes no Hospital de Clinicas de Porto Alegre utilizande o equipamento [R
Biotyper, bem comao determinar o perfil de suscetibilidade destes microrganismos frente aos novos

antimicrobianos, e estabelecer novas metodologias para a determinagao da suscetibilidade in vitro.

Local onde serd realizado: Hospital de Clinicas de Porto Alegre

Delineamento:

Estudo analitico experimental

Selecdo das amostras: Serdo incluldas amostras isoladas de pacientes atendidos no Hospital de Clinicas de
Porto Alegre (HCPA) & encaminhadas ao sator de Microbiologia durante o periodo de margo de 2023 (apds
aprovacgao do projeto no CEP) a julho de 2024, que apresentarem cultura positiva para bacilos gram-
negativos multirresistentes na Unidade de Microbiclogia. Serdo excluidas as amostras que apresentaram
culturas positivas para outros microrganismos.

A realizacao dos testes para esta pesquisa se dard em paralelo com a rotina laboratorial.

Objotive da Pesquisa:

Objetive Primario: Caracterizar com uso de técnicas moleculares as bactérias multirresistentes mais
prevalentes no Hospital de Clinicas de Porto Alegre, @ determinar o perfil de suscetibilidade destes isolados
aos novos antimicrobianos.

Objetivo Secunddrio: Identificar os bacilos gram-negativos multiresistentes mais prevalentes no Hospital de
Clinicas de Porto Alegre, Padronizar a técnica de tipagem molecular através do equipamento IR Biotyper
comparado com o método de Sequenciamento de Mova Geracdo (NGS), Caracterizar molecularmente os
isolados multirresistentes mais prevalentes através da andlise no IR Biotyper:Avaliar o perfil de

suscetibilidade dos bacilos gram-negativos mais prevalentes frente aos novos antimicrobianos: cefiderocol,

meropanem-vaborbactam, delafloxacin e ceftazidima-avibactam;Propor metodologias rapidas de
determinagao da suscetibilidade aos novos antimicrobianos.
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Avallagio dos Riscos e Beneficios:

Rizcos: As amostras incluldas neste estudo serdo obtidas a partir de materiais clinicos encaminhados para
cultura de rotina na Unidade de Microbiologia, ou seja, os exames microbioldgicos serao executados
independentemente da realizacao deste estudo. Serd coletado do setor de microbiologia apenas colnias
bacterianas isoladas dos materiais clinicos apds a andlise pelo setor, ndo entrando em contato direto com as
amostras dos pacientes. Em nenhum momento serd solicitado aos pacientes algum exame exira acs que
usualmente |4 sao solicitados de rotina. Este projeto envolve riscos bioldgicos minimos, pois o estudo
envolvera o uso de amostras bioldgicas no laboratdrio de microbiologia, ndo havendo a participacao direta
de pacientes. Haverd o risco de quebra de confidencialidade dos dados. Og pesquisadores assumem a
responsabilidade de manté-los @ guarda-los sob sigilo & am anonimato.

Beneficios: Estudos de caracterizagao molecular s3o necessarios para a vigildncia epidemioldgica, para se
poder conhecer quais as cepas sao circulantes no ambiente analisado, poder relacionar como estas
bactérias estdo sendo transmitidas, e como elas se comportam frente aos antimicrobianos de dltima
geracdo. Além do mais, este estudo visa avaliar tecnologias rapidas de determinagao da suscetibilidade aos
novos antimicroblanos, gue impacta diretamente na resposta mais rdpida dos antimicrobianos a infacgbes
por bactérias multirresistentes.

Comentarios e Consideragies sobre a Pesquisa:

Tamanho da amostra: Metodologia de Andlise de Dados: Para o cdlculo amostral, fod utilizade o Software
PSS Health: Power and Sample Size for Health Researchers, versdo online. Para um resultado com 91% de
sensibilidade, 99% de especificidade e um nivel de confianga de 95% chegou-se ao ndmero de 280
amostras.

CRITERIOS DE INCLUSAO: incluidas amostras isoladas de pacientes atendidos no Hospital de Clinicas de
Porto Alegre (HCPA) & encaminhadas ao setor de Microbiologia durante o periodo de margo de 2023 (apds
aprovagao do projeto no CEP) a julho de 2024, que apresentarem cultura positiva para bacilos gram-
negativos multirresistentes na Unidade de Microbiologia.

CRITERIOS DE EXCLUSAOD: Serao excluldas as amostras que apresentaram culturas positivas para outros
MiCronganismos.

Como serfo coletados os dados: As amostras incluldas neste estude seriio obtidas a partir de materiais
clinicos encaminhados para cultura de rotina na Unidade de Microbiologia, ou seja, os exames
microbioldgicos serao executados independentemente da realizacio deste estudo. Serd coletado do setor
de microbiologia apenas coldnias bacterianas isoladas dos materiais clinicos
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apds a analise pelo setor.

Os isolados bacterianos serdo identificados através do equipamento de MALDI-TOF (Matrix-Assisted Laser
Desorption lonization Time-of-Fly). Apds a identificacao, todos os bacilos gram-negativos identificados serao
testados frente aos antimicrobianos carbapen&micos (Gltima classe de antimicrobianos desenvolvida)
utilizando discos de meropenem na concentragdo de 10 yg. Os isolados que apresentarem resisténcia a
este antimicrobiano serao selecionados para a caracterizacio molecular. A resisténcia serd considerada
quando o halo de inibicdo no teste de disco-difusao for menor que 16 mm, de acordo com o guia brasileiro
BrCast.

os dados serfo armazenados através do Google Drive utilizando e-mail institucional do HCPA e computador
institucional.

Consideragdes sobre os Termos de apresentacdo obrigatéria:

Propde dispensa do TCLE? Sim

Justificativa: Os isolados bacterianos utilizados nas andlises supracitadas serao oriundos do Laboratdrio de
Microbiologia do Hospital de Clinicas de Porto Alegre. Somente serao utilizados isolados que previamente
forem encaminhados para exame de rotina 4 assisténcia do paciente. Tais isolados serdo recuperadas do
laboratério somente apds o8 exames solicitados j4 terem sido liberados, ndo interferindo nos exames
laboratoriais em nenhum momento. Cabe ressaltar que neste projeto serdo analisadas as bactérias isoladas
de amostras clinicas, e todos os testes realizados serdo com as bactérias isoladas, e ndo diretamente com
as amostras clinicas, @ nao interferira em nada no que diz respeito ao paciente em =i. Portanto, ndo sera
feito nenhum contato direto da equipe de pesquisa com pacientes @m nenhum moments do estudo, nem
com a equipe assistencial. Destacamos que nenhum procediments ou modificaclo terapéutica serd
realizade, ou mesmo seria possivel, em virtude do desenho do estudo. Destacamos também gue ndo serd
utilizado nenhum dado sensivel dos pacientes, apenas o local de internagdo e o sitio de infecglo para
andlize dos dados. Para tanto, optamos entdo por solicitar uma query em vez de acessar o prontuario dos
pacientes. Para selecionar oz pacientes, serdo incluidos nos filtros:Exames encaminhados no setor de
microbiologia com resultado do exame “Teste de Sensibilidade aos Antimicroblanos”, em gue no resultado

conste “Resistente ao Meropenem”. Para os resultados encontrados, serd necessarno extrair as informaces:

numere de prontudrio, nome da bactéria, unidade de internagao e tipo de amostra (sitio de
infecgao).Exemplo:Exames encaminhados ao setor de microbiologia com resultado de “Teste de

Sensibilidade aos Antimicrobianos™ e filtrado “lsolados resistentes ao meropenem”™ NOmero do Prontudrio:

oo Bactéria: Proteus mirabilis

Enderega:  Av. Protasio Alves, 211 Portdo 4 Booo © 5° andar

Bairmo: Rio Branco CEP: 90.410-000
UF: RS Municipio: PORTD ALEGRE
Telefone:  (51)3358-6245 Fax: (51)3359-6246 E-mail: cep@hepa edu.br

Pibgirna 04 e 08

110



J ... . . HOSPITAL DE CLINICAS DE Plocaforma
Y CUNICAS  PORTO ALEGRE - HCPA

Continuagao do Parecer: 5.519.861

Unidade de Internacio: UTI Amostra: urina Mao serd utilizado nenhum dado a mais do paciente além destes
citados acima. N3¢ serd necessario saber nome, idade, sexo ou nenhuma informacio do paciente, apenas
da bactéria em si e do sitio de infeccdo. O ndmero do prontudnio serd utilizado apenas para ndo selecionar

mais de uma vez o mesmo isolado bacteriano (inclulde apenas 1 por paciente ). Pelos motives citados acima,

mantemos a solicitacio de dispensa do TCLE.

Conclusdes ou Pendénclas e Lista de Inadequacgbes:

Az pendéncias emitidas para o projeto no parecer MN.° [5.896.928] foram respondidas pelos pesquisadores,

conforme carta de respostas adicionada em [16/02/2023). Nao apresenta novas pendéncias.

Consideragdes Finais a critério do CEP:

- Diante do exposto, o Comité de Etica em Pesquisa do Hospital de Clinicas de Porto Alegre, de acordo com
as atribuigdes definidas na Resolugdo CNS N_° 466/2012 e na Norma Operacional CNS/Conep N.®
00172013, manifesta-se pela aprovacdo do projeto de pesquisa proposto.

- O projeto e=td aprovado para inclus3o ou revisao de registros de 290 participantes neste centro.

- Deverao ser apresentados relatdrios semestrais e um relatdrio final.

- O projetos executados no HCPA somente poderdo ser iniciados quando seu status no sistema AGHUze
Pesquisa for alterado para “Aprovado”, configurando a aprovacao final da Diretoria de Pesquisa.

- Textos & andncios para divulgagao do estudo e recrutamento de participantes deverdo ser submetidos
para apreciagao do CEP, por meio de MNotificagio, previamente ao seu uso. A redacio deverd atender as
recomendagies institucionais, que podem ser consultadas na Pagina da Pesquisa do HCPA.

- Eventos adversos deverdo ser comunicades de acordo com as orentagtes da Comissao Nacional de Etica
em Pesgquisa - Conep (Carta Circular N.® 13/2020-CONEP/SECNS/MS). Os desvios de protocolo também
deverdo ser comunicados em relatdrios consolidados, por meio de Notificacio.

Este paracer foi elaborado baseado nos documentos abaixo relacionados:
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Anexo 3 — Diretriz Metodologica (STROBE) - Artigo 1

Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used | 42
term in the title or the abstract
(b) Provide in the abstract an informative and 42
balanced summary of what was done and what was
found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the | 44
investigation being reported
Objectives 3 State specific objectives, including any prespecified 45
hypotheses
Methods
Study design 4 Present key elements of study design early in the 46-49
paper
Setting 5 Describe the setting, locations, and relevant dates, 46-49
including periods of recruitment, exposure, follow-up,
and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and N/A
methods of selection of participants
Variables 7 Clearly define all outcomes, exposures, predictors, 46-49
potential confounders, and effect modifiers. Give
diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and
measurement details of methods of assessment (measurement).
Describe comparability of assessment methods if
there is more than one group
Bias 9 Describe any efforts to address potential sources of
bias
Study size 10 Explain how the study size was arrived at 50
Quantitative variables 11 Explain how quantitative variables were handled in
the analyses. If applicable, describe which groupings
were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those N/A

used to control for confounding

(b) Describe any methods used to examine
subgroups and interactions

(c) Explain how missing data were addressed

(d) If applicable, describe analytical methods taking
account of sampling strategy

(e) Describe any sensitivity analyses

Results
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Participants

13*

(a) Report numbers of individuals at each stage of
study—eg numbers potentially eligible, examined for
eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed

50

(b) Give reasons for non-participation at each stage

N/A

(c) Consider use of a flow diagram

N/A

Descriptive data

14*

(a) Give characteristics of study participants (eg
demographic, clinical, social) and information on
exposures and potential confounders

N/A

(b) Indicate number of participants with missing data
for each variable of interest

Outcome data

15*

Report numbers of outcome events or summary
measures

Main results

16

(a) Give unadjusted estimates and, if applicable,
confounder-adjusted estimates and their precision
(eg, 95% confidence interval). Make clear which
confounders were adjusted for and why they were
included

50-55

(b) Report category boundaries when continuous
variables were categorized

(c) If relevant, consider translating estimates of
relative risk into absolute risk for a meaningful time
period

Other analyses

17

Report other analyses done—eg analyses of
subgroups and interactions, and sensitivity analyses

Discussion

Key results

18

Summarise key results with reference to study
objectives

56-59

Limitations

19

Discuss limitations of the study, taking into account
sources of potential bias or imprecision. Discuss both
direction and magnitude of any potential bias

56-59

Interpretation

20

Give a cautious overall interpretation of results
considering objectives, limitations, multiplicity of
analyses, results from similar studies, and other
relevant evidence

56-59

Generalisability

21

Discuss the generalisability (external validity) of the
study results

56-59

Other information

Funding

22

Give the source of funding and the role of the funders
for the present study and, if applicable, for the original
study on which the present article is based

N/A

N/A = Not applicable
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