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RESUMO

O surgimento e disseminacao de cepas de Klebsiella pneumoniae resistentes aos
B-lactamicos com destaque aos carbapenémicos ¢ uma ameaca significativa 4 eficécia
terapéutica, resultando em altas taxas de mortalidade. O estudo da epidemiologia das
infecdes causadas por K. pneumoniae resistente aos carbapenémicos(CRKP) ¢ importante
para compreender a disseminag¢do de genes de viruléncia e resisténcia; assim como as
taxas de mortalidade por isolados de CRKP na cidade de Uberlandia. Primeiramente, o
estudo buscou analisar a dissemina¢do de K. pneumoniae produtoras de ESBL e
carbapenémases no ambiente hospitalar. Adicionalmente, identificar as varidveis
associadas a mortalidade por bacteremia por K. pneumoniae, com especial atengdo ao
impacto da terapia combinada direcionada. Para responder ao primeiro objetivo, isolados
de K. pneumoniae foram selecionados aleatoriamente em dois hospitais tercidrios em
Minas Gerais, Brasil. Os isolados, que eram resistentes aos carbapenémicos, foram
avaliados para os genes blactx-m-15, blakec, blanpwm, blasuv, blatem, blaviv, gnrA, aadAl,
entB, kfu, ureA, wabG, allS, Aero e rmpA usando reagdo em cadeia da polimerase (PCR).
Todos os amplicons de PCR blacrtx-m-15 foram analisados quanto as relagdes genéticas por
eletroforese em gel de campo pulsado (PFGE). Para o segundo objetivo os prontudrios de
109 pacientes (recuperados durante o periodo de 2011 a 2019) foram revisados para
avaliar os fatores de risco para bacteremia por CRKP. A relagdo entre os dados
demograficos e clinicos do paciente e a multirresisténcia (MDR) foi analisada. Os
desfechos primarios foram 30 dias de mortalidade. O excesso de mortalidade foi calculado
nos seguintes grupos: K. pneumoniae multirresistente, K. pneumoniae resistente a
carbapenémicos e K. pneumoniae sensivel a carbapenémicos. A analise univariada foi
feita para identificar fatores associados 4 mortalidade em 30 dias. Na primeira fase do
estudo se observou uma alta prevaléncia de genes de resisténcia e viruléncia em isolados
de K. pneumoniae. Os genes de resisténcia incluiram ESBLs (blactx-m-15 25,5%, blatem
96,1%, blasnv 92,2%) e carbapenemases (blaxpc: 31,4%, blayim: 54,9%, blanpm: 25,5%).
Genes de viruléncia como entB (84,3%), kfu (86,3%), ured (90,2%), wabG (94,1%), allS
(11,8%), Aero (68,6%) e rmpA (9,8%) também foram comumente prevalentes. As
infecgdes respiratorias (32,7%) foram as mais comuns, seguidas pela colonizagao retal
(24,7%). A genotipagem identificou trés clones dominantes (A, B, E), com padrdes de
distribuicdo geografica.Para o segundo objetivo foi demostrado que 64,2% dos isolados
eram resistentes a carbapenémicos, € terapia empirica inapropriada foi observada em

62,4% dos pacientes.Na analise univariada,a



hemodialise foi um fator de risco de mortalidade(p=0,0238). As cepas resistentes aos
carbapenémicos foram associadas ao excesso de mortalidade (12,95%), enquanto as cepas
multirresistentes tiveram uma taxa de excesso de mortalidade mais baixa (4,51%). Este
estudo destaca a prevaléncia alarmante de genes de resisténcia e viruléncia em K.
pneumoniae, enfatizando seu papel em infecgdes graves.As altas taxas de resisténcia aos
carbapenémicos e o excesso de mortalidade associado ressaltam a necessidade urgente de
melhores medidas de prevengdo, controle e terapias antimicrobianas personalizadas em
ambientes hospitalares. Essas descobertas fornecem insights criticos para o avango das
estratégias de gerenciamento de infeccdes ¢ a reducdo da carga de infecgdes

multirresistentes.

Palavras chave: Klebsiella pneumoniae, mortalidade, viruléncia, carbapenémicos, Brasil.



ABSTRACT

The emergence and spread of B-lactam-resistant Klebsiella pneumoniae strains,
particularly those resistant to carbapenems, pose a significant threat to therapeutic
efficacy, resulting in high mortality rates. Studying the epidemiology of infections caused
by carbapenem-resistant K. pneumoniae (CRKP) is crucial for understanding the
dissemination of virulence and resistance genes, as well as the distribution of mortality
rates associated with CRKP isolates in the city of Uberlandia. Initially, the study aimed to
analyze the spread of K. pneumoniae producing ESBLs and carbapenemases in hospital
settings. Additionally, it sought to identify variables associated with mortality due to K.
pneumoniae bacteremia, with a particular focus on the impact of targeted combination
therapy. To address the first objective, K. pneumoniae isolates were randomly selected
from two tertiary hospitals in Minas Gerais, Brazil. These carbapenem-resistant isolates
were assessed for the presence of blacrx-m-15, blaxec, blanpwm, blasnv, blatem, blavim, gnrA,

aadAl, entB, kfu, ureA, wabG, allS, Aero, and rmpA genes using polymerase chain reaction
(PCR). All blactx-m-15 PCR amplicons were analyzed for genetic relationships via pulsed-
field gel electrophoresis (PFGE). For the second objective, medical records of

109 patients (collected between 2011 and 2019) were reviewed to evaluate risk factors for
CRKP bacteremia. The relationship between patients' demographic and clinical data and
multidrug resistance (MDR) was analyzed. The primary outcomes were 30-day mortality
rates. Excess mortality was calculated for the following groups: multidrug- resistant K.
pneumoniae, carbapenem-resistant K. pneumoniae, and carbapenem-sensitive K.
pneumoniae. A univariate analysis was conducted to identify factors associated with
30-day mortality.

In the first phase of the study, a high prevalence of resistance and virulence genes
was observed in K. pneumoniae isolates. Resistance genes included ESBLs (blactx-m-15
25.5%, blatem 96.1%, blasuv 92.2%) and carbapenemases (blaxpc 31.4%, blaviv 54.9%,
blanpm 25.5%). Virulence genes such as entB (84.3%), kfu (86.3%), ure4 (90.2%), wabG
(94.1%), allS (11.8%), Aero (68.6%), and rmpA (9.8%) were also commonly found.
Respiratory infections (32.7%) were the most frequent, followed by rectal colonization
(24.7%). Genotyping identified three dominant clones (A, B, and E) with distinct
geographic distribution patterns. For the second objective, it was demonstrated that 64.2%
of isolates were resistant to carbapenems, and inappropriate empirical therapy was
observed in 62.4% of patients. In the univariate analysis, hemodialysis was identified as
a mortality risk factor (p=0.0238). Carbapenem-resistant strains were associated with an
excess mortality rate of 12.95%, while multidrug-resistant strains had the lowest excess
mortality rate (4.51%).

This study highlights the alarming prevalence of resistance and virulence genes in
K. pneumoniae, emphasizing its role in severe infections. The high carbapenem resistance
rates and associated excess mortality underscore the urgent need for improved prevention,
control measures, and personalized antimicrobial therapies in hospital settings. These
findings provide critical insights into advancing infection management strategies and
reducing the burden of multidrug-resistant infections.

Keywords: Klebsiella pneumoniae, mortality, virulence, carbapenems, Brazil.
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APRESENTACAO

Klebsiella pneumoniae ¢ um patdogeno oportunista Gram-negativo com alto
impacto na saide mundial. Atualmente, a alta prevaléncia de K. pneumoniae
multirresistente de origem hospitalar ¢ considerada um problema de saude global,
especialmente devido as dificuldades no tratamento dessas infecgdes e a alta mortalidade
associada. Embora a presenca e transmissao desse patogeno tenha ganhado destaque nas
ultimas décadas, o problema ¢ ainda mais grave em paises de baixa e média renda, como
o Brasil. (Rosenthal et al., 2024; OMS,2024)No Brasil, infelizmente, os recursos
financeiros destinados a saude sdo limitados, ha o uso excessivo e indiscriminado de
antimicrobianos, o que contribui para os elevados indices de bactérias multirresistentes.
Além disso, a falta cronica de laboratorios de microbiologia, a escassez de dados
cientificos e a ineficacia das politicas de controle existentes tornam o controle das
infeccdes causadas por esses microrganismos multirresistentes um  grande

desafio(Fortaleza et al., 2017; Lu et al., 2018).

K. pneumoniae ¢ frequentemente isolada em amostras clinicas, sendo responséavel
por uma variedade de infec¢des, como infecgdes do trato urindrio, pneumonia, €
bacteremia entre outras (Podschun; Ullmann, 1998; Brisse et al., 2006). Dados do estudo
multicéntrico SENTRY, realizado entre 1997 e 2016 para a América Latina, mostram que
K. pneumoniae ocupa a terceira posicdo entre as causas de infecgdes em pacientes
hospitalizados (13,6%). Além disso, € o patdgeno mais prevalente (29,4%) em infec¢des
do trato respiratorio inferior em pacientes hospitalizados (Leal et al.,2019). No Brasil, o
estudo de Stiiker e colaboradores no 2021 mostrou que K. pneumoniae foi o germe mais
frequentemente isolado (56%), seguido por Acinetobacter baumannii (32%),

Pseudomonas aeruginosa (12%).

Muitos dos microorganismos que pertenecem a famila Enterobacteriaceae
causam infeccdes letais dificeis de tratar; de os quais K. pneumoniae representa uma
preocupagao critica segun a Organizagdo Mundial da Saude(OMS) ; nas ultimas décadas
K. pneumoniae resistente aos carbapenemicos (CRKP) emergiu como um importante
patogeno capaz de causar infec¢des adquiridas na comunidade, nos hospitais, e em
indivuduos satudaveis, com alto indice de morbidade e mortalidade.(CDC,2013; OMS,

2024)
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Entre os mecanismos de resisténcia importantes em Bacilos Gram-negativos,
destaca-se as carbapenemases. E, entre elas, K. pneumoniae carbapenemase (KP-KPC),
que pertence a classe A de Ambler e ao grupo funcional 2f de Jacoby e Medeiros(1995).A
dificuldade no tratamento de infec¢des graves por fenotipos resistentes aos
carbapenémicos, como a KP-KPC, levou a reutilizacdo das polimixinas (polimixina B e
colistina) em nivel mundial como tltima opg¢ao no tratamento dessas infecgdes. Entretanto,
ja tem sido relatada resisténcia as polimixinas por bactérias que sdo normalmente

susceptiveis a essas drogas, complicando consideravelmente o tratamento.

Devido a rapida disseminagao mundial de resisténcia em K. pneumoniae assim
como em outros patdégenos hospitalares a deteccao e o conhecimento da epidemiologia e
caracterisicas moleculares relacionadas ao seu genoma e de fundamental importancia para
melhor conhecimento e desenvolvimento de estratégias mais adequadas quanto ao

tratamento, prevengao e controle das infecgde associadas.

A presente dissertacdo de mestrado foi realizada no Laboratorio de
Microbiologia Molecular do Instituto de Ciencias Biomedicas da Universidade Federal de
Uberlandia — UFU e contou com a participagdo de hospitais de segundo e terceiro nivel de

atenc¢ao da cidade de Uberlandia.

Esste trabalho tem como objetivos principais: (i) analizar a disseminagdo de
betalactamases de espectro estendido e carbapenemases produzidas por isolados clinicos
de K. pneumoniae na cidade de Uberlandia; (i1) verificar a presenca de genes de virulencia
e resistencia de K. pneumoniae resistente aos carbapenemicos e cefalosporinas de amplo
espectro recuperadas de hospitais de diferentes regides da cidade de Uberlandia no ano
2021; (i11) avaliar os factores de risco e o uso da terapia antimicrobiana inapropriada nos
pacientes com infe¢des graves por K. pneumoniae internados nas UTIs de um hospital

terciario da cidade de Uberlandia entre os anos 2011 e 2019.
Esta tese foi subdividida em quatro capitulos, conforme apresentado a seguir:

Capitulo I — Fundamentaciio Teérica: Apresenta uma revisdo da literatura
atualizada sobre K. pneumoniae, a epidemiologia da disseminacdo de K. pneumoniae
resistente aos antimicrobianos de amplo espectro; os mecanismos de disseminacao dos
genes de virulencia e resistencia de este microorganismo, asim como o papel da terapia
antimicrobiana atual no tratamento das infec¢des causadas por isolados resistentes de K.

prneumoniae aos antimicrobianos.
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Capitulo II — Dissemination of nosocomial ESBL- and carbapenemase-producing Klebsiella
Ppneumoniae isolates. Artigo sera submetido para publicagdo no Journal of Medical Microbiology
(Fator de Impacto 3.196, Qualis CAPES A4 - Ciéncias Biologicas III) em 2025, apresentando um
estudo sobre a disseminacdo de K. pneumoniae resistente aos carbapenemicos e cefalosporinas de
amplo espectro nos principais centros médicos publicos da cidade de Uberlandia. No estudo foi

descrito a presenca de genes de resistencia e virulencia e adicionalmente foi realizada o analise do

perfil clonal das cepas colectadas no periodo de estudo.

Capitulo III - Mortality Associated with Bacteremia Caused by
Carbapenem-Resistant Klebsiella pneumoniae: The Crucial Role of Therapy in
Clinical Outcome.Artigo serd submetido para publicagdo no Microbial Drug Resistance
(Fator de Impacto 2.3, Qualis CAPES A4 - Ciéncias Biologicas III) em 2025
Apresentando un estudo retrospectivo de 8 anos (2011 ao 2019) de infeccoes causadas por
K. pneumoniae multiresistente na unidade de terapia intensiva da Universidade Federal

de Uberlandia e o impacto do uso inapropriado de antimicrobianos nestes pacientes.

Capitulo IV — Consideragdes finais. Principais resultados,

aplicabilidade e contribucdes de este trabalho para a sociedade.



Capitulo I

Fundamentacao Teorica
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1. Infeccoes relacionadas a assisténcia a Saude

Estudos multicéntricos realizados em diferentes regides do mundo destacam a
alta prevaléncia de infec¢des relacionadas a assisténcia a saude (IRAS), especialmente em
unidades de terapia intensiva ( UTIs ) (Braga et al., 2018 ; Fortaleza et al., 2017 ; Lou et
al.,2022; Ruvinsky et al., 2024). Um estudo realizado entre 2011 ¢ 2013, em 152 hospitais
de 10 estados brasileiros, revelou uma taxa geral de prevaléncia de IRAS de
10,8%, com variagdes regionais: 12,2% na regido Norte, 11,3% no Centro-Oeste, 10,2%
no Sudeste, 9,3% no Nordeste ¢ 8,3% no Sul (Fortaleza et al., 2017). Esses dados
confirmam a necessidade de priorizar o controle de IRAS em politicas publicas de saude,
especialmente em paises em desenvolvimento como o Brasil, onde a infraestrutura

hospitalar e os recursos para prevengao sao frequentemente insuficientes.

Um estudo multicéntrico, realizado em UTIs de 28 hospitais no estado de Minas
Gerais, mostrou uma prevaléncia de IRAS de 51,2% (Braga et al., 2018), valor
significativamente maior do que o observado em UTIs dos Estados Unidos (6,1%) e da
Europa ( 48,4% ) ( Richards et al., 2000; Alberti et al., 2002; Lisboa et al., 2007; Vincent
et al., 2009; Silva et al., 2012). Esse estudo reforgou a pneumonia como o tipo de infeccao
mais frequente, seguida por infec¢des de corrente sanguinea (ICS) e do trato urinario, que
juntas representaram 90,8% das IRAS detectadas (Braga et al., 2018). Esses achados
evidenciam a gravidade do problema em paises com menos recursos, onde a alta
frequéncia de procedimentos invasivos, a sobrecarga de trabalho dos profissionais de
saude e a falta de adesdo a praticas basicas de higiene contribuem para a disseminacdo de

patogenos resistentes, como a K. pneumoniae.

K. pneumoniae ¢ um dos principais patdogenos associados a infecgdes
relacionadas a assisténcia a satide especialmente em UTIs (Vincent et al., 2009; Cardoso
et al.,2014;Richards; Thursky; Buising, 2003). Estudos mostram que essa bactéria ¢
frequentemente isolada em infec¢des de corrente sanguinea e pneumonias associadas a
ventilagdo mecanica (PAV)(Lanks et al., 2019;Nakamura-Silva et al., 2021). Em paises em
desenvolvimento, como o Brasil, a K. pneumoniae ¢ um dos principais agentes etiologicos
de ICS secunddrias, frequentemente associada a resisténcia a cefalosporinas de amplo
espectro e, mais recentemente, a carbapenémicos (ANVISA, 2013;Fortaleza et al., 2017).
Essa resisténcia antimicrobiana contribui para o aumento da morbidade e mortalidade em

pacientes criticos, além de elevar os custos hospitalares e o tempo de
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internag¢do (Vilar-Compte; Camacho-Ortiz; Ponce-de-Ledn, 2017;Ramos-Castafieda et

al., 2018).

As ICS causadas por K. pneumoniae representam um desafio significativo,
especialmente em UTIs do Brasil (Braga et al., 2018, Fortaleza et al., 2017). A K.
pneumoniae também ¢ um dos principais patdégenos associados a essas infecgdes,
frequentemente relacionada ao uso de dispositivos invasivos, como cateteres venosos
centrais (CVC), tubos endotraqueais, cateter urinario (CDC, 2011;Carrara, 2016;
ANVISA, 2017). A ICS primadria, que ocorre devido a colonizagdo do cateter venoso
central , € particularmente preocupante, pois a bactéria pode formar biofilmes, estruturas
que protegem o0s microrganismos contra antibidticos e o sistema imunolégico do

hospedeiro ( Gominet et al., 2017;Mirbag et al., 2024).

Na tultima década a incidéncia de ICS por K. pneumoniae vem aumentando,
refletindo a dificuldade na implementacdo de medidas basicas de prevengao e controle de
infecgdes (Sabatier; Peredo; Vallés; Ferrer, 2009; Maseda et al., 2011). Em UTIs, onde os
pacientes estdo mais suscetiveis devido ao uso de dispositivos invasivos e a gravidade de
suas condi¢des clinicas, a K. pneumoniae € frequentemente isolada em culturas sanguineas
(Mirbag et al., 2024; Rosenthal et al., 2024). A infec¢cdo secunddria, onde o foco inicial
estd em outro local, como o trato urindrio ou pulmdes, também ¢ comum, especialmente
em pacientes com comorbidades ou imunossuprimidos (Ma et al,2024; Monteiro et
al.,2024). Além disso, a K. pneumoniae € conhecida por sua resisténcia a multiplos
antibidticos, incluindo cefalosporinas de amplo espectro e carbapenémicos, o que
complica o tratamento e aumenta o risco de morbidade e mortalidadeas (Esposito et al.,

2023; Rosenthal et al., 2024).

A presenga de K. pneumoniae resistente a carbapenémicos em infec¢des como
ICS e PAV esta diretamente relacionada a piores desfechos clinicos, incluindo maior
tempo de internacdo e custos hospitalares (Ponce-de-Leon, 2017; Morgado et al., 2022).
A identificagdo precoce da K. pneumoniae € a determinacdo de seu perfil de resisténcia
sao fundamentais para o manejo adequado dessas infecgdes. A implementagdo de medidas
de controle de infec¢do, como a higieniza¢ao das maos e o uso adequado de dispositivos
invasivos, ¢ essencial para prevenir a disseminagcdo dessa bactéria em ambientes

hospitalares.
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No Brasil, os problemas relacionados a resisténcia antimicrobiana sdo ainda mais
pronunciados, refletindo a alta taxa de consumo de antibidticos, especialmente os [3-
lactamicos, incluindo aqueles de ultima geracdo, como os carbapenémicos e as
fluoroquinolonas (Moreira et al., 2013; Porto et al., 2013; Dantas et al., 2014; Dantas et
al., 2017; Ferreira et al., 2018a). O uso inadequado de antibioticos contribui diretamente
para piores progndsticos dos pacientes e para o surgimento e disseminacdo de
microrganismos resistentes nos ambientes hospitalares, onde a propagacio dessas cepas
¢ facilitada (Tangcharoensathien et al., 2018; Du et al., 2019). Em microrganismos da
familia Enterobacteriaceae, a resisténcia aos carbapenémicos tem aumentado de forma
alarmante em todo o mundo, com essas bactérias adquirindo diversos e sofisticados

mecanismos de resisténcia ( Perez; Duin, 2013; Iredell; Brown; Tagg, 2016; OMS,2024).

2. Uso de antimicrobianos e Resisténcia em Klebsiella pneumoniae

K. pneumoniae é conhecida por sua capacidade de desenvolver resisténcia a
varios antibiodticos, incluindo carbapenémicos, tornando o tratamento desafiador e
complicando os resultados dos pacientes(Hendriksen et al., 2019). Essa resisténcia tem
sido um problema crescente em unidades criticas, tanto em paises desenvolvidos quanto
em desenvolvimento, e estd associada a fenotipos multirresistentes que dificultam o
tratamento e aumentam a necessidade de terapias empiricas com antimicrobianos de
amplo espectro (Sampaio e Gales.,2016; Pereira et al.,2018; Li et al., 2023). A resisténcia
aos antimicrobianos ¢ mediada por mutacdes de genes cromossOmicos ou por
transferéncia horizontal de genes, nos quais a bactéria adquire genes de resisténcia e
viruléncia transportados por elementos genéticos moveis, como transposons, plasmideos
ou integrons, que facilitam a transferéncia horizontal destes genes o que potencializa a

capacidade de sobrevivéncia da bactéria (Partridge et al.,2018; Li et al., 2023).

A emergéncia e disseminacdo de bacterias multirresistentes, como K.
pneumoniae, tornou-se um problema de satude publica mundial , resultante do uso abusivo
e irracional de antimicrobianos (Gontijo-Filho et al., 2016; Ribas et al.,2021). A
resisténcia aos antimicrobianos, especialmente em bacilos Gram-negativos (BGN), limita
as opgoes terapéuticas eficazes, devido a capacidade desses microorganismos de
desenvolver resisténcia a todos os antimicrobianos disponiveis aumentando as taxas de
mortalidade (Poirel et al.,2017; Hendrinksen et al.,2019) . Estudos na regido sudeste do

Brasil revelaram um elevado uso de antimicrobianos em hospitais, especialmente em
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unidades criticas, com &nfase no uso empirico de carbapenémicos e polimixinas, o que
pode ser relacionado aos elavados indices de resisténcia demonstrados no pais (Moreira

et al.,2013; Braga,2019)

As carbapenemases sdo [-lactamases, enzimas que hidrolisam a os
carbapenémicos, estes antimicrobianos sdo a ultima linha de defesa contra os
microrganismos multirresistentes, em especial em infecg¢des por cepas de K. pneumoniae
(Hu et al., 2024). Estas enzimas sao classificadas em dois grandes grupos com base em
suas sequéncias de aminoacidos: as metalo-f-lactamases (classe B), que possuem zinco
no sitio ativo e as serina-f- lactamases (classes A C e D) que contém serina em seu sitio
ativo. Dentro da classe A, destacam se as enzimas KPC (Klebsiella pneumoniae
carbapenemase), SME (Serratia marcescens carbapenemase), IMI (Imipenem
carbapenemase), NMC (ndo metalo carbapenemase) e GES (Guiana extended spectrum

B-lactamase) (Queenan; Bush, 2007; Papp-Wallace et al., 2011).

KPC pertence a classe A de B-lactamases e pode estar associada a um fendtipo
de pan-resisténcia, o que significa que as bactérias que a produzem sao resistentes a todos
os antibidticos disponiveis (Gongalves et al., 2016). A disseminacdo global da KPC tem
sido documentada em diversos paises, incluindo Estados Unidos, Brasil, Argentina e
China, com surtos hospitalares frequentemente relacionados a transmissdo cruzada entre
pacientes e a inadequagao das praticas de controle de infec¢cdo (Munoz-Price et al., 2013;

Nordmann, Poirel, 2014;Chen et al., 2014).

No Brasil, a disseminacao de isolados de K. pneumoniae produtoras de KPC sao
endémicas e esta associada a surtos hospitalares (Pereira et al., 2013; Monteiro et al 2023).
A resisténcia aos carbapenémicos representa um problema de satde publica, a produgdo
de carbapenemases ¢ mediada por plasmideos que codificam o gene KPC, estes
plasmideos facilitam a disseminacao de genes entre diferentes bactérias, contribuindo para
a propagacdo da resisténcia aos carbapenémicos em ambientes hospitalares e comunitarios

(Vésquez et al.;2023).

A epidemiologia das infeccdes por K. pneumoniae multirresistente tem sido
amplamente estudada, a tipagem molecular ¢ essencial para entender a disseminacdo
global desses clones e para o desenvolvimento de estratégias de prevencdo e controle
(Mathers; Peirano; Pitout 2015). Existem diversos tipos de carbapenemases sendo os mais

prevalentes no mundo sdo blakec, blanpm, blaviv, blamp € blaoxa (Liao et
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al.,2024;Jiang et al.,2024) as cepas resistentes aos carbapenemicos de K. pneumoniae

apresentam até 90% do gene blaxpc-2 (Liao et al., 2024).

Ja as B- lactamases de espetro estendido (ESBLs) sdo enzimas que inativam
cefalosporinas de terceira e quarta geracdo e monobactamicos; mas nao carbapenémicos
e cefoxitin (Lincopan et al.,2006; Bush, Jacoby, 2009). ESBLs sdao um grupo muito grande
e variado de enzimas que sdo codificados por genes que se encontram em transposons ou
plasmideos, o que favorece a disseminacao da resisténcia e alguns fatores de viruléncia de

K. pneumoniae (Bonnet et al.,2004; Husna et al.,2023).

No Brasil, se estima que cerca de 59.2% dos isolados de K. pneumoniae sdo
produtoras de ESBLs (Samapio e Gales.,2016) o que o torna uma preocupacdo muito
grande porque estd associada a surtos hospitalares muito mais frequentemente (Li et al.,
2023). Também as cepas de K. pneumoniae produtoras de ESBL estdo associadas a
producao de biofilme, fendtipo hipermucoviscoso (HMV) e outros fatores de viruléncia

que dificultam o tratamento (Mirbag et al., 2024).

Na América do Sul, especialmente no Brasil, as ESBLs predominantes
pertenecem 4 familia CTX-M(Rocha; Pinto; Barbosa, 2016). Estudos relatam alta
frequéncia do gene blactx-m entre amostras de K. pneumoniae produtoras de ESBL na
América do Sul, Asia e Europa (Quinteros et al., 2003; Bonnet, 2004; Livermore,
Hawkey, 2005; Yan et al., 2006). Na América do Sul a producdo de ESBL da familia
CTX-M sao as mais prevalentes, podendo ser classificadas em cinco grupos com base a
suas sequéncias de aminoacidos (Rocha; Pinto; Barbosa, 2016). Além das ESBLs do tipo
CTX-M, outras B-lactamases como blarem € blasnv, também estdo associadas a surtos
hospitalares significativos (Canton et al.,2012), levando ao uso frequente de
carbapenémicos como ultima opgdo terapéutica para infecdes graves causadas por K.

pneumoniae produtoras de ESBLs (Tamma; Rodriguez Baio, 2017; Morgado et al 2022).

A resisténcia aos carbapenémicos tem levado ao aumento do uso de polimixinas,
como a colistina, como alternativa terapéutica. No entanto, o uso crescente desses
antimicrobianos tem exercido pressdo seletiva, favorecendo o desenvolvimento de
resisténcia as polimixinas em bactérias que antes eram suscetiveis a essas drogas (Oliveira
et al., 2018). Isso representa uma grande ameaca, uma vez que estamos diante de infecgdes

intratdveis, onde o aspecto mais preocupante ¢ a capacidade desses
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microrganismos de transferir genes de resisténcia para outras espécies bacterianas, o que

favorece ainda mais esse cendrio (Wang et al.,2018)

Na atualidade, a terapia antimicrobiana combinada ¢ uma das opgdes terapéuticas
para as infecgdes por K. pneumoniae. Em comparagdo com a monoterapia
antimicrobiana, a terapia combinada mostrou maior sucesso no tratamento e menor taxa
de mortalidade em pacientes que foram submetidos a esse tratamento(D. Li et al.,2024).
O sucesso do tratamento esta associado a fatores de risco dos pacientes, como o tipo de
infecgdo, caracteristicas clinicas da infec¢do e o uso ou nao de terapia antimicrobiana
empirica prévia ao tratamento definitivo (D. Li et al., 2024; Hu et al., 2024; Tumbarello

et al., 2024)

A Organizacdo Mundial da Saude (OMS) classifica K. pneumoniae e outras
Enterobacteriaceae produtoras de ESBL e carbapenemases como patogenos criticos e de
alta prioridade para a pesquisa e desenvolvimento de novos antimicrobianos (OMS,2024).
A compreensdao dos mecanismos de resisténcia e dos fatores que contribuem para a
disseminagdo de ESBLs ¢ essencial para o desenvolvimento de estratégias de controle e

prevencao, visando reduzir o impacto dessas infec¢des na saude global.

3. Aspectos da viruléncia de Klebsiella pneumoniae abordados na dissertacio.

Além dos mecanismos de resisténcia , fatores de viruléncia, como sistemas de
aquisi¢ao de ferro e metabolismo de alantoina, contribuem para a patogenicidade de K.
pneumoniae (Ma et al.,2005;Bachman et al.,2011). A formacao de biofilmes e a presenga
de capsulas sdo fatores criticos para a adaptacdo e persisténcia desses microrganismos no

ambiente hospitalar (Shon et al.,2013; Li et al., 2019)

A cépsula de K. pneumoniae ¢ uma protecao polissacaridica ao redor da bactéria,
cujas funcdes sdo evitar a fagocitose, impedir a acdo dos antimicrobianos, a ativa¢ao do
complemento; por muito tempo foi alvo para tratamento e criacdo de vacinas contra este
patogeno; existem setenta e sete sorotipos de cépsulas, classificados fenotipicamente
como K; os mais prevalentes no mundo sdo os tipos K1 e K2. Sendo o K1 mais importante
(Monteiro et al., 2024). O tipo capsular ¢ codificado por os genes magA4d e wzy que sdo
especificos para o sorotipo capsular K1, no Brasil como no mundo o sorotipo capsular

mais prevalente ¢ o K1(Nakamura-Silva et al., 2021).
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Além da capsula, K. pneumoniae tem uma variedade de fimbrias, se reportaram
dez tipos de fimbrias, dos quais os mais representativos sio as fimbrias de tipo 1 e 3, as
quais estao relacionadas a infecgdes de trato urinario(Monteiro et al., 2024). As fimbrias
do tipol se ligam a receptores glicoproteicos que expressam manose em seus sitios de
ligacdo no urotélio; estas proteinas ligantes sdo codificadas por genes como fimH, este
gene ¢ considerado uropatogénico e ¢ encontrado na maioria das ITUs causadas por K.
pneumoniae (Monteiro et al., 2024;Alcantar-Curiel et al., 2013).Enquanto as fimbrias do
tipo 3 o gene que codifica estas ¢ o mrkD, embora esteja relacionada com infecgdes do
trato urinario, sua importancia radica na formacao de biofilme, o biofilme produzido por
K. pneumoniae tem grande capacidade de aderéncia a distintos tipos de superficies (Desai
et al., 2019), pelo qual geralmente estdo associados a infecgdes graves por uso de
dispositivos médicos como cateteres intravasculares e urinarios, tubos endotraqueais
(Monteiro et al., 2024). Este biofilme ¢ altamente resistente aos antimicrobianos (Cepas

et al., 2019; Monteiro et al., 2024)

K. pneumoniae tem um sistema de captacdo de ferro do hospedeiro que ¢ o KFU
(Klebsiella Ferric Uptake),o sistema promove a captacdo de ferro livre pela quelagdo e
promove a capacidade de crescimento e colonizacdo das bactérias (Liao et al., 2024); este
sistema pode se detectar na maioria das infecgdes causadas por cepas hipervirulentas e ¢
codificado pelo gene kfu, a presenca do gene kfu ¢ associada a infecdo invasiva e a
hipervirulencia de K. pneumoniae (Monteiro et al., 2024)pelo aporte na capacidade de
desenvolvimento e viruléncia na colonizagdo da bactéria, assim mesmo esta associada a

cepas resistentes aos carbapenémicos (Jiang et al., 2024).

Outro mecanismo pelo qual Klebsiella sp. se fornece de ferro sao os sider6foros,
que sdo proteinas de alta afinidade ao ferro; este € um metal muito importante para o
desenvolvimento e viruléncia da bactéria. K. pneumoniae produz uma variedade de
sideroforos entre os quais os mais importantes sdo: enterobactina, Aerobactina,
yersiniabactina e salmolhequina (Alcéntar-Curiel et al., 2013;Morgado et al.,2022;
Kocsis,2023). Os clusters de estes genes sdo geralmente transportados por elementos

conjugativos ou plasmideos. (Stanton et al.,2024)

O gene da Aerobactina representa um 90% dos sider6foros mais prevalentes de
K. pneumoniae, esse gene ¢ transmitido por um plasmideo que codifica o gene iucABCDE,
que ¢ caracterizada pela producgdo de estas proteinas quelantes de ferro (Monteiro et al.,

2024; Russo & Gulick.,2019). Em conjunto com o fenotipo
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hipermucoviscoso ( HMV) dao a caracteristica de hipervirulencia a bactéria. Aerobactina
¢ um sider6foro muito estudado, tem uma correlagdo muito forte com a hipervirulencia da
bactéria; desempenha um papel muito importante no crescimento e sobrevivéncia de K.

pneumoniae, € esta associado a abscesso hepatico primario (Tan et al.,2017).

A alantoina ¢ utilizada por K. pneumoniae como fonte de carbono e nitrogénio,
o gene allS se utiliza como marcador deste sistema, a presencga de al/lS esta relacionada a
cepas hipermucoviscosa o que joga um papel importante na viruléncia e a patogenicidade
da bactéria; assim mesmo estd associado a bacteremia secundaria (Isogai et al., 2024;
Monteiro et al., 2024); pelo qual as cepas que apresentam este gene, geralmente causam
infecgdes dificeis e sdo mais prevalentes sorotipo capsular K1(Isogai et al., 2024; Russo

e Marr., 2019).

A caracteristica HMV muitas vezes foi associada a hipervirulencia, no entanto a
hipervirulencia de K. pneumoniae se define como uma série de caracteristicas fenotipicas
e genotipicas somado as caracteristicas clinicas das infecdes que causa. O fendtipo HMV
¢ regulado por um gene chamado rpmA, este gene regula a capacidade da bactéria de
formar colonias mucoviscosas que sdo polissacarideos ancorados na membrana externa
da bactéria( eBioMedicine, N.2024) cuja funcdo ¢ evitar a fagocitose mediada por
neutrofilos ajudando assim a disseminagdo bacteriana e infeccdes metastaticas no
hospedeiro (Hyun et al., 2024), este fenotipo hipermucoviscoso se avalia por meio da
“string teste” o teste de cordas e também por meio do PCR para detectar a presenca do

gene rpmA(Russo e Marr., 2019).

Muitos estudos associam o fenotipo HMV a cepas causantes de abcesso hepatico
piogénico e ao sorotipo capsular K1(Cerdeira et al.,2021; Monteiro et al.,2024); por isso
que o gene rmpA como usa-se como marcador de hipervirulencia em conjunto com os
genes Aero (codifica o sider6éforo Aerobactina), Afu (codifica sistema de absorc¢ao de
ferro) e uma variedade de caracteristicas clinicas das infegdes causadas por este

microrganismo (Choby et al., 2019).

4. Conclusao

Em sintese, o estudo sobre a epidemiologia das IRAS no Brasil ¢ de extrema
importancia, especialmente aquelas causadas por bactérias multirresistentes, como K.
pneumoniae, devido as dificuldades na implementagdo de projetos nacionais e a escassez

de dados robustos disponiveis na literatura.
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Considerando a relevancia do tema, este estudo busca contribuir para o
preenchimento das lacunas no conhecimento sobre a epidemiologia das IRAS causadas
por K. pneumoniae no Brasil, sendo um passo crucial para a sistematizacdo das acgodes
voltadas a melhoria da qualidade nos hospitais do pais. Além disso, os resultados da
pesquisa poderdo fundamentar politicas eficazes para a prevencdo e o controle de

infeccdes em diversas institui¢des de saude.
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SUMMARY

Introduction: The dissemination of Klebsiella pneumoniae resistant to carbapenems and
broad-spectrum cephalosporins is a critical and concerning issue today.

Aim: We conducted an investigation to analyze the dissemination of extended-spectrum
beta-lactamases (ESBL) and carbapenemase-producing virulent Klebsiella pneumoniae
clinical isolates.

Methodology: Fifty-one Klebsiella pneumoniae isolates were randomly selected from
two tertiary hospitals in Minas Gerais, Brazil in 2021. The isolates, which were resistant
to carbapenems, were further explored for blacrx-m-15, blakec, blaxpwm, blasuv, blatewm,
blaviv, gnrA, aadAl, entB, kfu, ureA, wabG, allS, Aero, and rmpA genes using polymerase
chain reaction (PCR). All the blactx-m-1s PCR amplicons were analyzed for genetic
relationships by Pulsed Field Gel Electrophoresis (PFGE).

Results: A high prevalence of resistance genes was detected in this study, including
ESBLs genes: blactx-m-15 (25.5%), blatem (96.1%), blasuv (92.2%), and carbapenemase
genes blaxec (31.4%), blavim (54.9%), blanpm (25.5%); also a high presence of virulence
genes were detected as entB (84.3%), kfu (86.3%), urea (90.2%), wabG (94.1%), allS
(11.8%), aero (68.6%) and rmpA (9.8%). Among all infections caused by Klebsiella
pneumoniae, respiratory (32.7%) was the most common, followed by rectal colonization
(24.7%). Twelve samples containing the blactx-m-15 gene were analyzed by PFGE, with
50.0% also carrying the blaxpc gene. Genotyping revealed eight distinct PFGE profiles
(A-G), with three dominant clones: A, B, and E. Clones A and E were found in the
southeast region of the city, while clone B was present in the northern region. Most

samples were from the respiratory tract, followed by rectal and urinary sources.
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Conclusion: The present study provides important evidence of epidemiological and
clinical interest, highlighting the high frequency of resistance and virulence genes in
samples obtained from severe infections and colonization, the latter representing a
significant reservoir of these genes. Cross-transmission of the strains was evident.

Keywords: Klebsiella pneumoniae, Carbapenem-resistant Enterobacteriaceae, Tertiary

Care Centers, Virulence, Brazil.
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1. Introduction

Klebsiella pneumoniae exhibits varied and complex antimicrobial resistance
mechanisms and disseminating extended-spectrum [-lactamase (ESBL) and
carbapenemase-producing K. pneumoniae isolates, remain a major global threat. In this
context, the dissemination of these phenotypes has been strongly influenced by the
intensive and indiscriminate use of broad-spectrum cephalosporins and carbapenems,
limiting the use of these antimicrobials in clinical practice [1-3].

So far, K. pneumoniae carbapenemase (KPC) is the most prevalent and widespread
carbapenemase reported, having been extensively disseminated in healthcare
environments globally, particularly among K. pneumoniae isolates [4,5]. However, studies
conducted in Brazil have shown higher levels of distribution of ESBL genes, primarily
blacrtxu (64.0%) and blasuy (62.5%) [6,7], as well as carbapenemase genes, including
blanp (54.8%) and blaxprc (55.6%), among Klebsiella pneumoniae isolates obtained from
clinical samples [5,8,9]. In addition to these high rates, these genes are carried by mobile
genetic elements and plasmids, facilitating transfer between microorganisms, and
promoting rapid dissemination [6,10].

The present study aimed to analyze the dissemination of virulent Klebsiella

pneumoniae isolates producing ESBL and carbapenemase in the hospital setting.

2. Methods

2.1 Bacterial Isolates and Hospital Setting

Fifty-one clinical strains were obtained from two public hospitals in Uberlandia,
Minas Gerais, Brazil in 2021. Strains identification was performed by each hospital using
automated techniques (VITEK II bioMérieux and MALDI-TOF). The strains were sent

to the Laboratory of Molecular Microbiology at the Institute of Biomedical Sciences
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(ICBIM) in the University Federal of Uberlandia. All samples were inoculated with Agar
Brain Heart Infusion (BHI) using the streak plate method to obtain pure cultures and
subsequently stored in cryogenic tubes containing BHI broth added with 15% glycerol at

-80°C for further microbiological and molecular evaluations.

2.2 DNA Extraction and Polymerase Chain Reaction Amplification of
Antibiotic Resistance Genes

DNA extraction was performed by thermal lysis following an optimized protocol.
Briefly, bacterial samples were cultured in BHI broth overnight at 37°C. After growth,
the samples were subjected to a heating bath at 100°C for 10 minutes to lyse the cells.
After lysis, the samples were immediately cooled on ice for 10 minutes. A centrifugation
at 20.000 xg for 1 minute was performed to remove cellular debris. The supernatant
containing the DNA was carefully transferred to a new sterile tube. The DNA samples
were stored at -20°C until further analysis.

The detection of virulence genes [3,11-15] and resistance [3,16-19,36] was
evaluated using endpoint PCR. PCR reactions were performed with a final volume of
25uL, containing 12.5uL of PCR mix (GoTaq® Green Master Mix, Promega), 10uL of
ultrapure water, 1 puL (10 ng) of total DNA, and 0.75uL of each primer. The target genes,
primers used, and specific annealing temperatures for each PCR are shown in Table I.
The thermal cycling conditions included an initial denaturation at 95°C for 5 minutes,
followed by 30 cycles of 95°C for 1 minute, specific annealing temperature for 1 minute,
and 72°C for 1 minute, with a final extension at 72°C for 5 minutes. Amplified products
were separated on a 2% agarose gel and visualized under ultraviolet light.

2.3 Pulsed-Field Gel Electrophoresis (PFGE)

All 12 strains of carbapenem-resistant Klebsiella pneumoniae with blactxm-15

genotypes were selected as representatives from the study and were subjected to PFGE

typing. PFGE was performed to determine the genetic relatedness between the isolates.
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Xbal-digested genomic DNA was prepared, and DNA fragments were used for
electrophoresis, performed in the CHEF-DR III ® device (BioRad), in TBE [0.5x] at 12°C
and a voltage of 6V/cm for 21 hours. The pulses were programmed from 5 to 40 seconds
with an angle of 120°. Finally, the gel was stained with 20 pL of ethidium bromide in 200
mL of TBE buffer [0.5x] for 40 minutes, visualized using a transilluminator, and
photographed using the L-Pix EX photo documentation system (Loccus Biotecnologia®).
Band patterns were analyzed through visual comparison between samples and the
GelAnalyzer 19.1 using the Dice similarity coefficient and the Unweighted Pair Group
Method Using Arithmetic Averages (UPGMA) for cluster analysis. A dendrogram was
constructed utilizing the Dice method (http:/insilico.ehu.eus/dice upgma/), and
clustering was performed using the unweighted-pair group method with average links,
employing a 1% band and position tolerance. A similarity coefficient of 85% was selected

to define clusters.

3. Results

Among the 51 K. pneumoniae strains, the main source was the rectum 17/51
(33.3%), followed by the lung 15/51 (29.4%), blood 10/51 (19.7%), urinary tract 8/51
(15.7%), and other sources 1/51 (1.9%). Of the isolates, 51% were recovered from the
southeast region and 49% from the northern region of Uberlandia city, Minas Gerais,
Brazil.

The resistance and virulence genes of carbapenem-resistant Klebsiella
pneumoniae are presented in Figure 1. PCR was performed to assess important virulence
genes, including entB 43/51 (84.3%), kfu 44/51 (86.3%), ured 46/51 (90.2%), wabG

48/51 (94.1%), allS 6/51 (11.8%), aero 35/51 (68.6%), and rmpA 5/51 (9.8%). Resistance
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genes were also identified, including ESBLs (71.2%), with blactx-m-15 15/51(25.5%),
blatem 49/51 (96.1%), and blasuv 47/51(92.2%), as well as carbapenemase genes
(98.1%). In summary, among the carbapenemase genes, 31.4% (16/51) harbored blakpc,
54.9% (28/51) blaviv, and 25.5% (13/51) blanom. Emphasizing that the isolates, which
were resistant to carbapenems.

Figure 2 demonstrates bacterial infection rates in 2021 involving blakpc, blanpwm,
and blactx-m-15 genes. Respiratory infections were the most common (32.7%), followed
by rectal colonization (24.7%), urinary infections (16.7%), bloodstream infections
(14,0%), and other infections (12,0%). The most prevalent infection associated with the
blactx-m-15 and blaxpc genes was respiratory (37,0% and 38,0% respectively). In the case
of patients with samples carrying the blanpm gene, colonization was predominant
(31,0%).

Twelve samples containing the blactx-m-15 gene were analyzed by PFGE, of which
50% harbored the blaxpc gene. Genotyping of the samples revealed 8 distinct PFGE
profiles (A-G), with 3 dominant clones: A, B, and E. Clones A and E were found only in
the southeast region of the city and clone B in the northern region. Most clone samples

were from respiratory sources, followed by rectal and urinary tract (Figure 3).

4. Discussion

Antimicrobial resistance in K. pneumoniae with additional virulence factors has
been recognized as a serious public health concern worldwide [20]. Its epidemiology,
particularly concerning resistance, is complex and not restricted to humans [3,21]. In
Brazil, previous studies have investigated the occurrence of carbapenem-resistant K.
pneumoniae isolates in intensive care units, with a particular focus on the production of

KPC as the main mechanism of resistance [2]. Additionally, the presence of blactx-m-1s,



50

which encodes ESBL (Extended-Spectrum Beta-Lactamase), has become common and
worrisome among these strains [3,22]. Further worsening this scenario, our findings also
reveal that 40,2% of these strains presented other carbapenems resistance genes such as
blanpm and blayim. Another highlight is the percentage of samples containing genes for
resistance to fluoroquinolones (43,1%) and aminoglycosides (92,2%). These frequencies
are similar to those found in other studies [23,24].

Studies have shown that plasmids containing genes like blaxpc are not always
linked to increased virulence [25]. Despite this, the samples analyzed in this study had
multiple virulence genes (entB, kfu, ureA, wabG, allS, Aero, and rmpA). Recent research
has demonstrated that these genes in K. pneumoniae (mainly capsular type, LPS, adhesins,
and iron-scavenging systems) can enhance the virulence potential of
microorganisms and contribute to developing more invasive diseases [20,26].

Unfortunately, in the present study, the presence of these genotypes in clinically
derived K. pneumoniae was frequent and alarmingly high, and strains carrying the blaxpc
gene have become increasingly common [2,26,27], as observed in this study. The concern
arises from genes found in plasmids, allowing for the rapid and widespread dissemination
of these microorganisms, with a significant proportion of strains containing the blanpm
gene, further worsening the situation [10,28,29]. These resistance mechanisms contribute
to treatment failures and complicated management strategies, leading to increased
morbidity and mortality among affected patients [4,16].

The distribution of infection sources reveals critical insights into the epidemiology
of K. pneumoniae in the region. The rectum 17/51 (33.3%) and lungs 15/51 (29.4%) were
key sources, although pulmonary episodes (32.7%) presented the highest levels of

resistance genes, such as blanpwm, blakpc and blactx-m-15, in this study. This highlights the
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importance of these sites in the transmission and establishment of infections, the latter
raising mortality and morbidity [4,30-32].

The predominance of respiratory infections among patients carrying the blactx-m-
15 and blaxpc genes 6/16 [37% (5/13) and 38% (6/16) for each one] as well as several
other resistance and virulence factors indicates a potential correlation between the
presence of these resistance genes and the severity of respiratory illnesses [33].
Furthermore, the substantial rate of colonization 4/13 (31%) among samples with the
blaxnpm gene emphasizes the need for heightened surveillance and infection control
measures in healthcare settings [29]. Colonization can serve as a reservoir for subsequent
infections, including those with resistance genes, as evidenced by the study, exacerbating
the challenge of managing severe multidrug-resistant K. pneumoniae infections in clinical
environments [31].

Notably, the PFGE analysis identified multiple clones linked to infection and
colonization from various sources across different hospital units. Geographic variation in
the distribution of these clones was also notable, with distinct PFGE profiles observed.
Clones A and E were restricted to the southeast region, while clone B was identified in
the northern region of Uberlandia. Many of these clones originated from respiratory
samples, followed by rectal and urinary sources, suggesting localized transmission
dynamics that warrant further investigation. Identification of dominant clones may assist
in understanding epidemiological trends and guiding public health interventions [6]. The
dissemination of carbapenem-resistant K. pneumoniae clones has become a major
concern, especially in intensive care units [2,23,34]. Data from studies show a notable
prevalence of hyperendemic clones in different regions of the country, leading to an
increase in outbreaks caused by strains extremely resistant to multiple antibiotics

[4,5,16,35].
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5. Conclusions

In conclusion, the results of this study provide evidence of a concerning scenario
regarding the clonal dissemination of K. pneumoniae in intensive care units, as they show
the alarming presence of plasmid-encoded genes blakpc, blanpm, and blactx-m-15 as well
as multiple virulence genes in clinically significant clones associated with severe

infections.
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Table 1. Primers used for amplification of resistance and virulence from Klebsiella pneumoniae

Genes groups targeted Primer Sequence Gene Pb  Annealing temperature Referen
ce
Carbapenemase genes KPC-F CGTCTAGTTCTGCTGTCTTG
blage 798 55°C [17]
KPC-R CTTGTCATCCTTGTTAGGCG
VIM-F GATGGTGTTTGGTCGCATA
blaypg 390 55°C [17]
VIM-R CGAATGCGCAGCACCAG
B-lactamase gene NDM.F GGTTTGGCGATCTGGTTTTC
blaxpy 621 55°C [17]
NDM-R CGGAATGGCTCATCACGATC
ESBLs genes TEM-F ATGAGTATTCAACAT TTCCG
blarmy 858 50°C [12]
TEM-R CTGACAGTTACCAATGCTTA
SHV-F TTTATCGGCCYTCACTCAAGG
blagyy 896 50°C [19]
SHV-R GCTGCGGGCCGGATAACG
CTXM-15 -F CACACGTGGAATTTAGGGACT
blactsais 996 48°C [16]
CTXM-15-R GCCGTCTAAGGCGATAAACA
Quinolone gene qurA-F ATTTCTCACGCCAGGATTTG
gnird 627 50°C [18]
qnrA-R GATCGGCAAAGGTTAGGTCA
Aminoglycoside gene aadAl-F ATGAGGGAAGCGGTGATCG
JALR aadAl 792 55°C [36]
aadAal- TTATTTGCCGACTACCTTGGTG
Virulence genes entB-F

GTCAACTGGGCCTTTGAGCCGTC
entB-R entB 400 57°C [15]
TATGGGCGTAAACGCCGGTGAT

kfu-F

GGCCTTTGTCCAGAGCTACG
IR Kfu 638 57°C [15]
GGGTCTGGCGCAGAGTATGC
allS-F CATTACGCACCTTTGTCAGC
allS.R allsS 764 55°C [15]
GAATGTGTCGGCGATCAGCTT
wabG-F CGGACTGGCAGATCCATATC
wabG-R wabG 683 55°C [14]
ACCATCGGCCATTTGATAGA
ureA-F

GCTGACTTAAGAGAACGTTATG
ureA-R uredA 337 57°C [14]
GATCATGGCGCTACCT(C/T)A

Aero-F GCATAGGCGGATACGAACAT

AcroR Adero 556 48°C [13]
CACAGGGCAATTGCTTACCT

rpmA-F CATAAGAGTATTGGTTGACAG

rpmA-R CTTGCATGAGCCATCTTTCA rpmA 461 49°C [11]
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Figure 1. Heatmap displaying resistance and virulence of Klebsiella pneumoniae strains considering region,
source, virulence and resistant genes, while blank fragments represent absence
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Figure 2. Distribution of bacteremia infections in patients with blakpc, blaNpwm and blacrx.m-15 positive
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Figure 3. Dendrogram depicting the analysis of Pulsed- Field Gel Electrophoresis, pulsotypes, lineages and sources in Klebsiella
pneumoniae
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ABSTRACT

Background: We aimed to identify factors associated with mortality from Klebsiella

pneumoniae bacteremia, focusing on the impact of targeted combination therapy.

Methods: We reviewed the medical records of a cohort of 109 patients (recovered during
the period from 2012 to 2018) to assess the risk factors for carbapenem-resistant K.
pneumoniae bacteremia. The relationship between the patient's demographic and clinical
data and multi-drug resistance (MDR) was analyzed. The primary outcome was 30 days
of mortality, and univariable analysis was performed to identify associated factors..
Excess mortality was calculated in the following groups: multidrug-resistant K.
pneumoniae, carbapenem-resistant K. prneumoniae, and carbapenem-susceptible K.

pneumoniae.

Results: Of the 109 K. pneumoniae isolates, 64.2% were carbapenem-resistant, and all
patients received empirical antimicrobial therapy. Monotherapy was used in 20.2% of
patients, while combination therapy was more common and associated with longer ICU
stays and higher rates of primary bacteremia. Based on the antimicrobial susceptibility
test and the initiation of treatment within 24 hours of diagnosis, empirical therapy was
classified as inappropriate in 62.4% of total patients and 40.9% and 36.8% of patients
with monotherapy and combination therapy, respectively. Hemodialysis catheter use
was a key risk factor (p=0.0238). Mortality was highest in patients treated with third-
and fourth-generation cephalosporins, and combination therapy alone did not
significantly reduce mortality, which exceeded 45.9 %. Kaplan-Meier analysis showed
no mortality reduction with combination therapy alone, though monotherapy was
associated with higher mortality in multidrug-resistant K. pneumoniae infections.
Patients with carbapenem-resistant K. pneumoniae had the excess mortality (12.95%),

while those with multidrug-resistant strains had the lowest (4.51%).

Conclusions: The prevalence of carbapenem resistance in blood culture isolates from
patients with K. pneumoniae infections is unacceptably high. In patients with
bacteremia, carbapenem resistance is associated with excess mortality. Our findings are
important for hospitals, enabling them to advance prevention and control measures for

these infections.

Keywords: Klebsiella pneumoniae, carbapenem-resistant, MDR, mortality
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1. Introduction:

Klebsiella pneumoniae is considered one of the main causes of hospital infections
and is mentioned by the World Health Organization as a priority antimicrobial-resistant
pathogen that requires new control strategies. (1,2) The emergence and global spread of
carbapenem-resistant K. pneumoniae have posed a major threat to public health,
particularly in low- and middle-income countries such as Brazil, due to the difficulties in

treating these infections and the high associated mortality (3-5).

In Brazil, the estimated incidence rate of Carbapenem-resistant K. pneumoniae
(CRKP) bacteremia was increased from 43.4% to 56.3% in a region of Brazil (6,7), and
the reported mortality rate of CRKP varied widely from 53.10 % to 83% in most studies
(8,9). Thus, it is a fact that accurate diagnosis and management of bloodstream infections
(BSIs), along with the application of appropriate antimicrobial therapy, can significantly

improve patient survival rates.

It is important to emphasize that surveillance studies should be continuously
conducted to better understand the epidemiology of these pathogens at the regional level.
In this context, the increasing prevalence of CRKP complicates the empirical treatment
of these infections, and healthcare institutions must adapt prevention and control measures

to each region.

Objectives: We aimed to identify the variables associated with mortality in K.
pneumoniae bacteremia, with particular attention given to the impact of targeted

combination therapy.

2. Methods
2.1 Study design and data collection

This was a retrospective cohort study of BSI caused by K. pneumoniae in adult
patients admitted to the ICU of a teaching referral hospital in Brazil between 2011 and
2019. This study was conducted using the bacteremia registry of the Microbiology
laboratory of the Hospital. Only patients who were hospitalized in the Unit for at least 48
hours before the bacteremia diagnostic were eligible. This study was employed to identify
the predictors of mortality and to evaluate the clinical consequence of resistance and the
impact of inappropriate therapy. The main outcome was in-hospital mortality in 30 days.
The information collected was recorded in the hospital and included demographics and

clinical characteristics (illness severity, comorbidities), invasive devices, length of total
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hospital stay, length of ICU stay, and invasive procedures. The medical history of the
patient’s underlying conditions, such as heart failure, nephropathy, malignancy, diabetes
mellitus, chronic lung disease, and vascular disease was also included. We also assessed
the sources of bacteremia, treatment regimes, and cases of inappropriate antimicrobial

treatment.

2.2 Identification and Antimicrobial Susceptibility

Microbial identification and antimicrobial susceptibility testing were performed
on the Vitek-2 system (bioMérieux, Marcy I’Etoile, France) in the hospital. Antibiotics
tested included aminoglycosides (gentamicin, amikacin), carbapenems (imipenem,
meropenem), cephalosporins (cefepime), fluoroquinolones (ciprofloxacin) and b-
lactamase inhibitors (piperacillin-tazobactam). Susceptibilities were determined
according to the standards of the Clinical and Laboratory Standard Institute (CLSI 2011-
2019).

2.3 Definitions

Bacteremia is defined as the presence of viable microorganisms in the
bloodstream, confirmed by a positive blood culture(10). It is considered acquired in unit
care intensive if the infection develops more than 48 hours after hospital admission and
there is no clinical evidence of infection at the time of admission(10). The episodes were
classified into 3 categories according to the causative pathogens: carbapenem-susceptible
K. pneumoniae(CSKP), CRKP, and multidrug-resistant K. pneumoniae. Bacteremia is
classified as primary when a recognized pathogen is isolated from one or more blood
cultures and is not linked to an infection at another site. Secondary bacteremia occurs
when a recognized pathogen isolated from one or more blood cultures is associated with

an infection at another site. (10)

Multidrug resistance is defined as when the isolate is non-susceptible to at least

one antimicrobial agent within three or more classes. (11)

Antimicrobial therapy was classified as empirical when initiated before the
availability of antimicrobial susceptibility testing results (typically 48 to 72 hours after
blood culture collection) and as definitive once susceptibility data were available.
Empirical therapy was deemed appropriate if all the following criteria were satisfied:
administration of at least one antimicrobial agent by clinical guidelines, in vitro

susceptibility of the isolated pathogen to the administered agent, and initiation of the first
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dose within 24 hours of blood culture collection. Empirical therapy failing to meet these

criteria was considered inappropriate.

Excess mortality is the measure most frequently chosen to estimate deaths from

some cause. (12)

2.4 Statistical analysis

Student’s t-test was used to compare continuous variables and y2 or Fisher’s exact
test was used to compare categorical variables. A survival curve was constructed using
the Kaplan—Meier method, and the log-rank test was used for comparisons between
patients with inappropriate and appropriate therapy, patients for source of infection, and
patients in groups of therapy (monotherapy and combination therapy). All P values were
two 43-tailed and P<0.05 was considered to be statistically significant. The analyses were

carried out using the GraphPad Prism software package (La Jolla, CA, EUA).

The excess number of deaths associated with BSIs caused by multidrug-resistant
K. pneumoniae, carbapenem-resistant K. pneumoniae, and carbapenem-susceptible K.
pneumoniae were then calculated for each group, using an Equation, derived from Bender

and Blettner (Figure 3).

3. Results

Of the 109 K. pneumoniae isolates, 64.2% were resistant to carbapenems. All
patients received empirical therapy with anti-Gram-negative antibiotics, either as
monotherapy or in combination, administered at currently recommended doses. Based on
the antimicrobial susceptibility test and the initiation of treatment within 24 hours of
diagnosis, empirical therapy was classified as inappropriate in 62.4% of total patients and

40.9% and 36.8% of patients with monotherapy and combination therapy, respectively.

The definitive treatment regimen was designed based on the results of the
antimicrobial susceptibility test and determined by the responsible physician. 20.2% of
the patients received monotherapy. The comparison between these patients and those who
received combination therapy revealed a longer ICU stay and a higher frequency of
primary bacteremia in the latter group. The 30-day mortality rate was high, at 41.3%, with
27.3% in the monotherapy group and 44.8% in the combination therapy group, according
to Table I. Regarding the underlying conditions, most presented at least one of these such

as heart failure (45.0%), diabetes mellitus (17.4%), and nephropathy (15.6%). Primary
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infection and lung infection were the most frequent sources of infection (51.4% and

33.0% respectively).

The association between different treatment regimens and crude 30-day mortality
is shown in Table I1. Mortality was particularly notable in patients treated with third- and
fourth-generation cephalosporins in monotherapy, reaching 28.6 % for carbapenems.
Combination therapy, on its own, was not associated with a reduction in mortality,

showing mortality rates exceeding 45.6%.

The main characteristics of the survivor and non-survivor subgroups are presented
in Table III, where according to the univariate analysis, the main risk factor was using a
hemodialysis catheter (p=0.0238). Compared with survivors, non-survivors were older,
more frequently cared for in the ICU, were more likely to be affected by comorbidities,
more commonly had primary bacteremia, and less frequently had urinary tract as the
source of infection. They also less frequently received the appropriate antibiotic therapy

within 24 hours of primary infection.

The Kaplan-Meier curves for targeted treatment with monotherapy or with
combination therapy are presented in Figure 1A, where combination therapy was not
associated with decreased mortality by itself. The mortality is higher in the monotherapy
group associated with infection for multidrug-resistant K. pneumoniae (Figure 1B). The
Kaplan-Meier curves for targeted treatment with monotherapy or with combination
therapy in patients with and without appropriate empirical therapy are presented in Figure
1C, which depict that patients with appropriate therapy have lower mortality than patients

with inappropriate antibiotic therapy.

The lowest attributable mortality was found in patients with multidrug-resistant K.
pneumoniae (4.51%), while the highest was found in those with K. pneumoniae

carbapenem-resistant (12.95%). (Figure 2)

4. Discussion
Our study emphasizes the correlation between the CRKP and CSKP and the

outcomes of patients with BSI and provides important insights into both monotherapy and

combination therapy for these infections. Over the past 10 years, several
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observational studies and meta-analyses of aggregated data have highlighted higher

mortality in patients with CRKP BSI compared to those with CSKP BSI (3,5,9,13).

The increasing prevalence of severe carbapenem K. pneumoniae (KPC) infections,
with high mortality rates, highlights the urgent need for effective treatments and is a
healthcare concern, especially in low- and middle-income countries like Brazil. The
literature supports this, highlighting the high prevalence of this phenotype in Brazilian
hospitals with rates ranging from 63% to 96% (6,14,15).

The overall mortality in our patients was high (42.2%), similar to that observed in
other studies(5,6,8,9), likely reflecting the severity of patients with BSI. Survival analysis
revealed that (62.2%) of deaths occurred within 30 days of KP-BSI onset and received
inappropriate therapy.

In our cohort, timely and appropriate antibiotic therapy was possibly associated
with a reduced mortality risk. The interval between the onset of BSI and the start of
appropriate antibiotic treatment has been linked to better outcomes in patients with CRKP
infections.(2,10,12) It is worth noting that while we assessed the impact of inappropriate
antimicrobial therapy, we did not investigate the effects of specific antibiotic regimens on
patient outcomes. Thus, further studies are needed to explore the results of patients

receiving different empiric antibiotics with demonstrated in vitro activity.

In this way, the 30-day crude mortality rate among patients with CRKP BSI was
45.9%, a figure similar to those reported in other countries and considerably higher than
the 33.3% observed in patients with CSKP(9,16,17). Additionally, we estimated the
attributable mortality for three types of K. pneumoniae isolates:multidrug-resistant K.
pneumoniae, CRKP, and CSKP, in a group of patients with bacteremia. Attributable
mortality ranged from 12.95% in CRKP patients to an unexpected -10.43% in those with

CSKP bacteremia, suggesting that treatment is more efficient in these infections.

Our study was conducted in Brazil, a country with a high incidence of CRKP.
Regional data on CRKP are of great importance, as they provide valuable information
about these strains, allowing for a deeper understanding of the regional impact of these
infections.(4,5,9) In this way, our data may reflect what occurs in countries with similar
characteristics, but they cannot be generalized to countries with a low prevalence of
resistant K. pneumoniae. However, the Brazilian experience is crucial for other countries

to understand the impact of this phenotype on mortality and clinical practice.
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Although no direct impact on mortality was observed, the presence of antibiotic-
resistant pathogens increases the disease burden by replacing their antibiotic-susceptible
counterparts and raising the overall number of infections. These infections can increase
mortality in critically ill patients with comorbidities and generate additional costs due to
increased healthcare exposure and the use of expensive antimicrobials, which may further
be selected for antimicrobial-resistant pathogens. Therefore, early recognition and the
implementation of effective control measures are essential to minimize the impact and

mortality risk associated with CRKP BSI.

5. Conclusion

It is clear that bacteremia caused by CRKP are associated with high mortality
rates, including excess mortality, representing a significant threat to critically ill patients.
Although inappropriate empirical therapy was not statistically significant, it was
associated with a higher early death rate compared to patients who received appropriate

treatment.

Funding information

This work was supported by public agencies dedicated to the promotion of
scientific and technological research: Minas Gerais State Agency for Research and

Development FAPEMIG, Decit/SECTICS/MS — CNPq, CAPES.

Acknowledgments

The authors thank the management of the hospital invited that consented to

participate in this study, as well as the staff members for their collaboration.
Ethical statement

The study was approved by the Research Ethics Committee of the Federal
University of Uberlandia, Minas Gerais, and ethical approval was granted under protocol
number 239/11. Verbal and written consent were obtained from each hospital
representative and from all individuals to participate in the study. At all stages of the study,
the principles of confidentiality and non- maleficence were applied, and the hospitals and

patients identities were kept confidential.



70

6. References:

1. Falcone M, Tiseo G, Carbonara S, Marino A, Di Caprio G, Carretta A, et al.
Mortality Attributable to Bloodstream Infections Caused by Different Carbapenem-
Resistant Gram-Negative Bacilli: Results From a Nationwide Study in Italy (ALARICO
Network). Clin Infect Dis. 2023;76(12):2059-69. https://doi.org/10.1093/cid/ciad 100

2. Wang L, Zeng C, Li X, Li Y, Liu Z, Hu J. Mortality associated with carbapenem
resistance in Klebsiella pneumoniae bloodstream infection: A propensity score-matched
study. Infect Control Hosp Epidemiol. 2024;45(7):839-46.
https://doi.org/10.1017/ice.2024.21

3. Wilhelm CM, Antochevis LC, Magagnin CM, Arns B, Vieceli T, Pereira DC, et
al. Susceptibility evaluation of novel beta-lactam/beta-lactamase inhibitor combinations
against carbapenem-resistant Klebsiella pneumoniae from bloodstream infections in
hospitalized patients in Brazil. J Glob Antimicrob Resist. 2024;38:247-51.
https://doi.org/10.1016/j.jgar.2024.06.007

4, Sellera FP, Lincopan N, Fuentes-Castillo D, Stehling EG, Furlan JPR. Rapid
evolution of pan-f-lactam resistance in Enterobacterales co-producing KPC and NDM:
insights from global genomic analysis after the COVID-19 pandemic. Lancet Microbe.
2024;5(5):e412-e413 . https://doi.org/10.1016/S2666-5247(24)00018-1

5. Krul D, Rodrigues LS, Siqueira AC, Mesa D, Santos EMD, Vasconcelos TM, et
al. High-risk clones of carbapenem resistant Klebsiella pneumoniae recovered from
pediatric patients in Southern Brazil. Braz J Microbiol. 2024;55(2):1437-43.
https://doi.org/10.1007/s42770-024-01299-w

6. Da Costa Silva D, Rampelotto RF, Lorenzoni VV, Santos SOD, Damer J, Horner
M, et al. Phenotypic methods for screening carbapenem-resistant Enterobacteriaceae and

assessment of their antimicrobial susceptibility profile. Rev Soc Bras Med Trop.
2017;50(2):173-8. https://doi.org/10.1590/0037-8682-0471-2016

7. Vivas R, Dolabella SS, Barbosa AAT, Jain S. Prevalence of Klebsiella pneumoniae
carbapenemase - and New Delhi metallo-beta-lactamase-positive K. pneumoniae in
Sergipe, Brazil, and combination therapy as a potential treatment option. Rev Soc Bras
Med Trop. 2020;53:0064-2020 . https://doi.org/10.1590/0037-8682-0064-2020

8. Ramos-Castafieda JA, Ruano-Ravina A, Barbosa-Lorenzo R, Paillier-Gonzalez
JE, Saldafia-Campos JC, Salinas DF, et al. Mortality due to KPC carbapenemase-
producing Klebsiella pneumoniae infections: Systematic review and meta-analysis. J
Infect. 2018;76(5):438-48. https://doi.org/10.1016/].jinf.2018.02.007

9. Barbosa LCG, Sousa JASE, Bordoni GP, De Oliveira Barbosa G, Carneiro LC.
Elevated Mortality Risk from CRKp Associated with Comorbidities: Systematic Review
and Meta-Analysis. Antibiotics. 2022;11(7):874.

https://doi.ore/10.3390/antibiotics 11070874

10. Russotto V, Cortegiani A, Graziano G, Saporito L, Raineri SM, Mammina C, et
al. Bloodstream infections in intensive care unit patients: distribution and antibiotic


https://doi.org/10.1093/cid/ciad100
https://doi.org/10.1017/ice.2024.21
https://doi.org/10.1016/j.jgar.2024.06.007
https://doi.org/10.1016/S2666-5247(24)00018-1
https://doi.org/10.1007/s42770-024-01299-w
https://doi.org/10.1590/0037-8682-0471-2016
https://doi.org/10.1590/0037-8682-0064-2020
https://doi.org/10.1016/j.jinf.2018.02.007
https://doi.org/10.3390/antibiotics11070874

71

resistance of bacteria. Infect Drug Resist. 2015;8:287-96.
https://doi.org/10.2147/IDR.S48810

11. Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG, et
al. Multidrug-resistant, extensively drug-resistant and pan drug-resistant bacteria: an
international expert proposal for interim standard definitions for acquired resistance. Clin
Microbiol Infect. 2012;18(3):268-81. https://doi.org/10.1111/1.1469-0691.2011.03570.x

12. Temkin E, Carmeli Y. Zero or More: Methodological Challenges of Counting and
Estimating Deaths Related to Antibiotic-resistant Infections. Clin Infect Dis.
2019;69(11):2029-34. https://doi.org/10.1093/cid/ciz414

13. Borghi M, Pereira MF, Schuenck RP. The Presence of Virulent and Multidrug-
Resistant Clones of Carbapenem-Resistant Klebsiella pneumoniae in Southeastern Brazil.
Curr Microbiol. 2023;80(9):¢03403 . https://doi.org/10.1007/s00284-023-03403-z

14. Munoz-Price LS, Poirel L, Bonomo RA, Schwaber MJ, Daikos GL, Cormican M,
et al. Clinical epidemiology of the global expansion of Klebsiella pneumoniae
carbapenemases. Lancet Infect Dis. 2013;13(9):785-96. https://doi.org/10.1016/S1473-
3099(13)70190-7

15. Vasquez-Ponce F, Bispo J, Becerra J, Fontana H, Pariona JGM, Esposito F, et al.
Emergence of KPC-113 and KPC-114 variants in ceftazidime-avibactam-resistant
Klebsiella pneumoniae belonging to high-risk clones ST11 and ST16 in South America.
Microbiol Spectr. 2023;11(5):e00374-23 . https://doi.org/10.1128/spectrum.00374-23

16. Lai C,MaZ, Luo Y, Gao Y, Wu Z, Zhang J, et al. Factors influencing mortality in
intracranial infections caused by carbapenem-resistant Klebsiella Pneumoniae. Sci Rep.
2024;14(1):e71660. https://doi.org/10.1038/s41598-024-71660-4



https://doi.org/10.2147/IDR.S48810
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.1093/cid/ciz414
https://doi.org/10.1007/s00284-023-03403-z
https://doi.org/10.1016/S1473-3099(13)70190-7
https://doi.org/10.1016/S1473-3099(13)70190-7
https://doi.org/10.1128/spectrum.00374-23
https://doi.org/10.1038/s41598-024-71660-4

Table I. Characteristics of patients with bacteremia due to Klebsiella pneumoniae receiving monotherapy or combination therapy.

Total Monotherapy/ without therapy*  Combination therapy UnivariateAnalysis
N=109 Patients N=22 (%) Patients N=87 (%) P value OR (95%CI)
Age (years), mean =SD 53.0+19.3 56.2+16.2 52.2+20.0 0.3888! -
Length of hospitalization until ICU admission (days), median (IQR) 2.0(1.0-6.0) 1(0.0-3.2) 2(1.0+7.0) 0.19032 -
Length of hospitalization ICU, median (IQR) 16.0 (10.0 - 22.0) 14.5(8.2-20.2) 16.0 (11.0 - 23.0) 0.49792 -
Length of hospitalization (days), median (IQR) 20.0 (14.0 - 30.0) 16.0(10.2 - 34.2) 22.0(14.0 - 30.0) 0.18812 -
Comorbid condition:
Heart failure 45.0 (41.3) 13.0 (59.1) 32.0(36.8) 0.08843 2.483 (0.9782 - 6.101)
Nephropathy 17.0 (15.6) 4.0 (18.2) 13.0 (14.9) 0.74483 1.265 (0.4105 - 4.145)
Malignancy 13.0 (11.2) 1.0 (4.5) 12.0 (13.8) 0.4598%  0.2976 (0.02660 - 1.888)
Diabetes Mellitus 19.0 (17.4) 3.0 (13.6) 16.0 (18.4) <0.00013 36.05 (9.964 - 121.8)
Chronic lung disease 7.0 (6.4) 1.0 4.5) 6.0 (6.9) 0.7590° 0.7007 (0.2003 - 2.463)
Vascular disease 11.0 (10.1) 1.0 4.5) 10.0 (11.5) 0.4567°  0.3667 (0.03231 - 2.479)
Charlson comorbidity index > 3 26.0(23.9) 5.0(22.7) 21.0 (24.1) >0.99993  0.9244 (0.3410 - 2.813)
Admission ward:
Medical 46.0 (42.2) 9.0 (40.9) 37.0 (42.5) >0.99993  0.9356 (0.3831 - 2.352)
Surgical 22.0(20.2) 4.0 (18.2) 18.0 (20.7) >0.99993  0.8519 (0.2844 -2.557)
Traumatology 41.0(37.6) 9.0 (40.9) 32.0(36.8) 0.80683 1.190 (0.4829 - 3.022)
Source of infection:
Primary bacteremia 56.0(51.4) 13.0(59.1) 43.0 (49.4) 0.47923 1.478 (0.5903 - 3.593)
Lung infection 36.0 (33.0) 6.0 (27.3) 30.0 (34.5) 0.61723 0.125 (0.2509 - 1.941)
Urinary tract infection 17.0 (15.6) 3.0 (13.6) 14.0 (16.1) >0.99993  0.8233 (0.2328 - 3.003)
Mortality in 30 days 45.0 (41.3) 6.0 (27.3) 39.0 (44.8) 0.15373 0.4615 (0.1650 - 1.234)

*3 Patients without therapy are inside this group with one death. SD, standard deviation; IQR, Interquartile range; ICU, Intensive care unit; 1Student’s T test; 2Mann Whitney Test; 3Fisher’s Exact Test.
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Table I1. Outcome of patients with bacteremia due to Klebsiella pneumoniae according to treatment regimen.

Treatment regimen N dead/ treated* Mortality (%)
Monotherapy: 5/19 26.3
Other Beta-lactams 2/7 28.6
Carbapenems 1/4 25.0
Fluoroquinolones 0/1 0.0
Glycopeptides 0/1 0.0
Cephalosporins 3* and 4° generation 2/6 333
Combination therapy: 40/87 46.0
Quadruple therapy 4/8 50.0
Triple therapy 18/38 47.4
Bi-therapy 18/41 439

*3 Patients without therapy, this group has one death with 33.3% mortality.
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Table III. Univariate analysis of variables associated with 30-day mortality in patients with
bacteremia due to Klebsiella pneumoniae.

Variable

Age (years) median (IQR)
Length of hospitalization, median (IQR)
Length of hospitalization in ICU, median (IQR)
Charlson comorbidity index > 3
Source of bacteremia:
Primary bacteremia
Lung
Urinary tract
Invasive procedures:
Mechanical ventilation
Hemodialysis Catheter
Bladder catheter
Comorbidities:
Malignancy
Nephropathy
Diabetes mellitus
Infection for Klebsiella pneumoniae MDR
Carbapenem resistant Klebsiella pneumoniae
Target treatment:
Monotherapy / without therapy*
Combination therapy
Inappropriate empirical therapy
Therapy included carbapenem

30 DAY MORTALITY Univariate Analysis
Survivor Non-Survivor °
N=64(%) N=45(%) P value OR(95%CI
53.0(35.0-61.0) 58.0 (44.0-71.5) 0.0625 -
20.5 (14.0 - 34.8) 18.0 (12.5 - 29.0) 0.4012 -
15.0(10.3 - 22.8) 16.0 (9.5 - 22.0) 0.7003 -
15.0(23.4) 11.0 (24.4) 0.8226 0.8916 (0.3553 - 2.156)
34.0 (53.1) 22.0 (48.9) 0.7004 1.185 (0.5544 - 2.554)
22.0(344) 14.0 (31.1) 0.6832 1.272 (0.5542 - 2.858)
8.0 (12.5) 9.0 (20.0) 0.2989 0.5714 (0.1946 - 1.582)
8.0 (12.5) 8.0 (17.8) 0.5837 0.6607 (0.2176 - 2.011)
15.0 (23.4) 20.0 (44.4) 0.0238  0.3827(0.1660 - 0.9113)
57.0 (89.1) 39.0 (86.7) 0.7687 1.253 (0.3707 - 3.743)
4.0 (6.2) 5.0(11.1) 0.4840 0.5333 (0.1569 - 1.950)
9.0(9.4) 8.0 (17.8) 0.6038 0.7568 (0.2744 - 2.225)
11.0 (17.2) 8.0 (17.8) >0.9999  0.9599 (0.3374 - 2.678)
42.0 (65.6) 28.0 (62.2) 0.8394 1.159 (0.5461 - 2.628)
38.0(59.4) 32.0(71.1) 0.2296 0.5938 (0.2559 - 1.361)
16.0 (25.0) 6.0 (13.3) 0.1537 2.167 (0.8102 - 6.060)
48.0(75.0) 39.0 (86.7) 0.1537 0.4615 (0.1650 - 1.234)
40.0 (62.5) 28.0(62.2) >0.9999 1.012 (0.4778 - 2.253)
36.0 (56.2) 31.0 (68.9) 0.2313 0.5806 (0.2606 - 1.300)

*There are three patients without therapy in this group. IQR, Interquartile range; OR, Odds ratio; CI, Confidence interval; MDR, multidrug resistance.
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Figure 1. Kaplan Meier curves for survival of bacteremia caused by carbapenem-resistant Klebsiella
pneumoniae: A) for a group of therapy, B) with Multi-drug resistance for a group of therapy, C) for a group
of appropriate or inappropriate empirical therapy, D) for carbapenemase resistance profile
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Figure 2. Study timeline of patient events concerning hospital admission, exposures, and outcomes.
Abbreviations: CRKP, carbapenem-resistant Klebsiella pneumoniae; CSKP, carbapenem-susceptible
Klebsiella pneumoniae; MDR, multidrug-resistant; IQR, interquartile range.



#BSI * P * (aOR — 1) * (1 — Po)
aOR * Py + (1- Po)

Excess mortality =

Figure 3. Equation excess mortality.
Abbreviations: BSI, bloodstream infection; Py, p-value; aOR, adjusted odds ratio.
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CAPITULO IV

CONSIDERACOES FINAIS
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4. Consideracoes finais

Este trabalho contribui significativamente para a compreensao da epidemiologia
de Klebsiella pneumoniae multirresistente em hospitais tercidrios, destacando a
complexidade do controle dessas infecgdes e a necessidade de abordagens
multidisciplinares para enfrentar esse desafio de satde publica.

« O estudo revelou uma alta prevaléncia de genes de resisténcia, como blactx-m-
15, blakpc, blanpu, € blayiy, além de genes de viruléncia como entB, kfu, Aero.
Esses genes estdo associados a infecgdes graves, complicadas e dificeis de tratar,
cuja prevaléncia vai aumentando com os anos.

- A andlise de PFGE identificou a presenca de clones dominantes de K.
pneumoniae resistentes a carbapenémicos, com disseminagdo geografica
especifica dentro da cidade de Uberlandia. Isso sugere a ocorréncia de transmissao
cruzada nos hospitais.

- Pacientes internados em UTIs estdo particularmente vulnerdveis a infecgdes
graves por K. pneumoniae resistente aos carbapenémicos, o que exige um reforgo
nas medidas de higiene ¢ no manejo adequado de dispositivos invasivos. A
identificacdo rapida de patogenos e seus perfis de resisténcia é fundamental para
um tratamento mais eficaz e para melhorar os desfechos clinicos dos pacientes.

- K. pneumoniae resistente aos carbapenémicos representa um desafio critico para
o tratamento de infeccdes hospitalares, e o estudo mostrou que a terapia
antimicrobiana inapropriada, estd associada a taxas de mortalidade mais elevadas.
A terapia combinada, embora mais comum, ndo reduziu significativamente a
mortalidade comparado com a monoterapia antimicrobiana, indicando a
necessidade de estratégias terapéuticas mais eficazes e personalizadas.

- O estudo reforga a necessidade de implementacdo de medidas de prevencao e
controle de infec¢des, como a higienizagdo das maos, o manejo adequado de
dispositivos invasivos € a adocdo de protocolos de escalonamento de antibioticos.
Essas medidas sdo essenciais para reduzir a incidéncia e o impacto das infec¢des
por K. pneumoniae multirresistente em ambientes hospitalares.



