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CRE = Carbapenem-Resistant Enterobacteriaceae
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Impact of CRE

 USin 2013: 4% of acute hospital, 18% of long-term acute-care facility
* Mortality rate of 40-50% in blood-stream infection of CRE-K.P.
- Underlying severity
- Delayed administration of appropriate antimicrobial therapy
* Factors: elderly, immunosuppressed, chronically, critically ill, health-
care exposure, primary immunodeficiency, solid tumors, lymphoma,

organ and bone marrow transplant

MMWR Morb Mortal Wkly Rep 2013;62:165. Patel G. Infect Control Hosp epidemiol
2008;29:1099. Cleve Clin ] Med 2013;80:225. Sci Transi Med 2012;4:148. Viale P Expert
Rev Anti Infect Ther 2013;11:1053. Zarkotou O. Clin Microbiol Infect 2011;17:1798



Mechanisms of Carbapenem Resistance in
Enterobacteriaceae

* Production of extended-spectrum B-lactamase (ESBL) and/or
AmpC B-lactamase +/- loss of outer membrane protein or
upregulation of efflux pump: CR- E. coli, CR- Enterobacter spp. in
Taiwan

 Production of carbapenemases : CR- K. pneumoniae in Taiwan

Pfeifer Int J Med Microbiol 2010;300:371. Bush K Curr Opin Microbiol 2010;13:558. Future Microbiol
2007;2:501. Ma L BMC Infect Dis 2013;13:599



Mechanisms of Drug Resistance in
Enterobacteriaceae

* Tigecycline-resistant K. pneumoniae: ramR deficiency and/or
widespread mutated tet (A)
 Fosfomycin-resistant genes: FosA subtypes and fosC2

 Colistin-resistant genes: mobilized colistin resistance (mcr-1)

Chiu SK. Antimicrob Agetns Chemother 2017;61:e00391. Yang TY,J Microbiol Immunol Infect
2017;10:006



Enzyme/ambler Species distribution in

classification Common genetic platform Enterobacteriaceae
KPC (Klebsiella K. pneumoniae sequence Klebsiella pneumoniae,
pneumoniae type 258 and ST11 inter Escherichia coli,
Am ber classification carbapenemase)/ alia, transposon Tn4401x Enterobacter sp.;
class A diverse
A, B, C, D Enterobacteriaceae
NDM (New Delhi Various plasmid types K. pneumoniae and
metallo-beta- E. coli
lactamase)/class B predominantly;
diverse
Enterobacteriaceae
OXA-48 (oxacillinase)/ Incl/M-type plasmid K. pneumoniae
class D predominantly,
diverse
Enterobacteriaceae
VIM (Verona integron- Gene cassettes in class 1 K. pneumoniae
encoded metallo- integrons
beta-lactamase)/
class B
IMP/class B Gene cassettes in class 1 K. pneumoniae
integrons
SME/class A Chromosome Serratia marcescens
DHA-1/class C, in Plasmid K. pneumoniae

combination with
OmpK35/36 loss

ACT/cdass G in Plasmid K. pneumoniae
combination with
OmpK35/36 loss

CTX-M-15/class A, in . Plasmid K. pneumoniae
combination with
OmpK35/36 loss

. . SHV-5/class A, in Plasmid K. pneumoniae
Expert opinion on combination with
OmpK35/36 loss
Pharmacotherap y GES-5/class A, in Self-conjugative plasmid K. pneumoniae
2016,17761 combination with

OmpK35/36 loss




Major Carbapenemases in Enterobacteriaceae

Carbapenemase KPC MBLs (NDM, VIM, IMP) OXA-48
Ambler molecular class A B D
Substrates of hydrolysis All B-lactams — Penicillins and carbapenems

Inhibited by classic g-lactamase Minimally No No
inhibitors

. CO H

Common species in K. pneumoniae, E. coli,
Enterobacteriaceae Enterobacter spp. K. pneumoniae IMP: K. pneumoni

. K. pneumoniae, . pneumoniae

KPC, Klebsiella pneumoniae carbapenemase; MBL, metallo-f-lactamase; NDM, New Delhi metallo-f-lactamase; VIM, Verona integrin-encoded metallo- f-lactamase;
IMPR, imipenemase; OXA, oxacillinase.

Sheu CC Front Microbiol 2019;10:80



Suspected carbapenem-resistant
Enterobacteriaceae

Consider:
--Severity of infection
--Clinical syndrome
--Underlying illness

Precision Medicine in CR-E

treatment

Molecular surveillance
indicating high prevalence
of metallo-beta-lactamases
(= 10%)

Rapid molecular
diagnostic test with high
positive predictive value

Is resistance to
carbapenems likely
mediated by
metallo-beta-lactamases?

Yes No
--Ffolymyxin --Carbapenem (prolonged infusion)
+ tigecycline

+ polymyxin

+/- tigecycline

or fosfomycin IV where available)
--Ceftazidime/avibactam (where available)
Expert Opinion Pharmacotherapy 2016;17:761. +/- aminoglycoside

+ fosfomycin IV (where available)
--Aztreonam/avibactam (if developed)
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Abstract

A total of 1135 carbapenem-resistant (nonsusceptible) Enterobacteriaceae (CRE) isol

were recovered between November 2010 and July 2012 (517 from 2010-2011 and 618
from 2012) from 4 hospitals in Taiwan. Carbapenemase-producing Enterobacteriace

(CPE) comprised 5.0% (57 isolates), including 17 KPC-2 (16 Klebsiella pneumoniae al
Escherichia coli), 1 NDM-1 (K. oxytoca), 37 IMP-8 (26 Enterobacter cloacae, 4 Citrob.
freundii, 4 Raoultella planticola, 1 K. pneumoniae, 1 E. coli and 1 K. oxytoca), and 2 V
(1 E. cloacae, 1 E. coli). The KPC-2-positive K. pneumoniae were highly clonal even

lates from different hospitals, and all were ST11. IMP-8 positive E. cloacae from the
hospitals showed higher similarity in PFGE pattern than those from different hospit
total of 518 CRE isolates (45.6%) were positive for blagsg,, while 704 (62.0%) isola
blaampc-positive, 382 (33.6% overall) of which carried both blagsg. and blaampc. C
(414, 80.0%) was the most common blaggsg, , while DHA (497, 70.6%) and CMY (157,
22.3%) were the most common blaampc. Co-carriage of blagsg. and blaampc Was detecte
in 31 (54.4%) and 15 (26.3%) of the 57 CPE, respectively. KPC-2 was the most common

carbapenemase detected in K. pneumoniae (2.8%), while IMP-8 was the most common in
E. cloacae (9.7%). All KPC-2-positive CRE were resistant to all three tested carbapenems.

However, fourteen of the 37 IMP-8-positive CRE were susceptible to both imipenem and
meropenem in vitro. Intra- and inter-hospital spread of KPC-2-producing K. pneumoniae

and IMP-8-producing E. cloacae likely occurred. Although the prevalence of CPE is still low,

careful monitoring is urgently needed. Non-susceptibility to ertapenem might need to be

considered as one criterion of definition for CRE in areas where IMP type carbapenemase

is prevalent.

1135 carbapenem-resistant

Enterobacteriacea (2010.11-

2012.7, variable sources)

e Carbapenemase: 5.0% (A: 17
KPC-2, B:1 NDM-1, 37 IMP-8,
2 VIM-1)

* balgg,: 45.6% (414 CTM-X)

* balyy,,c: 62.0% (497 DHA, 157

. CMY)

Wang JT. PLoS One 2015;10:e0121668
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Background: Patients in intensive care units (ICUs) are especially prone to colonization an
infection by carbapenem-resistant Enterobacteriaceae. We conducted a multicenter inve:
tigation to study the clinical and microbiological characteristics of patients wit]
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\ for 30-day mortality

66 CR-E (46 infections, 20 colonization,

60 KP, 6 E. coli) (2012, ICU)

* Carbapenemase: 28.8%, 19/66 (A:
14 KPC-2, B:1 NDM-1, 1 IMP-8, 3
VIM-1)

* bal,,,cor ESBL= 71.2%, 47/66

Amp

~

* In-hospital mortality for CRE-
infection = 50% (23/46)

* Independent factor of septic shock

J

Chang YY. J Microbiol Immunol Infect 2015;48:219
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High minimum inhibitory
concentration of imipenem as

a predictor of fatal outcome in
patients with carbapenem non-
susceptible Klebsiella pneumoniae
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Fu-Der Wang*?, Yin-Ching Chuang®, L. Kristopher Siu’ & Chang-Phone Fung®
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Published: 02 September 2016 :

Carbapenem resistance in Klebsiella pneumoniae is important because of its increasing prevalence
and limited therapeutic options. To investigate the clinical and microbiological characteristics of
patients infected or colonized with carbapenem non-susceptible K. pneumoniae (CnsKP) in Taiwan,
we conducted a retrospective study at Taipei Veterans General Hospital from January 2012 to
November 2013. Carbapenem non-susceptibility was defined as a minimum inhibitory concentration
(MIC) of >2mg/L for imipenem or meropenem. A total of 105 cases with CnsKP were identified: 49
patients with infection and 56 patients with colonization. Thirty-one isolates had genes that encoded,
carbapenemases (29.5%), including K. pneumoniae carbapenemase (KPC)-2 (n=27), KPC-3 (n=1),
VIM-1(n=1) and IMP-8 (n=2). The in-hospital mortality among patients with CnsKP was 43.8%. A M||
forimipenem >16 pg/mL, gastric intubation and Acute Physiology and Chronic Health Evaluatio
Il score were independent risk factors for in-hospital mortality for all patients with CnsKP. A MIC for
imipenem >16 ug/mL was also an independent risk factor for 14-day mortality in patients with CnsKF
In conclusion, a positive culture for CnsKP was d with high in-h | mortality. A high
imipenem MIC of CnsKP can predispose a patient to a poor prognosis.

Klebsiella preumoniae is an important causative agent of nosocomial and community-acquired Gram-negal
: bacteremia. It can cause various infections, including pneumonia, urinary tract infections and intra-abdomi
infections'?, K. pneumoniae is also the major pathogenic organism of community-onset pyogenic infectior
Taiwan and other Asian countries*™®, K. peumoniae strains possessing extended spectrum f-lactamases (ESB
conferring multidrug resistance have been reported worldwide. Carbapenems have been used extensively f
ng from ESBL-producing Enterobacteriaceae, thereby imposing selection pressure fo
: bapenem resistance”. One of the major carbapenem resistance mechanisms of K. pneumoniae is the acquisition
of carbapenemase genes that encode enzymes that are able to hydrolyze carbapenems. Another mechanism is the
defic

. affinity for carbapenems®.
Over the past decade, the prevalence of carbapenem resistance among K. preumoniae has increased dra-

severe infections ar-

of outer-membrane porin expression with an overexpression of 3-lactamases that possess very weak

matically worldwide®. The mortality attributable to carbapenem-resistant K. pneumoniae infection varies
between 26% and 44%, with the highest mortality reported in patients with bacteremia’, Studies focusing o

!Division of Infectious Diseases, Department of Medicine, Taipei Veterans General Hospital, Taipei, Taiwan. ?Sc
Medicine, National Yang-Ming University, Taipei, Taiwan. *Department of Medicine, Taipei Veterans General

: Taipei, Taiwan. “Institute of Emergency and Critical Care Medicine, National Yang-Ming University, Tai
*Division of Microbiology, Department of Pathology and Laboratory Medicine, Taipei Veterans Gen
Tainan, Taiwan. ®Department of Internal Medicine and Medical Research, Chi Mei Medical Center, Tainan, Tai
“Institute of Infectious Diseases and Vaccinology, National Health Research Institutes, Miaoli, Taiwan.®Divi
of Infectious Diseases, Sijhih Cathy General Hospital, New Taipei City, Taiwan. Correspondence and requests]
materials should be addressed toY.-T.L. (email: ytlin8@vghtpe.gov.tw)

REPORTS|6:32665|DOI: 10.1038/srep32665

Wu PF. Sci Rep 2016;6:32665

105 CR-KP (49 infections, 56

colonization) (2012.1 - 2013.12,

VGHTPE)

e Carbapenemase: 29.5%, 31/105
(A: 27 KPC-2, 1 KPC-3, B:2 IMP-8,
1 VIM-1)

* bal, .or ESBL= 70.5%, 74/105

Amp

(55 Amp-C B-lactamase with all

DHA-1, ESBL with 38 CTX-M-9, 12
CTX-M-1, 49 SHV)

In-hospital mortality for CR-KP
infection = 63.3% (31/49)
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Carbapenem Nonsusceptible
Klebsiella pneumoniae in Taiwa
Dissemination and Increasing
Resistance of Carbapenemase
Producers During 2012-2015

. Sheng-Kang Chiu?, Ling Ma?, Ming-Chin Chan’, Yi-Tsung Lin‘, Chang-Phone Fung®, Tsu-L
Wu$, Yin-Ching Chuang’, Po-Liang Lu®, Jann-Tay Wang®, Jung-Chung Lin* & Kuo-Ming Ye

Before 2011, the prevalence rates of carbapenemase-producing Klebsiella pneumoniae (CPKP) am¢
carbapenem nonsusceptible K. pneumoniae (CnSKP) isolates were below 10% in Taiwan. The study
presents the dissemination and increased antimicrobial resistance of CPKP from January 2012 to A
2015, as shown by Taiwanese multicenter surveillance. Isolates with minimum inhibitory concentr:
(MICs) of >1pg/mL forimip or merop m were coll: d, screened for various carbapenem
genes by PCR, and tested for antimicrobial susceptibility. Among 1,457 CnSKP isolates, 1,250 wer
collected from medical centers. The CnSKP prevalence in medical centers increased by 1.7-fold dur,
the study. Among all CnSKP isolates, 457 were CPKP. The CPKP rate among CnSKP increased by 1.
fold and reached 36.8% in 2015. The CPKP nonsusceptibility rate to aztreonam, fluoroquinolones,

. aminoglycosides increased yearly. Six CPKP isolates carried dual carbapenemase genes. Three Ambl|
classes were identified in 451 isolates with a single carbapenemase: classes A (315 blayp. ,, 2 blapc.s, 2
blaypc.7, 2 blaypc s,), B (26 blayp s, 2 blaypy.,, 36 blay,,.,), and D (40 blagy, ,s). The blagy, s rate among
CPKP increased by 6-fold over three years. Most KPC and OXA-48 producers were ST11. CnSKP was
increasingly prevalent, owing to CPKP dissemination. Additionally, CPKP became more resistant during
the study period.

Klebsiella prieurmoniae is a common cause of bacteremia, pneumonia, urinary tract infection, and liver abscess'.
B-lactam antibiotics are often deemed the primary therapeutic option for these infections”. Among the 3-lactams,
carbapenems are considered the antibiotics of last resort’. Once K. pneumoniae isolates become nonsusceptible to
carbapenems, they are often resistant to all currently available 3-lactams and frequently resistant to non-B-lactam
antibiotics*. In the clinical context, the emergence of carbapenem non-susceptible K. preumoniae (CnSKP) poses
a serious threat to patient survival because CnSKP infections have limited treatment options and are associated
with high mortality®.

Among the many mechanisms conferring resistance to carbapenems, carbapenemases can efficiently hydro-
lyze carbapenems and have become an important cause of antimicrobial resistance®. Many carbapenemases have

IDivision of Infectious Diseases and Tropical Medicine, Department of Medicine, Tri-Service General Hospital,
National Defense Medical Center, Taipei, Taiwan, ROC. ZInstitute of Infectious Diseases and Vaccinology, National
Health Research Institutes, Miaoli, Taiwan, ROC. *Infection Control Office, Tri-Service General Hospital, National
Defense Medical Center, Taipei, Taiwan, ROC. *Section of Infectious Diseases, Department of Medicine, Taipei
Veterans General Hospital, National Yan-Ming University, Taipei, Taiwan, ROC. *Division of Infectious Diseases,
Department of Internal Medicine, Sijhih Cathy General Hospital, New Taipei City, Taiwan, ROC. ®Department of
Laboratory Medicine, Chang Gung Memorial Hospital, Kweishan, Taoyuan, Taiwan, ROC. ‘Department of Medical
Research, Chi Mei Medical Center, Tainan, Taiwan, ROC. ®Department of Internal Medicine, Kaohsiung Medical
University Hospital, Kaohsiung, Taiwan, ROC. *Division of Infectious Diseases, Department of Medicine, National
Taiwan University Hospital, Taipei, Taiwan, ROC. Correspondence and requests for materials should be addressed to
K.-M.Y. (email: kmyeh@mail.ndmctsgh.edu.tw)
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1457 CR-KP (1250 from medical
centers) (2012.1 — 2015.8)

* Carbapenemase: 31.4%, 457/1457

(A: 315 KPC-2, 2 KPC-3, 2 KPC-34;

B:2NDM-1, 26 IMP-8, 36 VIM-1; D

= 40 blagya 43)
* Non-CP-CnSKP =1000/1457
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Nonsusceptibility rate of CPKP isolates (%)
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Purpose: This study aimed to investigate the resistance mechanisms

miology of carbapenem-nonsusceptible Escherichia coli (CnsEC) in Te
Patients and methods: From 2012 to 2015, 237 E. coli isolates with
concentrations of imipenem or meropenem =1 pg/mL were collected
veillance and subjected to polymerase chain reaction (PCR) for carbap
fi-lactamase, and extended spectrum B-lactamase (ESBL) genes. We ¢
brane proteins (OmpF and OmpC) loss and conducted multilocus §
pulsed-field gel electrophoresis (PFC Isolates that were resistant
ant E. coli (pCREC) in thi
tance mechanism of CnsEC in Taiwa

were designated as pan-carba -

Results: The predominant re

lactamase in combination with OmpF and OmpC loss. Sequence typ
prevalent type (29.2%). Among 237 CnsEC isolates, 106 (44.7%) isolatc$
18 (7.59%) produced carbapenemase. The prevalence of carbapenemases ind
in 2012 to 11.36% in 2015. Various carbapencma including KPC-2, IM

KPC-2; B
VIM-1; D

237 CR-E coli (12 medical centers, 9 LH)

(2012.1 - 2015.9)

Carbapenemase: 7.59%, 18/237 (A : 3

: 7 NDM-1, 1 NMD-5, 2 IMP-8, 3

: 2 blagya4s)

* Non-CP-CnSKP =86.5% AmpC, 43.5% ESBL

NDM-5, VIM-1, OXA-48, and OXA-181 were identified. with NDM-1 being the 108
common (38.9%) carbapenemase. Comparison between pCREC and non-pCREC among
the non-carbapenemase-producing CnsEC isolates revealed SHV, CMY, co-carriage of

SHV and CTX-M and concurrent loss of both OmpF and OmpC were more commonly

cted in the pCREC group. PFGE revealed no nationwide clonal spread of carbapene-

se-producing E. coli.

Conclusion: NDM-1 was the most common carbapenemase and combination of CMY-2 and
concurrent OmpF and OmpC porin loss was the most prevalent resistance mechanism in
CnsEC in Tai
Keywords: multidrug resistance, carbapenemase, Enterobacteriaceae, epidemiology

n.

Introduction

Escherichia coli is one of the most common human pathogen, the major etiology of
community-acquired urinary tract infection and a major nosocomial Gram negative
bacteria.' In the late 1990s, extended spectrum P-lactamase (ESBL)-producing E. coli
infections  emerged.” Since the worldwide propagation of ESBL-producing
Enterobacteriaceae, carbapenems have been the prevailing treatment of such infec-
tions. Carbapenem resistance in Enterchacteriaceae was relatively uncommon before
2000. Nevertheless, the prevalence of carbapenem-resistant Enterobacteriaceae (CRE)
rose markedly in the following decade.® The United States Centers for Disease Control
and Prevention (CDC) listed CRE as an urgent threat that requires intensive monitoring
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Objectives: This study aimed to determine the in vitro susceptibility of commo
Gram-negative bacilli (GNB) recovered from patients admitted to intensive c:
in Taiwan against colistin, carbap
Methods: In total, 758 nonduplicate GNB isolates were obtained from clinic
ICU patients at seven medical centers in 2016. Minimum inhibitory concen

and other

ive agents.

were determined using the Vitek 2 susceptibility system. The reference brot
method was performed to determine MICs of colistin. Five main carbapencma [ ]
carbapenem-non-susceptible GNB and mcr-I-mcr3 genes among colistin n
-resistant isolates were determined.

After excl 38 Proteus mirabilis and 13 Morganella morganii
Enterobacteriaceae isolates, 34 (9.4%) isolates were carbapenem-insusceptible, 91
colistin wild type, and three and one Klebsiella pneumoniae isolates carried bla
like, respectively. Carbap i ptible isolates were found in 23.4% (30 of
(87 of 138) of isolates of the Pseudomonas aeruginosa and Acinetobacter baun
respectively. mer- I was detected in two (1.8%) Enterobacter cloacae isolates. V|
bety two methods of ptibility to colistin were found in 1.5% of K. pnei
of E. cloacae, 4.7% of P aeruginosa, and 10.1% of A. baumannii complex isol;
Conclusion: In this study, 8.7% of Entcrobacteriaceac isolates from ICUs were

-like were found among three and one

to carbapenem, and bla,,. and bla,,,
insusceptible K. preumoniae isolates, respectively. Colistin MICs determined by Vii [y
not reliable, especially for E. cloacae and A. baumannii complex isolates.

ibility, carb

Keywords: colistin, carb mer-1, i care units,

SMART, P. aeruginosa, 4. baumannii

Introduction

Intensive care units (ICUs) cater to saving the lives of critically ill patients, and their use
is rapidly growing worldwide.'? However, the ICU is also a common place for acquiring
nosocomial infections, due to the increasing number of immunocompromised patients
and the frequent use of catheters, such as endotracheal tubes, central venous catheters,
and Foley catheters.** Moreover, the increasing number of multidrug-resistant organ-
isms (MDROs) that cause health-care-acquired infections in the ICU complicates this
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SMART 2016, 7 ICU of medical centers
758 GNB (121 E coli, 137 KP, 128 PA, 138
AB...)

CR-E 9.4%, 34/361; CR-PA 20.3%, CR-AB
62.3%

Enterobaceriaceae: CR- E. cloacae
(21.6%), C. freundii (20.0%), K.
pneumoniae (13.1%), E. coli (2.5%)
CP-KP: 3 blaypc, 1 blagyasg (0.5%, 4/758)
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