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Impact of CRE

A US in 20134% of acute hospital, 18% of loteym acutecare facility

A Mortality rate of 4050% in bloodstream infection of CRE.P.
- Underlying severity
- Delayed administration of appropriate antimicrobial therapy

A Factors:elderly, immunosuppressed, chronically, critically ill, health
care exposure, primary immunodeficiency, solid tumors, lymphoma,

organ and bone marrow transplant

MMWRMorb Mortal WklyRep 2013;62:165. Patel G. Infect Conttokpepidemiol
2008;29:1099. Clev€lind Med 2013;80:22%ciTransiMed 2012;4:148VialeP Expert
Rev Anti InfecTher2013;11:1053ZarkotouO. ClinMicrobiol Infect 2011;17:1798



Mechanisms of Carbapenem Resistance in
Enterobacteriaceae

A Production of extendeespectrumi -lactamase (ESBL) and/or
AmpCl -lactamaset/- loss ofouter membrane proteinor
upregulation ofefflux pump: CRE. coliCR Enterobactespp. in
Talwan

A Production ofcarbapenemasesCR K. pneumoniaé Taiwan

Pfeiferint J MedMicrobiol2010;300:371. Bush ®urrOpinMicrobiol2010;13:558 FutureMicrobiol
2007;2:501. Ma BMC Infect Di2013;13:599



Mechanisms of Drug Resistance in
Enterobacteriaceae

A TigecyclingesistantK. pneumoniagramRdeficiency and/or
widespread mutatedet (A)
A Fosfomycirresistant genesFosAsubtypes and fosC2

A Colistinresistant genes: mobilizetblistinresistance ficr-1)

Chiu SKAntimicrobAgetnsChemother2017;61:e00391. Yang TMigrobiol Immunolinfect
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 Classrﬁca“on 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 Oplnlon on combination with
OmpK35/36 loss
PharmaCOtherapy 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.

SheuCCFrontMicrobhiol2019:10:80



Suspected carbapenem-resistant
Enterobacteriaceae

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

Precision Medicine inCE

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

v AN

--Carbapenem (prolonged infusion)

+ polymyxin

+/- tigecycline

or fosfomycin IV where available)
--Ceftazidime/avibactam (where available)
Expert Opinion Pharmacotherap916;17:761. +/- aminoglycoside

--Polymyxin

+ tigecycline

+ 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.

1135carbapenemresistant
Enterobacteriace&2010.1%
2012.7, variable sourcegs
A Carbapenemases.0% 4 17
KPE2, B:1 NDML1, 37 IMPS,
2 VIMH)
A balgg; 45.6% (414 CTM)
A baly,,¢ 62.0% (497 DHA, 157
MY)

\C

Wang JTPLo3ne2015;10:e0121668
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KEYWORDS Background: Patients in intensive care units (ICUs) are especially prone to colonization an
Carbapenem; infection by carbapenem-resistant Enterobacteriaceae. We conducted a multicenter inve:
Escherichia coli; tigation to study the clinical and microbiological characteristics of patients wit]

66 CRE (46 infections, 20 colonization,

60 KP, 6 E. col2@12, ICY

A Carbapenemase28.8%, 19/66/:
14KPE2, B:1NDM1, 1 IMRS, 3
VIM-1)

A baly,,cor ESBL = 71.2%, 47/66

~

A In-hospital mortality for CRE
Infection = 50% (23/46)
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\_ for 30-day mortality )
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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®

Received: 15 June 2016
Accepted: 10 August 2016
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, nasogastric intubation and Acute Physiology and Chronic Health Evaluatic
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 infection
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 fa
: 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. prneumoniae has increased dra-

severe infections ar-

y 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, Taiv
“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 PFSciRep2016;6:32665

105 CRKP (49 infections, 56

colonization) 2012.1¢ 2013.12,

VGHTPE

A Carbapenemase9.5%, 31/105
(A: 27KP@E2, 1 KP&3, B:2IMP-8,
1 VIM)

A baly,,cor ESBL = 70.5%, 74/105

(55 AmpCI -lactamase with all

DHA1, ESBL with 38 GNK9, 12

CTXM-1, 49 SHV)

A In-hospital mortality for CFRKP
infection = 63.3% (31/49)




SCIENTIFIC REPLIRTS 1as7 crce (1250 fom mecical

Carbapenem Nonsusceptible /  centers) 2012.1¢ 2015.9
Klebsiella pneumoniae in Taiwa 0
Dissemination and Increasing A Carbapenemase31.4%, 457/1457

'Resistance of Carbapenemase _ _
T Producers During 2012-2015 (A:315 KP, 2 KP@, 2 KP4,
: WS, Yin-Ching Chuang’, Po-Liang Lu?, Jann-Tay Wang?, Jung-Chung Lin* & Kuo-Ming Ye! B 2 N D Ivn_ ’ 26 I M P8 ’ 36 VI I\A 1, D

Sheng-Kang Chiu?, Ling Ma?, Ming-Chin Chan?, Yi-Tsung Lin“, Chang-Phone Fung®, Tsu-L
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 — 4 %

genes by PCR, and tested for antimicrobial susceptibility. Among 1,457 CnSKP isolates, 1,250 wer XA4
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 N O r]- P n K E 1 145 7
2

classes were identified in 451 isolates with a single carbapenemase: classes A (315 blaypc.,, 2 blaypc.s,

] IMP-8
B NDM-1
B VIM-1
] OXA-48
B KPC-34
W KPC-17
B KPC-3
B KPC-2

blaypc.7, 2 blaypc s,), B (26 blayp s, 2 blaypy.,, 36 blay,,.,), and D (40 blagy, ,s). The blagy, s rate among
0
NTIFIC REPORTS | (2078) 8:8468 | DOI:10.1038/541598-018-26691-z 1 201 2 201 3 2 01 4 201 5

increasingly prevalent, owing to CPKP dissemination. Additionally, CPKP became more resistant during
the study period.

100 1

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

1

80

60
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among CPKP (%)

20

Rate of carbapenemase types

CPKP increased by 6-fold over three years. Most KPC and OXA-48 producers were ST11. CnSKP was I —
. . o. Year
Chiu SKSciRep2018;8:8468
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Nonsusceptibility rate of CPKP isolates (%)
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Nonsusceptibility rate of non-CP-CnSKP isolates (%)

100 7
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This article was published in the following Dove Press journal:
Infection and Drug Resistance

Purpose: This study aimed to investigate the resistance mechanisms

miology of carbapenem-nonsusceptible Escherichia coli (CnsEC) in Ta
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-lacta
brane proteins (OmpF and OmpC) loss and conducted multilocus §
pulsed-field gel electrophoresis (PFC Isolates that were resistant
I ant E. coli (pCREC) in thi
tance mechanism of CnsEC in Taiwa

se, and extended spectrum fi-lactamase (ESBL) genes. We ¢

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

237 CHE coli (12 medical centers, 9 LH)

A Carbapenemaser.59%, 18/2374 : 3
KP@2; B :
VIM-1; D

A NonCRCnSKR 86.5%AmpG 43.5% ES}A

(2012.1¢ 2015.9

7 NDML, 1 NMD5, 2 IMP8, 3
2 blayass)

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 cz
and other

in Taiwan against colistin, cart
Methods: In total, 758 nonduplicate GNB isolates were obtained from clinic
ICU patients at seven medical centers in 2016. Minimum inhibitory concen

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—mer3 genes among colistin n
-resistant isolates were determined.

Results: After excl 38 Proteus mirabilis and 13 Morganella morganii <
Enterobacteriaceae isolates, 34 (9.4%) isolates were carbapenem-insusceptible, 91
colistin wild type, and three amd one Klebsiella pneumoniae isolates carried bla
like, respectively. Carbap tible isolates were found in 23.4% (30 of
(87 of 138) oflsclates of the Pszudumona.r 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 1
and bla,

oxass
insusceptible K. preumoniae isolates, respectively. Colistin MICs determined by Viih

to carbapenem, and bla,. -like were found among three and one ¢

not reliable, especially for E. cloacae and A. baumannii complex isolates.
ibility, carbap

Keywords: colistin, carbap p mer-1, 1 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
. X0

A CRE 9.4%, 34/361; GRA 20.3%, GRB

62.3%

A EnterobaceriaceaeCRE. cloacae

(21.6%) C.freundii(20.0%)K.
pneumoniag13.1%)E. col(2.5%)

A CRKP: Dla,p, 1 blayya,d0.5%, 4/758)
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Objectives: We investigated the in vitro antimicrobial susceptibilities ofclinlcalk

Gram-negative bacteria (GNB) from 16 major teaching hospitals in Taiwan in 2017.

Materials and methods: Escherichia coli (n=686) and KJ

chaiell;

SMART2017, 16ceners

Bloodstream CIE coli = 2.0%, 14/686
Bloodstream CKP = 10.5%, 71/673
85 bloodstream CIE (14 E coli, 71 KP)
A Carbapenemaset1.2%, 35/85

hlondsiream |

isolates (n=673), non-typhoid Salmonella (NTS; n=221) from
(n=21) from fecal samples, and Neisseria gonorrhoeae (n=129|
collected. Antibiotic minimum inhibitory concentrations (MIC:
micredilution method. Alleles encoding K. preumoniae carl
metallo-B-lactamases (NDMs), Verona integron-encoded metall

48-like, and mcr-1-5 genes were detected by molecular method
Results: Five (0.7%) E. coli isolates harbored mer-1 alleles. ]
four (0.6%), and one (0.15%) K. preumoniae isolates containg
bia . » respectively. Three (1.4%) NTS and no Shigella isolat
one (10.5%) K. preumoniae isolates displayed non-susceptibi
Phenotypically extended-spectrum B-lactamase (ESBL)-pr]
showed significantly higher rates of ertapenem, tigecycline, ar]
TAZ) NS (40.2%, 16.3%, and 71%-80%, respectively) than|
phenotypes (5.4%, 0.7%, and 18%-28%, respectively). All pl

coli isolates were ceftazidime-avibactam (CAZ-AVB) suscep|
K. preumoniae isolates showed CAZ-AVB NS. Hospital-acq

significantly less susceptible to ertapenem and CLZ-TAZ thar

Conclusion: Third-generation cephalosporins remain the

Shigella, and gonococcal infections in Taiwan. Hospital-acq
producing K. are a heavy resi
Keywords: Enterobacteriaceae, Ve

burden in T]

ria gonorrhoeae, ¢

carbapenemase, ceftolozane—tazobactam, ceftazidime-aviba

Introduction
Infections that become septicemic conditions, regardles|
community or hospitals, are typically associated with

v inO
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%of isolates
carrying carbapenemase genes
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Contents lists available at ScienceDirect

2018 SMART, 1sites
1184 bloodstream GNB (398 E coli, 346 KR,

Nationwide surveillance of antimicrobial resistance among cl
important Gram-negative bacteria, with an emphasis on carb 252 PA, 188 AB, 230 Salmone”as:t@e”a
and colistin: Results from the Surveillance of Multicenter

Antimicrobial Resistance in Taiwan (SMART) in 2018 A CRE COIi 2 8% GRP 9 O% GRA 10 3%

Yu-Lin Lee?, Min-Chi Lu®, Pei-Lan Shao®, Po-Liang Lu?, Yen-Hsu Chen®, Shu-H;
Wen-Chien Ko', Chi-Ying Lin¢, Ting-Shu Wu", Muh-Yong Yen', Lih-Shinn Wang

Chang-Pan Liu*, Wen-Sen Lee', Zhi-Yuan Shi™, Yao-Shen Chen", Fu-Der Wang'
Shu-Hui Tseng?, Chao-Nan Lin¢ Yu-Hui Chen', Wang-Huei Sheng®, Chun-Ming C RAB 43 . 6%, GEG.I m O n el I% p p 0 . 4%

Ming-Huei Liao", Po-Ren Hsueh*""

International Journal of Antimicrobial Ag

journal homepage: www.elsevier.com/locate/ijantimicag

3 Department of Internal Medicine, Changhua Christian Hospital, Changhua, Taiwan, and Institute of Genomics and Bioinformatics, National Chung Hsing
University, Taichung, Taiwan

b Department of Microbiology and Immunology, School of Medicine, China Medical University, Taichung, Taiwan

€Denarmment of Pediatrics Hsin-Chu Branch National Taiwan Universitv Hosniral Hsin-Chu Taiwan

Prevalence [n (%)]

E. coli (n=398) K. pneumoniae (n=346)  Salmonella spp. (n=230) P, aeruginosa (n=252)  A. baumannii complex

Carbapenem-non-susceptible 11 (2.8) 31 (9.0) 1(04) 26 (10.3) 82 (43.6)
blagpc 0 15 (48.4) 0 0 0
blagxa-4s 0 2 (6.5) 0 0 0
blanpm-1 1(9.1) 0 0 0 0
blaypy 0 2 (6.5) 0 0 0

High colistin MIC? 2 (0.5) 22 (6.4) 82 (35.7) 22 (8.7) 16 (8.5)
mcr-1 1 (50.0) 2(9.1) 3(3.7) 0 0

MIC, minimum inhibitory concentration.
2 An MIC = 2 mg/L among Enterobacteriaceae and an MIC > 4 mg/L among P. aeruginosa and A. baumannii complex isolates,

Lee YUnt JAntimicroAgents2019;54:318
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Abstract
Carbapenem-resistant Klebsiella pneumoniae (CRKP) infections are associated with high mortality, and ¢)
treatment are usually based on carbapenemase-produci

g strains. Non-carbapenemase-producing CRKP is of ¢
but relevant studies are lacking. This nationwide study aimed to evaluate the outcome of antimicrobial therapy iy
carbapenemase-producing CRKP infections. Patients with non-carbapenemase-producing CRKP infections we
hospitals during January 2013 to December 2014 in Taiwan. Carbapenem resistance was defined as reduced st
minimum inhibitory concentration of =2 mg/L for imipenem or meropenem. The resistance mechanisms of C
analyzed, and the clinical data of these patients were collected retrospectively. Independent risk factors of 14-day
determined by Co»
and 14-day mort

2713

monotherapy. The 14-day mortality was lower in patients treated with appropriate monothe
inappropriate therapy (37.5%). The multivariate regression model identified monotherapy (hazard ratio [HR], 0.30: 95,
interval [Cl], 0.13-0.71; P=0.005) as protective factor, and APACHE Il scores (HR, 1.09: 95% CI. 1.01-1.18: £
factor associated with 14-day mortality. Tigecycline, colistin, and carbapenem were the most commonly used drug
This study provides evidence supporting the efficacy of monotherapy in the treatment of non-carbapenemas
infections. and provides a future target for antibiotics stewardship for CRKP infection.

Chin-Fang Su and Chien Chuang contributed o this manuscript equally
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sression analysis. A total of 99 patients with non-carbapenemase-producing CRKP infections w&

99 nenCRCRKR2013.12014.12, 16 sites)

A ESBL: 88 SHV, 60 TEM, 45@TX7 OXAL.

A AmpC 60 DHAL, 5 CMY2.

A 54 loss of OmpK35/36orin, 36 OmpK35,
4 OmpK36

ity was 27.3%. Among 67 patients treated with appropriate antimicrobial therapy, most (= 61) patients received |
py (21.3%) than in tk

A 14-day mortality 27.3%

A 67.7% (67/99) appropriate antibiotiz

A 61.6% (61/99) received monotherapy
(Tige Colistin Carbapenem

A Independent factors for mortality:

monotherapy, appropriate antibiotics &

KAPACHEII

Su CHeurJClinMicrobInfect Dis2018;37:651




Polymyxins

A PolymycinB, PolymycirE ¢olistin prodrugcolistimethatesodium CMS)

A Mechanism: bind to negatively charged phosphate moieties in the lipi
A fracture of LPS (GNB), disruption of cell membrane

A A very narrow therapeutic window: A% Hn!

A Nephrotoxic (2.5ug/ml) and neurotoxic

A 13.531.7% otcolistinresistant CREP (e.g. modification in lipid A,

overexpression protei@prH alterations in thengrBI Sy S X 0

LandersdorfelCBSeminRespiCritCare Med2015;36:126. Penamt JAntimicrobAgent
2014;43:460



Tigecycline

A Mechanism: bacteriostatic, interferes with protein synthesis by bindin
to 30S ribosomal subunit

A A large volume of distribution {ZOL/kg), 40h of hallife, excreted into
feces via bile, very little excreted in urine

A Dosage: 0.60ug/ml after a 100mg infusion, activity based on
AUC/MIC>12.5

A High dose : 100mg q12h for VAP

A CREKPC/MBLs: Mlg=M 443 kirvcbmbination witrcolistinand
carbapenem

A Resistance: multidrug efflux pump (mutationramAX ® 0

Castanheira AntimicrobAgentsChemothe008;52:570. De Pascaled@at Care
2014;18:R90



Fosfomycin

A Mechanism: inhibits the first step in synthesis of peptidoglycan by
blocking the formation of Micetylmuramicacid through competitive
Inhibition of phosphoenobyruvatesyndthetase

A Antimicrobial spectrum: GPC, GNB

A >50% bioavailable after oral administration, largely excreted
unchanged into the urine (e.g. UTI, prostatitis)

A 49 g6h with higkserum concentration

A 20% resistance rate (e.fpsfomycinrinactivating enzyme..)

A Combination use only

Gobernadavl. RevEspQuimioter2003;16:15MichalopoulosASInt J Infect Dis
2011;15:e732PontikisK.Int JAntimicrobAgents 2014;43:52



Aminoglycosides

A Mechanism: inhibition of protein synthesis (reduction in
carbapenaemasproduction) + betdactam (cell wall synthesis
Inhibitor)

A Nephrotoxic and ototoxic

GarciaSalgueraCAntimicrobAngentsChemothe2015;59:5959



Combination or Monotherapy

A Carbapenenwith colistin(polymycinB): synergy rate 55%7%
A Carbapenemtfosfomycin synergy 70%
A Colistin(polymycinB) + rifampin, doxycyclinégecycline

A Ertapenem+ doripenem

ZusmarO AntimicrobAgentsChemother2013;57:5104. Jernigan M&htimicrobAgents
Chemother2012;56:3395SouliM AntimicrobAgnetsChemother2011;55:2395



0.61(0.41 0.92)- - e Mortality rate: 19.3%
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vs. 35.5% (MIC >8)
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Organism Resistant | Primary Alternative Comments
to treatment treatment

ESBL Allceph MERor IMP Ceftolozane Piptazo
Producedby FQ, AG, tazobactam discordance
EnterobacteriaceaePA TMPSMX Ceftazidime ForUTI:
avibactam Nitrofurantoin,
Meropeneni Fosfomycin
vaborbactam
OXA48 producing All PCNs, If sensitive: If critically: Mediterranean
Enterobacteriaceae = FQ.AG,  Cefepime Ceftazidime sea
TMRSMX " Ceftazidime avibactam,
Aztreonam
KPC producing AllPCNs, Ceftazavi, MER + For pneumonia:
Enterobacteriaceae  cepha meropenem PolymycinB add nebulized
aztreonam yaporbactam colistin50-75mg
carbspni . e
m :
S ey ERTA + MER
(JAC
69:1718,2015)
Metallo- Ceftazavi+ Table 5B:

carbapenemase aztreonam  Treatment options for MDR ( 2019)
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Background. In a multicenter study from Taiwan, we aimed to investigate the outcome of patients
antimicrobial therapy in carbapenem-resistant Enterobacteriaceae bloodstream infections and proposed a
cycline use.

Methods. Patients from 16 hospitals in Taiwan who received appropriate therapy for bloodstream infe

em-resistant Klebsiella pneumoniae and Escherichia coli were enrolled in the study between January 2012 an

cox proportional regression model for multivariate analysis to identify independent risk factors of 14-day mol
defined as appropriate when the isolates had a minimum inhibitory concentration (MIC) <0.5 mg/L, and we

tigecycline was associated with mortality among patients with monotherapy.

Results.  Sixty-four cases with carbapenem-re:

analyzed. Of the 64 isolates, 17 (26.6%) had genes that encoded carbapenemases. The 14-day mortalijyak

64 CREBS(50 KP, 14 E.coli, 16 sit@912.1
2016.9
Carbapenemase26.6% (17/6% KP =A:
11KPE2, 2 KPE3, 2 KP&4; B :1 NDM1,
8 IMRS8, 2 VIM-1; D =1 blayyas- E- coli =
INDM1

stant K prneumoniae (n = 50) and E coli (n = 14) bloodstream inteCTTOTS=vere

|

the multivariate analysis, Charlson Comorbidity Index (hazard ratio [HR], 1.21; 95% confider
and colistin monotherapy (HR, 5. 5% CI, 2.13-14.61; P < .001) were independently a
patients with monotherapy, the 14-day mortality was 30.9% (n = 17). Tigecycline u

the
multivariate analysis.

Conclusions. Tigecycline monotherapy was a choice if the strains exhibited MIC
not suitable. Our findings can initiate additional clinical studies regarding the effj
Enterobacteriaceae infections.

Keywords. antimicrobial therapy; bloodstream infection; carbapenem; Entero

The rapid spread of carbapenem-resistant (nonsusceptible) infection.
Enterobacteriaceae has become a great challenge for physicians treatmen,

[1-3]. Clinical studies have demonstrated a high mortality rate In
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infection [1-3]. An optimal antimicrobial regimen is important priate antimicrobi
in the treatment of carbapenem-resistant Enterobacteriaceae active agent accord

Received 26 June 2018; editorial decision 10 December 2018; accepted 14 December 2018, [16]. However, tl

Correspondence: Y-T. Lin, MD, PhD, Division of Infectious Diseases, Department of ria for tigecycling]
Mex Taipei Veterans General Hospital, No. 201, Sec. 2, Shih-Pai Road, Taipei 112, Taiwan i
(ytlin8@vghtpe. gov.tw)

tigecycline suscey

© The Authoris) 2018. Published by Oxford Univi
ty of America. This is an Open Access article distributed und

C erivs licence (http://creativecommons.org/licens
work, in any and Drug Admini

rsity Press on behalf

<1 mg/L and resis

the studies used t

wmercial reproduction and distribution of t
original work is not altered or transformed in any way, and that the
2, ple

For commercial re-u ontact journals.permission:

>4 mg/L) [17]. Thy

Carb

Lin YTOpen Forum Infectious

TigeMIC:71.9%xk n & p Y25% Pmg/L, 3.1%
XHY3dK|

ImipenemimeropenemMIC. T pi’2 XYy Y 3K
—— Monotherapy 86% (55/64) = CLTS 38ige20%
o st Risk for 14D mortality:Charisorcomorbidity
index AHR 1.21 (1.aB42, p = 0.022§o0listin
monotherapy AHR 5.57 (2.4131.61, p <0.001/




|
40 CRKP(50 KP, 14 E.coli, 16 site9072012

A Carbapenemasesnd nonCPKP: ?
A Median age 7§r, 14 bacteremia, 12 UTI, 7
pneumonia, 4 STSI, 2 1Al, 1 osteomyelitis

A ReceivingpolymycinB monotherapy
|

A Clinical cure: 73% (29/40) \
A 30-day mortality = 28%

A Independent treatment failure: baseline renal
Insufficiency AOR 6.0 (1.28.59) &

A Polymycirresistance duringx = 7.5% (3/40)

A New CRKP infection in 45% (18/40) at a median
23 days after initiapolymycinBtx, 37.5% (3/18)
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