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Impact of CRE

• US in 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 J 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 β-lactamase (ESBL) and/or 

AmpC β-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



Expert opinion on 
Pharmacotherapy 
2016;17:761

Amber classification 
A, B, C, D



Major Carbapenemases in Enterobacteriaceae

Sheu CC Front Microbiol 2019;10:80



Expert Opinion Pharmacotherapy 2016;17:761. 

Precision Medicine in CR-E 
treatment



Wang JT. PLoS One 2015;10:e0121668

1135 carbapenem-resistant 

Enterobacteriacea (2010.11-

2012.7, variable sources)

• Carbapenemase: 5.0% (A: 17 

KPC-2, B:1 NDM-1, 37 IMP-8, 

2 VIM-1)

• balESBL: 45.6% (414 CTM-X)

• balAmpC: 62.0% (497 DHA, 157 

CMY)



Chang YY. J Microbiol Immunol Infect 2015;48:219

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)

• balAmpC or ESBL =  71.2%, 47/66

• In-hospital mortality for CRE-

infection = 50% (23/46)

• Independent factor of septic shock 

for 30-day mortality



Wu PF. Sci Rep 2016;6:32665

105 CR-KP (49 infections, 56 

colonization) (2012.1 – 2013.12, 

VGHTPE)

• Carbapenemase: 29.5%, 31/105 

(A: 27 KPC-2, 1 KPC-3, B:2 IMP-8, 

1 VIM-1)

• balAmpC or ESBL =  70.5%, 74/105 

(55 Amp-C β-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)



Chiu SK. Sci Rep 2018;8:8468

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

= 40 blaOXA-48)

• Non-CP-CnSKP = 1000/1457



114065 isolates, Chiu SK. 
Sci Rep 2018;8:8468



Chiu SK. Sci Rep 2018;8:8468



Chang YT. Infect  Drug Resist 2019;12:2113

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

(2012.1 – 2015.9)

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

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

VIM-1; D : 2 blaOXA-48)

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



Lai CC. Infect Drug Resist 2019;12:627

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 blaKPC, 1 blaOXA48 (0.5%, 4/758)



Jean SS. Infect Drug Resist 2018

SMART 2017, 16 centers

Bloodstream CR-E. coli  = 2.0%, 14/686

Bloodstream CR-KP = 10.5%, 71/673

85 bloodstream CR-E (14 E coli, 71 KP) 

• Carbapenemase: 41.2%, 35/85



Jean SS. Infect Drug Resist 2018;11:1983 (SMART 2017) & 
Chiu SK. Sci Rep 2018;8:8468 (2012.1 – 2015.8) for CR-KP



Lee YL. Int J Antimicro Agents 2019;54:318

2018 SMART, 16 sites

1184 bloodstream GNB (398 E coli, 346 KP, 

252 PA, 188 AB, 230 Salmonella, 18 Shigella) 

• CR-E coli 2.8%, CR-KP 9.0%, CR-PA 10.3%, 

CR-AB 43.6%, CR-salmonella spp 0.4%



Su CF. Eur J Clin Microb Infect Dis 2018;37:651

99 non-CP-CRKP (2013.1-2014.12, 16 sites)

• ESBL: 88 SHV, 60 TEM, 45 CTX-M, 17 OXA-1.

• AmpC: 60 DHA-1, 5 CMY-2.

• 54 loss of OmpK35/36 porin, 36 OmpK35, 

4 OmpK36

• 14-day mortality 27.3%

• 67.7% (67/99) appropriate antibiotic tx

• 61.6% (61/99) received monotherapy 

(Tige, Colistin, Carbapenem)

• Independent factors for mortality: 

monotherapy, appropriate antibiotics & 

APACHEII 



Polymyxins

• Polymycin B, Polymycin E (colistin, prodrug-colistimethate sodium CMS)

• Mechanism: bind to negatively charged phosphate moieties in the lipid 

A fracture of LPS (GNB), disruption of cell membrane

• A very narrow therapeutic window: 2 ɥg/ml

• Nephrotoxic (2.5ug/ml) and neurotoxic

• 13.5-31.7% of colistin resistant CRE-KP (e.g. modification in lipid A, 

overexpression protein OprH, alterations in the mgrB gene…)

Landersdorfer CB Semin Respir Crit Care Med 2015;36:126. Pena I Int J Antimicrob Agent 
2014;43:460



Tigecycline

• Mechanism: bacteriostatic, interferes with protein synthesis by binding 

to 30S ribosomal subunit

• A large volume of distribution (7-10L/kg), 40h of half-life, excreted into 

feces via bile, very little excreted in urine

• Dosage: 0.60ug/ml after a 100mg  infusion, activity based on 

AUC/MIC>12.5

• High dose : 100mg q12h for VAP

• CRE-KPC/MBLs: MIC90 = 1ɥg/ml, in combination with colistin and 

carbapenem

• Resistance: multidrug efflux pump (mutation in ramA….)

Castanheira M Antimicrob Agents Chemother 2008;52:570. De Pascale G Crit Care 
2014;18:R90



Fosfomycin

• Mechanism: inhibits the first step in synthesis of peptidoglycan by 

blocking the formation of N-acetylmuramic acid through competitive 

inhibition of phosphoenol pyruvate syndthetase.

• Antimicrobial spectrum: GPC, GNB

• >50% bioavailable after oral administration, largely excreted 

unchanged into the urine (e.g. UTI, prostatitis)

• 4g q6h with high-serum concentration

• 20% resistance rate (e.g. fosfomycin-inactivating enzyme..)

• Combination use only

Gobernade M. Rev Esp Quimioter 2003;16:15, Michalopoulos AS Int J Infect Dis 
2011;15:e732. Pontikis K. Int J Antimicrob Agents 2014;43:52



Aminoglycosides

• Mechanism: inhibition of protein synthesis (reduction in 

carbapenaemase production) + beta-lactam (cell wall synthesis 

inhibitor)

• Nephrotoxic and ototoxic

Garcia-Salguero C Antimicrob Angents Chemother 2015;59:5959



Combination or Monotherapy

• Carbapenem with colistin (polymycin B): synergy rate 55%-67%

• Carbapenem + fosfomycin: synergy 70%

• Colistin (polymycin B) + rifampin, doxycycline, tigecycline

• Ertapenem + doripenem

Zusman O Antimicrob Agents Chemother 2013;57:5104. Jernigan MG Antimicrob Agents 
Chemother 2012;56:3395. Souli M Antimicrob Agnets Chemother 2011;55:2395



Expert Opinion Pharmacotherapy 2016;17:761. Daikos GL Antimicrob Agents Chemother 2014;58:2322

Mortality rate: 19.3% 
(carbapenem MIC≤8) 

vs. 35.5% (MIC >8)



Concentration of meropenem: 
bactericical acitivity by concentration above MIC for 40-50% of time

2g over 3 hr

Expert Opinion Pharmacotherapy 2016;17:761. 



Organism Resistant 
to 

Primary 
treatment 

Alternative 
treatment

Comments

ESBL
Produced by 
Enterobacteriaceae, PA

All ceph, 
FQ, AG, 
TMP-SMX

MER or IMP Ceftolozane-
tazobactam
Ceftazidime-
avibactam
Meropenem-
vaborbactam

Pip-tazo
discordance
For UTI: 
Nitrofurantoin, 
Fosfomycin

OXA-48 producing 
Enterobacteriaceae

All PCNs, 
FQ, AG, 
TMP-SMX

If sensitive:
Cefepime, 
Ceftazidime

If critically:
Ceftazidime-
avibactam, 
Aztreonam

Mediterranean 
sea

KPC producing 
Enterobacteriaceae

All PCNs,
cepha, 
aztreonam, 
carbapne
ms, FQ, AG, 
TMP-SMX

Ceftaz-avi, 
meropenem-
vaborbactam

MER + 
Polymycin B

For pneumonia:
add nebulized 
colistin 50-75mg 
bid
ERTA + MER  
(JAC 
69:1718,2015)

Metallo-
carbapenemase

Ceftaz-avi + 
aztreonam

Table 5B: 

Treatment options for MDR (熱病2019)



Lin YT. Open Forum Infectious Diseases 2019

64 CR-E BSI (50 KP, 14 E.coli, 16 sites, 2012.1-

2016.6)

• Carbapenemases: 26.6% (17/64): KP = A:

11 KPC-2, 2 KPC-3, 2 KPC-34; B : 1 NDM-1, 

8 IMP-8, 2 VIM-1; D = 1 blaOXA-48. E. coli = 

1NDM-1

• Tige MIC: 71.9% ≥0.5mg/L, 25% 1-2mg/L, 3.1% 

≥2mg/L

• Imipenem/meropenem MIC: 75% ≥8mg/L

• Monotherapy 86% (55/64) = CLTS 38% ,Tige 20%

• Risk for 14-D mortality: Charison comorbidity 

index AHR 1.21 (1.03-1.42, p = 0.022), colistin

monotherapy AHR 5.57 (2.13-14.61, p <0.001)



Dubrovskaya Y. Antimicrobilal Agetns
Chemotherapy 2013

40 CR-KP (50 KP, 14 E.coli, 16 sites, 2007-2012)

• Carbapenemases and non-CPKP: ?

• Median age 76 yr, 14 bacteremia, 12 UTI, 7 

pneumonia, 4 STSI, 2 IAI, 1 osteomyelitis

• Receiving polymycin B monotherapy

• Clinical cure: 73% (29/40)

• 30-day mortality = 28%

• Independent treatment failure: baseline renal 

insufficiency AOR 6.0 (1.22-29.59) &

• Polymycin resistance during tx = 7.5% (3/40)

• New CRKP infection in 45% (18/40) at a median 

23 days after initial polymycin B tx, 37.5% (3/18) 

with polymycin B resistance



Conclusions 

32

• Mortality rate of Bloodstream infections of CRE : 50% 

• Current available antibiotics for CRE: colistin, tigecycline, 

fosfomycin, AK

• A combination therapy for CRE (e.g. carbapenem MIC < 16 ug/ml 

and prolonged infusion + cilisitn / tige)

• CRE genotyping (A, B, D ?)

• Molecular surveillance study and Amber classification for 

individualized treatment of CRE


