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Learning Objectives

By the end of this presentation you will be able to: 

1) Describe the global and local epidemiology of 
carbapenem-resistant Enterobacteriaceae (CRE) 

2) List risk factors for increased mortality in CRE infections

3) List “old” and “new” treatment options for CRE organisms

4) Describe the evidence for use of combination therapy for 
CRE infections

5) Recommend appropriate empiric treatment for a patient 
with suspected sepsis from a CRE infection 

6) Identify when monotherapy may be appropriate for CRE 
infections



Meet AP…

74 M admitted to Royal Columbian Hospital 
on July 30th with a clot in his superior 
mesenteric artery  

• Emergent small bowel resection and superior 
mesenteric artery embolectomy 

Post-op day 4 – taken back for abdominal 
wall and closure with no complication 

During his stay, he swabbed positive for NDM 
E.coli (as part of routine screening) (i.e. CRE+) 

Repatriated back to Surrey Memorial Hospital 
on August 14th

NDM = New Delhi metallo-beta-lactamase



Meet AP… (continued)

On August 27th, acute deterioration with decreased level of consciousness and 
blood pressure requiring intubation → ICU admit 

Found to be bacteremic with gram-negative bacteria 

• Started on Piperacillin/tazobactam + gentamicin

CT of his abdomen revealed ischemic bowel 

Multi-organ failure

• Global hypoperfusion (lactate 18-20, mean arterial pressure <65) requiring 
norepinephrine (up to 120mcg/min) and vasopressin (0.04units/min)

• Increased transaminases, thrombocytopenic, INR elevated 

• Acute kidney injury and anuria requiring continuous renal replacement therapy 
(CRRT)



Questions

Is empiric therapy with piperacillin-tazobactam + 
gentamicin appropriate?

If not, what would be appropriate treatment? 

Would this patient benefit from a combination of antibiotics 
directed at CRE organisms? 



Agent E. Coli (NDM)

Ampicillin R

Cefazolin R

Ceftriaxone R

Ciprofloxacin R

Gentamicin/Tobramycin R

Pip-Tazo R

Trimethoprim/sulfamethoxazole R

Meropenem R

Imipenem R

Tigecycline S

Colistin S

On August 29th, blood cultures revealed:

Antibiotics changed to colistin + tigecycline + meropenem



Meet AP… (continued)

Patient continued to have profound refractory shock 
requiring maximum life support and CRRT 

Did not show any improvement and ultimately succumbed 
to illness 

Likely had significant portions of ischemic bowel on top of 
intra-abdominal septic shock 



Epidemiology



Public Health Issue

WHO prioritizes CRE as “critical” for research and 
development of new antibiotics

CDC recognizes it as a public health threat that requires 
immediate and aggressive action 

 

5
  

WHO PRIORITY PATHOGENS LIST  

FOR R&D OF NEW ANTIBIOTICS 

Priority 1: CRITICAL
#
  

Acinetobacter baumannii, carbapenem-resistant 

Pseudomonas aeruginosa, carbapenem-resistant 

Enterobacteriaceae*, carbapenem-resistant, 3
rd

 generation 

cephalosporin-resistant 

Priority 2: HIGH 

Enterococcus faecium, vancomycin-resistant 

Staphylococcus aureus, methicillin-resistant, vancomycin 
intermediate and resistant  

Helicobacter pylori, clarithromycin-resistant 

Campylobacter, fluoroquinolone-resistant 

Salmonella spp., fluoroquinolone-resistant 

Neisseria gonorrhoeae, 3
rd

 generation cephalosporin-resistant, 
fluoroquinolone-resistant 

Priority 3: MEDIUM 

Streptococcus pneumoniae, penicillin-non-susceptible 

Haemophilus influenzae, ampicillin-resistant 

Shigella spp., fluoroquinolone-resistant 

# Mycobacteria (including Mycobacterium tuberculosis, the cause of human tuberculosis), was not 

subjected to review for inclusion in this prioritization exercise as it is already a globally established 

priority for which innovative new treatments are urgently needed. 

* Enterobacteriaceae include: Klebsiella pneumonia, Escherichia coli, Enterobacter spp., Serratia spp., 

Proteus spp., and Providencia spp, Morganella spp. 

World Health Organization. Global priority list of antibiotic-resistant bacteria to guide research, discovery and development of new antibiotics. 2017 Feb 27 [cited 

2020 Apr 17]. Available from: URL: https://www.who.int/medicines/publications/WHO-PPL-Short_Summary_25Feb-ET_NM_WHO.pdf

Centers for Disease Control and Prevention. Clinicians: Information about CRE. 2019 Nov 13 [coted 2020 Apr 17]. Available from: URL: 

https://www.cdc.gov/hai/organisms/cre/cre-clinicians.html



Etiology

Organisms: Klebisella spp., 
Escherichia coli, and 
Enterobacter

Causes of UTIs, intra-
abdominal infections (IAIs), 
nosocomial pneumonia, 
and blood stream infections 

Class A  (Klebsiella 
Pneumoniae 
Carbapenemase “KPC”)

Class B (New Delhi metallo-
beta-lactamase “NDM”)

Class D (Oxacillinase “OXA-
48”)

Mechanism

Expert Opin Pharmacother 2016; 17(6): 761-81



Global Epidemiology

KPC have the most extensive global distribution
United states
South and Central America
Mediterranean Countries (Italy and Greece)
Middle East

NDM identified in Asia and Europe
Uncommon in United States 

OXA-48 common in Europe and Mediterranean countries
Uncommon in United States

Expert Opin Pharmacother 2016; 17(6): 761-81



What about local epidemiology? BC Data

Annual surveillance report of healthcare-associated infections 2017/18 

Provincial Infection Control Network of British Columbia Page 19 

Carbapenemase-producing organisms (CPOs) 

New cases of CPO identified in 2017/18 

A mandatory provincial CPO surveillance program was introduced to BC acute care facilities in July 2014. 
CPOs were further made reportable in BC in December 2016, and new cases identified in the community 
care settings were also required reported to PICNet from December 2017.  

During 2017/18, a total of 166 cases of CPO were newly identified from 156 patients in BC. Of the 156 
patients, 146 patients harboured a single carbapenemase resistant gene, and ten patients harboured 
two different carbapenemase resistant genes – each gene identified for the first time in a given patient 
is counted as a new case of CPO. 

Among the new cases of CPO identified in 2017/18, NDM accounted for 70.5% of carbapenemase 
resistance genes, followed by OXA-48 (16.3%), KPC (7.2%), VIM (0.6%), IMP (0.6%), and SME (1.2%). The 
‘other’ genes identified were OXA-24 and OXA-51 (6 cases, 3.6%) (Figure 15).  

New cases of CPO identified in 2017/184 was the highest annual number since mandatary CPO 
surveillance began in July 2014 in BC acute care facilities5. NDM has consistently been the predominant 
carbapenemase resistance gene identified in BC (Figure 15).  

Figure 15. Number of cases of CPO newly identified in BC by carbapenemase resistant gene, 2014/15 
– 2017/18 

 
* From July 18, 2014 to March 31, 2015 only 

                                                           

4 One health authority expended CPO screening criteria in 2017/18.  
5 The number of CPO cases includes CPO identified in both healthcare facilities and community care settings; thus, 

the rate of CPO was not calculated and compared by year.    

NDM accounted for 71%

OXA-48 accounted for 16%

KPC accounted for 7.2%

NDM the most common

PICNet. Annual surveillance report of healthcare-associated infections in BC health care facilities. 2020 Feb [cited 2020 Apr 17]. Available 

from: URL: https://www.picnet.ca/wp-content/uploads/PICNet-Annual-Surveillance-Report-2018_19-updated-Mar-19-2020.pdf 

CPO = Carbapenemase-producing organisms



Annual surveillance report of healthcare-associated infections 2017/18 

Provincial Infection Control Network of British Columbia Page 20 

Surveillance information of new CPO cases 

There were 134 new cases reported to PICNet with surveillance information. Of these, 97 (72.4% of 
reported cases) were identified in acute care facilities in FHA, 30 cases (22.4%) were in VCHA, four cases 
(3.0%) were in PHSA, and one case (0.7%) was in IHA. No CPO cases were identified in acute care 
facilities in VIHA and NHA during 2017/18 (Table 1). The remaining two cases (1.5%) were reported from 
community care settings, including one from the region of NHA, from December 2017.    

Table 1. Number of new cases of CPO reported in BC by health care setting, 2017/18 

Health care setting Number of cases            Percent 

Acute care facilities 132 98.5% 

IHA 1 0.7% 

FHA 97 72.4% 

VCHA 30 22.4% 

VIHA 0 0.0% 

NHA 0 0.0% 

PHSA 4 3.0% 

Community care settings 2 1.5% 

Total 134 100% 

New CPO cases were investigated for risk factors that may have contributed to CPO acquisition in the 
previous twelve months, including healthcare encounters outside Canada (e.g. overnight hospitalization, 
certain medical or surgical procedures); close contact with a CPO patient or their environment; and 
transfer from a unit or facility which was under investigation for CPO transmission. Of the 134 new cases 
of CPO, 78 (58.2%) reported a healthcare exposure outside Canada in the previous twelve months, and 
21 cases (15.7%) were identified with at least one other risk factor listed in the provincial surveillance 
protocol. However, there were 36 cases (26.9%) with no known risk factors reported.   

  

PICNet. Annual surveillance report of healthcare-associated infections in BC health care facilities. 2020 Feb [cited 2020 Apr 17]. Available 

from: URL: https://www.picnet.ca/wp-content/uploads/PICNet-Annual-Surveillance-Report-2018_19-updated-Mar-19-2020.pdf 



Clinical Relevance

Associated with poor clinical outcomes

Bloodstream infections associated with 40-50% mortality

Due to delayed active therapy, limited options, and 
critically ill patients

CRE carry genes that confer high resistance to other 
antimicrobials 

Limits therapeutic options

Use of new antibiotics or old antibiotics with limited 
experience  

Expert Opin Pharmacother 2016; 17(6): 761-81



Risk Factors for Mortality

Septic shock on presentation

Inadequate initial antibiotics

Monotherapy 

Inadequate source control 

Bloodstream infection (BSI)

Lancet Infect Dis 2017;17: 726-734

J Antimicrob Chemother 2015; 70: 2133–2143

Antimicrob Agents Chemother 2014; 58 :2322-2328



Treatment Options



Treatment Options Overview

“Old”

Colistin 

Tigecycline 

Aminoglycosides

Fosfomycin (IV is new in Canada) 

“New” * 

Aztreonam

Meropenem-vaborbactam, Imipenem-
relebactam

Ceftazidime-avibactam

Plazomicin

Eravacycline

Cefiderocol

Antibioitcs (Basel) 2019; 8(3): 122

* Not available in Canada; requires Special Access Program (SAP) approval



Colistin - Background

Bactericidal, 
concentration-dependent 
against CRE

Bind to negatively charged 
phosphate moieties in 
lipopolysaccharides 
present in outer membrane 

Creates porins in 
membranes = loss of 
intracellular products

Annu Rev Biochem 1977; 46: 723



Colistin - Dosing

1 MU = 80mg CMS = 33mg 
CBA (=colistin base activity)

Load: 300mg IV of CBA (=9 
MU) (recommended due to 
slow rate of target 
concentration attainment) 

Maintenance (normal renal 
function): 150-180mg CBA 
Q12H 

Pharmacotherapy 2019;39(1):10-39



Colistin - Adverse Effects 

Nephrotoxicity 

Occurs in ≥ 40% of patients 

Neurotoxicity

Paresthesias and ataxias

Pharmacotherapy 2019;39(1):10-39

Clin Infect Dis 2017;64(5):565-571



Tigecycline - Background

Bacteriostatic agent 

Interferes with protein synthesis; binds to 30s ribosomal units

FDA approved in 2005 for intra-abdominal infections, and soft 
skin and tissue infections

FDA approved in 2009 for pneumonia 

Expert Opin Pharmacother 2016;17:761-81



Tigecycline - Dosing

Loading dose: 100mg IV x 1 

Maintenance Dose: 50mg IV 
q12h 

Doses up to 100mg IV q12h 
studied 

Associated with decreased 
risk of mortality compared to 
lower doses in patients with 
ventilator-associated 
pneumonia  

Adverse Effects

Nausea/Vomiting/Diarrhea 
(20%) 

Transaminase increase (5%)

Expert Opin Pharmacother 2016;17:761-81



Role for IV Fosfomycin?

Approved in May 2019

Bactericidal (against gram + and 
gram -)

Inhibits MurA, enzyme 
responsible for first step in 
peptidoglycan synthesis in 
bacterial cell walls

Suggested dose 8g IV Q8H for 
CRE infections 

Evidence in CRE infections is limited

ADRs include hypernatremia (1g = 
330mg of sodium) and hypokalemia 

Microbiology currently not testing 
susceptibility outside of urine isolates 

High cost acquisition and non-
formulary = logistically challenging 
medication to use

AUC/MIC = area under the curve/minimum inhibitory concentration

ADRs = Adverse drug reactions 

PK/PD = pharmacokinetic/pharmacodynamic Pharmacotherapy 2019;39(11): 1077-1094



Will my patient benefit 
from combination 

therapy?



High Mortality 
Rate (40-50%)

Monotherapy 
concerns 

Resistance 

Combination 

Therapy??



Risks of Combination

Resistance? ADRs (including C.difficile) Cost implications



Combination regimens vs. 

Monotherapy effect on 

mortality 

Tumbarello et al. (2012) 

(Retrospective cohort; 

N=205)

Daikos et al. (2014) 

(Retrospective Cohort; 

N=205)

Tumbarello et al. (2015) 

(Retrospective Cohort; 

N=661)

Any combination ↓(NNT=4) ↓(NNT=5) ↓ (NNT=12)

Carbapenem-containing ?↓↓ (NNT=4) ?↓↓(no ARR reported)

Carbapenem- sparing ?↓ (NNT=7)

Carbapenem + tigecycline 

+ colistin

?↓↓ (NNT=2-3)

Clin Infect Dis 2012: 55(7); 943-950

Antimicrob Agents Chemother 2014; 58(4) :2322-2328

J Antimicrob Chemother 2015; 70(7): 2133–2143



Validity of Studies

External validity 
• KPC infections (applicable to other Enterobacteriaceae 

organisms?)
• Unclear which 2-3 drug combination regimens are superior 
• Included MIC ≤8 to carbapenem strains 

Internal validity 
✗ Residual confounding 
✗ Potential misclassification of therapies (exposures) received
✗Misclassification of colonization versus active infection in studies 
including non-bacteremic patients (Tumbarello et al. 2015)



Evidence summary of early retrospective studies

Combination therapy > monotherapy; evidence greatest for 
KPC infections 

Patients may benefit from inclusion of a carbapenem as part of 
their combination regimen

• Evidence for benefit is greatest for KPC organisms when MIC is ≤8

Optimal combination remains inconclusive (two vs. three drug) 

No data on safety (adverse events, resistance, C.difficile)  



Lancet Infect Dis 2017; 17(7): 726-734



INCREMENT
Retrospective cohort, 2003-2013

37 hospitals, 12 
countries

437 with BSI due to CPE

343 “appropriate” 
therapy

135 combination 208 monotherapy 

94 “inappropriate 
therapy”

66yo, 40% female

85% K. pneumoniae, 15% other 

KPC 77%, OXA-48 15%, 8% metallo-β-

lactamases

90% nosocomial, 37% ICU admission 

severe sepsis/shock 55%

Urinary/biliary source 80%, 10% lung, 8% IA 

HR for mortality at 30 days

0.76
(95% CI 0.53,1.08)
(35% vs. 41%) 

HR for mortality at 30 days (low 
mortality-risk)

1.21 
(95% CI 0.56,2.56)
(24% vs. 21%)

HR for mortality at 30 days (high 
mortality-risk)

0.56
(95% CI 0.34,0.91)
(48% vs. 62%) 

Predictors of mortality

• Severe sepsis/septic shock (HR 3.06; 
95% CI 2.78, 5.39))

• High mortality-risk centre (HR. 2.25; 95% 
CI 1.69,2.99)

• Appropriate therapy (≤5 days) (HR 
0.44; 95% CI 0.33, 0.61) 

“Combination was associated with improved survival only in patients with a high mortality score. 
Monotherapy should be considered for those with a low-mortality score”

Lancet Infect Dis 2017; 17(7): 726-734



INCREMENT Limitations

External validity 
• Klebsiella pneumoniae with KPC infections still make up majority

• most common carbapenem + colistin (44%), aminoglycoside + 
tigecycline (35%), colistin + tigecycline; unclear which 2-3 drug 
combination regimens are superior 

• MIC ≤8 strains included (carbapenems considered “active” here) 

Internal validity 
✗ Residual confounding 

✗ Subgroup analysis based on mortality risk score a post-hoc 
analysis (high risk for selective reporting) 



Lancet Infect Dis 2018;18: 391-400



AIDA
Multicenter, open-label, RCT 

6 Hospitals: Greece, Italy, Israel

406 with CRE infections

198 colistin (9MU then 4.5MU q12h)
208 colistin + meropenem (2g 

q8h, prolonged over 3h)

62yo, 62% female

76% A. baumanii, 18% CRE, 6% Pseudomonas

39% ICU

Bacteremia 43%, VAP/HAP 44%, UTI 7% 

Col (n=198) col+Mero (208) RR (95% CI)

Clinical Failure

at day 14

79% 73%       0.93 (0.83,1.03)

28 day 

mortality

43%.             45%       0.93 (0.83,1.03)

ICU length of 

stay (days)

17                 22             p=0.104

Hospital 

length of stay 

(days)

15 15            p=0.635

Subgroup analyses

Clinical Failure

A. baumanii

Enterobacteriaceae

Pseudomonas

Mortality

A. baumanii

Enterobacteriaceae

Pseudomonas

BSI, VAP, or HAP

Clinical Failure

28 day mortality

Adverse Events (COL vs. COL + Mero)

↓ Diarrhea (16% vs. 27%)

C. diff (1% vs. 3%) 

Colistin resistance (6% vs. 5%) 

“Combination therapy was not superior to monotherapy. The addition of meropenem to colistin did not improve clinical 

failure in severe A baumannii infections. The trial was unpowered to specifically address other bacteria.”

Col = colistin
Mero = meropenem 

SOFA = Sequential Organ Failure Assessment
VAP/HAP = ventilator/hospital associated pneumonia 

Lancet Infect Dis 2018;18: 391-400



Study Sequence generation Allocation 
concealment

Blinding Incomplete 
outcome data

Selective outcome 
reporting

Statistics

Paul et 
al. 
(AIDA 
2018)

Computer generated 
randomization by 
permuted blocks 
stratified by centre

Central allocation 
(trial’s website that 
provided and 
documented the 
study group 
assignment)

Open label ITT analysis, all 
patients 
accounted for 
primary outcome

Published 
outcomes similar 
to predefined 
outcomes

Powered for primary 
outcome 

Not powered for 
secondary outcomes 
(mortality) (requires 
~1100 patients to detect 
8% difference)

External validity

Heterogenous pathogens (only 18% CRE) 

Time to effective antibiotics >2 days in 50% of patients

Lancet Infect Dis 2018;18: 391-400



Evidence - Bottom Line

Retrospective data suggest combination > monotherapy; 
evidence greatest for KPC infections

• INCREMENT: Benefit only seen in higher mortality-risk patients

• The evidence of benefit of a carbapenem containing combination is 
greatest for KPC-producing CRE with MIC ≤8  

RCT data from AIDA question the benefit of combination 
therapy

• Generalizability of AIDA is an issue (18% were CRE) 



What agents would I 
choose empirically for my 
patients while waiting for 

sensitivities?



Current Research  

Objective: To develop an antibiogram that will help guide 
clinicians in choosing antibiotics empirically for patients who are 
suspected of having a CRE infection 

Outcomes:

1) Types of organisms 

2) Antimicrobial susceptibility profiles (including MICs where available)

3) Carbapenemase gene (e.g. KPC, NDM, OXA-48)

4) Sources of infection (i.e. clinical culture isolates) 

Shah K, Afra K, Wong M, Tan K  CRE Antibiogram 2020



Results (N=144)

The most common 
species were: 

Klebsiella 
pneumoniae (45%)

Escherichia coli
(25%)

Enterobacter 
cloacae (13%)

Source of isolates 
included were from:

Urine (62%) 

Blood (13%)

Sputum (13%)

Other (13%)

Genes Identified 
were:

NDM 70%

KPC 12%

OXA-48 12%

Mixed 7%

Shah K, Afra K, Wong M, Tan K  CRE Antibiogram 2020



Percentage of isolates susceptible to listed antimicrobial

E. coli, Klebsiella, and 

other 

Enterobacteriaciae

(CRE)

Amikacin Colistin Tigecycline Ciprofloxacin SXT Aztreonam Fosfomycin

NDM Enzyme 33 % 96 % 51 % 12 % 19 % 10 % 67 %

KPC Enzyme 87 % 83 % 55 % 13 % 27 % R 78 %

OXA-48 Enzyme 43 % 100 % 36 % 14 % 36 % R 73 %

Shah K, Afra K, Wong M, Tan K  CRE Antibiogram 2020

SXT = sulfamethoxazole/trimethoprim



Conclusion

Majority of CRE organisms in Fraser Health contain NDM

Majority of CRE organisms are susceptible to colistin 

When KPC is identified, majority of CRE organisms are 
susceptible to amikacin or colistin 



Empiric Approach

1) Is the patient’s CRE status relevant to the suspected 
infection? 

• Infections where having a history of CRE colonization is unlikely 
to be of clinical relevance (e.g. community acquired 
pneumonia, cellulitis) 

• Likely relevance includes nosocomial infections, 
intraabdominal infections, UTIs 



Empiric Approach cont’d

2) Is the severity of infection such that empiric CRE 
coverage should be given? 

• Empiric therapy may involve antibiotics with significant toxicity 
profiles (colistin)

• In milder infections, standard empiric therapy can be given while 
awaiting culture results 



Empiric Approach cont’d

3) Empiric therapy should be determined by suspected 
organism and enzyme 

• NDM enzyme most prevalent; Colistin + Carbapenem
combination suggested based on available (weak) evidence 
and local antibiogram 

• If KPC enzyme, can consider using amikacin + carbapenem
combination based on local antibiogram



Directed Therapy Approach

Can consider monotherapy in: 

• Non-critically ill or septic patients (i.e. “low mortality-risk” patients)

• Non-bacteremic infections 

• “Low-risk” source and source control (i.e. urine, biliary, or line 
infections) 



Challenges with new therapies

Rapid streamline development = fewer clinical trials

Insufficient high-quality clinical data for a target population 
(typically non-inferiority trials in non-CRE populations)

Delayed approval of susceptibility testing methods (can lack in-
vitro activity, risking treatment failure)

Complexity of antimicrobial spectrum

High acquisition costs 

Clin Infect Dis 2019;69: S565-S575



Other therapies (non-formulary or SAP)
Carbapenemase

Agent Class A (KPC) Class B (NDM) Class D (OXA-48)

Ceftazidime-avibactam

Meropenem-

vaborbactam

Imipenem-cilastatin-

relebactam

Cefiderocol

Plazomicin

Eravacycline

Fosfomycin

Green >80% active

Yellow 30-80% active

Red <30% active

Clin Infect Dis 2019; 69(Suppl 7): S565–S575

J Pediatric Infect Dis Soc 2019;8(3):251-260



Questions?


