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ANTIBIOTIC RESISTANCE 



* bacteria and fungus included in this report 
https://www.cdc.gov/media/releases/2013/images/p0916-untreatable.jpg 

Antibiotic Resistance in the United States 



Comparative Deaths 
2050 

AMR 
2050 

10 Million 

Costing 
$ 100 Trillion 

http://www.un.org/pga/71/event-latest/high-level-meeting-on-antimicrobial-resistance/ 

Deaths from Drug-resistant infection Dramatically Rising 
 

CANCER AMR 
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• Acinetobacter baumannii, carbapenem-resistant 
• Pseudomonas aeruginosa, carbapenem-resistant 
• Enterobacteriaceae, carbapenem-resistant, 

ESBL-producing 

Priority 1: 
Critical 

• Enterococcus faecium, vancomycin-resistant 
• Staphylococcus aureus, methicillin-resistant, vancomycin-intermediate 

and resistant 
• Helicobacter pylori, clarithromycin-resistant 
• Campylobacter spp., fluoroquinolone-resistant 
• Salmonellae, fluoroquinolone-resistant 
• Neisseria gonorrhoeae, cephalosporin-resistant, fluoroquinolone-resistant 

Priority 2: 
High 

• Streptococcus pneumoniae, penicillin-non-susceptible 
• Haemophilus influenzae, ampicillin-resistant 
• Shigella spp., fluoroquinolone-resistant 

Priority 3: 
Medium 

WHO publishes list of bacteria for which new 
antibiotics are urgently needed 
 

http://www.who.int/mediacentre/news/releases/2017/bacteria-antibiotics-needed/en/ 

27 February 2017 | 
GENEVA 



Race against time: the introduction of 
new antibiotic and the emergence of resistance 

ANTIBIOTIC INTRODUCED  

ANTIBIOTIC RESISTANCE IDENTIFIED 
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Enterobacteriaceae 

• Gram-negative bacilli 
• Gut flora, also found in soil/water 
• Common causative agents of urinary tract 

infections, pneumonia, and blood stream 
infections 

• Spread by hand carriage, contaminated food 
& water 

• Examples: Klebsiella, Enterobacter, 
Escherichia, Proteus, Salmonella, Shigella 

Presenter
Presentation Notes
Are a normal part of gut flora found in the intestine of humans and animals



 Relative Frequency of Isolated Clinical Specimens from Inpatients in the US   

40% 
Enterobacteriaceae 

Annals of Clinical Microbiology and Antimicrobials 2006, 
5:2. 



Global Public Health Threat  
 

Since the discovery of Penicillin,  
β-lactam agents continue to be the 
most important class of antibiotics. 

 
The global emergence of 

carbapenem resistance has 
dramatically changed our antibiotic 

arsenal for the worse! 



Proportion of prescriptions in the United States 
for injectable antibiotics by class for years 

2004–2014 

β-lactams - 65.24% 
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Infections caused by Enterobacteriaceae are treated with b-lactam drugs.B-lactam antibiotics are currently the most used class of antibacterial agents in the infectious disease armamentarium



       β-Lactams   vs   β-Lactamases 

There are more than 1,600 β-lactamases reported 



 β-Lactam Antibiotics 
 Narrow spectrum penicillins (4) – penicillin G 
 Narrow spectrum penicillinase resistant penicillins (3) -methicillin 
 Moderate spectrum penicillins (2)-amoxicillin 
 Broad spectrum penicillins (1)-amoxicillin and clavulanic acid 
 Extended spectrum penicillins (4)-piperacillin 
 1st generation cephalosporins (3)-cephalothin 
 2nd generation cephalosporins (2)-cefotetan 
 3rd generation cephalopsorins (3)-ceftriaxone 
 4th generation cephalosporins (2)-cefepime 
 Carbapenems (3)-meropenem 
 Monobactams (1)-aztreonam 
 Beta-lactamase inhibitors (3)-clavulanic acid 

blaKPC encodes for a  class A carbapenemase that 
hydrolyzes the entire class of β-lactam antibiotics 



  Carbapenem Resistance Determinants 
  

  Carbapenemases class A 
      K. pneumoniae carbapenemase (KPC) 
       GES, SME 

 
 Carbapenemases class B  

    Metallo-β-Lactamases: NDM-1, VIM, IMP  
 
  Carbapenemases class D 

      Oxa23, Oxa24, Oxa 48, Oxa58  
     

CONFOUNDING PROBLEM: 
 MOST OF THESE GENES ARE ON MOBILE ELEMENTS 





 July 2007-2010; Weill Cornell Medical College 
 Patients with a hematologic malignancies and a 

CRE bloodstream infection 
 18 patients; 14 K. pneumoniae, 3 E. cloacae,  
 1 polymicrobial 
 10 patients died 
 CRE had blaKPC plasmids 
 A median of 55 hours elapsed between culture 

collection and receipt of an active agent 
 Active agents limited to colistin, polymyxin, 

tigecycline and an aminoglycoside 
     



Molecular Epidemiology 



CRE – EPIDEMIOLOGY 

Northeast US the epicenter of the blaKPC 
ST258 strains which have spread to Israel, 
Greece, Italy and South America 
 
 India and Pakistan the epicenter of the 

blaNDM-1 epidemic and strains are spreading 
to UK and Europe  

 
Strains harboring blaIMP, blaVIM and blaOXA-48 

      are commonly reported in Europe 

    



Figure: Epidemiological features of producers of Klebsiella pneumoniae carbapenemases by country of origin 
Other carbapenemase types include VIM, OXA-48, or NDM. KPC=Klebsiella pneumoniae carbapenemase. 

 
Carbapenemases : A Global Perspective 

 



 
 

NDM Producers 

Nordman and Poirel. Clin Microbiol Infect, 2014:20-821 



 
 

OXA-48 Producers 

Nordman and Poirel. Clin Microbiol Infect, 2014:20-821 
 



 
Carbapenem Resistant Klebsiella pneumoniae 

 
  
 Since 2005, NYC/NJ hospitals have been the 

epicenter for the emergence and spread of KPCs  
 Have started to spread across the US 
 Resistance is linked to blaKPC gene 
 blaKPC gene on Tn4401 harbored on large plasmids 
 Plasmids are transmissible in Enterobacterceae 
 Strains are approaching pan-resistance 
 Molecular epidemiology not defined 
 ~50% mortality among transplant patients 

 
 



Is ST258 a single 
genetic clone that has 

disseminated world 
wide?  

PNAS. 2014:111;4983-93 



                             Comparative Genomic Analysis 

Genome = 5,266,518 bp 
Prophages =  8 
IS-elements = 22 
Conjugative elements = 2 
 
Plasmids = 5 
12 – 147 kb  

Genome = 5,293,301 bp 
Prophages =  7 
IS-elements = 19 
Conjugative elements = 2 
 
Plasmids = 3 
12 – 86 kb  



30684– Plasmid Content 



30660 – PLASMID CONTENT 



 
Complete genome analysis 

suggest that blaKPC harboring 
ST258 are clonal but contain 

different plasmids 

  Initial Conclusion  



Comparative Analysis on 
85 K. pneumoniae Genomes 



2003, 
1

2004, 
3

2005, 
3

2006, 
2 2007, 

7
2008, 

1

2009, 
18

2010, 
26

2011, 
14

2012, 
10 NJ, 26, 

31%

NY, 
22

PA, 
14

Mid 
Atlantic, 

6

Canada, 
5

Colombia, 
4 FL, 3

TX, 3
IL, 1 Italy, 1

KPC-, 
5, 6%

KPC-2, 
28, 33%

KPC-3, 
52, 61%

ST258, 
76, 89%

ST379, 
4, 5%

ST512, 
4, 5%

ST418, 
1, 1%

  85 – Selected K. pneumoniae 



  PHYLOGENETIC ANALYSIS OF ST258 K. pneumoniae 

 Comparative whole genome 
analysis on 85 strains showed 
that ST258 can be distinguished 
in two subclones: Clades I and II 
 

 ~350 SNP differences among 
the strains ranging from 116 to 
784 SNPs  
 

 Genetic divergence between the 
two clades is found in a ~215 kb 
region of divergence which 
contains the genes encoding 
the capsular polysaccharide 
biosynthesis 

Clade I 

Clade II 
● 

● 

  
● 



Literature indicates that the K. pneumoniae capsule 
polysaccharide (CPS) and the lipopolysaccharide 
promote resistance to phagocytosis in vitro and/or killing 
by serum complement 



           SNP Analysis in the Hypervariable Region   

The region of differences, including the capsular and lipid 
polysaccharide pathway genes, are the result of  
chromosomal replacement from other K. pneumoniae STs 



Summary of The US Epidemic 

 There are at least two major clades of ST258 K. pneumoniae 
harboring blaKPC resistance and clade I is associated with  

   blaKPC-2 and clade II with blaKPC-3    
 

 The diversity between the two clades is in the HVR and specifically 
the ~20 kb capsular polysaccharide region which evolves from 
recombination with other ST lineages 
 

 CPS switching is a common recombination mechanism in  
   K. pneumoniae 
 
 blaKPC is mobilized on Tn4401 which is found on numerous 

conjugative plasmids and four major sub-clones of ST258 harbor: 
IncI2, IncFIA and IncFIIK2 , IncR 
 

 



Clinical Dilemma 



 
 

 121 Bacteremia patients 
 Malignancy: 40% 
 Diabetes: 30% 
 Congestive heart failure: 

17% 
 Transplant recipients: 17% 

(12% solid organ) 
 47 hours until appropriate 

therapy 
 30 day mortality: 49% 
 84% were ST258 

 
 

2017:61;1-13 



Treatment Regimens 



 
Major Clinical Challenge:  

New therapies to treat highly drug resistant strains in 
highly vulnerable immunosuppressed populations 

 
 
 
 

 

 Soft and solid tissue organ transplant patients 
 Cancer patients 
 Adult cystic fibrosis patients 
 Nosocomial patients  

 
 Combinations with “old” drugs and the 

repurposing of beta-lactams using inhibitors 



AVIBACTAM 



Ceftazidime-Avibactam  
Ceftazidime-avibactam (by Etest): 100/101 isolates 
tested were susceptible (99%) based on the CLSI 
ceftazidime breakpoint of 4 μg/mL 
 MIC50 =  2 μg/mL 
 MIC90 =  4 μg/mL (susceptible breakpoint for 

ceftazidime) 
 KPC-2 Kp (n=44): only 1 (2%) with MIC of 4 

μg/mL  
 KPC-3 Kp (n=48): 19 (40%) with MIC of 4 

μg/mL  
 1 isolate had an MIC of 8 μg/mL 



Transmission 



 
 

Major Infection Control  Challenge:  
 

Carbapenem resistant strains of Enterobacteriaceae: 
K. pneumoniae,  Enterobacter spp. and E. coli 

 
 
 
 
 

 

 Spread as CRE resistant clones 
 Spread their plasmids and create new CRE clones 
 To investigate a suspected outbreak, resolution at 

the whole genome sequencing level and plasmid 
analysis is necessary 



 
 

5 year surveillance, one hospital 
37 patients with KPC producing K. pneumoniae 

Whole Genome Sequencing of each strain 
 

Antimicrobial Agents and Chemotherapy. 2015:59;1656 



 
 

16 Sequence types 
  2 major plasmids 
  KPC-2 and KPC-3 
  2 clonal types – 11 pts 



 
 

Plasmid Evolution in a Single Patient 

Conlan et al. M Bio, 2016:7;e00742-16 
 



 
 

Plasmid Evolution in a Single Patient 

Conlan et al. M Bio, 2016:7;e00742-16 
 



 
IN SUMMARY 

 
  CRE epidemic is global and the US is currently only 

experiencing the spread of blaKPC plasmids 
 There are limited drugs to treat CRE and the 

infected populations are high risk patients 
 β-lactam inhibitors, avibactam, new paradigm 
 Spread of CRE is both the movement of resistant 

clones and the continual creation and spread of 
resistance plasmids 

 Controlling this epidemic will require better 
diagnostics and improved therapy 
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