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Goals 

• Things you will not hear about… 

– MRSA 

– VRE 

• Things you will hear about… 

– Common Mechanisms of Gram negative 
resistance – ESBL’s vs. AmpC’s 

• And why you should care. 

– Vancomycin Resistant Staphylococcus aureus 

• And why you shouldn’t care. 

– The Untreatable Gram negative Infection 



Empiric Antibiotic Therapy 
• When a patient is suspected of having infection and a 

physician must guess and treat according to the most 
likely etiologies. 
– Typically empiric therapy will cover for the most likely 

Gram positive and Gram negative agents. 
 

Let’s talk about some options for the empiric treatment of 
blood stream infection… 
What are you covering and what aren’t you covering? 
 1. Vancomycin? 
 2. Vancomycin and Ampicillin? 
 3. Vancomycin and 3rd generation cephalosporin? 
 4. Vancomycin and cefepime? 
 5. Vancomycin and carbapenem? 
  

Gram positive empiric therapy is easy. 
Gram negative empiric therapy is challenging and dependent on local epidemiology 



Gram Negative Mechanisms of Resistance 
The Big Three Beta-Lactamases 

1. Carbapenemases 

– Klebsiella pneumoniae Carbapenemases (KPC) 

– New Delhi Metallo Beta-Lactamases (NDM-1) 

2. Extended Spectrum Beta Lactamases (ESBL’s) 

3. Class C cephalosporinases (AmpC) 



Beta-Lactamase Resistance Patterns 

Beta-
Lactamase 

1st Gen. Cephs 
2nd Gen. 

Cephs 
Cephamycins 3rd Gen. Cephs 

4th Gen. Cephs 
(Cefepime) 

Carbapenems Monobactams 

Beta-
Lactamase 
Inhibitor 
Effective? 

KPC Resistant Resistant Variable Resistant Resistant Resistant Resistant Weakly 

NDM-1 Resistant Resistant Resistant Resistant Resistant Resistant Susceptible No 

Low Level 
AmpC 

Variable Susceptible Susceptible Susceptible Susceptible Susceptible Susceptible No 

Hyper-
produced 

AmpC 
Resistant Resistant Resistant Resistant Susceptible Susceptible Resistant No 

ESBL Resistant Resistant Susceptible Resistant Variable Susceptible Resistant Yes 



Gram negative Beta-Lactam Resistance: 
In North Texas 

ESBL 

AMPC 
KPC 

NDM-1 



What is the difference between an 
AmpC and an ESBL 

ESBLs AmpC 

• Class A 

• BLI Inhibited -  YES 

• Plasmid –   YES 

• Chromosome -  NO 

• Inducible -   NO 

 

• Organisms 
– All Enterobacteriace 

• Class C 

• BLI Inhibited -  NO 

• Plasmid -   YES 

• Chromosome -  YES 

• Inducible -   YES 
– Only on Chromosome 

– Constitutively ON when plasmid 
borne 

• Organisms 
– Chromosome – SPACE 

– Plasmid – Non-SPACE 
Enterobacteriaceae 



CTX-M ESBLs 

• MIC’s to cefotaxime > ceftazidime 

• Aztreonam variable 

• Efficiently hydrolyze cefepime 

– In contrast to other ESBLs 

• Tazobactam > clavulanic acid 

• Currently rare but emerging in North America 
but most common world wide. 

– Associated with community acquisition 



CTX-M Profiles from the US 



• CTX-M’s are now the 
predominant ESBL 

Just down  

Lewis et al. 2007. AAC 

http://www.google.com/imgres?imgurl=http://pegasusnews.com/media/img/news/tease/2009/08/07/thumbs/i-35.png.728x520_q85.png&imgrefurl=http://www.pegasusnews.com/news/2010/oct/28/interstate-35-expand-downtown-fort-worth-north-287/&usg=__3g0nz0IIGv4SiY17nsxqqijtZ8I=&h=520&w=520&sz=80&hl=en&start=6&zoom=1&tbnid=zS891wERGkvqoM:&tbnh=131&tbnw=131&ei=lf_MToyhJpSNsAKA0sHRDg&prev=/search?q=interstate+35&um=1&hl=en&sa=N&rlz=1T4ADFA_enUS450US450&tbm=isch&um=1&itbs=1


Breakdown of 3rd Generation 
Cephalosporin Resistance in BSI 

Data from Children’s Medical Center 

  



1. IC – 33% 

2. Urine – 51% 

3. Blood – 9% 

4. Respiratory – 3% 

Other – Ear (2), Wound 
(4), Body fluid (3), CSF 
(1), Abscess (2) 

 

What types of infections do ESBL 
producing organisms cause at CMC? 

Citrobacter 
5% Enterobacter 

2% 

E. coli 
71% 

K. oxytoca 
9% 

K. 
pneumoniae 

13% 

Of the cefepime resistant isolates 



Remember S.P.A.C.E. for inducible 
chromosomal ampC carriers 

•S- Serratia 
•P- Pseudomonas aeruginosa and 

Proteus-like organisms including 
Providencia and Morganella. 

•A- Aeromonas/Acinetobacter 
•C- Citrobacter 
•E- Enterobacter 



Conspicuous by their absence… 
Notable Enterobacteriaceae that lack a 

chromosomal ampC gene 

• Klebsiella pneumoniae 

• Klebsiella oxytoca 

• Proteus mirabilis 

• Salmonella spp. 

• Citrobacter koseri 

• E. coli** 

 
The catch: ampC genes also exist on transmissible plasmids 



Epidemiology of ampC 
Organism Inducible ampC (%) Constitutive ampC (%) Total ampC (%)  

P. aeruginosa 115/134 (85.5) 15/134 (11.2) 130/134 (97.0) 

Citrobacter spp. 10/13 (76.9) 1/13 (7.7) 11/13 (84.6) 

S. marcescens 12/13 (92.3) 0/13 (0) 12/13 (92.3) 

Enterobacter spp. 34/40 (85) 6/40 (15) 40/40 (100) 

• High percentage of SPACE organisms possess ampC. 

• Reflexively make all SPACE organisms resistant to beta-
lactam antibiotics up through 3rd generation 
cephelosporins 

Dunne et al. 2005. J. Clin. Microbio. 



Selecting for Stably Derepressed AmpC’s 

 

• Extended spectrum 
cephalosporins but NOT 
cefepime nor carbapenems 
selected for resistance. 

• Enterobacter most likely to 
develop resistance 

• 5% of patients treated with 
broad spectrum 
cephalosporin developed 
resistance 

• Treatment time to resistance 
= AVG 7 days (range 3-28 
days) 

 

Choi et al. AAC. 2008 

Moland et al. Clin. Micro. Newsletter. 2008 



A recent example from CMC 





Behind the scenes 



Major CLSI Updates in 2010--
Enterobacteriaceae 

• Revised MIC and disk diffusion 
breakpoints for some cephalosporins 
and aztreonam 

• ESBL confirmatory testing no longer 
“required” 
o “Not needed for patient management in light 

of revised breakpoints” 

• No reflexive change in interpretation for 
cephalosporins required in ESBL 
producing organisms 



Here’s why they did it… 
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Why the CLSI Changes were Controversial 

The Argument… 

• For the change 
– Phenotypic detection (i.e. 

non-molecular methods) 
aren’t very good at detecting 
ESBL’s 

– Simplifies testing (sort of) 

• Against the change 
– Mechanism NOT MIC predicts 

outcome 

– NO cephalosporin should be 
used to treat an ESBL 
producing organism 

Why it matters to you… 

• Labs no longer required to 
routinely test for these 
mechanism  
– Infection prevention 

implications 

• Antibiograms may change 
for the worse… 

• Lower break points may 
drive usage of broader 
spectrum antibiotics 



ESBL/AmpC Wrap Up 

• Most common mechanism you’ll encounter 

• Plasmid transmissible = rapid inter-species 
spread 

• Changing test requirements have and are 
leading to great diversity in lab practices 



Introduction of New               
Antibiotimicrobial Classes 

Source: Policy Responses to The Growing Threat of Antibiotic Resistance, Extending The Cure, May 2008  

Courtesy of Dr. Gary Doern 



Vancomycin and S. aureus 

Definitions 

• VSSA – Vancomycin susceptible S. aureus 

• VISA – Vancomycin intermediate S. aureus 

• hVISA – heterogeneous Vancomycin intermediate 
S. aureus 

• VRSA – Vancomycin resistant S. aureus 

MIC (µg/mL) 

 

2 4 8 16 

Susceptible Intermediate Resistant 



Origins of reduced      
glycopeptide susceptibility 

• Indications for 
vancomycin 
– prophylaxis (35%) 

– empirical therapy 
(32%) 

– directed treatment 
(33%) 

 
 
 

 

• Use in animal husbandry 
• Denmark in 1994: 

• 24 kg vancomycin for 
human therapy 

• 24,000 kg of avoparcin 
were in animal feed. 

• Australia 1992-1996: 
• 582 kg of vancomycin per 

year for medical purposes 

• 62,642 kg of avoparcin per 
year for animals 

– United States 
• 25 million pounds of 

antibiotics are used yearly  

 
Ena et al JAMA 1993 
Ena et al J Chemother 1993 
Witte et al Science 1998 
www.pewhealth.org 



Is there a link between animal 
antibiotic use and human resistance? 

• 70% of antibiotics sold are 
given to healthy animals. 
– Used without the 

consultation of a 
veterinarian. 

• July 2010 – The FDA and 
the US Dept. of 
Agriculture and the CDC 
testifies before congress 
that there was a definitive 
link between animal use 
and the crisis of antibiotic 
resistance in humans. 





VRSA: What’s the big deal? 

• Discovered in 1953. 

• Over 50+ years of Vancomycin usage and we 
have had 13 (As of early 2011) reports of 
VRSA… TOTAL!! 

• 8 of 13 have been in Michigan 

• Never been a case of VRSA transmitted from 
patient to patient 

– Fitness cost too great to maintain resistance? 



VRSA: Is it untreatable? 
 Treatment Options (n = 13) 

Antibiotic MIC Range % Susceptible 

Ceftaroline 0.12-1 100 

Daptomycin 0.25-1 100 

Linezolid 0.5-4 100 

Minocycline 0.03-2 100 

Trim/Sulfa 0.06/1.2-2/38 100 

Tigecycline <0.03-1 92 

Clindamycin >64 0 

Telavancin 2-6 0 

Vancomycin 32->64 0 

Saravolatz et al. CID. 2012.  55(4) 



VRSA: How does it happen? 

• vanA-mediated 
vancomycin resistance 
– Mechanism that confers 

vancomycin resistance in 
Enterococci 

• Of the first 7 VRSA… 6 of 
those patients were co-
colonized/infected with 
VRE 

• VRSA 4-7 were all 
different S. aureus strains 
but contained the same 
plasmid type. 

http://www.nature.com/scitable/definition/conjugation-prokaryotes-290 

http://www.nature.com/scitable/definition/conjugation-prokaryotes-290
http://www.nature.com/scitable/definition/conjugation-prokaryotes-290
http://www.nature.com/scitable/definition/conjugation-prokaryotes-290
http://www.nature.com/scitable/definition/conjugation-prokaryotes-290
http://www.nature.com/scitable/definition/conjugation-prokaryotes-290


VRSA Summary 

• Vancomycin is an important drug for treating 
MRSA, thus VRSA is a concern 

• So far VRSA is EXTREMELY rare and does not 
appear to be stable. 

• VRSA can be susceptible to other drugs like 
daptomycin, linezolid, bactrim and ceftaroline. 

• Laboratory detection is not difficult if using 
MIC method. 



The Untreatable Infection 

Let’s start in an unusual place 



Neisseria gonorrhoeae - Epidemiology 

…as long as people are still having 

promiscuous sex with many 

anonymous partners without 

protection while at the same time 

experimenting with mind-expanding 

drugs in a consequence-free 

environment, I'll be sound as a pound!  

• CDC implementation of GC control 

program in the mid 70’s. 

• Decreased incidence of GC in the US 

by 74% 

 



  



 Current Neisseria gonorrhoeae 
Treatment recommendations 

Infection Primary Alternative 

Urethritis, cervicitis and 
proctitis 

Ceftriaxone  or cefixime 
PLUS doxycycline or 

azithromycin 

Conjunctivitis Ceftriaxone IM 

Disseminated gonococcal 
infection (DGI) 

IM or IV Ceftriaxone IV Cefotaxime or IV 
ceftizoxime 

Pharyngitis Ceftriaxone IM PLUS 
doxycycline or azithromycin 

MMWR 2010 – Dec 17, 2010 – STD Treatment Guidelines 

As of 2007, fluoroquinolones no longer recommended due to widespread  

emergence of resistance. 



 



0% 

4% 0.9% 

0% 

MMWR 2011 – July 8, 2011 

Drug Susceptible                       
(MIC (µg/mL)) 

Susceptible                       
(Disk (mm)) 

Cefotaxime <= 0.5 >= 31 

Ceftriaxone <= 0.25 >= 35 

Cefixime <= 0.25 >= 29 

Azithromycin Eucast <=0.25     
GISP <=1 

No interpretation 

CLSI – M100-S21 EUCAST Version 1.1, April 2010 



Neisseria gonorrhoeae: Regional Treatment 

Oklahoma City, OK 

http://www.cdc.gov/std/gisp2009/okc-2009.pdf 

Azithromycin 

“Breakpoint” 



Neisseria gonorrhoeae: APIC DFW Region 

Different in Dallas… 

 

 

 

 

 

 

     Same treatment pattern in MO and LA but with AZT 
susceptibility patterns resembling that of OKC 

 

 

http://www.cdc.gov/std/gisp2009/default.htm 



Why is this a HUGE problem? 

• Effective management and control of GC 
infection and spread is dependent upon 
successful medical treatment 

– This treatment must be a couple of things to be 
effective. 

1. It must be active 

2. It must be cheap 

3. It must be easy to give (i.e. – oral) 



CRE’s: And you thought you didn’t 
want Gonorrhoeae?!?! 

 



KPC (Klebsiella pneumoniae carbapenemase) 

• Plasmid-encoded molecular Ambler class A enzyme 
o Weakly inhibited by beta-lactamase inhibitors - unlike other class A 

enzymes 
o Hydrolyses all beta-lactam molecules 

• Predominantly found in K. pneumoniae but has also been identified 
in K. oxytoca, Enterobacter spp., E. coli, C. freundii, Salmonella 
enterica, Proteus mirabilis and P. aeruginosa.  
  

Queenan and Bush. 2007. Clin. Microbiol. Rev. 



Epidemiology of KPCs 
• Most prevalent in Pennsylvania, New York and 

New Jersey 
o More than 1/3 of K. pneumoniae in New York City are 

KPC positive 

• No KPCs have been identified @ CMC 
• Parkland identifies occasional KPCs 

  
  

 
 

Nordmann et al. 2009. Lancet. Infect. Dis. 



KPC’s in Texas 

• No KPC’s identified in Texas before 2009 

– 3 index patients (in Houston) 

• Patient 1 – KPC producing Klebsiella – BSI - survived 
– Resistant to all antibiotics except colistin and amikacin 

• Patient 2 – KPC producing Klebsiella – BSI - died 
– Resistant to all antibiotics except gentamicin, tigecycline and 

colistin 

• Patient 3 – KPC producing Klebsiella – BSI - survived 
– Resistant to all antibiotics except amikacin, tigecycline and 

colistin 

 

Hirsch et al. DMID. 2011. 69(2) 



KPC’s in Texas 

• Since the first 3 KPC’s in Houston… 

• At least 18 more have been identified in Texas 
(that we know of) 

• True scope of the spread is not appreciated. 

• Hospitals in the DFW area are starting to 
isolate CRE’s. 

– CMC has never had a “true” CRE. 



The New Delhi Metallo Beta-
Lactamase (NDM-1) 

• Metallo-beta lactamase  

• Had not been identified in the United States 
prior to 2010 



The story in the UK 

  



NDM – New Delhi Metallo Beta 
Lactamase 

Kumarasamy et al. 2010. Lancet 

All NDM isolates were multi-drug resistant 



NDM in the United States 

 

Rasheed et al. EID. 2013. 19(6) 



How did it spread so quickly to the UK? 

 • Several of the UK source 
patients had elective 
surgery in India or 
Pakistan. 



The bad news…. 

  



Usage drives resistance… 
 

• Objective:  
– To determine if restriction of cephalosporin would reduce 

incidence of ESBL producing Klebsiella spp. 

 
• Results 

– Cephalosporin restriction led to 44% decline in 1 year of ESBL 
isolates  

• 70.9% reduction in the ICU 

 
– Imipenem use increased by 140% 

• Concomitant 69% increase in imipenem resistant P.aeruginosa 

 

I’ll leave you with “The Vicious Cycle”  
Something to think about 

Rahal etl al. 1998. JAMA  



Thank you for your attention! 


