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Deadly 'superbugs' invade U.S. health care facilities 

DEADLY BACTERIA THAT DEFY DRUGS OF LAST 

RESORT 

‘Nightmare’ bacteria on warpath 

Are we headed for an antibiotic 
apocalypse? Deadly superbugs 
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Objectives 

Overview of carbapenem-resistant 

Enterobacteriaceae (CRE) 

 The threat of CRE across healthcare settings 

• Long-term acute care hospitals (LTACHs)  

• Regional amplifiers of CRE 

 How can we further reduce the emergence of CRE? 

• The role of patient sharing 

• Collaboration across healthcare settings 
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Emerging Antibiotic Resistance in  

Gram-Negative Bacteria 

 Carbapenems  “last line of defense” 

Carbapenem FDA Approval 

Imipenem 1987 

Meropenem 1996 

Ertapenem 2001 

Doripenem 2007 
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CRE: definitions 

 Enterobacteriaceae →  gram-negative bacteria causing both 

healthcare and community-acquired infections 

• Escherichia coli, Klebsiella pneumoniae, Enterobacter species 

 Carbapenem-resistant Enterobacteriaceae (CRE)  

• Enterobacteriaceae resistant to carbapenem antibiotics and/or  

• Carbapenemase production →  hydrolyze beta-lactams 

 Carbapenemases → highly transmissible plasmids  

• KPC most common in United States 

• Metallo-beta-lactamases with foreign medical care 

– NDM, VIM, IMP 
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Adapted from CDC.gov 

2001 
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As of August 2017, how many U.S. states has CRE 

NOT yet been reported in? 

A. 23 

B. 12 

C. 6 

D. 3 

E. 1 



9 



10 



11 

 

CRE 
 

 

“…require urgent public 

health attention to identify 

infections and to limit 

transmission.” 
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Mortality in patients with CRE colonization and/or infection 

CRE: clinical outcomes in acute care hospitals 

MRSA bacteremia ~15% mortality 
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Antimicrobial 

agent 

Interpretation Antimicrobial 

agent 

Interpretation 

Amikacin I Ertapenem R 

Amox/clav R Gentamicin R 

Ampicillin R Imipenem R 

Aztreonam R Meropenem R 

Cefazolin R Gentamicin R 

Cefpodoxime R Tobramycin R 

Cefotaxime R TMP-SMX R 

Cetotetan R 

Ceftriaxone R 

Ceftazidime R Polymyxin B  2 g/mL 

Cefepime R Colistin  2 g/mL 

Ciprofloxacin R Tigecycline  2 g/mL 

Carbapenem-Resistant Enterobacteriaceae (CRE) 

a major therapeutic challenge 
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CRE prevalence in acute care hospitals 

Lodise T, et al. Diag Micro and Infect Dis 2016;85. 
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But is this the entire picture??? 

Acute care 

hospitals 

Other 

healthcare 

settings?? 
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Objectives 

Overview of carbapenem-resistant 

Enterobacteriaceae (CRE) 

 The threat of CRE across healthcare settings 

• Long-term acute care hospitals (LTACHs)  

• Regional amplifiers of CRE 

 How can we further reduce the emergence of CRE? 

• The role of patient sharing 

• Collaboration across healthcare settings 
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Long term acute 

care hospital 

Adapted from Jarvis WR, Emerg Infect Dis 2001;7. 

 
Antibiotic 
Resistance 

 

Antibiotic resistance in the 21st century:  

“no institution is an island” 
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 Hospital Length of Stay  

 • 1975   =   11.4 days  

 • 2004   =   6.5 days  

 • 2006 - 2011  =  4.8 days 

 Require hospitalization for ≥ 25 days (CMS) 

 Complex medical conditions  90% transferred from ACHs with 

average LOS of 14 days 

 Acuity of care meets acute care hospital requirements 

• Licensed and certified under same criteria as short-term acute care 

hospitals 

What is an LTACH? 

National Center for Health Statistics. Summary Health Statistics for the US Population: 

National Health Interview Survey, 2008 Healthcare Cost and Utilization Project. 

1980s: LTACHs 
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LTACH Growth 

Centers for Medicare and Medicaid Services, 2013 

 Number of LTACHs increased ~65% from 2001 to 2012 

 Free-standing versus hospital-based 
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Patient severity of illness varies by healthcare setting  

Medicare Payment Advisory Commission. (2010). March Report to the Congress: Long-term Care Hospital 

Services. Washington, DC. 

The Moran Company. Analysis of 2008 Medicare acute-care hospital data sorted by APR-DRG group. 
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Conditions among Medicare beneficiaries admitted to LTACHs 

2012 

Source: Medicare Payment Advisory Commission. (2010). March Report to the 

Congress: Long-term Care Hospital Services. Washington, DC. 

. 

30% 

15% 

23% 
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LTACHs and antibiotic use 

Gould,  et al  Infect Control Hosp  Epidemiol 2006;27:920-5. 
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LTACHs: the “Perfect Storm” for emergence of  

antibiotic resistance 

 Complex patient population with average LOS >25 days 

• “Chronically, critically-ill” 

• 1-year mortality after LTACH admission ~52% 

 Device utilization high 

• Up to ~75% central venous catheter use 

 Rate of antibiotic use high 

• Comparable or higher than ICU setting 

 Logistics of isolation and cohorting 

Gould, C  et al  Infect Control Hosp  Epidemiol 2006;27.     Furuno J, et al. Am J Infect Control 2008;36. 

Munoz-Price S. Clin Infect Dis 2009;49.                               Kahn J, et al. JAMA 2010; 303. 
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 Cross-sectional point prevalence survey, 2011, n~400 patients 

 Chicago-area: Hospital ICUs (n = 24) and LTACHs (n = 7) 

 

 

 

 

 

 

 

 

 

 

 

 Large, most likely unrecognized CRE colonization pressure in 
LTACHs 

 

 

 

 

 
 

 

Epidemiology of CRE in LTACHs 
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Lin MY, et al. Clin Infect Dis 2013;57. 
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CRE in LTACHs: what are the implications? 

 LTACHs are major reservoirs of CRE 

 Carbapenem resistance rate ~25% 

 Overall, very high resistance rates to broad-spectrum gram-

negative agents (e.g., aminoglycosides, fluoroquinolones) 

 Notably high rate of resistance to colistin/polymyxin B of 

~16% 

 

 

 

 

 

 

 

→  Regional approach to surveillance, infection prevention, 

and antimicrobial stewardship are key 
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Objectives 

Overview of carbapenem-resistant 

Enterobacteriaceae (CRE) 

 The threat of CRE across healthcare settings 

• Long-term acute care hospitals (LTACHs)  

• Regional amplifiers of CRE 

 How can we reduce the further emergence of CRE? 

• The role of patient sharing 

• Collaboration across healthcare settings 
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Regional burden of CRE: role of patient sharing 

 Illinois acute care hospitals (n = 99) and LTACHs, 2014 

Ray MJ, et al. Clin Infect Dis 2016;63. 
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 Higher CRE rates in facilities with greater patient sharing 

 Each additional hospital connection 

• 6% increase in CRE rate in rural facilities  

• 3% increase in CRE rate in urban facilities 

Regional burden of CRE: role of patient sharing 

Ray MJ, et al. Clin Infect Dis 2016;63. 
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“No institution is an island” – social networks 

 Knowledge/education and  

   sharing of CRE rates 

 Standardized communication 

   about CRE on patient transfers 

 Regional coordinated surveillance, 

   infection prevention, and antimicrobial 

   stewardship interventions 

 Not all “social networks” overlap  

→ Departments of Health are key 

 

 

 

 

 

 

 

 

CONNECTEDNESS = INTERFACILITY SOLUTIONS 
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 Historically, infection control interventions designed to  

spread of MDROs have been implemented individually 

 Modeling data from NHSN and Emerging Infections Program 

• CRE, C. difficile, MRSA, MDR P. aeruginosa 

 Accounting for shared patient networks and inter-facility 

spread 

• Small (n = 10) and large (n ~100) networks as examples 

Slayton RB, et al. MMWR 2015;64. 
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Slayton RB, et al. MMWR 2015;64. 

74% reduction 
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“No institution is an island” – social networks 

 Knowledge/education and  

   sharing of CRE rates 

 Standardized communication 

   about CRE on patient transfers 

 Regional coordinated surveillance, 

   infection prevention, and antimicrobial 

   stewardship interventions 

 Not all “social networks” overlap  

→ Departments of Health are key 

 

 

 

 

 

 

 

 

Adul 
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 Mandatory reporting of CRE by: 

• Acute care hospitals 

• LTACHs 

• LTCFs 

• Laboratories 

 First CRE positive culture per patient stay 

Lin, et al. Emerg Infect Dis 2015;21. 
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 November 1, 2013 to October 31, 2014 

• First report per patient 

 115 acute care hospitals, 5 LTACHs, 46 LTCFs 

 1,557 CRE reports, ~4.3/day 

 
Lin, et al. Emerg Infect Dis 2015;21. 
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Conclusions 

 CRE is one of the most urgent antibiotic resistance threats 

 Rates of CRE are increasing nationally, especially in long-

term care settings 

• Awareness and surveillance are critical 

 No institution is an island 

• Knowledge of patient sharing networks and regional CRE rates is  

critical 

 Interventions to reduce the further spread of CRE need to 

focus on coordinated, collaborative efforts 

• Standardized communication 

• Regional infection control and antibiotic stewardship strategies 
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Thank you!  
jennifer.han@uphs.upenn.edu 

 

 

 

 

http://www.cdc.gov/HAI/organisms/cre/index.html 

http://www.cdc.gov/HAI/organisms/cre/index.html

