
Carbapenem-resistant 
Enterobacteriaceae (CRE) and the 

Environment: A Pathway to Infection? 

 
Jesse T. Jacob, MD 

Assistant Professor of Medicine 
Emory University School of Medicine 



Jesse T. Jacob 
Personal/Professional Financial Relationships with Industry 

External Industry Relationships  Company Name Role  
Equity, stock, or options in 
biomedical industry companies 
or publishers 

None 

Board of Directors or officer None 
Royalties from Emory or from 
external entity 

None 

Industry funds to Emory for my 
research  

None 

Other  None 



Objectives 

• Discuss the increasing recognition of the 

environment in cross-transmission of 

pathogens 

• Synthesize the evidence for the role of the 

environment in the transmission of CRE 







Enterobacteriaceae 

• Large family of bacteria 
• Normal human (animal) gut microbiota 

– Most common: E. coli and Klebsiella pneumoniae 

• Agents of common and serious infections in 
both healthcare setting and the community 
– Urinary tract infections, post-operative infections, 

pneumonia, bloodstream infections, meningitis, 
typhoid, plague, dysentry 



Carbapenems\Carbapenem Resistance 

• Carbapenems (i.e. imipenem) 
– One of the broadest spectrum antibiotics 
– “Antibiotics of last resort” 

• Carbapenem resistance 
– Potentially transferrable (plasmid mediated) 
– Two major mechanisms 

• Carbapenemase 
• Porin mutation + β-lactamase 



Central line-
associated 

bloodstream 
infections 

Catheter-
associated 

urinary tract 
infections 

Ventilator-
associated 
pneumonia 

Surgical site 
infections 

E. coli  1.9% 2.3% 3.5% 2.0% 

Klebsiella spp. 12.7% 12.5% 11.2% 8.2% 

CRE in the National Healthcare  
Safety Network (NHSN), 2009-2010 



Guh et al.  Expert Rev. Anti Infect. Ther. 2014;12:565–580 

CRE in the US, 2013 
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Patel G et al. Infect Control Hosp Epidemiol 2008;29:1099-1106. 



Rock et al  Infect Control Hosp Epi 2014;35:426-429 

CRE Spreads Through Contact 

 
Samples 

Samples 
Contaminated 

N  n % 
Gown/gloves 96 10 10.4 
Environment 19 2 10.5 



Rock et al  Infect Control Hosp Epi 2014;35:426-429 





Modes of Transmission of 
Infectious Agents 

• Contact 
–  Direct (body-to-body) 

–  Indirect (e.g., fomites/environment, HCWs’ hands) 

• Air 
– Large Droplet (>5µm; travel 3 feet) 

– Small “Droplet” (≤5µm; airborne) 

• Common source (Water) 

• Endogenous  



Weinstein RA.  Am J Med 1991;91(suppl 3B):179S 

(40-60%) 

(20-25%) 
(20-40%) 
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Otter JA, et al.  Infect Control Hosp Epidemiol 2011;32:687-699 



Rutala WA, Weber DJ.  In:”SHEA Practical Healthcare Epidemiology”, 3rd ed, 2010. 



• Environmental contamination frequent 
• Persists in the environment 
• HCW hand contamination 

– Correlated to environmental burden 

• Viability preserved 
• Increased acquisition risk if prior room occupant + 
• Molecular link of environmental and clinical isolates 
• Improved cleaning/disinfection reduces infection 

A Framework 



Hayden et al.  ICAAC, 2001. Abstract K-1334 

X represents VRE culture positive sites 

VRE and Environmental Contamination 



Lerner et al.  J Clin Microbiol. 2013;51: 177–181. 



Lerner et al.  J Clin Microbiol. 2013;51: 177–181. 

KPC in 298 Environmental Samples 
from Vicinity of 34 Known Carriers 

224/928 (24%) positive for CRE 



Shams et al.  IDWeek 2014 Abstact #1366 

CRE from 11 Facilities in 4 States 



Shams et al.  IDWeek 2014 Abstact #1366 

When Present, CRE Burden is High 



CRE in the Environment of 15 
Rooms of Colonized Patients 

Weber et al.  Infect Control Hosp Epidemiol 2015 (pub ahead of print) 
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• Environmental contamination frequent 
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• HCW hand contamination 

– Correlated to environmental burden 
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A Framework 



Survival of CRE on Dry Surfaces 

Havill et al.  ICHE 2014; 35:445-447  



Kotsanas et al.  Med J Aust 2013; 198 (5): 267-269. 

“Down the Drain”: CRE ICU Sinks 

• Patients 
– 10 clinical isolates and 1 surveillance isolate with 

blaIMP-4 gene over 30 months  

• Environment 
– S. marcescens in grate/drain of 8 sinks 

• Molecular typing relatedness to clinical isolates 

– Tap water cultures negative.  
– Failed 6 attempts to clean and decontaminate 

sinks using detergents and steam 



• Aged (2005), 
deteriorating 
porcelain 

• Shallow sink 
with water over 
drain 

• Sink used for 
clinical waste 

• One brush used 
to clean all 
drains without 
disinfection 

Kotsanas et al.  Med J Aust 2013; 198 (5): 267-269. 

A Suboptimal Process 
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Palmore and Henderson. Ann Intern Med. 2014;160(8):567-569. 



What environmental interventions 
did the NIH Clinical Center make? 

• Double disinfection of all high-touch surfaces 
with bleach wipes 

• Hydrogen peroxide vapor decontamination 
• Sink drains were removed and cleaned 

thoroughly, and bleach sprayed daily down 
drains on affected wards  

• Built a wall to allow cohorting 

Palmore and Henderson.  Clin Infect Dis 2013;57(11):1593–9 



Why such aggressive cleaning? 

• Bed ?source in 1 transmission  
• Ventilator grew KPC despite 3 prior rounds of 

manual cleaning and disinfection 
• Cultures from 4 sink drains grew KPC 
• 7/260 (3%) of environmental cultures KPC +  
• Small inocula might transmit lethal infection 

to immunosuppressed patients 

Palmore and Henderson.  Clin Infect Dis 2013;57(11):1593–9 



What worked at NIH? 

“We emphasize that much of what we did in 
managing this outbreak is not evidence-based…We 
attempted to mitigate literally every risk we could 
identify and took the most conservative approach that 
was feasible in virtually every instance…We are not 
suggesting that our use of any of these interventions 
implies efficacy and underscore that we implemented 
all of them virtually simultaneously, so we have no 
way of knowing which of them were effective. ” 

Palmore and Henderson.  Clin Infect Dis 2013;57(11):1593–9 



• Environmental contamination frequent 
• Persists in the environment 
• HCW hand contamination 

– Correlated to environmental burden 

• Viability preserved 
• Increased acquisition risk if prior room occupant + 
• Molecular link of environmental and clinical isolates 
• Improved cleaning/disinfection reduces infection 

A Framework 



Lippmann et al.  Lancet ID 2014;14:271-272 

CRE Outbreak Linked to 
Contaminated Pillows 









• Environmental contamination frequent 
• Persists in the environment 
• HCW hand contamination (gap) 

– Correlated to environmental burden 

• Viability preserved 
• Increased acquisition risk if prior room occupant + 
• Molecular link of environmental and clinical isolates 
• Improved cleaning/disinfection reduces infection 

A Framework 



Munoz-Price and Quinn. Curr Opin Infect Dis 2013, 26:378 – 387 



Conclusions 

• Environment important in CRE transmission 
– Extent and importance unclear since mostly 

based on outbreaks 

• Environmental cleaning (including devices) 
should be a focus 

• Ascertaining which intervention(s) works best 
should be a priority 
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