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Enterococct

* Enterococci are opportunistic nosocomial
pathogens

* Not only found in humans but in a wide
range of animals, including insects, plants
and in the environment

* New developments the last two decades:

— Changes in the ecology of enterococcal
infections



Developments In enterococcal ecology

- Typically: E. faecalis 90%/E. faecium 5-10%

» Late 1980s in US: Emergence of beta-lactam
resistance among E. faecium clinical isolates

* In 1990s-2000: change in the E. faecalis/E.
faecium ration among invasive isolates

* 1990-now in US: increase of VRE (E.
faecium) prevalence in hospitals



Rate of vancomycin-resistance in enterococcal bloodstream
infections in US Intensive Care Units
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Antimicrobial-Resistant Pathogens Associated With
Healthcare-Associated Infections: Annual Summary of Data
Reported to the National Healthcare Safety Network at
the Centers for Disease Control and Prevention, 2006—2007

Overall®

No. (%) of
pathogenic
Pathogen isolates

CoNS 5,178
Staphylococcus aureus 4,913
Enterococcus species

E. faecalis 1,177

E. faecium 1,888

NOS
Candida species

C. albicans

Other Candida spp.

or NOS

Escherichia coli
Pseudomonas aeruginosa
Klebsiella pneumoniae
Enterobacter species
Acinetobacter baumannii 902 (2.7)
Klebsiella oxytoca 359 (1. l_:'
Other 5,267 (15.6)

Total 33,848 (100)




Proportion of VRE among
Enterococcal 1ICU Isolates
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Glycopeptide-resistant E. faecium in Europe

Proportion of Glycopeptides meistert E fasolum lscites In perticipating ocuriries In 2002 Proportion of Glyoopeptides meistart E. fasclum leciies In partiolpsting couniries In 2007
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Glycopeptide consumption
(Wegener et al. 1994)

Human:
* US (296 million): 11,460 kg
- F, GE, |, GB, NL (273 million): 2,256 kg

Veterinary (Avoparcin as growth promoter):
- US: 0 kg?
» DK: 24,117 kg



VRE outside hospitals (1997)

Europe (Netherlands)
» Non-hospitalized persons: 8-12%

* Farm animals: 34-98%
(Veal calves, pigs, poultry)

« Domestic animals: 16-48%
(cats and dogs)

US

* Virtually none



Avoparci V/\ Vancomycin
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MLST population snapshot of E. faecium
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What explains the ecological
abundance of E. faecium CC-17 In
hospitals?

* Antibiotic resistance?
* |Increased virulence?
 Other?



Antibiotic resistance

Vancomycin Ampicillin

[ vancoR : vancos] |_AmpR  Amps]
100% — — 100%
90% ————— —— 90%
80% —————— —— 80%
70% +—— ———— 70%

60% - 60% -
50% - 50% -
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0% — 30% -
P40 — 7 20% -
O R — 7 10% -
() 0%
CC17 non CC17 CC17 non CC17

Ciprofloxacin Gentamicin

0% | B 90% | —
80% - 80% o
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Willems et al., 2005 EID; Leavis et al., 2006 JCM



A putative pathogenicity island in
CC-17 E. faecium
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Putative pathogenicity island.:
enriched in complex17
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Virulence
determinants?

Enterococcal

Surface Protein

(Esp)

°In E. faecalis:

— Biofilm formation
— UT colonization




Esp Is expressed on the cell surface
of E. faecium

Esp expression on the surface of £. faecium
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Esp is involved in biofilm formation

Enterococcal Surface Protein Esp Is Important for Biofilm Formation
of Enterococcus faecium E1162°

Deperremeny of Madicel
Reweived 27 July DEOTMACEISLD FL Auus 2007

Mean OD 595nm

Background
level

E1162Aesp E1162Aesp:pEF3

E11621esp * P<0.001, ** P<0.0005



Whole genome approach:
Ildentification of other CC-17
specific genes

« Comparative genomic hybridizations using a mixed

whole genome array (9 Efm)
— Hybridization with 97 isolates (CC17 and non-CC17)
— 437 spots = 80% specific for CC17

Leavis et al., 2007 PLoS Pathogens



Evolution of Hospital acquired
E. faecium clones |8

Emerging clone

il

Acquisition of adaptive
mechanisms
(AmpR, Esp-PAl, CSP, Gl,
|IS-elements, MGE, phages,
plasmids)



Conclusions on molecular epidemiology

* Not all E. faecium clones are identical!!

« E. faecium have evolved in distinct genetic
“host-specific” lineages (Clonal Complexes)

» E. faecium isolates responsible for the
majority of the hospital burden belong to
several evolutionary and genetically distinct
subpopulation/subspecies (for instance
CC17), which have spread globally



The vancomycin-resistance
transposon Tnl1546

ISIS A IS IS IS A
TR SRR, dod R
N 3 1 I )

orfl orf2 vanR vanS vanH vanAvanX vanYvanZ
Transposition Regulation VancoR

4 main types (47 Tn1546 sub-types)

Antimicrob Agents Chemother. 1999



Potential effects of antibiotics on
antibiotic resistance prevalence (VRE)

* Selection after mutation
— No role

 Selection after horizontal gene transfer
(=transposon transfer)

— Probably minor role

» Selection after cross-transmission
— Overwhelming importance



The association between antecedent vancomcyin

treatment and hospital-acquired VRE
Carmeli, Samore and Huskins. Arch Intern Med 1999; 159: 2461-8

* Meta-analysis

» Case-control studies (n=20, in 15 reports) examining the
association of vancomycin treatment and VRE

« 586 pts with VRE (61% Van) and 1249 controls (26% Van)
* Potential problems in studies
— Selecting control group
« VSE (n=5) or ‘no VRE’ (n=195)
— Case patient identification
* Clinical cultures (n=5), surveillance (n=6), acquisition (3)
— Adjustment for length of hospitalization
* Yes (n=5), no (n=10)
— Publication bias
* Funnel plot analysis



The Odds ratios of vancomcyin treatment

Pooled data of all studies
heterogeneity p<0.001

Selection of control group
VSE
no VRE

Case patient identification
clinical cultures
surveillance
acquisition

Adjustment for LOS
no
yes

Publication bias

Odds ratio
4.5 (3-6.9)

10.7 (4.8-23.8)
2.7 (2-3.8)

6.2 (3.2-12.2)
3.3 (1.7-6.3)
3.2 (1.7-5.9)

3.1 (1.8-5.3)
1.4 (0.74-2.6)

P<.01 (overrepresentation of small
studies with high ORs)



Effect on the Density of VRE in Stool of Therapy with Antianaerobic-Antibiotic
Regimens in 13 Patients and Regimens of Antibiotics with Minimal Antianaerobic
Activity in 10 Patients

Initial No. of
Organisms

{log/g) Antianaerobic-antibiotic regimens
Metronidazole (oral) and piperacillin—tazobactam
Piperacillin-tazobactam
Vancomycin and ciprofloxacin (oral)
Ampicillin-sulbactam and vancomycin
Vancomyecin
Piperacillin-tazobactam and cefepime
Vancomycin, then piperacillin-tazebactam
Vancomycin and levofloxacin {oral)
Vancomyecin, meropenem, and rifampin (oral)
Amoxicillin-clavulanate (oral), then meropenem and vancomycin
Piperacillin-tazobactam
Vancomycin, meropenem, and ciprofloxacin
Clindamycin (oral)
Regimens of antibiotics with minimal antianaerobic activity
Dicloxacillin {oral)
Dicloxacillin (oral)
Levofloxacin (oral), then trimethoprim-sulfamethoxazole (oral)
Ciprofloxacin (oral)
Levofloxacin (oral)
Levofloxacin (oral)
Levofloxacin (oral)
Cephalexin {oral)
Ciprofloxacin (oral)
Trimethoprim -sulfamethoxazole (oral), then levofloxacin (oral)

-2 -1 0 1 2 3 4 5

Change in No. of Organisms (log/g)

Donskey C et al. N Engl J Med 2000;343:1925-1932

The NEW ENGLAND

e 3 JOURNALof MEDICINE




VRE and mortality

* VRE infection as a prognostic marker for
mortality

— Overwhelming evidence

* VRE infection as an etiological factor for
mortality
— Hardly any (convincing) evidence

— Excluding confounders (such as severity of
underlying iliness) is almost impossible



THE LAMNCET

Epidemiology of colonisation of patients and environment with
vancomycin-resistant enterococci

Marc 1 M Bonten, Mary K Hayden, Catherine Nathan, Jean van Voorhis, Marian Matushek, Sarah Slaughter,
Thomas Rice, Robart A Wainstain

Vol 345:{- December 14, 1996

VRE: The thriple threat bug

Persistent colonizer of the gut, like multi-resistant Gram-negative rods

Persistent colonizer of the skin, like MRSA

Frequent colonizer of the inanimate environment, like C. difficile



ORIGINAL INVESTIGATION

Chlorhexidine Gluconate to Cleanse Patients
in a Medical Intensive Care Unit

The Effectiveness of Source Control to Reduce the Bioburden
of Vancomycin-Resistant Enterococci

Michael O. Vernon, DrPH; Mary K. Hayden, MD; William E. Trich, MD; Robert A. Hayes, BSc;
Donald W. Blom, RN; Robert A. Weinstein, MD; for the Chicago Antimicrobial Resistance Project (CARP)

Arch Intern Med. 2006:166:306-312

Prospective sequential-group single-arm clinical trial

Conclusion: Cleansing patients with chlorhexidine-
saturated cloths is a simple, effective strategy to reduce

VRE contamination of patients’ skin, the environment,
and health care workers” hands and to decrease patient
acquisition of VRE.




ORIGINAL INVESTIGATION

Effectiveness of Chlorhexidine Bathing
to Reduce Catheter-Associated Bloodstream
Infections in Medical Intensive Care Unit Patients

Susan C. Bleasdale, MD:; William E. Trick, MD; Ines M. Gonzalez, MD:;
Rosie D. Lyles, MD; Mary K. Hayden, MD; Robert A. Weinstein, MD

Arch Intern Med. 2007:167(19):2073-2079

2% Chlorhexidine cloths Soap and watar MICU A

Soap and water 2% Chlorhexidine cloths MICU B

“Washout" period

——
|7 28 weaks 4| 2 weeks |7 24 weeks 4|

{June &—December 20, 2005) (January 5—June 21, 2006)




Table 2. Comparison of Incidence of Infection by Method of Bathing Patients and Infection Category
I ——————

Bathing Method

|
Soap and Water 2% CHG

| | |
Infection Category Events Rate? IEw:nts Rate? Difference (95%: CI) P Value

Primary BSI 22 10.4 9 4.1 6.3 (1.2 to 11) 01
Contaminant g 4.3 4 1.8 2.4(-091t05.7) A6
Clinical sepsis g 4.2 16 7.2 -3.0(-75101.5) 20
) A1
6.3tod1) 69
)
)

Ventilator-associated pneumonia 15 6.8 18 7.8 -11
Secondary BS| 5 2.4 5 2.3 0
Clostridium difficile diarrhea 20 94 21 85 0

281030 95
591057 98

4(-
(-
Urinary tract infection 17 8.0 13 549 21(-281t07.1
(-
(-
(-

Conclusions: Daily cleansing of MICU patients with
CHG-impregnated cloths is a simple, effective strategy
to decrease the rate of primary BSIs.

Proportion of Patients Without BSI

Study arm
— 2% CHG
Soap and water

F=.04 by the log-rank test
0.00 T

0 g 1 I(J 1 I5 2IU 2I5 3I0 3I5
Length of Stay in the MICU, d

Figure 2. Kaplan-Meier survival curve for occurrence of bloodstream
infection (BSI) by study arm. CHG indicates chlorhexidine gluconate; MICU,
medical intensive care unit.

S. Bleasdale et al. Arch Intern Med 2007; 167: 2073




Effect of Improved Environmental
Cleaning on Transmission of VRE

Patients colonized with VRE
Acquisition of VRE

Mean % of patients colonized with 7
VRE ]
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Conclusions on prevention of VRE
transmission and infection

* Transmission

— Standard barrier precautions (including hand hygiene) are
Important

— Environmental cleaning

— Source reduction through skin decontamination with
chlorhexidine

— Modulation of antibiotics (?)

* Infections

— Source reduction through skin decontamination with
chlorhexidine

— Reduction/modulation of antibiotics (?)



If you don't have VRE!

ook for ampicillin-resistant
E. faecium!



Proportion of invasive ARE from total number of
Invasive Enterococcus species in UMC Utrecht
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Incidence of invasive Ampicillin-resistant
enterococcal infections in Dutch hospitals
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Establishment of VRE Endemicity in Hospitals

No VRE

o
Sporadic
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Monoclonal
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Establishment of ARE Endemicity in Hospitals
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Establishment of ARE Endemicity in Hospitals
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Approaches to Control multiresistant Enterococci:
Studies on molecular ecology, horizontal gene
transfer, fitness and prevention.”
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