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Enterococci 
Enterococci are opportunistic pathogens in 
critically ill patients. 
They are not only found in humans, but also in 
animals, plants and the environment.  
They are intrinsically resistant to many antibiotics 

Susceptible to ampicillin and vancomycin!  
End of 1980s in the US: Increase of infections 
with ampicillin-resistant E. faecium in hospitals.  
Since 1990 in the US: Increase of infections with 
vancomycin-resistant E. faecium (VRE) in 
hospitals.  
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Vancomycin-Resistant Enterococci  
in US Intensive Care Units 

Source: NNIS 



Low prevalence in hospitals   ̃1-2% 
 
High prevalence outside hospitals 

 
• Healthy people:    8-12% 
• Farm animals:    34-98% 
 (Calves, pigs, poultry) 
• Other animals:    16-48% 
 (cats and dogs) 
 
• Associated with massive use of avoparcin as growth promotor 

in agricultural industry 

VRE in the Nederlands: 1990s 



 
Avoparcin use in animals -> VRE in 
animals -> VRE in humans -> VRE in 
patients -> death 
 
But: 

In US: No avoparcin in animals, no VRE in 
animals, no VRE in humans, lots of VRE in 
patients 
In Europe: Avoparcin in animals, VRE in 

 



The population structure of E. faecium 

Complex-17 
~ 70% Ziekenhuisinfecties 
~ 90% Uitbraken in ziekenhuizen 

Gemengde bronnen: 
Ziekenhuisinfecties 
Huisdieren 

Varkens  
Gezonde mensen (VRE) 

Kalveren 

Gezonde mensen 
(VSE) 

Pluimvee 

Willems et al.EID 2005 



Proportion of ampilcillin-resistant E. faecium 
(C17) among all enterococcal infections in 

the UMC Utrecht 
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What explains the succes of CC17? 

 



conserved spots  (n=1770, 
65%) 

differential spots 
(n=1599) 

CC17 

Hospital clade specific 
(n=439) 

Strains  

Genes 
(spots) 

 

2D hierachical clustering of mixed whole-genome array 
Non-CC17 

Leavis et al., 2007 PLoS Pathogens 



Cumulatieve verwerving van 
aanpassingsmechanismen door CC17 enterococen 

G enetic capitalism; Matthew effect: 
" For unto every one that hath shall be given, 
and he shall have abundance: but from him that hath not shall be 
taken away even that which he hath. "  (Matthew XXV:29, KJV)  

Ziekenhuis 

ST17 ST17 

binnen buiten 

Hospital-adapted 
C C17 

http://en.wikipedia.org/wiki/Gospel_of_Matthew
http://en.wikisource.org/wiki/Bible%2C_English%2C_King_James%2C_Matthew
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Antibiotic resistance in the Netherlands:  
% ESBL in Gram-negative bacteremia 
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Antibiotic use in humans in Europe 



Use of veterinary antibiotics in Europe 
 



 
Antibiotics in animals -> ESBL in animals -
> ESBL in humans -> ESBL in patients -> 
death 
 





4 questions to be answered 
1. What is the likelihood of contamination of chicken retail meat with 

ESBL producing bacteria? 
2. Is all (chicken) meat equally contaminated with ESBL? 
3. To what extent are these bacteria encountered in human infections? 
4. What is the total burden of disease of these bacteria in the 

Netherlands? 
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ESBLs in Dutch retail meat samples 
 
Leverstein et al., CMI 2011 

94% of 98 fresh chicken meat samples ESBL positive 
 
Overdevest et al., EID 2011  

79% of 89 fresh chicken meat samples were ESBL positive. 
5% of 85 fresh beef samples 
2% of 57 pork meat samples 
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Different antibiotic policies per rearing type 
Conventional 

37 ddd per year per animal, i.e. 4 treatment days per  kg chicken per 42 
day cycle (95% CI 3-6)1  

Preventive and therapeutic use of antibiotics 

 

Organic (EKO)2 

Limited to one therapeutic course of antibiotics 

Interval of antibiotic abstinence before slaughter twice the legal interval 

Controlled by SKAL (Stichting EKO keurmerk controle)  

 

 
Use of antibiotics not specified.   

1: Maran 2009 
2: www.skal.nl 

http://www.google.nl/imgres?imgurl=http://glastuinbouw.agriholland.nl/oogsten/images/eko_keurmerk_logo.jpg&imgrefurl=http://glastuinbouw.agriholland.nl/oogsten/opdrachten.html&usg=__rBatF_6vnO9b4c13Bk2EGWRDjqM=&h=600&w=549&sz=41&hl=nl&start=1&um=1&itbs=1&tbnid=lGK192w_qivmgM:&tbnh=135&tbnw=124&prev=/images?q=EKO+keurmerk&um=1&hl=nl&sa=N&tbs=isch:1


84% of organic meat samples ESBL positive 
versus 100% of conventional samples 

Qualitative culture results 
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Lower ESBL load on organic samples 
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ESBL only detected after pre-incubation  



4 questions to be answered 
1. What is the likelihood of contamination of chicken retail meat with 
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Determination of distribution   
 1. ESBL genes 
 2. Plasmids 
 3. E. coli strain genotypes 

Quantify % E. coli from humans with poultry related 
 1. ESBL genes 
 2. Plasmids 
 3. E. coli genotypes 

Comparing ESBL genetics between chickens, 
chicken meat and humans 

Leverstein et al CMI 2011, NTVG 2011 



Human E. coli isolate collection 
Study period: Feb 1st untill May 1st, 2009 
 
31 Dutch laboratories submitted all E. coli isolates with a 
positive ESBL screen test (n=1017) 
 
Selection of 516 non-repeat isolates (up to first 25 per lab) 
 
409 (79%) contained ESBL gene based on array results 
 
Genes from 208 randomly selected isolates were sequenced 
 
Plasmid analysis of 29 isolates with CTX-M-1 or TEM-52 
 
27 isolates were genotyped with MLST (15 with CTX-M-1 or 
TEM-52 on IncI plasmid and 12 randomly selected) 
 



What is the contribution of poultry associated ESBL types to 
human infections with ESBL producing E. coli? 

 
In human E. coli: 35% of ESBLs are poultry associated 
ESBL types 

 

19% of human ESBLs also on the same plasmid and 
plasmid subtype as in poultry (IncI1 STC 7 or STC5) 
 
11% of humans ESBLs share ESBL, plasmid, plasmid 
subtype and bacterial strain with poultry 
 
 
 
 
 

Leverstein et al CMI 2011, NTVG 2011 
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Extrapolation of cases 
Study period:  

Feb-March-April 2009 
Coverage:  

+50% of all Dutch hospital beds 
Number of patients with ESBL E. coli 
bacteremia:  

21 
Number with poultry-associated ESBL genes:  

1 (5%) - 8 (38%) 
Extrapolated number in the Netherlands:  

2-16 in 3 months 
 

 



4 questions to be answered 
1. What is the likelihood of contamination of chicken retail meat with 

ESBL producing bacteria? 
Close to 100% 

2. Is all (chicken) meat equally contaminated with ESBL? 
 

3. To what extent are these bacteria encountered in human infections? 
In 10-30% of episodes of human ESBL E. coli infections 

4. What is the total burden of disease of these bacteria in the 
Netherlands? 

8  64 patients with ESBL E. coli bacteremia in 2009 







K. Grenet, et al., Emerging Infect Dis 2004; 10: 1150-3 

P-L. Woerther, et al. J Infect Dis 2010 (in press) 

ESBL carriage among Amerindians, Trois Sauts, 100 km south of closest village 

2001:  prevalence intestinal ESBL carriage: 3.2% (all TEM-52) 

 antibiotic exposure: 0.64 treatment/subject/year (0.19  lactam) 

2006:  prevalence intestinal ESBL carriage: 8% (CTX-M2 (n=11); SHV-2 (n=2); 
 CTX-M8; CMY-2) 

 antibiotic exposure: 1.08 treatment/subject/year (0.62  lactam) 







The changing epidemiology of MRSA in Europe (the Netherlands in particular) 



 
Antibiotics in animals -> MRSA in animals 
-> MRSA in humans -> MRSA in patients -
> death 
 



What makes something a public 
health threat? 

High acquisition rate 
High transmission rate (in community and/or  
health care settings 

High transmission and short duration of carriage 
Low transmission but long duration of carriage 

High virulence 
Few (if any) treatment options 
 



Aim: To determine the prevalence and duration of MRSA 
acquisition after short-term intensive exposure to pigs or veal 
calves.  
Method: Field workers who took samples from the animals in 
studies on MRSA prevalence in pig and veal farms were tested for 
MRSA: nasal samples before, directly after, and 24 h after they 
visited the farms. 199 sampling moments from visits to 118 MRSA-
positive farms. 
Results: 34 these visits (17%) resulted in the acquisition of MRSA. 
31 persons (94%) appeared negative again after 24 h.  





1 of 534 persons (0.2%) without livestock-contact was positive for MRSA (95% 
confidence interval, <0.01 1.2).  
 
13 of 49 persons (26.5%) who did indicate to be working at or living on a livestock 
farm were positive for MRSA (95% confidence interval, 16.1 40.4).  
 
All spa-types belonged to CC398. 





Risks of nosocomial transmission 
 Data from 51 hospitals July-December 2006 

 306 months of MRSA policy 
 80 contact investigations (hospitalized patient treated without barrier precautions) 

0,3% 

0 % 

0,6% 

1,7% 

Wassenberg Clin Microbiol Infect 2010 



RA animal-associated MRSA 0,16 
RA hospital-associated MRSA 0,68  0,93 

RA ratio 5,90 (95% CI 2,24-23,81) 
 

 
 



Participating hospitals in 2011 

 



Results 

62 hospitals participated resulting in 372 months of MRSA 
policy. 

2418 patients and 7794 HCW screened 
 
162 index cases 

 48 LA-MRSA vs. 114 non LA-MRSA 
 
73 colonized patient found through contact screening 

45 related to that of the index case 
 
 



Figure 1
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RA 

162 index patients  18 outbreaks, 45 secondary cases 
outbreak sizes ranged: 1-12 patients 
 

LA-MRSA: 48 index  2 outbreak, 2 secondary cases 
RA: 0.07 (95%CI 0.00-0.19)   

 
Non LA-MRSA: 114 index  16 outbreaks, 43 
secondary cases  

RA: 0.47 (95%CI 0.37-0.69)  
 
 



M. Wulf, et al. Eur J Clin Microbiol Infect Dis. 2012 ;31:61-5 

+ vancomycine (100%) 
+ daptomycine (100%) 



What makes something a public 
health threat? 

High acquisition rate after direct contact with 
animals 
Low transmission rate (in community and/or  
health care settings 

Low transmission and short duration of carriage 
Virulence, probably not higher than from 
other S. aureus 
Multiple treatment options left 
 





Until now MRSA ST398 isolates did not cause frequent invasive 
disease in humans, which may be due to the absence of several 
common virulence factors.  
 
However, the proposed enhanced ability of these isolates to acquire 
mobile elements may lead to the rapid acquisition of determinants 
which contribute to virulence in human infections. 



Whole-genome sequence typing 
 89 ST398 isolates, including MRSA and MSSA  
 from animals and humans  
 from 19 countries and 4 continents 

-associated MRSA CC398 
originated in humans as MSSA.  
 
The lineage appears to have undergone a rapid radiation in conjunction 
with the jump from humans to livestock, where it subsequently acquired 

 



Take home message(s) 

1. Antibiotic use in animal industry is 
enormous 

2. Antibiotic resistance in animal industry is 
enormous 

3.  
4. Antibiotic resistance in humans is 

(rapidly) increasing 
5. 1+2=3 and not necessarily 4 



Men lijdt het meest van het lijden 
dat men vreest 



EUR 25,92  


