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BACKGROUND  29 
Regulation (EC) No 1831/20034 establishes the rules governing the Community authorisation of 30 
additives for use in animal nutrition. Moreover, Article 7(6) of this Regulation provides for the 31 
European Food Safety Authority (EFSA) to publish detailed guidance to assist applicants in the 32 
preparation and presentations of applications. 33 

Among the microbial additives currently authorised, nearly one third contain strains of Enterococcus 34 
faecium. Although E. faecium is known to be a commensal inhabitant of the human and animal 35 
gastrointestinal tract, some strains are potential human pathogens.  36 
 37 

The FEEDAP Panel has produced a series of guidance documents for the assessment of the safety and 38 
efficacy of feed additives. However, the toxicological tests recommended in these guidance documents 39 
are not designed to identify the virulence of a microbial agent.  40 

EFSA has received an increasing number of questions from applicants on how to assess the safety of 41 
E. faecium based additives. To date the Panel has relied on the demonstration of absence of putative 42 
virulence determinants identified in the scientific literature. Because of the increasing incidence of E. 43 
faecium infections in hospital settings and the new scientific approaches developed (e.g., genomics), 44 
there is now a far better understanding of why some strains of E. faecium present problems. 45 
 46 

The Working Group on Micro-organisms of the FEEDAP Panel following discussions held with 47 
internationally recognised experts identified the potential to establish criteria for the safety assessment 48 
of E. faecium and to develop a Guidance document for the benefit of applicants. 49 

 50 

TERMS OF REFERENCE  51 
The FEEDAP Panel is requested to produce a Guidance document on the safety of the use of 52 
Enterococcus faecium in animal nutrition. This guidance should allow discrimination between safe 53 
strains and those more likely to cause human infections. 54 

55 

                                                      
4 Regulation (EC) No 1831/2003 of the European Parliament and of the Council of 22 September 2003 on additives for use 

in animal nutrition. OJ L 268, 18.10.2003, p. 29. 
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 56 

1. INTRODUCTION 57 
 58 
Enterococci are well known commensals of the gastrointestinal tract; most people carry them normally 59 
as do many animals. Human infections caused by enterococci outside the healthcare setting are very 60 
uncommon and consist of endocarditis, urinary tract infections, or abdominal/pelvic infections 61 
resulting from contamination by the faecal microbiota (Murray, 2000). 62 
 63 
In the modern-day healthcare setting, enterococci are commonly recovered from infections. The first 64 
“wave” (or increase) of enterococci in hospital-associated infections (mostly Enterococcus faecalis) 65 
followed and was generally attributed to the use of broad-spectrum cephalosporins (to which 66 
enterococci are resistant), beginning in the 1980s, as well as increased numbers of patients who are 67 
immunologically compromised. Broad-spectrum cephalosporins eliminate much of the resident 68 
microbiota in the gastrointestinal tract but the intrinsic resistance of enterococci to cephalosporins 69 
allows them to survive. Thus, enterococci are present and often more numerous in the intestinal tract 70 
of most hospitalised patients. Factors such as the presence of catheters, immunosuppression, or 71 
mucositis from chemotherapy, alter the usual host-microbe balance and facilitate infection. Antibiotic 72 
use in the patients appears to be the critical factor allowing infection by an otherwise well-controlled 73 
commensal (Murray, 2000; Ubeda et al., 2010). 74 
 75 
Prior to the early 1990s, 90-95 % of enterococcal clinical isolates in the hospital setting were E. 76 
faecalis and only about 5 % were E. faecium.  In the USA, isolation of E. faecium from healthcare-77 
associated infected sites has increased markedly over the past 15-20 years and this species now 78 
accounts for ~ 35 % of enterococci from infections in the hospital setting. Coincident with this 79 
increase, it was recognised that hospital-associated isolates of E. faecium were more frequently 80 
resistant to ampicillin and piperacillin than those found in the community setting. In the USA, it was 81 
amongst this ampicillin-resistant group of E. faecium that vancomycin resistance emerged. Currently, 82 
about 70 % of E. faecium isolates in US hospitals are vancomycin resistant while 90 % are ampicillin 83 
resistant. In contrast, very few E. faecalis (1-5 %) are resistant to either of these antibiotics, which 84 
probably explains the increase of E. faecium relative to E. faecalis in the hospital setting where 85 
antibiotics active against E. faecalis are frequently used (Hidron et al., 2008; Bertics et al., 2009). 86 

In the EU, vancomycin-resistant E. faecium (VRE) strains were first detected in the 1980s but these 87 
were mostly ampicillin-susceptible strains found in faecal samples from animals on farms using the 88 
glycopeptide avoparcin. VRE strains have also been isolated from foods of animal origin and faecal 89 
samples of healthy individuals in the community. However, infections with these E. faecium strains 90 
are rare outside the hospital settings. More recently, ampicillin-resistant strains of E. faecium have 91 
emerged in hospitalised patients in the EU. Some of these strains, as earlier in the USA, have now also 92 
acquired resistance to vancomycin and their frequency as a cause of infection is increasing in the 93 
health-care setting and about 40 – 50 % of enterococcal nosocomial infections are now attributable to 94 
E. faecium (Bonten et al., 2001; Leavis et al., 2003; Top et al., 2007; Werner et al., 2008). 95 

It is now recognised that E. faecium consists of two distinct subpopulations, or clades, that may have 96 
diverged many hundreds of thousands of years ago. These clades have been differentiated by Multi-97 
Locus Sequence Typing (MLST), by sequence comparisons of individual shared core genes, by the 98 
presence of insertion sequence IS16, other acquired elements, and in their resistance to ampicillin. One 99 
subpopulation (referred to as the community-associated clade) consists almost entirely of isolates from 100 
the faeces of animals, healthy individuals and food, and is characterised by susceptibility to ampicillin. 101 
The other subpopulation (clade) contains most of the clinical isolates and is commonly referred to as 102 
the hospital-associated or hospital-predominant clade. It is the latter clade that contains ampicillin-103 
resistant strains and, indeed, ampicillin resistance is the major phenotypic marker of this hospital-104 
associated subpopulation (Leavis et al., 2007; Willems & van Schaik, 2009; Galloway-Peña et al., 105 
2011). 106 
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2. PHYLOGENETICS AND GENOMICS OF E. FAECIUM 107 
 108 
Analysis of the evolutionary relatedness of E. faecium has mostly been performed by MLST 109 
(Homan et al., 2002) in which allelic profiles are determined based on the sequence of seven 110 
housekeeping genes. The first study using MLST of E. faecium population structure characterised a 111 
global collection of human (hospital- and community-acquired) and non-human (isolated from animals 112 
and the environment) strains and defined 175 sequence types (STs). STs were grouped with eBURST 113 
which divides an MLST data set of any size into groups of related isolates and clonal complexes (CCs) 114 
and predicts the founding genotype of each CC. This clustering indicated that the majority of the 115 
globally representative hospital isolates were genotypically and evolutionary closely related and 116 
belonged to a single CC, which was termed CC17 (Willems et al., 2005).  117 

However, the E. faecium population structure based on all STs currently available in the MLST 118 
database (http://efaecium.mlst.net/) inferred by eBURST resulted in one large CC, which includes the 119 
previously designated CC17, but also minor CCs and singletons, with 69 % of the E. faecium STs in 120 
the database (Willems et al., 2011). These observations and genome-based studies (van Schaik et al., 121 
2010) indicate that the hospital-associated E. faecium isolates have not evolved recently from a single 122 
common ancestor and, consequently, the initial designation of CC17 as a hospital-associated CC has 123 
most likely been erroneous. Instead, hospital-associated isolates form a polyclonal E. 124 
faecium subpopulation harboring evolutionarily distinct clones (Willems and van Schaik, 2009; 125 
Willems et al., 2011). Comparative genomic hybridization and genome sequencing have revealed the 126 
presence of several genes that are enriched in clinical E. faecium isolates. One of the genes that is most 127 
clearly overrepresented in clinical isolates is the insertion sequence IS16 (Leavis et al., 2007; van 128 
Schaik et al., 2010; Werner et al., 2011), which presumably confers a level of genomic flexibility to its 129 
host, thereby facilitating the subsequent acquisition of additional elements involved in virulence or 130 
antibiotic resistance.  131 

MLST and genome sequences also revealed a clearly distinct cluster of strains which mostly originate 132 
from healthy humans (van Schaik and Willems, 2010; Zhang et al., 2011). These strains may have 133 
adapted to life as a mammalian commensal. This distinction of E. faecium in two major lineages was 134 
also identified by Galloway-Peña et al. (2011) and is characterised by the response to ampicillin. 135 

3. RESISTANCE TO AMPICILLIN  136 

The fact that most E. faecium isolates recovered from healthcare-associated infections belong to the 137 
same clade which differs significantly from the other clade, suggests that fundamental differences 138 
inherent to these clades may explain the difference in their occurrence in infections. One difference is 139 
resistance to ampicillin of hospital-associated isolates (often with MICs > 128 mg/L) which confers 140 
cross-resistance to piperacillin and very high-level resistance to cephalosporins. This beta-lactam 141 
resistance, together with resistance to vancomycin, provides a selective advantage to a resistant 142 
organism in the hospital environment, where vancomycin, cephalosporins and piperacillin are 143 
commonly used (Murray, 2000).  144 

Additionally, when the gram-negative intestinal bacteria are suppressed by antibiotics, there is down 145 
regulation of the anti-enterococcal host-derived lectin RegIII gamma, which allows enterococci to 146 
proliferate (Brandl et al., 2008).  147 

Cell-wall synthesis enzymes are often referred to as penicillin-binding proteins (PBPs), because 148 
penicillin inhibits cell wall synthesis by binding to these proteins and compromising their ability to 149 
synthesize cell wall. PBP5 is one of the cell wall synthesis enzymes of E. faecium and the gene 150 
encoding for this protein is part of the E. faecium core genome. Like many genes shared by the two 151 
clades of E. faecium, the gene encoding PBP5 exists in two allelic forms, pbp5-S and pbp5-R, which 152 
differ by about 5 % in their DNA sequence. The amino acid differences between PBP5-S and PBP5-R 153 
are a major factor determining ampicillin resistance in this species. Among sequenced isolates, most E. 154 
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faecium isolates from human infections (which belong to the hospital-associated clade) have the pbp5-155 
R form of this gene, while pbp5-S characterises isolates of the community-associated clade. In a 156 
detailed study comparing ampicillin MICs to the pbp5 sequence of each strain, all 32 E. faecium 157 
strains with an MIC of ampicillin of > 4 mg/L had the pbp5-R sequence while the E. faecium strains 158 
with an MIC of < 4 had the pbp5-S sequence; those E. faecium with an ampicillin MIC = 4 had either 159 
the pbp5-S or the pbp5-R sequence. Thus, the presence of an MIC ≤ 2 mg/L appears to reliably 160 
exclude the clade that contains most isolates from human infection and excludes strains that might 161 
have a selective advantage in the GI tract if an individual was given ampicillin, amoxicillin or similar 162 
antibiotics (Rice et al., 2004; Galloway-Peña et al., 2011). 163 

4. VIRULENCE FACTORS AND MARKERS ASSOCIATED WITH HOSPITAL STRAINS 164 

Enterococci have been largely considered as opportunistic pathogens. This is particularly true for E. 165 
faecium, which is found almost exclusively as a cause of infections in the healthcare setting (Willems 166 
& van Schaik, 2009). Many factors potentially associated with E. faecium virulence have been 167 
identified but, among them, the following virulence factors and markers are now considered the most 168 
relevant for the assessment of safety: 169 

• IS16 (hospital associated strain marker)  170 

IS elements are the simplest transposable elements encoding only the enzyme(s) necessary for their 171 
own transposition. Enterococci harbour numerous mobile genetic elements and IS16 can be found e.g. 172 
as flanking the transposon Tn1547, which confers resistance to vancomycin in E. faecalis. IS16 is a 173 
specific marker for hospital-associated subpopulations of E. faecium, but has also been described in 174 
clinical E. faecalis strains (Hegstad et al., 2010). In the study of Werner et al. (2011), 97 % of blood 175 
culture E. faecium strains were IS16 positive, whereas only 4 % of human commensal strains carried 176 
the element. 177 
 178 
• Esp (pathogenicity island (PAI) marker)  179 

Esp is a large (approximately 200 kDa) surface protein of E. faecium that is covalently linked to the 180 
cell wall through an LPxTG-type motif (Leavis et al., 2004; Heikens et al., 2007). The esp gene is part 181 
of a large pathogenicity island (ranging from ~60 – 100 kbp in size), which also carries genes for its 182 
mobilisation (van Schaik et al., 2010; Top et al., 2011). The esp gene has an important role in biofilm 183 
formation of E. faecium (Heikens et al., 2007) and has been experimentally proven to contribute to 184 
endocarditis (Heikens et al., 2011) and urinary tract infections (Leendertse et al., 2009) in animal 185 
models. The esp gene is common among ampicillin and vancomycin resistant E. faecium isolates (Rice 186 
et al. 2003; Vankerchoven et al. 2004). 187 
 188 
• hyl-like gene  189 

HylEfm was initially described as a hyaluronidase but recently annotated as a putative glycosyl 190 
hydrolase. Glycosyl hydrolases facilitate intestinal colonisation in many bacterial organisms (Freitas et 191 
al. 2010). Strains from the community-associated clade almost never have very large plasmids 192 
containing a hyl-like gene, while hospital-associated strains often (~ 30 % in one study) harbour this 193 
gene (Rice et al., 2003). These hyl plasmids have been shown to increase colonisation of mice GI 194 
tracts and to increase lethality in a murine peritonitis model and, thus, might contribute to the success 195 
of at least some members of the hospital-associated clade (Panesso et al., 2011; Rice et al., 2009). 196 
 197 

5. ASSESSMENT 198 

The purpose of this assessment is to exclude E. faecium strains belonging to the hospital-associated 199 
clade from the use in animal nutrition because of the hazard they present to a vulnerable subpopulation 200 
of consumers. 201 
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Prior to the safety assessment, the strain must be identified as E. faecium using appropriate molecular 202 
methods. Then the MIC for ampicillin should be determined: 203 

• If the MIC > 2 mg/L, the strain is considered unsafe and should not be used as a feed additive  204 
• If the MIC ≤ 2 mg/L, the absence of the genetic elements IS16, hylEfm, and esp should be 205 

established (see annex for methods)  206 
o If none of the three genetic elements are detected, then the strain is considered safe for 207 

use as a feed additive 208 
o If one or more of the three genetic elements are detected, then the strain is considered 209 

unsafe and should not be used as a feed additive  210 
  211 
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 321 

APPENDIX 322 

RECOMMENDED METHODS 323 
 324 
Some of the control strains are not at present readily available. However, the FEEDAP Panel has 325 
been informed that the strains have been deposited in DSMZ and will be available soon.  326 

 327 
• Ampicillin MIC 328 

For the determination of ampicillin MIC, serial two-fold dilution procedures in agar or broth should be 329 
used and include relevant quality control strains. The tests should be performed according to 330 
internationally recognised standards such as European Union Committee on Antimicrobial 331 
Susceptibility Testing (EUCAST), the Clinical and Laboratory Standard Institute (CLSI), ISO 332 
standard or similar. After incubation, the MIC is defined as the lowest concentration of the antibiotic 333 
that inhibits bacterial growth. Qualitative or semi-qualitative methods to determine MIC indirectly, 334 
such as diffusion methods, are not acceptable.  335 

• IS16  336 

It is recommended that the method of Werner et al. (2011) is used for the detection of IS16 with the 337 
following PCR primers: IS16-F (forward) 5'-CATGTTCCACGAACCAGAG and IS16-R (reverse): 5'-338 
TCAAAAAGTGGGCTTGGC (expected product size 547 bp from E. faecium). PCR analysis should 339 
contain positive and negative control strains. As a positive control strain E. faecium DSMZ 25390 and 340 
as a negative control strain E. faecium TX1330 can be used. 341 

• esp  342 

Detection of esp is best performed using hybridisation techniques as they are less dependent on point 343 
mutations in primer-binding sites, which could give false negative results. The primers for the 344 
generation of the probe are esp14F: 5'-AATTGATTCTTTAGCATCTGG-3' and esp12R: 5'-345 
AGATTTCATCTTTGATTCTTGG-3' (Leavis et al., 2003). Hybridisation conditions for Southern 346 
blotting are described in Hendrickx et al. (2007), whereas the hybridisation conditions for dot blotting 347 
are described in Rice et al. (2003) and in Hendrickx et al. (2007). Also colony lysates can be used in 348 
the hybridisation (Singh et al., 1998). Hybridisation analysis should contain positive and negative 349 
control strains. As a positive control strain E. faecium DSMZ 25390 and as a negative control strain E. 350 
faecium DSMZ 25389 can be used. 351 

• hylEfm  352 

The method of Rice et al. (2003) is recommended for the detection of hylEfm with the following PCR 353 
primer: 5′-GAGTAGAGGAATATCTTAGC-3′ (nt 856 – nt 875) and the reverse primer hylEfm 5′-354 
AGGCTCCAATTCTGT-3′ (nt 1517 – nt 1503) (expected size 661 bp from E. faecium TX16 (=ATCC 355 
BAA-472).  356 

As an alternative method hybridisation to colony lysates or Southern blots can be used (Rice et al. 357 
2003, Singh et al. 1998). The primers for the generation of the intragenic probe are: forward primer 358 
hylEfm (5′-GTT AGA AGA AGT CTG GAA ACC G-3′; nt 149 – nt 170) and reverse primer hylEfm 359 
(5′-TGC TAA GAT ATT CCT CTA CTC G-3′; nt 876 – nt 855); expected size 727 bp from E. 360 
faecium TX16 (=ATCC BAA-472).  361 

PCR and hybridisation analysis should contain positive and negative control strains. As a positive 362 
control strain E. faecium ATCC BAA-472 (=TX16) or E. faecium DSMZ 25390 and as a negative 363 
control strain E. faecium DSMZ 25389 can be used. 364 


