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Abstract

A collection of 16 isolates of Enterococcus faecalis from different vegetable foods were characterized by
multilocus sequence typing (MLST). One isolate belonged to sequence type (ST) 9 of the previously
described clonal complex 9, which is frequently associated with hospital environments. The rest of the
isolates were grouped into two new STs named 168 and 169. ST168 represented a singleton clone that
included 14 isolates and seemed to be the predominant type among E. faecalis from vegetable samples.
ST168 was closely related to ST72, differing only by one allele type. Singleton ST169 was not related to any
of the previously described STs.

Introduction

E
nterococcus species are ubiquitous, com-
mensal inhabitants of the gastrointestinal

tract of humans and animals (Tannock and
Cook, 2002). They can also be found in soil, on
plants, in water, and in several food products.
Enterococci are also important pathogens re-
sponsible for serious illnesses and remain among
the top three most common pathogens (together
with Staphylococcus aureus and Escherichia coli)
that cause nosocomial infections, involving uri-
nary tract infections, bloodstream infections, and
wound infections (Murray and Weinstock, 1999;
Richards et al., 2000; Kayser, 2003; Tendolkar
et al., 2003). Nosocomial enterococcal infections
typically occur in very ill, debilitated patients
who have been exposed to broad-spectrum anti-
biotics.

While virulence of enterococci can be en-
hanced by the production of several proteins

known as virulence factors, at present there is
no clear definition of virulent and nonvirulent
strains, and epidemiological studies to trace
hospital clones must rely on typing methods
such as pulsed-field gel electrophoresis and
multilocus sequence typing (MLST). MLST is
considered the gold standard procedure for
characterizing isolates of bacterial species using
the sequences of internal fragments of selected
housekeeping genes (Urwin and Maiden, 2003;
Aanensen and Spratt, 2005). MLST provides an
unambiguous nomenclature for genotypes, and
clones and data are easily stored in databases
that can be exchanged between different labo-
ratories via the Internet. In the case of E. faecalis,
a MLST scheme based on seven housekeeping
genes has been established (Ruiz-Garbajosa
et al., 2006). Approximately 450–500 bp internal
fragments of each gene are used, since these
can be accurately sequenced on both strands
using an automated DNA sequencer. For each
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housekeeping gene, the different sequences
present within a bacterial species are assigned as
distinct alleles and, for each isolate, the alleles at
each of the seven loci define the allelic profile or
sequence type (ST). STs can be grouped in a
clonal complex (CC). The E. faecalis MLST da-
tabase (http:==efaecalis.mlst.net) becomes an
increasingly useful resource for studies on the
epidemiology of E. faecalis. Compared to E. fae-
cium typing scheme, the amount of information
available for E. faecalis sequence typing is much
more limited, and this includes mostly isolates
of clinical origin.

Two major concerns about enterococci are
the dissemination of virulent, clinical isolates
through external routes such as food and water,
and their differentiation from nonvirulent iso-
lates naturally adapted to nonclinical environ-
ments. In a previous study based on random
amplification of genes located in the E. faecalis
pathogenicity island region, we showed that
enterococcal isolates from vegetable foods and
water clustered in separate groups compared to
clinical isolates (Abriouel et al., 2008). The pur-
pose of the present study was to determine the
relatedness of enterococci from vegetable foods
with existing STs and CCs established by MLST.

Materials and Methods

Isolation and characterization

of bacterial strains

A collection of 16 E. faecalis isolates from raw
vegetable foods (Abriouel et al., 2008) were used
for the present study (T1 c Table 1). Isolates were
kept in 20% glycerol at �808C and cultivated
routinely on brain heart infusion (BHI) broth
(Scharlab, Barcelona, Spain) at 378C. Determi-
nation of antibiotic resistance and virulence
traits was described previously (Abriouel et al.,
2008), and the unpublished data on the per
strain incidence of traits are reported in Table 1.
Ampicillin (10 mg; Difco, Madrid, Spain) and
penicillin (10 U; bioMérieux, Marcy-l’Etoile,
France) resistance were corroborated by the
Kirby-Bauer disk diffusion assay. All the anti-
microbial resistance assays and interpretation of
results conformed to the National Committee on
Clinical Laboratory Standards (NCCLS) guide-
lines (CLSI, 2006a, 2006b; NCCLS, 2003). Beta-
lactamase production was tested with nitrocefin

disks (Oxoid, Barcelona, Spain) following the
manufacturer’s instructions. The presence of
beta-lactamase genes was determined by poly-
merase chain reaction (PCR) amplification with
Bla-forward and Bla-reverse primers according
to Hummel et al. (2007). PCR amplification with
primers targeting ddl gene was used to confirm
species identity (Dutka-Malen et al., 1995).

MLST analysis

The isolates were analyzed by MLST for
E. faecalis (http:==efaecalis.mlst.net) (Ruiz-
Garbajosa et al., 2006). The allelic profiles of
isolates were obtained by sequencing inter-
nal fragments of seven housekeeping genes,
gdh (glucose-6-phosphate dehydrogenase), gyd
(glyceraldehyde-3-phosphate dehydrogenase),
pstS (phosphate ATP binding cassette trans-
porter), gki (putative glucokinase), aroE
(shikimate 5-dehydrogenase), xpt (shikimate
5-dehydrogenase), and yqil (acetyl-coenzyme A
acetyltransferase).

Internal fragments from the final set of seven
genes were amplified by PCR as described by
Ruiz-Garbajosa et al. (2006). For each isolate,
each gene was amplified a minimum of two
times and sequenced with the specific forward
or reverse primer a minimum of three times. STs
of isolates are defined by the allelic profile at
these seven loci, with each unique combination
of alleles assigned to a distinct ST number. The
STs of all isolates were determined. PCR prod-
ucts were purified with Exo-SAP-IT� (USB
Europe GmbH), b AU1and sequenced with the re-
spective primers in a CEQ 2000 XL DNA Ana-
lysis System (Beckman Coulter, CA). b AU2

Computer analysis of MLST data

The relatedness between the different STs was
investigated using eBURST (http:==www.mlst
.net). Clusters of related STs differing in not
more than two of the seven loci that were
thought to be descendents from a common an-
cestor were grouped into CCs. A singleton was
defined as an ST that is not grouped into a CC,
and a singleton clone was defined as a singleton
represented by more than one isolate. The
minimum spanning tree was used to infer pat-
terns of evolutionary descent under the princi-
ple of parsimony, in which identical alleles in
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different genotypes are thought to have evolved
from a common ancestor instead of by conver-
gent evolution.

Results and Discussion

Comparison of allele profiles with the E. fae-
calis MLST database revealed that enterococcal
isolates from the vegetable foods studied re-
presented three different groups, one belonging
to the already-described ST9 and two new STs
that were assigned the numbers 168 and 169 by
the database curator (Table 1,F1 c Fig. 1). Isolate
E. faecalis V48c1 (from lettuce) belonged to ST9
of the previously described CC9. This CC in-
cludes many isolates from hospitalized patients
and is considered to be particularly fitAU3 c to hos-
pital environments (Ruiz-Garbajosa et al., 2006).
Similar to CC, ST9 also comprises mainly hu-
man isolates from Spain (Ruiz-Garbajosa et al.,
2006), the beta-lactamase (Blaþ) ACB (Argenti-
na-Connecticut-Blaþ) clone involved in small
nosocomial outbreaks (Nallapareddy et al.,
2005), and hospital isolates from Poland (Ka-
walec et al., 2007). Strain V48c1 had a similar low
content of virulence determinants as the rest of
the isolates from vegetables, although it showed
a more uncommon antibiotic resistance pro-
file compared to the rest of the isolates for

tetracycline, chloramphenicol, and gentamicin
(Abriouel et al., 2008; Table 1). Strikingly, gen-
tamicin resistance was also found in most CC9
clinical isolates (Ruiz-Garbajosa et al., 2006).
However, random typing with primers target-
ing the pathogenicity island region clearly in-
dicated that isolate V48c1 clustered in a group
includingotherenterococcifromvegetablefoods,
which was well differentiated from groups that
included hospital isolates (Abriouel et al., 2008).
These results emphasize the necessity to explore
the clonal diversity of enterococci from non-
clinical environments in order to better under-
stand the data derived from hospital settings.

The new singleton ST169 included a single
isolate obtained from radish (E. faecalis V68c1)
and was not related to any other STs after
setting the database search down to four com-
mon alleles. In contrast, ST168 was highly re-
presented and included 14 isolates from
various vegetable food sources. This singleton
clone was linked to ST72 by eBURST analysis
(Fig. 1). Both STs showed identical allele types
for gdh, pstS, gki, aroE, xpt, and yqil, and differed
only for gyd allele type. ST72 includes the he-
molytic enterococcal strains F1 (ATCC 376,
L36[4]) isolated by S. Orla-Jensen from milk in
the early 1900s and SS-7 (one original strain
from the Lancefield Collection isolated from

FIG. 1. Distribution of isolates from vegetables within the E. faecalis multilocus sequence typing scheme, by using
eBURST algorithm (arrows). The new sequence types are marked in gray.
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cheese in 1918) (McBride et al., 2007), and two
strains from hospitalized patients in Poland
(strain A1284, from a cervical swab, and strain
A1285, from blood) (Kawalec et al., 2007). A
comparative analysis carried out of ST168 allele
profile with eBURST program for STs with at
least four identical alleles identified STs 72, 162,
196, and 199 as the closest, but still no infor-
mation was available for isolates from STs 196
and 199 in the MLST database. A neighbor
joining tree constructed with the allele profiles
for these STs suggests a common lineage of
descent for STs 72, 162, 168, and 196 (F2 c Fig. 2).
According to these results it is tempting to
suggest that hospital ST72 isolates may have
probably evolved from ancestors transmitted
through the oral–fecal route from vegetable
foods to human and animal digestive tracts,
animal food products, and finally to feces and
water. The capacity of enterococci to be in-
volved in opportunistic infections may have
strengthened in recent decades due to the in-
crease of hospital interventions, antibiotic use,
and the more susceptible population (such as
the elderly, immunocompromised, and hospi-
talized patients). Although isolates from vege-
table foods belonging to ST168 had in general
lower incidence of virulence traits and antibi-
otic resistance compared to clinical isolates
(Abriouel et al., 2008), resistance to penicillin
and ampicillin found in one isolate and to
gentamicin and streptomycin found in another
suggest that these two isolates from vegetable
foods could have resided previously in antibi-
otic-treated hosts. Since ampicillin and penicil-
lin resistance are uncommon in E. faecalis, the
identity of strain V39c2 was confirmed by PCR
amplification and antibiotic resistance was
confirmed by the Kirby-Bauer disk diffusion
method. However, phenotypic and genetic tests

clearly indicated that this strain does not pro-
duce beta-lactamase activity and lacks the cor-
responding bla gene. These results suggest that
the observed beta-lactam resistance in strain
V39c2 is mediated by penicillin-binding pro-
teins of lower affinity, as has been previously
described in E. faecium and also in other E. fae-
calis strains (McAlister et al., 1999).

Previous studies have reported the detection
of enterococci on plants (Mundt, 1961, 1963;
Ulrich and Müller, 1998; Müller et al., 2001; Ott
et al., 2001) as well as in fresh produce ( Johnston
and Jaykus, 2004; Johnston et al., 2005;
McGowan et al., 2006; Abriouel et al., 2008), al-
though their MLST profiles need to be studied.
While E. faecalis is the predominant enterococcal
species involved in nosocomial infections, a
greater variety of enterococcal species has been
reported for plant-associated as well as soil en-
terococci (Müller et al., 2001; Petersen and
Dalsgaard, 2003; Johnston and Jaykus, 2004;
Abriouel et al., 2008). The great differences ex-
isting between the ecological niches in which
enterococci must thrive (including a lower and
more heterogeneous temperature, irregular
nutrient availability, competition with other
enterococcal species, and other types of envi-
ronmental stress that may occur in vegetables,
water, and soil) would suggest that clinical
isolates might have a lower possibility of sur-
vival in such environments. In a previous study,
virulence factors most frequently found in clin-
ical environments such as the collagen adhesin
(Ace) and enterococcal surface protein (Esp)
were not detected or had a very low incidence
among isolates from vegetables (Abriouel et al.,
2008). Unlike E. faecium, the CCs described in E.
faecalis do not suggest a well-defined origin or
host specificity. In agreement with data from the
present study, this lack of specificity is probably
the result of a more versatile capacity for ad-
aptation of E. faecalis to different ecological ni-
ches. Further work needs to be done with
nonclinical E. faecalis isolates in order to better
understand the population structure of this
bacterial species.

Conclusions

Results from the present study revealed two
new sequence types in E. faecalis. The new

FIG. 2. Dendrogram showing the relatedness of se-
quence type (ST) 168 to other STs with closest allelic
profiles differing by one, two, or three alleles.
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sequence type ST168 represents a singleton that
was predominant among the enterococcal iso-
lates from vegetable foods studied. Although
one isolate belonged to the previously described
CC9 associated to hospital environments, the
lowest incidence of virulence factors and anti-
biotic resistance of this isolate suggest it is not a
strain of clinical origin. The CCs described in
E. faecalis do not suggest a well-defined origin or
host specificity, and further work needs to be
done with nonclinical E. faecalis isolates in order
to better understand the population structure of
this bacterial species.
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