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Inger Kühn,1* Aina Iversen,1 Maria Finn,2 Christina Greko,2 Lars G. Burman,3 Anicet R. Blanch,4
Xavier Vilanova,4 Albert Manero,4 Huw Taylor,5 Jonathan Caplin,5 Lucas Domı́nguez,6
Inmaculada A. Herrero,6 Miguel A. Moreno,6 and Roland Möllby1
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Vancomycin-resistant enterococcci (VRE) in Europe are thought to have emerged partly due to the use of the
glycopeptide avoparcin in animal husbandry. We compared the occurrence of VRE in geographical regions of
Europe in which until 1997 large amounts of avoparcin were used (Spain, United Kingdom, and Denmark) with
the occurrence of VRE in Sweden, where avoparcin was banned in 1986. We also studied the relatedness
between VRE strains from different regions and habitats. In total, 2,580 samples were collected from humans,
animals, and the environment (soil, sewage, recipient water). VRE resistant to 20 g/ml vancomycin were
identified in 8.2% of the samples and were found most frequently in raw and treated urban sewage samples
(means, 71% and 36% of the samples, respectively), pig manure (17%), and hospital sewage (16%). The
proportions of VRE-positive sewage samples were similar in Sweden, Spain, and the United Kingdom, whereas
pig feces and manure were more often positive in Spain than in Sweden (30% versus 1%). Most VRE were
Enterococcus faecium carrying vanA, and computerized biochemical phenotyping of the isolates of different
ecological origins showed a high degree of polyclonality. In conclusion, it seems that animal-associated VRE
probably reflect the former use of avoparcin in animal production, whereas VRE in human-associated samples
may be a result of antibiotic use in hospitals. Since there seems to be a reservoir of the resistance genes in all
countries studied, precautions must be taken to limit the use of antibiotics and antibiotic-like feed additives.
emerged and spread entirely as a result of the antibiotic use in
hospitals. In Europe, infections caused by VRE remain a moderate problem in most countries. A European surveillance
study found VRE in 7% of enterococcal isolates from blood
cultures (13). On the other hand, healthy carriers of VRE in
the community are relatively common in certain areas. In The
Netherlands, 5 to 10% of healthy people were colonized with
VRE (12, 41), and a study in a cattle-rearing region in France
revealed that as many as 12% of nonhospitalized citizens and
37% of hospitalized patients were carriers of VRE (14). The
relatively large community reservoir of VRE in Europe has
been linked to the use of avoparcin in livestock. This compound is a glycopeptide that is closely related to vancomycin
and has been used as a growth promoter in livestock in Europe
for many years. In Denmark, for example, about 24,000 kg of
avoparcin was used for growth promotion in animals in 1994,
while only 24 kg of vancomycin was used to treat humans (45).
The use of avoparcin is associated with a high prevalence of
VRE both in feces of exposed animals and in meat products (2,
3, 46). A link between avoparcin use and the community reservoir of VRE in Europe is further supported by the presence
of genotypically indistinguishable vanA gene clusters in isolates
of VRE from human and nonhuman sources (21, 36, 37) and
by a decreased VRE colonization rate in healthy Europeans
after avoparcin was banned in 1997 (22, 42).

Enterococci are members of the normal intestinal microflora
in humans and animals, and they are common in environments
affected by animal and human fecal material. These organisms
are not considered primary pathogens, but because of their
ability to acquire high-level resistance to antimicrobial agents
enterococci have emerged as nosocomial pathogens worldwide
(30). Concern has especially been focused on enterococci that
show high-level resistance to the glycopeptide antibiotic vancomycin (vancomycin-resistant enterococci [VRE]), which
until recently has been the drug of last resort against multiresistant enterococci and against methicillin-resistant Staphylococcus aureus.
In the United States, the incidence of bloodstream infection
due to VRE increased from 0.4% in 1989 to 25.2% in 1999
(35), and between 15 and 24% of the hospitalized patients
were reported to be colonized with VRE in 1998 (33). A later
report indicated that 15% of all clinically relevant isolates of
gram-positive cocci were VRE (17), whereas VRE of the
VanA and VanB types have not been reported in animals so
far. Thus, in the United States VRE are thought to have
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TABLE 1. Samples studied and proportions with VRE20 (enterococci growing in the presence of 20 g/ml vancomycin)
No. of samples (% with VRE20)
Sample source
Sweden

Human origin
Urban sewage (raw)
Urban sewage (treated)
Hospital sewage
Healthy humans (fecal)
Hospitalized patients (fecal)
Clinical isolates

Mixed or unknown origin
Farmland or crop with no manurea
Pig feeda
Surface water
All samples
a
b

Spain

United Kingdom

All countries

35 (57)
32 (19)
14 (36)
24 (0)
18 (0)
97 (0)

49 (90)
50 (54)
29 (17)

21 (52)
27 (22)
26 (4)
39 (0)
0
6 (0)

105 (71)
109 (36)
69 (16)
63 (0)
18 (0)
158 (1)

64 (0)
54 (2)
70 (0)
4 (0)
306 (0.3)
150 (3)
194 (0)

68 (26)
47 (34)
46 (0)
13 (0)
242 (8)
100 (0)

132 (14)
101 (17)
116 (0)
17 (0)
682 (4)
387 (2)
328 (1)

66 (3)
35 (6)
75 (12)

90 (2)
56 (4)
149 (7)
2,580 (8.2)

55 (2)

134 (5)
137 (2)
134 (1)

24 (0)
21 (0)
37 (3)

37 (0)

Longitudinal data from one farm per country.
Data from two sampling occasions at 12 Swedish and 11 Spanish farms.

If the assumptions that usage of avoparcin has selected for
VRE and that the VRE strains or their resistance genes have
spread to humans via the food chain were true, VRE would be
found less frequently in Sweden than in other European countries. In Sweden, the use of antibiotics as feed additives was
prohibited in 1986, whereas in the rest of the European Union
avoparcin was not banned until in January 1997 (Commission
Directive 97/6 EC) and most other antibiotics were banned in
December 1998 (Commission regulations 2788/98 and 2821/
98). Indeed, an investigation in Sweden revealed a low prevalence of VRE in feces both from hospitalized patients in 1998
(9 of 841 patients studied, all from the same hospital, carried
VanB strains with similar pulsed-field gel electrophoresis patterns) and from healthy individuals (of 670 individuals studied,
1 person who had recently returned from Africa carried a
VanA VRE) (39). The number of patients colonized with VRE
has also remained low; only 20 to 40 cases per year were
reported in 2002 and 2003, and the first five cases of VRE
among Swedish bloodstream infections were reported in 2003
(7a).
Within the framework of a European study, enterococcal
populations in samples obtained from various human, animal,
and environmental sources in four European countries (Sweden, United Kingdom, Denmark, and Spain) have been studied (5, 26). One objective of the present study was to compare
the occurrence of VRE in geographical regions of Europe in
which large amounts of avoparcin and other growth promoters
were used previously with the occurrence of VRE in a region
in which avoparcin was not used (Sweden). A second objective
was to study possible epidemiological relationships between
VRE isolates obtained from different parts of the food chain in
these regions.

MATERIALS AND METHODS
Samples. Sampling sites were selected to be representative of enterococcal
populations in various links of the food chain (Table 1), and samples were
collected from April 1998 to December 2000 (5, 26). Human specimens were
obtained from healthy and hospitalized individuals (feces) in Sweden and from
patients with enterococcal infections in Sweden, Spain, and the United Kingdom.
Hospital sewage, urban sewage, and surface water receiving treated sewage were
sampled at two to eight sites in Sweden, Spain, and the United Kingdom. Cecal
contents of randomly selected healthy animals (pigs, cattle, and broilers) were
obtained from slaughterhouses in Sweden, Denmark, and Spain. Pig manure and
samples of farmland with pig manure were collected twice from 12 farms in
Sweden and from 11 farms in Spain. In addition, a longitudinal study of one pig
farm in Sweden and one pig farm in Spain was performed. In this study, samples
were collected from pig feed, pig feces, manure, farmland, and crops with and
without manure eight times during 2 years in order to identify any flow of VRE
between different links of the food chain.
Isolation of enterococci. The sampling and isolation techniques used have
been described previously (26). Briefly, environmental samples with presumed
high counts of enterococci were serially 10-fold diluted in phosphate-buffered
saline (PBS) and then membrane filtered, whereas samples with presumed low
counts of enterococci were filtered undiluted. Filters were then transferred to
m-Enterococcus agar (MEA) (Becton Dickinson, Sparks, Md.) containing vancomycin (8 g/ml). Fecal and cecal samples were diluted with PBS, and 10- to
100-l portions of the solutions were spread on MEA with vancomycin (8 g/ml).
Enrichment for VRE in broth (final vancomycin concentration, 8 g/ml) was
also performed with all samples, undiluted liquid samples, and PBS suspensions
of solid samples in order to detect low numbers of VRE, as described previously
(19). After incubation for 24 h at 37°C, 10 l of each enrichment culture was
spread on MEA with vancomycin (8 g/ml).
All MEA plates with vancomycin were incubated for 48 h at 37°C. Enterococcus-like colonies were typed using the PhP-RF system (see below), and one
isolate representing each PhP-RF type in the sample was subcultured on bile
esculin agar plates (Becton Dickinson) for 24 h at 44°C. Esculin-positive and
catalase-negative colonies were defined as VRE8 and saved in glycerol broth at
⫺70°C. These isolates were also subcultured on MEA supplemented with 20 g
vancomycin per ml, and isolates showing growth were defined as VRE20. VRE8
and VRE20 are collectively referred to as VRE below.
Typing of enterococci using the PhenePlate system. A rapid semiautomated
and computerized typing method for enterococci, based on measurements of the
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Animal origin
Pig (fecal)a
Pig (manure)a,b
Farmland with pig manurea,b
Crop from farmland with manurea
Pig (cecal)
Broiler chicken (cecal)
Cattle (cecal)

Denmark
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TABLE 2. Distribution of the major species E. faecalis, E. faecium, and E. hirae among VRE8 (enterococci able to grow
in the presence of 8 g/ml vancomycin) and among normal enterococci (isolates from media without any antibiotic)a
Origin
Enterococci

VRE8

Country

Animal

Sweden
Sweden
Spain
Spain
United Kingdom
Total

Animal
Human
Animal
Human
Human
Animal
Human

Normal
a

No. of
isolates

%
E. faecalis

E. faecium

E. hirae

Other

33
99
99
282
86
599

12
22
4
5
8
8

38
57
64
80
84
71

8
0
2
1
0
2

42
21
30
13
8
20

8,483
6,100

22
38

27
34

34
14

17
14

See references 26 and 32.

RESULTS
Occurrence of vancomycin-resistant enterococci. Of 2,580
samples analyzed, 10.9% contained VRE8, and 8.2% contained VRE20 (Table 1). For about one-third of the VRE20positive samples, enterococci could be isolated directly from
MEA plates without enrichment (data not shown), indicating
that VRE made up quite a large part of the enterococcal
populations in such samples. In the other two-thirds of the
samples, VRE20 were found only after enrichment in vancomycin broth.
Samples from urban sewage, hospital sewage, and pig manure can be considered pooled fecal samples from a large
number of humans in the community, from a large number of
humans in hospitals, and from many pigs, respectively. VRE20
were most common in raw urban sewage in all three countries
studied (52 to 90% of the samples), followed by treated urban
sewage (19 to 54%) (Table 1). VRE20 were also relatively
common in samples from hospital sewage in Sweden (36%),
mainly because one large hospital was positive on almost all
sampling occasions (19). VRE20 were more prevalent in samples related to pig farms (manure and feces) in Spain (mean,

30%; range, 26 to 34%) than in Sweden (1 of 118 samples
[0.8%]). After data from the longitudinal study in Spain were
excluded, VRE20 were found in 35% of the samples from pig
manure from 6 of the 11 pig farms studied (data not shown).
Some samples from slaughtered pigs in Denmark and Spain
also yielded VRE20 (5 to 8%), whereas only 1 of 306 samples
from slaughtered pigs in Sweden was positive (0.3%) (Table 1).
VRE20 were found only in a few samples from slaughtered
chickens (0 to 3%) and cattle (0 to 1%) in Sweden, Denmark,
and Spain (Table 1). Despite the many VRE20-positive samples from pig manure in Spain, none of the corresponding
samples collected from crops and farmland fertilized with pig
manure was positive (Table 1). Interestingly, VRE20 grew
from Spanish samples from farmland or crops without manure,
from pig feed, and from surface water (3 to 12%) and from one
of the surface water samples from Sweden (Table 1).
Distribution of species and types among VRE8. In all countries E. faecium was more common among the VRE8 isolates
(mean, 71%; range, 38 to 84%) than among enterococci isolated from the same samples on media without antibiotics
(mean, 30%) (Table 2). The reverse was true for E. faecalis and
E. hirae. The dominance of E. faecium among VRE8 was most
pronounced among isolates of human origin. VRE8 belonging
to E. faecalis were most often found in urban sewage in Sweden
(22%). A minor proportion of isolates belonged to unknown
species. Such VRE8 isolates were usually not VRE20 and were
excluded from further analysis.
All 599 VRE8 isolates were typed using the PhP-RF screening system. Their diversity, as measured by Simpson’s diversity
index (Di) (18), was 0.94, and it was almost as high as that for
“normal” unrelated enterococci obtained in the present study
(Di, 0.95 to 0.97) (26, 32). Taken together, these data indicated
that vancomycin resistance was widespread among enterococci
and thus not confined to certain clones.
Resistance to vancomycin. When available, one VRE8 per
sample, representing a distinct PhP-RF type (see below), was
subjected to determination of the vancomycin MIC. A total of
178 such isolates from 140 samples were available. Of these
178 isolates, 33 had MICs of 8 to 16 g/ml, 5 had MICs of 32
to 64 g/ml, and 140 had MICs of ⬎128 g/ml. Thus, 81% of
the susceptibility-tested VRE8 were resistant to ⱖ32 g/ml
and were possibly VanA or VanB VRE.
Extended PhP typing and screening for vancomycin resistance genes in selected VRE. A total of 127 isolates that were
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kinetics of 11 biochemical reactions (PhP-RF plates) (27), one variant of the
PhenePlate typing system (PhPlate Stockholm AB; www.phplate.se), was used
for typing at least one pure colony and one streak (pooled colonies) from MEA
supplemented with 8 g/ml of vancomycin. If the pure and pooled colonies
yielded different results, this was regarded as an indication of the presence of
several types of VRE, and then several isolates were selected from the same
sample for additional typing. One isolate representing each PhP-RF type in the
sample was tested to confirm that it was an enterococcus and was saved for
further analysis (see above). Isolates with vancomycin MICs of ⱖ32 g/ml were
further phenotyped using a PhP-FS plate, which is a more discriminatory phenotyping system in which 24 different reactions are used (19, 25).
Species verification, determination of vancomycin MIC, and screening for
vancomycin resistance genotype. Species were verified by comparing the PhP
typing data with a reference database containing the PhP patterns of 178 isolates
representing 17 species (31). The vancomycin MICs of VRE8 isolates were
determined by broth microdilution using Mueller-Hinton broth (Oxoid, Basingstoke, United Kingdom) and commercially available microdilution panels (VetMIC; National Veterinary Institute, Uppsala, Sweden). The tests were performed according to the recommendations of the National Committee for
Clinical Laboratory Standards (approved standard M 7-A6) (34). Enterococcus
faecalis ATCC 29212, Enterococcus faecium BM 4147 (high-level vancomycin
resistance, VanA type), and Enterococcus gallinarum UB-CET970 (low-level
vancomycin resistance, VanC type) were used as controls. For a subset of isolates
with MICs of ⱖ32 g/ml, further confirmation of the species E. faecalis and E.
faecium and identification of the resistance genes vanA and vanB were performed by PCR (10, 11).
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confirmed to be enterococci, which had vancomycin MICs of
ⱖ32 g/ml and represented separate PhP-RF types (only one
isolate per PhP-RF type and sample was included), were phenotyped further using the more discriminatory PhP-FS system
(Fig. 1). Of these 127 isolates, 111 belonged to the E. faecium
group (including E. hirae) and 16 were E. faecalis. Notably, 12
E. faecalis isolates were from Sweden (all but one from urban
sewage), whereas the other four were from the United Kingdom (three isolates of human origin) and Spain (one isolate
from a broiler); all of these organisms were vanA positive (data
not shown). The Di for these VRE was 0.99 as determined by
PhP-FS, which indicated that most VRE belonged to unique
PhP types, further supporting the notion that they were members of different clonal lineages. A total of 16 common types,
each comprising between 2 and 11 isolates, that could indicate
a common origin or clonal spread of certain VRE strains were
found (Fig. 1). Most of these types were obtained from only
animals or humans, but two types included isolates from both
animals and humans (Fig. 1).
The PhP-FS data for animal-related (n ⫽ 36) and humanrelated (n ⫽ 72) vancomycin-resistant E. faecium and E. hirae
were also subjected to separate cluster analyses (Fig. 2 and 3).
The diversity was lower among the animal isolates (Di, 0.92)
than among the human isolates (Di, 0.99). All animal isolates
possessed the vanA gene, and one major cluster of 11 E. faecium strains was found among the animal isolates, mainly from
pigs in Denmark and Spain (Fig. 2). Among the human isolates, eight small clusters of two to five identical isolates were
identified, and the isolates were usually from the same country
(Fig. 3). One cluster of 10 E. faecium isolates that had identical
or similar PhP fingerprints was identified among Swedish and
United Kingdom isolates of human origin (Fig. 3). Their
PhP-FS fingerprints were similar to those of clone FMSE1,
which is a nationwide E. faecium clone resistant to ampicillin
and ciprofloxacin found in Sweden in 1997 (40). Of the 67
isolates of human origin that were screened for vancomycin
resistance genes, 21% were vanB positive and 79% contained
vanA. All 14 isolates with the vanB genotype were from Sweden or the United Kingdom, and notably, eight of these isolates were hospital associated (clinical isolates or isolates from
hospital sewage) (Fig. 3).
DISCUSSION
We studied the occurrence of VRE in 2,580 samples collected in different geographical regions in Europe, both from
different links of the food chain and from humans, after the
ban of avoparcin use in animal feed. A major question was
whether VRE were more common in countries where large
amounts of avoparcin were recently used (Denmark, Spain,
and United Kingdom) than in Sweden, where avoparcin has
not been used since 1986. Indeed, VRE20 were isolated more
often from Spanish pig-related samples (manure and feces
[30%] and ceca [8%]) than from Swedish samples (1% and
0.3%). In contrast, high proportions of VRE-positive urban
sewage samples were found in Sweden, Spain, and the United
Kingdom (52 to 90%), apparently reflecting a human source
rather than an animal source and despite the fact that the
consumption of antibiotics in hospitals in Sweden (population,
9 million) is among the lowest in Europe (8, 15), which applies

FIG. 1. Dendrogram showing the results of a cluster analysis (unweighted-pair group method using average linkages) of PhP-FS typing
data for 127 isolates confirmed to be enterococci, having vancomycin
MICs of ⱖ32 g/ml, and representing diverse clusters (only one isolate
per PhP-RF type and sample was included). The dotted line indicates
the identity level that was determined by the reproducibility of the
typing method (25). Isolates that show similarity to each other higher
than this level were assigned to the same PhP type. Solid circles
indicate isolates of animal origin, open circles indicate isolates of
human origin, and no mark indicates isolates having other or mixed
origins. The arrows indicate the only two PhP types that comprise
isolates of both human origin and animal origin.
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particularly to vancomycin as its only oral use (against Clostridium difficile diarrhea) is strongly discouraged in order to
avoid selection of VRE. Thus, vancomycin usage in Swedish
hospitals is about one-half that in the United Kingdom, which
in turn uses 5- to 10-fold less than the United States. Any
difference between the three countries with regard to the use
of vancomycin and other antimicrobials in human medicine
was probably neutralized by other factors influencing the occurrence of VRE, such as import via foreign travel (10 to 20%
of the Swedish population per year) and meat products and
further transmission within each country. All animal isolates

tested carried the vanA gene, whereas 42% of the hospitalrelated isolates and 9% of other human-related isolates were
the VanB type. Similarly, other workers found the VanB type
in occasional clinical VRE isolates (11%) and fecal VRE from
hospitalized patients (6%) in Europe (16), whereas the VanB
type was rare among animal isolates (9, 29).
Other workers have also reported the presence of VRE in
sewage (44) and treated sewage (43). In another recent study
we found enterococci belonging to an ampicillin- and ciprofloxacin-resistant clonal group previously found to colonize
hospitalized patients throughout Sweden (40) not only in hos-
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FIG. 2. Dendrogram showing the results of a cluster analysis (unweighted-pair group method using average linkages) of PhP-FS typing data for
32 E. faecium isolates and four E. hirae isolates of animal origin having vancomycin MICs of ⱖ32 g/ml. The isolates included isolates from broilers
from slaughterhouses (SB), from cattle from slaughterhouses (SC), from pigs from slaughterhouses (SP), from pig feces (PF), and from pig manure
(PM). SE, Sweden; DK, Denmark; ES, Spain. Shading indicates a cluster of identical E. faecium isolates having different origins.
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FIG. 3. Dendrogram showing the results of a cluster analysis (unweighted-pair group method using average linkages) of PhP-FS typing data for
72 E. faecium isolates of presumed human origin (urban and hospital sewage isolates, clinical isolates) having vancomycin MICs of ⱖ32 g/ml.
Shading indicates isolates showing high similarity to the ampicillin- and ciprofloxacin-resistant clone FMSE1 previously found nationwide in
Sweden. SE, Sweden; ES, Spain; UK, United Kingdom; sew., sewage.

pital sewage but also in raw and treated urban sewage (20).
Thus, it is possible that antibiotic-resistant enterococci present
in the human population are enriched in hospitals, released
from there into municipal sewers to become established, and

then further released via sewage treatment plants into recipient water and transferred back into humans. Furthermore, as
most VRE8 isolates from sewage were also resistant to macrolides, tetracyclines, and other antibiotics (unpublished data),
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ory of times when avoparcin and other antimicrobial drugs
were used as growth promoters. Human-associated VRE were
common (in sewage) and belonged mostly to nonanimal
strains, having acquired either vanA or vanB resistance genes.
This was also true for Sweden, despite the absence of a large
animal reservoir, and might reflect “silent” carriage in the
human population, possibly due to import of VRE via animal
products and tourism, as well as selection for enterococci carrying vanA and vanB by antibiotic use in human medicine. No
exchange of VRE strains between humans and animals could
be demonstrated. Instead, spread of the vanA gene cluster
from animal VRE to human enterococcal strains may contribute to the current prevalence of VRE in clinics. Considering
the many reservoirs of VRE in all of the countries studied, the
use of antibiotics in both the human and animal populations
must be minimized in order to limit continuing expansion of
VRE.
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selection of such strains by a wide range of agents in hospitalized and other humans receiving antibiotic treatment and the
release of these strains into sewage are likely. Coselection of
resistance to vancomycin and macrolides has been demonstrated for E. faecium in pigs (1) and in poultry (6, 7) and has
been suggested to contribute to the persistence of VRE in
Danish pigs after the avoparcin ban.
It has been suggested that VRE can reach humans through
the food chain by contaminated meat products (23). Therefore,
a second aim of this study was to investigate common sources
and transmission routes of VRE strains between animals, food
of animal origin, humans, sewage, and possibly countries, including the epidemiology of vanA and vanB. A related mechanism of spread of VRE could be the use of manure containing
VRE as a fertilizer of crops to be consumed by humans. In the
present study 34% of the pig manure samples in Spain contained VRE. The enterococcal counts were generally 104 to 105
CFU per gram, but in farmland that had received the manure
and in crops growing on such farmland a 3- to 5-log reduction
had occurred (26) and VRE were not isolated from any sample. It thus seems that low levels of VRE in manure represent
a negligible risk for further spread to crops and humans.
Most isolates from the countries studied belonged to unique
PhP types, which is a strong indication that they represented
different clones (27). This supported the hypothesis that vancomycin resistance has emerged more by horizontal spread of
the vanA gene cluster, and to some extent the vanB cluster,
among a wide range of enterococci of various origins than by
transmission of a few major clones (4, 21, 28). In this study
about 16 mostly small clusters, indicating a common reservoir
or clonal spread of some VRE strains, were found in animals
of the same species (pigs in Denmark and Spain) and in human-related samples. Only in two cases did a human isolate
and an animal isolate have the same PhP type, and in these
cases there was no known epidemiological relationship. This
finding is in line with reports showing that VRE from animals
and humans for the most part belong to separate genotypes (7,
47). Thus, our study supported the concept that clonal spread
of VRE strains between animals and humans is rare in the
absence of close contact, like that between animals and their
farmers (7, 37). Instead, as proposed also by other workers, a
possible connection between different animal VRE reservoirs
and human enterococci is horizontal spread of the vanA gene
cluster between distinct enterococcal strains (24, 48).
An interesting finding was that 10 vancomycin-resistant E.
faecium isolates from Sweden and the United Kingdom, mainly
of hospital origin and of the VanB type, had PhP types that
were identical or similar to those of the multiresistant clonal
group FMSE1 mentioned above, which was previously found in
Sweden (Fig. 3). It seems that this hospital-associated cluster,
which was consistently vancomycin susceptible in 1997 (39), is
international and has acquired vanA and vanB. Further evidence for this theory is that the FMSE1-like VRE generally
were resistant to ampicillin (MIC, ⱖ32 g/ml) in the present
study.
In conclusion, it seems that VRE among animals and humans in Europe have evolved in largely two different ways.
VRE associated with animal production were rare in Sweden
but were common in the other countries studied, particularly in
samples from pig production, and probably remain as a mem-
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