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The genetic relationship among fecal vancomycin-resistant Enterococcus faecium (VREF) and vancomycin-
susceptible E. faecium (VSEF) isolates (n = 178) from the same populations of pigs, human healthy volunteers,
and hospitalized patients (from The Netherlands) and chickens (from The Netherlands and Greece) was
studied by amplified-fragment length polymorphism (AFLP). The majority of VREF isolates from pigs, healthy
volunteers, and hospitalized patients grouped together (genetic similarity, =65%). In a previous AFLP study
by our group the VREF isolates from hospitalized patients grouped separately, most likely because these were
clinical and not fecal isolates as in the present study. Furthermore, VSEF isolates from humans and pigs were
found much more genetically diverse than VREF isolates, whereas VREF and VSEF isolates from chickens
clustered together in a separate genogroup (genetic similarity, =65%), a pattern clearly distinct from the
patterns for human and pig isolates. The present study suggests that pigs are a more important source of VREF
for humans than chickens and that human- and pig-derived VSEF isolates seem much more heterogeneous

than VREF isolates.

In countries of the European Union (EU) vancomycin-re-
sistant enterococci (VRE) are relatively frequently found in
healthy humans in the community and in farm animals and
vancomycin resistance is mostly van4 mediated. This consid-
erable pool of possibly transmissible isolates with vanA-medi-
ated glycopeptide resistance in the EU is very likely caused by
the use of avoparcin (an analogue of vancomcyin) as a growth
promoter in animal husbandry until April 1997 (14, 16). Oc-
casionally, genetically related VRE isolates have been found in
food animals, meat products (5), outpatients, and hospitalized
patients, suggesting that transmission between animals and
humans can occur and may contribute to colonization and
subsequent infection in humans (9, 11, 15).

Thus far, molecular comparisons by pulsed-field gel electro-
phoresis (PFGE) (1, 11, 15, 18) and amplified-fragment length
polymorphism (AFLP) analysis (12, 21) of human- and animal-
derived enterococci have been done only on VRE strains.
These comparisons revealed the existence of a common human
and pig genogroup, while poultry-derived vancomycin-resistant
Enterococcus faecium (VREF) isolates clustered in a separate
genogroup. However, the typing of the Tn/546 transposon (1,
4,10, 13, 20, 22) showed that identical Tn/546 derivatives were
found in humans and poultry, suggesting horizontal spread of
the vanA transposon from poultry to humans.

Until now, it was not known whether VREF strains consti-
tute a separate population within the E. faecium population
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and whether host-specific AFLP genogroups are also found
among VSEF strains. Previous studies mainly focused on the
genetic relationship among isolates from animals and humans
within one country (11, 18). In this study, we used AFLP
analysis to study the genetic relationship among 178 VREF
and vancomycin-sensitive E. faecium (VSEF) strains isolated
from fecal samples from humans and pigs in The Netherlands
and from chickens in Greece and The Netherlands. AFLP has
the ability to establish genetic relatedness between strains that,
by PFGE, would show no similarity at all. PFGE is the refer-
ence standard for tracing the transmission of strains in hospital
outbreaks but is too discriminatory to determine genetic relat-
edness among epidemiologically unrelated strains (7, 21).

The AFLP genogroups defined in the present study were
compared to our previous results for host-specific genogroups
among 255 VREF isolates from hospitalized patients, nonhos-
pitalized persons, and various animal sources (pigs, poultry,
calves, dogs, and cats) from nine different countries (21). In-
cluding vancomcyin-susceptible enterococci in molecular epi-
demiology studies might provide more insight into the compo-
sition of the enterococcal intestinal flora in humans and
animals and help to further elucidate the transmission routes
and persistence of E. faecium strains from animals in the hu-
man gut (21).

(Part of the study was presented as a poster at the 41st
Interscience Conference on Antimicrobial Agents and Chemo-
therapy, Chicago, Illinois, 15 to 19 December 2001 [abstr.
1875].)

MATERIALS AND METHODS
Bacterial isolates. All VREF isolates and a comparable number of VSEF
isolates were derived from four different populations of (i) healthy individuals (n
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= 537), (ii) hospitalized patients (n = 100), (iii) pigs (» = 126), and (iv) poultry
(n = 139). The fecal samples from healthy individuals were collected from
volunteers living in the north (n = 129), south (n = 171), and west (n = 133) of
The Netherlands and were selected by using random addresses from the tele-
phone directory in 1999. From the southern region fecal samples from healthy
volunteers were also collected in 1996 (n = 104). The fecal samples from
hospitalized patients came from patients admitted to the surgical ward of the
University Hospital Maastricht in 1999. The poultry samples came from Greek (n
= 50) (kindly provided by K. Sarris, Salonika, Greece) and Dutch slaughter-
houses (n = 89). The last group of fecal samples were derived from a Dutch pig
slaughterhouse. Multiple sampling from both pigs and poultry from the same
farm was prevented by collecting feces from at most every 300th pig and by
collecting only one chicken sample in the morning and one in the afternoon after
evisceration at the slaughtering line.

All fecal samples were diluted 1:10 in 0.9% (wt/vol) NaCl supplemented with
20% (vol/vol) glycerol on the day of arrival at the bacteriological laboratory and
were stored at —20°C until assayed. After the samples were thawed, 1:10 and
1:1,000 dilutions (40 wl each) were inoculated on KF-Streptococcus agar plates
(CM701; Oxoid, Basingstoke, United Kingdom), with and without vancomycin
(concentration: 10 mg/liter), by using a spiral plater (Salm en Kip BV, Utrecht,
The Netherlands) as previously described (6, 17). After 48 h of incubation at
42°C, one typical enterococcal colony from each sample dilution was randomly
chosen from the plates with and without vancomycin, and colonies were identi-
fied by generally accepted methods (2, 17).

In total 178 fecal E. faecium isolates were included into the study: 93 VREF
isolates and 85 VSEF isolates. Sixty-four isolates were selected from healthy
volunteers, of which 37 were VREF and 27 were VSEF. Seven VREF isolates
and 12 VSEF isolates were derived from the hospitalized patients. A total of 35
(VREF, n = 16; VSEF, n = 19) and 34 isolates (VREF, n = 19; VSEF, n = 15)
came from Greek and Dutch poultry farms, respectively, and 26 isolates were
derived from a Dutch pig slaughterhouse (VREF, n = 15; VSEF, n = 11). None
of the isolates in the present study were included in our previous study (21).

AFLP analysis. All 178 isolates were analyzed by AFLP. DNA was isolated as
described elsewhere (20), with the addition of a final ethanol precipitation step
to further purify the DNA. The AFLP analysis and the degree of genetic simi-
larity of =65% for the AFLP patterns to distinguish genogroups were as previ-
ously prescribed (21). This level of 65% was arbitrarily set and is not an absolute
limit but distinguished four main genogroups and showed a clear association with
the source of the strains. To form a specific genogroup, the minimal number of
strains needed was five. The genogroups distinguished were compared to the
genogroups of our previous study (21).

Genotypic diversity based on AFLP typing was calculated by the following
equation: genotypic diversity (GD) = [n/(n — 1)](1 — 2x?), where x; is the
frequency of the ith identical AFLP type and # is the number of strains (8, 19).
Two isolates were considered to have an identical AFLP type when the similarity
of banding patterns was >95%. This cutoff of 95% was based on the previous
finding that the degree of similarity between quadruplicate isolates of the same
organism was 95 to 99% (21). When isolates are highly diverse, no two isolates
have an identical AFLP type, and the calculated GD is 1. When all isolates are
identical the GD is 0. Thus an increase in GD suggests an increased level of
genetic heterogeneity.

Statistical analysis. The chi square test (two-sided, P < 0.05) was used to
analyze the differences in the distributions of the different experimental groups
among the AFLP genogroups.

RESULTS

AFLP analysis. In total 178 strains, 93 VREEF strains and 85
VSEF strains, from different animal and human sources,
healthy volunteers, hospitalized patients, pigs, and poultry,
were subjected to AFLP typing. Four main groups of strains
that shared =65% of their restriction fragments were formed
as a result of grouping by AFLP. Most VREF isolates from
healthy volunteers (35 of 36) and hospitalized patients (6 of 7)
and all VREEF isolates from pigs (15 of 15) clustered in geno-
group A (Fig. 1; Table 1), and all of these isolates clustered in
our previously reported genogroup A (21).

Compared to the VREF isolates, the VSEF isolates from
humans and pigs were genetically more heterogeneous and
were dispersed over the entire dendrogram (Fig. 1). A signif-
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icant difference in the distributions of genogroups between the
VREF and VSEF isolates from human volunteers and pigs was
found (P < 0.05; Table 1). New genogroups E and F, mainly
consisting of VSEF isolates (11 of 11 and 8 of 9, respectively),
were identified in addition to the previous published geno-
groups (21). The isolates that clustered in genogroup E were
derived from healthy volunteers (9 of 11) and hospitalized
patients (2 of 11), and the isolates in genogroup F were from
hospitalized patients (2 of 9), pigs (4 of 9), and poultry (3 of 9)
(Fig. 1; Table 1).

Fifteen strains were not assigned to any of the genogroups
since they did not cluster in a group comprising at least 5
strains. The majority of these strains (12 of 15) were vancomy-
cin sensitive and were isolated from healthy volunteers (10 of
12) and hospitalized patients (2 of 12) (Fig. 1; Table 1). The
genetic heterogeneity of VSEF was also confirmed by the
greater genotypic diversity of the vancomycin-sensitive entero-
cocci isolated from human volunteers, hospitalized patients,
and pigs (GD, 1.00, 0.97, and 0.95, respectively) than of the
vancomycin-resistant isolates (GD, 0.77, 0.87, and 0.84, respec-
tively) (Table 2).

The vast majority of the poultry isolates (65 of 69) grouped
in genogroup B (Fig. 1), and all clustered within the previously
reported genogroup B (21). The poultry isolates grouped
clearly separately from isolates recovered from humans and
pigs, irrespective of whether they were VREF or VSEF and of
Dutch or Greek origin (Fig. 1; Table 1). This clustering of
poultry-related VREF and VSEF isolates also means that the
difference in genotypic diversity between VSEF and VREF
isolates from poultry (GD, 0.93 and 0.88, respectively) was
smaller than that between VSEF and VREF isolates from
humans and pigs (Table 2).

DISCUSSION

In our previous study, 255 VREF strains from different hu-
man and animal sources were subjected to AFLP typing. Four
genogroups (A to D), with clustering of isolates from nonhos-
pitalized volunteers and pigs in genogroup A, chickens in geno-
group B, hospitalized patients in genogroup C, and vealers in
genogroup D, were discriminated (21). In the present study,
the VREF strains from (nonhospitalized) healthy volunteers
and pigs also clustered in the same genogroup A. However, the
strains from hospitalized patients also clustered in genogroup
A, whereas in the previous study they formed genetically dis-
tinct genogroup C. This observed difference between the two
studies may be explained by the fact that in this study the
VREF isolates derived from hospitalized patients were not
clinical isolates from infections or associated with hospital out-
breaks but rather were isolates from the fecal flora. Therefore,
it is very likely that the VREF isolates derived from hospital-
ized patients were already acquired in the community, as also
found by Endtz et al. (3).

The VREEF strains derived from healthy volunteers in 1996
and 1999 and from different regions in The Netherlands
showed no specific clustering of AFLP patterns by year or
place and mainly clustered in genogroup A (specific data not
shown).

The genetic similarity between human and pig VREF iso-
lates did not extend to VSEF isolates. Especially, the VSEF
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FIG. 1. Dendrogram of the genetic similarity of all isolates by AFLP analysis. Groups A, B, E, and F are based on a 65% genetic similarity.
The dots indicate the sources, the vancomycin resistance phenotypes, and the countries of origin of the isolates.

isolates derived from healthy volunteers were genetically more the numbers of VSEF strains derived from hospitalized pa-
diverse then their resistant counterparts and were spread tients (n = 12) and pigs (n = 11) were smaller, these strains
among genogroups A, B, and E. In addition, 38% did not also showed more genetic diversity than the resistant strains.
cluster in one of the four main genogroups at all. Even though In contrast to the clear distinction between the relatively
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TABLE 1. Distribution of isolates of the different experimental groups among the AFLP genogroups

No. (%) of isolates of indicated type in:

geﬁ(fgl;sup Healthy volunteers® Hospital patients Poultry Pigs”

VREF VSEF VREF VSEF VREF VSEF VREF VSEF
A 35 (97%) 6 (22%) 6 (86%) 5 (38%) 15 (100%) 5 (46%)
B 2 (7%) 2 (15%) 33 (94%) 32 (94%)
E 9 (33%) 2 (15%)
F 2 (15%) 1(3%) 2 (6%) 4 (36%)
Unrelated 1 (3%) 10 (37%) 1 (8%) 2 (15%) 1 (3%) 2 (18%)
Total 36 27 7 13 35 34 15 11

“ Significant differences (P < 0.05) in the distribution of the genogroups for the VREF and VSEF isolates from human volunteers and pigs were found.

homogeneous VREF strains and relatively heterogeneous
VSEF strains derived from both humans and pigs, the vast
majority of VREF and VSEF strains derived from chickens
clustered in genogroup B and displayed a more or less identical
genotypic diversity. Perhaps the antibiotics especially used in
poultry farming have already selected for a specific genetic
poultry E. faecium population.

The finding that strains isolated from Dutch and Greek
chickens clustered in genogroup B suggests that the clustering
of strains may be more related to the type of animal they were
isolated from than their geographic origin. However most
broilers in the world not only are genetically related but also
descend from only a few breeding centers. Hence a common
source of contamination cannot be excluded.

The finding of a separate (VREF) poultry group (by AFLP
analysis) distinct from human isolates was also reported in our
previous study (21). Also, van den Braak et al. found two major
PFGE types of VRE among poultry-derived strains that were
not found in the fecal flora of patients (18). These results
suggest that clonal transmission of VREF via the food chain
from chickens to humans is less important than transmission
from pigs to humans. This might be due to the fact that chick-
en-specific VREEF strains may have difficulty in persisting in the
human intestinal tract. Nevertheless, similarity of PFGE and
AFLP types between turkeys and turkey farmers (11, 21) and
between poultry and poultry farmers (21) has been found,
indicating that clonal dissemination of poultry strains to cor-
responding farmers does occur.

For comparison among different typing methods a subset of
strains from this study were subjected to a multilocus sequence
typing (MLST) scheme developed by our group, and an article
describing this MLST scheme for E. faecium has been pub-
lished (3a).

In conclusion, human- and pig-derived VSEF strains are

TABLE 2. Genotypic diversity found in the different
experimental groups

GD? of:
Source Country”
VREF VSEF
Healthy volunteers NL 0.77 1.00
Hospitalized patients NL 0.87 0.97
Pigs NL 0.84 0.95
Poultry NL, GR 0.88 0.93

“ NL, The Netherlands; GR, Greece.
® The formula for GD is given in Materials and Methods.

much more heterogeneous than their resistant counterparts
and do not form a single genogroup. The VREEF strains de-
rived from humans and pigs are genetically different from the
majority of the VSEF strains from pigs and humans and VREF
and VSEF strains from poultry. These results suggest that pigs
are a more important VREF source for humans than chickens
by way of clonal dissemination. Why strains derived from
chickens do not seem to persist or survive as well as pig strains
in the human gut remains to be elucidated. More research on
the strain-specific traits of strains derived from different hu-
man and animal sources, such as virulence factors and coloni-
zation and persistence abilities, is warranted, as they may play
a crucial role in the transmission and survival of resistant
bacteria in the human gut.
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