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Rates of colonization with enterococci with acquired resistance to vancomycin (vancomycin-resistant en-
terococci [VRE]) and ampicillin (ampicillin-resistant enterococci [ARE]) were determined by using fecal
samples from 670 nonhospitalized individuals and 841 patients in 27 major hospitals. Of the hospitalized
patients, 181 (21.5%) were carriers of ARE and 9 (1.1%) were carriers of VRE. In univariate analyses, length
of hospital stay (odds ratio [OR], 4.6; 95% confidence interval [CI], 2.5 to 8.9) and antimicrobial therapy (OR,
4.7; 95% CI, 3.3 to 6.7) were associated with ARE colonization, as were prior treatment with penicillins (OR,
3.1; 95% CI, 1.8 to 5.5), cephalosporins (OR, 2.9; 95% CI, 1.7 to 5.0), or quinolones (OR, 2.7; 95% CI, 1.5 to
4.7). In logistic regression analysis, antimicrobial therapy for at least 5 days was independently associated with
ARE carriage (adjusted OR, 3.8; 95% CI, 2.6 to 5.4). Over 90% of the ARE isolates were fluoroquinolone
resistant, whereas 14% of the ampicillin-susceptible Enterococcus faecium isolates were fluoroquinolone resis-
tant. ARE carriage rates correlated with the use of fluoroquinolones (P = 0.04) but not with the use of
ampicillin (P = 0.68) or cephalosporins (P = 0.40). All nine VRE isolates were E. faecium vanB and were found
in one hospital. Seven of these isolates were related according to their types as determined by pulsed-field gel
electrophoresis. Among the nonhospitalized individuals, the ARE carriage rate was lower (6%; P < 0.05), and
only one person, who had recently returned from Africa, harbored VRE (E. faecium vanA). The absence of VRE
colonization in nonhospitalized individuals reflects an epidemiological situation in Sweden radically different
from that in countries in continental Europe where glycopeptides have been widely used for nonmedical purposes.

During the last decade, enterococci with acquired high-level
resistance to antimicrobial agents have emerged as nosocomial
pathogens worldwide (25). Strains with acquired ampicillin
resistance (ampicillin-resistant enterococci [ARE]) and high-
level aminoglycoside resistance cause considerable therapeutic
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problems in patients with severe infections like endocarditis,
and since 1989, strains with acquired resistance to glycopep-
tides (vancomycin-resistant enterococci [VRE]) have further
emphasized these problems (17). A majority of reports on
VRE carriage and infections have originated from the United
States (12, 17, 28, 29), but several also originated from Europe
(18, 22, 31). Heavy use of antimicrobial agents such as vanco-
mycin and cephalosporins, prolonged hospital stays, immuno-
suppression, physical location in the hospital, and gastrointes-
tinal colonization with VRE are all factors associated with
VRE infection (13). The spread of resistant enterococcal
strains in hospitals has been described (17, 23, 29). The epide-
miology of resistant strains of enterococci seems to differ be-
tween the United States and Europe. In the United States
clonal spread of endemic VRE strains of both the vanA and the
vanB genotypes within and between hospitals was demon-
strated (12, 28, 29), but VRE colonization among nonhospi-
talized persons has so far not been found (5, 33). In contrast,
studies from European countries have revealed a surprisingly
high prevalence of VRE, mainly Enterococcus faecium of the
vanA genotype, among nonhospitalized citizens (1, 37, 39),
among farmers, farm animals, and meat products (2, 4, 24, 36),
and from sewage treatment plants (20). Moreover, genetic
fingerprinting of European nosocomial VRE isolates has often
shown polyclonality, indicating the import of various vanA
strains from the community (3, 22).

In most European countries the glycopeptide avoparcin has
been widely used as a growth promoter in animal husbandry,
whereas this agent has not been licensed for use in the United
States. On the other hand, the rate of use of vancomycin in
U.S. hospitals has increased dramatically over the last 15 years
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(19) but has probably increased less so in European hospitals,
although reliable data on European antibiotic consumption is
not available. These differences in the use of glycopeptides in
hospitals and in animal husbandry have been proposed as
explanations for the different epidemiologies of VRE on the
two continents (14). Three major reasons prompted us to study
the epidemiology of drug-resistant strains of enterococci. First,
data on VRE carriage rates in Sweden were lacking and only
one limited VRE outbreak had been described (35). Second,
there has been a contrasting increase in the incidence of clin-
ical ARE isolates in many Swedish hospitals during the 1990s
(16). Third, since January 1986, a national feedstuffs act has
prohibited administration of all antimicrobial agents as growth
promoters to livestock, and thus, Sweden is one of the rare
countries in the world that lacks this major risk factor for the
emergence of antimicrobial drug resistance.

MATERIALS AND METHODS

Study group. In February 1997 an offer to join a national enterococcal study
group was sent to departments of infectious diseases and departments for hos-
pital infection control at all 28 secondary-care (county) hospitals and all 7
tertiary-care (university) hospitals in Sweden. A majority of these hospitals (n =
27), including all university hospitals, agreed to participate. Local ethical com-
mittees throughout Sweden approved of the studies, and informed consent was
obtained from all patients and nonhospitalized individuals included in the stud-
ies.

Hospitalized patients (study A). Study A was carried out from September
through November 1997. During 1 day, rectal swabs were taken from all inpa-
tients at two separate wards in each hospital, resulting in a total of 841 fecal
samples. Patients with granulocyte counts below 1.0 X 10%/liter or with rectal
bleeding disorders were not included. To ensure that the wards chosen had
different levels of antimicrobial agent consumption, the local study groups were
asked to include both intensive care units (ICUs) and wards that consume low
levels of antimicrobial agents. Each patient record was reviewed with respect to
antibiotic treatment during the previous 2 weeks. Other patient characteristics
recorded were age, sex, period of hospitalization, prior hospitalization within 6
months, and recent travel outside Scandinavia. The selection of two wards with
presumed different levels of consumption of antimicrobial agents, collection of
information about the patients, collection of rectal swabs specimens, and collec-
tion of patient data were carried out by each local study group. The actual level
of antimicrobial agent consumption on each ward could not be recorded, and
instead, the drug deliveries to each ward during 1997 were obtained through the
kind cooperation of the hospital pharmacies that delivered the drugs. The num-
ber of patient bed days for each ward during 1997 was obtained from hospital
administration records. These data were used to calculate antibiotic consumption
rates, expressed as defined daily doses (DDDs) per bed day.

Since only three renal units were included during the first phase of the study
and all nine VRE carriers found in the study originated from one of these units
(see Results), we considered the risk of selection bias. Therefore, 113 additional
inpatients in renal units at five additional tertiary-care hospitals were included in
the study. Their fecal samples were screened for VRE only, and no further
characteristics of these patients were recorded.

Nonhospitalized individuals (study B). Study B was carried out in cooperation
with members of the study group at 20 major outpatient clinics throughout
Sweden. Individuals who attended these clinics from March through May 1998
were asked to participate in the study, and 670 agreed to be included. A rectal
swab specimen was taken, and a patient record form similar to that used for study
A was used. Individuals who had been hospitalized within 30 days prior to
attendance at the outpatient clinics were not included in the study.

Culture techniques. All swabs were promptly transported to the Swedish
Institute for Infection Disease Control for selective culture for ARE and VRE.
Rectal swabs in transport medium were put into 1 ml of nutrient broth and were
vigorously shaken for 10 s. A total of 50 .l of the resulting suspension was used
for screening for ARE and 200 wl was used for screening for VRE. The remain-
ing part was supplemented with 20% glycerol and was kept at —70°C for later
use. Screening for ARE was performed by direct plating of the suspension on
cephalexin-aztreonam-arabinose (CAA) agar (11) containing cephalexin (10 pg/
ml), aztreonam (75 pg/ml), amphotericin B (5 wg/ml), and with ampicillin (30
wng/ml) added. Screening for VRE was performed in two steps. The suspension
was first inoculated into 5 ml of Enteroccosel enrichment broth (BBL, Becton
Dickinson Microbiology Systems) containing vancomycin (8 wg/ml) and aztreo-
nam (60 pg/ml) (21), and the mixture was incubated at 37°C and examined at
72 h. Tubes in which growth was indicated by even the slightest color change to
black were subcultured by inoculating 50 wl onto CAA agar to which vancomycin
(8 wg/ml) was added. These plates were incubated for 24 h at 37°C, and colonies
were further identified as enterococci by colony morphology, Gram staining, and
catalase and pyroglutamyl-B-naphthylamide tests. E. faecium colonies were iden-
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tified as colonies that were surrounded by a zone of color change from red to
yellow, which indicated the fermentation of arabinose.

A reference material of ampicillin-susceptible E. faecium was collected from
the study A patients. These isolates were obtained by picking colonies from
around the inhibition zone around a 10-pg ampicillin disc (>20 mm) placed on
a CAA agar plate.

Antibiotic susceptibility testing of VRE and ARE isolates. The following an-
timicrobial agents were used and were kindly provided by the respective manu-
facturers: ampicillin and teicoplanin (Astra), vancomycin (Eli Lilly), imipenem
(Merck Sharpe & Dohme), ciprofloxacin (Bayer), netilmicin, (Schering-Plough),
and erythromycin (Abbott). MICs were determined by agar dilution on PDM
Antibiotic Sensitivity Medium (AB Biodisk, Solna, Sweden). Resistance to van-
comycin was defined by an MIC of =8 pg/ml (27), and resistance to ampicillin
was defined by an MIC of =16 pg/ml (26, 27).

Genetic analyses. The resistance genotypes (vanA, vanB, vanC1, and vanC2)
and species (E. faecium, Enterococcus faecalis, Enterococcus casseliflavus, and
Enterococcus gallinarium) of all VRE were confirmed by PCR (9). Pulsed-field
gel electrophoresis (PFGE) was performed by preparation of chromosomal
DNA (8), digestion with Smal, loading of sample plugs containing digested DNA
on a 1% SeaKem Gold gel (FMC Bioproducts, Rockland, Maine), and electro-
phoresis by using the autoalgorithm mode (20 to 300 kb) of CHEF-mapper
(Bio-Rad Laboratories, Richmond, Calif.) equipment with a ramping factor of
0.55, an initial switch time of 2.98 s, a final switch time of 26.29 s, and a running
time 14 h and 50 min. The gels were stained with ethidium bromide, and DNA
bands were visualized with UV light. For interpretation, we divided the restric-
tion endonuclease digest patterns into four categories, indistinguishable, closely
related, possibly related, and unrelated, as suggested by Tenover et al. (34).

Control samples and strains. The ability of our screening method to detect
VRE was tested with the kind assistance of A. E. van den Bogaard, University
Hospital, Maastricht, The Netherlands, who provided us with seven human fecal
samples about whose VRE infection status we were blinded. We accurately
found five of the samples to contain E. faecium vanA and two to be negative for
VRE. The control strains used throughout our own screening procedure were E.
faecium BM4147 vanA and E. faecalis V583 vanB, kindly provided by P. Cour-
valin, Institute Pasteur, Paris, France. For antibiotic susceptibility testing, E.
faecalis ATCC 29212, Escherichia coli ATCC 25922, and Staphylococcus aureus
ATCC 29213 were used as control strains.

Statistics. Microsoft Access 97 (Microsoft Corp.) was used to create the
database, and univariate analyses (two-by-two tables) of odds ratios (ORs) and
95% confidence intervals (Cls) were calculated by using the statcalc mode of the
EPI info, version 6, software (6). For logistic regression analysis SPSS, release
8.0, for Windows (SPSS Inc., Chicago, Ill.) was used. The Spearman rank cor-
relation test was used for calculation of correlations between sales of antimicro-
bial agents and rates of carriage of resistant enterococci in the participating
hospital wards.

RESULTS

VRE and ARE carriage rates among hospitalized patients
(study A). The 841 patients studied were hospitalized in ICUs
(22%) and in surgical-orthopedic (9%), internal medicine
(15%), renal (7%), infectious disease (5%), geriatric rehabili-
tation (38%), and other (4%) units. Other patient character-
istics are presented in Table 1. ARE were found in the fecal
flora of 181 patients (median, 21% per ward; range 0 to 56%).
Nine patients (1.1%) carried both VRE and vancomycin-sus-
ceptible ARE. All ARE and VRE isolates were E. faecium.
The VRE-infected patients were all hospitalized at Umed Uni-
versity Hospital in northern Sweden: five in a renal unit and
four in a geriatric unit. All VRE isolates were E. faecium vanB,
and seven of the nine isolates were identical or closely related
according to PFGE. Three of the geriatric patients were col-
onized with indistinguishable E. faecium vanB isolates (out-
break strain), and one was colonized with a closely related
strain. Three of the VRE-positive patients in the renal unit
harbored isolates closely related to the outbreak strain, and
two carried VRE isolates indistinguishable by PFGE but dif-
ferent from the outbreak strain (Fig. 1). One of the patients in
the geriatric unit who was colonized with the outbreak VRE
strain regularly attended the renal unit for dialysis. This patient
also had diarrhea and may have contributed to the spread of
VRE between the renal and the geriatric units. Among the
additional 113 patients from renal units from other tertiary-
care hospitals studied, only one VRE carrier (E. faecium vanB)
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TABLE 1. Characteristics of hospitalized patients (study A) and
nonhospitalized individuals (study B)

Study and characteristic ARE No ARE
Study A
No. of patients studied 181 660
No. (%) of male patients 98 (54) 301 (45)
Mean age (yr) 73 67
No. (%) of patients who 4(2) 46 (7)
traveled outside Scandinavia“
No. (%) of patients with 71 (39) 159 (24)
previous hospitalization”
Study B
No. of patients studied 40 630
No. (%) of male patients 18 (45) 298 (47)
Mean age (yr) 54 48
No. (%) of patients who 7 (18) 247 (39)
traveled outside Scandinavia®
No. (%) of patients with 29 (73) 106 (17)

previous hospitalization”

“ Previous 6 months.

> Hospitalization in the preceding 3 months.

¢ Previous 12 months.

@ Previous 12 months; significantly associated with ARE carriage (P < 0.005).

was found, and this was a patient in a hospital in southern
Sweden.

Antimicrobial therapy and antimicrobial resistance (study
A). The nine VRE isolates were all resistant to ampicillin,
ciprofloxacin, and netilmicin but were susceptible to teicopla-
nin. All five VRE carriers in the renal unit in Umed had
received more than one antimicrobial agent during the previ-
ous 2 weeks (vancomycin, n = 5; fluoroquinolones, n = 3;
cephalosporins, n = 2; penicillins, n = 2; imipenem, n = 1; a
macrolide, n = 1). One patient had been treated with cipro-
floxacin for 33 days and with vancomycin both orally and in-
travenously for 7 days before VRE was isolated. Also, all four
geriatric patients had recently received antimicrobial agents
(trimethoprim-sulfamethoxazole, cephadroxil, metronidazole,
or penicillin G). Due to the low number of VRE carriers
found, no further analysis of risk factors for VRE colonization
could be performed.

A majority (80%) of the 181 hospitalized ARE carriers had
also received antimicrobial therapy. By univariate analysis,
both length of hospital stay and any antimicrobial therapy for
5 days or longer during the previous 2 weeks were strongly
associated with ARE colonization (Table 2). When the pa-
tients treated for more than 5 days with each group of antimi-
crobial agents were compared with all the other treated and
nontreated patients, cephalosporin, fluoroquinolone, and pen-
icillin therapies were associated with ARE carriage. After ad-
justment of antimicrobial agent therapy for length of hospital
stay by logistic regression, antimicrobial agent therapy for at
least 5 days was found to be independently associated with
ARE colonization (adjusted OR, 3.8; 95% CI, 2.6 to 5.4; P <
0.001).

Antimicrobial sales and correlation with ARE carriage rates
(study A). Data on antimicrobial agent deliveries expressed as
DDDs and numbers of patient bed days per year was available
for 35 of the 53 wards sampled. The median consumption of
antimicrobial agents in these wards was 0.35 DDD/bed day
(range, 0.09 to 1.40 DDDs/bed day) during 1997. Glycopeptide
usage was low; only 17 wards used more than 0.01 DDD/bed
day (median, 0.01 DDD/bed day; range, 0.01 to 0.50 DDD/bed
day). The prevalence of ARE carriers was correlated neither
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with total antimicrobial agent consumption (P = 0.42) nor with
usage of cephalosporins (P = 0.40) or ampicillin and its deriv-
atives (P = 0.68). In contrast, ARE carriage rates were corre-
lated with fluoroquinolone usage (P = 0.09). After exclusion of
wards with small patient samples (<10 and <15 patients) and,
thus, the risk of a large random error in ARE carriage rates,
this correlation was even stronger (P = 0.04 and 0.05, respec-
tively).

VRE and ARE carriage rates among nonhospitalized indi-
viduals (study B). ARE were found in the fecal flora of 40
(6%) of the 670 individuals studied, but only 1 carried VRE
(Table 1). The VRE strain was E. faecium vanA and was
isolated from a man who had recently returned from travel in
Africa. He was included in the study when he attended a
hospital in the south of Sweden. He was admitted and treated
for acute malaria. Of the 40 ARE carriers, 37 (93%) had been
treated with antimicrobial agents during the preceding 12
months on at least one occasion, whereas 305 of 630 (48%) of
the ARE noncarriers had been treated with antimicrobial
agents during the preceding 12 months on at least one occasion
(P < 0.001). ARE carriage was also associated with hospital-
ization during the previous year (P < 0.005).

Antimicrobial agent resistance of ARE and ampicillin-sus-
ceptible E. faecium. Except for glycopeptides, most of the ARE
strains (80 to 99%) were also resistant to the other antimicro-
bial agents tested, with a high degree of similarity between the
isolates from study A and study B (Table 3). The ampicillin-
susceptible E. faecium strains isolated from the study A pa-
tients had much lower rates of resistance to ciprofloxacin (14
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FIG. 1. PFGE patterns of E. faecium vanB isolates from nine patients hos-
pitalized in Umea University Hospital. Lanes A and B, control strains E. faecalis
EKKR 070 vanB and E. faecium EKKR 220 vanB, respectively; lanes C to J, E.
faecium vanB isolates from four patients in the geriatric unit with pattern A
(lanes C, E, and F) and A; (lane D) and five patients in the renal unit with
patterns A, and A; (lanes G and H), A, (lane K), and B (lane I and J); lane L
clinical E. faecalis vanA isolate; lane M, yeast; lane N, bacteriophage lambda
ladder standard.
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TABLE 2. Association between length of hospital stay,
antimicrobial therapy, and ARE colonization in hospitalized patients
by univariate analysis (study A)

No. (%) of patients OR 959

Characteristic ot P value
ARE No ARE
Patients studied” 181 645
Length of hospital stay (days)
120 14 141 1.0 04-23 1.0
3-7 35 167 2.1¢ 1143  0.02
8-14 39 135 2.9¢ 1.5-59 <0.001
>14 93 202 4.6° 2.5-89 <0.001
>5 days treatment with?:
Any antibiotic® 110 (61) 164 (25) 4.7° 3.3-6.7 <0.001

Cephalosporins 28 (15)  39(6) 2.9° 1.7-5.0 <0.001
Fluoroquinolones 24 (13)  36(5) 27 1.5-4.7 <0.001
Penicillins 27(16)  35(5) 3.1° 1.8-5.5 <0.001
Carbapenems 10 (6) 19(3) 2.0 09-46 0.08
Macrolides 9(5) 5(<1)

Metronidazole 9(5) 14 (2)

Glycopeptides 5(6) 9(3)

¢ Data are missing for 15 patients.

 One to 2 days was defined to represent basic risk of colonization.

¢ Significant OR.

4 During preceding 2 weeks.

¢ Also significant by logistic regression analysis (adjusted OR, 3.8; P < 0.001,
see text).

/ Nonsignificant OR.

versus 91%) and erythromycin (45 versus 80%) than the ARE
isolates had.

DISCUSSION

The observed prevalence of VRE colonization among 841
hospitalized patients in Sweden was low (1.1%) and was due to
a local outbreak originating from a renal unit and a geriatric
unit in a teaching hospital. Among 670 individuals attending
outpatient clinics, the prevalence was even lower, and only 1
person, who had recently returned from travel in Africa, car-
ried VRE. The near absence of VRE vanA in our study was in
contrast to the findings in other European countries, where
VRE vanA has frequently been isolated from hospitalized pa-
tients, nonhospitalized persons, and foodstuffs (1, 7, 10, 15, 24,
36, 37). This indicates a markedly different epidemiological
situation concerning glycopeptide-resistant enterococci in Swe-
den compared to that in countries in continental Europe. A
small study from The Netherlands suggested that meat con-
sumption was associated with VRE colonization (32), and an-
other recent study has pointed out the striking difference in
VRE carriage rates between pigs from The Netherlands (39%)
and Sweden (0%) (38). Recently, VRE vanA strains were
found in Danish but not in Swedish retail chicken (30). The
most likely explanation for these differences is that the use of
antimicrobial agents, including glycopeptides, as growth pro-
moters for livestock has been prohibited in Sweden since 1986.

The clustering in one hospital of nine VRE vanB carriers in
our study was unexpected. PFGE indicated the nosocomial
spread of VRE between the renal and the geriatric units at this
hospital. There was no indication of higher overall levels of
consumption of antimicrobial agents in these two units than in
the other study hospitals (data not shown), but all the VRE
carriers had received therapy with single or multiple antimi-
crobial agents during the previous 2 weeks. None of the carri-
ers had signs of VRE infection. This local outbreak of VRE
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colonization illustrates the ability of VRE to silently spread
into hospital environments.

The high carriage rate of ARE among hospitalized patients
in both small and large hospitals nationwide (21.5%) was ex-
pected, because such strains have been isolated from clinical
specimens at increasing rates in Sweden during the 1990s.
Therapy with cephalosporins, quinolones, and penicillins were
all risk factors for the acquisition of ARE by univariate anal-
ysis. Length of hospital stay was equally associated with ARE
colonization, illustrating that other factors like intrahospital
transmission between patients may also have affected coloni-
zation rates. To evaluate prior antimicrobial therapy, we ana-
lyzed the total exposure to antimicrobial agents, adjusted for
length of hospital stay, using logistic regression and found that
antimicrobial therapy in general was still independently asso-
ciated with ARE carriage.

Our attempt to correlate the consumption of antimicrobial
agents on each ward with the prevalence of ARE carriers on
those wards was limited by a lack of accurate data on levels of
antimicrobial agent use for some wards and data on number of
inpatient bed days for other wards. Nevertheless, we believe
that these problems were randomly occurring so that the 36
wards analyzed were representative of all 53 wards included in
our study. Surprisingly, ARE carriage was correlated with flu-
oroquinolone use on the wards but not with the consumption
of cephalosporins or ampicillin and its derivatives. Moreover,
in contrast to the ampicillin-susceptible E. faecium isolates in
study A, most of the ARE isolates from both studies were
fluoroquinolone resistant (14 versus 91%) (Table 3), enabling
fluoroquinolones to select for fluoroquinolone-resistant ARE
in the gut flora. In parallel with the increase in ARE in Sweden
during the 1990s, the use of fluoroquinolones has increased
from none to 1.3 DDDs/1,000 inhabitants/day, whereas the use
of cephalosporins and ampicillin has shown little or no increase
during this time (from 0.4 to 0.6 and a constant level of 1.4
DDDs/1,000 inhabitants/day, respectively). Another possible
explanation for the high percentage of fluoroquinolone resis-
tance among ARE strains might be an exceptional capacity for
epidemic spread of certain clones of enterococci with this re-
sistance pattern. Further studies on these matters are of inter-
est.

Surprisingly, as many as 6% of the nonhospitalized individ-
uals in study B carried ARE. However, almost all of these
individuals had received antimicrobial agents and 73% had
been hospitalized during the previous year (Table 1), indicat-
ing possible hospital acquisition of some of these strains.

We conclude that ARE are now endemic in most hospitals
but that VRE are still rare both inside and outside hospitals in

TABLE 3. Antimicrobial resistance of ARE and ampicillin-
susceptible E. faecium isolates

No. (%) of strains

Antimicrobial agent Study A Study B, ARE
ARE ASE (n = 40)
(n = 181) (n = 177)

Imipenem 180 (99) 10 (6) 39 (98)
Vancomycin 0 (0) 0(0) 0 (0)
Teicoplanin 0(0) 0(0) 0(0)
Ciprofloxacin 164 (91) 25 (14) 37(93)
Netilmicin 177 (98) 163 (92) 40 (100)
Erythromycin 144 (80) 80 (45) 27 (68)

“ Ampicillin-susceptible enterococci from study B were not analyzed.
® ASE, ampicillin-susceptible enterococci.
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Sweden. The absence of VRE of the vand genotype is in
contrast to the situation in continental Europe and supports
the hypothesis that the use of glycopeptides as growth promot-
ers for livestock may also affect VRE carrier rates in the hu-
man population.

11.

12.

13.

14.

15.

16.

17.

18.
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