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Although nosocomial acquisition and subsequent colonization of vancomycin-
resistant enterococci (VRE), an emerging international threat to public health, has been
emphasized in the United States, colonization among nonhospitalized persons has
been infrequently documented. In contrast, in Europe, colonization appears to occur
frequently in persons outside the health-care setting. An important factor associated
with VRE in the community in Europe has been avoparcin, a glycopeptide antimicrobial
drug used for years in many European nations at subtherapeutic doses as a growth
promoter in food-producing animals. In Europe, evidence suggests that foodborne VRE
may cause human colonization. Although avoparcin has never been approved for use in
the United States, undetected community VRE transmission may be occurring at low
levels. Further studies of community transmission of VRE in the United States are
urgently needed. If transmission with VRE from unrecognized community sources can
be identified and controlled, increased incidence of colonization and infection among

hospitalized patients may be prevented.

Vancomycin-resistant enterococci (VRE),
first reported in Europe in 1988, are emerging as
a global threat to public health (1). The incidence
of VRE infection and colonization among hos-
pitalized patients has increased rapidly in the
last 7 years. From 1989, the year VRE was first
identified in the United States, through 1993, the
proportion of enterococcal isolates resistant to
vancomycin reported to the National Nosocomial
Infections Surveillance System increased 20-fold
(2). Infection with VRE may be associated with
increased mortality (3,4), and no effective anti-
microbial therapy is available for many VRE (5,6).

Multiple factors predispose a person to
infection with VRE, but colonization precedes
most infections (7). In the United States, noso-
comial transmission of VRE from patient to
patient has been emphasized (3,7-10). Although
VRE introduced into hospitals by colonized
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patients from VRE-endemic settings has been
reported (8,9), it is unclear how VRE is first
introduced into most U.S. hospitals.

Although no data so far support significant
acquisition and transmission of VRE outside the
health-care setting in the United States, a
growing number of reports from Europe suggest
that colonization with VRE frequently occurs in
the community (11-15). Reports from Europe also
have suggested that VRE exist elsewhere in the
environment, including animal feces and human
foods of animal origin (15-23). Additional evi-
dence supports the transmission of VRE to
persons in contact with these sources, resulting
in an increased human reservoir of VRE colo-
nization (15,16,22). If VRE is frequently intro-
duced into health-care settings from community
sources, its control will require community-based
initiatives, unlike measures used to control
nosocomial pathogens.

This review summarizes the existing evi-
dence for community acquisition and transmis-
sion of VRE outside the health-care setting in
Europe, relates these findings to the epidemiology
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of VRE in the United States, discusses steps to
stem community transmission of VRE, and
identifies research needs.

Animal and Community Reservoirs of VRE
in Europe

VRE were first reported outside the health-
care setting in 1993 when vancomycin-resistant
Enterococcus faecium was recovered from waste
water samples collected from sewage treatment
plants in urban areas of England (16) and in
small towns in Germany (17). The following year,
Bates et al. recovered VRE from livestock feces
and from uncooked chicken samples purchased
from retail outlets (18). Klare et al. also have
found VRE in manure samples from pig and
poultry farms in Germany and suggested a pos-
sible relationship between the recovery of these
organisms and the use of avoparcin, a glyco-
peptide antimicrobial drug used as a livestock
feed additive in many European countries (19).
The association between the recovery of VRE
from food animals, especially poultry, and the use
of avoparcin at subtherapeutic doses for growth
promotion has now been confirmed by epide-
miologic studies in Denmark (20,21), Norway
(22), and the Netherlands (15).

The link between VRE colonization of
animals used in food production and human VRE
colonization was first suggested by Bates et al.,
who recovered VRE with identical ribotypes from
retail chicken carcasses and humans (17). VRE
has also been recovered from poultry and pork
collected from slaughterhouses and retail out-
lets in Germany (19,23), Norway (22), and the
Netherlands (15). More recently, a higher pre-
valence of VRE colonization was found among
persons who worked on turkey farms or in turkey
processing plants than among urban residents in
the Netherlands (15). Because of the heteroge-
neity of pulsed-field gel electrophoresis patterns
encountered in each population and the con-
trasting similarity of patterns found between
individual turkey farmer/slaughterer isolates and
animal isolates, the investigators concluded that
“dissemination of VRE from animal origin via the
food chain seems likely” (15).

The presence of the vanA, vanX, and vanR
genes in VRE isolates examined from the feces of
pigs and poultry in Denmark (21) suggests that a
gene cluster similar to that found on Tn1546, the
transposon responsible for high-level vancomycin
resistance in human isolates (24,25), is responsible
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for resistance among these animal isolates.
Regardless of whether individual clones of VRE
are transmitted through the food chain or
whether transfer of a transposable genetic ele-
ment (i.e., Tn1546) from VRE-colonized animals
to humans occurs, evidence points to a similarity
between organisms present in these two popu-
lations and suggests transmission of vanco-
mycin resistance between the microbial flora of
human and animal species.

If VRE from poultry, swine, and other food-
producing animals play a role in human colo-
nization and infection, a significant level of VRE
colonization may be found among persons not
associated with the health-care setting. In
Europe, VRE have been detected among persons
outside the health-care setting in several stu-
dies (11-14). VRE were isolated from the stool of
three (2%) of 184 persons in Oxford, England (11),
7 (17%) of 40 persons living in Charleroi,
Belgium, without recent exposure to a health-
care setting (12), and 22 (3.5%) of 636 patients
cultured within 2 days of entering a hospital in
Belgium (13). A community survey in the
Netherlands performed on 200 outpatient stool
samples submitted from patients with symptoms
of diarrhea demonstrated a prevalence of VRE
colonization of 2%, a rate similar to the 1%-3%
prevalence among hospital inpatients (14). In
another survey, 13 (11%) of 117 urban residents
in the Netherlands harbored VRE (15).

VRE Outside the Health-Care Setting in the
United States

Human VRE colonization outside the health-
care setting has not been demonstrated in the
United States. No VRE was found in two com-
munity prevalence surveys designed specifically
to detect VRE (26,27). The number of persons
studied, however, remains small (304), and the
culture methods used may not have been the
most sensitive for detecting small numbers of
organisms (26,28).

Other lines of epidemiologic evidence in the
United States support the possible existence of
community VRE transmission. Although several
hospital outbreaks of VRE caused by a limited
number of genetic clones have been reported
(9,26), polyclonal outbreaks have been observed
in other instances (3,10,29,30). Delayed detection
of VRE in the hospital population or the presence
of a highly mobile element such as Tn1546 trans-
mitting vancomycin resistance between genetically
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dissimilar enterococci could explain this finding.
Another plausible but unproven explanation is
that a larger community reservoir containing
genetically diverse VRE exists. Additional evi-
dence is provided by reports of VRE among
patients in medically isolated communities (i.e.,
isolated population centers served by few inpa-
tient health-care facilities that infrequently receive
outside patient transfers) in the United States
(L.C. McDonald, unpub. data) and the recent
finding of VRE colonization among patients from
the community within the first 24 hours of admis-
sion to a hospital intensive care unit (31). Finally,
the existence of enterococci possessing high-level
resistance to aminoglycosides in a community pre-
valence survey (32) provides evidence that anti-
microbial-resistant enterococci can disseminate
outside health-care settings in the United States.
If community transmission is occurring in
the United States, potential vehicles of such
transmission include human or animal food.
Antimicrobial resistance in enterococci has been
more prevalent in farm animals exposed to
antimicrobial drugs (33,34). Although high-level
aminoglycoside—resistant enterococci have been
recovered from chicken prepared in the cafeteria
of a hospital where VRE was endemic (35),
isolation of VRE with the VanA phenotype from
animals or human foods of animal origin have not
been reported. Recovery of VRE with the VanA
phenotype from dog food sold in the United States
(36) and evidence from Europe suggesting that
VRE may be prevalent in household pets (cats
and dogs) (37, 38) with a genotype common to
both human and pet hosts (37) suggests another
mode of community transmission. Finally, trans-
mission of VRE from a recently discharged patient
to a family member suggests that household con-
tact, including food preparation, may lead to com-
munity transmission in the United States (39).

Implications

If community transmission is important in
the global spread of VRE, factors leading to its
emergence in this setting must be examined, and
measures must be taken to control transmission.
In response to data linking the use of avoparcin
with the emergence of VRE in the food chain and
potential transmission to humans, Denmark
(1995) and Germany (1996) imposed bans on the
use of avoparcin at subtherapeutic doses in food
animals for growth promotion (12,40). This
action by two member states has been followed
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recently by a European Union-wide ban on avo-
parcin (41). Avoparcin has never been licensed
for use in the United States or Canada because of
its carcinogenic potential; illegal use, however,
has been reported (42).

Feed additive manufacturers have resisted
proposals to ban the use of avoparcin at sub-
therapeutic doses for food animal growth pro-
motion in Europe (43,44). Opponents of the ban
have suggested that the relatively low incidence
of human VRE infections in European countries
where avoparcin has been used for many years,
compared with the high rate in the United States,
where avoparcin is not used, is inconsistent with
the hypothesis that avoparcin is a major factor in
the emergence of VRE (43). However, profound
differences may exist between the United States
and European countries in the amount of glyco-
peptides used in health-care settings.

Vancomycin use in U.S. hospitals has
increased dramatically in the past 10 to 15 years
(45,46) because of a variety of factors, including
increases in the incidence of methicillin-resistant
staphylococci, prosthetic device—related infec-
tions, Clostridium difficile colitis, and
inappropriate use of the drug. Although vanco-
mycin and other glycopeptide use in European
health-care settings has not been similarly
documented, this marked increase in human
glycopeptide use is thought to be primarily a U.S.
phenomenon (43). Because the use of vancomycin
and other antimicrobial drugs is an important
risk factor for human VRE infection (3,7), if
glycopeptides were prescribed in European hos-
pitals at levels common in U.S. hospitals, there
might be an even greater incidence of VRE
infections in Europe. Likewise, given the suspected
greater use of glycopeptides in U.S. hospitals, if
community carriage of VRE were to increase in
the United States, there might be an even greater
incidence of VRE infections in U.S. hospitals.

Although the exact role of human anti-
microbial use in the transmission of VRE is not
known, observations from an animal model (in
which mice were orally administered VRE and
became only transiently colonized unless simul-
taneously exposed to antimicrobials [47]) support
an important role for antimicrobial drugs in
establishing persistent colonization. Antimicro-
bial drugs used in health-care settings may alter
bowel flora, rendering patients more susceptible
to colonization by VRE transmitted from other
colonized or infected patients. Epidemiologic
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evidence of foodborne VRE transmission in the
community suggests that antimicrobial drugs may
predispose hospitalized patients to colonization
with ingested VRE. Contamination of a patient’s
food may occur during consumption by a variety
of mechanisms, including contamination with
VRE from the hands of the patient or health-care
worker. In areas where VRE is also found in the
animal food supply, contamination may also
occur during processing by contact with VRE
from the bowel flora of the food animal.

In addition to predisposing patients to
colonization, some antimicrobial drugs appear to
increase the number of enterococci in the stool
(48) and may therefore increase the number of
VRE in the stool to a level where colonization can
become more readily detected by culture
methods. Either of these effects could explain the
findings of Van der Auwera et al.(49), who
described changes in the bowel flora of 22 healthy
human volunteers in Belgium who were
administered oral glycopeptides (teicoplanin or
vancomycin) for 3 weeks in 1989. None had VRE
recovered from their stool before exposure to the
oral glycopeptide; whereas after such exposure,
VRE was recovered from 64% of the volunteers
(49). Although this detection of VRE may have
represented new colonization from a contami-

and changes in bowel flora. Genetically related
VRE isolates have been found in livestock,
animal carcasses, foods, outpatients, and hospi-
talized patients, strongly suggesting, if not
proving, that interspecies transmission can occur
and may contribute to colonization and infection
in humans. The recovery of genetically similar
isolates at various links along the food chain
suggests that ingestion of the organism is a
plausible mode of such interspecies transmission.
The additional finding that E. faecium (the most
common species of VRE) may better tolerate
exposure to higher temperatures than E. faecalis
makes survival in undercooked foods appear
more plausible (50). After ingestion, factors such
as a high organism load, reduced gastric acidity,
or recent antimicrobial exposure could allow the
organism to more readily establish persistent
colonization in the human large intestine. After a
VRE-colonized person is admitted to a health-
care facility, additional antimicrobial exposure
may enable small numbers of VRE in the large
intestine to selectively increase to a point where
interpatient transmission is promoted, colo-
nization is more readily detected, and clinical
infection is more likely to occur (Figure).

If livestock are an important source of VRE
for humans, reducing the number of colonized

nated food supply or

unidentified occupational
risk (e.g., employment
in a health-care setting),
it appears just as pro-
bable that exposure to
glycopeptides selectively
increased the number
of VRE already in the
large intestine to a level
where colonization became
detectable.

Conclusion

Questions remain
regarding the human
and animal origins of
VRE. Itisclear, however,
that the use of glyco-
peptides in either animal
or human VRE-colonized
populations can promote
colonization through in-
creased selective pressure
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livestock would be an effective control measure
for limiting VRE infections. Since no therapy
exists to eliminate VRE colonization, a rational
approach would be to reduce selective pressure
for the organism by limiting the use of
glycopeptides. Although no glycopeptides are
approved for use at subtherapeutic doses in food
animals for growth promotion in the United
States, vancomycin has been used therapeutically
in veterinary medicine. However, a prohibition of
extralabel therapeutic use of glycopeptides in
food-producing animals has been announced (51).
Such a ban would appear a reasonable pre-
cautionary measure against transmission of VRE
within and between various animal populations
and would be consistent with existing control
efforts recommended by the Hospital Infection Con-
trol Practices Advisory Committee, which empha-
sizes prudent vancomycin use in humans (52).

The role of community transmission of VRE
both within and between animal and human
populations in Europe and the United States
requires further study. Culture surveys for VRE
among healthy human volunteers who have had
no recent contact with health-care settings
should be performed with sensitive culture
methods. Such surveys should include family
members of recently discharged patients known
to be colonized or infected with VRE. Additional
surveys among animal populations used for food
production in the United States should also be
performed. Finally, additional laboratory inves-
tigations using molecular epidemiologic methods
will be required to confirm or refute present
evidence for transmission of VRE between ani-
mal and human populations. If transmission of
VRE from unrecognized sources can be identified
and controlled, colonization of hospitalized patients
may be reduced, leading to lower rates of noso-
comial infections due to VRE.

Acknowledgment

We thank Frederick J. Angulo, Centers for Disease
Control and Prevention, for his careful and thoughtful review
of the manuscript.

Dr. McDonald is an Epidemic Intelligence Service
Officer with the National Center for Infectious Diseases,
CDC. His research interests include the epidemiology of
nosocomial infections and antimicrobial resistance as
well as diagnosis and control of these problems.

Vol. 3, No. 3, July—September 1997

References

1

2.

10.

11.

12.

13.

Uttley AHC, Collins CH, Naidoo J, George RC.
Vancomycin-resistant enterococci. Lancet 1988;1:57-8.
Centers for Disease Control and Prevention. Noso-
comial enterococci resistant to vancomycin—United
States, 1989-1993. MMWR Morb Mortal Wkly Rep
1993;42:597-9.

Shay DK, Maloney SA, Monteclavo M, Banerjee S,
Wormser GP, Arduino MJ, et al. Epidemiology and
mortality risk of vancomycin-resistant enterococcal
bloodstream infections. J Infect Dis 1995;172:993-1000.
Linden PK, Pasculle AW, Manez R, Kramer DJ, Fung
JJ, Pinna AD, et al. Differences in outcomes for
patients with bacteremia due to vancomycin-resistant
Enterococcus faecium or vancomycin-susceptible
Enterococcus faecium. Clin Infect Dis 1996;22:663-70.
Handwerger S, Raucher B, Altarac D, Monka J,
Marchione S, Singh KV, et al. Nosocomial outbreak
due to E. faecium highly resisitant to vancomycin,
penicillin, and gentamicin. Clin Inf Dis 1993;16:750-5.
Montecalvo MA, Horowitz H, Gedris C, Carbonaro C,
Tenover FC, Issah A, et al. Outbreak of vancomycin,
ampicillin and aminoglycoside-resistant Enterococcus
faecium bacteremia in an adult oncology unit.
Antimicrob Agents Chemother 1994;38:1363-7.
Edmond MB, Ober JF, Weinbaum JL, Pfaller MA,
Hwang T, Sanford MD, et al. Vancomycin-resistant
Enterococcus faecium bacteremia: risk factors for
infection. Clin Inf Dis 1995;20:1126-33.

Chow JW, Kuritza A, Shlaes DM, Green M, Sahm DF,
Zervos MJ. Clonal spread of vancomycin-resistant
Enterococcus faecium between patients in three
hospitals in two states. 1993;31:1609-11.

Sader HS, Pfaller MA, Tenover FC, Hollis RJ, Jones
RN. Evaluation and characterization of multiresistant
Enterococcus faecium from 12 U.S. medical centers. J
Clin Microbiol 1994;32:2840-2.

Morris JG, Shay DK, Hebden JN, McCarter RJ,
Perdue BE, Jarvis W, et al. Enterococci resistant to
multiple antimicrobial agents, including vancomycin.
Establishment of endemicity in a university medical
center. Ann Intern Med 1995;123:250-9.

Jordens JZ, Bates J, Griffiths DT. Faecal carriage and
nosocomial spread of vancomycin-resistant Enterococcus
faecium. J Antimicrob Chemother 1994;34:515-28.
Donnelly JP, Voss A, Witte W, Murray B. Does the use
in animals of antimicrobial agents, including
glycopeptide antibiotics, influence the efficacy of
antimicrobial therapy in humans? [letter]. Antimicrob
Chemother 1996;37:389-90.

Gordts B, Claeys K, Jannes H, Van Landuyt HW. Are
vancomycin resistant enterococci (VRE) normal
inhabitants of the GI tract of hospitalized patients?
[abstract]. In: Program and Abstracts of the 34th Inter-
science Conference on Antimicrobial Agents and
Chemotherapy, Orlando. Washington (DC): American
Society for Microbiology; 1994. p. 145.

Emerging Infectious Diseases



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Synopses

Endtz HA, Belkum N, Braak, N, Duin J, Kluijtmans J,
Koeleman J, et al. Prevalence of vancomycin-resistant
enterococci in hospital and community based patients in
the Netherlands [abstract]. In: Program and Abstracts of
the 36th Interscience Conference on Antimicrobial Agents
and Chemotherapy, New Orleans. Washington (DC):
American Society for Microbiology; 1996. p. 37.

Bogaard A, London N, Driessen C, Stobberingh E.
Prevalence of resistant fecal bacteria in turkeys, turkey
farmers and turkey slaughterers [abstract]. In: Pro-
gram and Abstracts of the 36th Interscience Con-
ference on Antimicrobial Agents and Chemotherapy,
New Orleans. Washington (DC): American Society for
Microbiology; 1996. p. 86.

Bates J, Jordens JZ, Selkon JB. Evidence for an animal
origin of vancomycin-resistant enterococci [letter].
Lancet 1993;342:490-1.

Klare I, Heier H, Claus H, Witte, W. Environmental
strains of Enterococcus faecium with inducible high-
level resistance to glycopeptides. FEMS Microbiol Lett
1993;106:23-30.

Bates J, Jordens JZ, Griffiths DT. Farm animals as a
putative reservoir for vancomycin-resistant
enterococci infection in man. J Antimicrob Chemother
1994;34:507-16.

Klare I, Heier H, Claus H, Witte W. VanA-mediated
high-level glycopeptide resistance in Enterococcus
faecium from animal husbandry. FEMS Microbiol Lett
1995;125:165-72.

Aarestrup FM. Occurrence of glycopeptide resistance
among Enterococcus faecium isolates from conventional
and ecological poultry farms. Microb Drug Resist
1995;1:255-7.

Aarestrup FM, Ahrens P, Madsen M, Pallesen LV,
Poulsen RL, Westh H. Glycopeptide susceptibility
among Danish Enterococcus faecium and Enterococcus
faecalis isolates of animal and human origin.
Antimicrob Agents Chemother 1996;40:1938-40.
Kruse H, Rorvik LM. The use of avoparcin as a growth
promoter and the occurrence of vancomycin resistant
Enterococcus spp. in poultry production [abstract]. In:
Program and Abstracts of the 96th General Meeting of
the American Society for Microbiology, New Orleans.
Washington (DC): American Society for Microbiology;
1996. p. 36.

Klare 1, Heier H, Claus H, Bohme G, Marin S,
Seltmann G, et al. Enterococcus faecium strains with
vanA-mediated high-level glycopeptide resistance iso-
lated from animal foodstuffs and fecal samples of
humans in the community. Microb Drug Resist
1995;1:265-73.

Arthur M, Molinas C, Depardieu F, Courvalin P.
Characterization of Tn1546, Tn3-related transposon
conferring glycopeptide resistance by synthesis of
depsipeptide peptidoglycan precursors in Enterococcus
faecium BM4147. J Bacteriol 1993;175:117-27.
Handwerger S, Skoble J. Identification of a
chromosomal mobile element conferring high-level
vancomycin resistance in Enterococcus faecium.
Antimicrob Agents Chemother 1995;39:2446-53.

Emerging Infectious Diseases

316

26.

27.

28.

20.

30.

31

32.

33.

34.

35.

36.

37.

Coque TM, Tomayko JF, Ricke SC, Okhyusen PC,
Murray BE, et al. Vancomycin-resistant enterococci
from nosocomial, community, and animal sources in
the United States. Antimicrob Agents Chemother
1996;40:2605-9.

Bais RK, Freundlich LF, Currie BP. Outpatient
prevalence of vancomycin-resistant enterococcal (VRE)
enteric colonization in the catchment area of a hospital
hyperendemic for VRE [abstract]. Infect Control Hosp
Epidemiol 1996;17:20.

Landman D, Quale JM, Oydna E, Willey B, Ditore V,
Zaman M, et al. Comparison of five selective media for
identifying fecal carriage of vancomycin-resistant
enterococci. J Clin Microbiol 1996;34:751-2.

Mato R, Delencastre H, Roberts RB, Tomasz A.
Multiplicity of genetic backgrounds among vancomycin-
resistant Enterococcus faecium isolates recovered from
an outbreak in a New York city hospital. Microb Drug
Resist 1996;2:309-17.

Boyle JF, Soumakis SA, Rendo A, Herrington JA,
Gianarkis DG, Thurberg BE, et al. Epidemiologic
analysis and genotypic characterization of a nosocomial
outbreak of vancomycin-resistant enterococci. J Clin
Microbiol 1993;31:1280-5.

Bontin, M, Slaughter S, Hayden M, Nathan C, Van
Voorhis J, Rice T, et al. Patients’ endogenous flora as a
source of “nosocomial” vancomycin-resistant enterococci
(VRE) [abstract]. In: Program and Abstracts of the 36th
Interscience Conference on Antimicrobial Agents and
Chemotherapy, New Orleans. Washington (DC): American
Society for Microbiology; 1996. p. 219.

Coque TM, Arduino RC, Murray BE. High-level
resistance to aminoglycosides: comparison of community
and nosocomial fecal isolates of enterococci. Clin Infect
Dis 1995;20:1048-51.

Thal LA, Welton LA, Perri MB, Donabedian S,
McMahon J, Chow JW, et al. Antimicrobial resistance
in enterococci isolated from turkeys fed virginamycin
[abstract]. In Program and Abstracts of the 36th
Interscience Conference on Antimicrobial Agents and
Chemotherapy, New Orleans. Washington (DC):
American Society for Microbiology; 1996. p. 55.

Thal LA, Chow JW, Mahayni R, Bonilla H, Perri MB,
Donabedian SA, etal. Characterization of antimicrobial
resistance in enterococci of animal origin. Antimicrob
Agents Chemother 1995;39:2112.

Harrison TS, Qaiyumi S, Morris JG, Bonilla H, Perri
MB, Donabedian SA, et al. Incidence of multiply
resistant enterococci in poultry [abstract]. In: Program
and Abstracts of the 35th Interscience Conference on
Antimicrobial Agents and Chemotherapy, San
Francisco. Washington (DC): American Society for
Microbiology; 1995. p. 271.

Dunne WM, Dunne BS, Smith D. Watch out where the
huskies go. American Society for Microbiology News
1996;62:283.

Van Belkum A, vanden Braak N, Thomassen R, Verbrugh
H, Endtz H. Vancomycin-resistant entero-cocci in cats and
dogs [letter]. Lancet 1996;348:1038-1039.

Vol. 3, No. 3, July-September 1997



38.

39.

40.

41.

42.

43.

44,

45.

Synopses

Devriese LA, leven M, Goossens H, Vandamme P, Pot
B, Hommez J, et al. Presence of vancomycin-resistant
enterococci in farm and pet animals. Antimicrob
Agents Chemother 1996;40:2285-87.

Shekar R, Chico G, Bass SN, Strozewski K, Biddle J.
Household transmission of vancomycin-resistant
Enterococcus faecium. Clin Infect Dis 1995;21:1511-2.
Howarth F, Poulter D. Vancomycin resistance: time to
ban avoparcin? [letter]. Lancet 1996;347:1047.
Commission directive 97/6/EC of 30, January 1997
amending council directive 70/524/EEC concerning
additives in feeding stuffs. Official Journal of the
European Communities 1997;35:11-13.

Food and Drug Administration. Guilty verdict in veal
feed case. Center for Veterinary Medicine [onling]
1996; [cited 1996 Aug 29] [1 screen]. Available from:
URL: http://www.cvm.fda.gov/fda/infores/updates/
vitek.html

Hayes PW, RH Gustaeson, FK Lotgering, et al. Reply
to: Does the use in animals of antimicrobial agents,
including glycopeptide antibiotics, influence the
efficacy of antimicrobial therapy in humans? [letter] J
Antimicrob Chemother 1996;37:390-2.

Mudd A. Vancomycin resistance and avoparcin [letter].
Lancet 1996;347:1312.

Ena J, Dick RW, Jones RN, Wenzel RP. The
epidemiology of intravenous vancomycin usage in a
university hospital. JAMA 1993;269:598-602.

Vol. 3, No. 3, July—September 1997

46.

47.

48.

49.

50.

51.

52.

317

Swartz MN. Hospital-acquired infections: diseases
with increasingly limited therapies. Proc Natl Acad Sci
U S A 1994;91:2420-7.

Whitman MS, Pitsakis PG, DeJesus E, Osborne AJ,
Levison ME, Johnson CC. Gastrointestinal tract colo-
nization with vancomycin-resistant Enterococcus fae-
cium in an animal model. Antimicrob Agents Chemo-
ther 1996;40:1526-30.

Suppola JP, Volin L, Valtonen VV, Vaara M.
Overgrowth of Enterococcus faecium in the feces of
patients with hematologic malignancies. Clin Infect
Dis 1996;23:694-7.

Van der Auwera P, Pensart N, Korten V, Murray BE,
LeclercqR. Influence of oral glycopeptides on the fecal flora
of human volunteers: selection of highly glyco-peptide-
resistant enterococci. J Infect Dis 1996;173:1129-36.
Panagea S, Chadwick PR. Heat tolerance of
vancomycin resistant Enterococcus faecium. J Clin
Pathol 1996;49:687-9.

Food and Drug Administration. Extralabel animal
drug use; fluroquinolones and glycopeptides; notice of
order of prohibition. Federal Register 1997;62:2744-7.
Centers for Disease Control and Prevention. Hospital
Infection Control Practices Advisory Committee’s
recommendations for preventing the spread of vanco-
mycin resistance. MMWR Morb Mortal WKly Rep
1995;44:1-13.

Emerging Infectious Diseases



