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In the July/August 1997 issue of the The Canadian Journal of

Infectious Diseases, the Adult Infectious Disease Notes was

entitled “The emerging epidemiology of vancomycin-resistant

enterococci (VRE) in Canada”(1). At that time, it was acknowl-

edged that VRE’s Canadian epidemiology was not fully eluci-

dated. The first isolate of VRE had been reported in Edmonton

in 1993, and the first outbreak of VRE in Canada occurred in

Toronto in 1995 (1). This outbreak was presented as “A case-

control analysis of the ‘call bell’ outbreak” (2). This was in ref-

erence to the contaminated call bells, a previously unrecog-

nized reservoir and potential vector. But was it also alluding

to a wake-up call for Canada to the emergence of VRE in its

hospitals?

In response to the need for more data describing the epide-

miology of VRE in Canada, the Canadian Nosocomial Infection

Surveillance Program (CNISP), a collaborative effort of the Ca-

nadian Hospital Epidemiology Committee (CHEC), a subcom-

mittee of the Canadian Infectious Disease Society, and the

Laboratory Centre for Disease Control (LCDC), Health Canada

undertook several initiatives including two-point prevalence

surveys, establishment of the Passive Reporting Network

(PRN) for VRE occurrences in Canada and the VRE Incidence

Surveillance Project for determining the incidence rate of VRE

in CHEC facilities. What have we learned about VRE since

1997?

Four major phenotypes of VRE are now recognized: van A,

van B, van C and van D (3). The van A phenotype is character-

ized by high level resistance to both vancomycin and teico-

planin. It has been found in a number of enterococcal species.

The van B phenotype has low to moderate level resistance to

vancomycin with preserved teicoplanin susceptibility. It is

seen primarily in Enterococcus faecalis and Enterococcus fae-

cium. Van C resistance, found in non-E faecalis and non-E fae-

cium, is nontransferrable (constitutive) and exhibits low level

resistance to vancomycin. Finally, the van D phenotype is

characterized by low to moderate level resistance to both van-

comycin and teicoplanin.

In the United States, data from the National Nosocomial In-

fection Surveillance System (NNIS) of the Centers for Disease

Control and Prevention (CDC), Atlanta, Georgia, have revealed

a dramatic national outbreak of VRE. Between 1989 and 1997,

the percentage of enterococci isolated from nosocomial infec-

tions in intensive care unit (ICU) patients that were resistant

to vancomycin rose from 0.4% to 23.2% and the percentage

from non-ICU patients rose from 0.3% to 15.4% (5). From Janu-

ary to December 1999, VRE accounted for 25.2% of enterococci

associated with nosocomial infections in ICU patients partici-

pating in NNIS, a 43% increase in resistance over the previous

five years (5). Rates of vancomycin resistance in enterococci

remained lower in non-ICU inpatient areas (11.7%) and in out-

patient areas (3.6%) (4). Initially found mainly in large hospi-

tals, VRE is now found in American hospitals of all sizes (4).

At the 4th Decennial International Conference on Noso-

comial and Healthcare-associated Infections, held March 5

to 9, 2000, a number of American centres described their expe-

rience with VRE. Dialysis patients remain a group with in-

creased rates of VRE colonization. Tokars et al (6) found a

prevalence of 9.2% at seven outpatient dialysis centres in Vir-

ginia and Maryland where patients were screened over several

months in early 1998. During 1997 and 1998, VRE was iso-

lated from 15.6% of dialysis patients screened within two days

of admission to hospital in Atlanta, Georgia (7). For the nine

outpatient clinics from where more than 20 patients were cul-

tured in this study, VRE carriage ranged from 10% to 23% (7).

While adult ICUs have previously been recognized as high

prevalence settings for VRE, De Santis et al (8) reported an
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outbreak of VRE involving 15 newborns in a level III neonatal

ICU in Michigan between August and November 1997. A study

completed in Worcester, Massachusetts, found that although

VRE cases continued to predominate in the ICUs, cases origi-

nating from long term care facilities (approximately 17% of

VRE colonized patients) and wards (23% of nosocomial acqui-

sitions) were occurring more commonly (9). These data build

on previous studies that identified ICU, dialysis, oncology and

transplantation patients as those at increased risk of being

colonized with VRE (1,3,10).

Prevalence rates in long term care facilities have been more

variable. While Bonilla et al (11) found that the prevalence

rate of VRE colonization went from 9% to 22% in residents of a

Michigan long term care facility screened between 1994 and

1996, no colonized patients were found at a similar facility in

Atlanta during the same time frame (12).

Despite initially low rates, the potential for transfer of VRE

from acute care facilities to long term care facilities exists

wherever there is VRE. During early 1997, the Siouxland area

in Iowa found dissemination of VRE to multiple long term care

facilities as a result of resident transfers from acute care facili-

ties (13). Needless to say, this raises the concern for unrecog-

nized transfer of VRE between facilities and the possibility

that long term care facility residents will be a continuing res-

ervoir of infection for acute care facilities.

Worldwide, the epidemiology of VRE is just being defined.

Of interest to note is that VRE was first reported from Europe

in the 1980s (14). Historically, however, the incidence of clini-

cal VRE infection has been markedly lower there than in the

United States (15). A survey of 730 enterococcal strains of

clinical significance from 22 microbiology laboratories in Ger-

many found that only 1.5% were resistant to vancomycin, and

all carried the van A gene (16). This is despite early studies

from several European countries demonstrating overall colo-

nization rates in hospitalized patients of 1.8% to 5% (17,18),

among dialysis patients of 15% (18) and ICU patients of 16.3%

(19). A study of hospitalized hematology patients in a cattle-

rearing area in the southwest area of France found that 8.6%

of patients were colonized with vancomycin-resistant E fae-

cium, again all of the van A genotype (20). Although five of

the nine strains were resistant to ampicillin, none exhibited

high level gentamicin resistance (20). Descheemaeker et al

(21) recently reported on VRE in Belgian renal dialysis units.

Of the 1318 patients screened, 14% were colonized with

vancomycin-resistant E faecium or E faecalis, all of the van A

genotype. The carriage rate ranged from 0% to 23.4% among

the various centres. Resistance to ampicillin was found in

10.9% of strains, and no high level gentamicin resistance was

detected. Not all European countries or patient populations

have similar prevalence rates of VRE. No vancomycin-

resistant E faecalis or E faecium were found in 616 patients

from seven Norwegian hospitals (22). A study of 338 children

and adolescents with end-stage renal failure in Belgium found

that only two (0.6%) had VRE (23).

In contrast with the low rates of VRE colonization in Euro-

pean patients is the higher rate of VRE colonization found in

outpatients and community-based volunteers compared with

the United States. The previously mentioned study of hema-

tology patients in southwest France found a VRE carriage rate

of 1.8% in a control population consisting of 169 individuals

attending an industrial medicine clinic and hospital employ-

ees (20). In Germany, rates of VRE colonization among the

nonhospitalized adult population ranged between 0.9% and

4.2% (19). Other studies have shown rates varying between 2%

and 12% in Europe, with isolates being primarily E faecium of

the van A genotype (15,24). This is in distinct contrast with

the United States where no VRE were found in two studies of

community-based individuals (25,26). The presence of VRE in

the stools of nonhospitalized patients suggests that it may be

acquired in the community.

In Europe, where VRE are also found in domestic farm ani-

mals, the resistance pattern and phenotype of human and ani-

mal isolates of VRE are similar, with a high prevalence of

van A E faecium found in the intestine of animals (15). A re-

cent review of the use of antimicrobial growth promoters in

food animals and E faecium resistance noted the association

between use of avoparcin (a glycopeptide) and the presence of

VRE in fecal samples collected from the animals of the herds

and flocks (27). Finding VRE in the stool of nonhospitalized

individuals in a cattle region of France, where avoparcin had

been in use until banned in Europe (20), and its absence in the

stools of patients from Norway, where avoparcin had never

been licensed (22), provides further support to this observa-

tion. It has, therefore, been suggested that VRE was intro-

duced into European patients through the food chain and via

the community.

Comparison of prevalence data must be made with caution.

Rate differences, although potentially representing true ones,

may also reflect differences in patient populations studied and

laboratory methodologies. Ieven et al (18) have found that the

use of an enrichment technique results in a higher recovery of

VRE. The culture technique may, therefore, influence the abil-

ity to detect VRE that may be present in small quantities in

many colonized individuals. While a recent abstract showed

no difference in detecting colonized patients with use of non-

enrichment techniques (28), the potential for detection error

must always be considered when comparing rates from differ-

ent investigators.

Elsewhere in the world, data on vancomycin resistance in

enterococci are also emerging. A national surveillance pro-

gram to assess bacterial resistance in 27 Argentinean centres

found that 2% of isolates were glycopeptide resistant (29). In a

prevalence study of high risk patients in South Africa, 13 of

184 (7%) individuals were identified as colonized with VRE

(30). In a study in Israel, 27% of ICU patients and 4.8% of di-

alysis patients were colonized with VRE, all of the van A

phenoytpe, 87.5% ampicillin resistant and 88% identified as

E faecium (31). Grayson et al (32) found VRE colonization in

12 of 574 (2.1%) patients in a Melbourne, Australia hospital,

11 of whom were dialysis patients. Nine of the isolates were

E faecalis (seven van B and two negative for resistance genes)

and three E faecium (all van B). By August of 1998, strains of

VRE had been reported from six of eight states or territories of

Australia (33). The majority of isolates were van B E faecium
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or E faecalis. At the Decennial meeting, a group of investiga-

tors from Japan (34) showed that VRE were found infrequently

(one of 1793 isolates), whereas 28 of 244 (11.5%) patients

hospitalized in Korea were colonized with van A-type VRE

(35). Clearly, VRE as clinical pathogens and colonizing bacte-

ria have been identified worldwide.

or E faecalis. At the Decennial meeting, a group of investiga-

tors from Japan (34) showed that VRE were found infrequently

(one of 1793 isolates), whereas 28 of 244 (11.5%) patients

hospitalized in Korea were colonized with van A-type VRE

(35). Clearly, VRE as clinical pathogens and colonizing bacte-

ria have been identified worldwide.

In Canada, the first prevalence survey for VRE, conducted

over a four-week period between January and March 1996,

found a rate of 0.1% among high risk patients in a hospital

with no outbreak and 3.7% among high risk patients in an en-

demic hospital (36). All but one of the 26 isolates came from

Ontario and were of the van B genotype. Twenty-three isolates

(88.5%) were E faecium. Of the VRE patients, 92% were receiv-

ing dialysis. The second prevalence survey, performed in Sep-

tember 1997, found a rate of only 0.2% (personal communica-

tion, M Ofner-Agostini). To the end of 1998, the CNISP passive

reporting network had identified 1315 cases of VRE through-

out Canada, with less than 5% of cases identified as represent-

ing infection (38). In a survey of 1487 enterococcal isolates

from high risk patients in 12 Canadian tertiary care hospitals

between October 1995 and November 1996, 18 (1.2%) were

identified as vancomycin-resistant E faecium (38). Of these,

half were van A and half were van B, all were ampicillin and

ciprofloxacin resistant, and half had high level gentamicin re-

sistance (37). In the first year of data collection for the VRE In-

cidence Surveillance Program, 95 cases of VRE have been re-

ported to date for a rate of 0.19/1000 patient admissions and

representing 0.55% of enterococcal isolates from the partici-

pating facilities (personal communication, L Johnston). Eight

of the 93 isolates for which information was available were re-

ported as coming from a clinical infection. Despite the close

physical proximity of Canada to the United States, VRE has

not attained the same colonization rate and is very rarely en-

countered as a cause of infection.

In addition to differences in the rates of VRE colonization

and infection among Europe, Canada and the United States

are differences in the relative frequency of E faecalis and

E faecium as causes of enterococcal infection. While E faecium

infections have become increasingly more common in the

United States, they remain relatively infrequent in Europe and

Canada (15,16,39). Other differences include the in vitro sus-

ceptibility of the enterococci. Most VRE in the United States

are resistant to other antibiotics such as the fluoroquinolones,

ampicillin and gentamicin, whereas those in Europe are more

frequently susceptible to these two agents (15,20,21,40,41).

Additionally, several studies of the epidemiology of VRE in

Europe have shown a high genetic variability among the

strains isolated (15,20,21,41). This genetic variability sug-

gests two possible means of occurrence: patients bring their

VRE in from the community or there is spread of the enterococ-

cal resistance genes from one strain to another (20,21). On the

other hand, many American studies have documented a clonal

nature of spread, suggesting that nosocomial transmission is

the major mode of transmission (11,12,15,42).

There has been very little new learned about risk factors for

colonization or infection with VRE over the past three years.

Identified risk factors continue to be prior antibiotic therapy,

the number of antibiotics received, the duration of antibiotic

therapy, prolonged hospitalization, hospitalization in an ICU,

coexistant severe disease and exposure to other colonized pa-

tients (1,3,5,10). Our understanding of some of these risk fac-

tors has been further refined. It is suggested that antibiotics

that particularly affect the anaerobic flora may pose the great-

est risk for colonization with VRE (43). Additionally, the risk

due to intravenous vancomycin may be a result of hepatobili-

ary excretion occurring after several days of therapy, indicat-

ing that courses exceeding five days should be particularly

avoided (44). While the outcomes of patients with bacteremia

due to VRE are poor, with crude mortality rates ranging from

37% to 76% (45), there have now been several studies which

have demonstrated that vancomycin resistance is not an inde-

pendent predictor of mortality when disease severity is con-

trolled for (45-48).

Studies continue to confirm that environmental contami-

nation is common with VRE (2,11,37,49,50) and that these

bacteria may remain viable from days to months (50). Both

Noskin et al (50) and Bonilla et al (11) have demonstrated that

VRE can be isolated from the hands of health care workers.

Contamination is more likely to occur in the environment of

patients who are colonized at several sites (49). While the evi-

dence supports a role for environmental contamination in the

nosocomial spread of VRE, the relative importance of the hu-

man as opposed to the environmental reservoir is not yet

known. On the positive side, Rutala et al (51) were able to

demonstrate that all cleaning and disinfecting procedures us-

ing a moistened cloth were highly effective in removing or in-

activating VRE from contaminated surfaces. They emphasized

that surface disinfection must involve contact with all con-

taminated surfaces. They also found that the transfer of VRE

from a contaminated surface via gloved hands was poor, sug-

gesting that low level environmental contamination is not likely

to play a major role in VRE transmission (51). This supports the

use of handwashing and that recommended barrier precautions

are indicated. Research efforts should focus on improving the

compliance of health care providers with the currently recom-

mended handwashing and barrier precautions (52).

The application of infection control measures to control the

spread of VRE has met with variable adherence and variable

results. However, several studies have demonstrated the effi-

cacy of CDC recommendations in limiting VRE transmission

within acute care facilities (53-56). Such efforts may be most

effective in an epidemic situation. One centre found that con-

tact precautions could be eliminated without affecting the rate

of clinically significant VRE infection; however, colonization

rates were not followed (57). In terms of screening, institution

of patient surveillance at the time of transfer from other facili-

ties resulted in a reduction in the rate of rise of the VRE coloni-

zation rate at a hospital in Virginia (58). However, another

study found that culturing roommates of colonized patients

was not helpful in detecting new cases (12). Optimal measures

to prevent transmission of VRE in long term care facilities are

not known. While Armstrong-Evans et al (59) successfully

controlled an outbreak of VRE in a long term care facility after

relatively strict infection control measures, Greenaway and
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Miller (60) documented little or no transmission with less

stringent measures in a nonoutbreak situation.

Why are there such profound differences in VRE occur-

rences among the United States, Europe and Canada? Many

studies have demonstrated that the prior use of antimicrobials

in general, as well as the use of oral vancomycin, are inde-

pendent risk factors for colonization and infection with VRE.

Stool carriage may be prolonged, up to years in some people

(5). Colonized patients may serve as a reservoir of organisms,

which can be introduced into other facilities or units within

the same facility (13). Giving antimicrobials to patients al-

ready colonized with VRE may increase the concentration of

fecal colonization and the degree of environmental contami-

nation with VRE, especially if patients develop diarrhea as a

result of antimicrobial use. Recent data indicate that vanco-

mycin and third-generation cephalosporin use are higher in

the United States than in major European centres (5). Euro-

pean VRE typically remain more susceptible to other antibiot-

ics than VRE in the United States (15). Because these isolates

are relatively more susceptible and with less selective pres-

sure because of the lower use of vancomycin, it has been sug-

gested that outbreaks are relatively more easy to control. The

VRE that are seen in the United States, therefore, have been

selected by antibiotic pressure, and, because of broad antimi-

crobial resistance, have been difficult to eradicate.

We have gained more knowledge about the risks for coloni-

zation and infection with VRE and a better understanding of

its role in mortality. Our knowledge base remains incomplete

for determining the most effective ways of controlling the

emergence and spread of VRE. It is clear, however, that antibi-

otic pressures contribute to its development. While data are

scant, there is some literature suggesting that programs de-

signed to limit the use of vancomycin (61,62), cephalosporins

and clindamycin (55) result in reduced colonization rates with

VRE. Implementation of policies and programs to decrease

and improve the use of antimicrobials must be the mainstay of

our control efforts. There is evidence that enhanced barrier

precautions can limit the transmission if consistently applied

in the appropriate setting. Whether they are always required

in the acute care setting remains to be determined. The opti-

mal control measures in long term care are as yet uncertain.
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