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Stability of Vancomycin-Resistant Enterococcal Genotypes Isolated from Long-
Term–Colonized Patients

Marc J. M. Bonten, Mary K. Hayden, Catherine Nathan, Department of Internal Medicine, Division of Infectious Diseases, Cook
County Hospital, and Rush Medical College, Chicago, IllinoisThomas W. Rice, and Robert A. Weinstein

Genotypic variation and stability of isolates of vancomycin-resistant enterococci (VRE) were
studied to determine genetic diversity and whether strain definition based on pulsed-field gel electro-
phoresis (PFGE) is applicable to an endemic setting. Twenty-two PFGE types were identified among
455 VRE isolates. One-on-one comparisons of 10 vanA Enterococcus faecium strain types all yielded
ú10 band differences. Variations among vanA and vanB E. faecium isolates from individual long-
term–colonized (4–160 days) patients yielded õ3 band differences for ú85% of comparisons.
Comparison of all strains without grouping by vancomycin resistance types yielded two peaks of
band differences: one with õ3 and one with ú10 band differences. These data show that VRE
isolates were genetically closely related or very different; demonstrate that within individual patients,
VRE isolates show little genetic variation; and provide empirical evidence that PFGE can be used
to study the epidemiology of VRE endemicity.

The prevalence of colonization and infection with vancomy- Material and Methods
cin-resistant enterococci (VRE) has increased dramatically in

Setting and study design. Cook County Hospital is a 900-bedrecent years [1], and VRE are now endemic in many hospitals
public teaching hospital with a 16-bed MICU. As part of ongoingin the United States [2–4]. Epidemiologic studies that include
infection control efforts, rectal cultures were obtained daily fromgenotyping are essential for understanding the epidemiology
all patients who had been admitted for at least 48 h during twoof VRE and for designing interventions to prevent further
periods totaling 26 weeks (26 October 1994–7 March 1995 and

spread of VRE. Pulsed-field gel electrophoresis (PFGE) is one
11 April 1995–29 May 1995). During the latter period, daily cul-

of the most widely used techniques for genotyping VRE. Re- tures also were obtained from multiple body sites (groin, arm,
cently, recommendations were made for interpreting PFGE pat- oropharynx, trachea, and stomach). Infection control and epidemi-
terns of bacterial isolates obtained during nosocomial outbreaks ologic data derived from these patients have been published else-
[5]. Based on theoretical constructs about the number of possi- where [2, 4].

Surveillance culturing. Cultures obtained by swabs (Culturetteble genetic events, classes of identity were defined according
System; Becton Dickinson Microbiology Systems, Cockeysville,to the number of band differences between isolates. However,
MD) were inoculated onto agar (Enterococcosel; Becton Dickin-since these recommendations were designed specifically to ana-
son) supplemented with 6 mg/mL vancomycin. Plates were exam-lyze small sets of isolates (typically£30) from putative mono-
ined after 48 h of incubation at 357C. One isolate in the first studyclonal outbreaks, it is unclear how they apply to the interpreta-
period and all morphotypes (or up to 3 randomly chosen coloniestion of isolates from wards where study species, such as VRE,
when only 1 or 2 morphotypes were observed) in the second study

are endemic. In addition, it is unknown to what extent individ-
period were isolated from each culture for further analysis. Isolates

ual strains of VRE show genetic diversity over time. To address were identified to the species level (API 20 STREP system; bio-
these questions, we studied the genotypic variation of multiple Merieux Vitek, Hazelwood, MO) and by motility and pigmenta-
isolates of VRE and genotypic stability of related strains in tion. Antibiotic susceptibility testing was done with standard disk
long-term–colonized patients over a period of 26 weeks in a diffusion and agar dilution methods [6–8].

Genotype analysis. Total genomic DNA was digested withmedical intensive care unit (MICU) where colonization with
SmaI (GIBCO BRL, Grand Island, NY) or ApaI (Sigma, St. Louis)VRE was endemic.
and subjected to PFGE in a 1% agarose–0.51 Tris-borate-EDTA
gel (CHEF-DRIII apparatus; Bio-Rad Laboratories, Richmond,
CA) as previously described [9]. The pulse time was ramped from
1 to 20 s. Restriction digestion profiles were analyzed by two
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Table 1. Strain types of vancomycin-resistant enterococci and no. Strain type stability. In total, 455 isolates of VRE were
of patients and (patient-days) colonized with each type during study typed by PFGE, and 22 different strain types were found (table
periods. 1): 17 strain types of E. faecium, 1 strain type of E. faecalis,

3 strain types of E. gallinarum, and 1 strain type of E. avium.Vancomycin No. of patients colonized
E. faecium with the vanA resistance type represented the major-Strain type resistance type* (no. of patient-days)

ity of isolates. Representative PFGE profiles of each of the 10
E. faecium 1 A 13 (71) vanA E. faecium strain types (figure 1) from a total of 21
E. faecium 2 B 5 (69) patients were compared one on one. All comparisons yielded
E. faecium 3 B 4 (53)

ú10 band differences.E. faecium 4 A 14 (211)
The variations of SmaI-digested PFGE patterns among dif-E. faecium 5 A 1 (6)

E. faecium 7 B 13 (85) ferent E. faecium isolates with the vanA resistance type from
E. faecium 11 B 1 (21) individual patients were analyzed for 67 isolates from 9 pa-
E. faecium 12 B 1 (3) tients. To provide a second measure of genetic similarity of
E. faecium 13 A 24 (229)

the isolates, a subset of 50 of these isolates digested with ApaIE. faecium 14 A 9 (106)
was also analyzed. Each series represented consecutive isolatesE. faecium 15 A 10 (132)

E. faecium 16 A 3 (41) from one or more body sites from a single patient, yielding 5–
E. faecium 18 A 2 (10) 76 one-on-one PFGE profile comparisons for each of the pa-
E. faecium M11 B 1 (7) tients and totals of 281 and 146 one-on-one comparisons for
E. faecium M14 A 1 (9)

isolates digested with SmaI and ApaI, respectively. The timeE. faecium M15 A 1 (1)
span over which each patient’s isolates were recovered rangedE. faecium M3 B 1 (1)

E. faecalis 1 B 7 (87) from 4 to 160 days. For 7 patients, the series of isolates from
E. gallinarum 1 C1 1 (6) rectal cultures was used, representing a mean time span of 53
E. gallinarum 2 C1 and A 1 (8) (range, 21–160) days per patient. Persistent colonization of the
E. gallinarum 3 C1 1 (3)

groin and arm were studied in 5 and 3 patients, respectively;E. avium A 3 (39)
the mean time spans for these patients were 14 (range, 9–25)

NOTE. Isolates are listed in temporal order of appearance within each days and 7 (range, 4–9) days, respectively. The maximum
species. Isolates were considered unique strain types if they differed from all

number of band differences observed within a patient’s seriesother isolates by ú6 bands after SmaI digestion and PFGE.
was 4, and for both restriction enzymes,ú50% of comparisons* Vancomycin resistance type was determined by polymerase chain reaction

and primers specific for vanA, vanB, vanC1 genes. showed no band differences and ú85% of the comparisons
showed õ3 band differences.

Comparable observations were made for E. faecium isolates
with the vanB resistance type; 33 isolates from 4 patients wereComparison of genotypes. Isolates were grouped according
digested with SmaI and 30 with ApaI. All comparisons forto species and the presence of the vanA, vanB, or vanC1 genes

(vancomycin resistance types). All available isolates of the same
species and vancomycin resistance type from an individual patient
were compared one on one, and for each comparison, the number
of different bands in the PFGE pattern was calculated. We then
grouped isolates (strain types) according to published guidelines
for evaluation of epidemic isolates [5]. An isolate was considered
a unique strain type if it differed from other isolates by ú6 bands.

Endemic variation in time. The prevalence of VRE coloniza-
tion was expressed as the number of days on which patients were
colonized divided by the total number of patient-days in the unit.
The number of days on which patients were colonized was calcu-
lated for each strain type of VRE, and the number of patients
colonized with each different strain type per week was calculated.

Results

Patients. A total of 219 newly admitted patients were stud-
Figure 1. PFGE gel of representative examples of 10 differentied during the two periods (181 patients in the first and 38
strain types of Enterococcus faecium with vanA-type resistance fol-

patients in the second); 106 patients were colonized with VRE lowing SmaI digestion of total genomic DNA. Examples of each
at some time during their stay and form the basis of the follow- unique strain type are shown in lanes 1–10. Lane 11: l concatemers

used as molecular DNA markers.ing analyses.
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Figure 2. Number of band differ-
ences following SmaI digestion and
PFGE in one-on-one comparisons of
455 vancomycin-resistant entero-
coccal isolates. Total numbers of
comparisons with ú10 band differ-
ences are grouped together.

vanB E. faecium strains (57 for SmaI and 39 for ApaI) yielded that these isolates were genetically indistinguishable, closely
£1 band difference. related, or possibly related, or very different (§10 band differ-

When all VRE isolates were compared one on one, without ences). Similar results were obtained whether or not isolates
grouping initially by vancomycin resistance types, the distribu- were initially categorized by species or vancomycin resistance
tion of band differences demonstrated two peaks: the first, a type. We believe that the results of this study provide empiric
large group of comparisons with õ3 band differences, and the evidence, at least for VRE, supporting the theoretical concept
other peak, comparisons with §10 band differences (figure 2). that unique strain types of nosocomial bacterial isolates can be

Prevalence of strain types in MICU. The number of differ- distinguished on the basis of the number of intercurrent genetic
ent strain types present in the MICU per week varied from 3 events inferred from observed differences in PFGE band pat-
to 10. VRE were isolated on 674 (36%) of 1856 patient-days terns [5]. In addition, our results demonstrate that these guide-
in the first study period and on 384 (50%) of 764 patient- lines [5] can be used to study the epidemiology of large num-
days in the second study period. Since several patients were bers of isolates in endemic settings.
colonized with ú1 strain type simultaneously, the actual num- Our data show that the endemic situation in our MICU was
ber of patient-days for the different strain types of VRE (n Å characterized by the occurrence of multiple genotypes with
1206) was higher than the number of patient-days for VRE little genetic resemblance. These results complement those of
colonization (n Å 1058). Seven strain types each were isolated Morris et al. [3] and Chow et al. [13], who also demonstrated
from §6 patients, and these strains accounted for 914 (76%) endemicity with multiple genotypes of VRE in US hospitals,
of 1206 patient-days. The prevalence of these 7 types varied and the results from other investigators demonstrating intrahos-
widely over time (figure 3). For example, Fm4 colonized 7 pital spread of VRE [14–17]. Moreover, interhospital spread
patients at study onset and remained present in the unit through- of VRE has been reported as well [13, 15, 16, 18]. We have
out the first study period but was less common during the also demonstrated that within individual patients, strains of
second period. In contrast, Fm14 was not detected until the VRE showed little genetic variation. The time span for our
end of the first study period and then colonized up to 6 patients comparisons was up to 160 days, which probably represents
simultaneously in the second study period. thousands of in vivo bacterial replications in the presence of

selective or competing forces, such as other microorganisms
and antibiotics. Persistence of rectal VRE colonization for

Discussion
months has been reported [19–21], but the question of genetic
variation of VRE in these patients has not been studied exten-In the present study, 455 isolates of VRE were genotyped,
sively. In a smaller study, Montecalvo et al. [21] analyzedand multiple one-on-one comparisons of PFGE band patterns
11 perianal isolates and 3 bloodstream isolates collected fromwere made. In all, 22 different strain types were found. Strain

types were either very similar (£4 band differences), indicating patients on an oncology ward over periods of 1 week to 14
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Figure 3. Prevalence over 25 weeks of 7 most common strain types of vancomycin-resistant enterococci.

months. Three patients had identical strains detected at intervals [26] and cystic fibrosis [27]. Among 166 isolates of P. aerugi-
nosa collected from 31 cystic fibrosis patients over a 1- to 20-of 7 days, 77 days, and 5 months, and 1 patient was shown to

be colonized at two time points with different strains. A fifth month period, Struelens et al. [27] showed that the genomic
PFGE patterns of sequential isolates from individual patientspatient had 3 strains identified among 5 isolates obtained over

14 months. In another investigation, PFGE analysis of 8 VRE had a similarity of §80%. Furthermore, isolates with different
genotypes differed by 14–45 bands. When comparing all iso-isolates obtained from 8 patients over a period of 5 months in

Italy demonstrated minor differences in the endemic strain [22]. lates one on one, they also found two clusters of band differ-
ences; one cluster with 0–3 band differences had ‘‘identical’’Whether individual strain types of VRE will remain stable over

a period of years remains to be established. genotypes, and a large cluster with ú10 band differences was
considered to represent completely different and geneticallyVariations in PFGE patterns of 4–6 bands may hamper cor-

rect interpretation in epidemiologic studies (e.g., genetically unrelated genotypes.
There are potential shortcomings in PFGE analysis. Becauselinked strains may be interpreted as not linked epidemiologi-

cally and vice versa). We found that only 3 strains of E. faecium bacterial DNA analyzed by PFGE is typically digested with a
restriction endonuclease that recognizes a DNA sequence pres-with vanA resistance type and none of the isolates with the

vanB resistance type differed by 4 bands, suggesting that this ent infrequently in the bacterial genome, differences between
strains in large portions of the genome that are not recognizeddegree of PFGE pattern variability is not an important problem

when studying VRE. However, recently Thal et al. [23] demon- by the enzyme will remain undetected. We repeated PFGE for
a subset of strains while using a second restriction enzymestrated that in vitro introduction of a transposon at multiple

sites in an E. faecalis chromosome resulted in a PFGE pattern to improve discriminatory power. However, silent or cryptic
genetic changes may have occurred over time that would havethat differed by as many as 7 bands from the original strain.

Similarly, we [24] and others [25] have detected up to 6 band been detected only with a more sensitive method, such as direct
DNA sequencing.differences on PFGE gels between recipient and transconjugant

strains of VRE after mating experiments that transfered vanB
and vanA, respectively, to the chromosome of recipient E.
faecalis strains. The results of the current study, that is, that References
few strains differ by 4–8 bands, suggests that such events may
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