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E nterococcus is among the top causes of bloodstream 
infection, infective endocarditis, intra-abdominal 
sepsis and surgical-site infection.1–5 Colonization 

with vancomycin-resistant Enterococcus (VRE) is associated 
with antibiotic use, residence in a long-term care facility, 
renal disease, malignant disease, organ transplant, critical 
illness, immunocompromise, catheter use and HIV infec-
tion.6–9 Few antibiotic agents are effective against VRE, 
and they are not often used in initial empiric treatment 
regimens.10,11 Among patients with sterile-site infections 
caused by Enterococcus, vancomycin resistance has been 
associated with higher mortality.10 A recent study showed 
that a delay of more than 2 days in receiving effective ther-
apy for VRE infection was associated with a 3-fold 
increase in 30-day mortality.12

The timely identification of antibiotic resistance is chal-
lenging. Traditionally, Gram staining results are available 
early, whereas identification of species has required 2–3 days 

and determination of susceptibilities longer still. New, rapid 
diagnostic tools allow for species identification up to 
30  hours earlier, which has increased the importance of 
species-based empiric therapy.13 As a result, ways are needed 
to predict the interim likelihood of vancomycin resistance in 
known Enterococcus isolates. The use of swab screening for 
VRE is attractive because such screening is frequently per-
formed upon admission to hospital. In cases of infection with 
methicillin-resistant Staphylococcus aureus, results obtained 
with screening swabs have had high specificity for predicting 
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Background: Swab screening for vancomycin-resistant Enterococcus (VRE) is used to identify VRE carriers and thus prevent 
transmission of this organism. We tested whether screening results could have unintended benefits in predicting the vancomycin 
susceptibility of subsequent Enterococcus infections experienced by these patients. 

Methods: We conducted a retrospective cohort study of all patients admitted to a large tertiary care hospital between 2010 and 
2015 who underwent swab screening for VRE before experiencing an Enterococcus sterile-site infection. We derived test charac-
teristics using the screening result as the test variable predicting the presence or absence of vancomycin resistance in the sterile-
site Enterococcus species.

Results: Culture results for sterile-site samples were positive for Enterococcus for 619 patients during the study period. Of these, 
488 (79%) had previously undergone VRE screening. A total of 19 (4%) of the 488 screening results were positive for VRE, and 10 
(2%) of the sterile-site Enterococcus isolates were resistant to vancomycin. The overall specificity of VRE swabs was 97% (95% con-
fidence interval [CI] 96%–99%), sensitivity was 70% (95% CI 35%–93%), the positive likelihood ratio was 28 (95% CI 14–56), and the 
negative likelihood ratio was 0.31 (95% CI 0.12–0.79). The post-test probability of vancomycin resistance in a sterile-site culture, 
given a positive result with VRE screening swab, was 37% using study data and 83% using published aggregate prevalence data for 
VRE in the United States. 

Interpretation: Prior VRE screening swab results represent a useful tool for predicting vancomycin resistance in sterile-site Enterococcus 
infections. Patients with a positive result for VRE screening swab and Enterococcus identified by culture of sterile-site samples should 
receive empiric treatment with linezolid or daptomycin until sensitivity results are available.
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methicillin resistance in subsequent S. aureus infections.14 
Previous studies have evaluated the predictive value of VRE 
screening swabs in forecasting the prevalence of VRE among 
all causes of bacterial infection.15–19 

In this study, we sought to investigate the utility of results 
obtained with VRE screening swabs in predicting vancomycin 
resistance among subsequent sterile-site infections with 
Enterococcus. We hypothesized that among patients with 
sterile-site Enterococcus infections, prior positive results with 
VRE screening swabs would reliably predict vancomycin 
resistance, but prior negative results would not reliably rule 
out vancomycin resistance.

Methods

Design and patient selection
We performed a retrospective cohort study involving all 
patients at Sunnybrook Health Sciences Centre, a large ter-
tiary care centre in Toronto, Ontario, who had a sterile-site 
isolate of Enterococcus sp. and prior swab screening for VRE 
between Apr. 1, 2010, and Dec. 31, 2015. We defined sterile-
site isolates as isolates from blood, tissue biopsy specimens 
and cerebrospinal, pleural, peritoneal or synovial fluid. We 
included patients who were older than 1 year and had samples 
taken for culture as outpatients, in the emergency department 
or during hospital admission (excluding long-term care 
wards). Each patient was included in the study only once, with 
the most recent Enterococcus isolate and the most recent VRE 
screening result being used for the study. We excluded 
patients whose VRE screening was performed after the sam-
ple yielding a sterile-site isolate was obtained. 

Data sources
We derived data from the Stewardship Program Integrated 
Resource Information Technology database, which is securely 
and confidentially autopopulated with pharmacy and micro-
biology data, as well as demographic characteristics, for 
Sunnybrook patients (inception April 2010).20

VRE screening protocols and methods
Screening for VRE, via rectal swabbing, was performed on 
the first day of admission under the following circumstances: 
known previous colonization, infection or contact with a resis-
tant organism; previous receipt of health care in a high-risk 
area outside of Canada; admission to a health care facility 
within the preceding year; receipt of home health care or 
hemodialysis; residence in a shelter or other high-risk setting; 
or inability to answer screening questions. Surveillance swabs 
were also obtained during transfer to a critical care unit or in 
the context of an outbreak.

Swabs used for rectal screening were placed in Amies agar 
gel transport medium with charcoal (Copan Italia) and were 
cultured on chromogenic media to screen for vanco mycin-
resistant Enterococcus faecium (purple colonies) and vanco mycin-
resistant Enterococcus faecalis (>  10 blue colonies) (Brilliance 
VRE Agar, Oxoid). Incubation took place at 37°C for 
22–24 hours in the dark. Vancomycin resistance was confirmed 

by sampling the cultures, instilling the samples in Triton X-100 
lysis buffer and performing polymerase chain reaction (PCR) 
for the vanA and vanB genes (primers developed internally). An 
intermediate saline dilution method was used for presumed 
vancomycin-resistant E. faecalis colonies. Screening results were 
deemed positive if both culture and PCR results were positive 
and were otherwise deemed negative.

When clinically indicated, Enterococcus was cultured and 
identified from sterile-site specimens according to routine 
practices for the site of origin. Possible Enterococcus was identi-
fied by the presence of colonies of gram-positive cocci in pairs 
and chains in appropriate culture media. Species identification 
was confirmed using Vitek automated biochemical detection 
(April 2010–August 2014) or the Vitek MS system (August 
2014–December 2015) (bioMérieux). Susceptibility testing 
was performed using the Vitek automated biochemical system 
(bioMérieux).

Covariables
We extracted the following covariables from the database: 
age, sex, ward, service category, sterile site, Enterococcus 
species, and time between swab screening and sterile-site 
sampling for culture. We used these data to inform the base-
line characteristics of screened patients.

Statistical analysis
We examined the following test characteristics of VRE 
screening swab results for their value in predicting vanco-
mycin resistance in sterile-site isolates of Enterococcus: sensitiv-
ity, specificity, negative predictive value, positive predictive 
value, positive likelihood ratio and negative likelihood ratio. 
The VRE screening results and the vancomycin sensitivity of 
sterile-site isolates were deemed to represent the test and 
response variables, respectively. A positive screening result 
combined with a vancomycin-resistant sterile-site isolate was 
deemed a true positive. A positive screening result combined 
with a vancomycin-sensitive sterile-site isolate was deemed a 
false positive. A negative screening result combined with a 
vancomycin-sensitive sterile-site isolate was deemed a true 
negative. A negative screening result combined with a vanco-
mycin-resistant sterile-site isolate was deemed a false negative. 
We calculated confidence intervals (CIs) using the Clopper–
Pearson exact method, with the efficient score method used 
for negative predictive value in the “immediate” group 
(described below) and the log method used for CIs for likeli-
hood ratios.21–23 All test characteristics were calculated using 
Stata 14.1 (Statacorp).

We performed subgroup analyses based on the species of 
Enterococcus isolated in culture of sterile-site specimens and the 
time between swab screening and sterile-site sampling. We 
categorized these intervals, on the basis of prior work on 
methicillin-resistant S. aureus,14 as immediate (0–48 h), recent 
(48 h–14 d) and remote (> 14 d).

The local prevalence of vancomycin resistance among 
Enterococcus isolates and intrinsic test characteristics for VRE 
swab screening both contribute to the post-test probability of 
vancomycin resistance in Enterococcus isolates. We plotted post-



Research

CMAJ  OPEN

E634 CMAJ OPEN, 5(3) 

test probability (y  axis) as a function of prevalence (x  axis, 
logarithmic) and denoted representative countries for which 
published VRE prevalence data were available. We derived 
prevalence data from published repositories of surveillance data 
on antimicrobial resistance for various countries and regions.24–26 
We generated the plot using Stata 14.1.

We calculated number needed to screen using the total 
number of unique patients with VRE screening swab results 
divided by the number of unique patients with sterile-site 
specimens growing Enterococcus who had prior VRE screening. 

Ethics approval
The study was approved by the Sunnybrook Health Sciences 
Centre Research Ethics Board. 

Results

Availability of VRE screening results and prevalence 
of vancomycin resistance
Culture results for sterile-site specimens were positive for 
Enterococcus species for a total of 619 patients. Of these, 488 
(79%) had prior results for VRE screening; for 347 (71%) of 
these 488 patients, the sterile-site culture result was positive 
for E. faecalis, and for 141 (29%), it was positive for E. faecium. 
A total of 19 (4%) of the 488 screening results were positive 
for VRE, and 10 (2%) of the sterile-site Enterococcus isolates 
were resistant to vancomycin. All VRE-positive sterile-site 
specimens grew E. faecium (prevalence of vancomycin-
resistant E. faecium 7% [10/141]). Of the 131 patients who 
were excluded (because a prior screening result was not avail-
able), 3 had a positive culture result for VRE, and 2 of these 
3 patients had a positive result on swab screening for VRE 
later the same day. Baseline patient characteristics are pre-
sented in Table 1.

Utility of prior VRE screening swab results 
in predicting vancomycin resistance in subsequent 
Enterococcus sterile-site infections
The utility of swab screening for VRE in predicting vanco-
mycin resistance in Enterococcus sterile-site infections is sum-
marized in Table 2. The specificity of VRE swabs was 97% 
(95% CI 96%–99%), and the sensitivity was 70% (95% CI 
35%–93%). The post-test probability of VRE in our study 
population, given a positive VRE swab screening result, was 
37%, equivalent to the positive predictive value of 37% (95% 
CI 16%–62%); the negative predictive value was 99% (95% 
CI 98%–100%). The positive likelihood ratio was 28 (95% CI 
14–56) and the negative likelihood ratio was 0.31 (95% CI 
0.12–0.79). Most patients who undergo surveillance for VRE 
with swab screening do not subsequently experience an entero-
coccal infection; in our study population, the number needed 
to screen was 103 to have swab information available for 
1 patient with subsequent enterococcal infection.

In a post hoc sensitivity analysis limited to patients with 
blood culture results for Enterococcus (n = 351), the results were 
similar in direction and magnitude to the overall study find-
ings (data not shown).

Subgroup analyses
In the “immediate” subgroup (interval of 0–48 h between 
swab screening and sterile-site sampling for culture), the 
specificity was 99% (95% CI 93%–100%) and the sensitivity 
100% (95% CI 16%–100%). In the “recent” subgroup 
(interval of 48 h–14 d), the specificity was 97% (95% CI 

Table 1: Baseline characteristics of patients with sterile-site 
Enterococcus isolates who had prior swab screening for 
vancomycin-resistant Enterococcus (VRE)

Characteristic

No. (%) of 
patients*
n = 488

Age, yr, mean ± SD 65 ± 17

Sex

    Male 296 (61)

    Female 192 (39)

Swab screening result for VRE

    Positive 19 (4)

    Negative 469 (96)

Vancomycin resistance of sterile-site 
Enterococcus isolates

    Positive 10 (2)

    Negative 478 (98)

Enterococcus species in sterile-site isolates

    E. faecalis 347 (71)

    E. faecium 141 (29)

Admission type

    Medical 214 (44)

    Surgical 255 (52)

    Obstetric 3 (1)

    Not available 16 (3)

Intensive care unit exposure 224 (46)

Swab screening and collection of culture 
specimen performed during same admission

374 (77)

Sterile site for culture

    Blood 351 (72)

    Bone 21 (4)

    Cerebrospinal fluid 7 (1)

    Dialysate 3 (1)

    Fluid other than cerebrospinal 106 (22)

Time between swab screening and 
collection of culture specimen

    Immediate (< 48 h) 76 (16)

    Recent (48 h to 14 d) 190 (39)

    Remote (> 14 d) 222 (45)

    Time from swab screening to collection 
    of culture specimen, median (IQR), d

12 (4–31)

Note: IQR = interquartile range, SD = standard deviation.
*Except where noted otherwise.
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94%–99%) and the sensitivity 67% (95% CI 9%–99%). In 
the “remote” subgroup (interval > 14 d), the specificity was 
97% (95% CI 94%–99%) and the sensitivity 60% (95% CI 
15%–95%). Of note, the positive predictive value of VRE 
swab screening was 67% (95% CI 9%–99%) for patients in 
the “immediate” subgroup, and the positive likelihood ratio 
was 74 (95% CI 11–518). 

The overall positive predictive value for E. faecium was 
64% (95% CI 31%–89%), and the positive likelihood ratio 
was 23 (95% CI 8.1–65). Fourteen patients had swabs taken 
and culture samples drawn in the “immediate” period that 
grew E. faecium; in this context, the swab screening was 100% 
sensitive (95% CI 16%–100%) and 100% specific (95% CI 
74%–100%).

Post-test probability of vancomycin resistance
Figure 1 shows how the local prevalence of VRE informs the 
post-test probability of vancomycin resistance among sterile-
site Enterococcus infections with prior VRE swab results. Specifi-
cally, small differences in prevalence lead to substantial changes 
in post-test probability. For example, a 15.1% prevalence of 
VRE in bloodstream isolates, such as that seen in a cohort of 
patients from North American hospitals (mostly in the United 
States), would translate to a post-test probability of VRE of 
83% among patients with a prior positive swab result.25 

Interpretation

We explored the utility of swab screening for VRE in predict-
ing vancomycin resistance in subsequent Enterococcus sterile-
site infections. The sensitivity of swab screening was 70%, and 
specificity was 97%. The positive likelihood ratio was 28, and 
the negative likelihood ratio was 0.31. The high specificity of 

VRE swab screening was preserved for each defined interval 
between swab screening and sterile-site sampling, whereas sen-
sitivity diminished with increasing time. Test characteristics 
were optimized for E. faecium. The results show that among 
patients with a prior positive result on VRE swab screening 
and Enterococcus isolates identified in sterile-site cultures, VRE 
is sufficiently probable that empiric coverage is necessary. Sim-
ilarly, a negative result on VRE swab screening may be suffi-
cient to withhold empiric VRE coverage in settings of inter-
mediate VRE prevalence.

This work shows the value of VRE swab screening in pre-
dicting resistance among Enterococcus sterile-site isolates. 
Rolston and colleagues19 looked at patients with hematologic 
malignancies and found that VRE colonization had a positive 
predictive value of 29.3% (29/99) for VRE bacteremia and a 
negative predictive value of 99.9% (2014/2016). Kim and col-
leagues27 described a prospective study in an intensive care 
unit in which 9.2% (17/184) of VRE-colonized patients 
experienced VRE sterile-site infections. In a study of high-risk 
patients with febrile neutropenia, Bossaer and coworkers18 
showed a 26.4% rate (14/53) of VRE bloodstream infection in 
VRE-colonized patients. Finally, Ford and colleagues17 found 
that 12.2% (10/82) of VRE-colonized patients with leukemia 
later experienced a VRE bloodstream infection. All of these 
studies involved specialized clinical settings and immunocom-
promised patients. More importantly, they examined the 
overall risk of VRE infection in VRE swab-positive patients,16 
whereas we examined how prior VRE swab results influence 
the conditional probability of vancomycin resistance once an 
Enterococcus infection is documented.  

Our study informs, in a novel fashion, the empiric treat-
ment decision in the window between identification of a 
pathogen and availability of susceptibility results.13 This 

Table 2: Test characteristics for using prior VRE swab screening results to predict vancomycin resistance among subsequent 
sterile-site clinical isolates of Enterococcus

Time from swab screening to sampling for culture; 
test characteristic (95% CI)* Enterococcus species

Test characteristic Overall
Immediate 
(0–48 h)

Recent 
(48 h–14 d)

Remote 
(> 14 d) E. faecium E. faecalis

No. of true positives 7 2 2 3 7 0

No. of true negatives 466 73 182 211 127 339

No. of false positives 12 1 5 6 4 8

No. of false negatives 3 0 1 2 3 0

Sensitivity, % 70 (35–93) 100 (16–100) 67 (9–99) 60 (15–95) 70 (35–93) NA

Specificity, % 97 (96–99) 99 (93–100) 97 (94–99) 97 (94–99) 97 (92–99) 98 (NA)

Positive predictive value, % 37 (16–62) 67 (9–99) 29 (3.7–57) 33 (7.5–70) 64 (31–89) 0 (NA)

Negative predictive value, % 99 (98–100) 100 (95–100) 100 (97–100) 99 (97–100) 98 (93–100) 100 (NA)

Positive likelihood ratio 28 (14–56) 74 (11–518) 25 (7.7–81) 22 (7.5–63) 23 (8.1–65) NA

Negative likelihood ratio 0.31 (0.12–0.79) 0 (0–NA) 0.34 (0.069–1.7) 0.41 (0.14–1.2) 0.31 (0.12–0.80) NA

Area under ROC curve 0.84 (0.69–0.99) 0.99 (0.98–1.0) 0.82 (0.49–1.0) 0.79 (0.55–1.0) 0.84 (0.68–0.99) NA

Note: CI = confidence interval, NA = not available, ROC =  receiver operating characteristic, VRE = vancomycin-resistant Enterococcus.
*Except where indicated otherwise.



Research

CMAJ  OPEN

E636 CMAJ OPEN, 5(3) 

important window has recently widened because of the avail-
ability of rapid methods for species identification.13 As with 
methicillin-resistant S. aureus, the current findings are mech-
anistically consistent with the long duration of rectal col-
onization with VRE and with the potential to acquire VRE 
carriage during the hospital stay.28 The median duration of 
VRE colonization has been estimated at 4 to 9 weeks in some 
studies.8,28,29 Our results are also consistent with rectal VRE 
colonization being an intermediate step in the acquisition of 
a VRE sterile-site infection. This theoretical basis is sup-
ported by the strong correlation in genotyping of VRE iso-
lates from matched blood cultures and rectal swabs.16,17 It 
makes intuitive sense that VRE colonization, the last step 
before VRE infection, would provide useful predictive infor-
mation for a subsequent infecting isolate.

Our analysis of regional variation in the post-test prob-

ability of VRE sterile-site infection shows the influence of 
VRE prevalence. Local information can be used to decide 
whether the probability of VRE infection is sufficient to 
inform starting or withholding empiric therapy. Recent work 
has highlighted that patient survival may be directly related 
to appropriate early empiric coverage of VRE.12 Once the 
prevalence of vancomycin resistance in Enterococcus sterile-
site culture isolates increases beyond 1%, the post-test prob-

ability of VRE sterile-site culture isolates in a patient with a 
prior positive result on VRE swab screening exceeds 20%, 
which necessitates empiric coverage with agents such as lin-
ezolid or daptomycin.1,6,30 This is the most important impli-
cation of our study to clinical practice. 

Moreover, when Enterococcus sepsis is of serious concern in 
patients colonized with VRE — for instance, patients with 
hematologic malignant disease and those in critical care 
units — we suggest coverage for VRE immediately upon sus-
picion of serious infection, without waiting for species identifi-
cation. Finally, when the prevalence of vancomycin resistance 
in Enterococcus sterile-site culture isolates is 15% or lower, the 
post-test probability of VRE sterile-site culture isolates in a 
patient with a prior negative result on VRE swab screening is 
at most 5%, and consideration may be given to withholding 
empiric VRE coverage.

Limitations
The potential limitations of this study relate to its retrospec-
tive design and the consequent potential for bias. The accuracy 
of test characteristics depends on culture being performed for 
all sterile-site infections and on the accuracy of culture and 
screening methods. Restriction of the study to sterile-site cul-
ture results provides confidence that positive culture results 
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reflect true infection. The current results were obtained for 
patients who met VRE screening criteria and may not be 
directly transferable to centres that employ universal screen-
ing. Although the study was conducted in a population with 
low baseline VRE prevalence, the intrinsic test characteristics 
should be broadly applicable. The wide CIs for some test 
characteristics reflect low VRE prevalence in our setting. We 
anticipate that future work performed at multiple centres and 
in areas of higher VRE prevalence will confirm the broad 
trends that we have described. Given the small number of 
posi tive events, the subgroup analysis by time between swab 
screening and sampling for culture can only be used to gener-
ate hypotheses for future work. Importantly, VRE screening 
swabs are already available and are employed for other pur-
poses at many centres; the conclusions of our study can there-
fore be implemented with little delay. The number needed 
to screen to have a VRE screening swab result available for 
use in determining empiric therapy for an Enterococcus sterile-
site isolate was 103 for our study population. Given the cost of 
VRE screening, we do not expect this novel clinical use, on its 
own, to justify broad screening of patients. Future work may 
show more limited cost-effectiveness for screening susceptible 
patients in high-risk settings.

Conclusion
Our study has shown that positive results on VRE swab 
screening reliably increase the probability of vancomycin resis-
tance in Enterococcus sterile-site culture isolates, beyond usual 
thresholds meriting empiric coverage. New technologies have 
increased the time between species identification and avail-
ability of antimicrobial susceptibilities. Our results suggest 
that VRE should be covered during this empiric window for 
patients with prior positive results on VRE swab screening and 
a current sterile-site specimen growing Enterococcus.
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