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Background. Vancomycin-resistant enterococci (VRE) cause severe infections among patients with malignancy, and these infec-
tions are usually preceded by gastrointestinal colonization.

Methods. We searched the PubMed and EMBASE databases (up to May 26, 2016) to identify studies that reported data on VRE 
gastrointestinal colonization among patients with solid or hematologic malignancy.

Results. Thirty-four studies, reporting data on 8391 patients with malignancy, were included in our analysis. The pooled preva-
lence of VRE colonization in this population was 20% (95% confidence interval [CI], 14%–26%). Among patients with hematologic 
malignancy, 24% (95% CI, 16%–34%) were colonized with VRE, whereas no studies reported data solely on patients with solid 
malignancy. Patients with acute leukemia were at higher risk for VRE colonization (risk ratio [RR] = 1.95; 95% CI, 1.17–3.26). 
Vancomycin use or hospitalization within 3 months were associated with increased colonization risk (RR = 1.92, 95% CI = 1.06–3.45 
and RR = 4.68, 95% CI = 1.66–13.21, respectively). Among the different geographic regions, VRE colonization rate was 21% in North 
America (95% CI, 13%–31%), 20% in Europe (95% CI, 9%–34%), 23% in Asia (95% CI, 13%–38%), and 4% in Oceania (95% CI, 
2%–6%). More importantly, colonized patients were 24.15 (95% CI, 10.27–56.79) times more likely to develop a bloodstream infec-
tion due to VRE than noncolonized patients.

Conclusions. A substantial VRE colonization burden exists among patients with malignancy, and colonization greatly increases 
the risk for subsequent VRE bloodstream infection. Adherence to antimicrobial stewardship is needed, and a re-evaluation of the use 
of vancomycin as empiric therapy in this patient population may be warranted.
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Enterococci are part of the normal flora of the gastrointesti-
nal tract and one of the most important causes of nosocomial 
infections [1]. Vancomycin-resistant enterococci (VRE) were 
first reported in 1986 [2] and have since evolved into a major 
cause of healthcare-associated infections, and their prevalence 
in the United States is reportedly increasing [3–5]. Vancomycin-
resistant enterococci bloodstream infections (BSIs), in particu-
lar, have been associated with prolonged hospital stay, higher 
healthcare costs, and inferior clinical outcomes, compared 
with vancomycin-susceptible enterococcal BSIs [6, 7]. Cancer 
patients, as well as hematopoietic stem cell transplant recipients, 
are particularly susceptible to VRE BSIs, which are in turn asso-
ciated with increased mortality in this patient population [8, 9].

It is interesting to note that VRE infections are closely 
related to, and usually preceded by, VRE colonization [10, 11].  
In patients with malignancy, mucosal compromise due to 
chemotherapy allows translocation of these pathogens into the 
bloodstream [12, 13]. Thus, regular screening of these patients 
for VRE carriage has been proposed for limiting the clinical 
impact of these resistant microbes [1]. However, there is a rel-
ative paucity of aggregate data concerning the prevalence and 
importance of VRE colonization in this population. Thus, we 
performed a systematic review and meta-analysis to estimate 
the VRE colonization burden in these patients and assess its 
effect on the development of subsequent VRE BSIs.

METHODS

This systematic review and meta-analysis was performed 
according to the PRISMA guidelines [14].

Data Sources and Searches

We performed a systematic search of the PubMed and EMBASE 
databases for studies that reported VRE colonization rates 
among patients with solid or hematologic malignancy. We used 
the term (VRE or GRE or vancomycin-resistant OR glyco-
peptide-resistant) AND (tumor OR cancer OR carcinoma OR 
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sarcoma OR neoplasia OR malignancy OR leukemia OR leu-
kaemia OR lymphoma OR oncolog* OR hematolog* OR hae-
matolog* OR neutropen*) AND (prevalence or colonization or 
colonisation OR carriage OR epidemiology OR rectal OR fecal 
OR faecal OR stool). Each database was examined separately, 
and our last day of access was May 26, 2016. Three authors (M. 
A., A. G., and K. T.) independently screened titles and abstracts 
to identify relevant studies, which were then accessed in full 
text. Duplicates were removed before study selection, and dis-
crepancies were resolved by consensus. We also supplemented 
our search by screening the reference lists of all eligible stud-
ies and relevant reviews. Our analysis included published lit-
erature, whereas abstracts from conference proceedings were 
excluded. A restriction for English language was imposed.

Study Selection

Studies were considered eligible for inclusion in our analysis if they 
reported extractable data on VRE gastrointestinal colonization in 
patients with solid or hematologic malignancy. Both inpatient and 
outpatient populations were included. As colonization, we defined 
the isolation of VRE, by culture or polymerase chain reaction, 
from a rectal or fecal sample from patients without evidence of 
gastrointestinal infection. Included studies should clearly differen-
tiate between VRE infection and colonization and state the timing 
of sample collection. In addition, they should state the number of 
collected isolates per subject, to avoid duplicate samples. In stud-
ies that included decolonization interventions, only data from the 
preintervention period were included in our analysis.

Outcomes of Interest

Our primary outcome of interest was the prevalence rate of 
VRE gastrointestinal colonization in patients with solid or 
hematologic malignancies. This rate was calculated by divid-
ing the number of patients that had a positive VRE rectal or 
fecal sample, by the total number of screened patients. As sec-
ondary outcome, we estimated the risk of subsequent VRE BSI 
development among colonized and noncolonized patients. 
Furthermore, we calculated VRE colonization rates among dif-
ferent patient subgroups, and we examined the temporal trend 
of VRE colonization.

The individual data from each study were extracted by 3 
authors (M. A., A.  G., and K.  T.). We used the Newcastle-
Ottawa scale (NOS) to assess the methodological quality of the 
included studies [15]. The NOS utilizes a “star”-based system to 
evaluate studies on 3 categories: selection of appropriate patient 
population, comparability between different studied cohorts 
(when applicable), and ascertainment of the outcome of interest 
[15]. Some NOS fields did not apply to our analysis, specifically 
“selection of the non-exposed cohort,” “demonstration that the 
outcome of interest was not present at the start of the study,” 
and “comparability between cohorts”; consequently, each study 
could receive a maximum of 5 stars. Studies that received 4 or 5 
stars (out of 5 maximum) were considered to be of high quality.

Data Synthesis and Analysis

We performed a random effects meta-analysis to estimate the 
pooled prevalence and the 95% confidence intervals (CIs), 
using the DerSimonian and Laird approach [16]. We used the 
Freeman-Tukey methodology to stabilize the variance of the raw 
proportions [17]. Between-study heterogeneity was assessed 
with the tau-squared (τ2) statistic [18], and the presence of 
small study effect was examined with the Egger’s test [19]. 
Studies were grouped by geographical continent. To calculate 
the time trend of VRE colonization, we transformed the model 
coefficients into rates, and then we plotted these rates against 
the midyear of each respective study along with the observed 
prevalence rates. If the study midyear could not be extracted, 
we assumed that it occurred 2 years before the publication year.

We also performed meta-regression analyses to compare 
different patient subgroups and thus control for potential 
sources of confounding and heterogeneity. We explored the 
effect of covariates on VRE colonization rates through univar-
iate random effects meta-regression using Knapp and Hartung 
modification [20]. In addition, we examined the effect of VRE 
colonization on subsequent VRE BSI development. The pooled 
relative risk for VRE BSI between colonized and noncolonized 
patients was calculated using random effects meta-analysis 
and was reported as unadjusted risk ratio (RR) estimates and 
95% CIs. Furthermore, to evaluate in greater depth the effect 
of VRE colonization on subsequent VRE BSI development, we 
performed a diagnostic accuracy meta-analysis. We used the 
bivariate random-effects model, which accounts for correlation 
between studies, to determine the logit-transformed sensitivity 
and specificity and their respective 95% CI [21]. In addition, 
we calculated the positive likelihood ratio (LR+), negative like-
lihood ratio (LR−), and diagnostic odds ratio, along with their 
respective 95% CI, pertaining to VRE colonization and its pre-
dictive value for subsequent VRE BSI. We used the Stata ver-
sion 13 software package (StataCorp, College Station, TX) to 
perform the statistical analysis, and the statistical significance 
threshold was set at 0.05.

RESULTS

The initial database search yielded 1157 articles. After removal 
of 234 duplicates, 923 articles were screened by title and 
abstract reading and 192 were identified as potentially rele-
vant and accessed in full text. From these 192 reports, 74 were 
excluded because they did not contain VRE colonization data, 
41 did not provide the total number of patients screened, 20 
did not contain extractable data on patients with malignancy, 
13 reported data only on isolates without relation to patients, 6 
were reviews, and 4 concerned outbreaks. At the end, 34 studies 
were considered eligible for inclusion in our analysis [22–40, 
Supplementary References 41–55). All eligible studies were 
awarded 4 or 5 stars in the NOS, and they were thus considered 
of high quality and included in our analysis (Supplementary 
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Table 1), and no additional eligible studies were identified by 
searching through the reference lists of the included studies. 
The individual characteristics of these studies are provided in 
Table 1, and the review process is showcased in the PRISMA 
flowchart (Figure 1).

The 34 studies included in our analysis provided data on 
8391 patients with solid or hematologic malignancy and 
reported data on the years 1989–2014 [22–40, Supplementary 
References 41–55]. Nine studies were retrospective [22, 23, 25, 
27, 28, 36, 38, 39, Supplementary Reference  42], whereas 25 
studies were prospective [24, 26, 29–35, 37, 40, Supplementary 
References 41, 43–55]. Thirty studies were conducted on inpa-
tients [22–34, 36–39, Supplementary References 42–48, 50–55], 
3 studies included both inpatients and outpatients [35, 40, 
Supplementary Reference 41], and 1 study included solely out-
patients (Supplementary Reference 49).

The majority of the studies were performed in North 
America (16 studies in the United States [22–32, 34–38], and 
1 in Canada [33]). Among the remaining studies, 10 were per-
formed in Europe (2 in the United Kingdom [Supplementary 
References 47, 48]), 2 in Germany [Supplementary References 
46, 54], and 1 each in Greece [Supplementary Reference 44], 
Serbia [Supplementary Reference 45], Ireland [Supplementary 
Reference 49], Netherlands [Supplementary Reference 
50], Spain [Supplementary Reference 51], and France 
[Supplementary Reference 55]), 5 in Asia (3 in Turkey [39, 
Supplementary References 42,  43], 1 in India [40], and 1 in 
Iran [Supplementary Reference 41]), and 2 in Oceania (both 
in Australia [Supplementary References 52, 53]). Twenty-two 
studies included adult patients [22–28, 30, 31, 33, 34, 36, 38, 
39, Supplementary References 44–47, 51–53, 55, 11 studies 
included pediatric patients [29, 32, 35, 37, 40, Supplementary 
References 41–43, 48, 49,  54], and 1 study reported data for 
both (Supplementary Reference 50).

Overall, the pooled prevalence of VRE gastrointestinal col-
onization among patients with malignancy was 20% (95% 
CI, 14%–26%; τ2 = 0.18; Egger’s Test [ET] = 1.72, PET = 0.04) 
(Figure 2). Moreover, a diagnosis of acute leukemia was asso-
ciated with a 1.95-times greater risk of VRE colonization (95% 
CI, 1.17–3.26), based on 4 studies on 410 patients [27, 29, 38, 
Supplementary Reference 45].

Stratifying by continent, the VRE colonization rate was 21% 
in North America (95% CI, 13%–31%; ET = 1.72, PET = 0.14), 
20% in Europe (95% CI, 9%–34%); ET = 2.03, PET = 0.37), 23% 
in Asia (95% CI, 13%–38%; ET=3.90, PET = 0.109), and 4% in 
Oceania (95% CI, 2%–6%). In the ensuing univariate meta-re-
gression analysis, these differences did not reach statistical sig-
nificance (coefficient = 0.15, P = .14), except when we compared 
Oceania with the rest of the world. In this case, despite the small 
number of studies from Oceania (Supplementary References 
52, 53), the difference in colonization rates approached statisti-
cal significance (coefficient = −0.55, P = .06). We also detected 

a 1.3% annual increase in the reported VRE colonization rate, 
although this increase was not statistically significant (P = .176) 
(Supplementary Figure 1).

Twenty-three studies provided colonization data on 6739 
adult patients [22–28, 30, 31, 33, 34, 36, 38, 39, Supplementary 
References 44–47, 50–53, 55], whereas 12 studies provided data 
on 1652 pediatric patients [29, 32, 35, 37, 40, Supplementary 
References 41–43, 48–50, 54], with 1 study providing data for 
both adult and pediatric populations [50]. Among both groups, 
the VRE colonization rate was 19% (95% CI, 12%–27% and 
11%–28%, respectively), and thus age did not independently 
predict the colonization rate (coefficient  =  0.00, P  =  .99). In 
addition, 19 studies reported colonization data on 4485 patients 
with hematologic malignancies, and the pooled prevalence in 
this population was 24% (95% CI, 16%–34%) [22–29, 31, 32, 
36, 38, 39, Supplementary References 41, 45, 47, 50, 51, 55]. This 
patient population included 2338 patients with leukemia, 814 
patients with lymphoma, 169 patients with multiple myeloma, 
89 patients with myelodysplastic syndrome, and 1075 patients 
with nonspecified hematologic malignancy [22–29, 31, 32, 36, 
38, 39, Supplementary References 41, 45, 47, 50, 51, 55]. The rest 
of the included studies did not sufficiently differentiate between 
patients with solid and hematologic malignancies to allow for a 
dedicated analysis.

Four studies on 451 patients reported data on antibiotic use 
among colonized and noncolonized patient, within the previ-
ous 6 months [30, 32, Supplementary References 41, 45]. Based 
on these studies, recent antibiotic use was associated with a 
1.41 times greater risk of VRE colonization that did not reach 
statistical significance (95% CI, .89–2.23). Notably, based on 
data from 3 studies on 380 patients [30, 32, Supplementary 
Reference  41], patients that had received vancomycin in the 
previous 3  months were significantly more likely to be VRE 
carriers (RR = 1.92; 95% CI, 1.06–3.45). It is unfortunate that 
the aforementioned studies did not differentiate between intra-
venous and oral administration of vancomycin for Clostridium 
difficile infection. In addition, based on 2 studies on 227 patients 
[30, 32], hospitalization during the most previous 3 months was 
also associated with a greater VRE colonization risk (RR = 4.68; 
95% CI, 1.66–13.21).

Regarding the relation of VRE colonization to subsequent 
VRE BSI, 13 studies on 5096 patients reported extractable 
data on VRE BSI development in colonized and noncolonized 
patients [22–25, 27, 28, 34, 38, 39, Supplementary References 42, 
46–48]. From these studies, 5 studies followed up patients until 
discharge from the hospital or death [23, 34, 39, Supplementary 
References 46,  47], whereas 8 studies reported data concern-
ing a set period of time after detection of colonization [22, 24, 
25, 27, 28, 38, Supplementary References 42, 48]. The median 
period of observation was 5 weeks, based on available data from 
10 studies [22–25, 27, 28, 38, 39, Supplementary References 
42,  48], and the maximum reported observation period 
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Table 1. Summarized Data of Included Studiesa

Author
Study Midyear

Country 
(State) Screened Colonized (%) Setting Screening Policy Sample

Isolation 
Method

North America

Ford [23]
2010

USA (UT) 508 224
(44.1%)

Adults with hematologic malignancy 
undergoing autologous and alloge-
neic HSCT

At admission and 
weekly thereafter

F Culture

Ford [22]
2009

USA
(UT)

214 82
(38.3%)

Adults with newly diagnosed acute 
leukemia

At admission and 
weekly thereafter

F Culture

Taur [24]
2010

USA
(NY)

94 35
(37.2%)

Adults with hematologic malignancy 
undergoing allogeneic HSCT

At admission 
and during 
hospitalization

F PCR

Kamboj [25]
2009

USA
(NY)

247 68
(27.5%)

Adults with hematologic malignancy 
before allogeneic HSCT

At admission and 
weekly thereafter

R Culture

Calderwood [26]
2004

USA
(IL)

416 134
(32.2%)

Adults with hematologic malignancy 
undergoing autologous and alloge-
neic HSCT

At admission and 
weekly thereafter

R Culture

Weinstock [27]
2005

USA
(NY)

92 37
(40.2%)

Adults with hematologic malignancy 
before allogeneic HSCT

At admission 
and during 
hospitalization

F Culture

Matar [28]
2001

USA (TX) 2115 99
(4.7%)

Adults with hematologic malignancy 
and HSCT recipients

At admission and 
weekly thereafter 
for 3 consecutive 
weeks

F Culture

Tsiatis [29]
2001

USA
(TN)

48 12
(25%)

Children with solid and hematologic 
malignancy undergoing HSCT

At admission and 
weekly thereafter

F Culture

Suntharam [30]
1999

USA
(IL)

155 11
(7.1%)

Adults with solid and hematologic 
malignancy at a hematology/ 
oncology unit, noncolonized at 
admission

Weekly during 
hospitalization

R Culture

Shaikh [31]
1997

USA
(TX)

39 4
(10.3%)

Adults with leukemia At admission and 
weekly thereafter

R Culture

Henning [32]
1994

USA
(NY)

73 19
(26%)

Children with solid or hematologic 
malignancy

At admission and 
every 2 weeks 
thereafter

F Culture

Montecalvo [34]
1994

USA
(NY)

306 86
(28.1%)

Adults with solid and hematologic 
malignancy at an oncology unit

At admission and 
weekly thereafter

R Culture

Rubin [35]
1991

USA
(NY)

26 4
(15.4%)

Pediatric oncology inpatients and 
outpatients

Weekly screening 
(inpatients) and 
point-preva-
lence screening 
(outpatients)

R Culture

Levitt [36]
2006

USA
(FL)

312 98
(31.4%)

Adults with AML admitted for chemo-
therapy or allogeneic HSCT

At admission R Culture

Song [37]
2013

USA
(DC)

44 3
(6.8%)

Children hospitalized at a pediatric 
oncology and HSCT unit

Point-prevalence 
screening among 
inpatients

R Culture/PCR

Zirakzadeh [38]
2001

USA
(MN)

205 22
(10.7%)

Adults with hematologic malignancy 
undergoing allogeneic HSCT

Prior to HSCT R/F Culture/PCR

Embil [33]
1995

Canada 30 0
(0%)

Children hospitalized at a pediatric 
oncology and HSCT unit

After 72 h of 
hospitalization

R/F Culture

Asia

Gedik [39]
2011

Turkey 126 50
(39.7%)

Adults with hematologic malignancy 
and febrile neutropenia

During hospitalization R Culture

Thacker [40]
2014

India 618 65
(10.5%)

Pediatric cancer patients Within 7 days of 
registration as 
either inpatient or 
outpatient

R (outpa-
tients)/ F 

(inpatients)

Culture

Nateghian [41]
2008

Iran 130 33
(25.4%)

Pediatric ALL patients Point-prevalence 
screening at 
inpatients and 
outpatients

F Culture/PCR

Akturk [42]
2012

Turkey 229 72
(31.4%)

Children with solid and hematologic 
malignancy admitted at a hematol-
ogy/oncology unit

At admission and 
weekly thereafter

R Culture
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was 52 weeks [28]. Overall, 13% (95% CI, 8%–19%) of colo-
nized patients with malignancy developed a BSI due to VRE. 
Colonized patients were 24.15 (95% CI, 10.27–56.79; τ2 = 1.12; 
ET = 1.27, PET = 0.129) times more likely to develop a BSI due 
to VRE than noncolonized patients (Figure 3). The sensitivity 
and specificity of VRE colonization as a predictive tool for sub-
sequent VRE BSI were 0.94 (95% CI, .83–.98) and 0.78 (95% CI, 
.69–.85), respectively. In addition, LR+ and LR− were calculated 
as 4.36 (95% CI, 3.01–6.30) and 0.07 (95% CI, .02–.24), respec-
tively, and the diagnostic odds ratio (DOR) was 60.68 (95% CI, 
16.31–225.78).

DISCUSSION

Bloodstream infections due to VRE constitute a major cause 
of morbidity and mortality in patients with solid and hema-
tologic malignancy [1, 6, 7] and are usually preceded by col-
onization of the gastrointestinal tract [10, 11]. However, there 
are limited aggregate data concerning the prevalence of VRE 

colonization, associated risk factors, and the impact of coloniza-
tion on subsequent VRE-related BSIs in this patient population. 
In our analysis, we found that 20% of patients with malig-
nancy were colonized with VRE and the prevalence was higher 
among patients with acute leukemia. Vancomycin use and 
hospitalization within the previous 3  months were associated 
with increased colonization rates. In addition, VRE-colonized 
patients were 24 times more likely to develop a BSI due to VRE 
compared with noncolonized patients, with up to 13% of col-
onized patients developing such an infection over an approxi-
mate median period of observation of 5 weeks.

The considerable VRE colonization burden noted in 
patients with malignancy can be attributed to multiple fac-
tors. Antimicrobial agents are frequently administered in 
these patients, both for therapeutic and prophylactic purposes 
(Supplementary Reference 56). In our analysis, we found that 
previous use of vancomycin was associated with a 2-fold greater 
risk of VRE carriage. Vancomycin exerts selective pressure to 
enterococci and also interferes with the intestinal microbiome, 

Author
Study Midyear

Country 
(State) Screened Colonized (%) Setting Screening Policy Sample

Isolation 
Method

Devrim [43]
2012

Turkey 120 24
(20%)

Children with solid and hematologic 
malignancy admitted at a hematol-
ogy/oncology unit

During hospitalization R Culture/PCR

Europe

Papadimitriou- 
Olivgeris  [44]

2011

Greece 68 19
(27.9%)

Adults with solid and hematologic 
malignancy admitted to the ICU

At admission to the 
ICU

R Culture/PCR

Mioljevic [45]
2011

Serbia 70 32
(45.7%)

Adults with hematologic malignancy 
admitted to the ICU

At admission to the 
ICU and during 
hospitalization

R/F Culture

Liss [46]
2009

Germany 513 51
(9.9%)

Adults with solid tumors or hemato-
logic malignancies at a hematology/
oncology unit

Within 72 h of 
admission

F Culture

Bradley [47]
1996

UK 293 120
(41%)

Adults with hematologic malignancy 
and HSCT recipients

Weekly during 
hospitalization

F Culture

Gray [48]
1998

UK 154 59
(38.3%)

Pediatric hematology/oncology unit During hospitalization F Culture

Nourse [49]
1997

Ireland 137 4
(2.9%)

Pediatric outpatients with solid or 
hematologic malignancy

Point-prevalence 
screening

F Culture

Guiot [50]
1989

Netherlands 95 9
(9.5%)

Children and adults with hematologic 
malignancy

At admission and 
weekly thereafter

F Culture

Rinaudo [51]
2007

Spain 220 0
(0%)

Adults with solid and hematologic 
malignancy admitted to the ICU

At admission to the 
ICU

R Culture

Schuster [54]
1996

Germany 48 24
(50%)

Pediatric inpatients at an oncology unit During hospitalization F Culture

Plessis [55]
1993

France 132 14
(10.6%)

Adults with hematologic malignancy 
and neutropenia

Weekly during 
hospitalization

F Culture

Oceania

Bass [52]
2010

Australia 229 18
(7.9%)

Adult inpatients at a hematology/ 
oncology unit, noncolonized at 
admission

Weekly during 
hospitalization

R PCR

Padiglione [53]
1998

Australia 285 4
(1.4%)

Adult inpatients at a hematology/ 
oncology unit

Weekly during 
hospitalization

R Culture

Abbreviations: ALL, acute lymphocytic leukemia; AML, acute myeloid leukemia; F, fecal sample; HSCT, hematopoietic stem cell transplantation; ICU, intensive care unit; PCR, polymerase 
chain reaction; R, rectal sample.
aReferences 41–72 are located in the Supplementary Material.

Table 1. Continued
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allowing VRE to predominate [1, Supplementary Reference 57]. 
This finding is especially concerning because high rates of inap-
propriate vancomycin use are reported in patients with febrile 
neutropenia (Supplementary Reference 58), despite the fact 
that addition of empiric Gram-positive coverage in this set-
ting has not been associated with significant clinical benefit 
(Supplementary References 59–61).

In addition, frequent contact with healthcare facilities, 
also common among patients with malignancies, predis-
poses to VRE colonization [6, Supplementary Reference 62]. 
In our analysis, hospitalization within the previous 3 months 
was associated with a 2-fold increase in the risk of VRE 

colonization. Vancomycin-resistant enterococci have been 
isolated from virtually every object within patient rooms, 
and their ubiquitous presence, combined with their high 
survivability on dry surfaces, causes high VRE transmis-
sion rates within healthcare facilities [11, Supplementary 
Reference 62]. Moreover, immunosuppression and the pres-
ence of indwelling vascular and urinary catheters, which are 
commonly encountered in cancer patients, are well recog-
nized risk factors for VRE colonization [6, 8, Supplementary 
References 63, 64]. Notably, our finding that acute leukemia 
is associated with a 2-fold increased risk for VRE coloniza-
tion may reflect the high incidence of the aforementioned 

Studies identified through PubMed
and EMBASE (n = l157) 

Removal of  duplicates
(n = 234)

Excluded studies
(n = 731)

Excluded studies:
• Did not provide data on VRE colonization (n = 74)
• Did not provide total number of  screened patients
 (n = 41)
• Did not provide extractable data on patients with 
 malignancy (n = 20)
• Provided data on isolates only without relation to 
 patients (n = 13)
• Reviews (n = 6)
• Was performed in an outbreak setting (n = 4)

Title and abstract Screening
(n = 923) 

Full text review
(n = 192)

Studies eligible for inclusion
(n = 34)

Studies added after manual search of
references of  included articles (n = 0)

Studies included in the meta- 
analysis 
(n = 34)

Figure 1. PRISMA flow diagram. VRE, vancomycin-resistant enterococci. 
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risk factors for VRE colonization in these patients 
(Supplementary References 65, 66).

Concerning the geographic variation of our results, the rates 
of VRE colonization in North America, Europe, and Asia did not 
differ significantly from each other. A lower VRE prevalence was 
detected in Oceania; however, our analysis was underpowered 
to detect a significant difference, because only 2 studies from 
Oceania were identified (Supplementary References 52, 53). Our 
findings are in accordance with previously published studies 
examining global VRE rates in other high-risk patient popula-
tions, which report limited geographic variability in VRE carriage 
rates (Supplementary References 67, 68), and contradict the belief 
that VRE colonization is limited to certain geographic areas.

The importance of the substantial VRE colonization burden 
noted in our analysis is primarily underscored by the fact that 
VRE colonization is usually the first step in the development 
of BSIs with VRE [10, 11]. In our analysis, we found that colo-
nized patients face a 24-fold greater risk to develop a BSI due to 
VRE than noncolonized patients, with approximately 1 in 8 col-
onized patients developing such an infection. In patients with 
malignancy, chemotherapy regimens and poor functional status 
can both lead to a damaged intestinal mucosa, thus allowing 
VRE translocation into the bloodstream [12, 13]. In addition, 
neutropenia further increases the risk for BSI among colonized 
patients due to inadequate clearance of circulating pathogens 
[12, Supplementary Reference 69]. In turn, VRE BSIs in patients 
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Figure 2. Forest plot of included studies. Prevalence of vancomycin-resistant enterococci (VRE) colonization among patients with malignancy, stratified by continent. CI, 
confidence interval; ES, estimated prevalence.
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with malignancy are associated with delayed administration of 
appropriate antibiotic therapy, prolonged hospitalization, and 
high mortality [8–10, Supplementary Reference 70].

Of note, our results show a higher rate of VRE colonization 
among patients with malignancies than the respective rates in 
similar meta-analyses performed in other high-risk popula-
tions, such as ICU patients and solid-organ transplant recipi-
ents (9% and 12%, respectively) (Supplementary References 
67, 68). The higher colonization burden noted in patients 
with malignancy may reflect a higher cumulation of risk fac-
tors for VRE colonization in this particular patient population, 
such as antibiotic consumption and frequent hospitalizations 
(Supplementary References 56, 62). The reported VRE coloni-
zation rates in patients with malignancy and the observed link 
between colonization and infection have prompted evaluations 
on the role of active VRE screening in hematology/oncology 
units. Thus far, this practice is still under debate, and there are 
only a few studies examining its effectiveness that report con-
flicting results [1, Supplementary Reference 71].

Our findings have several clinical ramifications, which 
should be formally explored in future studies. In light of the sig-
nificant association between vancomycin and VRE carriage, as 
noted in our analysis and in the literature [1, 7, Supplementary 

Reference 57], addition of vancomycin to empiric therapy reg-
imens in this patient population may need to be re-evaluated. 
In addition, VRE coverage in VRE-colonized patients with 
bacteremia should be considered for patients at high risk for 
VRE translocation, such as those with mucositis or neutrope-
nia (Supplementary References 69, 72). Furthermore, given the 
relative scarcity of data, the cost-effectiveness of active VRE 
screening should be investigated further, so that appropriate 
conclusions may be reached regarding its benefit.

Regarding study limitations, the included studies did not con-
tain adequate data to allow calculation of separate prevalence 
rates across different time-points during hospitalization, such 
as admission or discharge. In addition, our secondary analysis 
on VRE colonization risk factors was based on a relatively small 
number of studies, which might limit the precision of our sec-
ondary estimate, and the data provided do not allow for a multi-
variate analysis to address potential confounding. Furthermore, 
the included studies did not contain sufficient extractable data 
on patients with solid malignancy to allow calculation of the 
colonization prevalence in this specific population. Moreover, 
data were not available concerning the presence of central lines 
in patients that developed BSIs caused by VRE, compared with 
the patients that did not. Lastly, among the included studies, 
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there was an alarming lack of data from Africa, East Asia, and 
South America regarding patients with malignancy. Thus, fur-
ther studies from these regions are needed to delineate further 
the global colonization burden in patients with malignancy.

CONCLUSIONS

In conclusion, patients with malignancy, and especially those 
with acute leukemia, represent a high-risk population for col-
onization with VRE. Patients with recent vancomycin use or 
recent hospitalization are especially at risk. More importantly, 
VRE colonization in this patient population is associated with 
a considerable increase in the risk of VRE BSIs. In light of 
the above findings, re-evaluation of the use of vancomycin as 
empiric therapy in this population should be considered, and 
adherence to antimicrobial stewardship is warranted to dimin-
ish further VRE dissemination. Furthermore, this colonization 
rate and the associated significantly increased BSI risk should 
be taken into account when evaluating screening programs and 
infection control measures in this patient population.

Supplementary Data

Supplementary material is available at Open Forum Infectious 
Diseases online.
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