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Abstract
Background  Vancomycin-resistant enterococcus (VRE) was the fastest growing pathogen in Europe in 2022 
(+ 21%) but its clinical relevance is still unclear. We aim to identify risk factors for acquired VRE rectal colonization in 
hematological patients and evaluate the clinical impact of VRE colonization on subsequent infection, and 30- and 
90-day overall mortality rates, compared to a matched control group.

Methods  A retrospective, single center, case–control matched study (ratio 1:1) was conducted in a hematological 
department from January 2017 to December 2020. Case patients with nosocomial isolation of VRE from rectal 
swab screening (≥ 48 h) were matched to controls by age, sex, ethnicity, and hematologic disease. Univariate and 
multivariate logistic regression compared risk factors for colonization.

Results  A total of 83 cases were matched with 83 controls. Risk factors for VRE colonization were febrile neutropenia, 
bone marrow transplant, central venous catheter, bedsores, reduced mobility, altered bowel habits, cachexia, previous 
hospitalization and antibiotic treatments before and during hospitalization. VRE bacteraemia and Clostridioides difficile 
infection (CDI) occurred more frequently among cases without any impact on 30 and 90-days overall mortality. 
Vancomycin administration and altered bowel habits were the only independent risk factors for VRE colonization at 
multivariate analysis (OR: 3.53 and 3.1; respectively).

Conclusions  Antimicrobial stewardship strategies to reduce inappropriate Gram-positive coverage in hematological 
patients is urgently required, as independent risk factors for VRE nosocomial colonization identified in this study 
include any use of vancomycin and altered bowel habits. VRE colonization and infection did not influence 30- and 
90-day mortality. There was a strong correlation between CDI and VRE, which deserves further investigation to target 
new therapeutic approaches.
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Background
Enterococci are Gram-positive, facultatively anaerobic 
oval cocci which are part of the human gut microbiota 
[1]. The two most frequently isolated species are Entero-
coccus faecium and Enterococcus faecalis. They are both 
low virulent bacteria, but can lead to severe infections, 
such as bloodstream (frequently polymicrobial), intra-
abdominal, urinary tract, surgical site, central nervous 
system infections, and endocarditis (mostly E. faecalis) 
[2]. Enterococcus spp has an intrinsic resistance to differ-
ent classes of antibiotics, including  β-lactams, often in 
combination with aminoglycosides [3], quinolones, tet-
racyclines and glycopeptides (including vancomycin) [4].

The mechanism responsible for glycopeptides resis-
tance involves modifications in the synthesis of peptido-
glycan. D-Ala residues on peptidoglycan precursor can 
either be replaced by a D-Lactate or by a D-Ser residue 
[5]. To date, 9 genes causing vancomycin resistance have 
been identified, including vanA, vanB, vanC, vanD, vanE, 
vanG, vanL, vanM, VanN. VanC gene is responsible for 
the production of intrinsic resistance unique to Entero-
coccus gallinarum and Enterococcus casseliflavus [6]. 
VanA and VanB are the most commonly identified genes 
in clinically isolated strains of Enterococci and are pre-
dominantly carried by E. faecium. Expression of VanA 
and VanB genes is regulated following bacterial exposure 
to glycopeptides [7]. Vancomycin induces both VanA 
and VanB expression, while teicoplanin induces VanA 
only [5]. These genes can transfer between enterococci 
by means of plasmid transfer and transposon integra-
tion. Vancomycin-resistant enterococci (VRE) have been 
shown to arise de novo in the gastrointestinal tract as the 
result of horizontal gene transfer from anaerobic flora to 
E. faecium [3, 4].

The recent increased incidence of VRE infections in the 
nosocomial setting is of great concern [8]. In 2017, WHO 
listed VRE as a “high priority pathogen”, estimated as 
responsible for around 30% of all healthcare-associated 
enterococcal infections [8]. The European Centre for Dis-
ease Prevention and Control (ECDC) announced that E. 
faecium was the fastest growing pathogen in Europe in 
2022 (+ 21%). However, compared to other gram-negative 
pathogens, the clinical relevance of this prevalence is cur-
rently unclear [9].

Due to VRE’s ability to adapt and persist in the hospi-
tal environment, nosocomial spreading can cause dan-
gerous epidemic outbreaks [10]. These outbreaks are 
attributed to several factors, including broad-spectrum 
antimicrobial exposures, poor hand hygiene compliance 
and horizontal infection control measures, lack of envi-
ronmental hygiene and use of devices [11–15]. The role 
of active screening and contact precautions to contain 
the transmission of this pathogen is still widely debated, 
as the costs of this operation may outweigh any benefits 

[11]. A meta-analysis by Prematunge et al. [16] reported 
increased mortality associated with VRE infections in 
2016, but these findings have not been confirmed in any 
subsequent studies [17, 18]. Confounding factors, such 
as disease severity and population selection, may explain 
heterogeneity of results.

VRE infections occur more often in immunocompro-
mised and long-term hospitalized patients [19]. Hemato-
logical patients are at higher risk for VRE colonization, 
as they experience long periods of profound neutropenia 
[20–22]. Furthermore, some patients undergo induction 
chemotherapy cycles aimed at hematopoietic stem-cell 
transplantation (HSCT), experiencing deep immune sup-
pression [23, 24]. As colonization greatly increases the 
risk for subsequent VRE bloodstream infection (BSI), 
many studies have been conducted in this specific pop-
ulation [21, 23, 25–30]. However, most studies enrolled 
patients with particularly severe underlying disease and 
did not include a control population [21, 23, 27, 31]. 
Moreover, most studies report VRE infection risk factors 
only and not predictors of acquired nosocomial VRE col-
onization [27, 29, 30, 32].

Our study aims to identify risk factors for acquired 
VRE rectal colonization in hematological patients and to 
evaluate the clinical impact of VRE colonization on sub-
sequent infection, and 30- and 90-day overall mortality 
compared to a matched control group.

Methods
The study was conducted from January 2017 to Decem-
ber 2020 at the Department of Hematology of the Uni-
versity Hospital of Modena, a tertiary hospital with 1,200 
beds. During the study period, universal active surveil-
lance was implemented with a rectal swab performed 
on hospital admission and repeated weekly throughout 
hospitalization. Contact precautions for all VRE infected 
/ asymptomatic carriers included: (i) single room/
cohorting of VRE carriers/functional isolation; (ii) alert 
code outside the rooms and on the beds, (iii) use of dis-
posable gowns and gloves for all staff; and (iv) dispos-
able or patient-specific intensive care patient dedicated 
equipment.

Our study was designed as a matched case-control 
study with case control inclusion at 1:1 ratio. Study cri-
teria specified the inclusion of case patients with noso-
comial isolation of a Vancomycin-resistant Enterococcus 
faecium strain from rectal swab screening (isolate ≥ 48 h 
from admission) previously negative to a rectal swab at 
hospital admission and no isolation of VRE from any 
biological specimen in the preceding 6 months. Detec-
tion of VanA and VanB expression was performed by 
phenotypic methods. Our center’s medical charts of 
hematological patients admitted to hospital was accessed 
for matched control selection. Control group selection 
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specified rectal swab negativity at admission, no isolation 
of VRE from any biological specimen (in the preceding 
and subsequent 6 months periods), and swab execution 
dates within the study period. Matching was performed 
manually for each selected case based on common VRE 
colonization risk factors, including age, sex, ethnicity, 
hematological malignancy and stage of hematological ill-
ness and hospital stay [20].

Data collected included patient age, sex, hematological 
disease type and stage, solid organ/bone marrow trans-
plant, comorbidities, specific covariates for the Charl-
son comorbidity index (CCI) assessment [33], current 
and previous hospitalization data (dates and time inter-
vals from admission to positive screening, etc.). Altered 
bowel habits, reduced mobility, cachexia or weight loss 
were included as intrinsic risk factors for VRE coloni-
zation. Use of permanent devices, including indwelling 
urinary, central venous or peripheral catheters, stents, 
ostomies and pacemakers, were assessed as extrinsic risk 
factors for VRE colonization. Presence of altered bowel 
habits was considered as proxy of intestinal dysbiosis [34, 
35]. This study also evaluated previous or current inva-
sive medical procedures and treatments, immunosup-
pressive therapies (chemotherapy or minimum dose of 
0.3 mg/[kg⋅day] equivalent of prednisone for > 3 weeks), 
administration of proton pump inhibitors and antibi-
otic exposure before VRE colonization either before 
(≤ 30 days before admission) or during admission. Since 
patients with Clostridiodies difficile infection (CDI) are 
at a greater risk of VRE colonization [32, 36, 37], CDI 
during hospitalization was also collected. A dedicated 
database with predefined values for data collection from 
hospital medical charts was created.

This study was approved by the Institutional Ethics 
Committee (AOU 198/2020/OSS*/*AOUMO). As all 
data were analyzed anonymously after a deidentification 
process, no specific written informed patient consent was 
required.

Microbiological methods
After samples collection, all isolates were identified by 
MALDI-TOF MS using VITEK MS (bioMérieux, Marcy 
l’Etoile, France) following the manufacturer’s instruc-
tions. The antimicrobial susceptibility test was performed 
by the microdilution method using the ITGNEGF anti-
microbial susceptibility test panel (MICRONAUT, Mer-
lin, Germany).

Statistical analysis
Descriptive statistics included categorical variables as 
proportion (N, percentage [%]), continuous variables 
(mean ± standard deviation or median and interquartile 
range [IQR]). Subgroup comparisons were assessed by 
Unpaired Student’s t or Pearson’s chi-squared tests.

A multivariate logistic regression model, using a step-
wise selection, entering the main exposures, and then 
sequentially all possible confounders (clinically relevant 
and non-correlated) identified prognostic factors for VRE 
colonization. All variables were included in the multivari-
ate model in one single step, without checking, and then 
the non-significant variables were sequentially removed, 
in a backward stepwise manner.

The intercept-only model was fitted and individual 
score statistics for potential variables evaluated. P < 0.05 
was considered statistically significant. Statistical analy-
sis was performed using STATA® version 14 (StataCorp. 
2015. Stata Statistical Software: Release 14. College Sta-
tion, TX: StataCorp LP.).

Results
This retrospective, single center study, included 83 con-
secutive cases of VRE colonization and 83 matched con-
trols. The incidence of nosocomial VRE colonization 
in the Department of Hematology increased from 2.6 
to 4.6 per 1,000 patient-days from 2018 to 2022, with a 
10% cumulative incidence of VRE colonization. Of the 83 
cases of VRE isolates, 72 were VanA and 11 VanB. The 
combined study cohort was predominately male 55.4% 
(n = 92) with an overall median age of 23.6 years (inter-
quartile range 21.3–25.7), see Table 1. The most prevalent 
hematological diseases were acute myeloid leukaemia 
(59%), followed by diffuse large B cell lymphoma (10.9%), 
non-Hodgkin lymphoma (4.8%), Hodgkin’s lymphoma 
(2.4%), multiple myeloma (7.2%), acute lymphocytic leu-
kaemia (7.2%) and others (8.5%). Moreover, both current 
and previous hospitalization (≤ 6 months) were signifi-
cantly associated with VRE colonization.

Significant differences in both intrinsic and extrinsic 
risk factors for VRE colonization were observed. Signifi-
cant intrinsic risk factors included febrile neutropenia, 
bone marrow transplant, peptic ulcer disease, Chronic 
Obstructive Pulmonary Disease, cachexia, reduced 
mobility and altered bowl habits. Significant extrinsic risk 
factors included central venous catheter and presence of 
surgical wounds / bedsores, see Table 2.

According to treatments administered, there were sig-
nificant differences among the groups in corticosteroids 
and antibiotics, both ≤ 6 months or during (regardless 
of class) hospitalization, see Table 3 and Supplementary 
Table 1. Specifically, prior administration of vancomycin, 
ceftriaxone, piperacillin-tazobactam and linezolid, and 
administration during hospitalization of vancomycin and 
ceftriaxone were significantly different. All therapieswere 
confirmed risk factors for VRE colonization at univari-
able analysis. Of clinical relevance, prior and concomi-
tant (oral/intravenous) administration of vancomycin 
(but not teicoplanin) was identified.
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As shown in Table 4, VRE colonization resulted as a sig-
nificant risk factor for VRE infection, which occurred in 
11 cases vs. zero events among controls (p = 0.001), with a 
high prevalence of bacteremia (8 out of 11). The median 
time from colonization to development of infection was 
30 days. VRE colonization and eventual infection did not 
influence overall 30 or 90  day mortality rates. Further-
more, almost all cases of CDI were observed in VRE colo-
nized patients (7/8 patients), p = 0.030. Further analysis 
revealed that CDI was observed in patients prior to VRE 
colonization in 67% of the cases with a median time to 
VRE colonization of 66 days (data not shown). Multivari-
able regression analysis identified any use of vancomy-
cin and altered bowl habits as independent risk factors 
for nosocomial rectal VRE colonization. Increased risks 
were > 3 times in patients with any use of vancomycin 
(OR = 3.5; 95%CI: 1.15–10.87; p = 0.027) or altered bowel 
habits (OR = 3.1; 95%CI: 1.07–8.94; p = 0.036), > 7 times 
in patients treated with third generation cephalosporins 
(OR = 7.7; 95%CI: 0.87–67.99; p = 0.067) and > 2 times in 
patients with bone marrow transplant (OR: 2.3; 95%CI: 
0.65–8.08; p = 0.200), see Table 5.

Discussion
Our study reports that any use of vancomycin and altered 
bowel habits are the main predisposing factors for noso-
comial VRE colonization among hematological patients. 
Moreover, VRE infection is more likely in patients with 
rectal nosocomial acquired VRE colonization compared 
to those without.

Our study has highlighted many intrinsic and extrinsic 
factors that are associated with nosocomial VRE coloni-
zation. Awareness of these factors may assist in improv-
ing target screening strategies for early identification of 
patients at risk [20], limit nosocomial VRE spread, and 
consequent invasive VRE infections. As routine screen-
ing of hematological patients for VRE colonization does 
not seem cost-effective, screening of high-risk individuals 
seems paramount [38].

Previous unmatched studies have reported that bone 
marrow transplant and febrile neutropenia are risk fac-
tors for VRE colonization in hematological patients [23, 
32, 39, 40]. In our matched case-control study, bone mar-
row transplant and febrile neutropenia were both proven 
to be independent risk factors, regardless of the stage 
of hematological disease. Moreover, some extrinsic ele-
ments, such as appropriate devices use (temporary or 
permanent), careful handling of dressings and bedsores, 
may assist in the prevention of central line catheter and 
biliary stents infections and their early removal could 
prevent VRE hospital transmission [41, 42]. This find-
ing supports the assumption of VRE environmental con-
tamination and its great biofilm forming ability [43]. In 
addition, bedsores, altered bowel habits, cachexia and 
reduced mobility were identified as risk factors for VRE 
colonization, suggesting that more attention must be 
given to bedridden hematological patients. Furthermore, 
altered bowel habits was the only intrinsic risk factor 
associated with VRE colonization in our multivariate 
analysis.

Table 1  Baseline characteristics of patients colonized with VRE matched with patients without VRE colonization (control group)
Total Cases Controls p-value OR 95% CI p-value
n = 166 (100%) n = 83 (50%) n = 83 

(50%)
Demographic variables, n (%)
Gender Female 74 (44.6) 37 (44.6) 37 (44.6) 1.000 ref.

Male 92 (55.4) 46 (55.4) 46 (55.4) 0.31 (0.54–1.84) 1.000
Age, median, IQR 23.6. 21.3–25.7 23.6. 

21.8–26.0
23.7. 
21.1–25.6

0.743 0.99 (0.97–1.01) 0.742

BMI, mean ± SD 24.4 ± 4.7 23.4 ± 4.5 24.5 ± 4.9 0.875 0.99 (0-93-1.06) 0.874
Leukemia 109 (65.7) 54 (65.1) 55 (66.3) 0.87 0.97 (0.70–1.34) 0.87
Lymphoma 44 (26.5) 24 (28.9) 20 (24.1) 0.482 1.13 (0.80–1.59) 0.482
Hematological disease stage ≤ III 18 (10.8) 10 (12) 8 (9.6) 0.729 ref.

> III 28 (16.9) 17 (20.5) 11 (13.3) 1.23 (0.37–4.10) 0.729
Charlson Comorbity Index, mean ± SD (range) 5.3 ± 2.3 5.2 ± 2.3 5.4 ± 2.4 0.674 0.97 (0.85–1.10) 0.673

(1–13) (1–12) (1–13)
Admission characteristics and provenance:
Prior hospitalization (≤ 6 months) 72 (43.4) 49 (59.0) 23 (27.7) < 0.001 3.75 (1.96–7.20) < 0.001
Current hospitalization days, mean ± SD (range) 36.0 ± 28.1 40.7 ± 31.9 31.2 ± 22.7 0.028 1.01 (1.00-1.02) 0.036

(1-259) (1-115)
Current hospitalization (prior to colonization), 
days, mean ± SD (range)

21.8 ± 27.5 21.8 ± 27.5 - - - -
(1-245) (1-245)

OR: odds ratio, CI: confidence interval, IQR: interquartile range, BMI: body mass index, SD: standard deviation, HIV: Human Immunodeficiency Virus
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As already described in literature [7, 16, 21, 22, 32, 39], 
altered bowel habits may reflect gastrointestinal disrup-
tion derived from antibiotic therapy. However, many 
other causes may also contribute in a hematological nos-
ocomial setting (i.e. chemotherapies, neutropenia and 
corticosteroids use). The importance of gastrointestinal 
disturbance as a leading cause of VRE acquisition has 
already been highlighted by Webb et al. who developed a 
predictive score for VRE BSI in patients with hematologi-
cal malignancy [32].

It is still debated whether vancomycin itself, rather than 
the duration or the route of administration, may increase 
the risk of VRE colonization [12, 20]. Our data show an 
increased risk regardless of the route of administration 
or therapy duration. This finding confirms the indepen-
dent role of vancomycin in VRE acquisition, as previously 
suggested by Nerandzic et al. [44]. Recently, Guarana et 
al. demonstrated that septic shock or early death was not 
associated with Gram-positive bacteremia. Together with 
our findings, current guideline recommendations for the 

Table 2  Univariate analysis of Intrinsic and extrinsic risk factors associated with VRE nosocomial rectal colonization
Risk factors, n (%) Total

(n = 166)
Cases,
n = 83 (50%)

Controls,
n = 83 (50%)

p-value OR 95% CI p-value

Intrinsic
Hematological status:
  Bone marrow transplant 23 (13.9) 16 (19.3) 7 (8.4) 0.043 2.59 (1.00-6.68) 0.049
  Febrile neutropenia 109 (65.7) 62 (74.7) 47 (56.6) 0.014 2.26 (1.17–4.36) 0.015
Comorbidities:
  Dementia 6 (3.6) 4 (4.8) 2 (2.4) 0.406 2.05 (0.36–11.51) 0.415
  Hypertension 76(45.8) 42 (50.6) 34 (41) 0.213 1.47 (0.79–2.72) 0.213
  Congestive Heart Failure 34 (20.5) 14 (16.9) 20 (24.1) 0.249 0.63 (0.29–1.37) 0.251
  Chronic Obstructive Pulmonary Disease 11 (6.6) 1 (1.2) 10 (12) 0.005 0.08 (0.01–0.71) 0.023
  Peptic ulcer disease 16 (9.6) 12 (14.5) 4 (4.8) 0.035 3.33 (1.02–10.82) 0.045
  Liver disease 40 (24.1) 22 (26.5) 18 (21.7) 0.468 1.37 (0.66–2.84) 0.384
  Diabetes Mellitus 25 (15.1) 12 (14.5) 13 (15.7) 0.828 0.91 (0.38–2.13) 0.828
  Chronic Kidney Disease 10 (6.0) 4 (4.8) 6 (7.2) 0.514 0.80 (0.42–1.54) 0.517
  Peripheral Vascular Disease 64 (40.4) 34 (41) 30 (36) 0.874 1.05 (0.56–1.95) 0.874
  Solid Tumor 19 (11.4) 6 (7.2) 13 (15.7) 0.088 0.64 (0.38–1.07) 0.095
  Solid transplant 4 (2.4) 2 (2.4) 2 (2.4) 1.000 1.0 (0.13–7.27) 1.000
Other predisposing factors to colonization
  Cachexia or weight loss 26 (15.7) 18 (21.7) 8 (9.6) 0.033 2.59 (1.05–6.36) 0.037
  Reduced mobility 41 (24.7) 27 (32.5) 14 (16.9) 0.019 2.37 (1.13–4.95) 0.021
  Altered bowel habits 93 (56.0) 59 (71.1) 34 (41) < 0.001 3.54 (1.85–6.75) < 0.001
Colonization status:
MDR pathogens: 37 (22.3) 18 (21.7) 19 (22.9) 0.852
  XDR P. aeruginosa 9 (5.4) 4 (4.8) 5 (6) 0.775 0.78 (0.20–3.05) 0.732
E. coli ESBL+ 6 (3.6) 4 (4.8) 2 (2.4) 1.47 (0.24–9.11) 0.673
  CPE 3 (1.8) 1 (1.2) 2 (2.4) 1.97 (0-17-22.23) 0.582
  CRAB 1 (0.6) 0 (0.0) 1 (1.2) 1 (empty)
  MRSA 1 (0.6) 0 (0.0) 1 (1.2) 1 (empty)
Extrinsic
Presence of an invasive device/intervention:
  Pacemaker 3 (1.8) 1 (1.2) 2 (2.4) 0.560 0.49 (0.04–5.55) 0.568
  Prosthesis/stent 13 (7.8) 3 (3.6) 10 (12) 0.043 0.27 (0.07–1.03) 0.056
  Central venous catheter 138 (83.1) 78 (94) 60 (72.3) < 0.001 5.97 (2.14–16.65) 0.001
  Tracheostomy 5 (3.0) 3 (3.6) 2 (2.4) 0.650 1.51 (0.24–9.33) 0.652
  Urinary catheter 66 (39.8) 38 (45.8) 28 (33.7) 0.113 1.65 (0.88–3.10) 0.114

  Non-abdominal surgery (≤ 6 months) 21 (12.7) 14 (16.9) 7 (8.4) 0.102 2.20 (0.84–5.77) 0.108

  Surgical wounds/ pressure ulcers 48 (28.9) 34 (41.0) 14 (16.9) 0.001 3.41 (1.66–7.04) 0.001

  Abdominal surgery (≤ 6 months) 84 (50.6) 44 (53.0) 40 (48.2) 0.535 1.21 (0.65–2.23) 0.535

OR: odds ratio, CI: confidence interval, BMI: body mass index, HIV: Human Immunodeficiency Virus, MDR: Multi Drug Resistant, XDR: eXtensively Drug Resistant,

ESBL: Extended Spectrum Beta-Lactamase, CPE: Carbapenemase Producing Enterobacterales, CRAB: Carbapenem Resistant Acinetobacter Baumannii, MRSA:

Methicillin Resistant Staphylococcus aureus, CVC: Central Venous Catheter, PICC: Peripherally Inserted Central Catheter
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Table 3  Frequency and univariate analysis of previous and concurrent treatments associated with VRE nosocomial rectal colonization
Frequency Univariate analysis
Total (n = 166) Cases, n = 83 

(50%)
Controls, 
n = 83 (50%)

p-value OR 95% CI p-
value

Prior to hospitalization, n (%)

Use of antibiotics (≤  6 month) 84 (50.6) 53 (63.9) 31 (37.0) 0.001 2.96 (1.57–5.57) 0.001

  Vancomycin 16 (19.0) 14 (26.0) 2 (7.0) 0.025 5.20 (1.09–24.7) 0.038
  Teicoplanin 1 (1.0) 1 (2.0) - 0.442 1 (omitted) -
  Ceftriaxone 12 (14.0) 11 (21.0) 1 (3.0) 0.027 7.85 (0.96–64.16) 0.054
  Cefepime 2 (2.0) - 2 (7.0) 0.061 1 (omitted) -
  Levofloxacin 29 (35.0) 20 (38.0) 9 (29.0) 0.418 1.48 (0.57–3.84) 0.419
  Piperacillin-Tazobactam 35 (42.0) 27 (51.0) 8 (26.0) 0.024 2.98 (1.13–7.86) 0.027
  Meropenem 19 (23.0) 15 (28.0) 4 (13.0) 0.104 2.66 (0.79–8.91) 0.112
  Tigecycline 2 (2.0) 1 (2.0) 1 (3.0) 0.698 0.57 (0.03–9.56) 0.701
  Daptomycin 3 (4.0) 3 (6.0) - 0.177 1 (omitted) -
  Linezolid 11 (13.0) 10 (19.0) 1 (3.0) 0.04 6.97 (0.84–57.4) 0.071
Current hospitalization, n(%)
  Use of PPI 130 (78.3) 64 (77.1) 66 (80.0) 0.706 0.86 (0.41–1.81) 0.707
  Use of corticosteroids 115 (69.3) 65 (78.3) 50 (60.0) 0.012 2.38 (1.20–4.71) 0.013
  Antibiotic prophylaxis 117 (70.5) 62 (74.7) 55 (66.0) 0.234 1.50 (0.76–2.94) 0.235
  Antibiotic therapy 148 (89.2) 81 (97.6) 67 (81.0) < 0.001 9.67 (2.14–43.57) 0.003
  Vancomycin, n (%)
  Vancomycin (oral/intravenous) 68 (41.0) 43 (51.8) 25 (30.0) 0.004 2.49 (1.31–4.71) 0.005
  Vancomycin (oral only) 8 (4.8) 4 (4.8) 4 (4.8) 0.459 0.57 (o.13-2.52) 0.463
  Vancomycin duration, days, mean± SD (range) 2.7 ± 4.8

(1–20)
2.9 ± 4.7
(1–18)

2.5 ± 4.9
(1–20)

0.574 1.01 (0.95–1.08) 0.572

  Third generation cephalosporins 36 (24,3) 25 (30,9) 11 (16,4) 0.041 2.27 (1.02–5.05) 0.044
OR: odds ratio, CI: confidence interval, PPI: proton pump inhibitors

Table 4  Outcomes of patients colonized with VRE compared with those of controls
Total (n = 166) Cases. n = 83 (50%) Controls. n = 83 (50%) p-value

VRE infection 11 (6.6) 11 (13.3) 0 (0.0) 0.001
BSI 8 (4.8) 8 (9.6) 0 (0.0)
UTI 2 (1.2) 2 (2.4) 0 (0.0)
IAI 1 (0.6) 1 (1.2) 0 (0.0)
No VRE infection 155 (93.4) 72 (86.7) 83 (100.0)
Time from VRE colonization to VRE infection
days, mean± SD (range)

30.2, 26.8(0–72)

CDI 8 (4.8) 7 (8.4) 1 (1.2) 0.030
30-day mortality, n/N (%)
Overall * 10/166 (6.0) 4 (4.8) 6 (7.2) 0.514
VRE infection 0/11 (0.0) 0/11 (0.0) 0/0 (0.0) -
No VRE infection 10/155 (6.4) 4/72 (5.6) 6/83 (7.2) 0.672
90-day mortality, n/N (%) 20 /166 (12.0) 8 (9.6) 12 (14.5) 0.340
VRE: vancomycin resistant Enterococcus, BSI: bloodstream infection, UTI: urinary tract infection, IAI: intra-abdominal infection, CDI: Clostridioides difficile infection

*comparison between 30 day mortality of cases with or without VRE infection, p_0.448

Table 5  Multivariate analysis of risk factors for VRE nosocomial rectal colonization in hematological patients
OR 95% CI p-value

Any use of vancomycin 3.5 (1.15–10.87) 0.027
Use of third generation cephalosporins 7.7 (0.87–67.99) 0.067
Bone marrow transplant 2.3 (0.65–8.08) 0.200
Altered bowel habits 3.1 (1.07–8.94) 0.036
Hospitalization in the previous 6 months 2.3 (0.93–5.43) 0.170
OR: odds ratio, CI: confidence interval
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empirical use of vancomycin as first line therapy for neu-
tropenic fever, may be challenged [45, 46].

In our hematological hospital setting, also previous 
usages of certain antibiotics are associated with VRE col-
onization. As prior studies have underlined, previous use 
of cephalosporins and piperacillin/tazobactam are asso-
ciated with an increased risk of VRE colonization [47]. 
These data emphasize the need to implement antimicro-
bial stewardship interventions, targeting broad spectrum 
antibiotics to complement infection control procedures 
against VRE [48]. Finally, among cases, we found a signif-
icant increased use of linezolid in the previous 6 months, 
while, unexpectedly, VRE colonization does not seem to 
influence the increased use of this drug during the cur-
rent hospitalization compared to controls [49]. Linezolid 
should be reserved for patients at high risk of VRE infec-
tion or those with nosocomial pneumonia, as it is the 
best available antibiotic option for VRE [31, 46].

Our study confirms the ever-growing evidence of 
microbial interaction between VRE and CDI [50]. How-
ever, it is still a matter of debate whether previous van-
comycin therapy for CDI is an independent risk factor 
for VRE colonization or, alternatively, whether VRE gut 
colonization enhances fitness and pathogenesis of C. dif-
ficile. Our results seem to underline the supportive role 
of pathogenic microbiota, as a common immunopatho-
genic mechanism.

In hematological patients, exposure to chemotherapy, 
underlying neutropenia and use of broad-spectrum anti-
biotics are risk factors for mucositis and intestinal micro-
biota alterations. This increased dysregulation led to CDI, 
subsequent VRE colonization and translocation into the 
bloodstream resulting in bacteremia. Indeed, C. difficile 
and VRE have both been shown to be agents responsible 
for Graft Versus Host Disease (GvHD) and, more gener-
ally, for bone marrow transplant failure [25, 27, 28, 32, 
46]. Our findings appear even more relevant consider-
ing that new treatment strategies for altered bowel habits 
and CDI are being developed, such as oral microbiome 
therapy [51].

The clinical impact in terms of mortality between VRE 
and vancomycin-sensitive Enterococcus is still debated in 
literature, and, in particular, whether a higher mortality 
is attributable to the pathogen itself or progression of the 
hematological disease [16, 52]. Interestingly, in contrast 
with other studies conducted in similar populations [13, 
14, 17, 18, 29, 30, 53–55], our data suggests that there 
is no difference in mortality between colonized patients 
and in the subgroup population who developed a VRE 
infection (often BSI). However, these previous studies of 
VRE often have included both E. faecium and E. faeca-
lis, coming from a complex mix of patient populations 
among different countries. When adjusted for species, 
vancomycin-resistance seems not to further increase the 

risk of clinical failure. Indeed,  our data are in line with 
other recently published studies conducted in other set-
tings, such as liver transplant or abdominal surgery 
patients, where vancomycin resistance does not seem 
to influence outcome [1718]. Nevertheless, given the 
relatively low number of infections, these data should be 
interpreted with caution.

Our study has several limitations. The single-center 
retrospective study design limits the generalizability of 
our results. Furthermore, retrospective data collection 
did not allow any investigations into the best approaches 
for VRE prevention. However, as our center implemented 
a universal screening policy, data enabled the calcula-
tion of nosocomial prevalence rates. Further, there is 
an innate selection bias associated with a case–control 
methodological approach. However, we tried to limit this 
bias by selected a matching criterion based on commonly 
accepted risk factors previously identified in literature.

Conclusion
Risk factors for VRE nosocomial acquisition among 
hematological patients identified in this study include 
any use of vancomycin and altered bowel habits. VRE 
nosocomial colonization prevention in a hematological 
setting urgently requires an antimicrobial stewardship 
strategy, focused on reducing inadequate Gram-posi-
tive coverage. A gastrointestinal barrier damage may be 
more pronounced in hematological patients, which may 
account for the different pathogenicity of VRE compared 
to other clinical settings. However, VRE colonization 
and VRE infection do not seem to be associated with 
increased 30- and 90-day mortality. Finally, the strong 
correlation between CDI and VRE deserves further 
investigation, also in other healthcare settings, to target 
new approaches of prevention and treatment.
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