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Abstract

Background Vancomycin-resistant enterococci (VRE) colonization is common among patients with acute myeloid leukemia 
vanA-consistent 

(teicoplanin-resistant) versus vanB
Methods We conducted a retrospective single-center cohort study of 192 VRE-colonized AML patients who received inten-
sive induction chemotherapy between 2015 and 2024. vanA-consistent phenotype (n
isolates demonstrating vancomycin (MIC > 4 mg/l) and teicoplanin resistance (MIC > 2 mg/L). vanB-consistent phenotype 
(n

vanA-consistent phenotype and cumulative inpatient days 
before VRE detection was evaluated.
Results  vanA vanB-consistent phenotype patients 

p = 0.004). vanA-
p vanA-consistent phenotype remained associated 

p vanA-

were observed for infection-related complications between vanA- and vanB-consistent phenotypes.
Conclusions  vanA

vanA -
tion is warranted.
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Introduction

Acute myeloid leukemia (AML) remains one of the most 

induction chemotherapy forming the backbone of curative-

morbidity and mortality during the aplastic phase remain 
substantial despite advances in supportive care [1 3

-

treatment decision-making [1 -

complications also contribute importantly to outcomes [4].
Vancomycin-resistant enterococci (VRE) are among the 

most frequently encountered multidrug-resistant organisms 
5]. 

units [ 7 -
]. Whether the 

vanA and 
vanB -

clinically actionable phenotypic marker that distinguishes 
vanA-consistent from vanB-consistent isolates on routine 
antibiograms.

at the molecular and epidemiological levels [9]. In particu-
-

logical shift from vanA predominance (approximately 4:1 
vanA:vanB ratio) to vanB predominance (approximately 1:4 
ratio) over the past 15 years [10 12

vanB vanA 
has persisted through distinct sequence types including 

12 13].
Despite study of VRE as a prognostic factor in hemato-

outcomes by vanA- versus vanB- -
vious work has examined VRE colonization as a risk factor 
for mortality and infections but did not further stratify based 

14
-

tics of vanA and vanB vanA-
vanB-predominant 

may be enriched not only for adverse genetics but also for 

chemotherapy.
vanA-

consistent phenotype VRE colonization is associated with 
inferior overall survival in AML patients with documented 

VRE colonization undergoing intensive induction chemo-
therapy and whether this association is independent of estab-

Patients and methods

Study design and population

-
-

-
tion chemotherapy and had documented VRE colonization 

-

a stratum in a sensitivity analysis.

Definitions

surveillance rectal swabs. Resistance phenotypes were 

-

vanA-consistent and teicoplanin-susceptible isolates as 
vanB

1]. AML 

neoplasms and acute leukemias (ICC) 2022 [15].

Clinical data collection

from electronic medical records. Variables collected 
-
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-

was performed during the disease course. Infection-related 
-

Clostridioi-

-
tant organism on surveillance or clinical cultures up to and 

-
tive neutropenia days before VRE detection (sum of episode 
durations during which the absolute neutrophile count was 

VRE detection).

Endpoints

from the date of AML diagnosis to death from any cause or 
-

Statistical analysis

Baseline characteristics were compared between vanA-
consistent and vanB-consistent phenotype groups using the 

-

-
pared using the log-rank test.

-
able model (independence model) included vanA-consistent 

a small-sample sensitivity analysis to assess potential bias 
from sparse strata.

-
-

vanA-consistent 
phenotype × cumulative inpatient-days interaction term to 

assessed by likelihood-ratio test comparing models with and 
without the interaction term.

Competing risks analysis was performed using cumula-

relapse as the competing event.

de novo -

and 12 months. All analyses were performed using R ver-
-

mary packages. A two-sided p-value < 0.05 was considered 

Ethics

-

with institutional requirements for retrospective analyses.

Results

Patient characteristics

vanA-consistent and 
vanB-consistent phenotype. Baseline char-

1 -

vanA-consistent vs. 
vanB-consistent phenotype).

vanA-consistent phenotype patients were enriched 

myelodysplasia-related genomic or cytogenetic aberra-

p = 0.002). 
vanA-consistent 

p

p

p = 0.10) and cumulative 
neutropenia days before VRE detection median 19 (IQR 

p -
cantly between groups.
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vanB-consistent group and 17 in the vanA-consistent group. 

vanA
rank p 1).

vanA-consistent status was 

p 2 -
-

p p < 0.001 vs. 
p

p = 0.03).

vanA-consistent 

p 2 -

p

primary Cox model left the vanA-consistent point estimate 
). In the 

vanA -
p ).

192
vanB-

= 157

vanA-
consistent 

p-value

0.55
0.37

>70
0.70

Male

0.002

Intermediate
Adverse

0.20
de novo
sAML
tAML

AML-MR
0.35
0.74

1-2

0.35
0-1

0.12
0.30

0.72
0.10

0.95

Table 1 Baseline patient charac-
teristics by VRE phenotype

Continuous variables are pre-
sented as median (interquartile 
range) and compared using the 
Wilcoxon rank-sum test. Cat-
egorical variables are presented 

AML
AML-MR/MRC AML with 
myelodysplasia-related genomic 

CCI 

ECOG eastern cooperative 
ELN European 

ICC international 
ICU 

MDR mul-
SCT stem cell 
VRE vancomy-

cin-resistant enterococci
WBC at diagnosis missing for 

cumulative neutropenia days 
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vanA-consistent phenotype and cumulative inpatient 

p = 0.007). In the interaction 
vanA-consistent hazard ratio rose across the 

vanA-
consistent status was close to neutral in patients with short 
inpatient exposure at VRE detection and progressively more 
hazardous in patients with longer exposure.

estimate was numerically largest in adverse-risk patients 
p
).

up. vanA-consistent phenotype patients had numerically 

p
).

Table 2

survival
Variable p
van-consistent 
phenotype

vanA-consistent 0.005

Age 0.711
Age >70

0.273
Intermediate
Adverse <0.001

AML type sAML 0.009
AML type tAML 0.129

Yes
WBC (log10)
CCI (high) 0.259

Yes 0.030

CCI ECOG eastern cooperative oncol-
ELN SCT stem cell transplanta-

VRE
count

Fig. 1 -
paring overall survival between vanA-consistent phenotype (n = 35) 
and vanB-consistent phenotype (n -

p-value was calculated 
using the log-rank test
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vanA-consistent patients 
compared with vanB
test p 3
also was higher in vanA-consistent phenotype but did not 

p = 0.099).
Rates of active infection at VRE detection were similar 

p
vanA-consistent and 

vanB-consistent phenotype groups for any infection-related 
3). Most patients were severely neutropenic 

between the two groups. 

or after infection were similar between groups. VRE was 

the 79 patients with documented infection.
-

p = 0.54). 
AML progression was the most common cause in both 
groups (vanA vanB-consistent 

Fig. 3 Cumulative incidence of 

and relapse by VRE phenotype. 
Cumulative incidence functions are 

relapse (dashed lines) for vanA-
consistent and vanB-consistent 
phenotype patients in a competing 
risks framework. p-values were 

 

Fig. 2

multivariable Cox regression 
independence model for overall 

for vanA-consistent phenotype 

allogeneic stem cell transplanta-
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vanA-consistent phe-
vanB

Exploratory subgroup analyses showed no clear evidence 
that the vanA-consistent association was restricted to one 

).

Discussion

In this retrospective single-center cohort study of 192 VRE-
vanA-consistent VRE colonization 

sensitivity models including measured healthcare-exposure. 
While the role of VRE colonization as a high-risk feature in 
hematological patients has been consistently reported [14

VRE phenotypes has not previously been characterized.

vanA-consistent hazard ratio was close to neutral in 
patients with short cumulative inpatient exposure at VRE 

distribution.
-

tient stay may maintain antimicrobial selection pressure on 
vanA

or impaired immune recovery. Long inpatient stays may 
-

vanA-consistent colonization acting as 
a co-marker. A third possibility is survivorship within the 

patients accumulate non-genetic mortality risks in which the 
vanA-consistent phenotype becomes more informative. Dis-
tinguishing between these explanations cannot be resolved 
with this data set and would require microbiome charac-

validation.

interpreting the vanA -
many experienced a well-documented shift from vanA pre-
dominance to vanB predominance beginning in the early 
2010 s [11 12

vanB vanA around 
vanA

isolates in clinical settings [12
2024) captures this expansion of vanB dominance.

vanA-consistent patients were enriched for adverse-risk 

-
gests that vanA
shared antecedents of adverse leukemia biology and pro-

increase the probability of acquiring a more resistant VRE 

vanA -

vanA

vanA-consistent patients 

not identify the pathway involved. We therefore interpret 
vanA-consistent phenotype as a prognostic marker within 

-

vulnerability.
-

biotic-induced disruption of intestinal colonization resis-

Table 3

phenotype
vanB-
consistent 

vanA-
consistent 

p-value

0.13

0.57
0.39
>0.99

0.33

ICU MDR VRE vancomycin-
resistant enterococci
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exposure can promote intestinal domination by VRE and 
increase the risk of subsequent VRE bacteremia [17 ]. 

vanA-consistent and 
vanB
the ecological routes by which vanA- and vanB-associated 
resistance emerge or persist could contribute to the observed 

inpatient-days interaction should therefore be interpreted as 
hypothesis-generating rather than mechanistic evidence.

-

organisms correlates consistently with prolonged hospi-
-

intestinal microbiome has been linked to antitumoral immu-
nity and treatment tolerance in hematology patients [19

vanA/vanB 
distinction is based on the teicoplanin resistance phenotype 

cohort is restricted to AML patients with documented VRE 
-
-

tion as colonization itself is a non-random outcome of prior 

-
vanA-to-

vanB vanA 
remains predominant or where vanA/vanB proportions dif-

-

and patient populations that limit generalizability. While we 

-
ome composition cannot be excluded. Detailed antibiotic 
dosing and duration histories were not consistently retriev-

35 vanA

we interpreted them as exploratory.
-

-
vanA geno-

vanA

anti-infective management.
-

gests that systematic examination of vanA/vanB phenotype 
distribution should be incorporated into future prospective 
studies of VRE colonization and outcomes across multiple 
patient populations and geographic regions where pheno-

-

vanA-consistent phenotype was associated with 

suggesting that future studies should examine pathways not 
-
-

vanA-consistent colonization 
-

biome disruption or host vulnerability.
vanA-consistent phenotype vancomy-

cin-resistant enterococcal colonization is associated with 
inferior overall survival in VRE-colonized AML patients 

patients with longer cumulative inpatient exposure at VRE 

documented vanA-to-vanB
vanA colonization in a vanB

-

-
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