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Background: Poultry-associated enterococci are relevant to One Health
surveillance, yet interpreting vancomycin-related genomic signals requires
careful consideration of species biology and detection confidence.
Methods: We analyzed broth microdilution MIC data for 218 poultry-origin
Enterococcus isolates from an archival strain bank in Hungary and paired these
data with whole-genome sequencing (WGS) for 73 isolates with linked MIC
records. Vancomycin MICs for isolates previously flagged as showing elevated
vancomycin MICs and/or phenotype–genotype discordant profiles were re-
tested in three parallel confirmatory broth microdilution measurements using
single-colony subcultures, and final confirmed MIC values are reported.
Results: In the final dataset, no confirmed vancomycin MIC value exceeded
4µg/ml. Resistome screening of the 73 genomes (CARD-based output) yielded
1,448 resistance-associated annotations (181 unique gene calls; median 12
per genome) and did not detect canonical acquired van operons consistent
with vanA, vanB, vanD, vanM, or vanN. van-associated signals were limited to
vanC-like components, vanG-type regulatory elements (vanRG and/or vanSG),
and a single vanW-annotated record, highlighting the need for species-aware
interpretation and locus-level validation.
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Conclusions: These results support a surveillance-grade workflow that
anchors van-related genomic reporting to confirmatory phenotyping, genome-
confirmed species assignment, and confidence-aware locus inspection to
minimize false alarms and improve One Health interpretability.

KEYWORDS

Enterococcus, minimum inhibitory concentration, One Health, species identification,
vancomycin, whole-genome sequencing

1 Introduction

Antimicrobial resistance (AMR) is increasingly shaped by
interconnected reservoirs spanning humans, food-producing
animals and the environment; therefore, a One Health perspective
is essential when interpreting resistance emergence, persistence
and dissemination in bacteria colonizing multiple hosts and
ecological niches (1, 2). Enterococcus spp. exemplify this challenge:
they are ubiquitous gastrointestinal commensals yet also major
opportunistic pathogens, withE. faecalis andE. faecium contributing
substantially to healthcare-associated infections and frequently
displaying multidrug resistance (3). eir persistence traits
and genetic plasticity facilitate acquisition and reshuffling
of antimicrobial resistance genes (ARGs) and adaptive loci,
positioning enterococci as both sentinels and potential conduits of
AMR across animal–food–human interfaces (1, 4–6).

Glycopeptide resistance is of particular concern. Vancomycin
remains a cornerstone for severe Gram-positive infections, and
vancomycin-resistant enterococci (VRE) especially E. faecium,
continue to pose a sustained infection-control challenge, with
ongoing public-health relevance documented in European
surveillance (7–9). One Health risk is determined not only by
clinical incidence but also by the distribution and genetic context of
resistance determinants in non-human reservoirs that may support
long-term maintenance and reintroduction into clinical ecosystems
(2, 10).

Vancomycin resistance in enterococci is classically mediated
by gene clusters that remodel peptidoglycan precursors, most
importantly via acquired vanA- or vanB-type systems conferring
high-level resistance, whereas vanC-type determinants are typically
intrinsic and species-associated (notably E. gallinarum and E.
casseliĘavus) (7, 11–14).is distinction directly affects surveillance
interpretation: species misassignment, uniform interpretive rules
across non-equivalent taxa, or incomplete locus calls can lead to
over- or underestimation of One Health risk (11, 12, 15, 16).

Accordingly, vancomycin phenotype–genotype concordance is
not guaranteed in surveillance datasets. Apparent discrepancies can
arise when van-related loci are detected in isolates with low MICs
(e.g., non-expression, partial loci, or intrinsic homologs) or when
MIC values fall near interpretive thresholds and calling pipelines
fail to recover complete operons due to assembly fragmentation,
divergent alleles below default thresholds, database/pipeline
differences, or species-level misclassiĕcation (12, 13). Whole-
genome sequencing (WGS) can resolve species identity, resistome
content, and locus context, but requires reproducible, species-
aware interpretive logic and conĕdence-aware reporting (identity,

coverage, and locus completeness) to support surveillance-grade
conclusions (17, 18).

We present a WGS-based analysis of 73 poultry-derived
Enterococcus isolates fromHungary with linked brothmicrodilution
MIC records, integrating resistome proĕling, species-aware
interrogation of vancomycin-associated determinants, and locus-
context assessment to inform One Health reporting. Similar
phenotype–genotype discrepancies with One Health relevance
have also been described in livestock-associated staphylococci,
underscoring the need for transparent, reproducible interpretation
workĘows when phenotypic and genomic signals diverge (19, 20).
Our objective is to provide a transparent, surveillance-grade
interpretation framework for vancomycin-related genomic
signals in poultry-derived enterococci that anchors reporting to
conĕrmatory phenotyping, genome-conĕrmed species assignment,
and conĕdence-aware locus inspection.

2 Materials and methods

2.1 Bacterial isolates and study design

is work is based exclusively on an archival Enterococcus
strain collection maintained at our laboratory. All isolates had been
collected and cryopreserved prior to the conception of the present
study and were retrieved from the strain bank for the analyses
described here. Importantly, no prospective sampling, handling,
or experimental procedures involving live animals were performed
for this study. Accordingly, the study represents a secondary
analysis of previously archived bacterial isolates, and no animal
experimentation approval was required. Isolates originated from
poultry production systems in Hungary, including chickens and
turkeys, and associated metadata included host species, sampling
site, year, and isolate identiĕers.

Phenotypic susceptibility testing by broth microdilution was
available for 218 isolates (MIC dataset). WGS was performed for
73 isolates (genomic dataset). Resistome proĕling and vancomycin-
determinant interrogation were conducted for all 73 genomes.
Genotype–phenotype comparisons were performed on the subset
with matched broth microdilution results (n= 73).

2.2 Antimicrobial susceptibility testing

MICs were determined by broth microdilution using twofold
serial dilutions in 96-well microtiter plates with cation-adjusted

Frontiers in Veterinary Science 02 frontiersin.org

https://doi.org/10.3389/fvets.2026.1831285
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Kerek et al. 10.3389/fvets.2026.1831285

Mueller–Hinton broth and standardized inoculum preparation.
Plates were incubated under aerobic conditions and MIC endpoints
were read as the lowest antimicrobial concentration preventing
visible growth. Vancomycin MICs for isolates previously Ęagged as
showing elevated vancomycin MICs and/or phenotype–genotype
discordant proĕles were re-tested in three parallel conĕrmatory
broth microdilution measurements using freshly prepared inocula
from single-colony subcultures to conĕrm purity. Single-colony
subcultures were used to conĕrm culture purity and to minimize
the risk of mixed cultures or isolate-level handling errors. e
vancomycinMIC values reported in this manuscript reĘect the ĕnal
conĕrmatory testing results. E. faecalisATCC 29212 was included as
the quality-control strain.

e antimicrobial panel comprised 19 agents: amoxicillin,
amoxicillin–clavulanic acid, azithromycin, doxycycline,
oxytetracycline, enroĘoxacin, Ęorfenicol, imipenem, vancomycin,
ceriaxone, neomycin, spectinomycin, tilmicosin, tylosin, tiamulin,
lincomycin, colistin, linezolid, and potentiated sulfonamide.
Clinical breakpoints and epidemiological cut-off values (ECOFFs)
used for interpretive categorization were compiled a priori from
internationally recognized interpretive standards and databases,
with species applicability considered where available. Agents
without predeĕned interpretive criteria were reported descriptively
and were not included in categorical susceptibility summaries. For
vancomycin, CLSI-derived Enterococcus interpretive categories
were applied, with isolates categorized as susceptible when MIC
values did not exceed 4µg/ml; no isolate met the intermediate or
resistant categories aer conĕrmatory testing.

2.3 DNA extraction, library preparation, and
sequencing

Genomic DNA was extracted from bacterial suspensions using
the ZymoQuick-DNA Fungal/Bacterial kit (Zymo Research, Irvine,
CA, USA). Libraries were prepared with the Illumina Nextera XT
DNA Library Preparation Kit (Illumina, San Diego, USA) and
quantiĕed by qPCR prior to pooling (21, 22). Sequencing was
performed on an Illumina NextSeq 500 platform using single-end
Illumina reads (R1 only).

2.4 Read preprocessing and de novo
assembly

Raw read quality was assessed using FastQC v0.12.1
(https://github.com/s-andrews/FastQC/releases). Adapter
trimming and quality ĕltering were performed using fastp
v1.0.1 (https://github.com/OpenGene/fastp). De novo assemblies
were generated from the cleaned single-end reads (R1 only) using
SPAdes v4.2.0 in isolate genome mode with the –careful option
(https://github.com/ablab/spades). Contigs shorter than 200 bp
were removed prior to downstream analyses and deposition.
Assembly quality metrics were evaluated using QUAST v5.3
(https://github.com/ablab/quast/releases). For all downstream
AMR calling and locus-level analyses, only the ĕnal SPAdes
assembly per isolate was used.

2.5 Species confirmation and genome-level
quality checks

Initial taxonomic classiĕcation was performed using Kraken2
(v2.17.1; https://github.com/DerrickWood/kraken2), and
KrakenTools (v1.2.1; https://github.com/jenniferlu717/KrakenTools)
was used for downstream report parsing and summarization.
Genome-level quality control was supported by CheckM v1.2.4
(available at: https://github.com/Ecogenomics/CheckM). Because
species identity is critical for species-intrinsic vancomycin signals
(e.g., vanC-associated taxa) and for interpreting discordant
phenotype–genotype patterns, ANI (FastANI) conĕrmation was
performed for all 73 genomes.

2.6 Resistome profiling and vancomycin
determinant interrogation

Primary resistome screening was performed using RGI v5.1.0
with CARD. ABRicate-based CARD screening was used as an
independent cross-check for selected resistance-associated calls. For
primary resistome summaries, gene presence/absence was recorded
based on sequence identity and gene coverage metrics; ambiguous
or borderline hits were retained for manual review rather than
discarded, to avoid false negatives in mechanistically important loci.

Vancomycin-associated determinants were interrogated using
a multi-evidence strategy to minimize database- and threshold-
dependent miscalls: (i) CARD/RGI calls as above, (ii) independent
cross-checking with AMRFinderPlus and ResFinder on assembled
genomes, and (iii) targeted BLAST searches against curated
reference sequences representing canonical acquired van operons
(vanA, vanB, vanD, vanM, vanN) and vanC-associated components.

For targeted BLAST, two reporting tiers were applied and
explicitly tracked: a stringent tier (≥95% nucleotide identity
and ≥90% query coverage) for primary calls, and a relaxed
tier (≥80% identity and ≥50% coverage) to Ęag divergent or
fragmented candidates requiring manual inspection. Read mapping
was performed for all 73 isolates using the available raw FASTQ
ĕles (single-end R1) against the curated canonical van operon
references to evaluate whether apparent absence could reĘect
assembly fragmentation.

AMRFinderPlus, ResFinder, and targeted BLAST analyses were
used as conĕrmatory screens for vancomycin-associated loci.
Primary interpretation was based on RGI/CARD outputs, while
discordant or borderline calls were resolved by manual inspection
of sequence identity, gene coverage, contig context, operon/module
completeness, and read-mapping support where available. Soware
versions, database access dates, analytical thresholds, and conĘict-
resolution rules are summarized in Supplementary Table S3.

2.7 Mobile genetic elements and genomic
context analyses

Mobile genetic elements (MGEs) were detected using
MobileElementFinder v1.0.3 (23) on the ĕnal SPAdes assemblies.
For resistome-level context, ARG coordinates were evaluated for
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TABLE 1 Phenotypic susceptibility category distributions across antimicrobial agents with predefined interpretive criteria in the full broth microdilution minimum inhibitory concentration (MIC)

dataset (n = 218).

Antimicrobial agent S, n (%) I, n (%) R, n (%)

Amoxicillin 195 (89.4%) 0 (0.0%) 23 (10.6%)

Amoxicillin–clavulanic acid∗ 218 (100.0%) 0 (0.0%) 0 (0.0%)

Azithromycin 73 (33.5%) 9 (4.1%) 136 (62.4%)

Doxycycline 75 (34.4%) 28 (12.8%) 115 (52.8%)

EnroĘoxacin 100 (45.9%) 26 (11.9%) 92 (42.2%)

Florfenicol 11 (5.0%) 75 (34.4%) 132 (60.6%)

Imipenem 202 (92.7%) 0 (0.0%) 16 (7.3%)

Lincomycin 4 (1.8%) 2 (0.9%) 212 (97.2%)

Oxytetracycline 63 (28.9%) 4 (1.8%) 151 (69.3%)

Trimethoprim–sulfamethoxazole∗∗ 11 (5.0%) 34 (15.6%) 173 (79.4%)

Tylosin 69 (31.7%) 2 (0.9%) 147 (67.4%)

Vancomycin 218 (100.0%) 0 (0.0%) 0 (0.0%)

Linezolid 161 (73.9%) 41 (18.8%) 16 (7.3%)
∗Amoxicillin–clavulanic acid was tested at a 2:1 ratio; ∗∗trimethoprim–sulfamethoxazole was tested at a 1:19 ratio. Interpretive categories were assigned using the predeĕned criteria described in
the Methods. S, susceptible; I, intermediate; R, resistant.

proximity to MGE features, and a ±10 kb window was used as the
operational deĕnition for co-localization.

For vancomycin-associated loci, gene-neighborhood analyses
were conducted by extracting and annotating ±10 kb regions
around van hits and selected candidate regions requiring manual
review, documenting the presence of mobility signatures (e.g.,
transposases, integrases) and co-localized ARGs, to support One
Health–relevant interpretation of potential mobility.

2.8 Statistical analysis and visualization

All genomes (n = 73) were included in presence/absence
summaries of van-associated signals and the broader resistome.
For the WGS subset, marker–phenotype associations for selected
antimicrobial classes (restricted to agents with predeĕned
interpretive criteria) were evaluated using two-sided Fisher’s exact
tests on 2×2 contingency tables. We report odds ratios with 95%
conĕdence intervals together with exact p-values; for multiple
comparisons across drug–marker tests, p-values were adjusted
using Benjamini–Hochberg false discovery rate control and are
reported as q-values. Species-stratiĕed analyses were performed
only where sample sizes and cell counts allowed; otherwise, analyses
are presented as exploratory. All analyses and visualizations were
performed in R v4.1.0.

3 Results

3.1 Study datasets and vancomycin MIC
profile

Phenotypic brothmicrodilutionMIC data were available for 218
Enterococcus isolates. WGS was performed for 73 isolates from an

archival strain bank, and all sequenced isolates had linked broth
microdilution MIC records (n= 73).

Across the MIC dataset (n = 218), isolates originated from
poultry production systems and included both chickens (126/218,
57.8%) and turkeys (92/218, 42.2%). Species identity for the WGS
subset (n = 73) was conĕrmed using genome-based approaches
(Kraken2 and ANI).

Following three parallel conĕrmatory broth microdilution
measurements, no ĕnal conĕrmed vancomycin MIC value
exceeded 4µg/ml in any isolate (Supplementary Table S1).
Accordingly, under the CLSI-derived interpretive criteria applied
in this study, none of the 218 isolates met the deĕnition of
vancomycin-intermediate or vancomycin-resistant Enterococcus
(Table 1). Vancomycin MIC distributions by genome-conĕrmed
species in the WGS subset are shown in Figure 1.

3.2 Broader antimicrobial susceptibility and
ECOFF context

Broth microdilution MICs were determined for a 19-agent
panel. Clinical interpretive categorization was applied only for
agents with predeĕned criteria in this study (13/19 agents).

Across the 13 agents with interpretive criteria, the full
susceptibility category distribution is summarized in Table 1, while
Figure 2 visualizes the 11 non-glycopeptide, non-oxazolidinone
agents included in the broader susceptibility overview. Resistance
was most frequent against lincomycin (212/218, 97.2% resistant)
and trimethoprim–sulfamethoxazole (173/218, 79.4% resistant),
followed by macrolides (azithromycin: 136/218, 62.4% resistant;
tylosin: 147/218, 67.4% resistant) and tetracyclines (doxycycline:
115/218, 52.8% resistant; oxytetracycline: 151/218, 69.3%
resistant). Florfenicol showed predominant non-susceptibility
(132/218, 60.6% resistant; 75/218, 34.4% intermediate). In
contrast, beta-lactam activity was largely preserved under
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FIGURE 1

Vancomycin minimum inhibitory concentration (MIC) distributions
by genome-confirmed Enterococcus species in the whole-genome
sequencing (WGS) subset (n = 73). Broth microdilution vancomycin
MIC values are shown by species with individual isolate-level data
points; values are displayed on a log2-transformed MIC scale.

FIGURE 2

Susceptibility category profiles for 11 antimicrobial agents with
predefined interpretive criteria in the full broth microdilution
minimum inhibitory concentration (MIC) dataset (n = 218). Stacked
bars show the percentage of isolates categorized as susceptible,
intermediate, or resistant for each antimicrobial agent. Vancomycin
and linezolid are intentionally omitted from this overview figure
because vancomycin is addressed separately in the
glycopeptide-focused analysis and linezolid is not part of the
broader comparative susceptibility visualization. Numeric labels
indicate category percentages.

the applied criteria (amoxicillin: 195/218, 89.4% susceptible;
amoxicillin–clavulanic acid: 218/218, 100% susceptible),
imipenem (202/218, 92.7% susceptible) and linezolid remained
predominantly active (161/218, 73.9% susceptible). EnroĘoxacin
susceptibility was moderate (100/218, 45.9% susceptible; 92/218,
42.2% resistant).

Using the predeĕned ECOFF-based thresholds, non-wild-type
proportions were summarized descriptively for selected agents. e
highest proportions at/above ECOFF were observed for doxycycline
(≥0.5 µg/ml: 204/218, 93.6%), neomycin (≥64 µg/ml: 175/218,
80.3%), and oxytetracycline (≥8 µg/ml: 155/218, 71.1%), whereas
imipenem had the lowest fraction at/above ECOFF (≥4 µg/ml:
32/218, 14.7%).

3.3 Resistome overview in the 73 WGS
genomes

Resistome proĕling of the 73 genomes identiĕed 1,448
resistance-associated annotations corresponding to 181 unique

FIGURE 3

Vancomycin-associated genomic signals in the whole-genome
sequencing (WGS) subset (n = 73). Bars show the number and
proportion of genomes in which each vancomycin-associated signal
category was detected in the primary resistome output. No
canonical acquired van operon consistent with vanA, vanB, vanD,
vanM, or vanN was detected. Detected signals were limited to
vanC-cluster–associated components, vanG-type regulatory
homologs (vanRG and/or vanSG), and a single vanW-annotated
record. Categories are not mutually exclusive and should be
interpreted as genomic signal classes requiring species-aware and
locus-level validation rather than as direct evidence of phenotypic
vancomycin resistance.

resistance-associated gene calls (Supplementary Table S2). e
number of unique resistance-associated gene calls detected
per genome was heterogeneous (median 12; IQR 10–18; range
5–76), consistent with a shared baseline of intrinsic/efflux-
linked loci and a variably distributed accessory component.
e most prevalent determinants included efrA (66/73, 90.4%),
efrB (57/73, 78.1%), lsaA (57/73, 78.1%), dfrE (57/73, 78.1%),
and emeA (50/73, 68.5%). Beyond this core background,
acquired class-associated markers were also common,
including tetracycline determinants (e.g., tet(L) 34/73 and
tet(M) 24/73), macrolide-associated genes (e.g., ermB 24/73
and msrC 13/73), aminoglycoside-modifying enzymes (e.g.,
AAC(6′ )-Ii 20/73), and lincosamide nucleotidyltransferases (e.g.,
lnuB 11/73).

3.4 Vancomycin-related genomic signals in
the WGS subset

In the primary CARD-based resistome output, no canonical
acquired van operons consistent with vanA, vanB, vanD, vanM, or
vanN were detected among the 73 genomes. Van-associated signals
were limited to vanC-cluster–associated components, vanG-type
regulatory homologs (vanRG and/or vanSG), and a single vanW-
annotated record (Supplementary Table S3; Figure 3).

Following three parallel conĕrmatory broth microdilution
measurements, vancomycin MIC values in the ĕnal dataset did
not exceed 4µg/ml. Accordingly, van-associated calls in the WGS
subset are interpreted as species- and context-dependent signals that
require species-aware interpretation and conĕdence-aware locus
inspection rather than as evidence of high-level glycopeptide non-
susceptibility.
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3.5 Genotype–phenotype context across
selected drug classes in the WGS subset

To contextualize the vancomycin-focused analyses, we
evaluated marker-level genotype–phenotype coherence for
selected antimicrobial classes in the WGS subset (n = 73) using
the predeĕned interpretive criteria (Table 2). At the class level,
concordance was most evident for tetracyclines: at least one tet
determinant was present in 56/73 genomes (76.7%) and was
enriched among oxytetracycline-resistant isolates (50/57, 87.7%;
Fisher’s exact test p = 1.29 × 10−4). In contrast, macrolide-
associated markers (erm∗/msr∗) showed only partial concordance
with resistance phenotypes, and canonical phenicol markers
(fexA/cat∗) were infrequent relative to the observed Ęorfenicol
non-susceptibility. For potentiated sulfonamide and lincomycin,
marker-based inferencewas constrained bywidespread determinant
presence and/or near-saturation of the resistant phenotype (Table 2).
ese observations support the interpretation that vancomycin-
related genomic signals require a distinct interpretive framework,
because isolated van-associated calls may occur without conĕrmed
elevated MICs and therefore require targeted, locus-level follow-up.

3.6 Targeted locus-level validation and
genomic context

To move beyond single-gene presence/absence and to support
species-aware interpretation of van-associated calls, we performed
targeted locus-level inspection of van-signal regions.

Among the nine genomes with vanC-cluster–associated
signals, six carried a complete vanC-type module (vanC plus
four associated vanC-cluster components, independent of naming
convention in the output), while the remaining genomes showed
partial complements consistent with fragmented detection and/or
assembly-related incompleteness. Importantly, vanC-type modules
were detected despite conĕrmed vancomycinMIC values remaining
within the susceptible range in the ĕnal dataset. is supports the
interpretation that vanC-like module detection alone should
not be used as evidence of clinically relevant glycopeptide non-
susceptibility without species conĕrmation, locus-level validation,
and phenotypic correlation. In representative genomes with
complete positional information, the vanC-type components
mapped as a compact ∼5.3 kb cluster on a single contig and
no additional resistance genes were detected within ±10 kb,
supporting an intrinsic-like local locus architecture rather than
a composite, multi-resistance island within the inspected ±10 kb
neighborhood (Figure 4). Given that vanC-type determinants
require species-aware interpretation, the occurrence of vanC-like
modules in non-canonical species assignments was treated as
an interpretation Ęag that motivates conĕrmatory taxonomic
validation and careful locus review rather than immediate inference
of intrinsic vanC-type resistance.

Regulatory hits annotated as vanG-cluster variants
(vanRG/vanSG) were detected in ten genomes. In all genomes
carrying both regulators (n = 8), vanSG and vanRG were co-
localized on the same contig with a conserved spacing (∼423 bp)
and lacked accompanying vanG structural genes in the resistome T

A
B
LE

2
M
ar
ke

r–
p
h
en

o
ty
p
e
as
so

ci
at
io
n
s
fo
r
se
le
ct
ed

an
ti
m
ic
ro
b
ia
lc

la
ss
es

in
th
e
w
h
o
le
-g

en
o
m
e
se
q
u
en

ci
n
g
(W

G
S)

su
b
se
t
(n

=
73

).

A
n
ti
m
ic
ro
b
ia
lp

h
e
n
o
ty
p
e

G
e
n
e
m
ar
ke

r
R
&
m
ar
ke

r+
R
&
m
ar
ke

r–
N
o
n
-R

&

m
ar
ke

r+
N
o
n
-R

&

m
ar
ke

r–

O
R
(9
5
%
C
I)

p
-v
al
u
e

q
-v
al
u
e

D
ox
yc
yc
lin

e(
R
vs

no
n-
R)

A
ny

te
tg

en
e

39
7

17
10

3.
28

(1
.0
7–
10
.0
6)

0.
04
58

0.
18
3

O
xy
te
tr
ac
yc
lin

e(
R
vs

no
n-
R)

A
ny

te
tg

en
e

50
7

6
10

11
.9
0
(3
.3
0–
43
.0
1)

0.
00
01
29

0.
00
10
32

A
zi
th
ro
m
yc
in

(R
vs

no
n-
R)

A
ny

er
m
/m

sr
ge
ne

29
27

6
11

1.
97

(0
.6
4–
6.
06
)

0.
27
7

0.
44
3

Ty
lo
sin

(R
vs

no
n-
R)

A
ny

er
m
/m

sr
ge
ne

28
24

7
14

2.
33

(0
.8
1–
6.
72
)

0.
12
9

0.
34
4

Fl
or
fe
ni
co
l(
R
vs

no
n-
R)

A
ny

fex
/c
at

ge
ne

7
36

3
27

1.
75

(0
.4
1–
7.
40
)

0.
51
0

0.
51
0

P o
te
nt
ia
te
d
su
lfo

na
m
id
e(
R
vs

no
n-
R)

A
ny

df
rg

en
e

50
8

15
0

0.
19

(0
.0
1–
3.
51
)

0.
19
3

0.
38
6

Li
nc
om

yc
in

(R
vs

no
n-
R)

A
ny

ln
u
ge
ne

17
54

1
1

0.
31

(0
.0
2–
5.
31
)

0.
43
5

0.
49
7

Li
nc
om

yc
in

(R
vs

no
n-
R)

lsa
A

56
15

1
1

3.
73

(0
.2
2–
63
.2
5)

0.
39
3

0.
49
7

N
on

-R
in
clu

de
ss

us
ce
pt
ib
le
an
d
in
te
rm

ed
ia
te

iso
la
te
s.
M
ar
ke
rp

os
iti
vi
ty

w
as

de
ĕn

ed
ba
se
d
on

th
e
pr
es
en
ce

of
at

le
as
to

ne
ge
ne

be
lo
ng

in
g
to

th
e
in
di
ca
te
d
m
ar
ke
rg

ro
up

in
th
e
pr
im

ar
y
re
sis
to
m
e
ou

tp
ut
.O

Rs
an
d
95
%

co
nĕ

de
nc
e
in
te
rv
al
sw

er
e
ca
lc
ul
at
ed

w
ith

a
0.
5

co
nt
in
ui
ty

co
rr
ec
tio

n
w
he
re

ze
ro
-c
el
lc
ou

nt
sw

er
e
pr
es
en
t.


es
e
an
al
ys
es

w
er
e
ex
pl
or
at
or
y
an
d
w
er
e
us
ed

to
co
nt
ex
tu
al
iz
e
ge
no

ty
pe
–p

he
no

ty
pe

co
he
re
nc
e
ra
th
er

th
an

to
in
fe
rc

au
sa
la
ss
oc
ia
tio

ns
.A

ss
oc
ia
tio

ns
w
er
e
ev
al
ua
te
d
us
in
g
tw
o-
sid

ed
Fi
sh
er
’s
ex
ac
tt
es
ts;

od
ds

ra
tio

s(
O
Rs
)a

re
re
po

rt
ed

w
ith

95
%
co
nĕ

de
nc
ei
nt
er
va
ls,

an
d
p-
va
lu
es

w
er
ea

dj
us
te
d
us
in
g
th
eB

en
ja
m
in
i–
H
oc
hb

er
g
fa
lse

di
sc
ov
er
y
ra
te
m
et
ho

d.
R:

re
sis
ta
nt
.

Frontiers in Veterinary Science 06 frontiersin.org

https://doi.org/10.3389/fvets.2026.1831285
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Kerek et al. 10.3389/fvets.2026.1831285

FIGURE 4

Representative genomic neighborhoods of vancomycin-associated
calls detected in the whole-genome sequencing (WGS) subset.
Contig-level schematic maps show local regions surrounding
selected van-associated calls recovered from the primary resistome
output, including vanC-like modules and regulatory-only vanG-type
signals. Arrows indicate annotated vancomycin-associated genes
and their relative orientation within the inspected neighborhood.
These maps are intended to visualize local locus organization; they
do not establish plasmid or chromosomal localization, horizontal
transfer, operon functionality, or phenotypic vancomycin resistance
without additional long-read or experimental validation.

output. e local ±10 kb neighborhoods of these regulator loci did
not contain additional resistance genes in representative contigs,
supporting interpretation as isolated regulatory homologs and/or
truncated remnants rather than evidence of an acquired, functional
vanG operon. A single vanW call annotated in a vanB-cluster
context co-occurred with vanC-cluster components but was not
accompanied by canonically acquired van operon genes in the
available output and was therefore handled as a locus-level Ęag
requiring conĕrmatory interrogation rather than as standalone
evidence of an acquired vanB-type determinant.

Collectively, this targeted locus-level interrogation supports
three conclusions: (i) canonical acquired van operons were not
recovered in the available resistome calls, (ii) the van-associated
signals that were recovered largely reĘected vanC-type modules and
isolated vanG-type regulatory homologs with strong dependence on
species-aware interpretation and locus completeness, and (iii) the
ĕnal conĕrmed phenotypes did not support high-level glycopeptide
non-susceptibility, emphasizing the importance of conĕrmatory
phenotyping before assigning One Health signiĕcance to van-
related genomic signals.

4 Discussion

We combined broth microdilutionMIC proĕles from a poultry-
derived Enterococcus collection with WGS-based resistome outputs
to evaluate how vancomycin-related genomic signals should be
interpreted in a One Health surveillance context. Following three
parallel conĕrmatorymeasurements, vancomycinMIC values in the
ĕnal dataset did not exceed 4µg/ml. Accordingly, the manuscript
focuses on (i) species-aware interpretation of van-related calls
observed in genome data and (ii) a reproducible workĘow that

prioritizes robust phenotyping and transparent locus-level evidence
when genomic signals are detected.

Enterococci are ubiquitous intestinal commensals and
important opportunistic pathogens, with E. faecium and E.
faecalis representing the most clinically signiĕcant species in
human medicine (24). Mechanistically, vancomycin resistance is
classically mediated by gene clusters that remodel peptidoglycan
precursor termini, most commonly through D-Ala–D-Lac
formation (vanA- and vanB-type systems), reducing glycopeptide
binding and increasing MICs. In addition, certain species carry
intrinsic vanC-type determinants that are generally interpreted
as low-level glycopeptide resistance and are species-restricted
(7, 11, 13, 14). ese categories are not interchangeable for One
Health inference, acquired vanA/vanB-type clusters have clearer
links to mobilization and onward dissemination, whereas vanC-
type signals primarily demand accurate species identiĕcation and
cautious interpretation.

e ecology of glycopeptide resistance in food animals has
historically been inĘuenced by antimicrobial selection pressures,
including glycopeptide use in some production systems. Although
vancomycin itself is not a poultry-production driver, acquired
glycopeptide resistance determinants remain high-consequence
targets forOneHealth surveillance because of their potential clinical
relevance and mobility (25–28). In the present dataset, however,
three parallel conĕrmatory broth microdilution measurements did
not conĕrm elevated vancomycin MICs above 4µg/ml. erefore,
the central interpretation is not the detection of phenotypicVRE, but
the need to prevent overinterpretation of van-associated genomic
signals when they are not supported by conĕrmatory phenotype and
operon-level evidence.

Several non-mutually exclusive explanations may account
for apparent discrepancies between vancomycin-related genomic
signals and conĕrmed low vancomycin MICs. e ĕrst possibility
is technical under-detection. Assembly fragmentation across a
locus, stringent identity/coverage thresholds, incomplete database
representation for divergent alleles, or annotation collapse of
operon components can all lead to false-negative calls, particularly
for loci on mobile elements that exhibit structural variation.
AMR calls can vary across databases and thresholds; conĕdence
metrics are therefore essential for operon-scale mechanisms (29,
30). A second possibility is biological complexity beyond gene
presence, including silent/disrupted loci and regulatory states that
uncouple genotype from categorical phenotype. In the opposite
direction of discordance, vanA-positive but vancomycin-susceptible
(“vancomycin-variable”) enterococci have become a recognized
diagnostic and surveillance challenge (31). In the present dataset,
the main interpretive challenge was instead the presence of
van-associated genomic signals in isolates with conĕrmed low
vancomycinMICs.is pattern is best handled by conĕdence-aware
locus inspection rather than by assigning categorical resistance
based on isolated gene annotations.

As an internal validity check, marker–phenotype associations
for other antimicrobial classes showed variable but interpretable
patterns, particularly for tetracycline resistance. By contrast,
vancomycin-related interpretation depended less on categorical
resistance and more on whether isolated van-associated
calls represented complete, species-consistent, biologically
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meaningful loci. ese ĕndings support treating glycopeptide-
related genomic signals as a distinct interpretive category in
surveillance workĘows.

e vanC-like signals underscore why species-aware
interpretation is indispensable. vanC-type determinants are
generally species-restricted, chromosomally encoded systems
linked to intrinsic glycopeptide resistance (7, 32), yet in our
WGS subset vanC-cluster components were called in isolates not
classically considered intrinsic vanC carriers. Accordingly, these
calls should be reported as interpretation Ęags that prompt genome-
based species veriĕcation and conĕdence-aware locus validation
(identity/coverage and operon completeness), particularly if future
isolates show elevated vancomycin MICs or if van-associated calls
occur in unexpected species backgrounds.

Regulatory-only van annotations (vanRG and vanSG without
an operon-scale call) likewise require caution. In our dataset,
these calls occurred across MIC categories and did not map
cleanly to phenotype. Mechanistically, vanR/vanS two-component
systems are meaningful only in the context of a compatible
effector module; isolated regulatory homologs or partial matches
may represent non-functional remnants, distant homologs or
database-driven misassignments rather than bona ĕde glycopeptide
resistance circuitry. Accordingly, regulatory-only calls should
not be used as stand-alone evidence of vancomycin resistance
potential, particularly when identity/coverage suggests partial or
low-conĕdence matches.

From a One Health surveillance standpoint, any elevated
vancomycin MIC or any high-conĕdence acquired van operon
signal should trigger systematic, species-aware genomic follow-up.
Conversely, isolated vanC-like or regulatory-only calls in isolates
with low conĕrmedMICs should be reported cautiously and should
not be interpreted as evidence of phenotypic VRE without locus-
level support.

is study has limitations. e WGS subset was resistance-
enriched by design and is therefore not intended to estimate
the prevalence of vancomycin resistance in Hungarian poultry
production. e resistome analysis relied on short-read assemblies
and database-derived annotation output; long-read sequencing and
complete plasmid reconstruction were not performed, limiting
structural resolution of mobile genetic elements and operon
completeness assessment. Finally, gene presence does not imply
expression, and isolated van-associated annotations require targeted
conĕrmation if future datasets identify elevated MICs, unexpected
species associations, or incomplete operon structures.

Overall, these ĕndings emphasize that interpreting glycopeptide
resistance in animal-associated enterococci requires species-
aware, conĕdence-aware genomic validation rather than binary
resistome outputs.

5 Conclusion

In this poultry-derived Enterococcus collection, ĕnal conĕrmed
vancomycinMIC values did not exceed 4µg/ml. In theWGS subset,

canonical acquired van operons (vanA/vanB/vanD/vanM/vanN)
were not detected, while van-associated signals were limited to
vanC-like components and regulatory elements that require species-
aware interpretation.

Collectively, these ĕndings support a surveillance-grade
interpretation workĘow that anchors reporting to conĕrmatory
phenotyping, genome-conĕrmed species assignment, and
conĕdence-aware locus inspection when van-related genomic
signals are observed.
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