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Abstract

Background/Objectives: We evaluated the diabetic foot ulcer (DFU) microbiome in clinical
situations identified as risk factors for a worse outcome and explored the roles of the
most abundant microorganisms. Methods: A prospective multicenter cohort of diabetic
patients with DFU were followed up for 6 months. We obtained a DFU tissue biopsy for
microbiome analysis at the baseline visit. Genomic DNA was extracted (QlAamp DNA
Mini Kit, Qiagen, Hilden, Germany) and quantified (QuantiFluor dsDNA System, Promega,
Madison, WI, USA), with analysis of bacterial communities focusing on relative abun-
dances (RA) and on alpha and beta diversity. Results: Overall, 59 DFUs were analyzed.
DFUs of long duration (>4 weeks) presented a higher RA of Gammaproteobacteria com-
pared with ulcers of short duration (p = 0.02). Non-infected DFUs had a higher proportion
of Actinobacteriota phyla than infected DFUs and, particularly, a higher RA of Corynebac-
terium genera (means £ SD: 0.063 = 0.14 vs. 0.028 +£ 0.13, respectively; p = 0.03). Regard-
ing the pathogenic role of Staphylococcus aureus, DFUs with low S. aureus bacterial loads
(<10° CFU/mL) compared with those with high loads (>10° CFU/mL) showed a higher
Corynebacterium RA (0.045 £ 0.08 vs. 0.003 £ 0.01, respectively; p = 0.01). Conclusions:
In clinical situations associated with poor DFU outcomes, we observed a predominance
of Gammaproteobacteria in the microbiome of long-duration ulcers and a higher RA of
Corynebacterium in non-infected DFUs. An inverse relationship between the predominance
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of Corynebacterium and the S. aureus bacterial load in DFUs was also noted, which may
suggest these commensals have a modulatory role. Further studies should explore the
clinical utility of microbiome analysis for DFUs.

Keywords: microbiome; chronic diabetic foot ulcers; Gammaproteobacteria

1. Introduction

Diabetic foot represents a major global health concern, primarily resulting from
diabetes-related peripheral neuropathy and vasculopathy. These complications compro-
mise nerve function and blood supply in the lower extremities, frequently leading to the
development of foot ulcers. Diabetic foot ulcers (DFUs) are very common in patients with
diabetes; between 15% and 25% of diabetic patients are expected to develop a DFU during
their lifetime, and they become infected over time in approximately 40% of cases and are
associated with high morbidity and hospitalization [1,2]. Several clinical risk factors are
linked to a worse prognosis as DFUs evolve, among which the duration of the DFU and
the presence of ischemia and infection are of particular relevance [3,4].

The DFU microbiome refers to the polymicrobial matrix of microorganisms within
ulcers, which establish relationships between them and can impair wound healing. The
study of this microbiome is complex and ongoing, but the recent use of molecular tech-
niques to characterize bacteria genetically represents a novel improvement over existing
approaches. The presence of particular microorganisms considered virulent and pathogenic
within DFUs, such as Gram-negative bacilli (GNB) or Staphylococcus aureus, has been associ-
ated with a worse DFU prognosis [3,5,6]. On the other hand, commensal microorganisms
are part of the skin’s normal flora, such as coagulase-negative staphylococci, and may
help maintain microbial balance. Altogether, there is limited knowledge about the role
of commensals and the relationships between commensal and pathogenic bacteria within
DFUs [7,8].

Also, few works have provided knowledge that allow the establishment of a definitive
link between clinical situations and different microbiome compositions. Overall, a more
comprehensive understanding of the DFU bioburden, including the microbial relationships
and microbiome composition, could improve our knowledge of DFU outcomes.

The clinical characteristics and outcomes of a multicenter cohort of patients with
diabetes and DFUs have been reported previously [9]. In the present study using this cohort,
our main aim was to evaluate the DFU microbiome from patients in clinical situations
identified as risk factors for worse outcomes. We also aimed to explore the role of specific
and abundant microorganisms in DFUs, as well as their relationships with S. aureus, a
frequent cause of infection in DFUs.

2. Results

Overall, 59 DFU tissue samples were obtained at the baseline visits of 65 patients.
Table 1 summarizes the baseline demographic and clinical characteristics of patients with
DFU (n = 59).

The microbiome composition, including the most relevant taxa identified at differ-
ent taxonomic levels, is analyzed. Overall, the most abundant phyla, class, and genera
were Proteobacteria and Firmicutes, Alphaproteobacteria and Bacilli, and Paracoccus and
Staphylococcus, respectively.
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Table 1. Demographic and clinical characteristics.

n=>59 Value
Age (median, IQR) 65 years (59-71)
Male sex 47 patients (80%)
Type 2 diabetes mellitus (T2DM) 52 patients (88%)
BMI (median, IQR) 29 kg/m? (25-33)
Years since diabetes diagnosis (median, IQR) 17 years (8.5-25)
Diabetic neuropathy 49 patients (83%)
Peripheral vasculopathy 30 (51%)

DFU duration > 4 weeks 47 patients (80%)
Antibiotic use in the previous month 28 patients (48%)
DEFU infection 21 (36%)

Data are presented as medians (IQR) or as number (%).

When analyzing the microbiome of DFUs in relation to clinical factors associated with
poor prognosis, we observed significant compositional differences based on both ulcer
duration and the presence of infection (Figure S1A). Thus, the Gammaproteobacteria class,
which includes most pathogenic fermentative and non-fermentative GNB, showed higher
mean RAs in DFUs of long duration (>4 weeks; n = 47; 0.2655 % 0.3032) compared with
those of short duration (<4 weeks; n = 12; 0.1253 + 0.2538; p-value = 0.02; Figure 1A).
However, this predominance of Gammaproteobacteria was not associated with an increase
in any of the underlying orders, families, or genera (Figure 1B). By contrast, compared to
DFUs of long duration, those of short duration showed higher mean RAs of Fusobacterium
(0.0095 £ 0.0429) and Prevotella (0.0106 £ 0.0811) genera, although overall levels were very
low in both cases.

As for the presence of DFU infection (Figure 2), Actinobacteriota phyla had a signif-
icantly higher mean RA in non-infected DFUs (n = 38; 0.0909 + 0.1519) than in infected
DFUs (0.0397 £ 0.1330; p-value = 0.017) (Figure S1B). Of note, we observed a higher mean
RA of Corynebacterium genera among non-infected DFUs compared with infected DFUs in
this phylum (0.0632 £ 0.1392 vs. 0.0285 £ 0.1306, respectively; p-value = 0.03).

We found no significant differences in microbiome composition by the presence of
other relevant risk factors, such as ischemia, ulcer location, and prior antibiotic therapy.
However, the DFU samples of patients with high glycosylated hemoglobin values (>7%)
presented higher mean RAs of the Alphaproteobacteria class compared to those with
low glycosylated hemoglobin values (<7%; p = 0.024). The microbiome in cases with low
glycosylated hemoglobin values showed a predominance of the Gammaproteobacteria
class (p = 0.04).

Regarding the influence of microbiome composition on DFUs, we compared the
microbiome profiles with the bacterial load obtained through quantitative microbiological
cultures (Figure S1C). The comparison of microbiome diversity between DFU samples with
a high (>10° CFU/mL) and low (<10° CFU/mL) microbial load is analyzed. The samples
with high bacterial loads had statistically significant greater richness and alpha and beta
diversities (p = 0.015). The differences between these groups in the RAs of various taxa
from the level of phylum to genus are shown in Figure 3. DFUs with high microbial loads
had higher mean RAs of the phylum Bacteroidota (0.0323 4 0.0551 vs. 0.0308 +£ 0.1396;
p-value = 0.004); this was particularly associated with an increased RA of Porphyromonas
when compared to DFUs with low bacterial loads (p-value = 0.001). By contrast, DFUs with
low microbial loads presented a higher mean RA of the phylum Proteobacteria compared
with high microbial loads (p-value = 0.017). Within this phylum, the most abundant
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class was Alphaproteobacteria, which included a diverse group of phototrophic and non-
pathogenic GNB, with Paracoccus being the most frequent genera.
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Figure 1. Taxonomic groups that differentiate between DFUs with short and long duration.
(A) Comparison of relative abundance of Gammaproteobacteria between DFUs with short and long
duration. Each dot represents the relative abundance of Gammaproteobacteria observed in a DFU
sample. Each box plot shows the median, upper, and lower quartiles (boxes) and the 1.5 x IQR
(inter-quartile range) values (vertical lines) for each group. Statistical comparison was conducted
using the Mann-Whitney-Wilcoxon test. * p-value < 0.05. (B) Differentially enriched taxonomic
groups in the microbiota of DFUs with short and long duration based on the linear discriminant
analysis (LDA) effect size (LEfSE) (LDA score > 4). p, phylum; ¢, class; o, order; {, family; g, genus.
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Figure 2. Taxonomic groups that differentiate between infected and non-infected DFUs. (A) Com-

parison of the relative abundances of taxonomic groups with significative differences between DFUs

with and without initial clinical infection. Each dot represents the relative abundance observed in a

DFU sample. Each box plot shows the median, upper, and lower quartiles (boxes) and the 1.5 x IQR

(inter-quartile range) values (vertical lines) for each group. Statistical comparison was conducted

using Mann-Whitney—Wilcoxon test. * p-value < 0.05. (B) Differentially enriched taxonomic groups

in the microbiota of infected and non-infected DFUs based on the linear discriminant analysis (LDA)

effect size (LEfSE) (LDA score > 4). p, phylum; ¢, class; o, order; f, family; g, genus.
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Figure 3. Taxonomic groups that differentiate between DFUs with high (>10® CFU/mL) and
low (<10° CFU/mL) microbial loads. (A) Comparison of the relative abundances of taxonomic
groups with significative differences between DFUs with high and low microbial loads. Each dot
represents the relative abundance observed in a DFU sample. Each box plot shows the median, upper,
and lower quartiles (boxes) and the 1.5 x IQR (inter-quartile range) values (vertical lines) for each
group. Statistical comparison was conducted using Mann-Whitney—Wilcoxon test. * p-value < 0.05,
*** p-value < 0.001. (B) Differentially enriched taxonomic groups in the microbiota of DFUs with high
and low microbial loads based on the linear discriminant analysis (LDA) effect size (LEfSE) (LDA
score > 4). p, phylum; ¢, class; o, order; f, family; g, genus.

In particular, we looked at the S. aureus load in DFUs because this is the most frequent
causative agent in DFU infections (Figure 4). We observed that the microbiome from
DFUs with a low S. aureus load (<10° CFU/mL) presented a higher mean RA of the
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Corynebacteriales class and Corynebacterium genus than those with high S. aureus loads
(0.0456 £ 0.0856 vs. 0.003 £ 0.0131; p = 0.0104).
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Figure 4. Taxonomic groups that differentiate between DFUs with high and low S. aureus loads.
(A) Comparison of the relative abundances of taxonomic groups with significative differences between
DFUs with high and low S. aureus loads. Each dot represents the relative abundance observed in a
DFU sample. Each box plot shows the median, upper, and lower quartiles (boxes) and the 1.5 x IQR
(inter-quartile range) values (vertical lines) for each group. Statistical comparison was conducted
using Mann-Whitney—Wilcoxon test. * p-value < 0.05. (B) Differentially enriched taxonomic groups in
the microbiota of DFUs with high and low microbial S. aureus loads based on the linear discriminant
analysis (LDA) effect size (LE{SE) (LDA score > 4). ¢, class; o, order; f, family; g, genus.
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3. Discussion

Our evaluation of the DFU microbiome of a cohort of patients with diabetes who
attended three referral centers revealed significant differences in microbiome composition.
This was notable in the DFUs of patients with some clinical conditions related to worse
outcomes, such as a long DFU duration, the presence of infection, and the presence of high
bacterial loads. We also observed the modulatory role of certain commensals on other
microorganisms present in the microbiome. Together, these results could be used to inform
advancements in the management of DFUs.

The DFU microbiome is a dynamic and organized polymicrobial community that
can not only be influenced by external factors but also interfere with the evolution of
DFUs [10,11]. Of interest, this bioburden is the niche for relevant interactions between mi-
croorganisms, with each bacterium having the potential to synergize with or downregulate
the pathogenic role of others [12,13]. Our study has highlighted the complex and diverse
composition of the DFU microbiome, including the high number of taxa. Indeed, the most
abundant phyla were Proteobacteria, Firmicutes, and Actinobacteroidota, which represent
the most common Gram-negative and Gram-positive pathogens and commensals. This
complexity in the microbiome was particularly notable in DFUs with high bacterial loads,
which showed statistically significant higher richness and alpha and beta diversities com-
pared with low bacterial loads. Whereas the polymicrobial nature of the DFU microbiota
has been well described, the bacterial diversity in these ulcers is difficult to study with
traditional culture-based methods because these tend to over-represent microorganisms
that grow easily in laboratory conditions. Molecular studies may therefore offer a more
comprehensive approach to their investigation. Previous works using these new methods
have shown that bacterial diversity is higher in ulcers than in healthy skin [14] and in ulcers
of longer duration [15]. Based on our results, the higher diversity in DFUs was associated
with the presence of high bacterial loads, the latter having been related to impaired ulcer
healing and worse DFU outcomes in previous research [9,16,17]

Beyond the polymicrobial nature and bacterial diversity of the DFU microbiome, the
role of particular bacteria or a group of microorganisms remains difficult to determine. Pre-
viously, the predominance of GNB in traditional cultures and ulcer duration of longer than
30 days have been identified as risk factors for worse DFU outcomes [10], and the analysis
of the DFU microbiome can help clarify the impact of differences in its composition. As an
example, the phylum Proteobacteria includes Gammaproteobacteria and Alphaproteobac-
teria classes, which grouped different pathogenic and non-pathogenic GNB. Specifically, in
comparison with short-duration DFUs, we observed that the DFU microbiome in ulcers
with long durations had higher mean RAs of the Gammaproteobacteria class that includes
most relevant pathogenic GNB. These results seem consistent with previous works; in the
clinical setting, Gardner et al. analyzed the microbiome of non-ischemic DFUs and reported
a positive correlation between the RA of Proteobacteria and the duration of those ulcers, but
reported a negative correlation with the abundance of Staphylococcus [18]. Using an animal
model of DFUs, other authors have shown a progressive shift in bacterial predominance
from Firmicutes to Proteobacteria associated with non-healing ulcers. By contrast, the
predominance of the Alphaproteobacteria class, which includes mostly non-pathogenic
GNB, was not associated with any duration of DFU. An important group of anaerobic GNB,
such as the Fusobacterium genera, had a higher RA in DFU microbiomes of short durations
compared with those of long durations. Thus, given this previous information about the
association between GNB abundance, long DFU duration, and worse DFU outcome, our re-
sults reinforce the role of Gammaproteobacteria from the Proteobacteria phylum in clinical
scenarios of non-healing DFUs whether the prognosis is worse. The increased abundance
of Gammaproteobacteria in long-duration DFUs may have relevant clinical implications.
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This class includes pathogens like Pseudomonas aeruginosa and Enterobacter spp., commonly
linked to chronic infection and antibiotic resistance. Their presence may be associated with
impaired wound healing, supporting earlier use of broad-spectrum antibiotics or surgical
intervention in selected patients.

To our knowledge, poor control of diabetes mellitus has been associated with an
increased risk of specific complications (i.e., vascular disease), but a relationship between
control and the prognosis of DFU has not been established. In our experience, we observed
a great abundance of the Alphaproteobacteria class in DFUs from patients with high
glycosylated hemoglobin values and a predominance of the Gammaproteobacteria class
in cases with better diabetes disease control. It will be interesting to explore the possible
relationship between the DFU microbiome and disease control in diabetes, just as the
relationships of the human microbiome with other diseases have been investigated [19-22].
It is also important to consider the dynamic shifts in the wound microbiome, as highlighted
in only a few studies to date. In one such study involving 28 patients with diabetic heel
ulcers, serial biopsy samples were collected over time to evaluate microbial diversity and
longitudinal changes. Healing ulcers exhibited greater microbial diversity and temporal
variability, with microbial communities typically dominated by skin commensals and
non-pathogenic taxa. In contrast, non-healing ulcers demonstrated persistent colonization
by dysbiotic communities, particularly anaerobes and members of the Enterobacteriaceae
family, which remained stable across multiple time points [23].

We note the high RA of Actinobacteriota phylum in non-infected DFUs compared with
infected DFUs, and particularly, the predominance of the commensal genera Corynebac-
terium. The microbiota of our skin directly regulates cutaneous health and disease; par-
ticularly, these commensals interact with wound-repairing skin cells to enhance barrier
regeneration [24], and some of them may interact with bacterial pathogens to modulate
their virulence [12,25]. In this line, we observed an inverse association between Corynebac-
terium and S. aureus, with a high RA of Corynebacterium spp. in DFUs with low S. aureus
loads; thus, our results suggest a potential modulating effect of Corynebacterium on S. aureus
growth. Although S. aureus is the most frequent causative agent of DFU infection, its
interaction with the human niche can change continuously from commensal to pathogen.
Few previous works have reported that the presence of Corynebacterium in vitro decreased
the transcription of virulence genes of S. aureus compared with S aureus cultures alone [25].
It will be interesting to evaluate the role of Corynebacterium and other commensals on DFUs
further as this might help clinicians interpret their presence in conventional cultures.

This study has several limitations that warrant discussion. Our results were obtained
in the outpatient departments of hospitals that receive referrals for the management of
complex diabetic foot disease. Thus, the generalizability of our results may be limited in
cases where patients with DFUs in other settings. In addition, the DFU microbiome analysis
may have been affected by the presence of uncontrolled clinical factors, due in part, to
existing limitations in our knowledge of this field. Finally, the small sample size precluded
further analysis and comparison between subgroups, and no additional microbiome biopsy
was performed at the 6-month follow-up. Despite these limitations, our study provides
relevant results that may help in the management of DFUs.

All these findings from the microbiome study have potential clinical implications.
The predominance of Gammaproteobacteria in long-duration DFUs may support the
implementation of early and more aggressive therapeutic strategies, including empirical
antibiotic treatment and close clinical monitoring.

Conversely, the increased relative abundance of Corynebacterium spp., particularly in
non-infected DFUs with low S. aureus bacterial load, suggests that certain commensals could
serve as biomarkers of lower infection risk. Previous studies have shown that Corynebac-
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terium may downregulate S. aureus virulence gene expression, and our findings further
support the need to explore protective microbial interactions in DFUs. Microbiome profiling
could contribute to risk stratification and help guide personalized interventions, such as
the modulation of the wound environment, potentially through targeted topical therapies.

4. Materials and Methods
4.1. Study Design, Setting, and Patients

A prospective multicenter cohort study was performed in the outpatient settings of
three Spanish referral hospitals that managed diabetic foot disease in multidisciplinary
teams. From September 2017 to August 2019, we included all patients with diabetes
aged >18 years who presented with a DFU and were treated in these teams. Due to their
different pathogenesis, we excluded ulcers on amputated stumps and that presented after
surgery. These types of ulcers were excluded because their microbiological profile may
differ from that of typical diabetic foot ulcers, as post-surgical and stump ulcers may reflect
nosocomial colonization rather than community-acquired diabetic foot microbiota. The
ethics committees of all three hospitals approved the present study (REF PR 135/17), and
all patients signed an informed consent form before participating.

4.2. Definitions, Data Collection, and Clinical Management

We recorded the main clinical characteristics at the baseline visit and during follow-
up. The main cohort characteristics and variable definitions, including the cutoffs for
glycosylated hemoglobin (< or >7%) and high bacterial load (>10° UFC/mL), have been
reported previously [9].

Of note, a DFU was defined as a foot ulcer due to diabetic neuropathy (neuropathic
ulcer) with or without peripheral artery disease (neuro-ischemic ulcer), diagnosed based on
clinical symptoms of intermittent claudication, rest pain, or abnormalities on non-invasive
vascular assessment [26,27]. The duration of DFU was defined as long (>4 weeks) or short
(<4 weeks). DFU infection was diagnosed according to the clinical criteria proposed by the
International Working Group on the Diabetic Foot [28] as the presence of at least two of the
following criteria: erythema, local swelling or induration, local tenderness or pain, local
warmth, or purulent discharge.

All included patients underwent a DFU tissue biopsy at the baseline visit, which was
obtained and processed according to established methods [9]. The tissue sampling protocol
was standardized across all participating centers.

The attending team diagnosed clinical infection and decided on the most appropriate
antimicrobial therapy after obtaining the DFU tissue sample [29,30]. Other appropriate
measures, including wound care, dressings, and offloading, were performed according to
national guidelines. Patients were followed up for 6 months.

4.3. Microbiological Studies and Statistical Analyses

DFU tissue samples were processed according to established methods to obtain
quantitative cultures, as previously described [9], and classified into high microbial load
(>10° CFU/mL) or low microbial load (<10° CFU/mL). The same tissue samples were
also used for microbiome analysis. The study design and the resolution of the sequenc-
ing methodology used for microbiome analysis only allowed classification at the genus
level, not at the species level. However, we identified samples with high Staphylococcus
aureus loads (>10° CFU/mL) using quantitative culture methods. Genomic DNA was
extracted using the QlAamp DNA Mini Kit (Qiagen, Hilden, Germany) and quantified by
the QuantiFluor dsDNA System (Promega, Madison, WI, USA). The hypervariable V3 and
V4 regions of the 16S rRNA gene were amplified using the primers 165 Amplicon 341F
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(5'-TCGTCGGCAGCGTCAGATGTGTATAAGA GACAGCCTACGGGNGGCWGCAG-3')
and 805R (5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTAT
CTAATCC-3'). This region of the 16S rRNA gene was selected because it provides a high
level of taxonomic resolution, helping to distinguish between closely related taxa. Follow-
ing gene amplification, 1 uL of the libraries were run on a Bioanalyzer DNA 1000 chip
to verify the size (~550 bp), followed by paired-end sequencing (2 x 300 bp) on a MiSeq
platform (Illumina, San Diego, CA, USA). To minimize the influence of contaminants,
PCR-negative controls were included in the sequencing process.

R software version 4.2.1 was used for data processing and sequence analysis. Briefly,
DADAZ2 version 1.20 [31] was used to quality-filter, denoise, merge all pair read sequences
and, remove chimeras. This approach was selected for its high-resolution inference of am-
plicon sequence variants (ASVs), which provide more accurate and reproducible taxonomic
identification compared to traditional OUT-based clustering. DADA?2 was also used for
taxonomic assignments using the SILVA v138 database [31]. ASVs designated as Archaea,
chloroplast, and mitochondria were excluded from the dataset along with ASVs lacking
phylum and class assignment to avoid inclusion of non-bacterial or ambiguously classified
sequences that could bias microbiome analysis.

The analysis of bacterial communities, including the relative abundance (RA) of each
ASV, the alpha diversity and beta diversity, was performed using phyloseq R package [32].
Amplicon sequence variants (ASVs) designated as Archaea, chloroplast, and mitochondria
were excluded from the dataset along with ASVs lacking phylum and class assignment.

The analysis of bacterial communities, including the relative abundance (RA) of each
ASV and the alpha diversity (Chaol, Shannon, and Simpson indexes) and beta diversity
(Bray—Curtis index), was performed using phyloseq R package [33] to determine the dif-
ferences between variables of interest: duration of DFU, microbial load, diagnosis of DFU
infection, and outcome at 6 months. Briefly, alpha diversity, used to assess within-sample
diversity, was estimated using Chaol, Shannon and Simpson indexes. These complemen-
tary metrics were used to capture different aspects of microbial diversity, including richness,
abundance distribution, and dominance. Homoscedasticity of the alpha diversity variance
was calculated using Levene’s test. Statistical significance of alpha diversity was evaluated
using the Mann-Whitney—-Wilcoxon test (for pairwise comparisons) or the Kruskal-Wallis
test (for multiple groups), as appropriate. Non-parametric tests were chosen due to the
non-normal distribution of diversity indexes and the relatively small sample size.

Beta diversity (between-sample dissimilarity), was assessed by Bray—Curtis distance
matrices to quantify differences in microbial community composition based on taxa abun-
dance profiles. Beta diversity differences were tested using the adonis test (permutational
multivariate analysis of variance) from the vegan R package, as it allows for robust compar-
ison of multivariate dispersion among groups based on dissimilarity matrices.

RA analyses of the compositional data were filtered to remove the less prevalent
ASVs (RA < 0.001) to minimize noise from rare taxa or contaminants. Group compar-
isons of RA were performed using the Mann-Whitney—Wilcoxon test or Kruskal-Wallis
test, as appropriate. Linear discriminant analysis effect size (LEfSE) analysis was used
to identify differentially enriched ASVs in each variable of interest [34], using a linear
discriminant analysis score of >4 to ensure the biological relevance and robustness of the
identified taxa. Heatmaps of microbial RA were generated using the ampvis2 R package.
This tool was selected for its capacity to visualize complex microbial community pat-
terns across metadata-defined groups (https:/ /kasperskytte.github.io/ampvis2/articles/
ampvis2.html). p-values < 0.05 were considered statistically significant.
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5. Conclusions

In conclusion, we observed that DFUs in clinical situations associated with a worse
prognosis had different microbiome compositions. Bacterial diversity was significantly
higher in the microbiomes of DFU with high bacterial loads. Gammaproteobacteria, but
no other class in the Proteobacteria phylum, were predominant in clinical scenarios of
DFUs with long durations. The Actinobacteria class, including the commensal genera
Corynebacterium, was more abundant in non-infected DFUs. Also, our results suggest that
Corynebacterium had a modulating effect on S. aureus growth. These findings may have
important implications for human health, particularly in the identification of microbial
biomarkers that can aid in the early recognition of DFU severity and guide therapeutic
decisions. The presence of Gammaproteobacteria may justify a more aggressive treatment
approach in chronic DFUs, while Corynebacterium might represent a potential indicator
of lower risk of S. aureus infection. Overall, our results meet the study objectives and
highlight the potential role of the microbiome as a clinical tool to support clinicians in the
management of DFUs.
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abundances of microbial taxa in diabetic foot ulcers (DFUs) categorized by clinical characteristics:
(A) DFUs with short and long duration; (B) Infected and non-infected DFUs; (C) DFUs with high
(>10° CFU/mL) and low (<10° CFU/mL) microbial load.
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