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Abstract: Introduction. Patients with invasive medical devices are at high risk for infection. Skin
colonization is the initial stage of these infections, leading to the recommendation of practices requiring
disinfection using antiseptics. Microbial communities playing a major role in skin health could be
impacted by antiseptic procedures. Aim. To characterize and compare the bacterial communities of
skin samples from patients before an antisepsis procedure, and after removal of the medical device
itself, according to the nature of the antiseptic molecule (povidone iodine or chlorhexidine). Methods.
The study focused on alterations in bacterial communities depending on the nature of the antiseptic
procedure and type of intravascular device. After amplification of 16S rDNA, libraries (n = 498 samples)
were sequenced using MiSeq platform. Results. Using an in-house pipeline (QIIME2 modules), while
no alteration in skin microbiota diversity was associated with antiseptic procedure or PVC type,
according to culture results (p < 0.05), alterations were at times associated with restricted diversity
and higher dissimilarity (p < 0.05). Antiseptic procedures and PVC types were associated with
the modification of specific bacterial representations with modulation of the Bacillota/Bacteroidota
(Firmicutes/Bacteroidetes) ratio (modulation of C. acnes, Prevotella, Lagierella, and Actinomyces spp.)
(p < 0.05). At baseline, the microbiota shows certain bacteria that are significantly associated with
future PVC colonization and/or bacteremia (p < 0.05). All of these modulations were associated with
altered expression of metabolic pathways (p < 0.05). Discussion. Finally, this work highlights the need
to optimize the management of patients requiring intravascular devices, possibly by modulating the
skin microbiota.

Keywords: peripheral venous catheter; prevention; antiseptics; skin microbiota; sequencing

1. Introduction

The skin is a very particular habitat, colonized by a very unique set of micro-organisms [1].
Microbial communities play a major role in skin health and disease, including immune
maturation and resistance to colonization by skin pathogenic microorganisms. [2–4]. As in
other anatomical niches, previous studies have described a very stable community, which
varies not only between individuals but also within a particular individual [5,6]. The most
obvious intervention that could disrupt the integrity and function of the microbiota is
based on the administration of antimicrobials to reduce the risk or impact of infection by
microorganisms that, while not focused on this microbiota itself, could impact the skin
microbiota [7,8]. In the first place, this is particularly important for antiseptic molecules (or
mixtures), i.e., antimicrobial agents used for their non-specific mechanisms of action [9,10].

Healthcare-associated infections can be responsible for significant morbidity and mor-
tality, but this varies by type of healthcare facility. Patients with invasive medical devices,
such as central or peripheral venous catheters (CVCs), are at high risk for infection because
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of their open access point to the bloodstream [11]. Colonization of the skin by potentially
pathogenic microbial strains is the initial stage of these infections, which leads to the recom-
mendation of practices requiring skin disinfection with antiseptic mixtures. As previously
mentioned, these molecules, which have non-specific mechanisms of action, have a broad-
spectrum impact on the microbiota, particularly on the cutaneous microbiota [12–15]. The
latter has an important role in reducing the risk of infection, justifying the need not to alter
the homeostasis of the skin microbiota (for example, by selecting certain species, including
environmental germs, which are resistant to the antiseptic procedures used). Although
antiseptic procedures have been extensively studied in the short term, little is known about
the impact of antisepsis on the skin microbiota, particularly in relation to the molecule and
the clinical outcome [12,13,16,17].

In this context, we performed a microbiological study of a real-life clinical study to
describe the change in skin microbiota during hospitalization of patients requiring a periph-
eral venous catheter (PVC), randomized according to the nature of the antiseptic agents.

2. Results
2.1. Study Population

During the inclusion period, 166 patients met all the inclusion criteria and none of the
exclusion criteria and were successfully included. Baseline characteristics are summarized
in Table 1. No difference could be observed between groups in terms of baseline characteris-
tics and time between catheter insertion and removal. One may note over-representation of
samples ≥103 UFC/mL if culture-positive in the povidone-iodine alcohol group compared
to the chlorhexidine alcohol group.

Table 1. Characteristics of the included patients according to their randomization arm.

Allocation Group Chlorhexidine-Alcohol
(n = 76; 45.8%)

Povidone-Iodine-Alcohol
(n = 90; 54.2%)

Sex (Male; n; x% of the respective category) 35 (46.1) 48 (53.3)

Age category in years (n; x%)

18–30 5 (6.6) 3 (3.3)

31–45 4 (5.3) 8 (8.9)

46–60 8 (10.5) 10 (11.1)

61–75 23 (30.3) 16 (17.8)

76–90 28 (36.8) 38 (42.2)

>90 8 (10.5) 15 (16.7)

Innovative PVC type (n; %) 35 (46.1) 43 (47.8)

Local inflammation (n; x%) 1 (1.3) -

Positive PVC culture (n; %) 33 (43.4) 43 (47.7)

≥103 UFC per mL
(n; % of the positive culture)

1 (3.0) 23 (53.5)

<103 UFC per mL
(n; % of the positive culture)

32 (97.0) 20 (46.5)

Positive blood culture (n; % of patients sampled for blood culture) * 33 (43.4) 43 (47.8)

Other infection (n; %) 3 (3.9) 3 (3.3)

Time elapsed between catheter insertion and removal (mean; SEM) 2.30 (0.23) 2.50 (0.16)

*: all positive blood cultures were considered, including vials contaminated with skin bacteria (coagulase nega-
tive Staphylococci). Note that the analytical positive controls were valid and that the analytical negative control
did not produce sufficient data after applying the filtering parameters described above, thereby validating the
following results.
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2.2. No Alteration in the Diversity of the Skin Microbiota Was Associated with Antiseptic
Procedure or Type of PVC, According to the Results of Blood or PVC Cultures

Regarding the alpha diversities, no differences could be observed according to sex
(p > 0.05). On the contrary, differences could be observed (for all indices) according to
patient age group, with more differences between the extreme age groups (18–30 and
>90 years; p < 0.05). While no difference could be observed between the D0 (skin microbiota
sampled before antiseptic exposure) and D+ (skin microbiota sampled before PVC removal)
samples regarding these diversities (p > 0.05), an impact of the time between them, for
samples within 24 h of each other, was observed, with more difference for longer duration
(p < 0.05). No difference in terms of alpha diversity was observed on the D+ samples
regarding the nature of the antiseptic procedure or the innovative or usual PVC (p > 0.05).
No difference in alpha diversity could be observed regarding the positivity of a blood
culture during the clinical history of the sampled patient (p > 0.05). On the other hand,
statistical differences or trends were observed, with a restriction of diversity, concerning
the presence/absence of bacteria colonizing the catheter, when ≥103 UFC/mL (Simpson
and Pielou index, p < 0.05 and p < 0.1, respectively) (Figure 1). Of note, the presence of a
concurrent non-cutaneous infection did not significantly impact the alpha diversities of the
samples (p > 0.05).
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Although microbiota composition analysis did not predict clinical outcome or 
therapeutic management, all parameters showed a difference in the respective propor-
tions of certain bacteria. Initially, the parameter of age was associated with an 

Figure 1. Comparison of alpha-diversities, determined with different indexes ((A) Simpson;
(B) Pielou) according to the results of the PVC culture. The box plots represent the mean and
interquartile range for each index, and the vertical axis is the respective index value.

Regarding beta diversities, a slight difference was observed with respect to sex for
the Jaccard and unweighted Unifrac indices (p < 0.05) and all indices tested confirmed a
difference according to patient age (p < 0.05), especially for extreme ages (>90 years). On the
other hand, no difference in diversity could be observed with regard to assigned antiseptic
procedure and type of PVC (p > 0.05). Given that sample diversities were significantly
different between the D0 and D+ samples (p < 0.05), diversities for all indices were different
by blood culture result (sterile or below/above threshold; p < 0.05) and by positivity of a
blood culture sample (p < 0.05, except for Unifrac parameters, which only showed a trend)
(Figure 2).
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Figure 2. Comparison of beta-diversities, determined with different indexes (Bray Curtis Indexes,
(A–C); and Jaccard indexes, (D–F)) according to the nature of the sample (D0 or D+; (A,D)) or results
of the PVC (B,E) and blood cultures (C,F). *: p < 0.05; **: p < 0.01; D0: initial sample; D+: ablation
sample. The box plots represent the mean and interquartile range for each permutation, and the
vertical axis represents the distance between groups.

2.3. Antiseptic Procedures and PVC Types Are Associated with the Modification of Specific
Bacteria Representations

Although microbiota composition analysis did not predict clinical outcome or thera-
peutic management, all parameters showed a difference in the respective proportions of
certain bacteria. Initially, the parameter of age was associated with an overrepresentation
of Cutibacterium sp. and Corynebacterium propinquum/pseudodiphtericum in elderly patients
(especially after 75 years).

Samples could be distinguished according to their composition. On the phylum level,
the Bacillota/Bacteroidota (Firmicutes/Bacteroidetes) ratio was significantly two-fold lower
in the D+ sample compared to the D0 sample. Moreover, if proportion of Pseudomon-
adota (Proteobacteria) increased between the two groups, Actinomycetota (Actinobacteria)
demonstrated the opposite. On the genus and species level, only overrepresentation was
significantly observed, on Methylobacterium, Microbacterium sp., Sphingomonas sp., Gordonia
(polyisoprenivorans) and Stenotrophomonas sp., in D+ samples.

Focusing on D+ samples, Ruminococcus sp. and Prevotella sp. (P.bivia and P. disiens)
were underrepresented in samples associated with positive blood vials. Samples associated
with PVC colonization showed underrepresentation of Prevotella sp. (especially P. bivia),
especially when the concentration was above the threshold.

The proportion of certain transient species was modified according to the nature of the
antiseptic procedure, with overrepresentation of Leptotrichia wadei and Fenollaria timonensis
after CHG, whereas PVI led to overrepresentation of Actinomyces israelii and Lagierella mas-
siliensis. Similarly, the nature of the PVC changed when using innovative PVCs, including
the proportion of genera (overrepresentation of Lachnoanaerobaculum sp., and Blastococ-
cus sp.) and bacterial species observed (overrepresentation of Actinomyces israelii, and
Lagierella massiliensis; and underrepresentation of Prevotella disiens and P. buccalis).



Antibiotics 2022, 11, 1209 5 of 13

2.4. Antiseptic Procedures and PVC Types Are Associated with Modification of the Predicted
Metabolic Pathways

Focusing on D+ samples, using MetaCyc prediction, the L-arginine super-pathway
is overexpressed, particularly on its degradation to 4-aminobutanoate and L- ornithine
production for patients assigned to CHG and/or with an innovative PVC. This L-arginine
pathway is underrepresented in case of PVC colonization beyond the considered threshold.

2.5. Bacterial Microbiota before PVC Is Not Predictive of Complications but Is Different in
Diversity and Composition

Focusing on the D0 samples, no distinction could be observed with respect to clinical
parameters (sex and age) or according to randomly assigned groups (antiseptic procedure
and PVC), using the alpha diversity indices. For the beta-dissimilarity indices, a statistical
difference according to the bacterial concentration colonizing the PVC could be observed
on the Jaccard indices, with more dissimilarity between above and below the threshold
(p < 0.05; Figure 3).
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Figure 3. Principal component analysis representation of the skin microbiota at baseline, as a function
of the occurrence of PVC colonization. In red and green the samples corresponding to future PVC
colonization (above and below the threshold, respectively) are represented. In blue, the samples
corresponding to negative culture are represented. PcoA demonstrated that the composition of the
skin microbiota at baseline varied according to the colonization status of the PVC at the time of
device removal.

The composition of the microbiota, at baseline, showed certain bacterial genera and
species that were significantly associated with future PVC colonization above (Roseomonas sp.,
Actinomyces sp., Corynebacterium kroppenstedtii, and Hymenobacter sp.) or below the thresh-
old (Eubacterium hallii and Ruminococcus sp.). Similarly, some bacterial taxa were associ-
ated with future blood culture positivity when present (Acinetobacter lwoffii, Nesterenko-
nia sp., Escherichia sp., Eubacterium hallii, Pseudoglutamicibacter sp., Flavobacterium sp., and
Collinsella sp.) or absent (Aggregatibacter sp., Porphyromonas sp., Prevotella sp. and Tetrageno-
coccus sp.). Note that MetaCyc predicted that all these bacteria were implicated in overrep-
resentation of benzoyl-CoA degradation.
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3. Discussion

This study is the first to investigate the impact on the skin microbiota of two ma-
jor antiseptic mixtures (povidone-iodine and chlorhexidine) for skin disinfection before
peripheral venous catheters insertion to prevent catheter infection.

Studies on the microbiota have introduced the concept of “dysbiosis”, which can be
defined as “possible imbalance with respect to a normal state” [18]. This imbalance could
result in a change in the composition or abundance of the entire microbial community
or of specific microorganisms. Limiting the validity of Koch’s postulate (indicating that
a pathogen causes a distinct disease), they underline the need for a comprehensive and
complex interpretation (coupled with thorough understanding) of the interactions between
the host, microbial communities, and invasive pathogens.

Since the present study analyzed patients with similar clinical characteristics at the
time of inclusion, the dysbiosis observed is solely due to the antiseptic mixture tested. If no
difference in terms of alpha diversity (even with lower dissimilarity for ablation samples
compared to initial samples) was observed according to the antiseptic procedure used or
due to the occurrence of non-cutaneous infection, it is important to observe the impact of a
time lapse of more than one day between the two samples of the skin microbiota. This last
point agrees with the longitudinal study of the microbiota of non-diseased patients, which
demonstrated a return to baseline in 12 to 24 h depending on the nature of the antiseptic
molecule/mixture (ethanol or PVI) [19]. In addition, and as expected, a restriction of
diversity was observed for the microbiota of patients presenting significant colonization
of the intravascular device, attesting to overrepresentation of the species involved in this
colonization, at the expense of the species initially present (reciprocally to the change under
antibiotic treatment) [20]. This modification, depending on the biological and/or clinical
consequences, is confirmed by the demonstration of lower dissimilarity in skin samples
from patients with catheter infection (>103 CFU/mL) or positive blood culture compared
with samples without.

In addition, it should be noted that the skin microbiota is an ecological niche that
could be easily colonized by bacteria present in the hospital environment, depending
on the equipment and care activities of the hospital. Even if the two groups analyzed
correspond to patients hospitalized in the same hospital environment (monocentric study)
and present similar demographic characteristics after selection, justifying that the present
study could provide important information on the impact of the antiseptic process on
the skin microbiota, very complex interactions could be present and cause the observed
discrepancies. This last point underlines the need for further studies to demonstrate the
extrapolability of the results obtained.

If the skin microbiota of patients is dominated by Staphylococcaceae, it is important to
keep in mind that differences in the representation of certain species are found depend-
ing on the antiseptic procedure used, attesting to the dysbiosis generated. Post-exposure
samples to antiseptic procedures showed a change in their Bacillota/Bacteroidota (Firmi-
cutes/Bacteroidetes) ratio, resulting in increased Pseudomonadota (Proteobacteria) and
decreased Actinomycetota (Actinobacteria). In the homeostasis of the skin microbiota, the
most recent studies have associated these bacteria with the skin microbiota of prepubertal
children, which changes during puberty, without knowing whether puberty allows the
acquisition of new species or rather a modulation of those present, leading to inversion
of this ratio [21,22]. The Actinomycetota (Actinobacteria), representing between one-third
and one-half of the isolated species, mainly composed of Corynebacterium and Cutibac-
terium, could also attest to the strong impact of the antiseptic mixture used, with limitation
of chlorhexidine to these two bacteria [23–26]. In addition, it is crucial to understand
that the latter two play a major role in controlling the pathogenic strain so as to avoid
invasion of wounds or intravascular devices, and the impact on them of antiseptic pro-
cedure dysbiosis [27]. The impact of the antiseptic mixture was associated with different
overrepresentation of four bacteria, namely Leptotrichia wadei and Fenollaria timonensis (for
chlorhexidine) and Actinomyces israelii and Lagierella massiliensis (for povidone iodine). To
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date, the bacteria overrepresented after exposure to CHG have not been associated with
modulation of the skin microbiota in health and disease, as they were isolated in oral or
stool microbiota alone [28,29]. In contrast, if L. massiliensis has been isolated only in stool
microbiota samples, A. Israelii, which is overrepresented after disinfection with PVI, was
associated with skin injuries (described as responsible for 85% of extracervical skin injuries
due to Actinomyces spp.) [30] Finally, and to a greater extent than the molecule, the overall
infusion procedure is associated with modulation of the bacteria present in the physio-
logically “normal” microbiota. Innovative PVCs, requiring less intervention, have more
Lachnoanaerobaculum sp. and Blastococcus sp. but fewer Prevotella sp. (including P. buccalis
and P. disiens). Similarly, the latter were associated with higher concentration of bacterial
colonizing PVCs but not with positive blood vials, indicative of bacteremia. Although
CVCs with antimicrobial features have been associated with decreased catheter-related
colonization and bacteremia, some studies have shown that infection rates may depend
more on non-catheter-related factors, such as adherence to infection control standards,
choice of insertion site, duration of catheter placement, and frequency of dressing changes.
This last point may explain the advantage of using this innovative type of catheter, which
limits intervention on the device and prolongs complication-free life [31].

When studying the predicted changes in metabolic pathways, depending on the
changes in the species present, a change in the arginine catalytic pathway after exposure
to chlorhexidine appears. In the literature, this pathway has been associated with Cutibac-
terium metabolism, which has demonstrated an ability to grow in the anoxic sebaceous
gland, using proteases to release the amino acid arginine from skin proteins and lipases to
degrade triglyceride lipids in the sebum, producing free fatty acids that promote bacterial
adhesion [32].

The choice of product for rapid and effective skin antisepsis is most often limited
to iodine derivatives or alcoholic chlorhexidine, which have demonstrated their efficacy
in vitro and in vivo, compared to other molecules such as sodium hypochlorite or ethanol
alone [14,15,33,34]. Nevertheless, a detailed study of human bacteriome has shown that
recolonization of the skin is an inexorable effect, whatever the antiseptic procedure [35].
Furthermore, and by design, 16S metabarcoding approaches detect resident as well as
transient bacteria (including “pathogenic” and “non-pathogenic” bacteria) in the skin
microbiota. Nevertheless, highlighting bacteria of low pathogenicity and transient presence
remains of important interest on two axes. First, from a clinical standpoint, and even if it
does not result in bacteremia or other serious infection, local infection/inflammation caused
by these bacteria could be detrimental to the patient, especially in hospitalized patients,
and could result in (costly) prolonged hospitalization or morbidity [36–38]. Secondly, from
a microbiological point of view, it has been demonstrated using co-culture protocols that
cooperation between bacteria can result in a different pathogenicity [39]. Given this fact,
even “non-pathogenic” bacteria (without any described pathogenicity at the moment),
must be identified to understand the pathogenicity of all bacteria in these medical contexts.

This study has some limitations. First, the choice of sampling site, justified by usual
patient management for PVC use in the hospital setting, could not be generalized to the
whole body, as bacterial distribution is known to vary across the body [40]. Some studies
have shown that the kinetics of microbiota restoration are to some extent a function of the
location of the harvested anatomical site [19,22]. More than just a temporal consideration,
as the core microbiota is different from site to site, it is obvious that antiseptic procedure
septic impacts also differ. Second, the included population was elderly and had potentially
confounding comorbidities or diseases, which limits generalization to a younger and
healthier population, but did not impact the quality of comparisons between antiseptic
protocols through initial randomization. Previous studies have shown that the composition
of the human skin microbiota varies profoundly with age [41]. Nevertheless, it is important
to note that, despite the constant disruptions that human skin undergoes in daily life,
healthy adults stably maintain their skin communities for at least two years, while the
dominant characteristics of skin microbial communities remain stable indefinitely, which is
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similar to the stability observed in the gut that allowed the comparison, in younger and
older patients alike [22].

4. Materials and Methods
4.1. Selected Samples

The present study was an ancillary to the CLEAN3 study [14]. Briefly, CLEAN 3
is an investigator-initiated, open-label, single-center, randomized, two-by-two factorial
trial. Patients were prospectively recruited in the emergency department of the Poitiers
University Hospital in France between 7 January 2019 and 6 September 2019. The objec-
tives of the CLEAN3 study were to analyze the clinical impact of antiseptic agents (2%
chlorhexidine-alcohol, CHG, or 5% povidone iodine-alcohol, PVI) and the nature of the
intravascular devices employed (standard-of care or innovative).

Patients were included if they fulfilled all the following criteria: (i) adult patients
(≥18 years); (ii) requiring hospital admission in medical wards and placement of a single
PVC for 48 h or longer; (iii) obtained written informed consent. Were excluded patients
who presented at least one of the following criteria: (i) known intolerance, hypersensitivity
or contraindication to any trial drug; (ii) being suspected of having a bloodstream infection;
(iii) having skin injury increasing the risk of catheter infection; (iv) having intravascular
catheter in place within the last 2 days, or within the last 2 weeks and with local signs of
catheter complication; (v) being suspected of difficult catheter insertion (obesity, known IV
drug users, non-visible venous network after placement of a tourniquet . . . ); (vi) requiring
surgery; (vii) having previously been enrolled in this study. All included patients were
centrally randomized for antiseptic procedure allocation and type of PVC.

In addition to the CLEAN3 selection criteria, the following exclusion criteria were
added due to their impact on the skin microbiota: (i) immunosuppression status (autoim-
mune disease, immunosuppressive treatment or disease); (ii) antibiotic treatment within
the last two weeks before inclusion [42].

All included patients were sampled twice (before placement and after removal of the
PVC) from the same anatomic region according to the protocol described in the Manual of
Procedures for the NIH Human Microbiota Project [35,43]. Before disinfection according
to the allocated protocol, gentle dermabrasion of the skin (5 cm × 5 cm square on the
antecubital region of the perfused arm) was applied with an appropriate swab and then
poured into nucleic acid preservative medium (eNat, Copan, Italy), before being stored at
−80 ◦C until analysis (sample “D0”). Similarly, the same anatomic region was sampled
after catheter removal (Sample “D+”).

Culture of PVC tips was performed according to the 2018 recommendations of the
French Society of Microbiology EUCAST (SFM). Briefly, intravascular PVC tips were
collected in a sterile vial and mixed with 1 mL of saline. After plating 100 µL of this
saline on blood agar for 48 h at 35+/−2 ◦C, all growing bacteria were identified using a
MALDI-TOF (VitekMS, bioMérieux, Marcy l’étoile, France) and enumerated to distinguish
colonized (according to the threshold of 103 Colony Forming Units, CFU, per mL) from
uncolonized PVCs. In addition to the volume used for routine diagnosis, 200 µL of saline
samples used for vortex of PVCs were mixed with RNAlater (Life Technologies, Carlsbad,
CA, USA) (ratio 1:2) in a LowBinding tube (Eppendorf, Hamburg, Germany) before being
frozen and stored at −80 ◦C until analysis [14].

Note that all relevant clinical information was collected prospectively during sample
collection by the investigators involved in the study (J.G., B.D., O.M., and M.Pi.). Relevant
clinical information could have been considered as potential confounding biases (gender,
age, “other” nonvascular infection, time between catheter insertion and removal) or bio-
logically and/or clinically relevant to analyze local inflammation, type of CVP, results of
CVP tip culture (routinely obtained), and results of blood culture (if collected during the
patient’s routine clinical management).
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4.2. Sample Preparation

Samples were prepared according to a complete 16S rDNA sequencing in-house
protocol [44]. DNA extraction was performed according to manufacturer’s recommenda-
tions using an QIAmp® PowerFecal® Pro DNA kit (Qiagen, Venlo, The Netherlands) with
association of bead-beating and enzymatic lysis. Nucleic acids were eluted in 50 µL of Low
TE buffer (Eurobio, Les Ulis, France) before quantification using the dsDNA High Sensi-
tivity assay (Invitrogen, Life Technologies, Carlsbad, CA, USA) on Qubit 4.0 fluorometer
(Invitrogen). According to the quantification, the extract could have to be diluted before
initiation of the library production process. A negative control (no-template control) was
added to the process and thereafter considered, as were other clinical samples. Analytical
positive controls (Skin Microbiota Genomic Mix, ATCC MSA-1005) and ZymoBIOMICS Mi-
crobial Community Standard) and negative control (a blank collection/transport medium
considered and analyzed like other skin samples) were applied for each experiment to
validate the analytical and bioinformatic process and comparisons.

According to Illumina recommendations, libraries were then produced following
fusion PCR targeting V1–V3 16S rDNA regions as described previously [23]. Briefly, PCR
reactions were carried out at a total volume of 25 µL for each sample, containing final
concentrations of 1X KAPA HiFi HotStart ReadyMix (Roche, Bâle, Switzerland), 1 µM
16S-V1-fwd primer, 1 µM 16S-V3-rvs primer, and 100 ng maximum of template DNA per
reaction. As in other publications focusing on skin microbiota, PCR was carried out using
the following cycling conditions: 95 ◦C for 3 min; 30 cycles of 95 ◦C for 30 s, 55 ◦C for 30 s,
and 72 ◦C for 30 s; 72 ◦C for 5 min kept at 4 ◦C; the amplified products were then visualized
on a 1.5% agarose gel [45].

After manual verification by two operators (M.Pr. and M.Pi.), validated PCR products
corresponding to the D0 and D+ couple of a patient were purified using NucleoMag NGS
Clean-up and Size Select beads (Macherey-Nagel, Hoerdt, France) using a 1.8:1 ratio and
80% ethanol as recommended before quantification using the Qubit 1x ds DNA HS Assay
Kit (Invitrogen) on the Qubit 4.0 Fluorometer (Invitrogen). Indexing was performed using
the Nextera® XT Index Kit V2 Set D (Illumina, CA, USA) according to manufacturer’s
recommendations for fusion PCR. After final quantification using the Qubit 4.0 Fluorometer,
all libraries were pooled in equimolar amounts for 96-sample total libraries and then diluted
to 15 pM, denatured and 5%-PhiX-spiked before final sequencing using a MiSeq V3 paired-
end kit.

4.3. Bioinformatic Analyses

Microbiota bioinformatics were performed with QIIME 2 2018.8 [46]. After demulti-
plexing, raw sequence data were trimmed at a length of 280 bp and quality filtered (for
an expected error rate of less than 0.1%) using q2-demux followed by denoising using
DADA2 [47]. All amplicon sequence variants (ASVs), aligned with mafft, were used to
construct phylogeny against the Silva132 99% sequences. [48–50]. After rarefaction (sub-
sampling without replacement to 7500 sequences per sample), alpha-diversity metrics
(observed, Chao1’s, Shannon’s, Pielou’s indexes and Faith’s Phylogenetic Diversity), and
beta-diversity metrics (weighted UniFrac, unweighted UniFrac, and Bray-Curtis dissimi-
larity) were estimated [51–53]. Analysis of the Composition of the Microbiota (ANCOM)
and Linear discriminant analysis effect size (LefSe) were used to identify differentially
abundant genera/species among groups that were considered if W > 2 and null hypothesis
was rejected [54].

Taxonomic relative abundance graphs were prepared, dividing microbiota populations
into their respective taxonomic levels [phylum, genus, species]. Data were analyzed using
the Fisher exact test or pairwise permANOVA for statistical significance (according to
the categorical or continuous nature of the analyzed variable) and reported as follows:
p ≤ 0.05 (*), ≤0.01 (**), and ≤0.001 (***). Figures were produced using the Qiime2View
2018.8 website. Raw data are available under the Sequence Read Archive BioProject
PRJNA6474476 (SRR12276270 to SRR12276516).
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4.4. Ethical Considerations

The study protocol was approved by the French Southwest and Overseas Ethics
Committee and the French Drug Safety Agency, and the study was carried out in accor-
dance with the principles of the Declaration of Helsinki and the Clinical Trials Directive
2001/20/EC and 2005/28/EC of the European Parliament.

5. Conclusions

In conclusion, this study calls for clinical studies focusing on the skin microbiota ex-
posed to antiseptic procedure with closer longitudinal sampling during use of intravascular
devices. This could provide a more kinetic view of the pharmacodynamics of antiseptic
mixture on the skin microbiota. Furthermore, if a sequencing approach enables study of
qualitative variations, it is important to consider a quantitative vision of this microbiota,
as the impact of the species found is not considered in the same way according to the
overall population present. Finally, the approaches used in the present study do not pro-
vide information on the presence of antibiotic resistance genes or other specific metabolic
pathways stimulated/inhibited by antiseptic exposure. As it evaluated only the effect
of acute stressors due to unique perturbations, further research on long-term treatment
regimens or continuous exposure to antiseptics mixtures is needed as it is possible that
longer-term perturbations could cause even greater changes in human skin bacterial com-
munities. Moreover, it could be of interest to study other antiseptics molecules such as
sodium hypochlorite and alcohol alone in the same manner, the objective being to provide
a comprehensive overview of the impact of antiseptic procedures on the skin microbiota.
Together, these studies will provide a more precise understanding of the mechanisms of
action and the role of antiseptics procedure in a context of merging the idea of the need for
proper antiseptic mixture management.
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