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(CFU)/mL (SD 0.82) before the back-and-forth technique, and 2.66 log10 CFU/mL (SD 0.85) before the concentric circle technique. The mean differences in number of microorganisms between the initial sample and the final sample were 2.45 log10 CFU/mL (95% CI: 2.29 to 2.61) for the back-and-forth technique and 2.43 log10 CFU/mL (95% CI: 2.27 to 2.59) for the concentric circle technique.

The mean difference in reduction in microorganisms between the back-and-forth technique and the concentric circle technique was 0.02 log10 CFU/mL (95% CI: -0.11 to 0.15).

Interpretation

There was no clinically difference in reduction of microorganisms between the concentric circle and back-and-forth techniques at the bend of the healthy volunteer's elbow, after the 30 seconds of drying of the antiseptic. These findings have a significant impact on time required to achieve antiseptic application before catheter insertion because there is yet no argument to justify application for 30 s, because a single concentric circle pass was much faster with similar results. Future studies should investigate the impact of skin application technique on the prevention of infectious risk associated with catheter insertion on admission to health care facilities (conventional, outpatient, or emergency) and throughout the period of stay in a health care facility.

Introduction

In 2015 in the National Healthcare Safety Network report, 0,3% of patients in acute care unit in the United States of America have central catheter-related bloodstream infections (CRBIs) with an incidence of 1.2 CRBIs/1,000 Central Venous Catheter (CVC) days [START_REF] Dudeck | National Healthcare Safety Network report, data summary for 2013, Device-associated Module[END_REF]. In European countries, the incidence for 1,000 CVC-days range from 1.12 to 4.2 with associated costs estimated from €35.9 to €163.9 million [START_REF] Tacconelli | Epidemiology, medical outcomes and costs of catheter-related bloodstream infections in intensive care units of four European countries: literature-and registry-based estimates[END_REF].

Microorganisms present on the skin surrounding venous catheter insertion site are the cause of most CRBIs (3), thus Staphylococcus aureus and Staphylococcus epidermidis are the main microorganisms isolated from infections associated with venous catheterization [START_REF] Wilson | Preventing infection associated with intravascular therapy[END_REF][START_REF] Wisplinghoff | Nosocomial bloodstream infections in US hospitals: analysis of 24,179 cases from a prospective nationwide surveillance study[END_REF][START_REF]Enquête nationale de prévalence des infections nosocomiales et des traitements anti-infectieux en établissements de santé[END_REF].

Therefore, skin antisepsis is an important preventive measure during invasive care. Crossing the skin barrier during invasive procedures can lead to infection by microorganisms. Therefore, measures are needed to prevent CRBIs. In skin antisepsis before invasive procedures, the goal is to reduce or even eliminate microorganisms.

The use of an alcohol-based solution is internationally recommended although there is no consensus on the application method. However, this could be an underestimated key element CBRSIs prevention [START_REF] Casey | Skin antisepsis: it's not only what you use, it's the way that you use it[END_REF]. Two techniques are commonly used around the world. The concentric circle technique consists of applying the antiseptic in a circular motion from the "cleanest" to the "dirtiest" area from the puncture point or the incision area to the periphery. The goal is to never apply twice to the same area with the same compress to avoid re-contamination of a disinfected area. The back-and-forth technique consists of movements around the insertion point to soak and impregnate cracks and crevices. Some nursing society or regional recommendations recommend the concentric circle technique [START_REF]L'antiseptoguide : guide de bonne utilisation des antiseptiques[END_REF][START_REF]Le bon usage des antiseptiques pour la prévention du risque infectieux chez l'adulte[END_REF][START_REF]Comité de Lutte contre Les Infections Nosocomiales du Sud-Ouest[END_REF][START_REF] Zaragoza | Antisepsia y desinfección[END_REF][START_REF]Skin preparation: insertion site[END_REF], while others advocate for back-and-forth technique [START_REF] Moureau | Is your skin-prep technique up-to-date?[END_REF][START_REF]Standards for infusion therapy[END_REF][START_REF] Laberge | La prévention des bactériémies associées aux cathéters vasculaires centraux: document synthèse[END_REF]. Unfortunately, many national guidelines do not specify [START_REF] Loveday | epic3: national evidencebased guidelines for preventing healthcare-associated infections in NHS hospitals in England[END_REF][START_REF] Del-Río | Precauciones antes de canalizar la vía[END_REF][START_REF] Vogel | Prévention des bactériémies associées aux cathéters : nouvelles directives … du point de vue suisse[END_REF][START_REF] O'grady | Guidelines for the Prevention of Intravascular Catheter-Related Infections[END_REF][START_REF] O'grady | Guidelines for the Prevention of Intravascular Catheter-related Infections[END_REF][START_REF] Marschall | Strategies to Prevent Central Line-Associated Bloodstream Infections in Acute Care Hospitals: 2014 Update[END_REF][START_REF] Ayliffe | The epic Project: developing national evidence-based guidelines for preventing healthcare-associated infections[END_REF][START_REF] Pratt | epic2: National evidence-based guidelines for preventing healthcare-associated infections in NHS hospitals in England[END_REF][START_REF] Donelli | Protocollo per la prevenzione, diagnosi e terapia delle infezioni associate a cateteri venosi centrali[END_REF][START_REF] Virani | Care and maintenance to reduce vascular access complications[END_REF].

Many studies have compared the effectiveness of different antiseptics but few have examined the application technique and none have compared the back-and-forth technique and the concentric circle technique [START_REF] Carre | Quelle technique d'application d'un antiseptique avant insertion d'un accès vasculaire ?[END_REF]. PVPI Manufacturers suggest an application time of 10 seconds but do not specify application technique in their instruction for use [START_REF]Résumé des caractéristiques du produit -BETADINE ALCOOLIQUE 5 %, solution pour application cutanée -Base de données publique des médicaments[END_REF]. In care practice, antiseptic application in a single concentric circle movement takes less than 10 seconds for catheter insertion site. Alcoholic Chlorhexidine can also be used before vascular access insertion and manufacturers recommend the back-and-forth technique for 30s [START_REF]ChloraPrep TM in-service resources[END_REF]. However, their argument is based on a single old study of toe surgery whose study population consists of both post-traumatic surgery and programmed surgery patients [START_REF] Brooks | Bacterial recolonization during foot surgery: a prospective randomized study of toe preparation techniques[END_REF]. Thus, the alcoholic chlorhexidine back-and-forth application technique has not been compared to concentric circle application on catheter insertion site.

A detailed comparison of these two different methods would allow an evidence-based decision to be made regarding the choice of the most efficient technique.

The primary objective of this pilot study was to describe the change of level of cutaneous microorganisms with each application method of alcoholic antiseptic in a cohort of healthy volunteers. Secondary objectives were to compare the changes between applications techniques and to estimate the association between pre-antisepsis cutaneous colonization and sex, age, clothing fabric worn or delay since the last shower. These different elements will allow us to consider a larger study if necessary.

Methods

Study design

This single-center, non-comparative, randomized, matched pilot study was performed at the Bordeaux University Hospital (France). The research protocol was approved by the Limoges's Committee for the Protection of Persons (CPP18-093a/2018-A02954-51).

Samples were anonymized during the inclusion. Due to the obvious differences between the two antiseptic application techniques, it was not possible to achieve blinding with regard to application technique. However, sample processing and quantification of microorganisms in the laboratory were performed in a blinded manner.

To control for interindividual differences in level of skin colonization, the study population was randomized into two groups with different sides for antiseptic application: Group A received the concentric circle technique on the right arm and the back-and-forth method on the left arm, while Group B had the opposite.

Participants/study population

Participant selection and procedures were performed in practical classrooms of two nursing training institutes at the University Hospital of Bordeaux.

The participant were healthy nursing students (≥18 years old who volunteered) provided oral consent. Exclusion criteria were allergy to the antiseptic used in the study, visible contamination at the bend of the elbow and inability to carry out the procedure on one of the arms (e.g., arm in a cast). In accordance with French law, oral consent of the volunteers and various data were collected on inclusion (age, sex, dominant arm, type of clothing worn, and time since the last shower).

Randomization and masking

The randomization list was generated before the start of the research by the statistician of the Methodological Support Unit for Clinical and Epidemiological Research university Hospital of Bordeaux (USMR). The numbers in both groups were balanced at a 1:1 ratio. A document describing the randomization procedure was kept confidential within the USMR.

When patients were included, one investigator (YC) controlled eligibility and obtained oral consent. From the randomization list, the investigator informed the nurse of the technique to be used for application on each of the two arms (right or left).

Cutaneous microorganisms were quantified in a blinded manner with regard to the allocation.

Procedures

Antiseptic application

The antiseptic selected was alcohol-based povidone-iodine (PVP-IA) because it is colored and widely used in France for antisepsis before vascular access insertion.

Antiseptic was applied to healthy and visibly clean skin of the elbow fold by the same operator for all volunteers to avoid interoperator differences application. This operator was an experienced nurse (>15 years of practice) trained in both methods.

The back-and-forth technique consisted of the application of a 5 × 5 cm compress impregnated with 5 mL PVP-IA by back-and-forth movements of 5 cm for 30 s and then framing the first zone on the last movement to cover a surface of 10 × 10 cm followed by a spontaneous drying time of 30 s (Figure 1).

The concentric circle technique consisted on the application of a 5 × 5 cm compress impregnated with 5 mL alcohol-based PVP-IA in a single movement from the center to the periphery and covering a surface of 10 × 10 cm followed by a spontaneous drying time of 30 s. The application time was the time needed to make this circular movement (Figure 2).

The same stopwatch was used for the whole study to time drying time for both techniques, and application time for the back-and-forth technique.

Sampling technique and analyses

Sampling was performed before and 30 s after application of the antiseptic by wet swabbing and incorporating an inhibitor adapted to the applied antiseptic [START_REF] Turtiainen | The impact of surgical wound bacterial colonization on the incidence of surgical site infection after lower limb vascular surgery: a prospective observational study[END_REF]. Sampling was performed from the skin four times for each healthy volunteer, i.e., before and after application of antiseptic to each of the two elbows.

The same operator, trained in the standardized technique, carried out all the skin samples (same pressure of the swab moistened on the skin surface delineated by a 10cm x 10cm template, application in streaks with rotation of the swab so as to use the 4 faces according to Figure 3).

The anonymized samples were sent to a laboratory within 2 h where they were cultured as described by Turtiainen et al [START_REF] Turtiainen | The impact of surgical wound bacterial colonization on the incidence of surgical site infection after lower limb vascular surgery: a prospective observational study[END_REF]. This procedure was illustrated in Figure 4. Agar plates were incubated at 36°C for 48 h (31), and bacterial growth was quantified by counting colony forming units (CFUs) on each plate. For each skin sample, the number of colonies on each of 12 agar plates was summed to give the final result in log10 CFU/mL.

Outcomes

The primary outcome measure was the mean change in the level of cutaneous microorganisms between the initial and final removal after antisepsis application, expressed in log10 CFU/mL. As secondary objectives, the associations between pre-antisepsis cutaneous colonization and the following variables were studied: age, sex, dominant arm, type of clothing worn (short sleeve, long sleeve and cotton, long sleeve and synthetic, or long sleeve and other fabric) and time since last shower (expressed in hours).

No changes were made to trial outcomes after the trial had commenced.

Statistical analyses

No a priori sample size calculation was performed as no data were available on the mean level of skin colonization in the healthy French population. We decided to include 150 participants based on recruitment capacity. Baseline characteristics were described overall and according to randomization. Qualitative variables are described in terms of number, percentage, and 95% exact binomial confidence interval (95% CI). Quantitative variables are described as the mean (standard deviation).

The average change in the number of microorganisms between the initial and final samples was described for each application technique with their binomial exact 95% CI.

The average difference between application techniques in the reduction of microorganisms was estimated with the binomial exact 95% CI.

The average change in number of microorganisms between the initial and final samples was log-transformed and compared according to application technique and dominant arm with the paired t test, and according to type of clothing worn with the Kruskal-Wallis test.

All analyses were performed on available data with a bilateral type-one error rate at 5%. The analyses were carried out with R statistical software [START_REF] Core | R: A language and environment for statistical computing[END_REF].

Role of funding source

The funder of the study had no role in study design, data collection, data analyses, data interpretation, or writing of the report. The corresponding author had full access to all of the data in the study and takes final responsibility for the decision to submit for publication.

Results

Trial participants

A total of 132 students volunteered to participate in the study between April 8 and July 17, 2019. The volunteers were randomly assigned to Group A (n = 65) and Group B (n = 67). Protocol deviations occurred in three participants (no initial sample from left arm) leading to an analytical sample of 129 volunteers (Figure 5). The population was predominantly female (85.6%), with an average age of 26 years (SD 6.7), and there were no relevant differences in age or sex distributions between the two groups (Table 1). The time since the last shower ranged from 1 to 30 h. No adverse events occurred during the study.

Primary outcome

The distributions of microbial growth in culture media are shown in Table 2. For the whole study population, the mean initial colonization level was 2.68 log10/mL (SD 0.82) before the back-and-forth technique and 2.66 log10 colony forming units (CFU)/mL (SD 0.85) before the concentric circle technique. The mean differences in number of microorganisms between the initial sample and the final sample were 2.45 log10 CFU/mL (95% CI: 2.29 to 2.61) for the back-and-forth technique and 2.43 log10 CFU/mL (95% CI: 2.27 to 2.59) for the concentric circle technique. These results are presented in UFC in Figure 6. Thus, the mean difference in reduction in microorganisms between the back-and-forth technique and the concentric circle technique was 0.02 log10 CFU/mL (95% CI: -0.11 to 0.15).

Secondary outcome

The mean level of initial skin colonization of volunteers with short sleeves was the lowest (2.54 log10 CFU [SD 0.5]) but there were no significant differences according to to dominant arm (p = 0.32) (Table 3) or according type of clothing worn (short sleeves, or long sleeves with cotton, synthetic or other fabric) (p = 0.47) (Table 4). There were no significant correlations between initial skin colonization and age (Spearman coefficient: -0.01 [95% CI: -0.13 to 0.11]) or time since last shower (Spearman coefficient: -0.05 [95% CI: -0.17 to 0.07]).

Discussion

Given the lack of scientific data comparing antiseptic application techniques and the associated levels of microorganisms present before invasive procedures, this pilot study investigated exactly this, comparing the concentric circle and back-and-forth techniques.

Both methods significantly reduced microorganism levels, and there were no relevant differences in their efficacies. In addition, no associations were observed between initial level of skin colonization and age, dominant arm, type of clothing worn, or time since last shower.

Skin colonization at insertion site has long been identified as a risk factor for CRBI [START_REF] Moro | Risk factors for central venous catheter-related infections in surgical and intensive care units. The Central Venous Catheter-Related Infections Study Group[END_REF]. Reducing the number of microorganisms present on skin before catheter insertion could help to limit the risk of infection associated with vascular cannula insertion. Optimal skin antisepsis would also delay biofilm However, the level of residual bacteria after antisepsis needed to prevent CRBI is unknown.

In this study, sampling was carried out on the bend of the elbow, which is often considered a good site for vascular access installation, guaranteeing the feasibility of the study protocol. In the 1970s and 1980s, several studies quantified the number of microorganisms present on the skin and are still cited in current publications. The mean bacteria count on the forearm is 2300 CFU/cm2 [START_REF] Selwyn | Skin bacteria and skin disinfection reconsidered[END_REF]. Most of recent research on the skin microbiota does not cite the overall initial colonization because their aim is skin microbiota quality. Colonization level found in the initial skin sample corresponds to literature data, including a recent publication [START_REF] Celere | Antimicrobial activity of two techniques for arm skin disinfection of blood donors in Brazil[END_REF]. On in-vitro study, antiseptic activity allows for a reduction of 5 log10 of microorganisms, while in-vivo it is only 1 to 2 log10 because of interfering substances (smears) [START_REF]NF EN 14885 Antiseptique et désinfectants chimiques -Application des Normes Européennes sur les antiseptiques et désinfectants chimiques[END_REF]. Thus, microorganism's reduction observed during the study corresponds in part to the application technique because it is superior to the theoretical in-vivo antiseptic activity.

The duration of antiseptic application could be an important factor and significantly differed between the two techniques: less than 10 seconds for the concentric circle technique and 30 s for the back-and-forth technique. A stopwatch was used to guarantee strict compliance with the back-and-forth method duration. A 30 s disinfection time is difficult to apply under realworld conditions with a heavy workload. Our results indicated no differences in efficacy despite the difference in application time between the two techniques. Therefore, there is no argument to justify application for 30 s, because a single concentric circle pass was much faster with similar results.

There has been a great deal of interest in the number of microorganisms on the skin in preventing infection associated with invasive procedures. Leyden et al. reported that the number of microorganisms changes during childhood and stabilizes at around 20 years old, remaining constant thereafter until age 80 [START_REF] Leyden | Age-related changes in the resident bacterial flora of the human face[END_REF]. This study was published in 1975 but is still cited in recent work on the evolution of skin microorganisms. Other studies have sought to clarify this trend in newborn infants and children [START_REF] Dominguez-Bello | Delivery mode shapes the acquisition and structure of the initial microbiota across multiple body habitats in newborns[END_REF][START_REF] Sarkany | Bacterial colonisation of the skin of the newborn[END_REF]. Thus, the recruitment of nursing students as participants in the present study should not represent a source of bias with regard to age because the major changes in the composition of the skin microbiota take place before 20 years old. This was confirmed in our study.

The inner surface of the forearm is an area of high bacterial diversity and significant variability both within the same individual at different times and between individuals (40). A study of the skin microbiota present at the hand level showed similar diversity on the two hands of the same individual, but with a significant difference in community composition [START_REF] Fierer | The influence of sex, handedness, and washing on the diversity of hand surface bacteria[END_REF]. However, this intraindividual difference was not affected by sex. The same study highlighted a significant difference in skin microbiota composition on the hands of volunteers according to sex: Proprionibacterium was 37% more abundant and Corynebacterium was 80% more abundant in men than women, whereas Enterobacteriaceae, Moraxella, Lactobacillus and Pseudomonas were 400%, 180, 340% and 180% more abundant in women than men. Another study differentiated samples according to sex, and found differences in the composition of the microbiota of the retroauricular ear fold but not at the level of the antecubital fossa [START_REF] Aagaard | The Human Microbiome Project strategy for comprehensive sampling of the human microbiome and why it matters[END_REF]. These results can be explained by the fact that the composition of the skin microbiota is very variable depending on the skin site [START_REF] Dunyach-Remy | Le microbiote cutané : étude de la diversité microbienne et de son rôle dans la pathogénicité[END_REF]. Thus, in the literature, differences have been reported in skin microbiota composition according to sex and on certain areas, but not the antecubital fossa. Our results are consistent with previous findings. Although predominantly women, the inclusion of volunteers from the nursing student population would not represent a source of bias regarding the effects of sex.

For many years, four-step antisepsis has been recommended in France before vascular access insertion: cleaning, rinsing, drying, and application of antiseptic. This practice was revised in 2016 [START_REF]Antisepsie de la peau saine avant un geste invasif chez l'adulte -Recommandations pour la pratique clinique[END_REF], and cleaning is now only recommended if the skin is not visibly clean. This change in practice raised the issue of microscopic cleanliness according to time since the patient last washed. Health care workers who have to make vascular access placements are responsible for deciding whether to implement a skin cleanse before antisepsis. Our study indicates that the initial skin colonization on visibly clean skin is not correlated with the time since the last shower.

Choosing nursing students as a study population had a pedagogical purpose. Skin antisepsis is an act performed quickly by nursing students during their training. Their participation in this study will raise awareness during care and the importance of evidence-based nursing to ensure quality of care. This pilot study had several limitations. First, the study involved only one antiseptic, and there may be questions regarding the correlation between type of antiseptic and mode of application. Further study is needed to highlight our result with other antiseptics.

Another outcome could have also been used in the present study. In previous studies, different outcomes have been used to compare the effectiveness of antiseptics before venous puncture: contaminated blood collection, catheter/bacteremia infection rates related to the catheter, and comparison of skin microorganism numbers before/after skin antisepsis. First one doesn't determine the effect of antiseptic application technique and exposes to the risk of contamination due to lack of asepsis during blood sampling. The second does not reveal the link between the application technique and catheter infection rate because management of infusion lines and dressings repairs are also sources of vascular access contamination. However, these cannot be used to assess the effects of any given antiseptic method or to understand the link between application method and catheter infection rate. Thus, the third one, used in the present study, seemed to be most appropriate for these purposes.

Skin antisepsis must not only address the surface but also deeper layers, which are also reservoirs of microorganisms and therefore potential sources of contamination. The premoistened swab technique used in this study may have allowed analyses of only superficial skin colonization. However, it has been shown that the results of using premoistened swabs are similar to those of scratching and biopsy in terms of quantifying the microbial population of the different skin layers [START_REF] Grice | A diversity profile of the human skin microbiota[END_REF][START_REF] Kong | Performing Skin Microbiome Research: A Method to the Madness[END_REF]. Therefore, the drying time guaranteed the action of the antiseptic regardless of the antiseptic application technique.

Skin is a reservoir of microorganisms composed mainly of commensal flora which is constant, usually stable but variable from site to site on the surface of the body (dry areas have less colonization than moist areas) [START_REF] Hygis | Hygiène hospitalière[END_REF]. Sites of the body can be divided into three categories: sebaceous or oily (manubrium), moist (antecubital fossa, inguinal crease) and dry (volar forearm) [START_REF] Grice | The skin microbiome[END_REF]. Our assessment method could be extended to dry areas (less colonized) and thus to the entire arm, covering sites of peripheral vascular access and peripherally inserted central catheter (Picc line) insertion. However, it would be interesting to confirm our results on body sites with higher levels of colonization to determine whether the two applications techniques are still equivalent in all moist areas and in sebaceous or oily areas.

The study was conducted on safe and visually clean skin of healthy volunteers. Even if those individuals can be hospitalized, they may differ from the general population requiring vascular access insertion at admission time in health facility (conventional, outpatient or emergency) in characteristics associated with skin colonisation. Furthermore, the efficacy of each application technique may vary according to the presence of skin lesions. Finally, the skin microbiota changes during hospitalization [START_REF] Lax | Colonization and Succession of Hospital-Associated Microbiota[END_REF], particularly during antibiotherapy [START_REF] Romano-Bertrand | Impact de l'environnement sur les microbiotes : focus sur l'hospitalisation et les microbiotes cutanés et chirurgicaux[END_REF]; and the population of microbes increases with the length of stay [START_REF] Moureau | Evaluation of Skin Colonisation And Placement of vascular access device Exit sites (ESCAPE Study)[END_REF]. Thus, further studies are needed to determine whether our results are valid in hospitalized population, whether at time of admission or during hospitalisation.

All antiseptic applications and skin sampling were performed by the same operator. Thus, the procedures were not carried out in a blinded manner. To ensure compliance with each procedure, the operator had received appropriate training and the technique had been validated. In addition, the principal investigator ensured that all antiseptic applications and skin sampling strictly adhered to the designed procedures.

Conclusion

This pilot study showed no clinically relevant differences in the reduction of microorganism number between the concentric circle and back-and-forth techniques for application of PVP-IA to the skin at the bend of the elbow in healthy volunteers after 30 s of air drying. These findings have a significant impact on time required to achieve antiseptic application before catheter insertion because there is yet no argument to justify application for 30 s, because a single concentric circle pass was much faster with similar results. Future studies should investigate the impact of skin application technique on the prevention of infectious risk associated with catheter insertion on admission to health care facilities (conventional, outpatient, or emergency) and throughout the period of stay in a health care facility.
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 4 Figure 4: skin sample laboratory procedure including dilution, seeding and incubation time -TApAS trial *BD = Blood Agar plate; Choco = Chocolate Agar plate; CLED = cystine-lactose-electrolyte-deficient Agar plate.
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Mean (SD) 0,24 (0,4) 0,26 (0,4) 0,25 (0,4)

Difference between initial and final sample (log10 FCU/ml) N (m.d.) 130 ( 2) 126 ( 6) 256 ( 8)
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