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Inhibition of adhered bacteria on novel antimicrobial sutures against SSI

in sutures showed a similar inhibition effect to that obtained by Vicryl®) Plus. The efficacy
was strongly dependent on the drug type, presumably in regard to its individual solubility and
therefore differing drug release from suture coatings. Solubilily in aqueous media was
extremely low for triclosan, higher for octenidine and highest for chlorhexidine. We hypothe-
size that free drug molecules combined with a certain drug concentration would be necessary
for an effeclive anlimicrobial aclivily againsl bacleria.

Siedenbiedel and Tiller described multiple mechanism for antimicrobial surfaces, the killing
effect on surrounding pathogens by drug releasing surfaces and the direct contact inactivation
on surfaces, as well as a repelling effect on microorganisms [55]. We hypothesize that antimi-
crobial sutures based on fatty acid drug carriers inhibit surrounding pathogens by drug release,
and on the other hand inhibit viable pathogens by direct contact with drug molecules during
attachment on surfaces. We also presume that bacterial inhibition is dominated by surface
inactivation or rather bactericidal effects on surfaces, due to the highly reduced number of via-
ble adhered bacteria.

The present study has some important limitations: Although, the broad antibacterial effi-
cacy of novel coated sutures has been shown in a zone of inhibition assay, only the clinically
most relevant pathogen Staphylococcus aureus (8. aureus ATTCR49230™) was used for the
bacterial adhesion assay. Staphylococci species are the most common pathogens responsible
for wound infections and a variely of implant-associaled infeclion [40, 56]. However, Lo iden-
tify the full potential of this approach, further research has to investigate bacterial adhesion by
using other relevant strains. Nevertheless, the high multispecies antimicrobial efficacy via inhi-
bilion zones presumably also indicales high degrees of inactivation of other adhering bacteria.
Our monospecies microbiological setup for investigation of bacterial adhesion is able to pro-
vide answers to the potential effect on initially adhered staphylococci and thus results in the
potential to inhibit the following biofilm formation. Data was collected advantageous without
any inlerference by interactions between different species. A further limilation is the sonica-
tion itself as a competitive process between detachment of bacteria and potential harm. Due to
methodological constraints, the absolute number of bacteria adhering to suture surfaces could
nol be detecled. The counts of cfu from surface-released bactleria only represent the viable con-
tent of adhering bacteria. Moreover, when using SEM pictures for visualization of adhering
bacteria, it is not possible to distinguish between viable and inactivated bacteria. The fluores-
cence microscopy technique combined with a live/dead bacterial staining assay could solve
this problem in future studies.

In summary, the zone of inhibition assay documented a bacterial multispecies efficacy over
48 hours. SEM investigations showed uniformly covered suture surfaces by coating and differ-
ent roughness dependent on the type of fally acid carrier. Furthermore, adhering S. aureus
were found on each kind of tested suture, whether coated with antimicrobial substances or
not. The number of viable S. gureus adhering on suture control groups was extremely high,
without any drug and on the antimicrobial control Vicryl® Plus. Therefore, coated sutures
presumably could not avoid bacterial adhesion itself. At the same time, novel coated sutures
using chlorhexidine or octenidine inhibited adhered S. aureus significantly. Chlorhexidine-
laurate suture (CL11) shows the lowest remaining number of viable adhered bacleria, despile
an extremely high concentration of S. aureus inoculation. These bacteria are critical for the
onset of local infections, thus this suture has the highest potential to further reduce the rates of
SSI. Consequently, CL11 best fulfills the medical need and we recommend this suture type
compared Lo Vicryl® Plus as an oplimal surgical supplement to reduce wound infections. Fur-
thermore, planktonic bacteria in suspension were also drastically inhibited by the novel coated
sutures chlorhexidine-laurate, chlorhexidine-palmitate and octenidine-palmitate at 11 pg/cm.
Oclenidine-laurate al 11 pg/cm exceplionally showed a similar number of adhered bacleria Lo
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Vicryl®) Plus, which nevertheless represents a reduction of 0.5 log compared to uncoated
Gunze sutures. Octenidine-containing sutures at 11 pg/cm (OL11) can also be helpful in appli-
calions where a longer-lasting drug release may be necessary, e.g. when infections already exist
during septic surgery.

Novel coated sutures in former studies showed excellently adjustable antimicrobial efficacy
and release kinelics, lasting some days for chlorhexidine formulations and up Lo nine days for
octenidine coatings. Dependent on the kind of drug, it could therefore possibly be useful to
distinguish between two fields of application: on the one hand, a long-term drug release, e.g.
for wound closure during septic surgery. On the other hand, applications with a shorter drug
release, e.g. for infection prophylaxis in common surgery.

The present study fundamentally demonstrated a much higher inactivation of viable adher-
ing bacteria through novel antimicrobially coated sutures and thus, presumably, a much higher
potential to interrupt the”wicking effect” compared to Vicryl®: Plus. Therefore, we suppose
that the novel sutures have a higher potential to avoid suture-associated SSI. Pre-clinical stud-
ies, followed by clinical investigations are necessary to demonstrate their ability to avoid SSI in
vivo and prove their safety. Novel antimicrobial sutures using chlorhexidine or octenidine at
11 pg/ecm drug content may pose an alternative in case of triclosan resistance, or to extend the
active substances clinically used on antimicrobial sutures. This should give surgeons an addi-
tional effective ool o reacl lo complex pathogen milieus and resistances.

Conclusions

In this study, we found that the novel chlorhexidine- and octenidine-coated sutures are effec-
tive against multiple bacterial species over the critical period of 48 hours after surgery. The
analysis in delail for S. gureus revealed thal anlimicrobial sutures al 11 pug/cm drug conlent
demonstrate superior bactericidal properties against adhering S. aureus compared to commer-
cial triclosan-containing Vicryl® Plus. Especially, the chlorhexidine-laurate coating (CL11)
shows the highest efficacy to minimize the number of adhered as well as planktonic bacteria.
This coaling provides a high drug release in the first, clinically most relevant 48 h afler suture
application and is-in addition-highly biocompatible. Therefore, this coating type best meets
the medical needs and should be recommended for potential clinical application. The high
reduction of viable adhering bacleria on this novel coaled sulure is a promising approach Lo
improve prevention of surgical site infections in routine surgery. These resulls encourage fur-
ther pre-clinical and clinical trials to confirm safety and efficacy of this coating technology in
vivo.
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