
of wounds, helping to remove devitalised 
tissue and slough (Mayer et al, 2018) and also 
removing the biofilm itself (Salisbury et al, 2018), 
consequently reducing chronic inflammation 
and promoting wound healing (Yang et al, 
2017; Salisbury et al, 2018). This brief review 
will explore the literature on some commonly 
used surfactants and their role in biofilm 
management in the context of chronic wounds. 

Biofilm formation
Microorganisms exist in two phenotypic states 
in the environment, planktonic (free-floating) 
and sessile (attached to surfaces or other 
microbes). Microorganisms in biofilms differ 
from free-floating microbes in their phenotypic 
traits, gene expression, antibiotic recalcitrance 
and host interaction (Whiteley et al, 2001; 
Zhao et al, 2013). Biofilms are communities of 
sessile microorganisms and account for 99.9% 
of the bacteria present in the environment 
(Donlan and Costerton, 2002). A biofilm consists 
of microorganisms encased in a matrix of 
extracellular polymeric substance (EPS) which 
is composed of water, polysaccharides, nucleic 
acids (extracellular DNA) and proteins (Donlan 
and Costerton, 2002). Biofilms initially form 
when microbes weakly attach to a surface, 
or each other, and then subsequently attach 
strongly (Joshua et al, 2006). Following this, they 
are able to form aggregates (both on a surface 
and within fluids) and grow using chemotaxis 
and quorum sensing mechanisms (Tomaras 
et al, 2003). 

Chronic wounds are defined as wounds that 
show no signs of healing after 4–6 weeks of 
treatment and can form in various scenarios, 

such as ulcers, amputations and transplants 
(Paavola et al, 2000; Clark, 2004; Wolcott and Dowd, 
2011). All chronic wounds are a significant problem 
in healthcare and are estimated to affect 1–2% of 
the population in the developed world at some 
point during their lifetime (Gottrup, 2004). 

Chronic, as well as acute wounds, represent 
ideal environments for the formation of biofilms 
(Percival et al, 2012). Biofilms persist in chronic 
wounds causing prolonged inflammation and, 
consequently, delayed healing, and increase a 
wound propensity to infection (Percival et al, 
2017a). Several studies have demonstrated the 
evidence of biofilms in a variety of chronic wounds. 
For example, in the study by Martinez-Velasco et 
al (2014), biofilms were visualised in all 20 chronic 
wounds examined and Honorato-Sampaio et al 
(2014) confirmed the presence of biofilms in all 45 
venous leg ulcers that were inspected. These recent 
studies have helped to validate the hypothesis 
proposed by Percival et al (2012) that all chronic 
wounds contain biofilms. 

Biofilms are difficult to manage and treat as the 
microorganisms present in the sessile state have 
an increased tolerance to both antimicrobials 
and the immune system (Stewart and Costerton, 
2001; Percival et al, 2012). Consequently, new 
technologies and interventions are required to 
assist in effective biofilm management.

Surfactants are thought to play a role in biofilm 
management by aiding in the debridement 
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A mature biofilm consists of aggregated 
microorganisms encased in EPS, as shown in 
Figure 1.

Wound biofilms
The presence of biofilms in wounds can reduce 
healing rates and increase the chances of infection 
leading to the formation of chronic wounds 
(Percival et al, 2017a). Historically, biofilms were 
reported to be responsible for 65% of the bacterial 
infections present in chronic wounds (Sanderson 
et al, 2006). However, in the authors’ opinion it is 
hypothesised that all chronic wounds will contain 
biofilms, which reside within either or both the 
benign or pathogenic states (Percival et al, 2012; 
Honorato-Sampaio et al, 2014). In addition, 
recent evidence has shown that biofilms exist 
in at least five locations in wounds: within the 
wound bed, within deep tissue, within and on 
slough and necrotic tissue, and also on wound 
dressings (Percival et al, 2017b). Consequently, the 
management of biofilms within a wound should 
not be based on one universal approach, but 
necessitates the employment of a multifaceted 
methodology centred on a personalised strategy 
for each individual patient. 

The necrotic tissue and slough present in chronic 
wounds provide ideal surfaces for microbes to 
adhere to, thus facilitating biofilm formation 
(Wolcott et al, 2008). Biofilms are able to form 
rapidly in wounds, as demonstrated by (Kennedy 
et al, 2010) who visualised biofilm formation in 
burn wounds 7–31 days post injury (Nakagami 
et al, 2008) and who identified signs of early biofilm 
formation in infected wounds 3–7 days post injury. 

Chronic wounds caused by biofilms are 
persistent, since sessile microbes are capable of 
survival in concentrations of antibiotics 100–1,000 
times greater than their planktonic equivalents 
(Stewart and Costerton, 2001). Sessile microbes 
have a higher tolerance to antimicrobials due 
to poor antibiotic penetration, phenotypic 
changes and the formation of persistent cells 
(Stewart, 2002). It was initially thought that 
the EPS was primarily responsible for this 
increased recalcitrance, as it limits the diffusion of 
antimicrobials, thus resulting in sub-therapeutic 
levels reaching the microbes. However, it has 
been suggested that other mechanisms may also 
be involved (Anderl et al, 2003). For example, the 
phenotypic switch from the metabolically active 
state of planktonic microbes to the more dormant 
state observed in sessile microbes, may prevent 
the antibiotic’s ability to kill the microorganisms, 
since many rely on disrupting metabolic processes 
(Nguyen et al, 2011). 

Biofilms have also been shown to cause chronic 
inflammation in wounds, as the elevated levels of 
cytokines produced by macrophages in response 
to the biofilm, lead to an increased recruitment 
of immune cells (Yager and Nwomeh, 1999). This 
causes the over-production of proteases and 
reactive oxygen species, which break down the 
proteins involved in the wound-healing process 
(Mast and Schultz, 1996). There has been evidence 
to suggest that the EPS contributes greatly to the 
issue of chronic inflammation. For instance, Seth et 
al (2012) observed that EPS-deficient Pseudomonas 
aeruginosa did not delay healing in ischaemic 
rabbit-ear wounds. 

Treatment of chronic wound biofilms 
In order to eliminate this issue of chronic 
inflammation, both the microbial component of 
the biofilm and the EPS must be removed. The 
removal and breakdown of the EPS is as important 
as killing the microorganisms as it contributes 
greatly to the inflammatory effects of the biofilm 
and also plays a protective role by shielding the 
microbes from antimicrobial agents, including 
antibiotics (Hemmi et al, 2001; Flemming and 
Wingender, 2010). ‘Debridement’ is the term used 
to describe the removal of dead and damaged 

Figure 1 (top). Formation of a biofilm 
in a wound bed. 1. Microrganisms 
attach to the conditioning film formed 
on the wound bed. 2. Formation of a 
microbial aggregates. 3. Multi-layer 
biofilm and EPS formation. 4. Mature 
multispecies biofilm (on wound bed 
and on the wound surface and also 
in wound exudate (Percival, 2018). 5. 
Detachment and dissemination of 
microbes.

Figure 2 (above). Structure of 
a surfactant molecule and the 
formation of a micelle.
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can also be separated into two groups, synthetic 
and natural (Percival et al, 2017b). 

Biosurfactants 
Biosurfactants are non-ionic, natural surfactants 
produced by a wide variety of organisms and 
are able to prevent bacterial attachment and, 
consequently, biofilm formation by altering cell 
surface characteristics within the biofilm matrix 
(Banat et al, 2014; Coronel-Leon et al, 2016). It 
has been suggested that biosurfactants may be 
favoured in some cases over synthetic surfactants 
due to their biodegradability and low toxicity 
(Dusane et al, 2011). The anti-biofilm activity of a 
range of biosurfactants has been investigated in 
various studies [Table 1]. 

Although the anti-biofilm activity of 
biosurfactants is limited to mainly in vitro studies, 
Piljac et al (2008) observed that rhamnolipids were 
able to improve the healing of a decubitus ulcer in 
a clinical study. Hence, biosurfactants may have an 
ability to prevent biofilm formation in the context 
of wound care (Banat et al, 2014). 

Synthetic surfactants 
There are several examples of synthetic surfactants 
in wound care with the most well-researched being 
poloxamers and betaines. Poloxamers are non-
ionic, synthetic surfactants composed on a central 
hydrophobic chain of polyoxypropylene and two 
hydrophilic chains of poloxyethylene. The chain 
length can be adjusted to produce different types 
of poloxamers (Baskaran et al, 2001). Poloxomer 
188 is noted to have an inhibitory effect on biofilm 
formation in ex vivo porcine skin with either 
Staphylococcus aureus or Acinetobacter baumannii 
persisting in the wound following treatment 
(Yang et al, 2018). Plurogel® (Medline Industries 
Inc) is an example of a wound gel containing the 
surfactant Poloxamer 188, which has shown its 
capability in reducing the inflammatory effects 
caused by biofilms by modulating the secretion of 
pro-inflammatory cytokines (Salisbury et al, 2018). 
Additionally, Poloxamer 407 has been reported 
to reduce biofilm formation by disrupting the 
attachment of Staphylococcus epidermidis to the 
wound surface (Romic et al, 2016). Consequently, 
poloxamers, in particular, represent potential 
effective surfactants capable of managing wound 
biofilms to promote faster healing. 

Combining surfactants and 
antimicrobials 
In order to further enhance the effects of 
surfactants on biofilm removal, they can be 
combined with antimicrobials. For example, the 
surfactant Poloxomer 188 has been combined with 

tissue, which constitutes a supportive structure 
for biofilms, from a wound. Sharp, or surgical 
debridement, is the most popular technique and is 
often performed when safe to do so. This involves 
the use of a sterile scalpel or scissors to physically 
remove tissue (Schultz et al, 2017). However, 
this is not always safe, hence debridement and 
removal of slough (desloughing) using surfactants 
represents a potential treatment for chronic 
wound cleaning and biofilm removal (Percival 
et al, 2017b; Yang et al, 2017).  

Surfactants 
Surfactants have various roles in wound 
care, including wound cleansing and biofilm 
management (Yang et al, 2017). Autolytic 
debridement is a useful alternative if the clinician 
does not possess the skills to perform surgical 
debridement, and also helps to reduce the pain 
and increased costs associated with surgical 
procedures (Jovanovic et al, 2012; Malone and 
Swanson, 2017). Surfactants are surface active 
agents that lower the surface tension between 
two liquids, a gas and a liquid or between a liquid 
and a solid (Banat et al, 2000). They are able to 
do this by forming structures called micelles that 
consist of a hydrophobic tail and hydrophilic 
head [Figure 2]. This increases the wettability of 
the surface and solubility of materials that would 
otherwise not dissolve into each other (Banat 
et al, 2000).

Surfactant classification 
Surfactants can be categorised according to their 
behaviour in aqueous solution, in which each 
category is defined according to the charge on 
the hydrophilic head of the surfactant molecule 
(Kume et al, 2008). Cationic surfactants have a 
positive charge, anionic have a negative charge, 
non-ionic are uncharged and amphoteric 
surfactants have a positive and negative charge 
at intermediate pH (Kume et al, 2008). Surfactants 

Table 1. Antibiofilm activity of various biosurfactants.

Biosurfactant Source Effect Reference

Rhamnolipids P. aeruginosa Reduction in biofilm formation 
of Candida spp

Dusane et 
al, 2012

Fengycin Bacillus subtilis Inhibition of biofilm formation 
of Escherichia coli and 
Salmonella enterica

Rivardo et 
al, 2009

Glycolipid Serratia mar-
cescens 

Anti-biofilm activity against 
Candida albicans and P. 
aeruginosa 

Dusane et 
al, 2011

Lipopeptide Bacillus  
circulans 

Anti-biofilm activities against E. 
coli, Proteus vulgaris, Salmonella 
typhimurium 

Das et al, 
2009
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to prevent and treat chronic wounds (Horrocks, 
2006; Percival, 2018). The use of surfactants to 
promote debridement and desloughing by 
cleansing the wound provides an alternative to 
the current gold-standard of sharp debridement, 
which is associated with increased pain, costs and 
the requirement for a skilled clinician (Malone and 
Swanson, 2017). Overall, the use of surfactant-
based wound dressings is an emerging treatment 
with a proven ability to prevent and treat chronic 
wounds caused by biofilm formation.� Wint

References
Anderl JN, Zahller J, Roe F, Stewart PS (2003) Role of nutrient 

limitation and stationary-phase existence in Klebsiella 
pneumoniae biofilm resistance to ampicillin and 
ciprofloxacin. Antimicrob Agents Chemother 47(4): 1251–6

Banat IM, Makkar RS, Cameotra SS (2000) Potential 
commercial applications of microbial surfactants. Appl 
Microbiol Biotechnol 53(5): 495–508

Banat IM, De Rienzo MA, Quinn GA (2014) Microbial biofilms: 
biosurfactants as antibiofilm agents. Appl Microbiol 
Biotechnol 98(24): 9915–29

Baskaran H, Toner M, Yarmush ML, Berthiaume F (2001) 
Poloxamer-188 improves capillary blood flow and tissue 
viability in a cutaneous burn wound. J Surg Res 101(1): 
56–61

Clark M (2004) Pressure ulcers: have we overlooked valuable 
data? Int Wound J 1(2): 143

Coronel-Leon J, Marques AM, Bastida J, Manresa A (2016) 
Optimizing the production of the biosurfactant lichenysin 
and its application in biofilm control. J Appl Microbiol 
120(1): 99–111

Das P, Mukherjee S, Sen R (2009) Antiadhesive action of a 
marine microbial surfactant. Colloids Surf B Biointerfaces 
71(2): 183–6

Donlan RM, Costerton JW (2002) Biofilms: survival 
mechanisms of clinically relevant microorganisms. Clin 
Microbiol Rev 15(2): 167–93

Dusane DH, Pawar VS, Nancharaiah YV et al (2011) Anti-
biofilm potential of a glycolipid surfactant produced by 
a tropical marine strain of Serratia marcescens. Biofouling 
27(6): 645–54

Dusane DH, Dam S, Nancharaiah YV et al (2012) Disruption of 
Yarrowia lipolytica biofilms by rhamnolipid biosurfactant. 
Aquat Biosyst 8(1): 17

Flemming HC, Wingender J (2010) The biofilm matrix. Nat Rev 
Microbiol 8(9): 623–33

Gottrup F (2004) A specialized wound-healing center concept: 
importance of a multidisciplinary department structure 
and surgical treatment facilities in the treatment of chronic 
wounds. Am J Surg 187(5A): 38S–43S

Hemmi H, Takeuchi O, Kawai T et al (2001) A Toll-like receptor 
recognizes bacterial DNA. Nature 408(6813): 740–5

Honorato-Sampaio K, Guedes AC, Lima VL, Borges EL (2014) 
Bacterial biofilm in chronic venous ulcer. Braz J Infect Dis 
18(3): 350–1

Horrocks A (2006) Prontosan wound irrigation and gel: 
management of chronic wounds. Br J Nurs 15(22): 1222, 
1224–8

Joshua GW, Guthrie-Irons C, Karlyshev AV, Wren BW (2006) 
Biofilm formation in Campylobacter jejuni. Microbiology 
152(Pt 2): 387–96

the antimicrobial silver sulfadiazine (SSD), and has 
been shown to eliminate all viable bacteria from 
the skin within 3 days of treatment application 
(Yang et al, 2017). Additionally, the use of the 
synthetic surfactant undecylenamidopropyl 
betaine and the antimicrobial polyhexanide, has 
been shown to result in dramatic improvements 
in wound healing in 7 out of 10 patients within 3 
weeks, in addition to biofilm elimination (Horrocks, 
2006). The combination of 0.1% polyhexanide and 
0.1% betaine was also used in an additional study 
investigating its ability to manage infected wounds, 
and a 5.3-log to 5.8-log reduction in the presence 
of S. epidermidis, P. aeruginosa, C. albicans, S aureus, 
Enterococcus faecalis, E. coli and several other strains 
commonly found in wound biofilms was observed 
(Minnich et al, 2012).  

Surfactants in biofilm management 
Surfactants are able to disrupt biofilms and treat 
infection by various mechanisms. They can be left 
in situ for approximately 15 minutes to help loosen 
necrotic tissue or be scrubbed lightly on the wound 
surface with a sterile gauze (Malone and Swanson, 
2017). The micelles formed by the surfactant are 
able to change from a collapsed to an expanded 
state allowing wound debris to become trapped. 
This creates a rinsing action allowing the wound to 
be cleaned and preventing microbes from adhering 
to the wound surface, thus preventing biofilm 
formation (Percival et al, 2017b). 

This rinsing action is also effective in removing 
older biofilms from the wound surface by 
disrupting the EPS, allowing the microbes 
to become more susceptible to the host’s 
immune response and antibiotics (Zhao et al, 
2013; Percival et al, 2017b). In addition, to the 
disruptive effects of surfactants on the biofilm’s 
structure, they can also be used as carriers for 
antimicrobials. Gel-based surfactants allow the 
antimicrobials to stay localised to the wound as 
they are more adhesive than liquids, hence, they 
allow the sustained delivery of antimicrobials to 
target the biofilm (Zölß and Cech, 2016).  

Conclusions 
The efficacy of surfactants in biofilm management 
has been well documented in vitro and there are 
now a growing number of studies highlighting 
the beneficial effects in clinical scenarios. It has 
been observed that both synthetic and natural 
surfactants have an ability to remove and prevent 
biofilms (Piljac et al, 2008; Yang et al, 2017). The 
evidence demonstrating the success of surfactants 
in wound biofilm management favours the use 
of synthetic surfactants, such as poloxomers and 
betaines, which appear to be a promising solution 

Wounds International 2019 | Vol 10 Issue 1 | ©Wounds International 2019 | www.woundsinternational.com	 2310
. YEARS .

CELEBRATING   



Bacillus spp. prevents biofilm formation of human 
bacterial pathogens. Appl Microbiol Biotechnol 83(3): 
541–53

Romic MD, Klaric MS, Lovric J et al (2016) Melatonin-
loaded chitosan/Pluronic(R) F127 microspheres as in 
situ forming hydrogel: An innovative antimicrobial 
wound dressing. Eur J Pharm Biopharm 107: 67–79

Salisbury AM, Mayer D, Chen R, Percival SL (2018) Efficacy 
of concentrated surfactant-based wound dressings in 
wound repair and biofilm reduction. Adv Wound Care 
(New Rochelle) 7(9): 315–22

Sanderson AR, Leid JG, Hunsaker D (2006) Bacterial 
biofilms on the sinus mucosa of human subjects with 
chronic rhinosinusitis. Laryngoscope 116(7): 1121–6

Schultz G, Bjarnsholt T, James GA et al (2017) Consensus 
guidelines for the identification and treatment of 
biofilms in chronic nonhealing wounds. Wound Repair 
Regen 25(5): 744–57

Seth AK, Geringer MR, Galiano RD et al (2012) 
Quantitative comparison and analysis of species-
specific wound biofilm virulence using an in vivo, 
rabbit-ear model. J Am Coll Surg 215(3): 388–99

Stewart PS (2002) Mechanisms of antibiotic resistance in 
bacterial biofilms. Int J Med Microbiol 292(2): 107–13

Stewart PS, Costerton JW (2001) Antibiotic resistance of 
bacteria in biofilms. Lancet 358(9276): 135–8

Tomaras AP, Dorsey CW, Edelmann RE, Actis LA (2003) 
Attachment to and biofilm formation on abiotic 
surfaces by Acinetobacter baumannii: involvement 
of a novel chaperone-usher pili assembly system. 
Microbiology 149(Pt 12): 3473–84

Whiteley M, Bangera MG, Bumgarner RE et al (2001) Gene 
expression in Pseudomonas aeruginosa biofilms. 
Nature 413(6858): 860–4

Wolcott R, Dowd S (2011) The role of biofilms: are we 
hitting the right target? Plast Reconstr Surg 127(Suppl 
1): 28S–35S

Wolcott RD, Rhoads DD, Dowd SE (2008) Biofilms and 
chronic wound inflammation. J Wound Care 17(8): 
333–41

Yager DR, Nwomeh BC (1999) The proteolytic 
environment of chronic wounds. Wound Repair Regen 
7(6): 433–41

Yang Q, Larose C, Della Porta AC et al (2017) A surfactant-
based wound dressing can reduce bacterial biofilms 
in a porcine skin explant model. Int Wound J 14(2): 
408–13

Yang QP, Schultz GS, Gibson DJ (2018) A surfactant-based 
dressing to treat and prevent acinetobacter baumannii 
biofilms. J Burn Care Res 39(5): 766–70

Zhao G, Usui ML, Lippman SI et al (2013) Biofilms and 
inflammation in chronic wounds. Adv Wound Care 
(New Rochelle) 2(7): 389–99

Zölß C, Cech JD (2016) Efficacy of a new multifunctional 
surfactant‐based biomaterial dressing with 1% silver 
sulphadiazine in chronic wounds. Int Wound J 13(5): 
738–43

Clinical practice

Jovanovic A, Ermis R, Mewaldt R et al (2012) The influence 
of metal salts, surfactants, and wound care products on 
enzymatic activity of collagenase, the wound debriding 
enzyme. Wounds 24(9): 242–53

Kennedy P, Brammah S, Wills E (2010) Burns, biofilm and a new 
appraisal of burn wound sepsis. Burns 36(1): 49–56

Kume G, Gallotti M, Nunes G (2008) Review on anionic/
cationic surfactant mixtures. Journal of Surfactants and 
Detergents 11(1): 1–11

Malone M, Swanson T (2017) Biofilm-based wound care: 
the importance of debridement in biofilm treatment 
strategies. Br J Community Nurs 22(Sup 6): S20–S25

Martinez-Velasco M, Toussaint-Caire S, Hernandez-Castro 
R et al (2014) Biofilm identification and quantification 
utilizing simple stains and spectrophotometry in 
chronic wound biopsy samples. Wound Repair Regen 
22(2): A53–A53

Mast BA, Schultz GS (1996) Interactions of cytokines, 
growth factors, and proteases in acute and chronic 
wounds. Wound Repair Regen 4(4): 411–20

Mayer D, Armstrong D, Schultz G et al (2018) Cell salvage 
in acute and chronic wounds: a potential treatment 
strategy. Experimental data and early clinical results. J 
Wound Care 27(9): 594–605

Minnich KE, Stolarick R, Wilkins RG et al (2012) The effect 
of a wound care solution containing polyhexanide and 
betaine on bacterial counts: results of an in vitro study. 
Ostomy Wound Manage 58(10): 32–6

Nakagami G, Sanada H, Sugama J et al (2008) Detection of 
Pseudomonas aeruginosa quorum sensing signals in 
an infected ischemic wound: an experimental study in 
rats. Wound Repair Regen 16(1): 30–6

Nguyen D, Joshi-Datar A, Lepine F et al (2011) Active 
starvation responses mediate antibiotic tolerance 
in biofilms and nutrient-limited bacteria. Science 
334(6058): 982–6

Paavola M, Orava S, Leppilahti J et al (2000) Chronic 
Achilles tendon overuse injury: complications after 
surgical treatment. An analysis of 432 consecutive 
patients. Am J Sports Med 28(1): 77–82

Percival SL (2018) Restoring balance: biofilms and wound 
dressings. J Wound Care 27(2): 102–13

Percival SL, Hill KE, Williams DW et al (2012) A review of 
the scientific evidence for biofilms in wounds. Wound 
Repair Regen 20(5): 647–57

Percival SL, Mayer D, Malone M et al (2017a) Surfactants 
and their role in wound cleansing and biofilm 
management. J Wound Care 26(11): 680–90

Percival SL, Mayer D, Salisbury AM (2017b) Efficacy of a 
surfactant-based wound dressing on biofilm control. 
Wound Repair Regen 25(5): 767–73

Piljac A, Stipcevic T, Piljac-Zegarac J, Piljac G (2008) 
Successful treatment of chronic decubitus ulcer with 
0.1% dirhamnolipid ointment. J Cutan Med Surg 12(3): 
142–6

Rivardo F, Turner RJ, Allegrone G et al (2009) Anti-
adhesion activity of two biosurfactants produced by 

24	 Wounds International 2019 | Vol 10 Issue 1 | ©Wounds International 2019 | www.woundsinternational.com10
. YEARS .

CELEBRATING   


