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REVIEW ARTICLE

The increasing relevance of biofilms in common dermatological conditions

G. Kravvasa, D. Veitcha and F. Al-Niaimib

aDepartment of Dermatology, University College London Hospital, London, UK; bDepartment of Dermatologic Surgery and Laser Unit,
St. Thomas' Hospital, St. John's Institute of Dermatology, London, UK

ABSTRACT
Background: Biofilms are diverse groups of microorganisms encased in a self-produced matrix that offers
protection against unfavorable conditions and antibiotics.
Methods: We performed a literature search using the MEDLINE electronic database. Only original articles
published in English were considered for review.
Results: Biofilms have been implicated in the pathogenesis of acne, eczema, hidradenitis suppurativa,
onychomycosis, miliaria, and impetigo. Adverse dermal-filler reactions are also linked to biofilms. Strict
aseptic technique and prophylactic antibiotics are recommended in order to avoid such complications.
Finally, biofilms are implicated in wounds, mainly chronic and diabetic, where they impede healing and
cause recurrent infections. Several novel anti-biofilm agents and wound debridement have been shown to
be beneficial.
Conclusions: Biofilms are a significant cause of disease with wide implications in the field of dermatology.
Several novel treatments have been found to be effective against biofilms, depending on the underlying
microbes and type of disease.
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Introduction

Microorganisms can exist in planktonic (free-living) or attached
states. It has been demonstrated that certain microorganisms pref-
erentially attach to each other forming complex arrangements
known as a biofilms. Such biofilms are formed by diverse groups
of microorganisms with the ability to encase themselves in a self-
produced complex extracellular matrix of polysaccharides and pro-
teins that is firmly attached to biotic or abiotic surfaces (1).

Biofilms protect microorganisms from outside perturbations by
creating a favorable environment, allowing for microbial commu-
nication, enhanced virulence and breakdown of nutrients, aiding
microbial succession and development. In this way, microbes gain
enhanced protection, sustainability, and survival against the
unfavorable conditions of a harsh environment, the immune sys-
tem, and antibiotics (2,3).

Despite having been associated with a significant number of
infections, biofilms exhibit an altered phenotype with respect to
the growth rate of their planktonic counterparts making their
detection with routine culture techniques extremely difficult. In
addition, they present a challenge to clinicians due to their per-
sistent nature and resistance to conventional antimicrobial therapy
(4,5). Although much is yet to be known on the subject, there is
growing evidence regarding the importance of biofilms in various
cutaneous disorders (Table 1).

Methods

We performed a literature search using the MEDLINE electronic
databases. The combinations of the following keywords were
used: ‘skin or dermatology or eczema or dermatitis or fillers or
wounds or acne’ AND ‘biofilms or biofilm’. Only original articles

published in English, with their full text available online were
considered for review.

Results

Wounds

Due to the lack of cutaneous protection, all open wounds contain
microorganisms from endogenous or exogenous sources; there-
fore, there is an increasing interest and literature on the role of
biofilms in this field. A three-part sequence of the formation of
biofilms in wounds has been proposed: (i) microbial attachment
to the wound surface, (ii) extracellular polysaccharide substance
(EPS) production and growth of microbes forming micro-colonies,
and (iii) maturation and dissemination of microbial cells (2).

By using in vivo rat wound models, it was been demonstrated
that biofilms could develop very rapidly, in as little as 8 h (6). The
first evidence of biofilm formation in wounds was observed in
1996 (7). Further work by Davis et al. identified increased resist-
ance of Staphylococcus aureus (S. aureus) to antibiotic therapy
when compared to its planktonic state (8). Other than adding anti-
biotic resistance, the presence of biofilms is also thought to
inhibit wound healing. This likely occurs via impairment of the
immune response, delaying epithelialization, and hindering the
development of granulation tissue (9).

Wounds, both acute and chronic, provide optimal conditions
for microbial growth. However, biofilms are found more often in
chronic wounds. James et al. examined acute and chronic wound
specimens by light and scanning electron microscopy and found
that 60% of chronic wounds contained biofilms, in comparison to
only 6% found in acute wound samples. By utilizing culturing
techniques, they identified Staphylococci, Pseudomonas aeruginosa
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(P. aeruginosa), and Enterococci as the main culprit biofilm species
(9). In a further study, Han et al. utilized RNA sequencing in order
to profile the microorganisms present in chronic wounds, and
identified a mean of 17, mainly anaerobic, microorganisms per
wound (10).

Kwiecinski et al. investigated the biofilm forming capacity of S.
aureus and found that mediums composed of plasma and glucose
promote the development of the thickest biofilms. Furthermore,
they found that when compared to different types of skin infec-
tion, diabetic wounds were found to have the heaviest biofilm
load (11).

In a different study, it was shown that certain strains of
Staphylococcus epidermidis (S. epidermidis) display increased bio-
film expression in the presence of alcoholic ingredients. This is of
significant importance given the fact that alcoholic disinfectants
are used regularly for cutaneous disinfection with the commonly
held belief that they are bactericidal. However, if small numbers
of bacteria were to remain viable after such disinfection, or if
recolonization from the surrounding skin flora occurred, it is rea-
sonable to speculate that such conditions could confer a positive
selective pressure on biofilm-producing S. epidermidis-related
infections of iatrogenic origin (12).

Multiple treatment options of chronic wounds in the context
of biofilms have been proposed. There has been consensus
around the fact that wound debridement or de-sloughing is
necessary to remove non-viable tissue, thereby reducing surface
areas for biofilms to form upon (1). This can be done mechanically

and is deemed ‘low risk’ with repeated treatments thought to be
more effective (13).

Low frequency ultrasound and lasers are considered to be
alternative, non-invasive methods of achieving biofilm breakdown,
and enhanced wound healing. In a study by Crone et al., ultra-
sonic-assisted wound (UAW) debridement was shown to disrupt
biofilms with minimal effect on tissue viability. Even better anti-
biofilms results were observed when combining treatment with
UAW, saline irrigation, and a polyhexamethylene biguanide-con-
taining antiseptic agent (14). Regarding laser treatments, Baffoni
et al. observed only a small disruptive action in biofilm structure
after application of near-infrared diode laser to venous ulcers (15).

A number of different novel, anti-biofilm agents have also
been utilized in various different studies. In one such study, the
addition of lactoferrin and xylitol to a hydrogel dressing was
shown to have reduced the biofilm burden in chronic wound iso-
lates. This anti-biofilm efficacy was further augmented when silver
wound nitrate dressings were added (16). In a different study, bio-
films formed by Methicillin-sensitive S. aureus (MSSA) and
Methicillin-resistant S. aureus (MRSA) were completely eradicated
following exposure to 5% tea-tree oil for 1 h (17). A combination
of 13 different bismuth thiols were used by Folsom et al. and
shown to have superior bactericidal effects compared to antibiot-
ics (18). The application for 12 weeks of a biocellulose dressing
containing polyhexanide on 16 patients with chronic wounds,
achieved complete healing in 12 wounds, and reduced biofilm
load in 15 (19). The in vitro use of D-amino acids was shown to

Table 1. A synopsis of all treatments.

Treatment method Condition Action References

Debridement/desloughing Chronic wounds Reduces bulk and surface area of biofilms (13)
Lactoferrin and xylitol added to hydrogel dressing Chronic wounds Anti-biofilm action against P. aeruginosa and MRSA (16)
Lactoferrin and xylitol added to silver dressings Chronic wounds Anti-biofilm action against P. aeruginosa and MRSA (16)
Near-infrared laser therapy Chronic wounds Small disruptive action on S. aureus and

P. aeruginosa biofilms
(15)

5% tea-tree oil Chronic wounds Eradication of MRSA and MSSA biofilms (17)
Low frequency ultrasound Chronic wounds Small disruptive action against S. aureus biofilms (14)
Low frequency ultrasound, saline irrigation and

polyhexamethylene biguanide-containing
antiseptic

Chronic wounds Disruptive action against S. aureus biofilms (14)

Combination of 13 different bismuth thiols Chronic wounds Better action against S. aureus and P. aeruginosa
biofilms compared to traditional antibiotics

(18)

Biocellulose dressing containing polyhexanide Chronic wounds Improved wound healing and reduction of
biofilm load

(19)

D-Amino acids Chronic wounds Enhances anti-biofilm activity of antibiotics against
S. aureus and P. aeruginosa biofilms

(20)

Quaternary ammonium groups attached to ureth-
ane bandages

Chronic wounds Enhanced anti-biofilm action compared to untreated
dressings

(21)

Antimicrobial blue light Chronic wounds Anti-Acinetobacter baumannii and P. aeruginosa
biofilm activity

(22)

Platelet rich plasma Chronic wounds 7–38% decrease in staphylococci biofilm formation (24)
Platelet rich plasma and b-lactam antibiotics (oxa-

cillin) and glycopeptides (vancomycin)
Chronic wounds Further synergistic anti-biofilm action (24)

Platelet rich plasma and oxazolidinones (linezolid) Chronic wounds No evidence of synergistic anti-biofilm action (24)
Plant extracts – icariin, resveratrol, and salidroside Acne vulgaris Anti-biofilm activity against P. acnes (30)
MyrtacineVR combined with antibiotics Acne vulgaris Enhance anti-biofilm activity that either agent in

isolation
(31)

Ellagic acid and tetracycline Acne vulgaris Significant anti-biofilm action against P. acnes (32)
Thiazolidinedione derivatives Acne vulgaris Some anti-biofilm action against P. acnes (33)
Topical 10% povidone-iodine Atopic dermatitis Did not eradicate S. aureus biofilms (41)
Farnesol and xylitol cream Atopic dermatitis Very effective in inhibition of S. aureus biofilms (34)
5-Flouracil Dermal fillers Reported action against E. coli biofilms (51)
Hyaluronidase Dermal fillers Can destroy the mechanical support of biofilms (52)
Laser therapy Dermal fillers Can lead to lysis of biofilm-related nodules (53)
Debridement Dermal fillers Removes biofilm-related inflammatory lesions (52)
Miltefosine Onychomycosis Significant action against F. oxysporum and

C. albicans biofilms
(57)

Combined Nd:YAG IPL Onychomycosis Moderate action against C. albicans and significant
action against F. oxysporum biofilms

(58)
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enhance the activity of antibiotics against biofilms (20). The use of
ammonium-enhanced urethane bandages by Tran et al. achieved
enhanced inhibition of biofilms compared to untreated dressings
(21). Wang et al. utilized antimicrobial blue light (aBL) against
Acinetobacter baumannii and P. aeruginosa biofilms, detecting bio-
film load reduction in both after a single treatment (22). Finally,
application of platelets and platelet growth factors is thought to
be a recent adjunctive treatment option in the treatment of bio-
films (23). R�o_zalski et al. utilized platelet rich plasma and found
that it lead to a reduction in the population of staphylococci in
their planktonic cultures by 56–87% and a decrease in biofilm for-
mation by 7–38%. A synergistic antibacterial effect was noted
with b-lactam antibiotics (oxacillin) and glycopeptides (vanco-
mycin), but not with oxazolidinones (linezolid) (24).

Acne

Propionibacterium acnes (P. acnes) is a Gram-positive, anaerobic
bacillus that forms part of the normal skin flora (25). However, it
has been increasingly recognized as a cause of cutaneous path-
ology. It is believed to colonize the skin immediately prior to
puberty, following enlargement of the sebaceous glands that pro-
vide with an ideal anaerobic, lipid-rich environment for growth
(26). By the use of immunofluorescence microscopy, Jahns et al.
demonstrated that P. acnes biofilms are more common in the
sebaceous follicles of patients with acne vulgaris compared with
controls (27). P. acnes biofilms in cutaneous follicles are thought
to be a key factor in the pathogenesis and inflammatory process
of acne vulgaris, while also promoting antimicrobial resistance
and contributing to antibiotic treatment failure (28,29).

A number of potential treatments against P. acnes biofilms
have been explored in the literature. Coenye et al. tested 119
plant extracts and identified three active compounds (icariin,
resveratrol, and salidroside) with P. acnes biofilm-eradication prop-
erties (30). Feuillolay et al. found that a combination of antibiotics
and MyrtacineVR (Mediterranean Myrtle extract) lead to increased
biofilm inhibition compared to each agent in isolation (31).
Sivasankar et al. found that the combination of ellagic acid and
tetracycline leads to 80–91% inhibition of P. acnes biofilms (32).
Finally, Brackman et al. did not observe an increased biofilm inhib-
ition when combining thiazolidinediones with conventional anti-
acne formulations (33).

Atopic dermatitis

Atopic dermatitis (AD) is a common, chronic skin disorder with
relapsing, pruritic, inflammatory skin lesions in which biofilms are
thought to play an important role (33–36). Although healthy skin
flora only rarely contains S. aureus, this pathogen is isolated from
atopic skin and AD lesions much more frequently (33,36,37).
Katsuyama et al. present the view that the biofilm-related anti-
biotic resistance of S. aureus, coupled by its fast growth may be
the reason why it colonizes AD skin over other commoner skin
commensals (37). Such bacterial colonies can discharge toxins and
enzymes that injure the skin and lead to the production and
release of interleukins. Therefore, a number of researchers believe
S. aureus to be a critical environmental factor contributing to the
development of AD lesions (33,37,38).

Allen et al. support the hypothesis that S. aureus-related sweat
gland occlusion is the environmental component leading to AD.
They examined the skin of 40 patients with AD and found all sam-
ples to contain multi-resistant, biofilm-forming S. aureus. In add-
ition, microscopic tissue examination revealed biofilm eccrine
sweat duct occlusion. This biofilm-induced occlusion is thought to

cause inflammation, pruritus, and eventually lead to AD lesion for-
mation in a ‘subclinical miliaria-like’ fashion (35).

In a further study, S. aureus biofilms were seen by confocal
microscopy in AD lesions. These biofilms were found to confer
antimicrobial and physical resistance, making them hard to
remove from AD affected skin. In addition, the researchers of the
same study observed that light and electron microscopy are inef-
fective in detecting biofilms due to their collapse following tissue
preparation. This may explain why detection of biofilms by con-
ventional means has proven so difficult in the past (1,39,40).

Regarding the treatment of biofilms in AD, Akiyama et al.
found that S. aureus biofilms were resistant to treatment with top-
ical 10% povidone-iodine (41). Ikezawa et al., on the other hand,
reported that treatment with topical farnesol and xylitol cream
was very effective in inhibiting biofilm formation, making a cream
containing these two a potentially useful skin-care agent for
atopic skin colonized by S. aureus (34).

Dermal fillers

The presence of biofilms has also been linked to the use of der-
mal fillers, the second-most popular nonsurgical cosmetic proced-
ure undertaken in the USA (42). Fillers are used in aesthetic
medicine to achieve volume gain, scar treatment, and wrinkle
smoothening, and involve the injection of foreign body gels into
the dermal or subdermal tissue (43,44).

Many different local adverse reactions have been reported fol-
lowing the injection of fillers. Such reactions, though uncommon,
are seen more often with long-acting fillers in the form of ery-
thematous, mildly tender nodules (45). Commonly, these are cul-
ture negative and thought to be of inflammatory, non-infectious
origin and therefore treated with steroids, antihistamines, and
non-steroidal anti-inflammatory drugs (NSAIDs) (46).

More recently, it is emerging that such adverse reactions can
be attributed to the presence of biofilms. Alhede et al. developed
mouse models in order to test the relationship between dermal
fillers and biofilms. Their findings suggest that in the presence of
even very small numbers of bacteria, dermal filler gels promote
biofilm formation. Furthermore, they reported that broad-spec-
trum antibiotics were able to treat such infections when given
within 24 h of inoculation, but their effect diminished when
administered after 72 h of inoculation. Finally, they observed that
treatment with low-dose steroids did not change the course of
infection, but administration of high-dose steroids made infections
worse (44).

In a study of 54 patients with polyacrylamide filler gel
adverse reactions, Christensen et al. found that in 98% of symp-
tomatic patients, even at 5 years post-injection, commensal bac-
teria of low virulence (such as S. epidermidis and P. acnes) were
capable of producing long-term biofilm-associated infections in
the presence of fillers. In contrast, none (0%) of the samples
taken from asymptomatic (control) patients showed any evidence
of infection (46).

Finally, Saththianathan et al. found that all types of dermal fill-
ers can support the growth of S. epidermidis biofilms in vitro. They
additionally analyzed biopsy samples from filler-related granulo-
mas which revealed evidence of P. aeruginosa, Staphylococcus, and
P. acnes (47).

The route of such infections is likely to represent bacterial con-
tamination during filler injection; keeping in mind that significant
commensal bacterial colonies of up to 105 bacteria are present on
the human skin (44). To prevent such infections, strict aseptic
injection technique is recommended alongside with thorough skin
decontamination with antiseptic solutions (43,47).
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Wang et al. tested three common skin preparation wipes (alco-
hol, chlorhexidine, and povidone iodine) against S. aureus, and
found that all three lead to similar reduction in biofilm bacterial
burden. Furthermore, they found that dermal bacterial transfer
increased with increasing needle diameter, and decreased with
increasing injection depth. Finally, serial punctures and linear
threading injection styles revealed similar transfer incidence,
whereas fanning injection techniques lead to significantly higher
transfer of bacteria (48).

Regarding the treatment of biofilm-related complications, it is
recommended that long-term broad-spectrum antibiotics should
be employed, whereas, more traditional modes of treatment with
steroids and NSAIDs should be avoided (49,50). Attila et al.
reported that the use of 5-fluoruracil could provide with further
anti-infective properties by inhibiting the DNA of biofilm produc-
ing bacteria such as Escherichia coli (51). A different therapeutic
measure in the context of hyaluronic acid fillers is the use of
hyaluronidase in order to lyse the mechanical support of the bio-
film colony (52). Cassuto et al. recommend the use of lasers in
order to achieve direct biofilm matrix lysis in inflammatory nod-
ules, with little morbidity and minimal cosmetic disfigurement
(53). Finally, the most invasive method and the one with the worst
cosmetic outcome is surgical excision of inflammatory lesions,
which should only be employed in very severe, treatment-resistant
cases (52).

Other conditions

Hidradenitis suppurativa (HS) is a chronic, debilitating, inflamma-
tory disease of the apocrine gland-bearing skin (axillary, inguinal,
and anogenital areas) that results in relapsing episodes of painful
sinus and abscess formation. The exact pathogenesis of the dis-
ease remains obscure, but is likely multifactorial (54).

In a study of 27 HS patients, Jahns et al. found bacterial bio-
films to be present in the hair follicles and sinus tracts of seven
patients; with 10 more patients showing signs of bacterial pres-
ence without biofilm formation, and 10 not showing any signs of
bacterial colonization at all (55). Ring et al. examined the lesions
of 42 patients with HS and identified biofilms in 67% of all chronic
lesions, mainly situated in sinus tracts or the infundibulum (56).

Onychomycosis is a fungal nail infection that represents
approximately half of all nail diseases worldwide. Treatment with
standard topical antifungals is difficult and frequently long-term
therapy with oral antifungals is required (57,58).

Oliveira et al. observed the formation of Candida parapsilosis
biofilms on affected nails (59). Vila et al. also detected the pres-
ence of fungal biofilms on affected nails. Treatment with miltefo-
sine resulted in the reduction of Fusarium oxysporum (F.
oxysporum) nail biofilms by 93% and Candida albicans (C. albicans)
biofilms by 99% (57). In a further in vitro study, Vila et al. utilized
1064 nm Nd:YAG laser and 420 nm intense pulsed light (IPL) to
treat biofilms on human nail fragments. They achieved a reduction
in biofilm viability of 45–60% against C. albicans, and 92–100%
against F. oxysporum biofilms (58).

Biofilms have also been linked to the pathogenesis of miliaria
by causing blockage of sweat glands through mechanical obstruc-
tion. Mowad et al. inoculated various biofilm-forming strains of
staphylococci on the forearms of subjects under occlusion and
observed the development of miliaria, whereas non-biofilm-form-
ing strains of staphylococcus did not induce such a reaction (60).

Finally, impetigo has also been linked to the presence of bio-
films. In three separate papers, Akiyama et al. utilized confocal
laser microscopy in order to confirm the presence of S. pyogenes
and S. aureus biofilms in impetiginized skin (39,61).

Conclusions

The study of biofilms is an emerging topic in the field of medi-
cine. More specifically, there is growing evidence regarding the
presence of biofilms in a wide range of cutaneous disorders such
as chronic wounds, AD, and acne vulgaris. However, the extent on
which biofilms form part of the pathological process of each con-
dition, rather than being the result of simple colonization, is
largely unclear.

Biofilms have also been associated with the development of
granulomas following dermal filler injection and have revolution-
ized the way that we now view this adverse reaction, previously
thought to be non-infectious and treated with antihistamines and
anti-inflammatory drugs.

Unfortunately, the eradication of biofilms in cutaneous disor-
ders remains problematic. Several novel treatments have been
tested with varying degrees of efficacy. Such treatments are both
condition and microorganism dependent, ranging from dressings
and topical agents to the application of ultrasound and lasers.
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