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Problem
The skin is the body’s largest organ and the first line of defense
against pathogens. The skin provides a physical barrier,
contains immune cells, and supports the growth of symbiotic
microbes that aid in the prevention of pathogenic colonization.1
Trauma and disease can weaken or break the skin’s natural
barrier abilities, facilitating the development of wounds and
subsequent infection which impedes healing. In recent years,
the body of knowledge on wound infection has advanced
significantly, and the importance of wound biofilm to the
wound infection continuum has been widely recognized.2 The
presence of biofilm stalls wound healing and contributes to
wound chronicity and reduced antibiotic susceptibility.3,4 The
impact of biofilm is widespread; over 90% of chronic wounds
and 6% of acute wounds contain biofilm.5, 6
In the United States, chronic wounds impose substantial
economic burden, with an estimated cost of $28 billion
annually alone,7 further emphasizing the importance of
developing new methods and treatment strategies to
eradicate infection and promote healing.

Why iodine?
Clinicians have a wide variety of products at their disposal
which are designed to combat infections and thus remove
barriers to wound healing. However, few technologies have
as long of a history of clinical use as iodine-based therapies.
Iodine has been used as an antibacterial for centuries and
has been incorporated over the years into a range of wound
dressings used routinely in treatment of chronic wounds.
The iodine products of today release iodine from iodophors,
which are compounds in which iodine is complexed with
a temporary “carrier” to provide for a gentler, controlled
release that maintains efficacy against bacteria. Even at low
concentrations, the antibacterial action of iodine is quick,
but the exact antibacterial mechanism of action of iodine is
unknown. One potential mechanism involves Iodine rapidly
penetrating cell membranes and disrupting proteins, enzymes,

nucleotides, and fatty acids in the cytoplasm and cytoplasmic
membrane, leading to cell death.8, 9 Iodine’s multiple modes
of action ensure the rapid kill of microbes and help prevent
the development of bacterial resistance. It has also shown
significant efficacy against a variety of biofilm strains in in vitro
and ex vivo models.
Biofilms are bacterial structures physically attached to
a surface and characterized by significant tolerance to
antibiotics and biocides. Various biofilm models have been
developed to simulate aspects of a wound environment,
often incorporating clinically relevant microbes, in which the
antibacterial efficacy of wound dressings can be compared.
Diverse, complex polymicrobial communities consisting of
bacteria reside in wounds. In chronic wounds, Staphylococcus
aureus and Pseudomonas aeruginosa are amongst the most
prevalent opportunistic, pathogenic bacterial species that are
the most frequently isolated yeasts from polymicrobial chronic
wounds.10-12
Iodine-based wound dressings have been tested in a
comparative manner against other commonly used wound
dressings such as silver based therapies. In an in vitro flatbed
perfusion biofilm model, an iodine dressing was found to
be more efficacious against both 24 hour P. aeruginosa
and 24 hour S. aureus. The iodine dressing had a sustained
antibacterial effect throughout the treatment period,
reducing the biofilm levels of each organism below minimum
detection levels after 24 hours.13 In an in vitro constant depth
film fermenter, a multispecies biofilm including P. aeruginosa
and S. aureus was grown for 3 or 7 days. Both the povidoneiodine dressing and another controlled release iodine dressing
showed complete disruption of the bacteria in the biofilm after
7 days of treatment.14 Another study comparing the efficacy
of other dressings on biofilm, involved an in vitro porcine
explant model that found controlled release iodine dressings
decreased mature, 3-day P. aeruginosa by eight logs after one
and three days.15 In an ex vivo porcine skin model, five types
of commonly used wound dressings were assessed for their
antibacterial efficacy against P. aeruginosa biofilm grown for 3
days and pre-treated with antibiotics. Controlled release iodine
demonstrated a 7 log kill of mature 3-day P. aeruginosa biofilm
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after 24- and 72-hour exposure.16 While all of these studies
included a variety of silver dressings, iodine dressings largely
outperformed silver dressings in overall log kill.
A systemic review of topical agents used for managing chronic
biofilm infections included 43 articles (47 studies: 39 in vitro,
5 in vivo animal, and 3 human).17 Twelve topical agents were
identified: silver, honey, iodine, polyhexamethylene biguanide
(PHMB), poloxomer 188, superabsorbent polymer, melaleuca
oil, hypochlorous/acetic acid, pyridine, chlorhexidine, ringer’s

solution, and electroceutical. The in vitro results indicated iodine
had the highest mean log10 reduction (4.81±3.14) of biofilm out
of all agents. Although all agents demonstrated lower efficacy
against biofilm in the animal studies, iodine still had a 4.5 log
reduction, which reinforces its possible efficacy in a clinical
setting. Since no single biofilm model perfectly mimics the
wound environment, efficacy against biofilm in various models,
both monospecies and polyspecies and of different maturities,
highlights the strong effect of iodine dressings.

Table 1: effects of various dressings against biofilm (in vitro or ex vivo studies)
If multiple log reductions are listed then the log reduction correlates with the treatment time in the table.

Model

Organism/maturity
P. aeruginosa

Flatbed perfusion
biofilm model13

1 Day maturity
S. aureus
1 Day maturity

Treatment time
5, 8 and 24 hours

5, 8 and 24 hours

P. aeruginosa / S. aureus
Fermenter

14

Pig explant

Pig explant

15

16

Systemic review:
in vitro17

3 Day or 7 Day
maturity

P. aeruginosa
3 Day maturity

P. aeruginosa
3 Day maturity

Various

7 days

24 hr, 72 hr

24 hr, 72 hr

24 hr

Treatment

Log reduction

Iodine

~2.5, ~4, ~7.25

Silver

~3, ~4, ~3

Iodine

~2, ~4, ~7.25

Silver

<1, <1, <1

Controlled release iodine

~8

Povidone iodine

~8

Various silver

NS

Controlled release iodine

~8, 8

Povidone iodine

1.5-2

Polyethylene nano crystalline silver

3

Ionic silver

NS

0.2% PHMB

NS

Controlled release iodine

7.827, 7.77

Povidone iodine

2.571, 1.113

Ionic silver CMC

0.374, 0.801

Polyethylene nano crystalline silver

1.822, 1.31

PHMB

0.439, 0.465

Honey

1.555, 0.352

Ethanol

1.351, 1.285

All Iodine agents

4.81 ( ±3.14)

All PHMB

3.33 ( ±2.28)

All silver agents

2.18 ( ±1.81)

Poloxamer 188

3.71 ( ±2.37)
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IoPlex™ and biofilm
IoPlex with I-Plexomer™ is the world’s only controlled release
iodine foam dressing, Figure 1. Ioplex is an iodophor of iodine
and a specially modified foam polymer. The proprietary
controlled-release system allows for regulated and sustained
infection management through the slow release of iodine
within the wound dressing. As iodine is released, the dressing
changes from black to white.

In order to determine the antibacterial time-kill effectiveness
of IoPlex, in vitro antibacterial barrier testing was performed.
IoPlex was challenged with P. aeruginosa for 30 minutes and
Methicillin Resistant Staphylococcus aureus (MRSA) for 5
minutes, 30 minutes, 3 days, and 7 days. For all of the above
organisms and time points, IoPlex demonstrated a greater
than 4-log kill against MRSA within 5 minutes and P. aeruginosa within 30 minutes, sustained for 7 days.19

Figure 1: Ioplex iodophor foam dressing

An in vitro CDC bioreactor biofilm model was implemented to
evaluate the efficacy of Ioplex. Mature S. aureus and P. aeruginosa biofilms were grown for 24 hours. After one day of treatment, IoPlex had an 8-log reduction against both S. aureus and
P. aeruginosa biofilms, Figure 2.20 A 12-well plate anaerobic direct contact model evaluated IoPlex’s efficacy against 48-hour
Bacteroides fragilis biofilm. After one day of treatment, IoPlex
had a 6-log reduction of B. fragilis biofilm, Figure 3. Overall,
IoPlex outperformed all other tested dressings.21

•	Sustained release
over 24 to 72 hours
•	Can be cut to
shape of wound
and stacked

Figure 2: In vitro CDC bioreactor biofilm
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CDC bioreactor: 24-hour treatment of 24-hour mature biofilm
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Figure 3: In vitro anaerobic direct contact biofilm
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Anaerobic direct contact: 24-hour treatment of 48-hour B. fragilis biofilm
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Conclusion
In the United States, chronic wounds affect approximately 6.5
million patients, and the number is increasing with the aging
population.22 These wounds are stalled in the inflammatory
phase of wound healing and cannot progress. Over 90% of
chronic wounds contain biofilm, which is resistant to most antibiotics and many current antibacterial therapies. Managing biofilm poses a challenge, so a range of therapies has been tested
in different biofilm models. Iodine dressings have demonstrated
significant reduction in biofilm levels in a number of in vitro
studies and have consistently outperformed other antibacterial
dressings, including silver-based technologies in these studies.
IoPlex, a controlled release iodine dressing, has potent activity
against mature S. aureus and P. aeruginosa biofilms in vitro.
These results suggest the controlled release of iodine in IoPlex
may be effective for managing biofilm in the wound. The clinical
implications of these findings have yet to be determined.
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