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In vitro comparison of 
antimicrobial activity of iodine and 
silver dressings against biofi lms

● Objective: To compare the antimicrobial effectiveness of  silver- and iodine-containing wound dressings 

against preformed mature biofi lms of  pathogenic wound bacteria grown in vitro. 
● Method: Biofi lms of  Pseudomonas aeruginosa and Staphylococcus aureus were grown within an in vitro fl at 

bed perfusion biofi lm model. Mature biofi lms were removed and exposed to wound dressings containing 

either silver or iodine (Aquacel Ag and Iodozyme) within a static diffusion method, for up to 24 hours. 

This method was designed to refl ect certain key features that determine antimicrobial activity within the 

wound.  The numbers of  viable bacteria surviving in the biofi lms were determined at set time intervals 

over the test period.
● Results: Both test dressings exerted an antimicrobial effect against the target species biofi lms, although 

the iodine dressing was more effi cacious under the experimental conditions employed.
● Conclusion: There are large and potentially signifi cant differences (as measured in vitro) in the 

effectiveness of  wound dressings containing broad-spectrum antimicrobial agents such as silver and 

iodine against specifi c types of  bacterial biofi lms. 
● Declaration of interest: Prof. Paul Davis is an employee of  Insense; John Wilkins and Andrew Austin are 

funded by Insense; Robin Thorn’s PhD studies have been supported by a grant from Insense.
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 T
here is considerable interest in the poten-
tial involvement of bacterial biofi lms in 
the pathogenesis of chronic, non-healing 
wounds. However, it is diffi cult to observe, 
quantify and investigate the effects of 

these in vivo. In order to gain an insight into the 
problems that biofi lm structures pose for topical 
antimicrobial therapy, we used an in vitro model to 
determine the impact of biofi lm organisation on the 
resistance of two common wound pathogens to two 
antimicrobial dressings. 

The microbial status of the wound bed is an impor-
tant factor in determining whether wounded tissue 
heals in a timely manner. Most open wounds are 
contaminated with bacteria, but this does not neces-
sarily impair the healing process.1 However, if a suf-
fi cient population,2 a diversity of species3 or specifi c 
virulent organisms are present,4 then healing can be 
signifi cantly delayed. These microbial communities 
compete for local nutrients,5 release destructive 
enzymes,6 produce cytotoxic metabolites,7 and 
inhibit both host tissue regeneration8 and immune 
responses.9 Perhaps the most important deleterious 
effect is the powerful antimicrobial response from 
the innate immune system. Neutrophil infi ltration, 
with all of its infl ammatory effects, results in exten-
sive damage to the host tissue.10 

Microorganisms have evolved numerous strate-
gies to avoid host detection and removal,11 and 

resist chemical environmental stresses, such as anti-
microbial therapy.12 Recently, attention has focused 
on biofi lms.13 Defi ned as ‘multi-cellular, surface-
associated microbial communities enclosed in a self-
produced polymeric matrix’,14 biofi lms are thought 
to be innately more resistant than free-swimming 
planktonic cells to antimicrobial therapy.15

When wounds display evidence of localised infec-
tion, as assessed on the basis of clinical signs and 
symptoms, it is important to reduce the wound 
bioburden in order to restore the host-microbial bal-
ance. Antibiotics and/or surgery may be required to 
eradicate suspected systemic or deep, progressive 
infections, such as necrotising fasciitis, whereas 
broad-spectrum topical antimicrobial treatments 
play a role in the treatment of local infections. Giv-
en that biofi lms form in the wound bed in vivo,16-19 it 
is important to understand the activity of topical 
agents against such biofi lms. 

Iodozyme (Archimed Division, Insense, UK) is a 
hydrogel wound dressing that contains iodine.20 Pro-
totype Iodozyme dressings have shown promising 
activity against a broad spectrum of wound-prevalent 
microorganisms in vitro,20 and the commercial prod-
uct showed signifi cant and sustained antimicrobial 
effects in an in vitro study.21

This study aimed to compare the comparative in 
vitro effi cacy of Iodozyme with that of a silver-con-
taining Hydrofi ber dressing (Aquacel Ag, ConvaTec) 
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Fig 1. Photo of the static diffusion method. Uncovered control 
biofilms, and test biofilms with topical treatments applied, 
are distributed over the surface of hydrogel polymer test 
beds
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against pre-formed biofi lms of two microorganisms 
commonly found in wounds (Pseudomonas aerugi-
nosa and Staphylococcus aureus). 

Method
Growth and maintenance of microorganisms
P. aeruginosa PAO-1 (ATCC 15692) and S. aureus 
(NTCC 8325) were maintained on nutrient agar 
(Oxoid, Basingstoke, UK) and stored on frozen beads 
(-80oC; Pro-Lab Diagnostics, Neston, UK).

Test dressings
Iodozyme (10 x 10cm) and Aquacel Ag (10 x 10cm) 
wound dressings were obtained from the manufac-
turer or a local pharmacy.

Biofilm growth and development
Mature biofi lms were grown within 1cm2 cellulose 
matrices using a fl at bed perfusion biofi lm model.22 
Cellulose matrices were inoculated with 105 colony 
forming units (cfu) of target cells, incubated for two 
hours, and then perfused with either sterile 0.1% 
foetal calf serum (FCS, heat inactivated at 57°C) in 
phosphate-buffered saline (PBSa) for P. aeruginosa or 
2% FCS + 0.1% glucose in PBSa for S. aureus, at a rate 
of 1ml per hour. After 24 hours of media perfusion, 
reproducible quasi-steady state biofi lm communi-
ties formed at a density of around 107cfu/cm2. These 
were removed and used immediately as the target 
biofi lm samples for subsequent assessment of 
wound-dressing antimicrobial activity within the in 
vitro static diffusion method.

In vitro static diffusion method (Figs 1 and 2)
Preformed mature biofi lm samples were distributed 
across the surface of 10 x 10 x 10cm2 hydrogel poly-
mer test-bed assay plates which were pre-incubated 
with 3ml of 50% FCS (diluted in PBSa), as previously 
described.21 Test dressings were cut into 2.5 x 2.5cm 
square sections before use, and placed on top of the 
mature, immobilised biofi lm communities. At set 
time intervals (0, 1, 3, 5, 8 and 24 hours), test dress-
ings were removed. The biofi lm samples were dis-
persed into 10ml of PBSa via vortex mixing, with 
sodium thiosulphate added as a neutraliser of both 
iodine and silver ions. The total viable biofi lm pop-
ulation densities were determined by serial dilution 
(10-1-10-3), and spiral plating onto nutrient agar 
recovery media. The minimum detection level 
(MDL) was 2 x 102cfu per biofi lm. Uncovered bio-
fi lm samples were sequentially sampled at the same 
time to serve as an untreated control. All experi-
ments were repeated in triplicate.

Statistical analysis
The kill rate (k) of test treatments against biofi lms of 
target species was determined by linear regression 
analysis. Analysis of covariance (ANCOVA) was used 

Fig 2. Schematic overview of the experimental methodology:
1  Target species are grown within a cellulose matrix in a flat bed perfusion biofilm 
system22 

2  Mature biofilms (24 hours) are removed and placed on the surface of a hydrogel 
polymer test bed (HPT) containing a reservoir of pre-absorbed serum; test dressings can 
then be applied to the biofilm surface
3  Biofilms are removed at defined time points, serially diluted and plated onto recovery 
media to determine the number of viable survivors
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to determine if there was a signifi cant difference 
between rates. A two-tailed unpaired t-test was used 
to determine signifi cant differences between indi-
vidual data points. A p value of <0.05 was regarded 
as signifi cant. Graph construction, statistical analy-
ses, and modelling were conducted with the use of 
GraphPad Prism version 4.03 for Windows (Graph-
Pad Software, San Diego, CA, USA).

Results
The two wound dressings exhibited differing abili-
ties to reduce the total viable biofi lm population 
density of the two microorganisms tested. The anti-
microbial kinetics (the speed of kill) for S. aureus bio-
fi lms treated with either the iodine or the silver 
dressing are shown in Fig 3. Both dressings exerted 
signifi cant antimicrobial effects, causing kill rates 
exceeding those observed with bacteria in the con-
trol samples over the fi rst eight hours of treatment 
(p<0.0001). The iodine dressing exerted a signifi -
cantly greater antimicrobial effect (k = -0.468) than 
the silver dressing (k = -0.081), producing a >3-log 
fold reduction in viable cell numbers within eight 
hours of treatment. Moreover, no microbial survi-
vors were recovered after 24 hours of treatment with 
the iodine dressing (according to the MDL of these 
experiments). In contrast, a viable biofi lm popula-
tion density that was not signifi cantly different from 
the control samples was recovered from beneath the 
silver dressing after the same treatment period.

The antimicrobial kinetics for P. aeruginosa bio-
fi lms treated with either the iodine or silver dressings 
are shown in Fig 4. Both dressings exerted signifi cant 
antimicrobial effects, causing kill rates exceeding 
those observed with bacteria in the control samples 
(p<0.0001). During the fi rst eight hours of treatment, 
there was no signifi cant difference in the kill kinetics 
recorded for the iodine dressing (k = -0.514) and the 
silver dressing Ag (k = -0.504). After 24 hours of treat-
ment, there was a signifi cant increase (p<0.05) in the 
total viable counts of biofi lm bacteria recovered from 
beneath the silver dressing (approximately 104cfu) 
compared with after eight hours of treatment, 
although counts were still signifi cantly lower than 
the control values (p<0.0001). In contrast, no viable 
cells were recovered from beneath the iodine dress-
ing-treated samples after 24 hours of treatment 
(according to the MDL of these experiments). 

Discussion
Mature monospecies biofi lms were preformed in a 
fl at bed perfusion biofi lm system which has been 
previously shown to produce reproducible quasi-
steady state communities, whereby surface associ-
ated cells are enclosed in a self-produced polymeric 
mix.20 Biofi lms were extracted for use as defi ned tar-
get samples within a static diffusion method,21 ena-
bling quantifi able kill kinetics to be determined. 

Fig 3. Kill kinetics of the iodine and silver wound dressings used to 
target S. aureus biofilms  
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Both dressings tested exerted signifi cant antimi-
crobial effects against P. aeruginosa, but the initial 
activity of the silver dressing appeared to wane by 
24 hours. This is perhaps surprising as, while this 
dressing has a ‘relatively modest silver content’,23 it 
has previously demonstrated prolonged antimicro-
bial activity in vitro against this microorganism.23 
The use of preformed mature biofi lms as the target 
sample presumably accounted for the differences in 
the antimicrobial effects observed in the two stud-
ies. Although the silver dressing was signifi cantly 
less effective than the iodine dressing against P. aer-
uginosa biofi lms at 24 hours, overall the silver dress-
ing still exerted a substantial antimicrobial effect, 

Fig 4. Kill kinetics of the iodine and silver wound dressings used to 
target P. aeruginosa biofilms  
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with a >3-log fold reduction in viable biofi lm cells, 
leaving only a low-level, residual population. 

When the dressings were tested against S. aureus 
biofi lms, the difference in antimicrobial activities of 
the two dressings was greater. The iodine dressing 
exerted a sustained antimicrobial effect throughout 
the treatment period, reducing the total viable bio-
fi lm population to below the MDL by 24 hours. In 
contrast, the silver dressing exerted a weak but sig-
nifi cant activity during the fi rst eight hours of treat-
ment but, by 24 hours, the total biofi lm population 
had recovered to levels not distinguishable from the 
control. The limited antimicrobial activity of the sil-
ver dressing against S. aureus has previously been 
documented in studies using a dressing suspension 
test that also produced kill kinetic data.24

The kill rates recorded for the iodine dressing against 
target species biofi lms in this study were signifi cantly 
lower than those observed in tests against a similar den-
sity (107cfu) of planktonic immobilised target organisms 
of the same species, within a static diffusion method.21 
The physiological state of the target biofi lm samples, 
therefore, appears to confer a higher level of resistance 
against the topical broad-spectrum antiseptic agents 
tested. It should be noted that the biofi lm cells would 
have been growing at a much lower growth rate, and it 
is likely that the difference in underlying growth rates is 
a major factor in the observed difference in relative sus-
ceptibility. Nonetheless, the iodine dressing caused a >3-
log fold reduction in viable counts by eight hours against 
both S. aureus and P. aeruginosa biofi lms, which is indic-
ative of a bactericidal effect, and by 24 hours no viable 
cells of either organism were recovered.

When tested against preformed mature biofi lm 
populations within an in vitro static diffusion method, 
the iodine dressing exerted a greater antimicrobial 
activity against biofi lms than did the silver dressing. It 

should, of course, be expected that different wound 
dressings containing different broad-spectrum antimi-
crobial agents will have different antibacterial profi les 
when tested against different microorganisms. Such 
differences are likely to be more pronounced when 
the microorganisms are present as biofi lms, which 
confer some protection to the bacteria present.

Given the various and disparate modes of antimi-
crobial action of silver and iodine,25 it would be sur-
prising if these agents produced similar antimicrobial 
effects. Nevertheless, the apparent superiority of a 
‘traditional’ agent (iodine) over a second-generation, 
‘modern’ embodiment of silver in this in vitro study 
is signifi cant. Further clinical study is required to 
determine the extent to which these in vitro fi ndings 
should infl uence practitioners’ choice of antimicro-
bial dressing when the wound pathogen is known. 

An ideal in vitro experimental system for assessing 
the antimicrobial effi cacy of wound treatments 
would incorporate the same (or very similar) physico-
chemical conditions that occur in a real wound bed. 
All in vitro methods have their limitations and in 
the present study only two types of monospecies 
biofi lms were assessed, whereas a complex mixed-
species biofi lm is likely to be present in a real wound 
bed. Moreover, although certain physiochemical 
parameters were controlled for, this model in no 
way replicates all of the factors involved in a real 
wound bed in vivo, particularly the host response.

Further study should involve more challenging 
experimental conditions and a greater selection of 
wound dressings. It will be important to investigate 
whether the pattern of activity against biofi lms 
observed in this study is replicated when these and 
other dressings are tested within even more chal-
lenging experimental conditions, in conjunction 
with appropriate controlled clinical trials. ■
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