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ABSTRACT 1 

Objectives  2 

The aim of the study was to evaluate the antibacterial efficacy of Lugol’s solution, acetic acid, 3 

and boric acid against Staphylococcus aureus biofilm.  4 

Methods  5 

The efficacy of Lugol´s solution 1%, 0.1%, and 0.05%, acetic acid 5% or boric acid 4.7% for 6 

treatment of Staphylococcus aureus biofilm in vitro was tested using 30 clinical strains. 7 

Susceptibility in the planktonic state was assessed by disk diffusion test. Antiseptic effect on 8 

bacteria in biofilm was evaluated by using a Biofilm-oriented antiseptic test (BOAT) based on 9 

metabolic activity, a biofilm bactericidal test based on culturing of surviving bacteria and 10 

confocal laser scanning microscopy combined with LIVE/DEAD staining.  11 

Results 12 

In the planktonic state, all tested S. aureus strains were susceptible to Lugol's solution and 13 

acetic acid, while 27 out of 30 tested strains were susceptible to boric acid. In biofilm the 14 

metabolic activity was significantly reduced following exposure to Lugol's solution and 5% 15 

acetic acid, while boric acid exposure led to no significant changes in metabolic activities. In 16 

biofilm, biocidal activity was observed for Lugol`s solution 1% (30/30), 0.1% (30/30), and 17 

0.05% (26/30). Acetic acid and boric acid showed no bactericidal activity in this test. 18 

Confocal laser scanning microscopy, assessed in 4/30 strains, revealed significantly fewer 19 

viable biofilm bacteria with Lugol`s solution (1% p<0.001, 0.1% p=0.001 or 0.05% p=0.001), 20 

acetic acid 5% for 10 minutes (p=0.001) or 30 minutes (p=0.015), but not for acetic acid for 1 21 

minute or boric acid.  22 

Conclusion 23 
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Lugol`s solution 1.0% and 0.1% effectively eradicated S. aureus in biofilm and could be an 24 

alternative to conventional topical antibiotics where S. aureus biofilm is suspected such as 25 

external otitis, pharyngitis and wounds.   26 

 27 

Keywords: Boric acid, Lugol`s solution, acetic acid, biofilm, Staphylococcus aureus, Confocal 28 

laser scanning microscopy. 29 

 30 

  31 
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1. INTRODUCTION 32 

Staphylococcus aureus is commonly identified in the secretion of purulent draining ears, 33 

pharynx and chronic suppurating wounds and is known to be a potential biofilm producer [1-34 

4]. Bacteriological analysis and antimicrobial treatments have traditionally focused on 35 

bacteria in their planktonic state without considering them as biofilm. In recent years biofilm 36 

formation has received more attention. The bacteria within the biofilm exhibit altered 37 

metabolism, gene expression and protein production compared to their planktonic 38 

counterparts [5]. The biofilm can also serve as a protected reservoir for pathogenic bacteria 39 

[6-8].   40 

The altered characteristics of biofilm bacteria cause antimicrobial resistance through several 41 

mechanisms such as, a dormant phenotype, or a high proportion of persister cells [6, 9]. The 42 

metabolic quiescent state inactivates antimicrobial targets or reduces the requirements for 43 

their cellular function [6]. The biofilm can also act as a diffusion barrier, with reduced 44 

antimicrobial permeability through the biofilm matrix, or by deactivation of the antimicrobial 45 

substances in the surface layer of the biofilm [7, 10, 11]. Furthermore, the biofilm prevents 46 

immune cells and components from engulfing and eradicating the bacteria [12, 13]. The MIC 47 

values of biofilm can reach 500-1000 times that of their planktonic counterparts [7, 14]. 48 

Mature biofilms can shed planktonic bacteria or micro colonies into the local environment, or 49 

migrate and attach to other parts of the body, causing relapsing infections if not treated 50 

appropriately [10].  51 

Because of these biofilm defense mechanisms and growing antimicrobial resistance [15, 16], 52 

we urgently need new treatment options. Antiseptics have many advantages over antibiotics, 53 

such as generally acting on several targets in the microorganism instead of one specific site 54 

only, and demonstrating less risk of antimicrobial resistance and a broader spectrum of 55 

antimicrobial activity. Antiseptics have proven efficacy against different groups of bacteria, 56 
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fungi, viruses, and protozoa [17]. However, the use of antibiotics has reduced the scientific 57 

attention to antiseptics.   58 

Lugol´s solution and boric acid have been used as antiseptics in medical practice since the 59 

19th century. In 1829 the French physician J.G.A. Lugol created the disinfectant Lugol´s 60 

solution, which consists of 5g iodine (I2) and 10g potassium iodide (KI) mixed with 85mL 61 

distilled water [18]. The effect of boric acid in modern medical practice was first described by 62 

Lord Lister in 1875 [19, 20].  Acetic acid was used by Hippocrates to treat wounds [21].  63 

The present study aims to evaluate the efficacy of Lugol’s solution, boric and acetic acid on 64 

biofilms produced by S. aureus, and thereby, potential candidates for topical treatment of 65 

diseases with S. aureus biofilm, such as external otitis, pharyngitis and wounds. 66 

 67 

2. MATERIALS AND METHODS 68 

A relatively large number of clinical wildtype strains were tested, since the susceptibility to 69 

antimicrobials may differ between clones [22, 23]. The S. aureus strains were obtained at 70 

Oslo University Hospital, an academic tertiary referral center, in the period from April 2014 71 

to October 2014. The strains were collected consecutively from 29 unique; 15 strains from 72 

blood culture and 14 strains from draining ears. S. aureus 1378-1, a previously described 73 

strain known for its biofilm-producing capabilities, was used as a positive control [24]. The 74 

strains from the draining ears were obtained by using an otomicroscope and a sterile swab 75 

(VWR transport swabs, Copan, Breschia, Italy). The identification and antibiotic 76 

susceptibility testing did not reveal any MRSA strains. (MALDI-TOF-MS, Bruker Daltonik 77 

GmbH, Bremen, Germany, VITEK® 2, bioMérieux S.A. France). The bacteria were stored in 78 

a freezing storing broth at -70˚C (Frysebuljong, Oslo University Hospital, Oslo, Norway) 79 
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before being plated on to blood agar plates for amplification and verification of purity. The 80 

blood agar plates were incubated for 24 hours at 37 ±1°C.  81 

2.1 Disk diffusion test. Each of the strains was tested in its planktonic state to evaluate the 82 

efficacy of the antiseptics by a disk diffusion test according to the EUCAST disk diffusion 83 

method, version 5. Single colonies from a fresh overnight bacterial culture on blood agar were 84 

picked and transferred into sterile saline. The suspension was measured to McFarland 0.5 and 85 

the spread on Müller Hinton agar plates using an automated plate spreader. Aliquots of 50µL 86 

of antiseptic were applied to a diffusion disk (6mm Blank Paper Discs, Becton, Dickinson and 87 

Company, Sparks, MD, USA) that was applied to the agar plates. Inhibition zones were 88 

evaluated after 18 hours of incubation at 36 ±1°C with calipers.  89 

2.1 Biofilm assay. The ability of the S. aureus strains to form biofilm was tested in a 96-well 90 

microtiter plate (Nunclon Delta Surface, Thermo Fisher Scientific, Roskilde, Denmark) 91 

according to a previously published method [25]. One colony of each bacterial strain was 92 

inoculated in 5mL of tryptic soy broth (TSB) which was cultured over night at 37 ±1°C. The 93 

next day, 180µL of TSB w/ 1% glucose/ 1% NaCl was transferred to each of the wells on the 94 

microtiter plate, except for the first three blank control wells to which 200µL were transferred. 95 

The overnight cultures were then vortexed at 222 rpm for 40 secs and 20µL were transferred 96 

to all the wells, except for the blank control. Each strain of the S. aureus was tested in three 97 

parallel wells. The microtiter plate was incubated at 37 ±1°C for 24 hours. The wells were 98 

then washed three times with 220µL of tap water and left to dry at room temperature for 30 99 

min.  After drying, 220µL of crystal violet (1% solution, Sigma Aldrich, St. Louis, MO, USA) 100 

was added and incubated for 30 min. The wells were washed five times with 220µL of tap 101 

water. To extract the crystal violet from the biofilm, 220µL of ethanol:acetone (70:30 w:w) 102 

was added to the wells. The results were then calculated by measuring the optical density at 103 

595nm (Multiscan MS, Thermo Fisher Scientific Inc., Waltham, MA, USA).  104 
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2.3 Antiseptics. Antiseptics and exposure times are shown in Table 1. The exposure times 105 

were chosen from a pilot test and after considering what would be a practical duration in a 106 

clinical setting. 107 

2.4 Biofilm-oriented antiseptics test (BOAT). To test the efficacy of the antiseptics on the 108 

bacterial strains in biofilm, the Biofilm-oriented antiseptics test (BOAT) was applied [26], 109 

with some modifications. The same 96-well microtiter plate was used as in the biofilm assay 110 

and the biofilm was produced as described above with six parallel wells for each strain. After 111 

24 hours of incubation, the wells were washed with 220µL sterile 0.85 % NaCl, before adding 112 

the undiluted antiseptics and sterile 0.85% NaCl for the selected contact time. For each strain 113 

three parallel wells were exposed to antiseptics and three were controls. The antiseptic and 114 

0.85% NaCl were then removed and Dey Engley neutralizing broth was added for 5 minutes. 115 

The wells were filled with 200µL of TSB:tetrazolium chloride (TSB:TTC) in the ratio of 20:1. 116 

The microtiter plate was incubated at 37 ±1 °C for 12 hours. The results were evaluated 117 

visually by color change and measured calorimetrically. The amount of formazan produced 118 

was calculated calorimetrically by measuring the optical density at 492nm (Siemens BEP 119 

2000 Advance, Germany). In the presence of viable metabolic active bacteria, TTC is reduced 120 

from a colorless compound to red formazan, which correlates to the number of viable cells 121 

[27-29]. The experiment was repeated three times. 122 

2.5 Biofilm bactericidal test. To confirm the eradication effects of antiseptics on S. aureus 123 

biofilm, a model described by T. Mah was used, modified for S. aureus [23]. All 30 strains 124 

were tested. The first steps of establishing a biofilm, and applying antiseptics, sterile 0.85% 125 

NaCl, and neutralizing broth was identical to the BOAT method described above. However, 126 

instead of then adding TSB:TTC, 200µL of TSB was added to each well and incubated at 37 127 

±1 °C for 24 hours. Of the overnight culture 5µL was transferred from each well onto a blood 128 
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agar plate and incubated at 37 ˚C for 24 hours before the results were evaluated visually. If 129 

there was no growth, the antiseptic was considered bactericidal. 130 

2.6 Confocal laser scanning microscopy. Three strains were chosen randomly from the 131 

previous experiment among those which were susceptible to Lugol`s solution 0.05%, and one 132 

random strain from those which were not susceptible to Lugol`s solution 0.05%. The tested 133 

strains were; 14BA 010 492, 14BA 010 425, 14BA 020 489 and 14BA 020 499.  The first 134 

steps of establishing a biofilm and applying antiseptics, sterile 0.85% NaCl and neutralizing 135 

broth was identical to the BOAT method described above, except that a Lab-Tek II 136 

Chambered Coverglass with cover 8-wells, (Thermo Fisher Scientific, Inc., Waltham, MA, 137 

USA) was used instead of a microtiter plate. Each strain was exposed to the antiseptics or to 138 

sterile 0.85% NaCl as a control. The slides were stained with Filmtracer™ LIVE/DEAD® 139 

Biofilm Viability Kit, (Molecular Probes, Thermo Fisher Scientific, Inc., Waltham, MA, USA) 140 

according to the manufacturer's specifications. Images of the stained biofilm were generated 141 

on a confocal laser scanning microscope (Zeiss LSM 710, Germany), employing a 488 nm 142 

argon laser line for the SYTO® 9 and a 561 nm DPSS laser line for the propidium iodide. The 143 

ratio of dead or dying cells to the total number of cells in the biofilm was determined by 144 

ImageJ software (open source, public domain). Four scans were performed per strain per 145 

antiseptic and control. In order to ensure that the antiseptics had penetrated the whole biofilm, 146 

scans were performed to the bottom layers of biofilm.  147 

2.7 Statistical analysis. All statistical analyses were performed using SPSS statistical 148 

software (release 22.0 SPSS Inc., Chicago, Il, USA)   149 

When comparing inhibition zone diameter between the antiseptics, a paired t-test was 150 

performed. 151 
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To compare the amount of biofilm produced by S. aureus strains taken from ear cultures and 152 

blood cultures an independent t-test was applied.   153 

In the BOAT test, each strain was tested in three parallel wells for both the antiseptics and the 154 

controls. The median value was calculated for the antiseptic and the control in order to reduce 155 

the possibility of one well distorting the results. The experiment was repeated three times and 156 

the average of the medians for each strain was calculated. A paired t-test was performed to 157 

identify any significant difference between the antiseptic-treated groups compared to controls.    158 

In the biofilm bactericidal test, the bactericidal activity of each antiseptic, was tested in three 159 

parallels for both the antiseptics and the controls. If there was no growth, the antiseptic was 160 

considered bactericidal. For the antiseptics that were bactericidal for only some strains, the 161 

McNemar test was applied to determine statistical significance.  162 

The effect of antiseptics displayed in confocal laser scanning microscopy was measured by 163 

comparing the ratio of compromised cells in the antiseptic-treated groups to the control group. 164 

For statistical significance, an average ratio for each group was calculated and a paired t-test 165 

used.   166 

2.8 Approval. The collection of specimens from human subjects was approved by REK, the 167 

regional ethical committee.   168 

  169 
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3. RESULTS    170 

3.1 Disk diffusion test. All antiseptics at all concentrations showed clear inhibition zones in 171 

the disk diffusion tests, with the exception of three strains for boric acid (Fig. 1, Table 2). The 172 

difference in inhibition zone diameters between all the different antiseptics and concentrations 173 

were significant (p<0.02), with the one exception between boric acid 4.7% and Lugol’s 174 

solution 0.05% (p=0.35).  175 

3.2 Biofilm assay. All strains of S. aureus grew biofilm within 24 hours. The amount of 176 

biofilm measured varied between the strains (Table 3). There were no statistical differences in 177 

the amount of biofilm produced between the group of strains taken from blood cultures and the 178 

group of strains from ear cultures. (p=0.534). 179 

3.3 Biofilm-oriented antiseptics test (BOAT). The reduction in metabolic activity was 180 

significant for all concentrations of Lugol’s solution and for all three exposure times of acetic 181 

acid compared with controls (Table 4). Although acetic acid and Lugol’s solution showed 182 

significant reduction in metabolic activity, there were important differences in efficacy. The 183 

optical densities of all three concentrations of Lugol’s solution were close to the blank control 184 

while acetic acid was not (Table 4). This was also observed visually where all wells treated 185 

with Lugol’s solution appeared blank (Fig. 2) while the wells exposed to acetic acid produced 186 

different shades of red, indicating surviving metabolic active bacteria (Fig. 3).  Exposure to 187 

boric acid for 30 min did not significantly reduce the metabolic activity compared with 188 

control strains (Table 4), visualized by no clear difference in color intensity between the 189 

antiseptic and control groups.  190 

3.4 Biofilm bactericidal test. Only Lugol’s solution 1.0% and 0.1% fully eradicated all 30 191 

strains of S. aureus biofilm (Table 4).  Lugol’s solution 0.05% eradicated 26 out of the 30 192 
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strains, which is statistically significant (p<0.001). Acetic acid and boric acid did not display 193 

any bactericidal effect (Table 4). 194 

 3.5 Confocal laser scanning microscopy.  Lugol’s solution 1.0%, 0.1% and 0.05%, and 195 

acetic acid with 10 and 30 min exposure showed significant reduction in viable cells (Table 4). 196 

For Lugol’s solution the ratios of compromised cells to the total number of cells were close to 197 

1, indicating that all bacteria were dead or dying. Boric acid and acetic acid did not reach a 198 

ratio of 1, indicating there were surviving bacteria (Table 4). The results suggest that only 199 

Lugol’s solution effectively eradicated the biofilm bacteria (Fig. 4).     200 

4. DISCUSSION    201 

The results show significant differences in the bactericidal effect of antiseptics on S. aureus in 202 

biofilm in all three test systems. For stronger evidence of antiseptic efficacy, a large number 203 

of different clinical strains were tested, since previous studies indicated that different 204 

antimicrobial effects were found in laboratory and wild strains [23, 30, 31]. The risk of 205 

confounding factors was reduced by diluting the antiseptics in sterile H2O and not combined 206 

with other possible substances. This measure, combined with the use of three different 207 

evaluation methods, make us more confident in drawing conclusions about the effect of 208 

antiseptics on S. aureus biofilm.  209 

When tested using relevant concentrations and exposure times, Lugol’s solution was by far 210 

the most effective antiseptic, whereas acetic acid and boric acid were less successful. The 211 

strains used are from patients with no known epidemiological relationships, and the results are 212 

therefore believed to be representative for clinical isolates from ear and blood. The results 213 

from this study indicate that Lugol’s solution could be potential supplement to antibiotic 214 

topical treatment of diseases with S. aureus biofilm, such as external otitis, pharyngitis and 215 

wounds. If the efficacy and safety regarding ototoxicity is established in vivo, Lugol’s 216 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
solution could become a supplement in the treatment arsenal and thereby reduce the need for 217 

topical application of antibiotics.    218 

. The heterogeneity in biofilm-producing capabilities among our strains, combined with the 219 

use of three different evaluation methods, make us more confident in drawing conclusions 220 

about the effect of antiseptics on S. aureus biofilm. To reduce the risk of confounding factors, 221 

Lugol´s solution, boric acid and acetic acid were diluted in sterile H2O and not combined with 222 

other possible substances.   223 

 224 

4.1 Lugol´s solution. The results from the present study showed that Lugol’s solution was 225 

effective in eradicating S. aureus in biofilm. To our knowledge, there are no previous studies 226 

describing the effect of Lugol’s solution, and only a few previous studies exploring the effect 227 

of iodine-containing antiseptics on S. aureus biofilm. In those studies, the tested iodine 228 

concentration was higher or iodine was combined with other substances, such as ethanol, or in 229 

a combination with carrier molecules. Apart from one other study [32], previous studies found 230 

different iodine combinations to be effective against S. aureus biofilm [24, 26, 33]. This is in 231 

line with our findings of elemental iodine’s effectiveness in the eradication of biofilm bacteria, 232 

even at concentrations as low as 0.01% of Lugol’s solution.  233 

The exact antimicrobial action of iodine is unknown. It has been suggested that iodine  attacks 234 

proteins, nucleotides and fatty acids [17], which are key components of the extracellular 235 

protective matrix of S. aureus [34]. A disturbance of these components may disrupt the 236 

biofilm matrix, leaving the bacterial cells less protected against the antiseptic. The promising 237 

results of Lugol's solution need to be confirmed in in vivo studies.  238 

4.2 Acetic acid. A concentration of 5% acetic acid was used since it is widely available in 239 

many commercial products. Several previous studies have found acetic acid effective in 240 
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treating chronic suppurative otitis media (CSOM) [35] and venous leg ulcers [36], and in 241 

inhibiting [37] and eradicating [38] S. aureus biofilm formation. Contrary to these findings, 242 

acetic acid 5% did not eradicate any of the bacterial strains in biofilm in our study.  243 

There are several possible explanations for acetic acid being less effective in killing biofilm 244 

bacteria in vitro. It could be that the pH of the extra cellular matrix is too high. The 245 

bactericidal effect of acetic acid results from the undissociated form of the acid that freely 246 

crosses the cell membrane, dissociates and acidifies the cytoplasm. This leads to a strong 247 

reduction of metabolic activity and disruption in the electrochemical gradient across the cell 248 

membrane causing cell death. A strong inorganic acid, HCl, mainly acidifies the growth 249 

medium and not microbial cytosol, as protons diffuse poorly through the cell envelope [39, 250 

40], and is therefore less effective in  reducing the biofilm of S. aureus at the same pH 251 

compared with acetic acid [41]. The variance in metabolic activity reduction between strains 252 

could be explained by a difference in extracellular matrix (Figure 3). One reason for better 253 

results in clinical studies may be mechanical rinsing which is important for the outcome [42]. 254 

Another possible reason is longer exposure time, though we did not see any additional effect 255 

in the reduction of metabolic activity when increasing the exposure time from 10 to 30 256 

minutes. The present and previous studies show the importance of evaluating antiseptics by 257 

different measuring methods and on several bacterial strains before drawing any definitive 258 

conclusions. 259 

4.3 Boric acid. The efficacy of boric acid in the treatment of draining ears has been reported 260 

[43] as well as its bactericidal effects on S. aureus [44]. Like many antiseptics, boric acid is 261 

thought to exert its action on multiple targets in the microbial cell, but the exact mechanism is 262 

unknown[45]. Boric acid is a non-polar molecule and only the undissociated form is believed 263 

to be capable of crossing the microbial cell membrane[45]. The tested concentration of 4.7% 264 

is close to the maximum concentration possible to dissolve in H2O at room temperature [46].  265 
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We did not obtain a significant reduction in metabolic activity, bactericidal effect and a 266 

significant increase in the ratio of dead to viable bacterial cells. One possible explanation 267 

could be that boric acid is often dissolved in ethanol, which in itself has been shown to have a 268 

bactericidal effect on S. aureus in biofilm [24, 47]. Another possible explanation is that the 269 

exposure time was too short to kill all the bacteria [45]. This could explain why boric acid 270 

powder is described as effective in draining ears, where it may be present for a longer and 271 

thus more effective time [43].  272 

4.4 Side effects of antiseptic. Studies regarding ototoxicity in humans are quite scarce, and 273 

most studies are performed on animals. In animal experiments ototoxicity from iodine 274 

solutions seems to be related to the iodine concentration and additives such as ethanol [48-50]. 275 

Based on the available studies, it seems likely that the concentrations of iodine in Lugol's 276 

solution in our study are safe in regards to ototoxicity, however, own experiments with 277 

Lugol's solution are needed before concluding.  Although documentation is limited, there is 278 

some concern about ototoxicity caused by acetic acid [51, 52], but boric acid diluted in sterile 279 

H2O has been reported as safe [53, 54].  280 

Another concern is wound healing and wound strength after application of antiseptics [55-58].  281 

Some studies report povidone-iodine and acetic acid as having no effect on reepithelization 282 

[59, 60], while others report delayed reepithelization [55]. Some reports have found that 283 

povidone-iodine reduces tensile strength [55, 61], some no effect, while others show increased 284 

strength [62]. Numerous clinical studies have evaluated the effect of povidone-iodine on 285 

wound healing, and most of them conclude that there is no decrease in wound healing effects 286 

[63, 64]. 287 

 Unjustified fear of allergic reactions has prevented wide-scale use of iodine-containing 288 

products. One possible reason for this unfavorable reputation may be hypersensitive-type 289 
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reactions experienced by some with iodine-containing contrast media. These reactions were 290 

more commonly experienced in earlier years, when the contrast media were hypertonic and 291 

ionic solutions. Lugol´s solution contains only H2O, potassium iodine and elementary iodine, 292 

which can be found in the body, and allergic reactions should therefore not be of any concern 293 

[65, 66].         294 

5. CONCLUSION   295 

Lugol’s solution 1.0% and 0.1% was bactericidal for all clinical wild type strains of S. aureus 296 

when in biofilm, while 0.05% was bactericidal for 26 out of the 30 strains. Acetic acid 5% 297 

and boric acid 4.7% did not eradicate any of the biofilm strains in vitro. We therefore 298 

conclude that Lugol´s solution could be an alternative to antibiotics for topical applications in 299 

diseases such as external otitis, pharyngitis and wounds where a S. aureus biofilm is 300 

considered part of the pathogenesis. Further in vivo studies are required, regarding its efficacy, 301 

as well as ototoxicity. 302 

 303 

 304 
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Figure legends 457 

Fig. 1. Disk diffusion test: a; 0.85% saline, b; acetic acid 5%, c; Lugol´s solution 0.1%, d; 458 

Lugol´s solution 0.05%, e; Lugol´s  solution 0.005%, f; boric acid 4.7%. Mueller Hinton Agar 459 

Fig. 2. Biofilm-oriented antiseptics test (BOAT), Lugol´s solution 1min exposure. First 6 460 

wells are control, 6 continuous wells per Staphylococcus aureus strain. The three lateral wells 461 

on each side treated with 0.85% saline. The 6 middle wells treated with antiseptic. Red 462 

formazan is a sign of viable cells. 96 well microtiter plate (Nunclon Delta Surface, Thermo) 463 

Fig. 3. Biofilm-oriented antiseptics test (BOAT), acetic acid 5% 30 min exposure. First 6 464 

wells are control, 6 continuous wells per Staphylococcus aureus strain. The three lateral wells 465 

on each side treated with 0.85% saline. The 6 middle wells treated with antiseptic. Red 466 

formazan is a sign of viable cells. 96 well microtiter plate (Nunclon Delta Surface, Thermo 467 

Fischer Scientific)   468 

Fig. 4. CLSM stacks of Staphylococcus aureus biofilm exposed to antiseptics and a control;  a 469 

Control, b Acetic acid 1min, c Acetic acid 10min, d Acetic acid 30min, e Boric acid, f 470 

Lugol’s solution 0.05%, g Lugol’s solution 0.1%, h Lugol´s solution 1.0%. The units are in 471 

µm. 472 

 473 
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Table 1. Antiseptics and exposure time  1 

Antiseptic Exposure time 

Acetic acid 
Acetic acid 5% 1 minute 

Acetic acid 5% 10 minutes 

Acetic acid 5% 30 minutes 

Lugol's solution 

Lugol's solution 1.0% (1% iodine-2% potasiumiodide in sterile H2O) 1 minute 

Lugol's solution 0.1% (by diluting 1.0% Lugol's solution in sterile H2O)  1 minute 

Lugol's solution 0.05% (by diluting 1.0% Lugol's solution in sterile H2O) 1 minute 

Boric acid 
Boric acid 4.7% 30 minutes 
All antiseptics were dissolved in sterile H2O and not ethanol. All antiseptics were from Oslo 2 

University Hospital, Oslo, Norway   3 
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Table 2. A comparison of antiseptic inhibition zone diameter 
Inhibition zone diameter 

Antiseptic n Mean ±    1 SD 
Lugol's solution 1%,            30 30 1,9 
Lugol's solution 0.1%,                   30 16 1,1 
Lugol's solution 0.05%,       30 13 0,6 
Acetic acid 5%,  30 17 2,2 
Boric acid 4.7%,  30 13 4,9 
NaCl 0.85% 30 0 0 
  17 
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Table 3. Study comparing the amount of biofilm produced by Staphylococcus aureus from 18 

ear and blood cultures 19 

 Blood culture samples Ear culture samples 

Number of strains 15 14 

Mean optical density 1.202 1.364 

Standard deviation 0.584 0.789 

Minimum 0.613 0.639 

Maximum 2.921 3.100 
 

 20 

 21 
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Table 4. A comparison of antiseptic effects versus control  

 BOAT test Bactericidal biofilm test Confocal laser scanning microscopy with LIVE⁄DEAD 
staining,  

Antiseptic n Mean ± 1 SD p-value Number of strains with 
bactericidal effect 

n Dead to total 
cell number 

± 1 SD p-value 

Untreated bacterial 
strains 

30 2.756 0.37 - 0/30 4 0.27 0.11 - 

Lugol's solution 1%, 1 
min exposure 

30 0.152 0.05 <0.001 30/30 4 1.03 0.10 <0.001 

Lugol's solution 0.1%, 
1 min exposure 

30 0.232 0.05 <0.001 30/30 4 1.06 0.11 0.001 

Lugol's solution 0.05%, 
1 min exposure 

30 0.243 0.06 <0.001 26/30 4 1.00 0.07 0.001 

Acetic acid 5%, 1 min 
exposure 

30 2.304 0.66 0.002 0/30 4 0.37 0.10 0.093 

Acetic acid 5%, 10 min 
exposure 

30 1.140 0.67 <0.001 0/30 4 0.62 0.11 0.001 

Acetic acid 5%, 30 min 
exposure 

30 1.324 0.68 <0.001 0/30 4 0.75 0.14 0.015 

Boric acid 4.7%, 30 
min exposure 

30 2.745 0.40 0.117 0/30 4 0.57 0.35 0.172 

Blank control 6 0.131 0.05 - - - - - - 

Significance calculated by paired t-test 
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