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Summary

Background Atopic dermatitis (AD) is characterized by an increased susceptibility to
skin infections. Staphylococcus aureus is reported to dominate in AD lesions and
reports have revealed the presence of staphylococcal biofilms. These infections
contribute to aggravation of the eczema. Sodium hypochlorite is known to
reduce bacterial load of skin lesions, as well as disease severity, in patients with
AD, but the effect on biofilms is unknown.
Objectives To investigate the antimicrobial and antibiofilm effects of sodium
hypochlorite against S. aureus isolates derived from patients with AD.
Methods Skin biopsies derived from patients with infected AD were examined by
scanning electron microscopy (SEM). Using radial diffusion assays, biofilm assays
and confocal laser scanning microscopy, we assessed the effect of sodium
hypochlorite on S. aureus isolates derived from lesional skin of patients with AD.
Results SEM revealed clusters of coccoid bacteria embedded in fibrin and extracel-
lular substances at the skin of a patient with infected AD. At concentrations of
0�01–0�08%, sodium hypochlorite showed antibacterial effects against planktonic
cells. Eradication of S. aureus biofilms in vitro was observed in concentrations rang-
ing from 0�01% to 0�16%. Confocal laser scanning microscopy confirmed these
results. Finally, when human AD skin was subjected to sodium hypochlorite in
an ex vivo model, a dose of 0�04% reduced the bacteria derived from AD skin.
Conclusions Sodium hypochlorite has antimicrobial and antibiofilm effects against
clinical S. aureus isolates. Our findings suggest usage of a higher concentration
than currently used in bleach baths of patients with skin-infected AD.

What’s already known about this topic?

• The association between atopic dermatitis (AD) and Staphylococcus aureus carriage is

well established, and increasing attention has been given to the presence and

impact of S. aureus biofilms in AD.

• Bleach baths are a commonly used treatment of infected AD; however, the effect of

this treatment on biofilms formed by isolates from patients with AD is sparsely

investigated.

What does this study add?

• This study revealed biofilm at the skin surface of a patient with infected AD.

• The current results show that sodium hypochlorite has both inhibitory effects on

biofilm formation and the capacity to eradicate established biofilms of S. aureus iso-

lates derived from the skin of patients with AD.
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Microbial infections represent a broad disease spectrum and

include many acute diseases, such as postoperative infections,

as well as chronic inflammatory diseases. Atopic dermatitis

(AD) is an inflammatory skin disease characterized by skin

barrier impairment and aberrations in innate and acquired

immunity.1 Staphylococcus aureus colonize lesional skin in > 90%

of patients with AD.2 The recurrent skin infections seen

among these patients are a crucial problem in the treatment of

eczema.1,2 Recent publications have revealed that biofilm for-

mation by S. aureus contribute to the pathogenesis of AD and

the continuous inflammation of the skin.3

Microorganisms, such as S. aureus and Staphylococcus epidermidis,

have the ability to form biofilms under physiological condi-

tions. Biofilm formation appears to be a survival strategy, pro-

tecting microorganisms from environmental conditions,

antibiotics and phagocytosis.4 For those reasons, chronic bio-

film infections, such as those seen in skin infections, resist

antibiotic therapy and are resistant to host clearance mecha-

nisms. In agreement, studies have shown that biofilms may

have a greater than 100-fold increase in tolerance to antibi-

otics when compared with planktonic bacterial cells.5,6

These infections represent significant challenges from a global

perspective. A defective bacterial clearance, because of defects in

the innate immune response, contributes to high-density S. aur-

eus colonization in AD skin. Biofilms, and their complex mixture

of extracellular polymeric substances, can serve as protective

barriers for bacteria, such as S. aureus, by shielding them from

antimicrobial defence mechanisms such as antimicrobial pep-

tides,7 which are endogenously produced by the skin.8

Although there is currently no clear evidence of the benefi-

cial effects of antistaphylococcal therapies in patients with

noninfected AD, antiseptic therapies may play a role in super-

infected AD skin and are preferable to topical antibiotics

owing to the risk of development of bacterial resistance.1,9

Bleach baths are a commonly used treatment of infected AD

skin, and the effects of sodium hypochlorite to reduce both

the bacterial load of skin lesions and disease severity have

been shown in clinical trials.10–12 However, little is known

about the effects of sodium hypochlorite on biofilm formation

by S. aureus isolates derived from AD skin. Therefore, the aim

of this study was to determine whether sodium hypochlorite

has antibacterial and antibiofilm effects on S. aureus isolates

derived from AD skin.

Materials and method

Microorganisms and skin biopsy

Staphylococcus aureus ATCC 29213 was from the American Type

Culture Collection (Rockville, MD, U.S.A.). Staphylococcus aureus

1–11 were clinical isolates derived from skin of patients with

AD. For identification of S. aureus bacteria, the samples were

processed at the Department of Clinical Microbiology at Sk�ane

University Hospital, Lund, Sweden, following standard routi-

nes for identification of S. aureus. Skin biopsies were taken

from an AD lesional area of patients with infected AD and

were processed as per the standard procedure for electron

microscopy or subjected to sodium hypochlorite in an ex vivo

model. The participants gave informed consent, complying

with the Declaration of Helsinki, and the Regional Ethics

Examination Board of Lund approved the study (permit num-

bers: 144/2010 and 82/2012).

Radial diffusion assay

Radial diffusion assays were performed as previously

described.13 Staphylococcus aureus [3 9 106 colony-forming units

(CFU)] in mid-logarithmic phase were added to an underlay

gel composed of 0�03% (w/v) tryptic soy broth (TSB), 1%

(w/v) low-electroendosmosis type (low-EEO) agarose (Sigma

Aldrich, St Louis, MO, U.S.A.) and 0�02% Tween-20, which

was poured into 85-mm Petri dishes. After agarose solidifica-

tion, 5 lL test sample (sodium hypochlorite 0�0075–0�06%)
or control (dH2O) were transferred to wells (4 mm in diame-

ter) that were punched out in the gel. Plates were incubated

for 3 h at 37 °C to allow diffusion of the samples, followed

by covering of the underlay gel with 5 mL molten overlay

(6% TSB and 1% low-EEO agarose in dH2O). After 24 h of

incubation at 37 °C, antibacterial activity of sodium hypochlo-

rite was visualized as a clear zone around each well.

Biofilm assay

To investigate the effect of sodium hypochlorite on the bio-

film formation of S. aureus isolates, abiotic solid surface assays

were performed as described by Hell et al.,14 with some minor

modifications. Briefly, S. aureus were grown in 3% TSB in a

rotary incubator at 37 °C, while shaking at 180 rpm, and then

diluted 1: 1000 in 1�5% TSB supplemented with 0�3% glu-

cose. Next, bacterial aliquots (5 9 103 CFU) were added to

each well of a 96-well round-bottom polystyrene microtitre

plate (Becton Dickinson, Franklin Lakes, NJ, U.S.A.) containing

sodium hypochlorite (0�0014–0�35%) and 1�5% TSB supple-

mented with 0�3% glucose, followed by incubation. After

incubation for 20 h at 37 °C while shaking at 180 rpm, the

biofilm wells were washed three times with phosphate-buf-

fered saline (PBS), to remove the media and planktonic cells.

Thereafter, biofilms were stained with 150 lL 0�1% (w/v)

crystal violet solution (Sigma Aldrich) for 15 min at room

temperature (RT). The plates were then washed three times in

PBS, incubated in 99�5% ethanol for 15 min to solubilize the

dye and, subsequently, 100 lL from each well was transferred

to wells of a new, flat-bottomed, 96-well plate. The absor-

bance, which correlates to the amount of biofilm produced,

was measured at OD600. The different bacterial isolates were

tested at least in three independent experiments.

Minimum inhibitory concentration and minimal biofilm

eradication concentration

Bacterial susceptibility to sodium hypochlorite was determined

using a modified version of the Calgary Biofilm Device
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method (MBECTM Biofilm Inoculator; Innovotech, Edmonton,

Canada)15 following the manufacturer’s protocol. Briefly,

in vitro biofilms were established in each well of an MBEC Bio-

film Inoculator after incubation of 150 lL bacterial solution

(106 CFU mL�1) in 1�5% TSB supplemented with 0�3% glu-

cose for 24 h in a rotary incubator at 37 °C and 180 rpm.

Next, the lid from the MBEC plate, consisting of pegs with

formed biofilms, was washed with PBS and transferred to a

challenge plate (#167008; Thermo Scientific, Roskilde, Den-

mark) containing a range of sodium hypochlorite in 1�5% TSB

supplemented with 0�3% glucose, and incubated for 24 h at

37 °C while shaking at 180 rpm. The minimum inhibitory

concentration (MIC) values, representing the concentration

required to inhibit growth of planktonic bacteria, was deter-

mined from bacteria shed from the pegs of the lid.

Following determination of the MICs for planktonic cells,

the minimal biofilm eradication concentration (MBEC) pegs

were washed once in sterile PBS and placed into a recovery

plate containing 1�5% TSB supplemented with 0�3% glucose

and universal neutralizer following the manufacturer’s proto-

col. The recovery plate was sonicated for 10 min at maximum

settings in an ultrasonic bath (Elmasonic S 30H; Elma Hans

Schmidbauer GmbH & Co. KG, Singen, Germany). MBECs

were determined from three independent experiments by ana-

lysing the bacterial viability in the biofilm after 24 h of incu-

bation at 37 °C, either by reading the turbidity at 600 nm in

a 96-well plate reader (Victor3 1420 multilabel counter; Per-

kinElmer, Waltham, MA, U.S.A.) or by obtaining bacterial

plate counts. The recorded MIC and MBEC represent range val-

ues from the results of at least three independent experiments.

Scanning electron microscopy

Scanning electron microscopy (SEM) imaging of biofilm in a

skin biopsy derived from a lesional area of infected AD skin

was performed after the specimen was fixed overnight at RT

with 2�5% glutaraldehyde in cacodylate buffer. After washing

with cacodylate buffer, the biopsy was dehydrated with an

ascending ethanol series from 50% (v/v) to absolute ethanol,

and subjected to critical point drying with carbon dioxide.

The tissue sample was mounted on aluminium holders, sput-

tered with 20 nm palladium/gold and examined in a Philips/

FEI XL 30 FESEM scanning electron microscope using an Ever-

hart–Tornley secondary electron detector. Image processing

was done with the Scandium software for simple image

acquiring and autostorage into the Scandium database. All

electron microscopy work was performed at the Core Facility

for Integrated Microscopy, Panum Institute, University of

Copenhagen. Contrast, brightness and pseudocolours were

adjusted in Adobe Photoshop CS6 (Adobe, San Jose, CA,

U.S.A.).

Biofilm imaging with confocal laser scanning microscopy

Bacteria were grown overnight in 10 mL 3% TSB (Becton

Dickinson, Cockeysville, MD, U.S.A.). Next, the culture was

suspended to 1 9 107 CFU mL�1 in fresh 1�5% TSB supple-

mented with 0�3% glucose, and a 2-mL aliquot was used to

grow S. aureus biofilms in sterile glass-bottomed CellviewTM

cell-culture dishes (Greiner Bio-One, Frickenhausen, Germany)

at 37 °C. After 24 h incubation the culture dishes were gently

washed twice with PBS and the biofilms were treated with

sodium hypochlorite (0�04%) for 1 h. The culture dishes were

washed twice with PBS and the remaining adherent S. aureus

biofilms at the bottom of the dishes was stained with LIVE/

DEAD� kit (BacLightTM bacterial viability kit L7012; Molecular

Probes, Eugene, OR, U.S.A.) according to the instructions sup-

plied by the manufacturer. The treated and untreated biofilms

were examined by a Zeiss confocal laser-scanning microscope

510 (Carl Zeiss, Jena, Germany). Images were obtained using

a 63 9 /1�40 numerical aperture plan-apochromat oil-immer-

sion lens. The image stacks collected by confocal laser scan-

ning microscopy were analysed with Zeiss Efficient Navigation

(ZEN) 2009 software (Carl Zeiss).

Ex vivo model to investigate effects of sodium

hypochlorite on skin bacteria

Punch biopsies (4 mm) derived from lesional skin of patients

with AD colonized with S. aureus were divided into four equal

pieces and subjected to no, 0�02%, 0�04% and 0�16% solution

of sodium hypochlorite in sterile, filtered tap water. The skin

biopsies were incubated at 37 °C for 1 h and then removed

from the solution and washed once in 100 lL PBS. Subse-

quently the skin biopsies were vortexed for 60 s and sonicated

for 3 min at maximum settings in an ultrasonic bath (Elma-

sonic S 30H; Elma Hans Schmidbauer GmbH & Co. KG). The

supernatants were plated on Todd–Hewitt (Becton, Dickinson,
Sparks, MD, U.S.A.) agar plates and CFU were enumerated

after overnight growth.

Lactate dehydrogenase assay

To determine the cytotoxic effect of sodium hypochlorite on

keratinocytes the lactate dehydrogenase (LDH) assay was used.

HaCaT keratinocytes were grown in 96-well plates at a density

of 20 000 cells/well in Keratinocyte Cell Basal Medium

(KBM-Gold) with supplements and growth factors

(#00192152; Lonza Walkersville, MD, U.S.A.) for 22 h in

CO2 at 37 °C. Then, fresh medium and 0�005–0�04% sodium

hypochlorite was added, and the cells were incubated for

24 h. The LDH Cytotoxicity Assay Kit (Pierce, Thermo Fisher,

Rockford, IL, U.S.A.) was used to quantify the amount of LDH

release from the cells. The absorbance was measured at

490 nm and the results represent the mean values of three

independent experiments.

3-(4,5-Dimethylthiazolyl)-2,5-diphenyl-tetrazolium

bromide assay

To analyse cell viability after treatment with sodium hypochlo-

rite the 3-(4,5-dimethylthiazolyl)-2,5-diphenyl-tetrazolium
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bromide (MTT) assay was used. Sterile filtered MTT (Sigma

Aldrich) solution (5 mg mL�1 in PBS) was stored protected

from light at �20 °C until use. HaCaT keratinocytes were

grown in 96-well plates, as described above. After 24 h incu-

bation with 0�005–0�04% sodium hypochlorite, 10 lL MTT

was added to each well and incubated for 2 h in CO2 at

37 °C. The MTT containing medium was then removed. The

blue formazan product generated was dissolved through addi-

tion of 100 lL 100% dimethylsulfoxide (Duchefa, Haarlem,

the Netherlands) per well. The plates where always protected

from light and gently swirled for 30 min at RT to resolve the

precipitate. Absorbance was monitored at 550 nm and the

results represent the mean values of three independent experi-

ments.

Statistics

Data are presented as means � SD. To describe the differ-

ences between groups, one-way ANOVA with Dunnett’s multi-

ple comparisons test was used, and P < 0�05 was

considered significant. The statistical software used was

GraphPad PRISM� version 6.0c (GraphPad Software, La Jolla,

CA, U.S.A.).

Results

Bacterial biofilms are present in infected atopic

dermatitis lesional skin areas

To visualize bacterial biofilms on lesional skin, a tissue biopsy

was taken from the skin of a patient with infected AD and

analysed by SEM. The results revealed clusters of coccoid bac-

teria embedded in fibrin and extracellular substances on top of

corneocytes at the skin surface (Fig. 1).

Antistaphylococcal activity of sodium hypochlorite

To investigate whether sodium hypochlorite exerts antibacte-

rial activity, clinical S. aureus isolates, as well as the reference

S. aureus strain ATCC 29213, were subjected to different con-

centrations of sodium hypochlorite in a radial diffusion assay.

The results showed that sodium hypochlorite inhibited growth

of the different clinical S. aureus isolates dose dependently and

the reference strain in a similar fashion (Fig. 2), indicating

that sodium hypochlorite has in vitro antibacterial effects

against planktonic S. aureus. We then determined the MIC val-

ues for 11 S. aureus isolates derived from lesional skin of

patients with AD. The MIC values ranged between 0�01% and

0�08% sodium hypochlorite (Table 1).

Sodium hypochlorite inhibits Staphylococcus aureus

biofilm formation

To analyse biofilm formation, the bacterial isolates were

grown in a 96-well microtitre polystyrene plate. The amount

of biofilm formed on the plastic was determined by measuring

the amount of crystal violet absorbed by the biofilm. The

results showed that all tested isolates produced biofilm

(Fig. 3). Next, the isolates were subjected to increasing con-

centrations of sodium hypochlorite. The results showed that

biofilm formations by the S. aureus isolates were significantly

inhibited when subjected to concentrations ranging from

0�0219% compared with control biofilms not subjected to

sodium hypochlorite (Fig. 3).

Sodium hypochlorite eradicates established

Staphylococcus aureus biofilms

To determine the potential of sodium hypochlorite to eradi-

cate established biofilms, we used a slightly modified version

of the Calgary Biofilm Device method, where bacterial bio-

films are formed on plastic pegs for 24 h at 37 °C.15 The

results showed that the MBEC values, representing the concen-

tration of sodium hypochlorite necessary to eradicate formed

biofilms, were similar for the various isolates, as well as the

control strain, and ranged between 0�01% and 0�16%
(Table 1).

Next, confocal microscopy and live/dead staining were

used to further visualize the in vitro effect of sodium hypochlo-

rite against S. aureus biofilms, formed on cover slide discs. The

results showed that treatment of S. aureus biofilms with 0�04%
sodium hypochlorite killed nearly all of the bacteria (red fluo-

rescence; Fig. 4), whereas most of the cells in the untreated

biofilms (controls) only stained green, indicating live bacteria

with intact cell membranes.

Cytotoxic effect of sodium hypochlorite and cell viability

of keratinocytes

To investigate the cytotoxic effect of sodium hypochlorite

against keratinocytes LDH assays were performed.

Fig 1. Clusters of coccoid bacteria embedded in fibrin and

extracellular substances (biofilm) at the skin surface of a patient with

superinfected atopic dermatitis, observed by scanning electron

microscopy (scale bar 2 lm).
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Concentrations of 0�005% and 0�01% sodium hypochlorite

showed no significant increased cell toxicity compared with

the nontreated cells (Fig. 5a). However, as indicated in Fig-

ure 5(b), the viability of the keratinocytes, analysed by utiliz-

ing the MTT assay, is significantly affected when

concentrations of sodium hypochlorite reached 0�01%.

Ex vivo effects of sodium hypochlorite on skin bacteria

Although sodium hypochlorite is effective in vitro, it should be

considered that the antibacterial and antibiofilm effects of

sodium hypochlorite are not guaranteed in vivo. Therefore, we

investigated the effect of sodium hypochlorite (0–0�16%) on

bacteria on punch biopsies derived from lesional skin of

patients with AD (total amount of bacteria in the untreated

biopsies ranged from 9�9 9 103 to 45�7 9 103 CFU cm�2).

The results showed that 1 h of incubation with 0�02% or

0�04% sodium hypochlorite resulted in > 90% killing of bac-

teria released from the biopsy in the incubation solution,

whereas 0�16% sodium hypochlorite resulted in complete

eradication (Fig. 6, white bars). To investigate the effect of

sodium hypochlorite on adherent bacteria, biopsies were first

washed in PBS (Fig. 6, black bars), to remove weakly attached

bacteria, and subsequently vortexed and sonicated (Fig. 6,

grey bars). The results revealed that bacteria were released

after both steps. Interestingly, 0�02% sodium hypochlorite did

not kill attached bacteria, whereas 0�04% did reduce bacterial

numbers after both washing and vortexing/sonication. Total

eradication of weakly attached bacteria was observed with a

concentration of 0�16% sodium hypochlorite, whereas approx-

imately 10% of the strongly attached bacteria survived.

Discussion

The association between AD and S. aureus carriage is well estab-

lished, and an increasing body of data suggests the importance

of S. aureus as a possible causal factor for exacerbations in AD

and disease severity in general.1,16 Moreover, increasing atten-

tion has been given to the presence and impact of S. aureus

biofilms in AD.3 In agreement, using SEM we showed the

presence of biofilm at the skin surface of a patient with

infected AD. Bleach baths are a commonly used treatment of

infected AD;10–12 however, the effect of this treatment on bio-

films formed by isolates from patients with AD is sparsely

investigated. Hence, it is essential to evaluate effects of sodium

hypochlorite on planktonic S. aureus, biofilm formation and

established biofilms.17

Here we report the in vitro antibacterial activity of sodium

hypochlorite against AD skin-derived S. aureus isolates and bio-

films, when subjected to concentrations comparable with

those found in bleach baths used in clinical practice.18

Although antistaphylococcal activity of sodium hypochlorite

has been reported previously,17,19 to our knowledge no such

in vitro studies have been performed on S. aureus isolates derived

from the skin of patients with AD. Notably, in a previous

study of susceptibility testing of sodium hypochlorite against

S. aureus strains of different origins, variation among the strains

giving a MIC value range from 0�0128% to 0�82% was pre-

sented.19 The slightly higher MIC values observed in the pre-

sent study might be explained by differences in the origin of

the bacterial isolates, as well as differences in the method of

analysis.

Although biofilm is an excellent strategy for S. aureus to be

protected from environmental conditions, such as antimicro-

bial agents and antiseptic substances like sodium hypochlo-

rite,20 the current results show that sodium hypochlorite has

(a) (b)

Fig 2. Antibacterial effect of sodium

hypochlorite against two clinical isolates

(Clin. isolate) of Staphylococcus aureus (S.a.), as

well as ATCC 29213. (a) Growth inhibition

by a range of sodium hypochlorite as assessed

by radial diffusion assays. Results are the

mean size of the inhibitory zones � SD of

three independent experiments. (b)

Representative picture of a treated plate with

clear zones indicting antibacterial effects.

Table 1 Range values for minimum inhibitory concentrations (MIC)

and minimal biofilm eradication concentrations (MBEC) for the

different Staphylococcus aureus isolates when treated with sodium

hypochlorite

S. aureus isolate MIC range (%) MBEC range (%)

S. aureus 29213 (ATCC) 0�02–0�08 0�02–0�16
Clinical isolate S. aureus 1 0�01–0�08 0�01–0�08
Clinical isolate S. aureus 2 0�01–0�08 0�01–0�08
Clinical isolate S. aureus 3 0�01–0�04 0�01–0�04
Clinical isolate S. aureus 4 0�02–0�04 0�02–0�04
Clinical isolate S. aureus 5 0�02–0�04 0�02–0�04
Clinical isolate S. aureus 6 0�01–0�08 0�01–0�08
Clinical isolate S. aureus 7 0�02–0�04 0�02–0�04
Clinical isolate S. aureus 8 0�02–0�04 0�02–0�04
Clinical isolate S. aureus 9 0�02–0�04 0�02–0�04
Clinical isolate S. aureus 10 0�02–0�04 0�02–0�04
Clinical isolate S. aureus 11 0�02–0�04 0�02–0�04
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both inhibitory effects on biofilm formation and the capacity

to eradicate established biofilms. In agreement, concentrations

from 0�0219% inhibited the formation of biofilm in all the

tested S. aureus strains. Moreover, confocal microscopy studies

showed efficient killing of bacteria within biofilms by sodium

hypochlorite in vitro.

From a clinical perspective, our findings suggest that the

use of a higher concentration of sodium hypochlorite than

currently used in bleach baths in the treatment of patients

with infected AD would be more beneficial to combat S. aureus

biofilms. Although several reports on the beneficial effects of

bleach baths in the treatment of AD are available,10–12,18

including a trend of decreased bacterial load of treated patients

with AD,12 others have failed to find any advantageous effect

of additional bleach baths to standard topical steroid treatment

concerning clinical improvement or normalization of the

microbiome in AD.21,22 Thus, although effective in vitro, it

should be considered that the antibacterial and antibiofilm

effects of sodium hypochlorite are not guaranteed in clinical

practice, and a recent study failed to prove any superior effect

of bleach baths as compared with water baths in reducing S.

aureus and improving AD.23 Correspondingly, our ex vivo data

revealed that 0�02% of sodium hypochlorite, the tested con-

centration closest to the clinical used solution, failed to kill

bacteria attached to the skin. In contrast, 0�04% sodium

hypochlorite resulted in > 80% reduction of strongly attached

bacteria. Recently published data showing that S. aureus pene-

trates human AD skin might be a survival mechanism for bac-

teria,24 making it very difficult to eradicate these remaining

bacteria. However, by reducing the predominance of S. aureus,

although eradication is not achieved, the in vitro data presented

herein suggest that a higher concentration of a sodium

hypochlorite solution vs. the 0�005% solution used for clinical

bleach baths would be more beneficial in combating S. aureus

biofilms. In a recent study it was shown that bleach baths do

not impair skin barrier function more than water bath

Fig 4. Effect of sodium hypochlorite on Staphylococcus aureus biofilms. Biofilms were grown for 24 h on sterile CellviewTM cell-culture dishes with a

glass bottom, followed by treatment with 0�04% sodium hypochlorite for 1 h. Representative confocal laser scanning microscopy images are

shown of control and treated biofilms of a clinical S. aureus isolate and the ATCC 29213 strain stained using the LIVE/DEAD� kit (Molecular

Probes, Eugene, OR, U.S.A.). The top row shows dead bacteria stained with propidium iodide (red fluorescent); the bottom row shows both live

and dead bacteria stained with green fluorescent SYTO9. The confocal images show a plan view (squares) looking down the biofilm and side

views through the biofilm (right and above the squares). Magnification 963, scale bar 20 lm.

Fig 3. Effect of sodium hypochlorite on biofilm formation. (a) Staphylococcus aureus (S.a.) biofilms grown in the presence of a range of sodium

hypochlorite. Results are reported as mean absorbance (OD600) � SD that correlates to the amount of biofilm produced. Uppermost dashed line

indicates nontreated growth control, and bottom dashed line indicates sterile control. Values indicated with an asterisk are significantly

(*P < 0�05, **P < 0�01, ***P < 0�001) different from the nontreated controls as analysed by one-way ANOVA with Dunnett’s multiple

comparisons. (b) Illustration of a typical 96-well plate with S. aureus biofilms grown in the presence of a range of concentrations of sodium

hypochlorite. After 20 h, biofilms were stained with crystal violet, washed and the dye was dissolved in ethanol. Clin. isolate, clinical isolate.
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exposure, and are safe and well tolerated among patients with

AD.25 However, when in vitro assays were performed on ker-

atinocytes to evaluate the cytotoxic effects and impact of cell

viability of sodium hypochlorite, the findings indicated that

concentrations of ≥ 0�02% adversely affected the cells.

Clearly, as we only show the in vitro results of the antibio-

film effects of sodium hypochlorite, there is a need for further

in vivo experiments to investigate these effects in AD.

Therefore, the exact in vivo relevance of our data has to be fur-

ther evaluated in clinical trials to determine the most advanta-

geous concentration of sodium hypochlorite to gain the best

clinical effects, without causing skin irritation and/or hyper-

sensitivity reactions. Taken together, the presented results indi-

cate that sodium hypochlorite has potent antimicrobial and

antibiofilm effects when tested in vitro and ex vivo, and has a

potential role in treatment regimens of patients with infected

AD.

Acknowledgments

We are indebted to Professor Artur Schmidtchen for providing

the laboratory facilities allowing us to perform the study. Pro-

fessor Peter Ekstr€om at ImaGene-IT, Medicon Village, Lund;

and Ann-Charlotte Str€omdahl and Maria Baumgarten, Lund

University, are gratefully acknowledged for their excellent

technical assistance.

References

1 Weidinger S, Novak N. Atopic dermatitis. Lancet 2016; 387:1109–
22.

2 Biedermann T. Dissecting the role of infections in atopic dermati-
tis. Acta Derm Venereol 2006; 86:99–109.

3 Allen HB, Vaze ND, Choi C et al. The presence and impact of bio-
film-producing staphylococci in atopic dermatitis. JAMA Dermatol

2014; 150:260–5.
4 Otto M. Staphylococcal infections: mechanisms of biofilm matura-

tion and detachment as critical determinants of pathogenicity. Annu
Rev Med 2013; 64:175–88.

(a)

(b)

Fig 5. In vitro effects of sodium hypochlorite on keratinocytes. (a) The

cytotoxic effect of sodium hypochlorite against HaCaT keratinocytes

was evaluated in a lactate dehydrogenase (LDH) assay. Results are

indicated as mean values of absorbance after sodium hypochlorite

treatment, corresponding to amount of released LDH, and are

compared with the control representing nontreated cells (NT). Lysis

buffer yielded 100% lysis of the cells. (b) Cell viability of HaCaT

keratinocytes was analysed using a 3-(4,5-dimethylthiazolyl)-2,5-

diphenyl-tetrazolium bromide assay. Results are indicated as mean

absorbance values after sodium hypochlorite treatment, which

corresponds to the amount of living cells, and are compared with the

control representing nontreated cells. Lysis buffer yielded 100% lysis

of the cells. **P < 0�01, ***P < 0�001.

Fig 6. Ex vivo effects of sodium hypochlorite on skin bacteria. Skin

biopsies were subjected to different concentrations of sodium

hypochlorite and incubated for 1 h; total bacterial count of the

incubation solution was measured (white bars) and compared with

untreated control. Subsequently, the biopsies were washed in

phosphate-buffered saline (black bars), and then vortexed and

sonicated (grey bars); the supernatants were plated and colony-

forming units were enumerated after overnight growth. Error bars

represent SEM, n = 3.

© 2017 British Association of DermatologistsBritish Journal of Dermatology (2017) 177, pp513–521

520 Antistaphylococcal effects of sodium hypochlorite in atopic dermatitis, S. Eriksson et al.



5 Vlassova N, Han A, Zenilman JM et al. New horizons for cutaneous
microbiology: the role of biofilms in dermatological disease. Br J

Dermatol 2011; 165:751–9.
6 Wilkins M, Hall-Stoodley L, Allan RN et al. New approaches to the

treatment of biofilm-related infections. J Infect 2014; 69 (Suppl.
1):S47–52.

7 Batoni G, Maisetta G, Esin S. Antimicrobial peptides and their
interaction with biofilms of medically relevant bacteria. Biochim Bio-

phys Acta 2016; 1858:1044–60.
8 Clausen ML, Slotved HC, Krogfelt KA et al. In vivo expression of

antimicrobial peptides in atopic dermatitis. Exp Dermatol 2016;

25:3–9.
9 Bath-Hextall FJ, Birnie AJ, Ravenscroft JC et al. Interventions to

reduce Staphylococcus aureus in the management of atopic eczema: an
updated Cochrane review. Br J Dermatol 2010; 163:12–26.

10 Wong SM, Ng TG, Baba R. Efficacy and safety of sodium
hypochlorite (bleach) baths in patients with moderate to severe

atopic dermatitis in Malaysia. J Dermatol 2013; 40:874–80.
11 Barnes TM, Greive KA. Use of bleach baths for the treatment of

infected atopic eczema. Australas J Dermatol 2013; 54:251–8.
12 Ryan C, Shaw RE, Cockerell CJ et al. Novel sodium hypochlorite

cleanser shows clinical response and excellent acceptability in the
treatment of atopic dermatitis. Pediatr Dermatol 2013; 30:308–15.

13 Sonesson A, Kasetty G, Olin AI et al. Thymic stromal lymphopoi-
etin exerts antimicrobial activities. Exp Dermatol 2011; 20:1004–10.

14 Hell E, Giske CG, Nelson A et al. Human cathelicidin peptide LL37
inhibits both attachment capability and biofilm formation of Sta-

phylococcus epidermidis. Lett Appl Microbiol 2010; 50:211–5.
15 Ceri H, Olson ME, Stremick C et al. The Calgary Biofilm Device:

new technology for rapid determination of antibiotic susceptibili-
ties of bacterial biofilms. J Clin Microbiol 1999; 37:1771–6.

16 Jinnestal CL, Belfrage E, Back O et al. Skin barrier impairment cor-
relates with cutaneous Staphylococcus aureus colonization and

sensitization to skin-associated microbial antigens in adult patients
with atopic dermatitis. Int J Dermatol 2014; 53:27–33.

17 Tote K, Horemans T, Vanden Berghe D et al. Inhibitory effect of
biocides on the viable masses and matrices of Staphylococcus aureus

and Pseudomonas aeruginosa biofilms. Appl Environ Microbiol 2010;
76:3135–42.

18 Huang JT, Abrams M, Tlougan B et al. Treatment of Staphylococcus
aureus colonization in atopic dermatitis decreases disease severity.

Pediatrics 2009; 123:e808–14.
19 Morrissey I, Oggioni MR, Knight D et al. Evaluation of epidemio-

logical cut-off values indicates that biocide resistant subpopulations

are uncommon in natural isolates of clinically-relevant micro-
organisms. PLoS One 2014; 9:e86669.

20 Archer NK, Mazaitis MJ, Costerton JW et al. Staphylococcus aureus bio-
films: properties, regulation, and roles in human disease. Virulence

2011; 2:445–59.
21 Kong HH, Oh J, Deming C et al. Temporal shifts in the skin micro-

biome associated with disease flares and treatment in children with
atopic dermatitis. Genome Res 2012; 22:850–9.

22 Gonzalez ME, Schaffer JV, Orlow SJ et al. Cutaneous microbiome
effects of fluticasone propionate cream and adjunctive bleach baths

in childhood atopic dermatitis. J Am Acad Dermatol 2016; 75:481–93.
23 Hon KL, Tsang YC, Lee VW et al. Efficacy of sodium hypochlorite

(bleach) baths to reduce Staphylococcus aureus colonization in child-
hood onset moderate-to-severe eczema: a randomized, placebo-

controlled cross-over trial. J Dermatolog Treat 2016; 27:156–62.
24 Nakatsuji T, Chen TH, Two AM et al. Staphylococcus aureus exploits

epidermal barrier defects in atopic dermatitis to trigger cytokine
expression. J Invest Dermatol 2016; 136:2192–200.

25 Shi VY, Foolad N, Ornelas JN et al. Comparing the effect of bleach
and water baths on skin barrier function in atopic dermatitis: a

split-body randomized controlled trial. Br J Dermatol 2016;
175:212–4.

© 2017 British Association of Dermatologists British Journal of Dermatology (2017) 177, pp513–521

Antistaphylococcal effects of sodium hypochlorite in atopic dermatitis, S. Eriksson et al. 521


