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Abstract  1 

Introduction: Changes in the skin microbiome in atopic dermatitis include a reduced bacterial 2 

diversity and increased abundance of Staphylococcus aureus. Topical antibiotics and antiseptics may 3 

decrease bacterial pathogens but lack positive effects on microbiome diversity.  4 

Methods: In this double-blind, intraindividual vehicle-controlled proof-of-concept study, n = 20 5 

patients received a gel containing a defined extract (Spiralin®) of the microalgae Spirulina platensis, 6 

previously shown to exert anti-microbial effects, or vehicle on target lesions of similar size and 7 

clinical activity. The Shannon index reflecting -diversity and the abundance of S. aureus were 8 

calculated from the analysis of 16s rRNA gene libraries with untreated non-lesional skin serving as 9 

control. Clinical activity was determined by the Target Lesion Severity Score (TLSS) and lesion size.  10 

Results: Positive effects of the active gel on the microbiome after 4 weeks of treatment were 11 

indicated by a significant increase of the Shannon index in areas treated with verum (mean increase 12 

16.7%; p<0.01 vs. baseline), but not in areas treated with vehicle. This increase in verum-treated 13 

lesions was more pronounced in lesions with an at least 50% (26.3%) or an at least 75% reduction of 14 

the TLSS (33.3%). There was also a stronger decrease of the abundance of S. aureus in lesions treated 15 

with active gel compared to those treated with vehicle (25.5% vs. 9.4%), but significance was not 16 

met. There were several trends indicating clinical effects of the active gel. For example, vehicle-17 

treated areas showed no reduction in area size (77.8 cm2 at week 4 compared to 77.0 cm2 at 18 

baseline), while verum-treated lesion area decreased on average by 6.9 cm2. Active and vehicle gel 19 

were well tolerated and very few local side effects were noted.  20 

Conclusion: These preliminary results indicate a positive effect of a gel containing Spiralin® on the 21 

skin microbiome in patients with active atopic dermatitis (AD) lesions combined with reductions in 22 

clinical disease activity supporting further investigations of the active gel alone or in combination 23 

with anti-inflammatory treatments in larger AD studies. 24 

25 
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Introduction 26 

Interactions between the skin microbiome and immune system play a relevant role in cutaneous 27 

health and disease. In atopic dermatitis (AD), barrier dysfunction, immune dysregulation and changes 28 

in the skin microbiome are considered as the main pillars of pathophysiology [1]. In particular, a 29 

reduction of microbiome diversity and increased abundance of Staphylococcus aureus has been 30 

reported to precede flares of AD and improvement of AD in response to anti-inflammatory therapies 31 

is often associated with a normalization of the microbiome and reduction of S. aureus [2]. 32 

Spiralin® is a defined extract generated by a patented process from the microalga Spirulina platensis. 33 

The extract and specifically Calcium-spirulan (Ca-SP), a sugar contained therein, has been shown to 34 

exert a broad spectrum of anti-microbial effects including anti-bacterial and anti-viral effects. For 35 

example, Ca-SP was shown to inhibit the adherence of herpes simplex virus to human keratinocytes 36 

and the subsequent cell entry, and a gel containing Ca-SP and Spiralin® prevented lip herpes 37 

exacerbation in a clinical trial with predisposed individuals [3]. The gel also appeared to be clinically 38 

effective in the treatment of molluscum contagiosum infections in children [4]. The objective of the 39 

present study was to collect first evidence on the possible effect of Spiralin® on the composition of 40 

the skin microbiome and the clinical activity in patients with active AD lesions. 41 

 42 

Methods 43 

In this double-blind, intraindividual, vehicle-controlled pilot study (TOMBIO-AD), n = 20 patients 44 

(female/male n = 14/6) with a mean age of 33 y (SD 11.8, range 18-57 y) with mild to moderate AD 45 

[eczema area and severity index (EASI) 16, body surface area (BSA) 10, dermatology life quality 46 

index (DLQI) 10], applied the active gel containing 1% Spiralin® (ilon® Hautgel AD/Skinicer® Repair 47 

Gel) or indistinguishable vehicle gel, respectively, on two AD lesions of similar size and severity for 48 

intraindividual comparison twice daily over 4 weeks with visits at baseline, weeks 1, 2, and 4. Target 49 

areas (at least 20 cm2) were selected by the investigator and had to be positive for S. aureus on 50 

routine microbiological investigation at baseline. The abundance of S. aureus (primary endpoint) and 51 

the Shannon index ( -diversity) were calculated from the analysis of 16s rRNA gene libraries as 52 

described [5, 6] with non-lesional skin and room air samples serving as controls. Lesional disease 53 

activity was assessed by the Target Lesion Severity Score (TLSS) an adaptation of the EASI (sign scores 54 

without area involvement, ranging from 0 to 12) [7]. The size of target lesions was quantified by 55 

weighing a transparent foil (0.055 g/cm2) precisely reflecting the lesion size and converted to area. 56 

The weighted TLSS was the product of the TLSS and the respective foil weight in g. All analyses were 57 

descriptive. No imputation of missing data was performed, and comparisons were not controlled for 58 

multiplicity. The study was conducted according to ICH-GCP guidelines, and all patients signed an 59 

informed consent form at study entry. The study was approved by the Ethical Committees 60 

responsible for the participating sites in Kiel and Hamburg. 61 

 62 

Results  63 

Target lesions treated with active gel and those treated with vehicle were similar in clinical activity 64 

and size at baseline (TLSS 8.6 ± 0.7 verum and 8.6 ± 0.8 vehicle; area 83.0 ± 48.1 cm2 verum and 77.0 65 

± 51.5 cm2 vehicle). All patients completed the study. One patient used systemic corticosteroids after 66 

week 1, and the clinical and microbiome data from week 2 on were considered missing. Another 67 

patient’s data was considered missing at week 4 since he bathed directly prior to the visit. There was 68 

a higher decrease in the abundance of S. aureus in verum- than in vehicle-treated areas between 69 

baseline and week 4 (25.5% vs. 9.4%), but significance was not met. The Shannon index reflecting 70 

microbiome diversity increased in areas treated with verum over time (p = 0.032, Pearson 71 

correlation), but not in areas treated with vehicle. Compared to the baseline value of 1.8 (range 0.3–72 

2.7) the Shannon index increased significantly to 2.1 (range 1.2–2.9; mean increase 16.7%) at week 4 73 

in verum-treated areas (p<0.01, Wilcoxon rank-sum test), while the difference in areas receiving 74 

vehicle was not significant (Fig. 1). Changes in the Shannon index between areas treated with verum 75 

vs. those treated with vehicle were similar when patients with target lesions on the arms (n = 14) 76 

were analyzed separately as a sensitivity analysis to account for a potential influence of the 77 
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anatomical location. There was evidence for an effect of the clinical response as the mean increase of 78 

the Shannon index in response to active gel was numerically higher in lesions showing an at least 79 

50% (26.3%) or at least 75% reduction of the TLSS (33.3%) than in all lesions. 80 

There were several trends indicating clinical effects of the active gel, but findings were not 81 

statistically significant. The TLSS showed an approximately 10% greater reduction in verum-treated 82 

than in vehicle-treated areas at week 4. An at least 50% reduction of the TLSS was observed in 36.8% 83 

of lesions treated with verum versus 26.3% of lesions treated with vehicle. In addition, vehicle-84 

treated areas showed no reduction in area size (77.8 cm2 at week 4 compared to 77.0 cm2 at 85 

baseline), while verum-treated lesion area decreased on average by 6.9 cm2. An example of a clinical 86 

response is shown in Fig. 2. Active and vehicle gel were well tolerated and there were no serious 87 

adverse events. Local side effects rated as possibly related were noted in two patients (one case of 88 

moderate burning sensation and one case of mild pruritus). 89 

 90 

Discussion 91 

The results of this proof-of-concept study indicate a positive effect of a gel containing the defined 92 

microalgae extract Spiralin® on the skin microbiome in patients with active AD lesions. The reduction 93 

of S. aureus is in line with earlier in vitro findings that demonstrated strong anti-bacterial effects of 94 

Spiralin® on S. aureus including MRSA [8]. In contrast to topically applied antibiotics such as fusidic 95 

acid, which may reduce Shannon diversity and select for resistant S. aureus during treatment of AD 96 

patients [9], we did not observe evidence of a reduced microbiome diversity. Minor anti-microbial 97 

effects seen in vehicle-treated areas may be related to the 0.15% rosemary oil contained in the gel 98 

formulation [10]. Interestingly, the magnitude of the effects of the active gel on Shannon diversity in 99 

active lesions were similar to those observed with systemic anti-IL-4Ra and anti-IL-13 antibodies in 100 

patients with moderate-to-severe AD [5, 6]. Positive effects on the skin microbiome were associated 101 

with reductions in clinical disease activity scores although the differences compared to vehicle did 102 

not reach statistical significance in this relatively small study. There was some evidence for stronger 103 

microbiome effects in lesions with higher levels of clinical response. While significant improvement 104 

of AD by targeting main immune pathways has been associated with reduction of S. aureus [5, 6], we, 105 

therefore, speculate that the weaker clinical effects observed here occurred primarily as a 106 

consequence of microbiome changes. Of note, target lesions were treated with only 64% (verum) 107 

and 68% (vehicle) of the advised 1 g/100 cm2 which may have impacted outcomes. The preliminary 108 

findings obtained in this study support investigation of the active gel alone or in combination with 109 

anti-inflammatory treatments in larger studies in patients with AD.  110 

 111 

112 
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Figure legends 

Figure 1. Shannon index reflecting a-diversity in untreated non-lesional control areas (left), target areas treated 

with vehicle (middle) and target areas treated with active gel (right) at baseline (red bars) and after 4 weeks of 

therapy (green bars). p values from Wilcoxon rank-sum test; n represents patients with valid samples (see text). 

Figure 2. Example of clinical response. Target area treated with active gel (ventral right ankle) at baseline (a) and 

after 4 weeks of therapy (b) compared to control target area treated with vehicle (ventral left ankle; c, baseline; d, 

week 4). Scale bars are in centimeter. 
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