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Increased transepidermal water loss (TEWL) and de-
creased skin capacitance are characteristic features of 
the disturbed epidermal barrier in atopic eczema (AE). 
The “acid mantle”, which is a slightly acidic film on the 
surface of the skin has led to the development of acidic 
emollients for skin care. In this context, the effect of citric 
acid-coated textiles on atopic skin has not been exami-
ned to date. A textile carrier composed of cellulose fibres 
was coated with a citric acid surface layer by esterifica-
tion, ensuring a constant pH of 5.5–6.5. Twenty patients 
with AE or atopic diathesis were enrolled in the study. 
In a double-blind, half-side experiment, patients had to 
wear these textiles for 12 h a day for 14 days. On day 
0 (baseline), 7 and 14, tolerability (erythema, pruritus, 
eczema, wearing comfort) and efficacy on skin barrier 
were assessed by TEWL skin hydration (corneometry/
capacitance), pH and clinical scoring of eczema (SCO-
RAD). Citric acid-coated textiles were well tolerated and 
improved eczema and objective parameters of skin phy-
siology, including barrier function and a reduced skin 
surface pH, with potential lower pathogenic microbial 
colonisation. Key words: atopic eczema; acid-coated texti-
les; transepidermal water loss (TEWL); skin capacitance.
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Atopic eczema (AE) is a chronic, relapsing, pruritic 
inflammatory skin disease caused by an interaction of 
genetic background and environmental factors. Risk ge-
nes for the development of AE are associated with skin 
barrier defects due to filaggrin mutations, changes in 
the epidermal ceramide profile or tight junctions defects 
(1–4), and with immune genes, such as IL-4 and IL-4 
receptor genes (5, 6). Skin barrier defects decrease skin 
hydration (capacitance) and increase transepidermal 
water loss (TEWL) (7, 8). Moreover, due to the impaired 
skin barrier and elevated pH, Staphylococcus aureus 

colonises AE skin to a high extent and aggravates AE 
by secretion of S. aureus superantigen that polyclonally 
activates T cells (9). Therefore, the basic therapy of AE 
is geared towards restoring skin barrier and reducing 
S. aureus colonisation. Improvement of AE together 
with S. aureus reduction has already been reported for 
silver-coated textiles (10, 11). Already 80 years ago, 
Schade & Marchionini (12) developed the concept of 
the “acid mantle”, which is created when sweat and 
sebum combine and act as a barrier to bacteria, viruses 
and other potential skin contaminants. This concept has 
led to the development of acidic emollients for skin 
care. Lactic acid and various amino acids containing 
emollients improve healing of AE lesions (13). More-
over gloves with low pH were shown to improve hand 
eczema (14). In vitro studies demonstrated an antibac-
terial effect of citric acid-coated textiles (pH 5.5–6.5) 
against gram-positive and gram-negative bacteria (e.g. 
S. aureus, Pseudomonas aeruginosa) (1).

Aim of this pilot study was to evaluate the tolerability 
of a new citric acid-coated fabric and its impact on skin 
physiology, barrier function and eczema in patients with 
AE or atopic diathesis.

MATERIAL AND METHODS

Patient characteristics
Twenty patients (6 males and 14 females) were included 
in the study with an age range of 20–64 years (mean age 
36.85 ± 13.04).

Inclusion criteria were a history of AE or atopic diathesis 
(indicated by a Diepgen-Score > 7) (mean value: 16.85 ± 5.03). 
Seven patients had active AE with inflammatory skin lesions. 
Prior to the study only emollient therapy was used.

The study was approved by the Ethics Committee of the 
Cantonal Hospital of St. Gallen (Switzerland) and the Swiss 
Agency for Therapeutic Products (Bern, Switzerland). This 
study was conducted according to the Declaration of Helsinki 
principles. All participants gave their written informed consent.

Determination of disease severity
Clinical severity of AE was assessed by the SCORAD index 
(severity scoring of AD, European Task Force on Atopic 
Dermatitis, 1993). Skin dryness was evaluated by qualitative 
characteristics (none, little, moderate, intense, very intense). 
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In addition, the Diepgen-Score was calculated for defining 
atopic diathesis. Here, 19 atopic features (e.g. xerosis cutis, 
dermographism, pruritus) are assessed with 1–3 points (15).

Study design
Twenty patients with a history of AE or atopic diathesis were 
enrolled in the study. In a double-blind half-side experiment, 
patients wore textiles that were coated on one half with citric 
acid for 12 h a day for 2 consecutive weeks. On day 0 (baseline) 
and on days 7 and 14 tolerability (erythema, pruritus, wearing 
comfort) and efficacy (TEWL, skin capacitance, pH-value, 
SCORAD) were recorded (Fig. 1). 

Acidification of textiles
Citric acid is an alpha hydroxy acid and it is reported to function 
in cosmetics as a pH adjuster, chelating agent or fragrance in-
gredient. Products containing alpha hydroxyl acids are marketed 
for a variety of purposes, such as smoothing fine lines and 
surface wrinkles, improving skin texture and tone, unblocking 
and cleansing pores. The effect on the skin depends on type and 
concentration of the alpha hydroxyl acids and other ingredients 
in the product. Safety of citric acid and alkyl citrate esters as 
used in cosmetics has been approved (16).

In this study a textile carrier of cellulose fibres was coated 
with citric acid (2-hydroxypropane-1,2,3-tricarboxylic acid) by 
esterification via a natriumhypo-phosphitmonohydrate catalyser. 
Saturating of the textile was done with a solution of citric acid 
followed by drying at 150°C. Treated textiles had a pH value 
of about 3.98 ± 0.5. The pH value was stabile at 5.5–6.5 over 
up to 20 washes. There was no difference between the textile 
side with or without citric acid concerning appearance or smell. 

Analysis of textile tolerability
The tolerability of the textiles was evaluated by qualitative cha-
racteristics using a questionnaire: (i) wearing comfort: very well, 
well, moderate, little; (ii) pruritus: none, little, moderate, intense, 
very intense; (iii) erythema: none, little, moderate, intense, very in-
tense; and (iv) eczema: none, little, moderate, intense, very intense.

Analysis of efficacy
After an acclimatisation period of 15 to 30 min, measurement of 
TEWL, skin capacitance and pH value were performed at room 
temperature (22–25°C) and a relative humidity of 25–60%. Skin 
capacitance was measured using a corneometer (Courage and 
Khazaka electronic GmbH, Cologne, Germany). TEWL was 
determined using a vapometer (Delfin Technologies, Kuopio, 
Finland). Skin pH was analyzed using a pH meter (Courage 
and Khazaka electronic GmbH, Cologne, Germany). 

All measurements were taken in accordance with the 
manufacturer’s instructions and at 3 separate sites on days 
0/7/14: 1) forearm, 10 cm distal to the antecubital flexure, 2) 
upper arm, 10 cm distal to the antecubital flexure, and 3) upper 
back, 10 cm distal to the caput humeri. 

Statistics
Statistical analyses were performed using SPSS 18.0 and Excel 
2000. Data were expressed as mean, standard deviation, confi-
dence interval. Student’s t-test was used to compare the treated 
and non-treated site. p-values < 0.05 were considered significant.

RESULTS

Acid coating did not impair wearing comfort of cotton 
textiles

No differences were observed for wearing comfort 
of the acid-modified site vs. the untreated site of the 
cotton textile (Fig. 2). All except one patient referred 
the wearing comfort as very well or well. Moreover, 
there was no evidence for erythema, itch or eczema 
exacerbations.

Decrease of TEWL on acid-coated site after 7 and 14 
days of textile exposure 

TEWL was reduced on the citric acid-treated site 
compared to textile control after 7 days (statistically 
significant on the forearm compared to the untreated 
site; same trend on the other locations) (Fig. 3). On 
day 14 the TEWL was again lower on the treated site 
(Table I), but the overall conditions (very high outside 
temperature) had not been optimal resulting in an ge-
neral higher level of TEWL value on day 14 compared 
to day 7 (due to increased perspiration). As expected in 
patients with active eczema lesions a higher TEWL was 
observed on both days 7 and 14 compared to patients 
with unaffected skin (Table I). 
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Fig. 1. Study protocol.
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Fig. 2. Tolerability. Acid coating did not impair wearing comfort of cotton 
textiles. Textiles with esterificated citric acid are well-tolerated concerning 
pruritus, erythema, eczema and wearing comfort (CI 95%).
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Improved skin capacitance in patients with unaffected 
skin 

The water capacitance was higher in patients with un-
affected skin, which was in accordance with previous 
literature (17). Due to climatic conditions with high 
outside temperature, the overall conditions for deter-
mination of skin capacitance had not been optimal. 
For this reason, acid-coated textiles  did not affect skin 
capacitance essential (Table I).

Skin pH value showed a trend to a more acidic skin 
milieu after 14 days

The pH value of the skin increased slightly after one 
week (more pronounced in the non-treated skin than in 
the treated skin) (Table I). After 2 weeks a more acidic 
skin milieu was determined (more pronounced in the 
treated skin) (Table I), although the data did not reach 
statistic significance.
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Fig. 3. Acid coated textiles reduced TEWL (Δ day 7/day 0) (n = 20). The 
TEWL was reduced on the treated site compared to textile control after 7 
days, statistically significant on the forearm (t-test; *significant p < 0.05). 
n.s.: non-significant.

Table I. TEWL values (g/m2/h), capacitance and pH value. TEWL was lower on the treated site. As expected in patients with active eczema 
lesions, a higher TEWL was observed on both days 7 and 14, compared to patients with unaffected skin. Improved skin capacitance in 
patients with unaffected skin. After 2 weeks a more acidic skin milieu was determined (more in the treated skin)

Forearm Upper arm Upper back

Treated 
Mean ± SD

Control 
Mean ± SD

Treated 
Mean ± SD

Control 
Mean ± SD

Treated 
Mean ± SD

Control 
Mean ± SD

TEWL (g/m2/h) day 0
Active atopic eczema (n = 7) 14.08 ± 7.42 13.4 ± 6.9 14.88 ± 8.18 13.28 ± 8.34 15.94 ± 11.97 13.03 ± 6.27
Unaffected skin (n = 13) 16.85 ± 10.21 14.89 ± 9.15 15.13 ± 8.62 13.99 ± 8.33 18.26 ± 11.53 15.88 ± 9.38
Total (n = 20) 15.88 ± 9.22 14.36 ± 8.27 15.04 ± 8.25 13.74 ± 8.12 17.45 ± 11.43 14.88 ± 8.36

TEWL (g/m2/h) day 7
Active atopic eczema (n = 7) 15.87 ± 7.26 16.70 ± 7.66 17.31 ± 8.74 17.97 ± 11.55 18.91 ± 10.37 16.25 ± 7.66
Unaffected skin (n = 13) 9.11 ± 3.9 9.64 ± 2.73 9.49 ± 2.73 9.24 ± 3.29 9.99 ± 2.68 9.67 ± 2.36
Total (n = 20) 11.48 ± 6.10 12.11 ± 5.93 12.23 ± 6.57 12.30 ± 8.20 13.11 ± 7.59 11.97 ± 5.70

TEWL (g/m2/h) day 14
Active atopic eczema (n = 7) 20.13 ± 12.39 22.74 ± 12.89 19.07 ± 11.34 20.26 ± 11.59 24.17 ± 16.03 22.66 ± 15.24
Unaffected skin (n = 13) 17.43 ± 24.65 16.74 ± 18.91 19.58 ± 27.12 19.96 ± 21.14 21.54 ± 27.98 22.40 ± 28.71
Total (n = 20) 18.37 ± 20.83 20.06 ± 18.02 19.40 ± 22.48 22.49 ± 24.37 22.46 ± 24.02 20.47 ± 19.32

Capacitance day 0
Active atopic eczema (n = 7) 62.43 ± 20.26 63.81 ± 19.57 62.95 ± 16.15 64.62 ± 19.37 75.14 ± 16.80 74.91 ± 20.88
Unaffected skin (n = 13) 86.18 ± 14.39 85.95 ± 15.09 84.80 ± 13.16 83.02 ± 15.85 94.33 ± 11.46 96.62 ± 12.36
Total (n = 20) 77.87 ± 19.89 78.20 ± 19.55 77.15 ± 17.49 76.59 ± 18.51 87.62 ± 16.13 89.02 ± 18.63

Capacitance day 7
Active atopic eczema (n = 7) 60.24 ± 21.01 48.19 ± 17.48 63.66 ± 18.57 64.76 ± 14.85 74.14 ± 20.27 75.29 ± 20.82
Unaffected skin (n = 13) 72.82 ± 9.22 66.95 ± 8.89 71.07 ± 8.11 69.05 ± 7.85 84.20 ± 8.83 84.62 ± 6.60
Total (n = 20) 68.42 ± 15.12 63.88 ± 12.50 68.48 ± 12.79 67.55 ± 10.63 81.03 ± 14.09 81.35 ± 13.61

Capacitance day 14
Active atopic eczema (n = 7) 72.95 ± 16.26 74.10 ± 15.37 77.76 ± 13.02 70.00 ± 19.91 85.48 ± 19.08 80.89 ± 15.40
Unaffected skin n = 13) 75.26 ± 11.65 73.10 ± 14.49 76.85 ± 15.58 75.21 ± 15.44 92.05 ± 14.06 91.61 ± 13.40
Total (n = 20) 74.45 ± 13.06 73.45 ± 14.40 77.17 ± 14.63 73.38 ± 16.79 89.75 ± 15.82 87.86 ± 14.69

pH value day 0
Active atopic eczema (n = 7) 5.55 ± 0.8 5.56 ± 0.83 5.51 ± 0.75 5.60 ± 0.83 5.64 ± 0.72 5.75 ± 0.81
Unaffected skin (n = 13) 5.1 0± 0.64 5.04 ± 0.63 5.15 ± 0.67 5.13 ± 0.64 5.08 ± 0.58 5.09 ± 0.59
Total (n = 20) 5.26 ± 0.72 5.22 ± 0.73 5.27 ± 0.71 5.30 ± 0.72 5.28 ± 0.69 5.32 ± 0.73

pH value day 7
Active atopic eczema (n = 7) 5.58 ± 0.72 5.60 ± 0.77 5.52 ± 0.72 5.57 ± 0.82 5.52 ± 0.76 5.64 ± 0.68
Unaffected skin (n = 13) 5.27 ± 0.56 5.37 ± 0.64 5.34 ± 0.59 5.56 ± 0.61 5.23 ± 0.59 5.46 ± 0.57
Total (n = 20) 5.38 ± 0.62 5.45 ± 0.68 5.42 ± 0.63 5.56 ± 0.67 5.33 ± 0.65 5.53 ± 0.60

pH value day 14
Active atopic eczema (n = 7) 4.97 ± 0.65 5.06 ± 0.75 5.09 ± 0.71 5.23 ± 0.83 5.23 ± 0.84 5.22 ± 0.79
Unaffected skin (n = 13) 5.03 ± 0.71 5.12 ± 0.71 5.1 ± 0.71 5.25 ± 0.71 5.17 ± 0.66 5.28 ± 0.61
Total (n = 20) 5.01 ± 0.67 5.10 ± 0.71 5.1 ± 0.69 5.25 ± 0.73 5.13 ± 0.71 5.26 ± 0.66
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In the skin of active AE on day 0 and day 7 (treated 
and non-treated skin) the pH value was more alkalic 
compared to the unaffected skin. On day 14 the pH value 
in active AE was similar to the pH in unaffected skin 
(except on the treated upper back) (Table I).

SCORAD sub-parameters improved after 14 days

During the two-week course the SCORAD sub-para-
meters, skin dryness, pruritus and insomnia, as well 
as erythema and excoriations in active lesions were 
improved (Table II).

DISCUSSION

Textiles bearing esterificated citric acid were well tole-
rated and an improvement of objective and subjective 
symptoms of AE (skin dryness, pruritus, insomnia) 
with a decrease of the SCORAD was noted. Skin phy-
siology measurements showed a decrease of TEWL 
after 7 days (significant) and 14 days (trend) on the 
citric acid treated site. An improved skin capacitance 
was observed in unaffected skin. 

Over the last years, other new developments in the 
textile industry have shown therapeutic potential, such 
as silver-loaded cellulose fabric with incorporated sea-
weed or pure silver coated textiles. Both approaches 
improved TEWL, SCORAD and the patient’s subjective 
perceptions (10, 11, 17). Also, chitosan impregnated 
cotton fabric or anion textile may be an addition or even 
an alternative to medical treatments in milder cases of 

AE (16, 18). Besides lactic acid and different amino 
acids improve healing of AE lesions (12). Moreover 
gloves with low pH were shown to improve hand ec-
zema, with reduced irritation- and dryness scores (13). 
Already in 1928, Schade & Marchionini (12) defined 
the “acid mantle” of the skin and they demonstrated a 
reduction of S. aureus on the skin in acid milieu (pH 5 
compared with pH 7) (11, 19).

In this study, the skin pH value showed a trend to an 
acid skin milieu after the two-week course of wearing 
a citric acid-coated shirt. In patients with active eczema 
lesions a higher skin pH value was detected, which was 
also observed on the non-treated site. The higher pH 
value and presumably more pronounced colonisation by 
S. aureus could be caused by missing of acidic filaggrin 
breakdown products like urocanic acid and pyrrolidone 
carboxylic acid in AE patients (20). Staphylococcal exo-
toxins are strong inducers of cytokines as for example 
IL-22 and can contribute to acute and chronic inflam-
mation associated with AE (21). A positive correlation 
between higher pH value and the severity of the disease 
in our data is therefore in accordance with previous 
studies (22, 23). The low pH value of this fabric might 
therefore impact on the growth conditions for S. aureus 
and inhibit its expression of virulence factors, which 
promote inflammation (20).

The limitations of this pilot study include the number 
of patients and the climatic conditions with high outside 
temperature during the second week. Future studies 
should assess a longer protocol of 6 weeks, considering 
the duration of epidermal differentiation and an evalua-
tion of the SCORAD in side difference. Moreover, the 
impact of citric-acid coating on skin colonisation with 
S. aureus should be examined in a further collective. 

Taking hallmarks of AE pathogenesis, like genetic 
factors (e.g. filaggrin mutation), epidermal barrier 
impairment (water loss), high pH of the skin, bacterial 
colonisation (S. aureus) and inflammation we were 
looking at different factors influencing each other to a 
certain degree and probably leading to further aggrava-
tion or improvement of AE. 

In summary, citric acid coated textiles are well to-
lerated, reduce itch, improve sleep and augment skin 
barrier. The lower skin pH might reduce microbial 
colonisation of atopic skin. Taken together, this citric 
acid-coated fabric might provide a basis for new pre-
ventive and therapeutic options in AE and needs to be 
further evaluated in larger patient cohorts.
The authors declare conflict of interest
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