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A B S T R A C T   

Incontinence-associated dermatitis (IAD) is a painful complication in elderly patients, leading to reduced quality 
of life. Despite recent attention, its underlying inflammatory mechanisms remain poorly understood. This study 
was designed to quantify the release of inflammatory cytokines in a human model of IAD. The left volar forearm 
of ten healthy volunteers was exposed to synthetic urine and synthetic faeces for 2 h, simulating the effects of 
urinary and faecal incontinence, respectively, and the subsequent cytokine response compared to that of an 
untreated control site. Inflammatory cytokines were collected using both the Sebutape® absorption method and 
dermal microdialysis and quantified using immunoassays. Results from the former demonstrated an upregulation 
in IL-1α, IL-1RA and TNF-α. Synthetic urine caused a higher median increase in IL-1α from baseline compared to 
synthetic faeces, whereas synthetic faeces were associated with significantly higher median TNF-α levels 
compared to synthetic urine (p = 0.01). An increase in IL-1α/IL-1RA ratio was also observed with significant 
differences evident following exposure to synthetic urine (p = 0.047). Additionally, microdialysis revealed a 
time-dependent increase in IL-1β and IL-8 following exposure of up to 120 min to synthetic urine and synthetic 
faeces, respectively. This study demonstrated the suitability of both sampling approaches to recover quantifiable 
cytokine levels in biofluids for the assessment of skin status following exposure to synthetic fluids associated with 
incontinence. Findings suggest some differences in the inflammatory mechanisms of IAD, depending on moisture 
source, and the potential of the cytokines, IL-1α and TNF-α, as responsive markers of early skin damage caused by 
incontinence.   

1. Introduction 

Incontinence-associated dermatitis (IAD) is caused by the prolonged 
exposure of the skin to urine and/or faeces and represents a common 
complication particularly in older patients with incontinence [1]. 
Several studies involving large multicentre cohorts have identified IAD 
to be highly prevalent, although the values vary widely depending on 
the clinical setting. Indeed it has been reported that in acute care settings 
the prevalence of IAD ranges between 19% and 45.7% [2–4], whereas in 
long-term care settings its prevalence has been reported to be between 
5.2% and 46.1% [3,5,6]. Clinical manifestations of IAD include persis-
tent erythema and inflammation at the skin surface, accompanied by 
significant pain, burning and itching sensations. If left untreated, IAD 
can lead to swelling and blister formation with a consequent loss of 
independence and a reduced quality of life for the individual [1]. The 
primary interventions to prevent IAD consist of avoiding prolonged 

contact of skin with urine and faeces using absorbent products, incon-
tinence containment devices, such as urinary catheters, and following a 
structured skin care regimen and cleansing procedure [7]. However, 
these strategies can also increase the risk of IAD by affecting the skin 
microclimate, disrupting skin integrity, increasing surface pH, and 
enhancing skin permeability to irritants [8–10]. A Cochrane review, 
involving 13 clinical trials, also concluded that current evidence is 
limited regarding the effectiveness of these interventions [11]. As a 
consequence, IAD remains a key clinical challenge and identification of 
early skin damage from incontinence is essential to initiate appropriate 
prevention measures for patients who are at risk of IAD. 

IAD is a form of irritant contact dermatitis (EK02.2, ICD-11) [12], 
and studies have revealed that it is associated with partial loss of the 
epidermis, dilated blood vessels with some swelling of the endothelium, 
oedema of the dermis, and infiltration of inflammatory cells such as 
epidermal Langerhans cells and dermal macrophages [13,14]. In 
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addition, studies showed that repeated exposure to incontinence leads to 
overhydration of the epidermis and impairment of the normal cutaneous 
barrier function, as reflected by increased transepidermal water loss [10, 
15–17], and can stimulate upregulation of pro-inflammatory cytokines 
[18]. However, there still remains a lack of knowledge concerning the 
specific cytokine biomarkers which are indicative of early signs of IAD 
[19]. Indeed characterisation of cytokine release following exposure to 
irritating incontinence is limited, focusing on an animal study reporting 
a dose-dependent increase in the levels of IL-2 and IFN-γ following 
exposure to a feacal enzyme, pancreatin, at various time points [18]. To 
our knowledge, there are no human studies examining the inflammatory 
response triggered in IAD. Accordingly, the present study was designed 
to investigate the release of inflammatory cytokines following exposure 
to experimental models of incontinence in healthy volunteers. For the 
recovery of cytokines, we compared two distinct techniques which 
sample the skin at different depths. These involved the minimally 
invasive dermal microdialysis [20], a well-established diagnostic tool 
used in many clinical studies [21–23], and the non-invasive Sebutape® 
absorption method [24]. 

2. Methods 

2.1. Participants 

Following approval by the ethics committee of University of South-
ampton (REC ID: 9349), participants were recruited from local staff and 
students by word of mouth and through a study poster advertisement 
based on the following criteria: 1. Inclusion criteria: aged 18–65 years 
with no active skin disease and no previous history of skin diseases, 2. 
Exclusion criteria: pregnancy, pre-existing medical condition that is 
known to affect the dermal vasculature (e.g. diabetes mellitus, periph-
eral vascular disease, Raynaud’s phenomenon), treatment with any 
vasoactive medication (e.g. beta-blockers, nitrates, calcium channel 
blockers, angiotensin-converting-enzyme inhibitors, antihistamines, 
non-steroidal anti-inflammatory drugs; steroids), pre-existing dermato-
logical condition, and inability to give informed written consent. 
Participation was voluntary and no incentives were provided. Given the 
exploratory nature of the present study, no sample size calculation was 
performed. All participants were informed of the full details of the study 
before giving written informed consent, prior to the initiation of the 
study. The study complied fully with the principles outlined in the 
Declaration of Helsinki. 

2.2. Experimental models of urinary and feacal incontinence 

Synthetic urine (pH 7.9) was used as the moisture irritant source 
experienced by patients with urinary incontinence, as described previ-
ously [25], and was prepared in distilled water and stored at 4 ◦C.To 
simulate the effects of faecal incontinence, synthetic faeces (pH 7.6) 
were prepared based on previous studies [14,26] involving the combi-
nation of digestive enzymes, namely proteases and lipases, and bile salts 
of physiological adult concentrations in phosphate buffered saline (PBS) 
and stored at − 20 ◦C until required. The chemical compositions of both 
synthetic urine and synthetic faeces are summarized in Table 1. 

2.3. Collection of cytokine biomarkers 

Two separate techniques were employed to collect two different 
biofluids, namely, sebum using a commercial tape and interstitial fluid 
using microdialysis method. The use of Sebutape® (Cuderm, Dallas, TX, 
USA) represents a non-invasive technique that involves a lipophilic 
polymeric silicone coated film to collect sebum that is attached to the 
skin surface. 

Microdialysis represents a minimally invasive method to collect 
endogenous and exogenous solutes in the extracellular space of the 
dermis based on passive diffusion. Following the application of a topical 

anaesthetic, a microdialysis fibre was inserted superficially into the skin 
and serves as an artificial vessel. The fibre is perfused with PBS and the 
solutes pass through it into the perfusate and is collected in a vial taped 
to the skin surface. Microdialysis fibres were carefully manufactured in 
the host laboratory using haemophan fibres (50 mm) attached to fine 
bore polyethylene tubing (Portex, Kent). The fibres were sterilized with 
ethylene oxide (Meridian Medical Ltd, UK) prior to use. 

2.4. Test protocol 

The study was conducted in the bioengineering laboratory, within 
the Clinical Academic Facility in University Hospital Southampton, 
under controlled temperature (22 ◦C ± 3 ◦C) and humidity (40–45%) 
conditions. Prior to testing, all participants were required to apply a 
topical lidocaine/prilocaine anaesthetic cream (EMLA, Aspen Pharma, 
UK) under an occlusive Tegaderm™ dressing (3 M, UK) for at least 90 
min, to cover three skin sites on the left volar forearm (Fig. 1a). The 
cream was then removed, and each site was marked (Fig. 1b) prior to 
insertion of three 21-gauge hypodermic needles (Microlance, Becton 
Dickinson, Ireland) superficially at a length of 20 mm and a depth of 
approximately 0.5–0.8 mm (Fig. 1c). Microdialysis fibres were then 
inserted through the needles which were then removed, with the fibres 
remaining underneath the skin (Fig. 1d). Entry sites were protected 
using micropore tape (3 M, UK) and the fibres were covered with a moist 
non-adherent dressing (Melolin, Smith and Nephew, UK) using sterile 
0.9% sodium chloride and bandaged. The skin was then allowed to rest 
for 2 h to recover from any trauma caused during needle insertion [27, 
28]. Subsequently, the bandage and dressing were removed, the 
microdialysis fibres were connected to a micro-infusion pump (CMA 
400, CMA, Sweden) and perfused with sterile PBS (pH 7.4, Tayside 
Pharmaceuticals, UK) at a constant flow rate of 5 μl/min, to ensure the 
collection of a sufficient dialysate volume over the collection period for 
subsequent biochemical assays. The solutes were transferred through 
the fibres into the perfusate, which was collected in a vial located at the 
skin surface. Baseline dialysate was then collected for 30 min (T0) 
coincident with Sebutape sampling at each site (Fig. 1e). The tapes were 
applied for 2 min using a pressure roller to ensure optimum contact with 
the skin. Upon removal, each tape was stored in coded vials on ice with 
their adhesive side facing upwards and kept on ice until the end of the 
study. 

Following randomization using a Latin square procedure, 500 μl of 
either synthetic urine or synthetic faeces solution were applied to 
separate sites for 2 h using 25 mm chambers (HillTop Research Inc., 
Florida, USA), and kept in position using transpore tape (3 M, UK). The 
remaining site served as an untreated control. Dialysates were collected 
in vials at 30-min intervals for a total period of 2 h (denoted by T30, T60, 
T90 and T120). At the end of the exposure time, the solutions were 
removed, the skin was gently dried with filter paper, and fresh Sebutape 

Table 1 
Chemical composition and concentration of the constituents for synthetic urine 
and synthetic faeces.  

Experimental model 
of incontinence 

Chemical component Weight 
(g) 

Concentration 
(w/v) 

Synthetic urine  
Urea 1.25 2.5%  
Sodium chloride 0.45 0.9%  
Ammonium chloride 0.15 0.3%  
Sodium sulphite 0.15 0.3%  
Anhydrous disodium 
hydrogen orthophosphate 

0.125 0.25%  

Creatinine 0.10 0.20% 
Synthetic faeces  

Trypsin 0.125 0.25%  
α-chymotrypsin 0.10 0.20%  
Lipase 0.04 0.08%  
Bile salts 5.00 10%  

S. Koudounas et al.                                                                                                                                                                                                                             



Journal of Tissue Viability 30 (2021) 427–433

429

samples were applied to each of the three skin sites, for subsequent 
sebum collection. Both dialysates and Sebutapes were then stored at 
− 80 ◦C prior to biochemical analysis. 

2.5. Biochemical analysis 

The Sebutape extraction process was based on a protocol previously 
detailed [24] with one modification, namely, the addition of 0.05% 
Tween™ 20 to ensure increased recovery of total protein. Accordingly, 
the tapes were thawed to room temperature and 1.70 ml PBS (Sig-
ma-Aldrich Co., St Louis, MO, USA) containing 0.05% Tween™ 20 
(ThermoFisher Scientific, UK) was added to each tube ensuring that each 
tape was fully submerged. After immersion for 1 h, the tapes were 
sonicated for 10 min to release proteins from the tapes into solution, 
vortexed vigorously for 1 min and additionally mixed with a pipette tip. 
Selected inflammatory cytokines were quantified using electro-
chemiluminescence immunoassays (Meso Scale Diagnostics, Maryland, 
USA) and are expressed as picograms per millilitre (pg/ml). IL-1α and 
IL-1RA were quantified using single plex assays, while IL-1β, IL-6, IL-8 
and TNF-α were determined from multiplex assays. By contrast, the 
collected dialysate was used immediately after thawing to room tem-
perature. However, the limited volume (150 μl) from dialysate collec-
tion only enabled analysis of IL-1β, IL-6, IL-8 and TNF-α concentrations 
but not the concentrations of IL-1α and IL-1RA. Each assay was per-
formed according to the manufacturer’s protocol, and all samples were 
analysed in duplicates. 

2.6. Data analysis 

For Sebutape samples, absolute values for each cytokine were ob-
tained from each participant at baseline and after each skin challenge, 
and the corresponding ratios to baseline were calculated. Cytokine 
concentrations from microdialysis were also presented as ratios to 
baseline (T0) for each of the four time points for both challenges. A ratio 
to baseline of 1 indicates no change in cytokine levels, a ratio >1 indi-
cating an increase in cytokine levels, and a ratio <1 indicating a 
decrease in cytokine levels. Non-parametric descriptors, namely median 
and interquartile range (IQR), were estimated and presented as box and 
whisper plots. Statistical analysis was conducted using IBM SPSS version 
21.0 (SPSS Inc., Chicago, IL, USA). Due to small sample size, differences 
between groups were tested by the Wilcoxon signed rank non- 
parametric test. Correlations between the relative changes from base-
line in cytokine concentrations from Sebutape samples and dialysates 
were examined using a Spearman rank correlation analysis and strength 
of correlation was expressed as r. Statistical significance was set at p <
0.05. 

3. Results 

3.1. Participants 

10 healthy volunteers (mean age ± SD: 33.80 ± 9.07 years, 3 males, 
7 females) were recruited into the study. Sebutape analysis for one 
participant was problematic as the values deviated markedly as opposed 

Fig. 1. Procedure of dermal microdialysis. (a) 
EMLA was applied for 90 min on the left volar 
forearm, (b) three sites were marked, (c) needles 
were inserted superficially at a length of 20 mm, 
(d) fibres were inserted through the needles, and 
the needles were then removed leaving just the 
fibres underneath the skin, (e) baseline dialysates 
(T0) and Sebutape samples were collected and (f) 
synthetic urine and synthetic faeces were applied 
on separate sites with the remaining site repre-
senting the untreated control.   
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to the other volunteers, and particularly for IL-1RA the levels detected at 
the control site were extremely higher compared to baseline (1224 pg/ 
ml). Therefore, the data obtained from that participant were omitted 
from further analysis. 

3.2. Sebutape cytokine analysis 

The pro-inflammatory cytokines IL-1α, IL-1β, IL-8, TNF-α and the 
anti-inflammatory IL-1RA were successfully quantified from the Sebu-
tape samples, as illustrated in Fig. 2. By contrast, IL-6 was not detectable 
in measurable quantities (median lower limit of detection = 0.06 pg/ 
ml). Close examination revealed that when exposed to synthetic urine 
the median ratios to baseline increased to 2.73 and 1.97 for IL-1α and IL- 
1RA, respectively (Fig. 2a and b). The corresponding increases when 

exposed to synthetic faeces were much smaller. By contrast, synthetic 
faeces caused a statistically significant increase (p = 0.01) in TNF-α, 
with a median ratio of 7.23, when compared to synthetic urine (Fig. 2c). 
With respect to IL-1β, neither challenge caused a marked change in the 
ratio values (Fig. 2d), with a number of participants evoking a decreased 
ratio in IL-1β when compared to baseline values (n = 4 for synthetic 
urine, n = 8 for synthetic faeces). For IL-8, synthetic urine resulted in an 
up-regulation (Fig. 2e), while synthetic faeces yielded a decrease in 
median ratio, resulting in a statistically significant difference between 
the two challenges (p = 0.01). It was also noted that at the untreated 
control site there was generally a considerable variation in ratio values, 
with a small increase in IL-1RA and TNF-α ratios, suggesting some in-
fluence on adjacent sites exposed to the two challenges. Further analysis 
examined the changes in the ratio of IL-1α/IL-1RA for each participant at 

Fig. 2. Cytokine ratio changes to baseline as 
estimated from Sebutape samples when exposed 
to either synthetic urine or synthetic faeces, and 
untreated control for cytokines (a) IL-1α, (b) IL- 
1RA (c) TNF-α (d) IL-1β and (e) IL-8 (n = 9). 
For IL-1α and IL1RA, both insults resulted in 
increased cytokine concentrations, with synthetic 
urine causing a higher median ratio change to 
baseline compared to synthetic faeces (2.73 vs 
1.43 for IL-1α, 1.97 vs 1.16 for IL1RA). Exposure 
to synthetic faeces presented markedly increased 
TNF-α production with a median ratio change to 
baseline of 7.23 compared to 1.52 with synthetic 
urine. IL-1β showed a tendency to decrease 
following both challenges, whereas IL-8 concen-
tration only increased with synthetic urine. 
Dotted line indicates a ratio of 1. Asterisks indi-
cate significant differences between synthetic 
urine and synthetic faeces (**p value < 0.01).   
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the control site and following exposure to synthetic urine and synthetic 
faeces (Table 2). There were small increases in this ratio from baseline 
following both challenges, although no statistical differences were 
found. 

3.3. Microdialysis cytokine analysis 

Four pro-inflammatory cytokines, namely, IL-1β, IL-6, IL-8, and TNF- 
α, were quantified in dialysate samples with values above the minimal 
detectable levels and the corresponding median ratios to baseline are 
shown in Table 3. In some cases, there was a time-dependent increase in 
the levels of cytokines following exposure to synthetic urine and syn-
thetic faeces, and close examination of the data revealed some inter-
esting individual responses. For IL-1β, following exposure to synthetic 
urine the median ratios to baseline increased in a time-dependent 
manner, whereas with synthetic faeces increased levels from baseline 
were only evident at T90 and T120. Most of the volunteers (n = 7 with 
synthetic urine, n = 6 with synthetic faeces) presented an increase 
compared to baseline values in at least one time point, with one 
volunteer showing a consistent increase from baseline at the four time 
points (T30-T120) with both challenges. By contrast, some participants 
(n = 2 with synthetic urine, n = 2 with synthetic faeces) demonstrated a 
decreased IL-1β levels from baseline at T30-T120. For IL-6, there was a 
time-dependent increase in the median ratios to baseline following 
exposure to either challenge up to T90, beyond which the values either 
plateaued or decreased. The largest increases followed exposure with 
synthetic faeces, with values, for example at T30, which were signifi-
cantly higher to those following exposure to synthetic urine (p = 0.03). 
For IL-8, the median ratio increased with exposure to both synthetic 
urine and faeces, although the maximum ratios occurred at different 
time points. Nonetheless, intra-subject variation in response was evident 
with some participants (n = 3 with synthetic urine; n = 2 with synthetic 
faeces) demonstrating a decreased IL-8 ratio at T30-T120. With refer-
ence to median ratios of TNF-α to baseline, both synthetic urine and 
synthetic faeces resulted in a general increase at later time points i.e., 
T90 and T120, although again there were intra-subject variations. In 
common with the results from Sebutape analysis, a small increase in 
cytokine levels (IL-1β, IL-8 and TNF-α) collected using microdialysis was 
also observed at the control site. 

3.4. Correlation between changes from baseline in cytokine levels as 
estimated from both sampling methods 

Table 4 summarises the results of the correlation analysis between 
the cytokine ratios changes from baseline as measured in both Sebutape 
and dialysate samples at each time point. Some statistically significant 

correlations were evident. In particular, for TNF-α, there was a consid-
erably high positive correlation between changes in Sebutape samples 
and corresponding changes in dialysate at T30 (r = 0.81), T60 (r =
0.88), and a moderate, but not significant, positive correlation at T90 (r 
= 0.66) following exposure to synthetic faeces. There were no or very 
low correlations in IL-1α and IL-8 ratios as measured in the two 
techniques. 

4. Discussion 

The current study is the first to report the successful recovery and 
quantification of biomarkers from two sources of biofluids in a human 
model of IAD, and the findings extend current knowledge on the 

Table 2 
IL-1α, IL-1RA concentrations and ratios as estimated from Sebutape samples at 
both baseline and post-exposure for each skin site (n = 9). Compared to baseline, 
both challenges resulted in increased levels of IL-1α and to an increased ratio of 
IL-1α/IL-1RA. No significant differences were found.   

Control Synthetic urine Synthetic faeces 

Baseline, median (IQR) 
IL1-α pg/ml 137.00 

(70.20–272.00) 
31.60 (9.88–86.30) 100.00 

(54.10–145.00) 
IL-1RA pg/ 

ml 
94.40 
(51.30–205.00) 

57.70 
(35.50–61.00) 

114.00 
(45.30–178.00) 

IL-1α/IL- 
1RA ratio 

1.30 (0.96–3.15) 0.38 (0.25–1.41) 0.81 (0.59–1.18) 

Post-exposure, median (IQR) 
IL1-α pg/ml 118.00 

(95.70–336.00) 
70.70 
(66.70–94.00) 

188.00 
(94.40–211.00) 

IL-1RA pg/ 
ml 

111.00 
(51.30–167.00) 

105.00 
(69.80–137.00) 

81.30 
(51.00–193.00) 

IL-1α/IL- 
1RA ratio 

1.14 (0.58–3.13) 0.52 (0.48–1.53) 0.97 (0.72–1.44)  

Table 3 
Ratio changes to baseline of pro-inflammatory cytokines as estimated from 
microdialysate following exposure to synthetic urine (n = 9) and synthetic 
faeces (n = 8). There was a time-dependent increase in the levels of cytokines 
following exposure to both synthetic urine and synthetic faeces, and this was 
more evident with IL-1β and IL-8, respectively. For the other cytokine concen-
trations these tended to plateau at T90-120. Asterisk indicates significantly 
higher levels of IL-6 at T30 at the synthetic faeces treated site compared to 
synthetic urine (p < 0.05).   

Challenge - Synthetic urine 

Cytokine, 
median (IQR) 

T30 T60 T90 T120 

IL-1β (pg/ml) 0.88 
(0.58–1.34) 

0.95 
(0.77–1.53) 

1.17 
(0.61–1.97) 

1.43 
(0.49–1.83) 

IL-6 (pg/ml) 0.74 
(0.00–1.06) 

0.91 
(0.65–2.35) 

1.17 
(0.00–2.52) 

0.86 
(0.68–0.95) 

IL-8 (pg/ml) 1.37 
(0.80–1.62) 

2.10 
(0.82–5.19) 

1.47 
(1.04–2.83) 

1.38 
(0.93–5.85) 

TNF-α (pg/ 
ml) 

0.77 
(0.49–0.90) 

0.78 
(0.00–1.62) 

1.40 
(0.95–2.44) 

1.24 
(1.20–1.52)  

Challenge – Synthetic faeces 
Cytokine, 

median 
(IQR) 

T30 T60 T90 T120 

IL-1β (pg/ml) 0.79 
(0.57–1.19) 

0.78 
(0.49–1.06) 

1.58 
(0.82–2.35) 

1.23 
(0.90–2.00) 

IL-6 (pg/ml) *2.04 
(1.67–2.32) 

2.11 
(1.51–3.06) 

3.21 
(2.58–6.80) 

3.09 
(1.55–13.53) 

IL-8 (pg/ml) 1.21 
(1.02–2.47) 

1.46 
(0.85–2.52) 

2.19 
(1.10–4.33) 

2.33 
(0.55–8.72) 

TNF-α (pg/ 
ml) 

1.02 
(0.00–1.25) 

0.90 
(0.00–1.18) 

1.42 
(0.00–1.55) 

1.20 
(0.00–1.55)  

Table 4 
Statistically Significant Correlations between changes from baseline for IL-1β, 
IL-8 and TNF-α as measured from Sebutapes and dialysate samples at four time 
points following both treatment with synthetic urine (n = 9) and synthetic faeces 
(n = 8). At the site treated with synthetic faeces, the ratio changes to baseline in 
TNF-α levels were correlated with dialysate samples at T30 and T60. No other 
significant correlation was identified. R = Spearman’s correlation test. *p <
0.05, **p = 0.01.  

Correlations between 
samples collected from 
Sebutape and dialysate at 
four time points 

IL-1β IL-8 TNF-α 

r p r p r p 

Synthetic urine 
T30 0.28 0.46 − 0.31 0.42 − 0.42 0.27 
T60 0.03 0.93 0.08 0.83 0.37 0.32 
T90 0.12 0.77 − 0.31 0.41 0.44 0.23 
T120 0.18 0.64 − 0.03 0.93 − 0.03 0.95 
Synthetic faeces 
T30 − 0.07 0.87 0.00 1.00 0.81 0.02* 
T60 − 0.05 0.91 − 0.12 0.78 0.88 0.01** 
T90 − 0.21 0.61 − 0.17 0.66 0.66 0.08 
T120 0.17 0.69 − 0.14 0.74 0.44 0.28  
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inflammatory mechanisms associated with IAD. 
Several studies have examined the inflammatory response triggered 

in the skin following exposure to urine and faeces by employing various 
assessment methods for typical signs of inflammation, including redness 
[10,14,15,18,29], enhanced blood flow [15], oedema [10,18] and 
infiltration of inflammatory cells [14]. However, the release of cytokines 
which is also implicated in the pathogenesis of IAD [30] has not been 
well established in humans. The present study examined the effects of 
both urinary and faecal challenges on the release profiles of a series of 
cytokines in an in vivo human model of IAD by employing two tech-
niques, which sample at different levels of the skin. 

Results from the Sebutape samples showed that exposure to both 
challenges resulted in increased cytokine concentrations compared to 
baseline values, with a comparatively higher increase associated with 
synthetic urine for both IL-1α (Fig. 2a) and IL-1RA (Fig. 2b). By contrast, 
synthetic faeces resulted in a higher increase in the ratio values of TNF-α 
(Fig. 2c). This supports the proposition that the induced-inflammation in 
IAD is both influenced by the biochemical constituents associated with 
the moisture-based challenge and would be exacerbated in doubly 
incontinent patients [31]. Results from dermal microdialysis, although 
variable between individuals, provided additional information, namely, 
the temporal release profile of cytokines over a 120 min period 
following exposure to both challenges (Table 3). A trend to a 
time-dependent increase in the levels of IL1-β and IL-8 was observed 
with synthetic urine and synthetic faeces, respectively, whereas the ratio 
values of IL-6 gradually increased up to 90 min after which they 
decreased in value. This is of clinical importance and supports the 
assertion that the damage to skin accumulates over time particularly 
when exposed to prolonged periods of moisture-based challenges and 
highlights that interventions minimizing prolonged contact of the skin 
with incontinence are critical in preventing IAD. 

Our findings demonstrated that inflammatory cytokines can be 
recovered from the skin using both dermal microdialysis and the 
Sebutape® absorption method, and indeed both techniques detected 
quantifiable levels of IL-1β, IL-8 and TNF-α. Results revealed negative 
correlations between changes in IL-1β and TNF-α levels from baseline in 
Sebutape samples and in dialysates after 2 h (T120) of exposure 
(Table 4). However, these findings must be interpreted with caution as 
they would benefit from further examination of correlations between an 
extended array of cytokine quantified from the two methods. Both 
techniques were well-tolerated by participants, which highlights their 
suitability for clinical adaptation. In fact, dermal microdialysis has been 
recently incorporated into a wearable device for in situ measurement of 
selected analytes [32]. Although the Sebutape represents a non-invasive 
method, which would be highly appropriate for use in a clinical setting, 
it currently presents several limitations as a method to identify early 
tissue damage which can inform effective prevention strategies. In 
particular, extraction of sufficient sebum from the tapes is critical and 
while dermal microdialysis sampled over 30 min yielded a measurable 
concentration of IL-6, Sebutape collection at the skin surface over 2 min 
was not able to yield this cytokine at a measurable quantity. Another 
explanation is that absorbed cytokines on Sebutape samples were 
diluted in 1.70 ml PBS +0.05% Tween™ 20, and such dilution may have 
resulted in IL-6 concentrations lower than the minimal limit of detec-
tion. Therefore, future studies need to optimize the main parameters 
influencing the extraction process, such as extraction volume to prepare 
more concentrated samples, with a lesser dilution factor, and this in 
conjunction with extended collection periods will potentially increase 
the effective recovery of cytokines from Sebutapes. 

As the two methods sample at different depths of the skin, this sug-
gests that both inflammatory and anti-inflammatory cytokines released 
from epidermal keratinocytes and dermal cells might accumulate at 
different rates in the sebum and interstitial space [33]. Consequently, 
there is the need to conduct longitudinal studies, involving IAD patients, 
examining the temporal profile of an extended series of cytokines. 

The present study was confined to a relatively small sized cohort of 

young able-bodied participants. Although age is not considered a risk 
factor for the development of IAD [34], elderly individuals are more 
prone to episodes of incontinence. Therefore, findings cannot be 
extrapolated to the sub-population deemed to be at highest risk of IAD. 
Nonetheless the novel approach has revealed that both sampling tech-
niques could be used in clinical studies to study skin inflammatory 
response to incontinence, with the overall goal of minimizing risk of skin 
damage in those afflicted with IAD. 

5. Conclusions 

The present study represents a novel approach to quantify inflam-
matory mediators in a human model of IAD, which can serve the basis 
for studying IAD and skin health, using techniques and robust protocols 
that could be adapted for routine clinical usage, particularly when 
considering the non-invasive method using Sebutape. Findings demon-
strated that IL-1α and TNF-α represent promising biomarkers for iden-
tification of skin damage in the presence of incontinence. Although, 
individual variability in responses to challenges was evident, micro-
dialysis revealed that the inflammatory response develops in a time- 
dependent manner, and this emphasizes the need to re-evaluate the 
frequency at which incontinent patients have their skin checked, 
cleansed with the necessary dressings refreshed. 
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