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ABSTRACT

The effect of urine and feces on the skin is a contributing factor to the development of
incontinent and diaper dermatitis. The objective of this research was to evaluate skin
effects of a given urine or fecal sample on the donor child and/or an adult caregiver, both
of whom would be exposed to the biological material in course of daily life.

Methods: Urine was evaluated under a variety of experimental skin conditions: normal
(N), compromised by tape stripping (C), hydrated by prolonged exposure to water via
occlusive patch (H), and hydrated/compromised (H/C). After pre-treatment, sites were
patched (3 times of 24-h each) with 0.5 ml infant urine, saline (negative control) or 0.3%
sodium lauryl sulfate (SLS, positive control). Fecal material was evaluated using a 4-h
patch followed by tape stripping of selected sites.

Results: In the urine study, a single 24-h patch produced a significant elevation of pH
compared to both the negative (saline) and positive (sodium lauryl sulfate) controls for all
experimental skin conditions. Erythema produced by urine was intermediate between the
negative and positive controls, and significantly different from the negative control on the
N and C skin test sites. All three materials produced an increase in hydration of the skin.
The single 4-h patch of fecal material produced significant erythema, a significant
elevation of pH, and a significant increase in TEWL. Recovery to pre-treatment levels
was observed by the next day on sites that received no further treatment. However, on
sites patched with fecal material, then further compromised by tape stripping, recovery to
pre-treatment levels for erythema and TEWL were delayed.

Conclusion: These studies indicate that urine appears to have an inherent low level
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irritant property when in continuous contact with skin for 24 to 48 hours. With relatively
short exposures of 4 hours fecal material causes visible erythema, increases in pH and
TEWL, and decreases in stratum corneum resilience to the subsequent insult of tape
stripping. Results re-inforce the utility of modern diapers and incontinent products,
utilizing superabsorbent materials, to effectively absorb wetness, keeping skin dryer and
minimizing adverse skin effects.

Keywords: Diaper dermatitis; incontinent dermatitis; fecal incontinence; urinary
incontinence; urine; feces; skin pH; TEWL, chemical composition, occlusion.

1. INTRODUCTION

It has long been recognized that contact with urine and feces in the perineal area can have
adverse dermatologic effects on the skin. Any physical barrier designed to contain moisture
can result in prolonged exposure of the skin to these substances. Among infants diaper
dermatitis is considered the most common dermatologic problem. Parent-reported
prevalence among infants in the USA was more than 60%, and in the UK was 25% [1].
Among adults suffering from incontinence, Incontinence associated dermatitis (IAD) is
reported to affect 5.7% to 50% of patients [2]. In a recent study by Rohwer et al. [3], an
incidence of IAD of 52.5% was reported among 189 community-living individuals with fecal
incontinence. Therefore, dermatitis in the perineal area affects both adults with incontinence
and the very young.

The etiology of incontinent or pediatric dermatitis is related to a number of factors, including:
a) the presence of urine, b) the presence of feces and fecal enzymes, c¢) a moist, occluded
environment resulting in hydration of the skin, d) friction resulting in damage to the skin
barrier, and e) the presence of microorganisms [4,5]. These factors are all inter-related [6].
The presence of urine establishes an environment conducive to the development of
dermatitis. Urine creates a moist environment that hydrates the skin and compromises the
skin barrier function [1,4]. In addition, urine contributes to an alkaline pH that promotes
activity of digestive enzymes in feces [1,4]. The use of containment systems (i.e., diapers or
incontinence products) can promote an environment where friction and/or prolonged contact
with feces/urine mixtures contribute to epidermal barrier damage. Thus, defining the relative
contributions of each of these factors can be difficult since all are likely to be present.

Composition and other characteristics of human urine can vary due to a number of factors,
such as ethnicity [7], diet, time of day, and the presence of certain disease states. However,
that of typical human urine was reported in detail by Putman in 1971 [8]. Human urine
consists primarily of water (over 95%) Table 1. The solutes that comprise the remaining 3.5-
5% consist of over 150 different chemical constituents; about 70 are present at
concentrations over 10 ng/ml. The most abundant material is urea at 9.3-23.3 g/L. The
remaining constituents can be classified into inorganic salts, organic compounds resulting
from protein metabolism, and organic ammonium salts. Typically, adult humans produce
about 1.5-2L of urine in a 24-h period. The pH is around 6 and the specific gravity is similar
to that of water [7,9].

Human feces consists of about 75% water [10] Table 1. Of the remaining 25%, about a third
is made up of undigested food residue and substances released from the intestines, and
about a third is dead bacteria from the normal microflora of the intestines. The rest consists
of fats, salts and inorganic matter, and protein. Cell debris shed from the intestinal tract, bile
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pigments (bilirubin) and dead leukocytes are also present. Adult humans excrete about 100-
250 g of feces per day.

Table 1. Characteristics of human excreta

Representative composition of adult urine (Adapted from (8))

Water >950 g/L
Urea 9.3-23.3 g/L
Inorganic Salts (sodium chloride, potassium chloride, potassium sulfate, ~15 g/L

magnesium sulfate, magnesium carbonate, potassium bicarbonate, potassium
phosphate and calcium phosphate)

Organic compounds (creatinine, tyrosine, creatine, glycine) ~5g/L
Organic ammonium salts (ammonium hippurate, ammonium citrate and ~4 g/L
ammonium glucuronate)

Typical adult daily volume 1.5-20L
Typical pH ~6
Density range of urine (g/ml) 1-1.4 g/mi
Representative composition of adult feces (10)

Water 75%
Undigested fiber and solidified components of digestive juices 7.5%
Bacteria 7.5%

Fat 2.5-5%
Salts and inorganic matter 2.5-5%
Protein 0.25-0.5%
Cell debris, bile pigments (bilirubin) ~5%
Typical adult daily excretion 100-250 g

There are limited data on the direct irritant effects of human urine and feces. In a study to
evaluate the irritant properties of urine, Berg et al. [11] exposed hairless mice to infant urine
for 48-h and found no appreciable irritation. However, with a continuous exposure for 10
days sites exposed to urine showed a significant level of irritation, as assessed by visual
scoring of erythema and edema, compared to sites exposed to water or 2% urea. Feces
produced a low level of irritation when tested on hairless mice, however, when the two
materials were combined, the level of irritation increased dramatically.

Andersen et al. [12] investigated the irritant properties of proteolytic and lipolytic digestive
enzymes in bile salt mixtures at fecal concentrations via 21-day cumulative irritation patch
testing. Test sites were treated daily with freshly prepared bile salt and enzyme mixtures at
pH 6.5 and pH 8, and evaluated on days 5, 12 and 19 by visual assessment of erythema and
objective measures (transepidermal water loss or TEWL, skin pH, and skin reflectance
spectrophotometry). Skin sites were not significantly altered by test substances after 5 days
of exposure. However, after 12 and 19 days increases in visually assessed and objective
measures were observed.

Our objective was to further evaluate the direct irritant effects of urine and feces on skin. We
investigated the irritation potential of urine itself on normal, adult skin, and on skin where the
stratum corneum had been compromised by tape stripping, and/or hydrated by pre-treatment
with water. The irritant effects of feces were evaluated by applying short-term (4-h) patch
tests of children’s own fecal material to buttock sites, and to each child’s mothers’ forearms.
The strategy was to evaluate skin effects of a given urine or fecal sample on the child and/or
an adult caregiver, both of whom would be exposed to the biological material in course of
daily life.
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2. MATERIALS AND METHODS
2.1 Subjects

Subjects were healthy, adult volunteers who had signed an informed consent. Participation
was completely voluntary. Subjects were excluded from participation if they had certain skin
abnormalities or health conditions that could adversely impact the test. All protocols involving
human testing were conducted in accordance with the Declaration of Helsinki [13] and were
approved by the test facility's Institutional Review Board.

For the study on urine subjects consisted of healthy adult volunteers (male and/or female)
between the ages of 18 and 65 who had children or grandchildren. For the study on fecal
material, subjects consisted of children between 9 and 27 months of age (approximately 16 -
35 Ibs.) with a Fitzpatrick skin grade < Ill and the female parent who was the primary care
giver.

2.2 Test Materials

In the urine studies each panelist was patched with the sample of urine collected from
his/her own child or grandchild. On the day of sample collection, parents were asked to keep
a diary of the child’s diet. Panelists were instructed on collecting urine from their own
children or grandchildren using pediatric collector units placed inside the diaper (Abco
556760) or sample jars for older children. After collection the urine was frozen. Patch tests
were conducted within 24-h of collection. In the preliminary study, urine was passed through
a 0.45 um filter prior to testing. This step was eliminated in subsequent studies since filtering
did not impact the results, as discussed in the results section. The negative and positive
irritant controls were isotonic saline and sodium lauryl sulfate (SLS), respectively. Materials
were applied via occlusive patches (Webril® patch, Kendall LTP, Chicopee, MA, USA)
covered with medical tape (Blenderm®, 3M Health Care, MN, USA).

In the studies on fecal material each panelist was patched with the sample of his/her own
feces (in the case of the children) or a sample of the feces collected from her own child (in
the case of the mothers). For the 3 days prior to the sample collection, parents were asked
to keep a diary of the child’s diet. Children were brought to a clinical facility where they
waited until a bowel movement occurred. The fecal material (FM) was collected immediately
after defecation for use in the studies. Materials were applied as occlusive patches (25 mm
diameter, Hill Top Chamber patches) covered with medical tape (Blenderm®, 3M Health
Care, MN, USA).

2.3 Urine Exposure Studies

In the preliminary study, a single, 24-h patch test was conducted on 10 volunteer panelists
patched with both unfiltered and filtered biological urine collected from his/her own
child/grandchild. Sites were scored for erythema approximately 30 minutes after patch
removal by visual assessment conducted by an expert grader under a 100-watt
incandescent daylight blue bulb. Scoring for erythema was done using a numerical scale
previously described [14] where ‘0’ indicates no apparent cutaneous involvement and ‘4’
indicates a severe reaction.

A 3-application repeated patch test study was conducted on 8 subjects, with a pre-treatment
phase to produce 4 different experimental skin conditions: normal (N), compromised (C),
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hydrated (H), and hydrated/compromised (H/C). For each subject 12 test sites were chosen;
4 on the upper left arm, 4 on the upper right arm, and 4 on the upper back. Each of the 4
sites at each body location was subjected to a different pretreatment Table 2a. The skin
barrier function of 2 test sites on each body region was left intact. Barrier function at the
other 2 sites was compromised by tape stripping using medical tape applied 10 times
(Blenderm surgical tape, 3M). One non-compromised and one compromised site were
identified for further pretreatment, e.g., hydration. Hydration during pretreatment was
achieved using distilled water applied via occluded patches for 24-h on the first pretreatment
day, and 72-h in the second pretreatment day. Remaining sites were selected as non-
hydrated test sites and were patched with dry patches using the same regimen. After the
pretreatment phase 0.5 ml patches of either isotonic saline, 0.3% SLS, or biological urine
(non-filtered) were applied to different designated test sites. Each volunteer panelist was
patched with urine collected from his/her own child. Treatment with test substances
consisted of patches for 24-h per day for 3 days.

Evaluation of skin test sites consisted of measurements of skin pH (Skin-pH-Meter® pH 900,
Courage + Khazaka electronic GmbH, Cologne, Germany) and skin hydration (Novameter
DPM 9003, NOVA Technology Corporation, Portsmouth, NH), and visual scoring of
erythema as described above. These were conducted prior to any treatment and one-half
hour after removal of each pretreatment and treatment patch. The same grader was used
throughout an experiment. Statistical analyses consisted of Analysis of Variance (ANOVA),
Generalized Linear Mixed Model (GLM) were conducted to compare test materials for all
skin conditions (SAS®, SAS Institute Inc., Cary, NC).

2.4 Fecal Material Exposure Studies

During the specified time period, 16 children had bowel movements of adequate amount.
These children and their mothers were included in the study outlined in Table 2b. The areas
of the test sites on both mother and child were cleaned by wiping 5 times with standard baby
wipes. Using a skin marker, 4 test sites were chosen on each child (contralaterally on the
lower portion of the child’s buttocks) and each mother (on the forearm). On each subject
(child and mother) 2 sites were patched with 0.3 g of collected fecal material, and 2 sites
were patched with dry patches as control sites. Materials were applied via occlusive patches
(Hill Top Chamber®, Hill Top Research, http://www.hill-top.com/hill-top-chambers.html)
covered with medical tape. Patches were left in place for 4-h. After patch removal the sites
were cleansed for evaluation. Subsequently, one test and one control site on each mother
and child were tape-stripped using 5 consecutive applications of D-Squame tape (Cu-Derm,
Dallas, TX).

Table 2. Exposure protocols

a. Urine study: 3 application patch test under different experimental skin conditions

Pretreatment Treatment: 24-h patches for 3
consecutive days
Skin condition Code Tape stripping Hydration Upper left arm Upper right arm  Upper back

Normal N None Dry patch 0.5 ml Saline 0.5 ml SLS 0.5 ml Urine

Compromised C 10 applications  Dry patch 0.5 ml Saline 0.5mlI SLS 0.5 ml Urine

Hydrated H None 0.5ml 0.5 ml Saline 0.5mlI SLS 0.5 ml Urine
Dist. water

Hydrated / H/C 10 applications 0.5 ml 0.5 ml Saline 0.5mlI SLS 0.5 ml Urine

Compromised Dist. water
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b. Fecal material study: single 4-h patch test

Test sites Treatment: Single 4-h patch Post treatment tape-stripping
A 0.3 g of collected fecal material 5 applications

B Dry patch 5 applications

C 0.3 g of collected fecal material None

D Dry patch None

Skin condition assessments consisted of TEWL (Dermalab Evaporimeter), skin pH (Skin-pH-
Meter® pH 900, Courage + Khazaka electronic GmbH, Cologne, Germany), and visual
scoring for erythema. TEWL and pH measurements were taken after an undiapered
acclimation period of at least 20 minutes in a temperature and humidity controlled room
(approximately 20-25°C and 40%%5% RH). Assessments were conducted prior to any
treatment (baseline) and approximately 30 minutes after patch removal. When tape stripping
was used to compromise the skin barrier, measurements were taken after tape stripping with
an acclimation period of no less than 5£1 minutes and no greater than 101 minutes. Clinical
measurements were also taken the day following the patch applications, i.e., approximately
24-h after patch treatment, or 20-h after patch removal. ANOVA was conducted to compare
group mean responses (SAS®, SAS Institute Inc., Cary, NC).

3. RESULTS
3.1 Effects of Urine

In the preliminary study using a single, 24-h occlusive patch on normal skin, the irritation
potential of biological urine was similar to the negative control (saline), with no statistical
difference between two different test volumes (0.1 and 0.3 ml) Fig. 1. Further, there was no
difference between filtered and non-filtered urine, therefore, the filtering step was eliminated
in subsequent testing. Based on this result, the program proceeded to the repeated
exposure protocol.

The effect of urine on skin in different conditions was evaluated using a 3-application patch
test after pretreatment (tape stripping and/or hydration). As expected, SLS produced
significantly (p<0.05) higher mean erythema scores than either urine or saline for all 4 skin
conditions Fig. 2. Hydrated skin, whether non-compromised or compromised, (i.e., H or H/C)
appeared to be more susceptible to the irritant effects of SLS, with significantly higher overall
mean erythema scores compared to normal skin (N) or skin that had been compromised but
not hydrated (C) (data not shown). Urine produced erythema that was intermediate between
saline and SLS. For two skin conditions the difference in erythema scores between urine and
the negative control achieved significance at some time points: after the second and third
patch for normal (N) skin and after the second patch for compromised (C) skin.

Urine produced a significantly higher pH than either SLS or saline Fig. 3. Skin condition was
not an important factor in the increased pH, with significant differences (p<0.05) for all skin
conditions (N, C, H and H/C). None of the skin conditions appeared to be more susceptible
to the pH effects of urine.

Novameter readings increased similarly as a result of all treatment regimens Fig. 4. The SLS

patch on hydrated skin produced significantly higher mean readings than the urine or saline
patches. There were no other significant differences between treatment materials.
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Fig. 1. Irritant potential of biological urine in a standard 24-h patch test
Subjects (N=10) were patched with 0.1 ml and 0.3 ml of both unfiltered and filtered biological urine
collected from his/her own child/grandchild. After a single 24-h occlusive patch, test sites were visually
graded for erythema. Isotonic saline and SLS served as negative and positive irritant controls,
respectively. There was no significant difference between mean erythema scores for filtered and
unfiltered urine

3.2 Effects of Feces

A 4-h patch with fecal material (Fig. 5a and 5b, patch sites A and C) produced significantly
higher mean erythema scores than a dry patch (patch sites B and D) on both children and
mothers. The mean erythema increased further at those test sites subjected to tape stripping
after patch removal (patch sites A and B), and sites patched with fecal material (patch sites
A) remained significantly higher than sites patched with dry patches (patch site B). Skin sites
had recovered to levels approaching pre-patch scores at all patch sites at 24-h after
patching, however, at the tape stripped sites on the mothers’ skin patched with fecal material
(Fig. 5b patch site A), the mean erythema was still significantly higher than the dry patched
control sites (patch site B).

Compared to the dry patch control sites, fecal material produced an elevation of skin pH
after a 4-hour patch Fig. 6. On the children’s skin (Fig. 6a), this elevation was significant at
patch site A, but did not reach significance at patch site C. On the mothers’ skin (Fig. 6b),
this elevation was significant at patch sites A and C. Tape stripping did not produce a further
increase in pH. At 24-h after patching, skin sites had recovered to levels approaching pre-
patch scores at all patch sites.

A 4-h patch with fecal material produced a significantly elevated TEWL compared to a 4-h
dry patch Fig. 7a and 7b. This elevation appeared unaffected by tape stripping when TEWL
was measured immediately after tape stripping (patch sites A), however, after 24 hours the
TEWL at the tape stripped sites had not recovered to baseline levels. TEWL at the non-tape
stripped sites had recovered to baseline by 24 hours (patch sites C).
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Fig. 2. Irritant potential of biological urine in 3-application patch test under different experimental skin conditions

Skin sites on volunteer subjects (N=8) were pretreated as described in the methods section to produce 4 experimental skin conditions: Normal (N),
Compromised (C), Hydrated (H) and Hydrated/Compromised (H/C). After pretreatment, 0.5 ml patches were applied to designated test sites for 24-h
per day for 3 days. Patches contained either 0.3% SLS, biological urine, or isotonic saline. Irritation was evaluated by visual scoring of erythema 30
minutes after removal of each patch. Significant differences (p<0.05) in mean responses were determined by ANOVA.

a SLS site significantly different (p<0.05) from Urine and Saline sites.

b Urine site significantly different (p<0.05) from Saline site
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Fig. 3. Change in pH caused by biological urine in 3-application patch test under different experimental skin conditions
Experimental conditions were as described in the previous caption (Figure 2). Skin pH was measured 30 minutes after removal of each patch.
Significant differences (p<0.05) in mean responses were determined by ANOVA.

a Urine site significantly different (p<0.05) from SLS and Saline sites.

3679



British Journal of Medicine & Medical Research, 4(19): 3671-3688, 2014

~B=5|5 ~*Urine =*=Saline

Mormal skin Hydrated skin Compromised skin Hydrated / Compromised skin

g

. f
R /Y /1\\

g
\
/|

Novameter (Mean

g
=
%

Baseline
1zt Pretreatment
2 Pretreat ment
1st Test patch
2nd test patch
Ird Test patch
Baseline
1st Pretreatment
2rd Pretreatment
1st Test patch
2nd test patch
Ird Test patch
Baseline
15t Pretreatment
2rd Pretreatment
1st Test patch
2nd test patch
Ird Test patch
Baseline
1st Pretreatment
2 Pretreatment
1st Test patch
2nd test patch
Ird Test patch

a 5L5 site sig diff from Urine and Saline sites.

Fig. 4. Change in skin hydration caused by biological urine in 3-application patch test under different experimental skin
conditions
Experimental conditions were as described in a previous caption (Figure 2). Skin moisture was measured 30 minutes after removal of each patch.
Significant differences (p<0.05) in mean responses were determined by ANOVA. There were no significant differences between treatments.
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Fig. 5. Irritant potential of fecal material after a 4-h patch test under different experimental skin

conditions

On the morning of the study, fecal material (FM) was collected from 16 children used for patch testing on each donor
child (a) and that child’s mother (b). The collected material was used for 4-h patch tests on designated sites (A and
C). Dry patches were applied to designated control sites (B and D). Selected sites were then subjected to tape
stripping as described in the methods section (patch sites A and B). Irritation was evaluated by visual scoring of
erythema prior to any treatment (i.e., pre-patch), 30 minutes after removal of each patch (i.e., post 4-h patch), after
tape stripping (i.e., post tape strip), and after 24-h of recovery (i.e., 24-h). Significant differences (p<0.05) in mean
responses were determined by ANOVA. a Site A (patch of fecal material + tape stripped) significantly different
(p<0.05) from Site B (dry patch + tape stripped). b Site C (patch of fecal material) significantly different (p<0.05) from

Site D (dry patch).
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Fig. 6. Change in pH caused by fecal material after a 4-h patch test under different experimental
skin conditions
Experimental conditions are as described in a previous caption (Figure 5). Skin pH was measured pre-patch, post 4-h
patch, post tape strip, and after 24-h. Significant differences (p<0.05) in mean responses were determined by
ANOVA. a Site A (patch of fecal material + tape stripped) significantly different (p<0.05) from Site B (dry patch + tape
stripped). b Site C (patch of fecal material) significantly different (p<0.05) from Site D (dry patch).
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Fig. 7. Change in TEWL caused by fecal material after a 4-h patch test under different
experimental skin conditions
Experimental conditions are as described in a previous caption (Figure 5). TEWL was measured pre-
patch, post 4-h patch, post tape strip, and after 24-h. Significant differences (p<0.05) in mean
responses were determined by ANOVA
a Site A (patch of fecal material + tape stripped) significantly different (p<0.05) from Site B (dry
patch + tape stripped).
b Site C (patch of fecal material) significantly different (p<0.05) from Site D (dry patch).
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4. DISCUSSION

In this current investigation, short-term exposures to urine do not appear to cause
discernable irritation, as assessed by visual scoring of erythema. With a single 24 h patch,
there was no difference between erythema caused by urine and saline in the single
exposure patch study on normal skin (Fig. 1) and in the study under different experimental
skin conditions (Fig. 2, all skin conditions after the first patch). However, after 48-h
exposures, low levels of erythema became apparent, with significant differences between
urine and saline on normal and compromised skin (Fig. 2, after the second test patch).
These observations are consistent with the investigation of Berg et al [11] using hairless
mice who reported that 48 hours of exposure to urine produced no irritation when compared
to the saline control. With longer-term exposures of 10 days, irritant effects of urine became
apparent.

A single 24-h exposure to urine produced a significant increase in skin pH compared to an
irritant control (SLS) and a saline control (Fig. 3). The pH of individual samples was not
evaluated prior to use in the patch testing, but it is likely that samples with a higher pH
produced a greater increase in skin pH elevation compared to lower pH samples. Prolonged
exposure to urine has been described by other investigators as causing an increase in the
pH of the skin. Stamatas reported that the pH of non-diapered skin of infants was 5.02 [1].
Normal, diapered skin had a pH of 5.7, and skin sites with active diaper dermatitis were at
pH 6.13. This elevated pH can, in turn, increase the irritancy of fecal lipases and proteases
[15]. Maintaining the pH of the skin is critical in avoiding and treating incontinence dermatitis
[16] and in the case of infant diaper dermatitis [11].

Fecal material in the absence of urine caused discernable erythema indicative of irritation
after a single 4-h patch (Fig. 5), and an elevation in the skin pH (Fig. 6) and TEWL (Fig. 7).
Such rapid effects are in contrast to the findings of Andersen et al. [12] who evaluated the
irritant potential of physiological concentrations of proteolytic and lipolytic enzymes found in
fecal material. These investigators found significant elevations in TEWL, pH and visual
irritation, after 12 days of exposure. Five days of exposure did not produce significant
elevations over control materials. Our results may indicate that other components of feces in
addition to the enzymes may contribute to the irritant properties of fecal material.

Our results show that the effects of exposure to fecal material on the skin may result in an
increase in susceptibility to subsequent insults. Sites receiving exposure to both the fecal
material patch and subsequent mild tape stripping demonstrated a prolonged recovery in
irritation assessed by visual erythema and TEWL (Figs. 5 and 7, respectively) compared to
sites treated with only the fecal material patch or the tape stripping (i.e., dry patch). While the
mechanism underlying this effect cannot be discerned from the present experimental design,
an explanatory possibility may be that FM can reduce corneocyte-to-corneocyte cohesion,
hence, facilitating removal by tape strip.

Test models of skin effects using adult volunteers are often used by the consumer products
industry as a screen of potential effects on baby skin. In this study on fecal material, baby
and adult skin gave similar patterns of responses for erythema, skin pH, and TEWL
(Figs. 5-7). The observation lends support to the use of adult skin responses as a screening
tool in the development of diaper area products intended for use by babies.

In our investigation we observed directional (non-significant) increases in erythema scores,
pH, and hydration for all four experimental skin conditions during the pretreatment phase
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Figs. 2-4 that likely reflect the effects of occlusion. A review by Zhai and Maibach [17]
indicated that occlusion alone increases stratum corneum hydration, alters skin pH, and
effects microbial flora. Aly et al. [18] demonstrated that occlusion alone increased the pH of
skin on the arms from 4.4 to 7 after 4 days. An increase in TEWL was also observed,
indicating some compromise of barrier function. Hartmann reported the results of 3 days of
occlusion on adult forearms [19]. Relative skin-moisture increased significantly, as did the
skin pH.

Pediatric and incontinence dermatitis have similar etiologies (reviewed in [4,20,21]).
Elevated skin wetness results in hydrated skin that is more susceptible to mechanical forces.
Elevated pH induced by urinary ammonia alters skin barrier function and activates fecal
enzymes that compromise skin integrity. If the individual is elderly, the skin is more
susceptible to damage (as reviewed in [22]. Increase in cutaneous pH as well as impairment
of immune function can increase susceptibility to infection. Elderly skin shows diminished
circulation and a slowing of wound repair and re-epithelization putting this individual at an
increased risk for dermatitis.

Moisture and occlusion that invariably accompanies incontinence can contribute to
physiologic changes in the skin. However, it is apparent that urine and feces contain
substances that further contribute to irritation. In a recent publication by Ichikawa-Shigata et
al. [23], the physiological characteristics of skin were examined among 69 elderly women at
a longterm medical facility in Japan. These individuals suffered from severe urinary and/or
fecal incontinence. The investigators identified individuals with macerated skin,
characterized by a whitened appearance and swelling, and demonstrated that hydration of
the stratum corneum and dermis, TEWL, and skin pH, were significantly increased on the
anatomical regions that are normally exposed to excreta (i.e., the area of the buttocks), but
not on the subumbilical region that is occluded but not typically exposed to excreta (i.e., the
subumbilical region). The authors concluded that skin maceration caused by urine and feces
containing irritants may be more severe than that caused by moisture alone in elderly
individuals.

Treatment and prevention of pediatric and incontinence dermatitis require an overall strategy
to restore and maintain natural skin physiology and normal microflora. It involves a
multifacted approach that includes: keeping the skin dry, maintaining a healthy skin pH,
avoiding mechanical forces, and minimizing contact with urine and feces [2]. Specially
formulated perineal disposable wipes using gentle, pH-balanced cleansers and soft
substrate materials can remove excreta without causing further skin damage from friction
[4,24,25]. Diapers and incontinent products constructed of high quality, super-absorbent
materials sequester urine and other moisture quickly, minimizing skin contact and, therefore,
adverse skin effects from wetness and alkaline materials [26]. Barrier creams provide a
physical barrier on the skin surface that protects from irritant materials in excreta and
prevents excessive moisture loss. In addition, lipids in the barrier creams penetrate the skin
surface to replace lipids that may be lost from the stratum corneum, and partially restore
function [4,27,28].

A limitation in both of our studies was that each panelist was patched with a different specific
biological sample, e.g., the care giver with his/her own child’s urine, the child’s own fecal
material, or the mother with her own child’s fecal material. We felt this was a necessary
precaution in order to avoid exposing panelists to biologic material that they wouldn’'t be
exposed to in their normal lives. Further, the samples were not examined with regard to
composition or pH, and the urine and fecal samples from different individuals would
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necessarily differ in these respects. Clearly, this introduced additional variables in the
studies. It is noteworthy that significant differences were observed despite these variables,
and despite relatively small sample sizes for group comparisons. In addition, during the
treatment phase of the urine study, each test material was patched at a different anatomic
site; SLS on right arm, saline on left arm, and urine on upper back. Ideally, samples would
have been randomized. However, due to the complexity of the pretreatment and patch test
protocols, and the increased likelihood of errors in execution over a multiple exposure
experiment, the decision was made to patch consistent sites with test and control materials.

5. CONCLUSION

Both urine and fecal material have inherent irritant properties to skin. Urine significantly
increased the skin pH of all 4 experimental skin conditions (normal, hydrated, compromised
and hydrated/compromised) after a single 24-h exposure. With a longer exposure (48-h)
urine caused a low level of irritation for 2 of 4 experimental skin conditions (normal and
compromised). Fecal material caused a significant increase in erythema, pH and TEWL after
only a single 4-h exposure, and recovery of skin was delayed with subsequent compromise
via tape stripping. Results re-inforce the utility of modern diapers and incontinent products
utilize superabsorbent materials to effectively absorb wetness keeping skin dryer and
minimizing adverse skin effects.
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