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Abstract

We aimed to investigate the association between the presence of cutaneous

urease-producing bacteria and the development of incontinence-associated der-

matitis (IAD) using an original urea agar medium as a step toward developing

advanced preventive measures. In previous clinical assessments, we developed

an original urea agar medium to detect urease-producing bacteria via the

medium's colour changes. In a cross-sectional study, specimens were collected

via the swabbing technique at genital skin sites in 52 stroke patients hospitalised

in a university hospital. The primary objective was to compare the presence of

urease-producing bacteria between the IAD and no-IAD groups. Determining

the bacterial count was the secondary objective. The prevalence of IAD was 48%.

A significantly higher detection rate of urease-producing bacteria was observed

in the IAD group than in the no-IAD group (P = .002) despite the total number

of bacteria being equivalent between them. In conclusion, we discovered that

there was a significant association between the presence of urease-producing bac-

teria and IAD development in hospitalised stroke patients.
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Key Messages
• increments in skin pH are associated with skin inflammation, facilitating

the development of incontinence-associated dermatitis (IAD)
• after developing an original urea agar medium, the presence of urease-

producing bacteria and bacterial colonisation were compared in stroke
patients with or without IAD
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• higher detection rates of urease-producing bacteria were observed in
patients with IAD in spite of the total numbers of bacterial colonies being
equivalent between patients with and without IADs

• the urea agar medium developed in this study is potentially applicable to
the identification of patients at high risk of developing IAD as a novel point-
of-care IAD assessment technology

1 | INTRODUCTION

Patients with urinary and faecal incontinence often
develop incontinence-associated dermatitis (IAD),
which can predispose them to pressure injury if left
untreated.1 There is emerging evidence that IAD is
highly prevalent, especially in geriatric care.2 IAD is
triggered by skin maceration because of urine and fae-
ces, resulting in a compromised skin barrier, exposure
to irritants (including bacteria), persistent inflamma-
tion, and tissue damage to the affected area (vulva, peri-
neum, perianal region, and buttocks).3,4 The prevalence
of IAD in healthcare facilities varies in various care set-
tings. In an Australian acute care hospital, the preva-
lence of IAD was 10% in the entire patient population
and 42% in incontinent patients.5 A survey reported the
IAD prevalence among incontinent patients ranged
from 8.4% in long-term care facilities to 19% in acute
care facilities.6 IAD prevalence values as high as 9.4%
and 5.9% were reported in a Brazilian teaching hospital
and a Japanese long-term medical facility, respec-
tively.7,8 Patients with IAD experience considerable dis-
comfort with pain, burning, and itching in the affected
areas, which all took a toll on their independence and
quality of life.4,9

The epidermis generates protective and defensive
functions mediated by the stratum corneum, the end
product of the differentiation of stem cells residing in
the epidermis.10 The most critical of these functions is
the permeability barrier. The stratum corneum is a mul-
tilayered tissue composed of flattened, anucleate cor-
neocytes surrounded by multiple planar lamellae
sheets, enriched in ceramides, cholesterol, and free
fatty acids. The localization of these highly hydrophobic
lipids within the extracellular domains of the stratum
corneum inhibits the outward movement of water.11

Healthy skin provides a protective barrier via lipids and
corneocytes. The mechanisms by which incontinence-
associated dermatitis disrupts the barrier are attributed
to several factors, with the major of them being changes
in pH and moisture levels.12

The skin microbiota is kept within homeostatic bal-
ance when the pH of this organ remains in the acidic
range.4-6 The acidic range is an important aspect of the

skin barrier function. When the skin pH moves into the
alkaline range (pH > 7), the relative concentrations of
pathogenic bacteria increase. The increase in skin pH
is typically observed during incontinence in patients
wearing diapers because of the regular contact they
make with urine and faeces. This leads to reductions in
the protective resident and damage to the skin barrier
function.13 Tissue-engineered models of human skin
infected with Staphylococcus aureus or Pseudomonas
aeruginosa revealed heterogeneous pH microenviron-
ments with the skin pH varying from 5 to 9.14 Alkaline
stress inhibited the growth of Staphylococcus epidermidis,
a dominant bacterial strain of the human skin micro-
biota.15 Larner et al. reported that the repeated application
of alkaline urine on the arms of normal volunteers
resulted in skin irritation.16 On the other hand, Koudou-
nas et al. reported that the effect of the 2-hour application
of synthetic urine with various pH values to healthy sub-
jects' forearms on trans-epidermal water loss, stratum cor-
neum hydration, and skin surface pH was temporary, and
these parameters were restored to baseline values within
5 minutes.17 These results indicate that the pathophysi-
ology of IAD is fragmentary and not fully understood,
and it is still unclear how changes in skin pH due to
exposure to urine and stool are associated with the
development of IAD.

We focused on the effect of the presence of urease-
producing bacteria among pathogens related to skin
injury. Urease is a nickel-dependent metalloenzyme that
catalyses the hydrolysis of urea into ammonia and carbon
dioxide.18 For some bacterial species, urease is an integral
part of the bacterial acid response network, since the
hydrolysis product, ammonia, is readily protonated into
ammonium, during which process protons are consumed,
resulting in an increase in pH.19 Regarding cutaneous
microorganisms, Staphylococci, including Staphylococcus
aureus, are urease-producing bacteria.20

Hypothesizing that the presence of urease-producing
bacteria increases the skin pH and causes persistent
inflammation at and around the genital skin site, this
study aimed to investigate the association between the
presence of cutaneous urease-producing bacteria and the
development of IAD towards its advanced preventive
measures.
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2 | MATERIALS AND METHODS

2.1 | Preparation of the urea agar
medium

Prior to our assessment, the original urea agar medium was
developed to detect urease-producing bacteria on the skins
of patients. The presence of urease-producing bacteria was
determined by observing the medium's colour changes
induced by alkalization because of ammonia production.
Christensen's urea agar medium has been commercially
available to screen Helicobacter pylori infection, which is
able to survive in the stomach by releasing urease.21 How-
ever, per the results of our preliminary test, some of the ure-
ase production of urease-producing strains delivered from
the skin could not be detected using Christensen's urea agar
medium (data not shown); therefore, the original urea agar
medium was preferred in this study. A solution consisting
of 1 g of yeast extract, 1 g of polypepone, 0.2 g of glucose,
1 g of sodium chloride, 0.4 g of potassium hypophosphite,
0.0024 g phenol red, and 3.0 g of agar, diluted with 200 mL
of distilled water was prepared and autoclaved. Separately,
4 g of urea was dissolved in 10 g of distilled water (initial
concentration: 6.67 mol/L) and stored for sterilisation in an
ultraviolet chamber for 1 hour. The two solutions were
mixed and adjusted to a pH of 6.7 ± 0.2 with a 1 M sodium
hydroxide aqueous solution. After that, 10 g of the mixed
solution was poured into a dish (diameter = 90 mm) and
then the urea agar medium was completed. The final con-
centration of urea was 0.33 mol/L per dish. All chemicals
used in preparing the urea agar medium were purchased
from FUJIFILMWako Pure Chemical Corp., Japan.

2.2 | Evaluation of the urea agar
medium

The urea agar medium was evaluated using urease chemi-
cal and standard strains. For the urease chemical, after dis-
solving 1 mg of purified jack bean urease (FUJIFILM
Wako Pure Chemical Corp.) in 2 mL of phosphate-buffered
solution (PBS), the solution was diluted using a two-fold
dilution technique. Fifty microliters of each diluted solu-
tion were poured and spread onto the urea agar medium,
and the medium was incubated aerobically at 37�C over-
night. The final concentration of urease ranged from
0.6 units/mL to 37.5 units/mL per dish. In addition, the
optical density at 620 nm was measured using a microplate
reader (Multiscan FC, Thermo Fisher Scientific, USA) to
quantify the (red) colour intensity of the medium.

For the standard strains, Staphylococcus aureus
(ATCC 6538P) and Proteus mirabilis (ATCC 12453) and
Escherichia coli (ATCC 25922) were used as positive and

negative controls, respectively.22-24 After being picked out
from frozen stock at �80�C, all strains were cultured aer-
obically at 37�C in trypticase soy agar with 5% sheep
blood (Becton Dickinson, USA). The colony of each bac-
terial strain was suspended in distilled water at a concen-
tration of 0.5 McFarland. After a 100-fold dilution of the
suspension, 50 μL of the diluted solution was spread onto
the agar. Each bacterial strain was incubated at 37�C
overnight. The pH on the surface of the urea agar plate
with standard strains was measured using a pH meter
(LAQUA-22 pH meter, HORIBA Ltd., Kyoto, Japan). PBS
was also used as a control without any standard strains.

2.3 | Study design

This cross-sectional study was conducted in a Japanese uni-
versity hospital from July 2022 to December 2022. This
study was approved by the author's university ethics review
board (approval number HM21-222). Written informed
consent was obtained from all participants or their legal
representatives. All aspects of this research were performed
per the principles set forth by the Declaration of Helsinki.
All participants' data were kept confidential.

2.4 | Patients

Eligible patients were hospitalised stroke patients with
urinary incontinence who were using diapers. Patients
with pressure injuries on or around the affected areas
were excluded from this study.

2.5 | Assessment of IAD

Skin assessments to diagnose IAD were carried out by one
researcher who is a certified expert nurse in wounds,
ostomy, and continence working with floor nurses during
regular diaper changes for a day in the morning (around
AM 9:00) using a standardised clinical examination in
potentially-affected areas, including the perianal region,
intergluteal cleft, upper and lower buttock, genitalia (labia/
scrotum), lower abdomen, and groin folds.25 If IAD was
observed, its severity, which consists of three categories
(erythema, skin erosion, and ulcers) was determined by the
researcher.

2.6 | Collection of swabs

Skin bacteria were collected by the swabbing method.
For patients with IAD, 1 � 3 cm squares of the area
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where the IAD was observed were gently swabbed with
OptiSwab (SUGIYAMA-GEN CO., LTD., Tokyo Japan).
For patients without IAD, swabs were collected from the
perianal or genital skin sites at a size of 1 � 3 cm squares.
The collected swabs were immediately immersed in liq-
uid media to maintain bacterial viability during transpor-
tation. The head of the immersed swab was then
transferred to a 2-mL aliquot of sterile PBS and vortexed
for the urease assay as the primary outcome and the via-
ble bacterial count as the secondary outcome.

2.7 | Primary outcome

After the bacterial suspension containing the swabs was
prepared, the presence of urease-producing bacteria was
assessed by observing the urea agar medium's colour
change as described above. The degree of urease activity
was categorised as “strong,” “weak,” or “almost none/
none.” The determination of pH was performed to confirm
that the pH on the surface of the agar medium increases as
the colour of the agar medium changes with bacterial culti-
vation (including urease-producing bacteria).

2.8 | Secondary outcomes

For bacterial count measurements, the bacterial suspen-
sion containing the swabs was diluted via a 10-fold dilu-
tion technique, and 50 μL of each dilution was spread on
the trypticase soy agar medium (EIKEN CHEMICAL
CO., LTD., Japan). After incubation at 37�C overnight,
the viable bacterial count was determined by counting
the number of visible bacteria (colony-forming unit;
CFU) per agar plate.

2.9 | Demographic data collection

Demographic information on age, sex, type of stroke,
clinical history, and functional disability was collected
from patients' medical records. With the Japan-specific
long-term care insurance system, functional disability
was ranked from Rank J (requires partial support) to
Rank C (remains in bed all the time and requires care for
all activities of daily living).

2.10 | Data analysis

The prevalence of IAD was calculated by dividing the
total number of IAD cases in the sample by the total
number of study participants. The patients with or

without IAD were divided and assigned to the IAD group
and the no-IAD group, respectively, to compare primary
and secondary outcomes between them. For the demo-
graphic characteristics, continuous variables were
expressed as mean values ± standard deviations (SDs)
and categorical variables were expressed as frequencies
and percentages. Urease activity, as the primary outcome,
was compared using the chi-square test. As a secondary
outcome, the nonparametric Mann-Whitney U test was
used for the number of CFUs. A P-value of < .05 was
considered statistically significant. All statistical analyses
were conducted using the Statistical Package for the
Social Sciences version 28.0 (IBM Corporation, Armonk,
NY, USA).

3 | RESULTS

3.1 | Preparation and evaluation of urea
agar medium

Examples of photos showing positive and negative results
of urease activity testing are shown in Figure 1. A colour
change from yellow to red indicates the presence of urease-
positive bacteria. If the urea in the broth decomposes and
produces ammonia, an alkaline environment is created,
and the medium turns red. A change in the colour of the
medium was observed with the presence of urease in a
concentration-dependent manner (Figure 1A,B). As a
result of the use of standard strains, the medium contain-
ing S. aureus and P. mirabilis showed urease positivity. On
the contrary, E. coli hardly ever produced a colour change
in the medium (Figure 1C). No colour change was repre-
sented in the agar medium with PBS. The pH on the sur-
face of the agar medium after bacterial cultivation was 8.9
± 0.02 with S. aureus, 9.4 ± 0.16 with P. mirabilis, 7.1
± 0.08 with E. coli, and 6.7 ± 0.03 with PBS.

3.2 | Patients' demographics

The demographics of patients in the IAD and no-IAD
groups are shown in Table 1. IAD was present in 48%
(25/52) of the samples. Besides a clinical history of diabe-
tes mellitus, there were no significant between-group dif-
ferences in participants' demographic characteristics.

3.3 | Location and severity of IAD

The most common location for IAD formation was the
perianal location, followed by the genitalia and the groin
region. For the severity of IAD, there were 24 and 9 cases
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FIGURE 1 An original urea agar medium was evaluated in vitro. A, The absorbance at 620 nm of the urea agar medium was changed

in addition to the urease solution in a concentration-dependent manner. B, An example of photographs of the urea medium agar in addition

to the urease solution in each concentration. C, Example of a photograph of the urea medium after the bacterial suspension was added and

incubated aerobically at 37�C. Staphylococcus aureus and Proteus mirabilis and Escherichia coli were used as positive and negative controls,

respectively. The pH on each agar plate was measured to confirm that urease-producing bacteria increase the pH on agar surfaces in the

presence of urea.

TABLE 1 Characteristics of

patients with and without incontinence-

associated dermatitis.

Characteristics IAD (+) (n = 25) IAD (�) (n = 27) P-value

Age in year, mean ± SD 75.9 ± 10.8 71.2 ± 15.5 .17

Sex, male, n (%) 13 (52.0) 14 (51.9) .99

Type of stroke, n (%)

Cerebral infarction 12 (48.0) 9 (33.3) .28

Subarachnoid haemorrhage 7 (28.0) 7 (25.9) .86

Intracerebral haemorrhage 6 (24.0) 11 (40.7) .2

Clinical history, n (%)

Diabetes mellitus 8 (32.0) 2 (7.4) .025

Pressure injury 4 (16.0) 3 (11.1) .61

Urinary tract infection 0 (0) 0 (0) N/A

Functional disability, n (%)

Rank B 14 (56.0) 15 (55.6) .97

Rank C 11 (44.0) 12 (44.4)

Abbreviation: SD, standard deviation.
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of erythema and skin erosion, respectively. No ulcers
were detected in these cases (Table 2).

3.4 | Collection of swabs

For the IAD group, 33 swabs were collected from
25 patients because 8 out of 25 had IAD at two locations.
For the no-IAD group, 17 swabs were collected from
17 out of 27 patients. The remaining 10 patients missed
their appointments for swab collection because of the
busy schedules of floor nurses.

3.5 | Urease assay

The photos show an example of the urea medium after
bacterial cultivation (Figure 2A). The urease-producing
ability of the medium can be divided into three categories
according to the degree of change in the colour of the
medium, showing that the pH of the agar medium was

9.1 ± 0.11 in the strong, 7.9 ± 0.58 in the weak, and 6.8
± 0.39 in almost none/none. Figure 2B indicates that the
urease-producing capacity of the IAD group was

TABLE 2 Locations and

classifications of incontinence-

associated dermatitis. Thirty-three cases

of IAD were detected in 25 patients,

with eight of them having IADs in two

locations.

Location Erythema Skin erosion Total

Perianal skin, n 16 3 19

Intergluteal cleft, n 0 0 0

Lower buttock, n 0 0 0

Genitalia (labia/scrotum), n 6 6 12

Groin, n 2 0 2

Total, n 24 9 33

FIGURE 2 Swabs were collected

from genitals and their surrounding skin

surfaces in patients with and without

incontinence-associated dermatitis. A,

The photos show an example of the urea

medium after bacterial cultivation. To

determine the urease activity in each

swab, three classification strata (strong,

weak, and almost none/none) were

determined by the degree of colour

change in the agar medium from yellow

to red. B, The urease activity based on

the three classification strata was

compared between two groups.

FIGURE 3 Comparison of bacterial growth. CFU, colony-

forming units.
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significantly stronger than that of the no-IAD group
(χ2 = 12.16. P = .002).

3.6 | CFU assay

Figure 3 shows that there were no significant differences
in the number of CFUs in the IAD and no-IAD groups
(Z = 0.44, P = .56).

4 | DISCUSSION

Proper management of skin pH changes is a requirement
for the successful achievement of the prevention of IAD
development. The prophylactic use of superabsorbent
pads and skin-protective creams has been applied in clin-
ical practice.26,27 However, it remains unclear how skin
pH changes contribute to IAD development in contempo-
rary pathophysiological studies. To address this problem,
we focused on urease-producing bacterial strains on and
around genital skin surfaces. To the best of our knowl-
edge, this is the first study demonstrating that the pres-
ence of urease-producing bacteria is associated with IAD
development in hospitalised stroke patients using our
original urea agar medium.

In this study, we prepared a novel agar medium in
which the addition of urease chemicals or bacteria that
can release urease results in colour changes in the
medium to confirm the presence of urease-producing
bacteria in swabs collected from patients' genital skin sur-
faces with or without IAD. Our pH measurements
showed that the surface pH of the medium containing
the positive control strain was clearly alkalized while that
of the medium without this strain was not (Figure 1).
Our results indicated that the developed medium was
capable of detecting urease-producing bacteria.

The most significant finding of this study is that the
detection rate of urease-producing bacteria in the IAD
group was significantly higher than that in the non-IAD
group (Figure 2), even though the total number of bacterial
colonies was equivalent between them (Figure 3). These
results suggest there was a significant association between
urease-producing bacterial colonisation and IAD develop-
ment. Approximately 30.3% of swabs collected from the
IAD group were categorised as having “strong” urease-
producing capacity while only 5.9% of those in the non-
IAD group did. The classification of the urease production
capacity as “strong” or “weak” means that the surface of
the medium has shifted from neutral to alkaline. This sim-
ulates the risk of homeostasis being compromised by the
alkalization of the skin surface because of the contact
between urine and urease-producing bacteria.

At present, the evaluation of IADs depends on visual
observation by healthcare providers, and point-of-care
IAD assessment technology has not yet been developed.
The skin pH is a widely-used parameter in assessing the
organ's physiological functions in clinical practice.28 The
challenge associated with measuring the skin pH is that
its variables are typically affected by properties of the sur-
rounding microclimate such as environmental humidity,
temperature, and sweating; thus, such measurements
should be performed under controlled conditions.29 The
urea agar medium developed in this study can be used
irrespective of the surrounding microclimate, considering
that it may be applicable to the identification of patients
at high risk of developing IAD, as a novel point-of-care
IAD assessment piece of technology.

The mechanism of the significant increase in the
number of urease-producing bacteria in patients with
IAD cannot be determined from this study because we
focused on the detection of urease-producing bacteria in
swabs collected from patients. The performance of bacte-
ria on the medium to release urease during cultivation
depends on the type of bacteria present and the number
of viable bacteria as well. Therefore, the difference in ure-
ase activity between the IAD and non-IAD groups in this
study suggests that some sort of bacterial condition on
the genital skin surface differed between the two groups.
A previous study reported that the skin microbiome at
the sacral area differed between bedridden elderly people
and healthy individuals.30 In addition, it is still challeng-
ing whether reducing the number of urease-producing
bacteria prevents IAD development or its severity. To
clarify the mechanism, we plan to perform animal test to
investigate the effect of the addition of urease-producing
bacteria on the development of skin damage such
as IAD.

The prevalence of IAD in this study was 48%, suggest-
ing that IAD is a prevalent and underappreciated skin
condition in hospitalised stroke patients. IAD was typi-
cally observed in the perianal and genital areas, suggest-
ing that more appropriate skin assessments and
preventive measures against IAD development should be
implemented for stroke patients on admission and during
hospitalisation.

However, it is often difficult for clinicians to correctly
identify IAD and to distinguish it from pressure injury.
IAD is considered a significant risk factor for the develop-
ment of pressure injuries and has been identified as a
predictive factor significantly associated with the devel-
opment of superficial pressure injuries.31 In this study,
identification of IAD was performed by one certified
nurse with adequate experience in wound, ostomy, and
incontinence. The presence of IAD were comprehen-
sively assessed for patient history, symptoms, and
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location, in addition to visual observation of the colour,
shape/edge, and depth of the dermatitis itself.

This study has two main limitations. The first was
that we did not adjust for diabetes as a risk factor for IAD
development (making it a possible confounder) because
we prioritised the detection of urease-producing bacteria.
Patients' demographic data suggest that diabetes could be
a risk factor for IAD development. However, it is difficult
to explain why diabetes increases the number of urease-
producing bacteria or increases the skin pH from our
findings or contemporary studies examining risk factors
for IAD development.2,32 Next, we could not establish a
cause-to-effect relationship between the presence of
urease-producing bacteria and IAD development due to
the cross-sectional design of our study. Prospective study
is needed to clarify whether urease-producing bacteria
are a cause of IAD development in all patients who are
incontinent of urine with various diseases or aging as
well as stroke. There also have a strong interest in inves-
tigating the association of urease-producing bacteria with
the existing risk factors and risk assessment scales of
pressure injury development. This is because the friction
and shear problems according to the Braden scale were
reported to be strong covariates for the presence of IAD.2

We think these would allow us to find a solution to the
question of whether there be a case for the intervention
in all patients who are incontinent of urine and at risk of
IAD or pressure injury.

Nevertheless, we believe that our data provide impor-
tant information on urease-producing bacteria
(a potential biological risk factor for IAD development)
for healthcare providers. In the future, comparative pro-
spective studies on the presence of urease-producing bac-
teria will be needed. Studies in which patients' other
baseline risk factors (including diabetes mellitus) are
adjusted for in both groups will also be needed.

5 | CONCLUSIONS

The presence of urease-producing bacteria was associated
with IAD development in hospitalised stroke patients
when the original urea agar medium was used to detect
urease-producing bacteria at genital sites.
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