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Abstract

The decomposition of urea into ammonia by urease-producing bacterium

shows an elevation in the pH level, which can lead to incontinence-associated

dermatitis (IAD). This study aimed to examine the efficacy of a combination of

antiseptic and urease inhibitor in inhibiting the decomposition of urea by the

urease-producing bacterium Proteus mirabilis. We performed in vitro assays to

compare the effects of a combination of antiseptic and urease inhibitor, anti-

septic only, urease inhibitor only, and an untreated control with the effects of

a urea-containing solution. Cultured P. mirabilis was mixed with urea-

containing solution, followed by the addition of antiseptic and/or urease inhib-

itor. The main outcome used to assess the efficacy of the different treatments

was ammonia concentration at 4-hours post-treatment initiation, and multiple

comparison analysis was performed using Dunnett's test to compare the results

between groups. Ammonia concentrations in samples treated with either anti-

septic or urease inhibitor were lower than those in the untreated control, while

the combination of antiseptic and urease inhibitor resulted in decreased

ammonia concentrations compared with either treatment alone. Therefore, the

application of both urease inhibitor and antiseptic is more effective for the

inhibition of urea decomposition by urease-producing bacteria. Novel preven-

tive strategies using these reagents may be effective for preventing IAD.
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1 | INTRODUCTION

Incontinence is one of the most common health problems
affecting older adults. The reported prevalence of inconti-
nence among nursing home residents is 48% to 59.8%:
7.7% to 14% with urinary incontinence only, 8% to 12.4%
with faecal incontinence only, and 24% to 39.7% with
both urinary and faecal incontinence.1,2 Older adults suf-
fering from incontinence are also subject to various skin

changes,3 placing them at substantial risk of cutaneous
disorders such as incontinence-associated dermatitis
(IAD). IAD is defined as inflammation characterised by
redness, with or without blistering, and erosion that
occurs with chronic or repetitive exposure to urine or fae-
ces.4 Despite the implementation of preventative
strategies,5-7 high IAD prevalence and incidence rates
(ranging from 5.2% to 27%) have been reported world-
wide, with cumulative incidence rates ranging from 3.4%
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to 50%.8 IAD negatively affects patients by causing dis-
comfort such as itching or pain,8 which impacts quality
of life. Therefore, the development of an effective preven-
tive care strategy for IAD is a pressing nursing issue.

Previous studies examined the contributions of diges-
tive enzymes and intestinal bacteria to the development
of IAD using a rat IAD model.9,10 Results showed that
proteases, one of the most common digestive enzymes
found in faeces, caused skin barrier impairment and
induced tissue damage in the dermis and around hair fol-
licles in the macerated skin. Bacterial inoculation of skin
macerated by proteolytic solution resulted in the forma-
tion of bacteria-rich clusters comprising abundant bacte-
rial cells and inflammatory cells within the papillary
dermis, with remarkable tissue damage observed around
the clusters. These results suggested that IAD results
from protease-induced skin damage, with bacteria then
invading the areas with compromised barrier function,
further damaging the dermal tissue. Therefore,
maintaining skin barrier function against external irri-
tants such as enzymes and bacteria is important for
preventing IAD.

In the current study, we focused on skin pH, which is
one component of skin barrier function. The skin surface
is normally acidic, with a pH ranging from 4 to 6.11,12

This acidic pH helps prevent colonisation by pathogenic
bacteria.11 However, elevated pH was shown to impair
skin barrier function by increasing the activity of serine
proteases and reducing the activity of ceramide-
generating enzymes.13,14 Therefore, the acidic pH con-
tributes to the maintenance of skin barrier function.
When skin is exposed to urine and/or faeces, urease, a
major bacterial virulence factor, converts urea into
ammonia. Ammonia helps elevate the skin surface pH,
resulting in impaired pathogen defence and skin barrier
function. As a result, the pathogenic bacterial load
increases, with protease activity also increasing in
response to the increased skin pH. Therefore, an
increased skin pH puts incontinence patients at high risk
of developing IAD.

Urease activity is high among bacterial species
belonging to the genus Proteus,15,16 which is one of the
important intestinal bacteria that have also been associ-
ated with the development of urinary infection.17 There-
fore, both urease- and protease-producing bacteria are
commonly found in patients with double incontinence or
urinary infection,17,18 suggesting that the affected
patients are at high risk of developing IAD.

We hypothesised that IAD could be prevented by
inhibiting bacterial urease production and preventing the
pH elevation. In the current study, we examined the effi-
cacy of a combination of antiseptic and urease inhibitor
for inhibiting urea decomposition into ammonia by

Proteus mirabilis in vitro, thereby preventing the increase
in pH. Because urease may remain around dead bacterial
cells, a urease inhibitor and an antiseptic were examined
for their ability to inhibit urease production.

2 | METHODS

2.1 | Bacterial culture

P. mirabilis Hauser 1885 was selected as a model species
for this study and was purchased from the National Insti-
tute of Technology and Evaluation (Tokyo, Japan).
P. mirabilis was cultured overnight in Luria-Bertani
(LB) broth at 37�C with aeration to an optical density at
600 nm (OD600) = 1.0, equivalent to a concentration of
1.2 × 109 colony-forming units (CFU)/mL. Bacterial cul-
ture was diluted to 1:10 for use in the subsequent assays.

2.2 | Preparation of urea-containing
solution and artificial urine

We used two types of urea-containing solvent in the
assays: 2% urea-containing solution and artificial urine. A
20% (wt/vol) urea-containing stock solution was prepared
in distilled water. The stock solution was diluted to 1:10
in LB broth for use in the assays. Artificial urine (10×

Key Messages

• the pH level of skin exposed to urine and fae-
ces is elevated as a result of urea decomposi-
tion by bacteria into ammonia

• increased skin pH increases the risk of the
development of incontinence-associated der-
matitis (IAD)

• we examined the efficacy of the combined use
of antiseptic and urease inhibitor in the inhibi-
tion of urea decomposition into ammonia by
urease-producing bacteria in vitro

• although antiseptic or urease inhibitor alone
inhibited urea decomposition, the combination
of both treatments showed higher efficacy in
the inhibition of urea decomposition than each
treatment on its own

• new preventive strategies using both urease
inhibitor and antiseptic may be effective for
the prevention of IAD
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concentration) was diluted to 1:10 in distilled water for
use in the assays. The diluted artificial urine contained
2% urea (FUJIFILM Wako Pure Chemical Corporation,
Osaka, Japan), 0.8% sodium chloride (FUJIFILM Wako
Pure Chemical Corporation), 0.03% magnesium sulphate
heptahydrate (FUJIFILM Wako Pure Chemical Corpora-
tion), and 0.08% calcium chloride dihydrate (FUJIFILM
Wako Pure Chemical Corporation) in ion-exchanged
water. The concentration of each component in artificial
urine is set to be similar to human urine.19 Artificial
urine was filter-sterilised immediately prior to use using
a 0.45-μm syringe filter.

2.3 | Survival assays and ammonia
production in medium supplemented with
urea-containing solution

We used the assay to examine the effects of antiseptic
and/or urease inhibitor by checking the bacterial survival

and ammonia production (patent number: JP2019-
62806A). Briefly, cultured P. mirabilis was mixed with
urea-containing solution, followed by the addition of
antiseptic and/or urease inhibitor depending on the treat-
ment of each experimental group. Bacterial cell density
and ammonia concentration were measured after a cer-
tain period. Bacterial cell density indicated the growth
and survival of P. mirabilis, and ammonia concentration
indicated the ammonia production because of the decom-
position of urea caused by P. mirabilis.

Four experimental groups were used for the assays in
the presence of 2% urea-containing solution: bacteria and
urea only (BU), antiseptic plus bacteria and urea (BU
+ A), urease inhibitor plus bacteria and urea (BU + I),
and antiseptic and urease inhibitor plus bacteria and urea
(BU + AI). A no-urea culture (B) was used as the nega-
tive control (Figure 1A).

For the BU, BU + A, BU + I, and BU + AI cultures,
1 mL of P. mirabilis culture (OD600 = 1.0) was mixed with
1 mL of urea-containing stock solution and 8 mL of LB

FIGURE 1 Efficacy of a combination of antiseptic and urease inhibitor for the inhibition of urea decomposition into ammonia by

P. mirabilis in urea-containing solution. A, Four treatment groups with urea (BU, BU-A, BU-I, and BU-AI) and one without urea (B) were

prepared. B, OD values were significantly decreased in cultures BU-A and BU-AI compared with culture B at 4 hours post-inoculation. C,

The culture pH was significantly increased in the BU treatment compared with that of culture B at 4 hours post-inoculation. D, The

ammonia concentration was significantly increased in the BU culture compared with that of culture B at both 2 and 4 hours post-

inoculation. Cultures BU-A, BU-I, and BU-AI showed significant decreases in ammonia concentration compared with the BU culture at

4 hours post-inoculation. *P < .05 compared with culture B at the same time point; **P < .01 compared with culture B at the same time

point. #P < .05 compared with the BU culture the same time point; ##P < .01 compared with the BU culture at the same time point
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broth. The negative control culture (B) contained 1 mL of
distilled water instead of the urea-containing stock solu-
tion. Antiseptic reagent Ag-zeolite (Zeomic, Sinanen
Zeomic Co., Aichi, Japan), which is an inorganic agent
comprised of silver ion and a microporous, aluminosili-
cate mineral named zeolite, was added at a concentration
of 100 ppm to the BU + A and BU + AI cultures. Green
tea extract (FS-LO 40, Shiraimatsu Pharmaceutical Co.,
Tokyo, Japan), which is a natural plant extract generated
by dry distillation of green tea leaf and acts as a urease
inhibitor, was added at a concentration of 1000 ppm to
the BU + I and BU + AI cultures.

All cultures were incubated at 37�C on a shaker, with
samples collected at 0, 2, and 4 hours post-inoculation.
At each time point, OD600, pH, and ammonia concentra-
tion measurements were conducted using a spectropho-
tometer (DS-11; DeNovix Inc., Wilmington, DE, USA),
pH meter (LAQUAtwin B-712; Horiba Ltd., Kyoto,
Japan) and ammonia meter (Ion meter TiN-9001i; Tokyo
Chemical Laboratories, Tokyo, Japan), respectively.

2.4 | Survival assays and ammonia
production in artificial urine

The experiments using artificial urine as a solvent were
performed to consider more similar conditions in clini-
cal absorbent pads. For the survival and ammonia pro-
duction assays in artificial urine, 1 mL of cultured
P. mirabilis (OD600 = 1.0) was mixed with 9 mL of artifi-
cial urine. Several cultures contained 100 mg of water-
absorbent polymer. A water-absorbent polymer is a
cross-linked polyacrylic acid that contains sodium atoms
and can absorb water by a process of osmosis. Water-
absorbent polymer creates a similar condition in the
absorbent layer of an adult diaper pad and was also pre-
pared to reproduce the conditions found inside an
incontinence diaper. Ag-zeolite (antiseptic reagent) and
green tea extract (urease inhibitor) were added at vari-
ous concentrations (Ag-zeolite: 0, 25, 50, 75, or 100 ppm;
green tea extract: 0, 250, 500, 750, or 1000 ppm) to the
appropriate cultures.

All cultures were incubated at 37�C on a shaker. Sam-
ples were collected at 0 and 4 hours post-inoculation and
used for OD600, pH, and ammonia concentration mea-
surements, as described above.

2.5 | Data analysis

Dunnett's test was used to carry out multiple comparison
analysis of the OD600, pH, and ammonia concentration
results between the control and treatment groups at each

time point. P-values <.05 were considered statistically
significant. Data were reported as means ± SDs.

3 | RESULTS

3.1 | Effects of antiseptic and urease
inhibitor on bacterial survival and
ammonia production in medium with
urea-containing solution

We first examined the ability of a combination of urease
inhibitor and antiseptic to inhibit the decomposition of
urea into ammonia by P. mirabilis in a medium sup-
plemented with urea-containing solution. OD600, pH, and
ammonia concentration measurements were performed
at 0, 2, and 4 hours post-inoculation of the cultures
(Figure 1B–D). Bacterial cell density, as determined by
OD600 values, was significantly decreased in the BU-A
and BU-AI cultures compared with culture B at 4 hours
post-inoculation, indicating that the addition of antiseptic
effectively inhibited bacterial growth. The pH was signifi-
cantly higher in the BU culture compared with that of
culture B at 4 hours post-inoculation, while the ammonia
concentration was significantly higher in the BU culture
compared with culture B at both 2 and 4 hours post-inoc-
ulation. These results indicated that the additional urea
in the BU culture was converted into ammonia by
P. mirabilis. In comparison, cultures BU-A, BU-I, and
BU-AI all showed significantly lower levels of ammonia
compared with the BU culture at 4 hours post-inocula-
tion, indicating that the antiseptic and urease inhibitor
effectively inhibited ammonia production. Moreover, the
ammonia concentration of the BU-AI culture was signifi-
cantly lower than that of the BU-A culture (P = .03) and
lower than that of the BU-I culture (P = .06), indicating
that the combination of antiseptic and urease inhibitor
more effectively inhibited urea decomposition than anti-
septic or urease inhibitor alone. We also observed a time-
dependent decrease in the pH within the same experi-
mental group of each culture (B, BU, BU-A, BU-I, and
BU-AI) at the same time as the time-dependent increase
in ammonia concentration.

3.2 | Effects of antiseptic and urease
inhibitor on bacterial survival and
ammonia production in artificial urine

Next, we examined the effects of the antiseptic and ure-
ase inhibitor on urea decomposition by P. mirabilis in
artificial urine, which more closely mimics the urine of
clinical patients. We also added a water-absorbent
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polymer to the artificial urine to reproduce the conditions
found in an absorbent pad. Various concentrations of
antiseptic and urease inhibitor were used in these assays,
and the optical density, pH, and ammonia concentration
were measured at 0 and 4 hours post-inoculation of the

cultures (Figure 2A–C). Immediately after inoculation,
the OD values of the artificial urine cultures con-
taining water-absorbent polymer (OD600 = 0.2)
(Figure 2A) were approximately twice those of the
urea-containing cultures (Figure 1B), which did not

FIGURE 2 Efficacy of various

concentration of antiseptic and urease

inhibitor for the inhibition of urea

decomposition into ammonia by

P. mirabilis in artificial urine. A, OD

values at 4 hours post-inoculation for all

treatment groups were significantly

decreased compared with the culture

without antiseptic or urease inhibitor,

with decreases in OD occurring in an

antiseptic concentration-dependent

manner. B, The pH values of the

different cultures varied immediately

after inoculation (0 hours), with random

pH changes observed at 4 hours post-

inoculation. C, The ammonia

concentrations of all treatment groups

were significantly decreased compared

with that of the culture without

antiseptic or urease inhibitor, with

decreases in ammonia concentration

associated with increases in the

concentrations of urease inhibitor and

antiseptic. *P < .05 compared with the

culture containing 0 ppm urease

inhibitor and 0 ppm antiseptic at the

same time point; **P < .01 compared

with the culture containing 0 ppm

urease inhibitor and 0 ppm antiseptic at

the same time point
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contain a water-absorbent polymer. At 4 hours post-
inoculation, the OD values of all treatment groups
were significantly decreased compared with that of the
culture with no antiseptic or urease inhibitor, with the
degree of difference observed to be antiseptic
concentration-dependent. While culture pH varied
between treatment groups at baseline, random changes in
pH were observed at 4 hours post-inoculation, indicating
that the pH was affected by both ammonia and other
reagents such as antiseptic, urease inhibitor, and the bac-
teria themselves. In all cultures containing antiseptic
and/or urease inhibitor, except for the culture containing
25 ppm antiseptic and 250 ppm urease inhibitor, the
ammonia concentration was significantly lower than that
of the no antiseptic and no urease inhibitor control. In all
cases, the ammonia concentration decreased as the con-
centration of urease inhibitor and antiseptic increased,
with the culture containing the highest concentrations of
antiseptic (100 ppm) and urease inhibitor (1000 ppm)
showing the lowest ammonia concentration among all
treatments at 4 hours post-inoculation. Moreover, mea-
surements of ammonia concentration with 750 ppm ure-
ase inhibitor and 100 ppm antiseptic, 1000 ppm urease
inhibitor and 75 ppm antiseptic, and 1000 ppm urease
inhibitor and 100 ppm antiseptic were 74.2 ± 6.1,
61.8 ± 1.6, 56.7 ± 4.5 mg/L, respectively, at 4 hours post-
inoculation. These measurements were ≥ 50% lower than
ammonia concentration of no antiseptic and no urease
inhibitor control (153.2 ± 9.9 mg/L).

4 | DISCUSSION

This is the first study to examine a new concept for the
prevention of the development of IAD by preventing skin
pH increases as a result of urea decomposition. Our
results showed that a combination of antiseptic and ure-
ase inhibitor effectively inhibited urea decomposition
into ammonia through the inhibition of bacterial urease
production. We found that both urease inhibitor and
antiseptic inhibited ammonia increases, although no pH
increases were observed.

The assays in the current study were carried out in
two different media: LB medium supplemented with
urea-containing solution and artificial urine. The urea-
containing solution only contained urea and allowed
us to examine the inhibition of urea decomposition
under simplified conditions. We used artificial urine in
subsequent assays to examine the efficacy of the treat-
ment under conditions more similar to those found in
clinical incontinence patients. The efficacy of the anti-
septic and urease inhibitor treatment was shown under
both experimental conditions. The results suggested

that inhibition of urea decomposition is effective for
the prevention of IAD and that the use of antiseptic
and urease inhibitor in clinical incontinence patients is
beneficial for the prevention of adverse events caused
by ammonia.

We used a water-absorbent polymer in the artificial
urine assays to better reproduce the conditions found
inside absorbent pads. At 4 hours post-inoculation, ammo-
nia concentrations were up to 20-fold higher (~150 mg/L)
(Figure 2C) than those observed in medium without the
water-absorbent polymer (~7.5 mg/L) (Figure 1D). We
hypothesize that the urea-containing solution and bacte-
rial culture were concentrated by the water-absorbent
polymer, resulting in the observed increase in ammonia
concentration.

Next, we examined the effects of different concen-
trations of urease inhibitor and antiseptic ammonia
concentrations in artificial urine. OD values at 4 hours
post-inoculation were significantly decreased for all
treatments compared with the no antiseptics and no
urease inhibitor control, with the OD observed to
decrease in an antiseptic concentration-dependent man-
ner. These results indicate that the concentration of the
antiseptic is directly related to the level of inhibition of
bacterial growth. Three treatments, including 750 ppm
urease inhibitor and 100 ppm antiseptic, 1000 ppm ure-
ase inhibitor and 75 ppm antiseptic, and 1000 ppm ure-
ase inhibitor and 100 ppm antiseptic, decreased the
ammonia concentration by at least 50% at 4 hours post-
inoculation compared with the no antiseptic and no
urease inhibitor control. These results indicate that,
while both antiseptic and urease inhibitor inhibit
ammonia production, a combination of high concentra-
tions of both antiseptic and urease inhibitor results in a
more effective inhibition of ammonia production. How-
ever, because there is no threshold of ammonia concen-
tration for effective prevention of IAD, further
examination is necessary to consider how much ammo-
nia concentration should be decreased for the effective
prevention of IAD in clinical settings.

We attempted to reproduce in vitro the mix of urine
and bacteria that is observed in clinical situations; how-
ever, we could not reproduce the pH increase caused
by urea decomposition into ammonia. Theoretically, the
culture pH should increase in line with increases in
ammonia concentration. However, in this study, the pH
decreased in a time-dependent manner in cultures sup-
plemented with urea-containing solution. It is possible
that P. mirabilis affects the decreases in pH. A previous
study reported that P. mirabilis differentiates into
swarmer morphotypes under acidic conditions.20

Although there are no reports of acid production by
P. mirabilis, it may produce some acid as a virulence
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factor in optimal growth environments. Moreover, in
the assays using artificial urine, the pH level at 0 hours
(immediately after inoculation) varied among treat-
ments, with the pH level appearing to increase with
increases in urease inhibitor concentration and to
decrease with increases in antiseptic concentration. Ure-
ase inhibitor, antiseptic, and water-absorbent polymer
also affected the variation in pH level. Therefore, we
recommend that pH level should not be used as an
indicator of ammonia concentration and high-risk con-
ditions for the development of IAD in in vitro studies
because of several factors other than ammonia that
affect the pH.

Although pH level could not be used as an indicator
to assess the effects of the treatment in the current
study, ammonia levels reflected the efficacy of the ure-
ase inhibitor and antiseptic in the inhibition of urea
decomposition into ammonia. Our findings suggest that
the use of both urease inhibitor and antiseptic may
effectively prevent the development of IAD. Thus, pre-
ventive strategies or products containing both urease
inhibitor and antiseptic, such as absorbent pads con-
taining both treatments, will likely be effective for the
prevention of IAD in clinical settings, significantly
improving the quality of life of many patients suffering
from IAD.

We chose 4 hours post-inoculation for collecting the
endpoint measures. A clinical study performed by Fader
et al.21 showed that the 4-hour pad change frequency was
effective compared with 8-hour pad changes in
preventing the skin from becoming wetter, which can
contribute to preventing skin maceration and the devel-
opment of IAD. Moreover, rat model showed that 4-hour
skin treatment with agarose gel containing a proteolytic
solution resulted in skin maceration, as well as inner tis-
sue damage in histology.9 Based on these previous
reports, we consider that our experimental design of col-
lecting the endpoint measures at 4-hour post-inoculation
is adequate.

This study has several limitations. First, the efficacy
of antiseptic and urease inhibitor was only examined
in vitro. Further research, including in vivo assays and
clinical surveys, is needed to confirm the efficacy of
the combined treatment for preventing IAD. Second,
we only used P. mirabilis in the current study. There
are several other bacterial species commonly found in
the urine and/or faeces of clinical incontinence
patients. Therefore, additional studies using several dif-
ferent bacterial species are needed to better understand
the effects of urine and bacteria in the development of
IAD and to assess whether the urease inhibitor/anti-
septic treatment combination is also effective against
these other species.

5 | CONCLUSION

This study examined the efficacy of antiseptic and urease
inhibitor in inhibiting urea decomposition into ammonia
by P. mirabilis-produced urease. While both the antiseptic
and the urease inhibitor prevented urea decomposition, a
combination of the two was more effective than either
treatment alone. Novel preventive strategies or products
using both a urease inhibitor and an antiseptic will be
effective for the prevention of IAD in a clinical setting.
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