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An update on diaper dermatitis

Christopher Klunk, BS a, Erik Domingues, MDb, Karen Wiss, MD c,⁎

aUniversity of Massachusetts Medical School, Worcester, MA
bDivision of Dermatology, University of Massachusetts Medical School, Worcester, MA
cDivision of Dermatology, University of Massachusetts Medical School, 281 Lincoln Street, Worcester, MA 01605
Abstract Diaper dermatitis leads to approximately 20% of all childhood dermatology visits. There have
been several technologic advances in diaper design the last several years; however, due to the unique
environment of the diaper area, many children continue to suffer from a variety of dermatologic
conditions of this region. Common causes include allergic contact dermatitis, irritant contact dermatitis,
infection, and psoriasis. Treatments include allergen avoidance, barrier protection, parent education, and
topical therapies.
© 2014 Elsevier Inc. All rights reserved.
Introduction

Diaper dermatitis is a term used by clinicians to describe
any of the various cutaneous eruptions appearing in the
diaper area; however, it is important to determine the exact
cause of a rash in this region because it may provide clues to
the diagnosis of a more significant systemic disease or local
infection. While most rashes in the diaper area are simple
cases of irritant contact dermatitis responsive to topical
treatments and parental education on proper diapering
practices, it is important to recognize that rashes of the
diaper area may be the direct result of diaper use, reflect
exacerbation of a more diffuse dermatologic condition by the
diaper, or be related to a condition that has coincidently
manifested in the diaper area but is otherwise unrelated. This
paper is intended to provide an update on some diaper
dermatoses and an in-depth look at diagnosis and treatment
of the most common conditions rather than a comprehensive
review. Table 1 lists conditions that could be considered in
the differential diagnosis for diaper dermatitis.
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Epidemiology

The conglomerate of dermatologic conditions labeled as
diaper dermatitis is thought to account for nearly 20% of
childhood dermatology visits.1 The overall prevalence of
diaper dermatitis has been difficult to accurately assess asmany
studies donot differentiate between the various causes of rashes
in the diaper area, but old estimates inWestern countries ranged
from 7% to 35%.2,3 Variations in the incidence of diaper
dermatitis throughout the world may be tied to any number
of factors influencing the diapering and hygiene practices of
parents in a given region as evidenced by incidence rates of
15.2%, 7%, and 4% in Italy, Nigeria, and Kuwait, respective-
ly.4–6 The incidence of diaper dermatitis has been shown to
peak between the ages of 9 and 12 months7 but a study of
12,103 singleton infants in the United Kingdom identified the
incidence of “nappy rash” to be 25% during the first 4 weeks of
life8; however, it is a condition that may affect patients of any
age that require the use of diapers for treatment of incontinence.
Diaper design

Many years ago, diapers were crude pieces of cloth
wrapped around babies’ bottoms. Today, they are techno-
logically advanced devices containing highly absorptive
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polymers and multiple layers of various materials optimally
suited to perform their chosen roles. Cotton diapers have also
continued to evolve and only loosely resemble the diapers of
fifty years ago when diaper laundering services were only
available in a few major cities. Modern diaper design has
adapted to take into account the pathophysiology of diaper
irritant contact dermatitis.

The first layer of a modern diaper is in contact with the
wearer’s skin and is responsible for allowing passage of the
fluid “insult” while preventing rewetting. This layer is
referred to as the top sheet and frequently consists of
hydrophobic polypropylene fibers or an apertured film that
has been treated with hydrophilic surfactant. Capillary action
and surfactant draw fluids through the top sheet and
rewetting is prevented by the hydrophilic qualities of the
material and/or the one-way valve effect of the apertures. The
next layer of the modern diaper is referred to as the surge
layer and was developed largely to address the slow rate of
absorption in many superabsorbent polymers. Before the
development of superabsorbent polymers, wood pulp was
the most frequently used material in the core of diapers and
while it had a fraction of the absorptive capacity of modern
polymers, it had a significantly greater rate of absorption. As
a result, a porous hydrophilic layer that serves to rapidly
absorb and distribute the insult as it passes through the top
sheet was added. Fluid disperses throughout the surge layer
allowing for maximal contact with the inner absorbent core.
Rewetting is prevented by acting as a reservoir for fluid
while it is more slowly absorbed by the superabsorptive
polymer of the core. The innermost layer, the absorbent core,
usually consists of a cross linked polymer able to absorb
many times its weight in fluid allowing for the lighter weight
and greatly reduced bulk of modern diapers.9 Modern
Table 1 Potential diaper (napkin) dermatoses

Diagnosis Psoriasis

Irritant Contact Dermatitis Seborrheic Dermatitis
Tidewater (tidemark) Langerhans Cell Histiocytosis
Granuloma gluteale infantum Hyper IgE Syndrome
Jacquet's erosive diaper
dermatitis

Baboon Syndrome

Candidal dermatitis Nutritional Deficiency
Allergic Contact Dermatitis Acrodermatitis Enteropathica

Biotinidase Deficiency
LuckyLuke's (cowboyholster) Cystic Fibrosis
Bacterial Scabies
Cellulitis Human Immunodeficiency Virus
Impetigo (Bullous impetigo) Congenital Syphilis
Necrotizing Fasciitis
(Fournier's Gangrene)

Tinea Corporis

Folliculitis Perianal Pseudoverrucous
Papules

Miliaria Child abuse
Intertrigo
Atopic Dermatitis
disposable diapers often incorporate various dyes for
aesthetic purposes and recently these have been identified
as a source of allergic contact diaper dermatitis.10

Beyond the absorptive capabilities of modern disposable
diapers, significant effort has been invested into improving
comfort and convenience. Folded cuffs and elastic bands
around the leg openings provide a more snug fit and add a
degree of third dimensionality to the diaper, further
preventing undesired leaks. Adjustable fastening tabs and
spiral glued elastic bands in ease comfort and reduce excess
pressure that may cause skin irritation around the waistline
and leg openings.9 Diaper manufacturers continue working
to improve diaper design under the close scrutiny of parents,
environmental groups, and dermatologists around the world.
Diapers, the environment, and politics

Parents frequently find themselves with well-meaning,
but frequently, contradictory advice as to proper diapering
practices. A debate over the environmental and health
impacts of disposable and cloth diapers has been ongoing for
many years and has drawn the attention of organizations,
such as the National Resources Defense Council and
Environmental Protection Agency (EPA) in the United
States and the Environment Agency of England and Wales.
A report from the EPA estimated that 1.5% of the municipal
solid waste entering landfills in 2010 consisted of disposable
diapers, amounting to 3.7 million tons.11 While some
manufacturers have reported that standard disposable diapers
may be upwards of 80% biodegradable it is important to note
that studies of biodegradability may be carried out under
conditions similar to those created by composting processes
rather than actual landfills.12 Due to the poor ability of
material to biodegrade in the conditions created by a landfill
it is difficult to know if there is any benefit to products
claiming to be 100% biodegradable. Despite these data,
careful analysis of the environmental impact of disposable
diapers in comparison to cloth diapers by the NRDC,
Environment Agency, and the EPA has not been able to
show a clear advantage to either design.13–15 Suboptimal use
of cloth diapers appears to exact a greater toll on the
environment than disposable diapers due to energy con-
sumption and waste water production secondary to launder-
ing practices.13,14 The use of laundering services results in
less environmental impact than home laundering. In Table 2,
the Environmental Agency outlines the steps for parents
wanting to be more environmentally conscious.14
Allergic contact dermatitis

Previously thought rare, allergic contact dermatitis as a
cause of diaper dermatitis, has recently come to the forefront



Table 2 Cloth nappy users can reduce their environmental
impacts by:

• Line drying outside whenever possible
• Tumble drying as little as possible
• When replacing appliances, choosing more energy efficient

appliances (A + rated machines are preferred)
• Not washing above 60 °C.
• Washing fuller loads.
• Reusing nappies on other children.

(Copied with permission from Reference 14.)
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with the identification of diaper dyes as a source of
sensitization10 (Fig. 1). Additionally, a class action lawsuit
against a major diaper manufacturer over a specific diaper
product culminated in a multimillion dollar lawsuit,16–18

drawing further attention to the possibility of allergic contact
dermatitis to diaper additives.

The National Ambulatory Medical Care Survey estimated
that there were 6.9 million outpatient visits for “contact
dermatitis and other eczema” in both 1995 and 1996 and a
large cohort study of eighth grade schoolchildren followed for
fifteen years that identified the incidence rate of allergic
contact dermatitis to be 7% to 8% in Denmark19,20; however,
no studies to date have looked at the prevalence of allergic
contact dermatitis in infants despite the growing number of
case reports in the literature and relatively high percentage
(55.8% to 77%) of clinically relevant positive results seen in
retrospective reviews of patch testing.21,22

Cases of allergic contact dermatitis supported by positive
patch testing and treated by allergen avoidance in response to
mercaptocompounds in the elastic portions of diapers23 and
colored dyes, found in many diapers, have been reported.10

“Lucky Luke” dermatitis refers to a particular distribution of
allergic contact dermatitis thought to resemble the shape of a
cowboy’s holster on the buttocks and hips of affected children.
It has been attributed to substances potentially found inmodern
Fig. 1 Scaly pink papules coalescing into plaques that corre-
spond with the green dye in the diapers. These findings are
suggestive of allergic contact dermatitis from the diaper dye.
disposable diapers, such as the rubber additives mercaptoben-
zothiazole and cyclohexylthiophthalimide and the glue resin
p-tert-butyl-phenol-formaldehyde.24–26

A review of patch test results published in 2003 looked at
667 children with suspected allergic contact dermatitis and
431 children with atopic dermatitis undergoing testing for
sensitization to seven commonly used disperse dyes. Of the
children tested 4.6% were found sensitive to at least one dye,
the three most frequent being disperse yellow 3, disperse
orange 3, and disperse blue 124.27 Disperse dyes are used on
a variety of synthetic fabrics and are well known to be
loosely adherent and frequently leech from clothing onto
skin in areas of increased moisture or friction.28 Sensitization
to disperse dyes is common, and therefore, recommendations
have surfaced to include these substances as standard
components of screening for suspected textile dye dermati-
tis.29 Even though allergic contact dermatitis to diaper dyes
has only recently been reported and the actual prevalence is
unknown, a large review of studies addressing the prevalence
of textile dye allergic contact dermatitis found that patients
sent for routine patch testing including disperse dyes were
found to have positive results 1.4% to 5.8% of the time.
When patients with suspected textile dye allergic contact
dermatitis were tested the prevalence reached 17.1%.30 Data
addressing which color dyes are the most frequent culprits in
cases of allergic contact dermatitis may not be helpful
because dyes are often mixed to form the desired color;
therefore, it may not be readily apparent that a particular
garment contains a given dye on visual inspection.31

The issue of allergic contact dermatitis to substances
within diapers has spread beyond the medical community and
reached the headlines within recent years as a legal battle
between Proctor & Gamble and a group of parents on the
social networking website Facebook. In late 2009, parents
gathered with complaints of “chemical burns” and “burn
marks,” as well as reports of frequent emergency department
visits for severely painful diaper rashes caused by a change in
the design of Pampers® diapers. Proctor & Gamble
eventually disclosed that Dry Max® technology, utilizing
an absorbent gel core, had been introduced into the market
over the last year and a class action lawsuit began.16 In the
end, a review by the Consumer Products Safety Commission
found no connection between Dry Max diapers and the
reported cutaneous eruptions,18 but Proctor & Gamble still
agreed to settle out of court for upwards of three million
dollars, a portion of which was to be dedicated to the
education of pediatric residents about proper skin care.32 This
case is presented here to highlight the increasing awareness of
the general public that components utilized in the construc-
tion of diapers may be responsible for their child’s
dermatologic conditions. Many parents may experience
significant emotional distress at the sight of, what may
appear to the trained eye to be, a relatively benign diaper rash.

Beyond the components within the diaper itself, there
have been numerous case reports of allergic contact
dermatitis and/or positive patch tests in response to



Table 3 Substances potentially appearing in the diaper-area found to cause sensitization27,33,34,38,39,125,126

Allergen Common locations
Bacitracin OTC topical antibiotic
Benzalkonium chloride Baby moisturizers, creams, body wipes
Benzophenone-3 Soaps, sunscreens
Benzoyl peroxide Topical preparations (also an irritant that may mimic allergy)
Bronopol (Formaldehyde releaser) Baby wipes, shampoos, soaps
Bufexamac Antiinflammatory ointments and creams
Carba mix (diphenylguanidine, Zincdibutyldithiocarbamate,
zincdiethyldithiocarbamate)

Rubber additive, soaps, shampoos, adhesives, clothing

Cobalt Buttons, zippers, snaps, buckles
Cocamidopropyl betaine (CAPB) Surfactant in baby shampoos and washes
Colophony Adhesive bandages
Compositae mix (sesquiterpene lactone mix) "Natural" soaps, shampoos, plant-based oils
Corticosteroids (Tixocortol pivalate,
budesonide, triamcnolone acetonide)

Many frequently prescribed topical preparations

Cyclohexlthiopthalimide Rubber additive
Diaminodiphenylmethane Rubber, dye, and adhesive additive
Diazolidinyl urea Lotions, soaps, shampoos, conditioners
Disperse dyes Dye in synthetic fabrics
DL-alpha tocopherol Baby wipes, creams, lotions, emollients, shampoos,

conditioners, soaps, sunscreens
DMDM hydantoin Emollients, shampoos, conditioners, soaps
Ethylenediamine Cross-reacts with hydroxyzine and cetirizine
Formaldehyde Emollients
Fragrances (including balsam of Peru/myroxylon pereirae) Any scented product (can be flavoring or mimicked by tomato)
Geraniol Soaps, shampoos, lotions, perfumes
Imidazolidinyl urea Lotions, creams, soaps, conditioners
Iodopropylcarbamate Baby wipe ingredient
Isopropyl myristate Hand sanitizer, topical corticosteroid preparations, emollients
Lanolin/Amerchol L-101 (wool alcohol, stearyl and cetyl alcohol) Emollients, lotions, ointments, creams, topical corticosteroid preparations
Mercapto mix (n-cyclohexyl-benzothiazole sulfenadmide,
dibenzothiazide sulfite, and morpholinyl mercaptobenzothiazole)

Rubber additive

Mercaptobenzothiazole (MBT) Rubber additive
Methylchloroisothiazolinone (Kathon CG) Lotions, shampoos, conditioners, body wash
Methyldibromoglutaronitrile phenoxyethanol (Euxyl K400) Shampoos, conditioners, soaps
Methylisothiazolone Shampoos, conditioners, soaps
Neomycin OTC topical antibiotics
Nickel Buttons, zippers, snaps, buckles
N-isopropyl-N'-phenyl-p-phenylenediamine (IPPD) Rubber additive
Octyl gallate Shampoos, soaps, lotions
PABA Sunscreens
Paraben mix Topical corticosteroid preparations, diaper balms, lotions,

creams, soaps, shampoos, conditioners
Potassium dichromate Dark green dye and cosmetics
Propolis "Natural" emollients and cosmetics
Propylene glycol Soaps and emollients
p-tert-butyl-phenol-formaldehyde (PTBF) Glue additive
Quaternium-15 Baby oils, baby bath, shampoos, soaps, lotions
Sodium benzoate Shampoos, conditioners, soaps, body wipes
Sorbitan sesquioleate Topical ointments, creams, and lotions
Span 20 Baby bath, baby shampoo, baby wipes, antibacterial wipes, shampoos,

conditioners, soaps
Thiuram Rubber additive

480 C. Klunk et al.
ingredients found in baby wipes, topical creams, lotions, and
ointments, as well as fragrances used in many soaps and
shampoos, all of which may come in contact with the diaper
area and contribute to a diaper rash.21,22,33–40 For example,
the emulsifier sorbitan sesquioleate, found in products, such
as Desitin Diaper Rash Ointment® (Pfizer Inc,. New York,
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NY, US), Baby Magic Creamy Baby Oil® (Playtex Products,
Streetsboro, OH, US), Cutivate Cream® (GlaxoSmithKline,
Brentford, Middlesex, UK), and Cutemol Emollient Skin
Cream® (Summers Laboratories Inch, Collegeville, PA, US),
has been identified as the responsible agent in case reports of
allergic contact dermatitis.33,36 Interestingly, sorbitan ses-
quioleate is also found in many topical corticosteroid
preparations and one retrospective review of 112 dermatitis
patients undergoing patch testing identified a positive
response in 10% of patients, several of whom had been
using topical corticosteroid preparations containing this
substance.35 Table 3 lists many of the agents reported in
the literature that may play a role in the development of
allergic contact dermatitis of the diaper area.

When evaluating potential cases of allergic contact
dermatitis it is important to remember that the exposure
may have occurred at a site distant to the diaper area. One
example of such a situation is baboon syndrome, where a
systemic contact dermatitis occurs after exposure to an
allergen that the patient has previously been sensitized to.
The dermatologic manifestations of baboon syndrome
include upper inner thigh and buttocks erythema, mimicking
a baboon’s bottom. Baboon syndrome was originally
reported in response to ampicillin, nickel, and mercury;
however, numerous reports of baboon syndrome in response
to different allergens exist in the literature.41
Current therapy for common diaper-area dermatoses

As previously mentioned, the differential diagnosis for
cutaneous eruptions appearing in the diaper area is broad, but
“diaper rash” is most frequently an irritant contact dermatitis
caused by a number of factors. Included on the spectrum of
irritant contact dermatitis are the more severe conditions,
such as Jacquet’s erosive diaper dermatitis, granuloma
gluteal infantum, and pseudoverrucous papules and nodules.
The Berg model of diaper dermatitis formation outlined in
198842 has served as the framework for our current
understanding of the pathophysiology of irritant contact
dermatitis in the diaper area. Increased moisture in the diaper
area is created by a combination of the occlusive effect of the
diaper combined with the presence of fecal and urinary
waste. Increased moisture leading to maceration of the skin
and disruption of the stratum corneum increases susceptibil-
ity of the skin to damaging frictional forces created within
the numerous skin folds of this area, as well as the diaper
itself. Proteases and lipases found within feces increase in
activity in the high pH environment of the diaper and begin to
cause skin irritation. This pH imbalance disrupts maintenance
of normal skin flora making the skin more susceptible to
infection by organisms commonly found on the skin, such as
staphylococcus and streptococcus species, as well as
organisms found in the stool such as Candida.43–45 The
shift in pH is thought to be caused by one of two major
mechanisms. First, urease in stool breaks down urea as urine
and feces mix increasing skin pH. Second, as several studies
have shown, bathing products can cause a shift in the
microbiologic flora of the skin by raising the pH.46,47 This
second observation prompted recommendations to use
cleansing products with synthetic detergents (syndets) that
have pH values closer to that of normal skin. Berg concluded
that the diaper environment was perfectly suited to cause skin
irritation and the goal should be to make the conditions for
diapered skin similar to those on nondiapered skin.42,48
Basics of treating irritant contact diaper dermatitis

A substantial amount of evidence exists supporting many
current practices in the treatment of irritant contact dermatitis
in the diaper area. The backbone of such treatment can easily
be remembered by the mnemonic ABCDE: Air, barrier,
cleansing, diaper, and education.49

Air refers to the safest, most basic, time-honored, and
often most efficacious therapeutic intervention: removing the
diaper. The diaper environment is well-suited to causing skin
irritation and allowing the infant time outside of the diaper
provides an opportunity for the skin to dry and respite from
the constant frictional forces of the diaper and the irritants in
urine and feces. While it is often difficult for parents to
incorporate diaper holidays into their schedule, this diaper-
free time will not only improve the infant’s skin but may
even encourage earlier development of gross motor skills,
such as walking, which has been shown to be impaired by the
presence of bulky diapers between an infant’s legs.50 In
some developing countries, diapers are a luxury and many
forego their use, but this may be beneficial. Parents in
Thailand have been reported to begin toilet training infants as
early as 4 months old, often with success within twelve
months.51 Whether or not such early toilet training has any
long term developmental benefits for the child is unknown,
but the economic and environmental burden avoided is likely
to be substantial.

Barrier creams, ointments, and pastes are often the first
line treatments used by parents and physicians since diaper
use is largely unavoidable.49,52 There are many products on
the market or products used as popular home remedies for
years despite minimal or complete absence of data support-
ing their use.53 Burow’s solution, a mixture of aluminum
acetate in water, is an astringent found in some commonly
used products such as 1-2-3 Paste (petrolatum, zinc oxide,
and aluminum acetate compounded by a pharmacy) that
seems to never have been studied for use in irritant contact
dermatitis of the diaper area. Maalox® (Novartis Consumer
Health, Inc., Parsippany, NJ), a mixture of aluminum
hydroxide and magnesium hydroxide marketed as an oral
antacid, has gained popularity as a topical therapy for “diaper
rash” despite a lack of studies addressing the safety or
efficacy of such use. Topical diphenhydramine has gained
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momentum as a treatment for “diaper rash,” but there have
not been any studies of safety or efficacy in this setting.
Topical diphenhydramine may result in systemic absorption
and resultant severe toxicity and therefore, should be
avoided.54–56 Lastly, a 2005 Cochrane review by Davies
et al. did not find sufficient evidence to support or refute the
use of topical vitamin A in the treatment of irritant contact
dermatitis, but the author acknowledged that only a single
small randomized controlled trial had been performed.57

Better studied topical therapies include zinc oxide,
lanolin, petrolatum, and vitamin A&D ointment® (contain-
ing the active ingredients lanolin and petrolatum).52,58–60 A
2001 study showed benefits of continuous topical adminis-
tration of zinc oxide and petrolatum by a specially-designed
diaper.61 A single study of oral zinc supplementation
conducted in 89 normal newborn infants in 1989 found a
significant reduction in the incidence of diaper dermatitis.62

Products containing these substances have been available for
many years and are frequently employed as first line therapy
considering the available data and substantial experience
many clinicians and parents have with them.

Recent data has emerged showing the potential benefits
of several novel therapies. Dexpanthenol, a pantothenic acid
analog, was recently compared to zinc oxide in a prospective
block randomized investigator-blinded trial of 46 children
with irritant diaper dermatitis from diarrhea and was found
to have a similar ability to reduce transepidermal water
loss thereby improving stratum corneum hydration.63,64

An observational study of 309 children aged 27 days to
11 years in Germany found the benefits of Hamamelis
(witch hazel) to be comparable to those of dexpanthenol in
the treatment of several dermatologic conditions including
“diaper dermatitis.”65 Successful treatment of irritant
diaper dermatitis in the setting of diarrhea and high-output
stomas with the use of topical cholestyramine has been
reported and compounded preparations of cholestyramine
and petrolatum ointment are in use at some institutions.66–68

Studies have shown the successful use of topical eosin69

and bufexamac70 for irritant diaper dermatitis, though
neither of these treatments is frequently employed in the
United States. Most recently, potato-derived proteases
were shown to have a benefit in the treatment of protease-
induced skin irritation in four infants following colon
resection for Hirschsprung’s disease.71 Guaiazulene, a
naturally occurring substance used as a cosmetics dye in
the United States, has been used to treat diaper dermatitis
in NICU patients possibly via previously shown antiox-
idant effects.72,73 A single randomized comparative trial
of topical aloe vera and Calendula officinalis in Iranian
children found both to be effective for treatment of diaper
dermatitis.74 This study did not include a control group or
a group treated with one of the current standards, such as
zinc oxide or petrolatum. Lastly, topical sucralfate has
been used successfully in the treatment of recalcitrant
irritant diaper dermatitis in an incontinent nonambulatory
adult with severe erosive disease.75
Experts have advised parents to apply topical barrier
products thickly and not attempt to completely remove the
product before each new application as the necessary rubbing
may cause further irritation.76,77 A layer of petrolatum may
be applied over the barrier paste or ointment to prevent the
diaper from sticking to the thicker and more adherent
product.78

As previously mentioned, cleaning of the diaper area
should involve the use of cleansing products with near-
physiologic pH values and the avoidance of harsh scrubbing.
Some authors have recommended continued use of an old-
fashioned damp cloth with water for cleaning of the diaper
area in hopes of avoiding potential allergens and irri-
tants.78,79 Other authors support the use of baby wipes
demonstrating their mildness on the skin, as well as the
potential for more effective pH buffering capabilities
compared to water and cloth.47,80,81 Wipes containing
benzalkonium chloride may result in allergic contact
dermatitis and are a common cause of cutaneous eruptions
in adults using wipes to cleanse the perineum (nonpublished
evidence). Parents need to be warned not to over cleanse the
area with wipes or a damp cloth because this can worsen the
irritant effect.

While a 2006 Cochrane review failed to find sufficient
evidence to support or refute the use of conventional
disposable diapers in the treatment of diaper dermatitis,82

several authors have identified benefits to using diapers
containing super absorbent materials better capable of
wicking moisture from the skin.76,83,84 Frequent diaper
changes, even as often as every two hours, are an important
component of maintaining skin integrity by reducing
exposure to irritants in stool and urine, as well as allowing
the skin to contact the air and have an opportunity to dry.78,79

A 2010 study in France was able to demonstrate improve-
ments in irritant diaper dermatitis solely by implementing the
use of diapers designed for enhanced breathability and
maintenance of normal skin pH.85

The final strategy used in addressing irritant contact
dermatitis is parent education. If parents are not given
adequate instruction in proper care and information about
which products are helpful, or even harmful, then the best
intentions of physicians will never generate meaningful
results and could even cause further morbidity. Examples of
potentially harmful products include those containing baking
soda (sodium bicarbonate), phenol, camphor, boric acid,
benzocaine, and salicylates, all of which have been shown to
carry the risk of systemic toxicity and/or methemoglobine-
mia.86–91 Cornstarch and talc powders may have some
benefit in treating irritant diaper dermatitis by reducing
moisture and friction, but there is an associated risk of severe
respiratory disease if inhaled and, therefore, should be
avoided.91–93 Combination creams such as Mycolog II®
(triamcinolone/nystatin) and Lotrisone® (clotrimazole/beta-
methasone) should also be avoided in the diaper as the steroids
contained in these products are too potent for use on occluded
diapered skin.94,95 There have been numerous case reports of



Table 4 Outline of irritant contact diaper dermatitis treatment
NNABCDEs)49

Air—Diaper-free time.
Barrier—Zinc oxide, lanolin, and/or petrolatum. Instruct
caretaker to not completely wipe off residue with each change
and to reapply liberally. Petrolatum may be placed over other
pastes and ointments to prevent sticking to the diaper. The
barriers can also be placed over topical antifungals and
topical steroids when necessary.

Clean—Damp cloth or baby wipes. Preference is for products
with near to physiologic pH values. Warn parents not to over
cleanse the area as this further irritates the skin. Cleansing
should only be for stool and not for urine.

Diaper—The type of diaper may not be as important as frequent
changes, up to as often as every 2 hours, to maintain dryness.

Education—The treatment plan must be clearly explained to
caregivers to ensure adherence.

Others—Low potency non-fluorinated topical corticosteroids,
mycostatin, topical azole antifungals, mupirocin and oral
amoxicillin clavulanate, clindamycin, and cephalexin form
the backbone of most treatment plans for recalcitrant or
complicated irritant diaper dermatitis.
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Cushing’s syndrome resulting from the inappropriate use of
potent topical corticosteroids in the diaper area.96,97,98 Despite
recommendations to avoid these products, there are still a
significant number of physicians promoting their use.95
Treating recalcitrant irritant contact
diaper dermatitis

Recalcitrant diaper dermatitis that has not responded to
the above treatments may warrant the use of topical
corticosteroids or further evaluation for other common
causes of irritation in this area, such as allergic contact
dermatitis and fungal or bacterial infection. Allergen
avoidance is the optimal treatment for allergic contact
dermatitis in the diaper area. If necessary, low potency
nonfluorinated topical corticosteroids, such as desonide
0.05% and hydrocortisone valerate 0.2% ointments, are
known to be safe and effective in the diaper area and can be
combined with barrier ointments/pastes, antimicrobial
agents, and antifungals. Useful topical antifungal agents for
the diaper area in cases of suspected or confirmed candidal
dermatitis include mycostatin, clotrimazole, ketoconazole,
miconazole, econazole, tioconazole, and ciclopirox.99–101

While parents may try over-the-counter topical antibiotics,
such as bacitracin for suspected bacterial infection, these
products are not recommended. Topical antibiotics are not as
effective as other treatments and often contain bacitracin or
neomycin, which are common topical allergens.33,53 In cases
of mild localized staphylococcal infection, mupirocin
applied twice daily has been used effectively, but more
severe infections warrant the use of oral antibiotics, such as
amoxicillin clavulanate, clindamycin, cephalexin, or trimeth-
oprim-sulfamethoxazole in sufficiently old infants.102–104

Though not commonly used, especially in the United States,
there exists evidence that topical fusidic acid and retapamulin
are effective in the treatment of superficial staphylococcal
infections.105,106 One randomized double-blind study com-
paring the efficacy of hydrogen peroxide cream and fusidic
acid for the treatment of impetigo found both treatments to be
similarly efficacious in the 73% to 85% range.107

There are many safe and effective strategies and therapies
for the treatment of the most common causes of diaper
dermatitis. The ABCDEs for treatment of irritant diaper
dermatitis combined with any of the numerous evidence-
supported products currently available for cases of particu-
larly severe disease or in cases of fungal or bacterial infection
will provide safe and effective treatment in a majority of
cases (Table 4). The effective use of patch testing and
parental education to identify and avoid allergens is the most
effective means of treating allergic contact dermatitis of the
diaper area. Parents must understand proper diaper area care
and which products are helpful, harmful, or unknown.
Streptococcal infection and psoriasis

The association between streptococcal infection and the
development of plaque-type, guttate, and pustular psoriasis
has been well-described in the literature although the exact
mechanism by which this occurs is incompletely understood.
It has been postulated that psoriasis may develop as the result
of a superantigen exotoxin and/or molecular mimicry with
the well-studied M protein.108–110 In 1991, McFadden et al.
compared the amino acid sequence of protein M6 to 4721
ubiquitous peptides identifying 50-kDa keratin type 1 as the
closest human homolog.108 Since psoriasis is a T-cell
mediated immune response111 it is thought that exposure to
streptococcal M protein may cause activation of T-cells that
attack bacteria and have a proliferative effect on keratino-
cytes. Interestingly, acute rheumatic fever and acute post-
streptococcal glomerulonephritis, both complications of
immune dysfunction following stretptococcal infection,
have never been reported to occur concomitantly in a patient
with acute guttate psoriasis according to a 2010 review of the
literature by Krishnamurthy et al.112

Some authors suggest the lack of concomitant disease
may be because psoriasis is an external manifestation of an
evolutionary adaptation to rheumatic fever, similar to sickle
cell anemia and its evolutionary response to malaria.113 This
is largely based on the above observation that psoriasis, acute
rheumatic fever, and acute poststreptococcal glomerulone-
phritis do not appear in the same patients, despite
considerable geographic overlap. The existence of particular
HLA subtypes known to be associated with psoriasis may
provide further support of this evolutionary hypothesis. A
difference in subtype prevalence between populations known
to have suffered significantly from rheumatic fever in the



ig. 3 Well-demarcated bright red erythema in the diaper area
ue to inverse psoriasis.

Fig. 2 Bright erythema in the perianal region due to beta
hemolytic Streptococci that led to a flare of psoriasis in this infant.
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past and populations known to have had minimal exposure to
rheumatic fever would be of great interest as it might indicate
a degree of natural selection for protection from rheumatic
fever.112 The unfortunate downside to this protection may
have been increased susceptibility to psoriasis, a condition
with much lower mortality.

Perianal streptococcal dermatitis (Fig. 2) and streptococ-
cal pharyngitis have both been associated with the
development of psoriasis. The association with pharyngitis
has prompted the use of tonsillectomy as a treatment for
recalcitrant skin disease despite a lack of evidence support-
ing its use.114 Older data identified a benefit to the use of
penicillin or erythromycin with or without the addition of
rifampin in patients with streptococcal-associated psoria-
sis.115 More recent evidence, including a placebo controlled
randomized trial comparing penicillin or erythromycin to
placebo, found no benefit in using antibiotics for psoriasis
control.116,117 Treating streptococcal infection is beneficial
when considering the significant discomfort caused by
perianal dermatitis and pharyngitis and the possible long-
term sequelae; however, there does not appear to be any
information demonstrating a benefit to treating psoriatic
patients without an active infection.

While some authors have stated there have not been any
documented cases of group-A beta hemolytic streptococcus
resistant to penicillins,112 there have been reports of
erythromycin resistant streptococcus118 and recurrence
rates of 38.1% for perianal streptococcal infection treated
with penicillin or amoxicillin.119 As a result, some authors
recommend the use of beta-lactamase resistant penicillins or
cefuroxime with courses ranging from 10 to 21 days.119,120

Some authors recommend combination therapy primarily
with oral antibiotics and topical therapies such as antiseptics
(polyhexanide, chlorhexidine, or clioquinol) or antibiotics
(mupirocin, fusidic acid, erythromycin, or bacitracin).121

It has recently been observed that the microbiologic
content of perianal bacterial dermatitis may not always be
group A beta hemolytic streptococcus as previously
observed. A report from New York found that staphylococ-
cus aureus was isolated more frequently than streptococcus
from patients aged 5 months to 12 years with anal erythema
F
d

or recurrent buttock dermatitis.122 Additionally, a German
study published in 2012 found that group B beta-hemolytic
streptococcus, rather than group A, is the most common
culprit in perianal streptococcal dermatitis in adults.123,124

Our understanding of perianal streptococcus, its associ-
ation with psoriasis, and their potential evolutionary
connection has grown significantly in recent years. At this
time there does not appear to be sufficient evidence to
support the use of antibiotics in the treatment of psoriasis and
the risk of developing additional long term sequelae of
streptococcal infection appears minimal.112,114 It is impor-
tant that clinicians recognize the association between these
conditions and although current data are not available to
support the treatment of streptococcus carrier status in
individuals with recalcitrant psoriasis, significant anecdotal
evidence indicates that patient’s often see a noticeable
improvement in their skin condition.
Inverse psoriasis

One final consideration in regards to psoriasis is the clinical
entity inverse psoriasis. This refers to well-demarcated, shiny
red plaques of psoriasis involving the intertriginous areas,
such as the perineal, genital, and inguinal regions within the
diaper (Fig. 3). The clinician should look for signs of psoriasis
elsewhere including the scalp, umbilicus, external auditory
canals, periauricular region, and nails. This fairly common
presentation for psoriasis in infants and toddlers may often
be misdiagnosed as candidiasis or irritant contact dermatitis.
Conclusions

It is important to determine the etiology of cutaneous
eruptions in the diaper area because multiple entities may
result in diaper dermatitis. Although irritant contact

image of Fig.�3
image of Fig.�2
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dermatitis is the most common cause, others include
infections, allergic contact dermatitis, psoriasis, nutritional
deficiency, and immunodeficiency syndromes as listed in
Table 1. Technologic advances in diaper design have led to
increased absorption, decreased rewetting, and increased
comfort for children; however, with these advances, have
also come increased cases of allergic contact dermatitis to
substances found in diapers including disperse dyes, glue
resin, and rubber additives. Irritant contact dermatitis results
from increased moisture leading to skin maceration and pH
imbalance from feces and urine making the skin more
susceptible to infection. The ABCDE’s of irritant dermatitis
treatment include incorporating “diaper holidays,” using
barrier creams and ointments such as zinc oxide, petrolatum,
and new more advanced treatments such as dexpanthenol,
topical cholestyramine, and topical sucralfate. Over-cleans-
ing and harsh scrubbing need to be avoided and only
cleansing products with near-physiologic pH values should
be used. Use of superabsorbent diapers and frequent diaper
changes may also be effective. Educating parents on which
products to use and which to avoid is helpful in treating
irritant contact dermatitis and avoiding side effects from
unjustified therapy, such as methemoglobinemia and
Cushing’s syndrome. Physicians must be able to recognize
perianal dermatitis secondary to streptococcal infection and
its role in the development of psoriasis. Inverse psoriasis in
the diaper area must be considered in children with well
demarcated shiny red plaques so that an accurate diagnosis is
made and the correct treatments recommended.
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