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Treatment of children diagnosed with atopic dermatitis (AD) is an art. Age-dependent barrier function, skin
physiology, body surface:weight ratio, the compliance of patient and caregivers, and legal considerations related
to the license status of topical and systemic drugs must be considered. Mild to moderate AD can usually be treated
sufficiently with a personalized regimen of emollients and topical anti-inflammatory therapy consisting of topical
corticosteroids (TCSs) or topical calcineurin inhibitors. Emollients containing bacterial lysates, tailored wet wrap
regimen, and proactive therapy with tacrolimus ointment or some TCSs are new developments in the field. Severe
AD may need systemic therapy, but all currently available systemic agents for severe AD are either not licensed for
children or not advisable on the long term, or both. Therapeutic patient education based on structured, interactive
sessions with patients or caregivers and a multidisciplinary team is highly effective. This publication summarizes
the current therapeutic options used in the pediatric AD population.
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Introduction

Atopic dermatitis (AD) is a highly pruritic, chronic
inflammatory skin disease frequently affecting young

children.1,2 Treatment of children must consider the age-
dependent changes of barrier function and skin physi-
ology, as well the increased ratio of body surface and body
weight of children and the frequently reduced compliance of
young patients and their caregivers. Mild, moderate, and
severe AD patients should all be treated with emollients
at least once daily, together with an individualized anti-
inflammatory treatment protocol. Mild to moderate AD can
usually be treated sufficiently with a personalized regimen
of emollients and topical anti-inflammatory therapy in-
volving topical corticosteroids (TCSs) or topical calcineurin
inhibitors (TCIs). As in adults, all systemic treatment of pe-
diatric patients must be chosen carefully and individually,3

especially as there is no consented or even licensed standard
therapy.2 Most systemic therapies for childhood AD will,
therefore, involve written informed consent before onset of
medication.1,2

Most current guidelines and position articles advising on
AD treatment recommend a stepwise treatment escalation
approach based on overall disease severity (Fig. 1). The
latter must take objective signs and subjective symptoms
into account, and therefore composite scores such as the

SCORAD4 or PO-SCORAD5 are recommended for asses-
sing the overall disease severity.2 The severity of AD can be
classified by SCORAD values in a mild (<25), moderate
(25–50), or severe (>50) course of the disease.6

The defective skin barrier leads to an increased penetration
of environmental allergens and infectious agents. A persistent
low level of inflammation and an increased transepidermal
water loss are detectable in the seemingly normal, nonlesional
AD skin, which is the basis for proactive treatment.7,8 This
review summarizes the current topical and systemic treatment
options recommended in the pediatric AD population.

Basic Topical Therapy

Multiple studies have shown that the use of emollients
improves the skin of AD patients.9,10 These products reduce
pruritus, improve the skin quality, and prolong the flair free
time. The main function is to preserve the humidity of the
skin.11,12 Humectants such as urea or glycerol will increase the
water content of the outer skin layers. In the past years, a new
category of emollients enriched with ceramides came on the
market, which showed good results in comparison with a
nonimproved ceramides formula.13,14 Emollients containing
urea are not recommended for children less than the age of 2
years, and lower concentrations should be used in children <10
years of age.2 Glycerol-containing emollients, in contrast, are
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recommended even for preterm infants.2 AD patients should
use emollient formulations without fragrances or preservatives,
as these substances are known allergens, causing contact der-
matitis even in childhood.15

The wet wrap technique is a traditional method of topical
treatment, which has been used for improving eczema and
wounds, and is dating back to ancient Egypt.16 As children
with acute oozing lesions may not tolerate a standard topical
therapy, the wet wrap technique can be applied first until the
oozing improves.10 The wet wraps can be performed either
with emollients only or with diluted TCSs. The latter should
be applied for a short period of time only, usually between 3
and 14 days.17,18 There are many modalities of preparing a
wet wrap, which have been reviewed in detail by Oranje
et al.16 The water used should be at body temperature, as
cold water may provoke vasoconstriction and warm water
may produce vasodilatation.19,20 A reapplication of the wet
dressing may be necessary after *30 min. The Rotterdam
method of wet wraps encourages that the wet wrap should
be rewetted every 2 h.16

Topical Antibacterial Therapy

Children suffering from AD have a tendency toward
colonization Staphylococcus aureus and Malassezia furfur
(M. furfur, also known as Pitrosporon ovale). Disseminated
infection with the Herpes simplex virus and cutaneous in-
fection with S. aureus, also known as impetiginization, are
among the most relevant complications of AD in childhood.21

Topical antiseptic substances may be compounded into
the emollients of AD patients to reduce their colonization
with S. aureus, but the antiseptic substances must be chosen
in a way that they are compatible with the emollient.12

Triclosan, chlorhexidine, and octenidine are mostly used for
these purposes.12

Topical antibiotic substances are generally not re-
commended for AD patients, as there is a potential for
development of resistance and contact allergy.2,22 Topical
tetracycline and topical aminoglycoside ointments are not
recommended for AD treatment. Localized S. aureus in-
fection especially of the eyelid region may be a good in-
dication for topical treatment with fusidic acid.

Bathing of babies and children is clearly recommended,
and should be done in warm but not hot water.10 Mild
synthetic detergents should be used instead of traditional
alkaline soap products.20 The optimal frequency of bathing
seems more a matter of personal preference, as there is no
evidence-based recommendation for frequency available—
every 2–4 days is a frequent recommendation.

Bathing in diluted solutions of potassium permanga-
nate and sodium hypochlorite has been recommended to
reduce the cutaneous colonization with S. aureus. There
is good evidence that a 1:1,000 dilution of sodium hy-
pochlorite, which equals the addition of 100 mL of nor-
mal household bleach to a bath tub filled with 100 L of
tap water, will reduce the colonization with S. aureus and
improve the treated body areas submerged in the diluted
bleach bath.23

FIG. 1. Treatment options
for atopic dermatitis.
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Topical Anti-Inflammatory Therapy

Topical anti-inflammatory therapy is the mainstay of all
flare intervention therapies of AD. TCSs and TCIs are the 2
relevant substance classes licensed for treatment of pediatric
and adult AD. Localized occlusion—which may be achieved
by saran wrap occlusion or wet wrap technology—will in-
crease the absorption and therapeutic efficacy of TCSs
and TCIs, but this will include both wanted and unwanted
drug effects.

Topical corticosteroids

TCSs have been used for more than 60 years for their
anti-inflammatory effect. A large diversity of formulations is
available on the market.12,24 The choice of corticosteroid
potency depends on the experience of the clinician. Topical
therapy will usually start with a medium-potency TCS fol-
lowed by a lower potency TCS, or may start with a low-
potency TCS and is escalated only when no improvement is
seen.12,25 Low-potency TCSs or highly diluted TCSs are
usually preferred for infants.26 The amount applied topically
should follow the fingertip rule, with 1 fingertip unit being
the equivalent of 0.5 g to be used on the area of an adult
palm.25 The amount of steroids recommended largely de-
pends on the area and severity of the disease, which makes it
difficult to recommend an exact amount to be used in
children: in the acute phase of AD, infants less than 2 years
may require an amount of 60–100 g ointment per week. In
children less than 10 years of age, an amount of 250 g per
week may be sufficient, whereas adolescents and young
adults might require an amount of 300 g per week.27,28 As
children have a higher degree of transcutaneous absorbtion,
there is an increased risk of systemic side effects in this age
group.28 Side effects such as hyperglycemia, hypertension,
glaucoma, adrenal suppression, and growth retardation may
develop.29 The newest generation of TCS formulations such
as methylprednisolone aceponate, prednicarbate, flutica-
sone propionate, and mometasone furoate offers a better
risk:benefit ratio with less systemic and local side effects.30

All TCSs are less favored in the delicate body areas such
as face, axillae, genitals, and eyelids because of their risk of
skin atrophy, whereas TCIs have become the treatment of
first choice for these delicate body areas.2 Some patients
and parents share their great concern regarding TCSs with
their physicians, whereas others still have concerns but do
not talk about it. This corticophobia may result in the dis-
continuation of TCS therapy, and determine a rebound of
the AD.31

Topical calcineurin inhibitors

TCIs have good anti-inflammatory properties and good
antipruritic effects, which largely result from their inhibition
of proinflammatory cytokine production and mast cell de-
granulation.32 In contrast to TCSs, TCIs do not lead to skin
atrophy.32 Tacrolimus ointment and pimecrolimus cream are
approved for topical treatment of AD in children more than 2
years of age, but many clinical studies indicate that an off-
label use in younger children is safe and effective.33,34 The
efficacy of TCIs has been shown against placebo in short- and
long-term clinical trials.22 The anti-inflammatory efficacy of
0.1% tacrolimus ointment is similar to that of intermediate
strength TCSs, whereas the latter are more potent than 1.0%

pimecrolimus cream.12 The most frequently reported side
effect is a local warmth or burning sensation in the first days
of application, which quickly improves if the TCSs are used
twice daily. The safety profile of long-term use of tacrolimus
and pimecrolimus in children has been demonstrated in a 2-
and 5-year study, respectively.33,34

Proactive Therapy

Proactive therapy is defined as a combination of pre-
defined, long-term, low-dose anti-inflammatory treatment ap-
plied on the previously affected, usually relapsing skin areas
together with daily emollient use on the rest of the body.35

Proactive therapy of these ‘‘problem zones’’ of AD is usually
performed twice weekly with TCSs or TCIs, and can be ini-
tiated only after all visible lesions have been cleared.36 The
additional application of emollients to the whole body should
be performed at least once daily.36 The efficacy of proactive
therapy has been shown in 3-month studies for methylpred-
nisolone aceponate and fluticasone propionate,37,38 and in 1
year studies for tacrolimus with adults and children.8,39 The
barrier disruption of the skin is lower with proactive therapy
than with continuous therapy, and is lower with TCIs than
with TCSs.40 The immunobiological background of proactive
therapy lies in the fact that nonlesional skin of AD patients is
not normal, but harbors a skin barrier defect, minimal in-
flammation, and an upregulation of the Immunoglobulin E
(IgE) receptors on epidermal Langerhans cells.7,41,42 As the
patient will actively address the disease according to his or her
schedule and is not ruled in his or her action by a disease he or
she cannot control, there is a behavioral aspect and concept
behind proactive therapy.43 There is clinical experience that
proactive therapy using tacrolimus ointment and some
medium-potency TCSs (Niedner classes II and III) works well
in clinical reality.2

Systemic Immunosuppressive Drugs

The evidence for systemic treatment of AD in children
and adolescents is largely derived from either adult studies
or from study data generated for other diseases (Table 1).
None of the suitable drugs for systemic treatment of AD in
childhood is specifically licensed for this age group.2 There
are some publications on Cyclosporine (CyA) and systemic
corticosteroids (SCS), which indicate their fast onset of ef-
ficacy. Methotrexate (MTX) and azathioprine (AZA) have
mostly been used as long-term therapy for disease modifi-
cation, and not for acute flare intervention.44 The new
substance class of Th2 blockers, such as dupilumab, is likely
to substitute most of the immunosuppressive drugs nowa-
days used for severely affected children.45

Systemic corticosteroids

Methylprednisolone is the most frequently used SCS, and
has been advocated as being a safe and efficient treatment
modality for the recalcitrant AD in the past century. Despite
its wide use, there is a largely unfavorable risk:benefit ratio.
Current guidelines and position articles prefer recommend-
ing other treatment options for long-term use in adults and
children.2,22,46 The normal dose would be 0.5–1.0 mg/kg
methylprednisolone given for about 1–2 weeks, followed by
decreasing doses over a few weeks. An abrupt cessation of
SCS frequently induces a rebound flare. Long-term use has a
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significant risk for adrenal suppression.46,47 Most of the
clinicians are well aware of the side effects brought by an
SCS therapy. The most dramatic side effects in the pediatric
population are hypertension, weight gain, decreased bone
density, decreased growth, and adrenal suppression.48

Cyclosporine A

CyA is a calcineurin inhibitor interfering with the proin-
flammatory cytokine production dependent on the nuclear
factor of activated T cells. T cells, mast cells, and dendritic
cells are known cellular targets of CyA.49 CyA is approved for
treatment of AD in adults in most European countries,
whereas treatment of children is an off label use. There is
quite large experience with using CyA in children. Safety and
efficacy in children are at least as good as in adults.50–52

Actually, children tolerate CyA quite well and show little or
no renal side effects. Although CyA may lead to nephrotox-
icity and hypertension in long-term use, continuous low-dose
CyA use over a 1-year period showed good safety results.53

The risk of hypertension and pseudotumor cerebri must be
considered.54 The pediatric CyA dosing is similar to adult
CyA dosing, and can range from 3 to 5 or even 6 mg/kg CyA
per day.2,22,46,47 Therapy is usually started with a dose of
5 mg/kg per day divided into two 2.5 mg doses, and can be
reduced after 4 weeks according to clinical response.53

Starting with a low-dose therapy of 2.5 mg/kg with progres-
sive augmentation every 2 weeks for nonresponders is also
possible, but the drug survival of this approach is not as
good.55–57 In summary, CyA is in most cases the preferred
drug for short-term intervention in children with severe AD.

Mycophenolate mofetil

Mycophenolate mofetil (MMF) affects the purine bio-
synthesis pathway of human cells and, therefore, blocks
selectively the proliferation of B and T lymphocytes. Owing
to its high specificity for lymphocytes, MMF has a good
safety profile in adults and children.2,58 The standard dose
for adult patients is 2 g per day divided into 2 oral doses of
1 g. MMF has not been approved for the treatment of AD in
children yet, but it is a recognized safe off-label therapy for

recalcitrant AD in children.47,59 The pediatric dose may
range between 30 and 50 mg/kg per day.2,47 No substantial
side effects such as leucopenia, anemia, thrombocytopenia,
or elevated liver parameters were identified in a small cohort
of 14 children on MMF.59 The most frequently observed
side effects are transient gastrointestinal symptoms such as
nausea, vomiting, diarrhea, and abdominal discomfort. The
overall clinical efficacy of MMF seems lower than that of
CyA, MTX, or AZA, but its tolerability and safety profile
seem to be excellent in children.

Methotrexate

The purine antagonist MTX interferes with purine and
pyrimidine synthesis, thereby reducing T cell proliferation.
Low-dose MTX therapy has shown good results in treatment
of adult patients with recalcitrant AD. MTX can be used with
confidence in children, as its effectiveness and safety profile
for children have been proven in multiple studies.60 MTX was
administrated in 25 children and showed 76% clearance of the
skin lesions.61 Mild gastrointestinal side effects were pre-
dominant and no substantial side effects reported. The pedi-
atric dose ranges between 0.2 and 0.7 mg/kg given once
weekly.2,47 Each MTX cycle must be pursued by a folic acid
substitution.2 Therapeutic response can be expected after 3–8
weeks, which is slow compared with that of CyA but similar
to that of AZA and MMF.62 The long-term drug survival of
MTX is better than that of CyA, making it a good option for
long-term treatment of children with severe AD.63

Azathioprine

The purine analogue AZA inhibits DNA production and
targets highly proliferative cells such as B cells and T cells.
The pediatric dose ranges between 1 and 4 mg/kg per day.
Thiopurine methyltransferase (TPMT) levels should be de-
termined before starting the drug,47,64,65 as low TPMT
levels are associated with higher treatment efficacy, as well
as increased risk of myelosuppression.66 Therefore, the
initial dose should be adjusted according to the TPMT re-
sults. Determination of TPMT levels should be repeated in
nonresponding patients.47,67 It takes 8–12 weeks until the

Table 1. Treatment Recommendations and Dosing Guideline for Systemic Immunosuppressive

Agents for Atopic Dermatitis in Children

Drug Starting dose Maintenance dose Recommendations

Corticosteroids 0.5–1.0 mg/kg/day
for 1–2 weeks

Reduce over a couple
of weeks

Not really recommended, better be avoided.
Use for acute and severe exacerbations only

and only as short time therapy.
Cyclosporine A 2.5–6 mg/kg/day Effective therapy. Recommended for

refractory AD.(a) Start at 5 mg/kg/day (a) Reduce after 4 weeks
according to response

(b) Start at 2.5 mg/kg/day (b) Increase every 2 weeks
in nonresponders

Mycophenolate
mofetil

30–50 mg/kg/day Increase 500 mg every
2–4 weeks in nonresponders

Less effective therapy. May be considered
as therapy for refractory AD.

Methotrexate 0.2–0.7 mg/kg/week test
dose: 1.25–5 mg

0.2–0.7 mg/kg/week Effective therapy. Recommended for
refractory AD. Requires folate
supplementation.

(a) Increase by 2.5–5 mg/week
in nonresponders

(b) Reduce with 2.5 mg/week
Azathioprine 1–4 mg/kg/day 1–4 mg/kg/day Effective therapy. Recommended for

refractory AD.

AD, atopic dermatitis.
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maximal clinical efficiency of AZA is reached.2,67 The side
effects in the pediatric population are mostly associated with
mild gastrointestinal complaints, elevated hepatic transam-
inases, and cutaneous viral infections.

Biologics

A number of traditional biologics mostly licensed for
psoriasis or chronic urticaria have also been tried for AD,
but the results were all discouraging.2 Omalizumab (OMB)
is a humanized monoclonal antibody that binds IgE. OMB
improved some cases of AD, but a randomized pediatric
trial versus placebo failed to show significant improve-
ment.68 Other traditional biologics such as mepolizumab
(anti-IL5), etanercept (anti-TNF-alpha), tocilizumab (anti-
IL6), and rituximab (anti-CD20) have also failed to show a
significant improvement, or presented severe side effects
when studied in adults.45,69

Dupilumab is an inhibitory monoclonal antibody binding
the common alpha chain of the IL4 and IL13 receptor, thus
selectively targeting the Th2 pathway of inflammation. Phase
2b and phase 3 studies have shown that dupilumab is safe and
effective for moderate-to-severe AD in adults.45,69 Skin in-
fections in the dupilumab group were less frequent than in the
placebo group.69 A pediatric phase 3 study with dupilumab is
currently underway, but results have not been published.

Nemolizumab is an inhibitory monoclonal antibody binding
the IL31 receptor, thus inhibiting a highly important pathway of
itch in AD.70 Results of an adult phase 2 study show good
efficacy regarding the symptoms itch and sleep disturbance.

Therapeutic Patient Education

Therapeutic patient education of children, adolescents,
and parents of children suffering from AD is an unbeat-
able safe and extremely effective way of intervention for
AD.71 Interdisciplinary group education given by physicians,
nurses, psychologists, and nutrition specialists will not only
improve patient knowledge about the impact of food, textiles,
immunology, stress, or basic therapy on their AD but also
improve signs and symptoms of AD and improve quality of
life.71,72 Interaction between participants is an important as-
pect of the intervention, which is also useful in the adult age.73

The worldwide experience with these programs is excel-
lent.74,75 All current guidelines recommend participation in
one of these therapeutic patient education programs.2,22,46,73

Conclusion

Management of acute flares in pediatric AD patients is
possible in most situations if certain standards of care are
followed. These have been reviewed and assessed in multiple
recent position articles and guidelines, such as the European
Task Force of Atopic Dermatitis position article, the European
Dermatology Forum guideline, and the American Academy of
Dermatology guideline.2,46,73 The majority of moderate and
severe AD patients can be maintained in a flare-free state using
the proactive approach36,76; there is an unmet need for an ef-
fective disease-modifying drug lacking immunosuppressive,
hepatotoxic, and nephrotoxic side effects. The new functional
substance class of Th2-blocking biologics, such as dupilumab
or tralokinumab, as well as the new biologics blocking the IL31
pathway, is expected to enhance the therapeutic options for
pediatric AD patients within the near future.
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