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The Atopic March: Definition.

•The atopic march has been defined as 
the natural history of atopic manifestations, 
characterized by a typical sequence 
of atopic disease in childhood, generally 
with AD in infancy or early childhood 
predating the development of other 
allergic disorders later in childhood.

•It has been estimated that approximately one-third of patients with AD 
develop asthma and two-thirds develop allergic rhinitis.

•van der Hulst AE, Klip H, Brand PL. Risk of developing asthma in young children                            
with atopic eczema: a systematic review. J Allergy Clin Immunol 2007;120:565–569.
•Spergel JM. Epidemiology of atopic dermatitis and atopic march in children. 
Immunol Allergy Clin North Am 2010;30:269–280.

Dharmage SC, Allergy. 2014 Jan;69(1):17-27. 

AD and IgE-Mediated FA: 
Early Members of the Atopic March



A proposed pathway to explain the atopic march 
from childhood eczema and the development of asthma and allergic rhinitis.

The hypotheses on plausible biological mechanisms for the atopic march focus 
on defective skin barrier function and overexpression of inflammatory mediators 

released by the skin affected by AD (including thymic stromal lymphopoietin)

Atopic dermatitis and the atopic march revisited.
Dharmage SC, Allergy. 2014 Jan;69(1):17-27. 



Thymic stromal lymphopoietin and anti-oxidants in PubMed

•Air Pollution During Pregnancy and Cord Blood Immune System Biomarkers.
Ashley-Martin J, J Occup Environ Med. 2016 Oct;58(10):979-986.

•Diesel exhaust particle-exposed human bronchial epithelial cells induce dendritic cell maturation
and polarization via thymic stromal lymphopoietin. Bleck B, J Clin Immunol. 2008 Mar;28(2):147-56. 

•Cigarette smoke extract induces thymic stromal lymphopoietin expression, leading to T(H)2-type                        
immune responses and airway inflammation. Nakamura Y. J Allergy Clin Immunol. 2008 Dec;122(6):1208-14. 

➢The suppression of thymic stromal lymphopoietin expression by selenium.
Moon PD, Amino Acids. 2012 Aug;43(2):999-1004. 

➢Epigallocatechin-3-O-gallate inhibits the production of thymic stromal lymphopoietin by
the blockade of caspase-1/NF-κB pathway in mast cells. Moon PD, Amino Acids. 2012 Jun;42(6):2513-9.

➢Down-regulation of thymic stromal lymphopoietin by curcumin.                                                                    
Moon PD, Pharmacol Rep. 2013;65(2):525-31.

➢Resveratrol ameliorates 2,4-dinitrofluorobenzene-induced atopic dermatitis-like lesions
through effects on the epithelium. Caglayan Sozmen S, PeerJ. 2016 Mar 31;4:e1889

➢1,25-dihydroxyvitamin D3 pretreatment inhibits house dust mite-induced thymic stromal lymphopoietin
release by human airway epithelial cells. Zhou L, Nan Fang Yi Ke Da Xue Xue Bao. 2014 Apr;34(4):492-6.



Celiac disease in children with atopic dermatitis.
Ress K, Pediatr Dermatol. 2014;31(4):483-8. 

✓351 consecutive Estonian children 
with active atopic dermatitis (AD), 
(mean age 5.8 yrs)

✓total serum IgA,  IgA- and IgG-
type autoantibodies to tissue
transglutaminase (IgA-anti-TG2, 
IgG-anti-TG2) and to deamidated
gliadin peptides (IgA-anti-DGP, 
IgG-anti-DGP). 

✓diagnosis of CD confirmed
by small intestine biopsy

1.5 –

1.0 –

0.5 –

0.0 -

% children with AD and 
biopsy confirmed CD

1.4%
(5/351)

In AD patients, CD 
prevalence was 
➢4 times as high 

as in randomly 
selected school 

children in Estonia. 



Eosinophilic Esophagitis Is a Late Manifestation
of the Allergic March.

Hill DA, J Allergy Clin Immunol Pract. 2018 Sep - Oct;6(5):1528-1533.

✓a primary care birth cohort                                      
of 130,435 children, 

✓natural histories of: 
•atopic dermatitis (AD), 
•IgE-mediated food allergy (IgE-FA), 
•asthma, 
•eosinophilic esophagitis (EoE), and

•allergic rhinitis (AR)                                                   
in individual patients

IgE mediated food allergy
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Atopic dermatitis: new insights and opportunities 
for therapeutic intervention.

Leung DY, J Allergy Clin Immunol. 2000 May; 105(5):860-76
Immunologic pathways 
involved in the 
progression of AD. 

These patients have a 
systemic T helper type 
2 (TH2) response with 
elevated IgE and 
eosinophilia with low-
level TH2 cytokine 
expression in uninvolved 
skin. 
The acute skin lesions 
are associated with 
marked infiltration of 
TH2 cells. 
However, with the 
infiltration of 
eosinophils and 
macrophages in chronic 
AD, there is a rise in 
IL-12 expression and a 
switch to T helper type 
1 (TH1) cellular 
responses.



A). Clinically
unaffected skin has
an epidermal barrier
dysfunction with a 
reduced diversity of
the surface
microbiome. 
In lesional skin, 
Langerhans cells, 
inflammatory
epidermal dendritic
cells bearing specific
IgE bound to the high 
affinity receptor for
IgE, and dermal
dendritic cells take 
up allergens and 
antigens. 
The type-2 cytokines
IL-4, IL-13, and IL-
31 directly activate
sensory nerves, which
promotes pruritus.

Pathophysiology of atopic dermatitis. Langan SM, Lancet. 2020 Aug 1;396(10247):345-360.

OUTSIDE – INSIDE - OUTSIDE



Basis for the barrier abnormality in atopic dermatitis: 
outside-inside-outside pathogenic mechanisms.

Elias PM, J Allergy Clin Immunol. 2008 Jun; 121(6):1337-43.

Outside-inside 
initial 
provocation of 
AD eventually 
can lead to an 
outside-inside-
outside vicious 
cycle.

hBD2, Human β-
defensin;

AR, amphiregulin;

NGF, nerve growth 
factor.



Courtesy of Prof Carlo Gelmetti



The brick wall 
analogy of the 
stratum corneum
of the epidermal 
barrier. 

In healthy skin the
corneodesmosomes
(iron rods) are intact 
throughout the stratum 
corneum.                       
At the surface, the 
corneodesmosomes
start to break down as 
part of the normal 
desquamation process, 
analogous to iron rods 
rusting (A).

Role of Epidermal Barrier Dysfunction in Atopic Dermatitis
Pathogenesis.  Cork MJ, J Allergy Clin Immunol. 2006;118:3-21

H2O
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✓ 52 ch with AD (2-12 yrs).

✓ 26 ch received a steroid 
cream for 2 weeks                         
(+4 weeks follow-up with             
no treatment) (Group A).

✓ 26 ch received steroid           
cream for 2 weeks                          
+ emolients for 6 weeks      
(Group B).

Emollients Improve Treatment Results with Topical 
Corticosteroids in Childhood Atopic Dermatitis: a 

Randomized Comparative Study
Szczepanowska Ped All Immunol 2008;19:614 

STEROID

* p=0.004  ** p=0.01   ***p<0.001

No emolient

plus emolient
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Comparison of parent knowledge, therapy utilization and 
severity of atopic eczema before and after explanation and 

demonstration of topical therapies by a specialist dermatology
nurse MJCork, Br J Dermatol 2003;149:582-9.

The mean quantity (g) of emollient
cream ⁄ ointment being used per 
week reported at each clinic visit

plotted against the mean
investigator’s assessment of

severity of the eczema using the 
six area,

six sign atopic dermatitis severity
score (SASSAD) at each visit.

54 g 
weekly

426 g 
weekly

*

* * *

*
*
*

* *
*



•The 3 key physiologic lipids:
are present in an approximately                                                                          

equimolar ratio in normal SC.
Man MQ,  J Invest Dermatol, 1996;106:1096-1101
Man MQ, Arch Dermatol, 1995;131:809-816.

•Applications of incomplete, 1- or 2-component mixtures of these lipids  
delay barrier recovery by disrupting this molar ratio,
Man MQ,  J Invest Dermatol, 1996;106:1096-1101

•Whereas, conversely, applications of the 3 lipids in equimolar
proportions allow normal recovery. 

Elias PM, Ann Allergy Asthma Immunol.  2018;121:653-656. 

Physiologic Lipid-Based Therapy of Atopic Dermatitis

oceramides, 

ocholesterol, and

ofree fatty acids
(long chain - more than 20 carbons –

saturated fatty acids)



Subsequently, it was demonstrated that 
increasing the molar ratio of any of the 
3 key lipids up to a 3:1:1 ratio accelerated
barrier recovery in normal skin.

Man MQ,  J Invest Dermatol, 1996;106:1096-1101

The absorbed lipids join with de novo 
synthesized lipids, 
immediately before their 
secretion into the extracellular 
spaces. 

Elias PM, Ann Allergy Asthma Immunol.  2018;121:653-656. 

3  :  1    :  1
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Physiologic Lipid-Based Therapy of Atopic Dermatitis



Ceramide dominant barrier repair lipids alleviate 
childhood atopic dermatitis: changes in barrier function 

provide a sensitive indicator of disease activity. 
Chamlin SL, . J Am Acad Dermatol 2002;47:198-208.

Improved barrier 
function correlates 
with appearance of 
membrane bilayer
structures in
stratum corneum
(SC). 

After application
of the                         
ceramide-dominant
preparation for 6 
weeks, 
extracellular 
lamellar bilayers
appear in foci
throughout SC   
(B-D, arrows).  
Bars  0.01 m.

AD stratum corneum with standard moisturizer



A randomized trial of a barrier lipid replacement
strategy for the prevention of atopic dermatitis and 

allergic sensitization: the PEBBLES pilot study.
Lowe AJ, Br J Dermatol. 2018 Jan;178(1):e19-e21. 

Prevalence of Atopic Dermatitis
at 6 months

20 –

15 –

10 –

05 –

0
treatment 

group 
control 
group 

✓twice-daily application of a 
ceramide-dominant emollient
(EpiCeram™) for the first 6 
months of life in 80 infants

✓parents of infants in the 
intervention group were shown 
how to apply approximately    
6 g of EpiCeram to the full 
skin surface of their child 
twice per day. 

✓Treatment was to commence 
within the first 3 weeks.

10%

19%



A randomized trial of a barrier lipid replacement
strategy for the prevention of atopic dermatitis and 

allergic sensitization: the PEBBLES pilot study.
Lowe AJ, Br J Dermatol. 2018 Jan;178(1):e19-e21. 
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at 12 months
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6 g of EpiCeram to the full 
skin surface of their child 
twice per day. 

✓Treatment was to commence 
within the first 3 weeks.
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A randomized trial of a barrier lipid replacement
strategy for the prevention of atopic dermatitis and 

allergic sensitization: the PEBBLES pilot study.
Lowe AJ, Br J Dermatol. 2018 Jan;178(1):e19-e21. 

Prevalence of food sensitization 
at 12 months in the per protocol analyses 

(only including infants who received
≥ 5 days per week of study treatment)
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✓Treatment was to commence 
within the first 3 weeks.



Mental health comorbidity in patients with atopic 
dermatitis Yaghmaie P, JACI 2013;131:428-33

✓ 92642 noninstitutionalized
children aged 0 to 17 
years.

✓ Lifetime prevalence of 
provider-diagnosed
mental health conditions
for those with and without
a history of AD.

OR of having attention deficit 
hyperactivity disorder

1.87

In children with AD

2 –

1 –

0



Mental health comorbidity in patients with atopic 
dermatitis Yaghmaie P, JACI 2013;131:428-33

1.81

Depression

1.87

3.04

1.77

Anxiety Cunduct
disorder

Autism

4 -

3 -

2 –

1 –

0

In children with Atopic Dermatitis OR for



Allergic disease in the first year of life 
is associated with differences 

in subsequent neurodevelopment and behaviour.
Meldrum SJ, Prescott SL. Early Hum Dev. 2012 Jul;88(7):567-73. 

✓324 infants with a maternal 
history of allergic disease 

✓at 12 months of age                        
allergen sensitisation, eczema,               
IgE-mediated and food allergy,  

✓at 18 neurodevelopmental
outcomes by: 
- the Bayley Scales of Infant  

Toddler Development III Edition, 
- the Achenbach Child Behaviour

Checklist and                                              
- the Macarthur Scales of Infant 

Toddler Development.

Children with any diagnosed 
allergic disease at 12 months 
had evidence of:
reduced motor scores p=0.016), 
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Toddler Development.

Children with any diagnosed 
allergic disease at 12 months 
had evidence of:
reduced motor scores p=0.016), 

this was most apparent 
for diagnosis of eczema 

(p=0.007). 
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The importance of immune 
activation in neurological 

outcomes
are further demonstrated 

in animal models where 
blocking effects of cytokines 

(such as TNFα or IL-1) 
reduces neurological injury 
during inflammatory events
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TNF-α inhibition and curcumin

551 results

TNF-α inhibition and resveratrol

465 results

October 10,  2021
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Does atopic dermatitis cause food allergy?
A systematic review Tsakok T, JACI 2016;137:1071-1078.

✓ 66 studies:                    
18 population-based,       
8 used high-risk cohorts, 
and the rest comprised
patients with either
established AD or FA; 

patients with AD 
vs healthy control

OR for food sensitization
at 3 months of age

7.0 –

6.0 –

5.0 –

4.0 –

3.0 –

2.0 –

1.0 –

0.0 

6.18 
p<0.001



Sensitization to food and inhalant allergens in relation to 
age and wheeze among children with atopic dermatitis

Wisniewski JA, Clin Exp Allergy. 2013 Oct;43(10):1160-70.

✓ IgE antibodies to food 
and inhalant allergens

✓ children with active 
atopic dermatitis (AD) 
(5 mo.-15 yrs, n = 66), 
with and without 
history of wheeze

2.0 –

1.0 –
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For each 12-month 
increment in age

1.21
P<0.01

OR of sensitization
to any aeroallergen

in children
with atopic dermatitis



✓ IgE antibodies to food 
and inhalant allergens

✓ children with active 
atopic dermatitis (AD) 
(5 mo.-15 yrs, n = 66), 
with and without 
history of wheeze

2.0 –

1.0 –

0.0 

For each 12-month 
increment in age

1.21
P<0.01

With the 
largest effect 
observed for 
dust mite

(OR = 1.56,      
P < 0.001 )

Sensitization to food and inhalant allergens in relation to 
age and wheeze among children with atopic dermatitis

Wisniewski JA, Clin Exp Allergy. 2013 Oct;43(10):1160-70.

OR of sensitization
to any aeroallergen

in children
with atopic dermatitis



Sensitization to hen's egg at the age of twelve months 
is predictive for allergic sensitization to common indoor 

and outdoor allergens at the age of three years.
Nickel R. J Allergy Clin Immunol. 1997 May;99(5):613-7.

✓1314 children in 5 German 
cities followed up from birth 
(1990) to the age of 3 years.

✓Total serum IgE and sIgE
antibodies to common food and 
inhalant allergens from cord 
blood and at follow-up visits 
at the ages of 1, 2, and 3 years 

Ulrich Wahn

Prevalence of 
sIgE to at least 

one indoor 
and/or 

outdoor allergens 
at age 36 months 

according 
to different 

concentrations 
of hen's egg-

sIgE
at age 12 months.

>

>



Long-lasting sensitization to food during the first 
two years precedes allergic airway disease. 

The MAS Study Group, Germany.
Kulig M, Pediatr Allergy Immunol. 1998 May;9(2):61-7.

✓A birth cohort of 508 
children 

✓sIgE to food and inhalant 
allergens at 1 and 2 years of 
age 

✓occurrence of subsequent 
allergic airway diseases                    
until 5 years of age 

Children persistently sensitized to food 
(persistently sensitized for > 1 year) 
had:

1) a 3.4 fold higher risk of developing 
allergic rhinitis and 

2) a 5.5 fold higher risk of developing 
asthma 

than infants who were only transiently 
food sensitized.

Ulrich Wahn
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✓sIgE to food and inhalant 
allergens at 1 and 2 years of 
age 

✓occurrence of subsequent 
allergic airway diseases                    
until 5 years of age 

Children persistently sensitized to food 
(persistently sensitized for > 1 year) 
had:

1) a 3.4 fold higher risk of developing 
allergic rhinitis and 

2) a 5.5 fold higher risk of developing 
asthma 

than infants who were only transiently 
food sensitized.

Persistently 
food-sensitized children 

especially in atopic 
families have to be 

regarded as a high-risk 
group and 

should be considered 
for preventive measures 

against respiratory 
atopy.

Ulrich Wahn
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Early life risk factors for adult asthma:                  
a birth cohort study of subjects at risk.
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P = 0.003
✓ Cohort study

of 100 babies
of atopic parents

✓ Followed
- at 5 yrs, 
- at 11 yrs, 
- at 22 yrs
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P = 0.003
✓ Cohort study

of 100 babies
of atopic parents

✓ Followed
- at 5 yrs, 
- at 11 yrs, 
- at 22 yrs

Mite allergen
avoidance measures

and 
optimal skin care 
should be started

early in these
subjects



Severity of Atopic Dermatitis and Asthma Development
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≈20%

>60%

mild AD severe AD 

➢Gustafsson D, Sjoberg O, Foucard T. 
Development of allergies and asthma 
in infants and young children with 
atopic dermatitis: 
a prospective follow-up to
7 years of age. 
Allergy. 2000;55:240–245.

➢Pearce N, Ait-Khaled N, Beasley R, 
et al. Worldwide trends in the 
prevalence of asthma symptoms: phase 
III of the International Study of 
Asthma and Allergies
in Childhood (ISAAC). 
Thorax. 2007;62:758–766.



Activity of atopic dermatitis can be greatly reduced by 
effective HDM avoidance    Tan BB,  Lancet 1996;347:15-8.
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Effect of house dust mite (HDM) 
avoidance on SCORAD

(Placebo   Active)(Active)

p=0.022

p=0.01
p=0.05ns

33
26

16

Effect of house dust mite avoidance measures in children 
with atopic dermatitis.   Ricci G,  Br J Dermatol 2000;143:379 

✓ 41 children (mean age 3-9 years)              
with AD. 

✓ Severity Scoring of AD  (SCORAD) 
index. 

✓ A placebo-controlled trial of                  
2 months duration, mite allergen 
avoidance measures                     
(encasing mattresses and pillows a 
recommended to group A patients,                         
but not to group B. 

✓ In the second part of the study, 
environmental avoidance measures 
were recommended to initial control 
group B patients also.

✓ Follow-up: 1 yr.
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Effect of house dust mite avoidance measures in children 
with atopic dermatitis.   Ricci G,  Br J Dermatol 2000;143:379 

Simple mite allergen 
avoidance measures 

should be recommended 
to families with children 

affected by extrinsic 
AD in order to control 

the clinical 
manifestations and 

prevent mite 
sensitization.

Effect of house dust mite (HDM) 
avoidance on SCORAD



➢ Eczema severity decreased  significantly in both 
HDM sensitive and non sensitive patients (p < 0.001)

➢ sCD30 levels were significantly reduced in both groups (p < 0.001)

➢ Patients not sensitized to HDM allergens benefited from the 
bedcovers as much as sensitized patients

A result which could be due to 
a reduction in beds of:

• other important allergens
• supertantigens
• irritants and enzymes 

“bedcovers should be part of routine treatment for AD”

Effectiveness of occlusive bedding in the treatment of atopic 
dermatitis--a placebo-controlled trial of 12 months' 

duration. Holm L, Allergy. 2001 Feb;56(2):152-8.



•Corneodesmosomes are not only 
broken down by endogenous 
proteases. 

•Once a flare of AD has been 
triggered, cells within the 
inflammatory infiltrate produce 
secondary proteases, which can also 
break down the skin barrier eg,
mast cell chymase (MCC). 

SLPI, serine 
leukoprotease

inhibitor.

•The stratum corneum is also exposed to many exogenous proteases from the 
environment, such as Staphylococcus aureus and house dust mites.

Primary
proteases

Role of Epidermal Barrier Dysfunction in Atopic Dermatitis
Pathogenesis.  Cork MJ, J Allergy Clin Immunol. 2006;118:3-21



AL Boner

Filamentous Fungi and Yeasts on Mattresses Covered with 
Different Encasings. Pitten Eur. J. Dermatol. 2001;11: 534  
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every 
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Mattresses covered 
by cotton encasing 
are more rapidly 

colonized by fungi 
than mattresses 
with synthetic 

encasing

washing 
at 60°C
every 

6 weeks !
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Filamentous Fungi and Yeasts on Mattresses Covered with 
Different Encasings. Pitten Eur. J. Dermatol. 2001;11: 534  
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35 synthetic enchase  
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✓ All new foam mattresses

✓ Sampling time 3-6-12 mo
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Application of 
synthetic encasing 
is recommended as 

a part of an allergen 
avoidance strategy 

for patients 
sensitized to 

fungal 
allergens

washing 
at 60°C
every 

6 weeks !



Does bathing frequency matter
in pediatric atopic dermatitis?

The debate about the clinical role of bathing frequency 
in atopic dermatitis (AD) has been ongoing for more than 100 years.

Hebra F. Traité des maladies de la peau. 
Paris: Masson; 1872:567e572.

Besnier E. Traitement de l’eczéma et du psoriasis. 
Paris: Rueff; 1897:66e83.

Cardona ID, Ann Allergy Asthma Immunol. 2016;117(1):9-13. 



Rationale Behind Infrequent (bathing less than once a day)
vs Frequent Bathing (bathing at least once a day)

Cardona ID, Ann Allergy Asthma Immunol. 2016;117(1):9-13. 

Confusion about bathing frequency stems from the paradox that,                    
for skin, water can be: 

bad

and 

good

bathing followed by evaporation causes stratum 
corneum contracture and fissures, thereby drying 
out the skin and impairing the epidermal barrier.

bathing followed by the application of a 
moisturizer within 3 minutes, could hydrate 
the skin and keep the epidermal barrier soft 
and flexible ( “soak and smear” technique)
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H2O H2O

H2O

H2O
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Rationale Behind Infrequent (bathing less than once a day)
vs Frequent Bathing (bathing at least once a day)

Cardona ID, Ann Allergy Asthma Immunol. 2016;117(1):9-13. 

rationale 
behind

infrequent 
bathing:

▪Detergents can contribute to skin barrier   
breakdown by increasing stratum corneum pH.
Burkhart CG. Int J Dermatol. 2008;47:1216e1217.
Cork MJ, J Allergy Clin Immunol. 2006;118:3e21. 

▪Routine bathing without application                                 
of an emollient can exacerbate xerosis.

Chiang C, Pediatr Dermatol. 2009;26:273e278.

▪High water temperature and physical irritation from 
excess towel drying or scrubbing of the skin.



Rationale Behind Infrequent (bathing less than once a day)
vs Frequent Bathing (bathing at least once a day)

Cardona ID, Ann Allergy Asthma Immunol. 2016;117(1):9-13. 

rationale 
behind

frequent 
bathing:

▪the presence of xerosis mandates                              
rehydration of the skin with daily baths,

▪gentle bathing help to eliminate crusts and 
mechanically decontaminate the skin of bacteria.

▪limited use of pH-balanced (5.5) skin cleansers, and  
cationic or nonionic surfactants.

▪gentle patting dry with the immediate                            
application of an emollient after the bath                         
(to “seal” in the added moisture).



Soak and smear: A standard technique revisited. 
Gutman AB, Arch Dermatol 2005;141:1556-1559

✓28 patients referred to a tertiary 
care center for refractory chronic 
pruritic eruptions.

✓Intervention with a plain water              
20-minute soak followed by smearing 
of mid-strength to high-strength 
corticosteroid ointment

1° report of the bathing technique



✓28 patients referred to a tertiary 
care center for refractory chronic 
pruritic eruptions.

✓Intervention with a plain water              
20-minute soak followed by smearing 
of mid-strength to high-strength 
corticosteroid ointment

1) This method led to 
clearing or dramatic 
improvement. 

2) Hydration for 20 minutes 
before bedtime followed 
by ointment application to 
wet skin and alteration of 
cleansing habits is an 
effective method for 
caring for several common 
skin conditions.

Soak and smear: A standard technique revisited. 
Gutman AB, Arch Dermatol 2005;141:1556-1559



A patient with psoriatic hand involvement 
before treatment (A and B). The patient 
was using clobetasol ointment at night 
with vinyl glove occlusion and frequent 
moisturization and cream in the morning.

Same patient four weeks after 
treatment. The only change to the 
patient’s regimen was to add a 20-
minute plain water soak before the 
nighttime ointment application.

Soak and smear: A standard technique revisited. 
Gutman AB, Arch Dermatol 2005;141:1556-1559
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https://www.youtube.com/watch?v=eyfvPggW7tw&t=304s
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