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Atopic Dermatitis in Children, Part 1:
Epidemiology, Clinical Features, and

Complications

David A. Kiken, MD; Nanette B. Silverberg, MD

Atopic dermatitis (AD), also known as eczema,
is a chronic skin condition, characterized by
itch (pruritus) and dryness (xerosis). AD lesions
appear as pruritic red plaques that ooze when
scratched. Children with AD are excessively sensi-
tive to irritants such as scented products and dust
due to their impaired skin barrier and skin immune
responses. AD is among the most common disor-
ders of childhood and its incidence is increasing.
AD is an all-encompassing disease that causes
sleep disturbances in the affected child, disrupt-
ing the entire household. Patients with AD also
are prone to bacterial overgrowth, impetigo, and
extensive viral infections. Consequently, familiarity
with the most recent literature is of utmost impor-
tance so that dermatologists and pediatricians can
appropriately manage their patients.
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Incidence and Prevalence

Recent population-based studies from Washington
state have estimated that 17.2% of the US population
is affected by atopic dermatitis (AD) in their life-
time.! An estimated 15 million Americans have AD,
and the incidence of AD in the United States has
more than doubled in the past 3 decades, mirroring
rises in other atopic conditions such as asthma. Some
studies report a slight predominance in females.? The
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incidence is not believed to vary by ethnicity. Chil-
dren in smaller families of a higher socioeconomic
class in urban locations are more likely to be affected
than children of other backgrounds.

Certain types of AD are more clinically prevalent
among certain ethnic groups.’ Facial and eyelid der-
matitis are more common in Asian infants and teen-
aged girls. Follicular eczema, a variant characterized
by extreme follicular prominence, is most common
in black individuals. One subtype of AD, a num-
mular variety, named for the coinlike appearance
of lesions, often is associated with contact allergens
(ie, allergy to substances that come in contact with
the skin), including thimerosal, a preservative used
in pediatric vaccines.’

Clinical Course

Significant flares of AD usually stop when children
are school aged. Complete clearing of AD occurs
at puberty or shortly thereafter in 40% to 60% of
patients.*> The more severe AD is in infancy and
childhood, the less likely a child is to experience
clearance or remission of the disorder. Although AD
in adults often is limited to the hands, persistent sen-
sitivity to chemicals and fragrances in adult patients
remains a leading cause of occupational dermatitis.

Mechanisms of Disease
AD is the cutaneous form of atopy, a multifactorial
genetic disorder.® The other atopic diatheses include
asthma, food and environmental allergies, hay fever,
allergic rhinitis, and allergic conjunctivitis. Seventy
percent of patients with AD have a family history of
the condition, and monozygotic twin concordance
rates are high.¢

Although AD is a form of atopy, true allergy
is not the only reason for disease exacerbations.
Atopic disease results from the interplay of skin
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barrier defects, susceptibility genes, susceptibility
to infection, and immunologic factors. It has been
demonstrated that the keratinocytes in the skin of
patients with AD produce decreased amounts of
ceramides, thus allowing entry of infectious agents,
greater exposure to irritants, and transepidermal
water loss.”!! Several researchers have suggested
a genetic predisposition to AD, and genetic link-
age analyses have identified several chromosomal
regions with linkage to AD.%!!

Third world nations have a lower incidence
of AD. It is believed that the higher incidence
of parasitic infections in the third world confer
protection against AD. Some authors suggest that
excessive cleanliness can prevent a child from
coming in contact with pathogens (eg, parasites)
in dirt. Consequently, inadequate stimulation by
pathogens can cause the immune system to act
abnormally against nonpathogens.!>!*

Hygiene Hypothesis—The concept that a lack
of exposure to infectious agents early in life pre-
disposes one to the development of atopic dis-
ease is called the hygiene hypothesis.'* The theory
has become popular because of the rapidly rising
prevalence of atopic diseases in recent decades
and the lower prevalence of atopy with rising birth
order.”>!® Small family size, high income and edu-
cation, residence in an urban environment, and
increased use of antibiotics all have been implicated
as risk factors.'”?® However, epidemiologic data
have been inconsistent.”! Research has shown that
although allergic reactions such as AD are mediated
by a T helper 2 (Th2)-type response, infections
are mediated by a Th1l immune response, which is
known to antagonize Th2 responses.'*® Thus, an
individual who is exposed to fewer infections (Th1-
type response) is prone to developing greater Th2
allergic responses as evidenced by the increased
incidence of AD. Realistically, chronic AD lesions
can have Thl cells and cytokines, whereas parasitic
infections often initiate Th2 reactions with associ-
ated eosinophilia. Therefore, the hygiene hypothesis
is flawed.!>?

Like other atopic conditions, AD is an immu-
noglobulin E (IgE)-mediated disorder.”? In type 1
IgE-mediated allergies, binding of allergen to IgE on
mast cells causes mast cell degranulation. In AD, IgE
that precipitates disease flares is on the surface of
Langerhans’ cells, not mast cells. Langerhans’ cells
have IgE on their surface bound to FceRI recep-
tors. When an allergen binds to IgE on the surface
of the Langerhans’ cell, the cutaneous antigen-
presenting cells cause T-cell hyperstimulation and
a Th2 response that results in the release of a
combination of cytokines related to allergic type 1
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reactions.’”” Other immunologic events include mast
cell degranulation, excessive circulating levels of IgE,
and eosinophil hyperreactivity. Medical therapy can
address several of these pathogenetic mechanisms.?

Triggers—For most patients, disease flares actu-
ally are triggered by irritants such as fragrances or
chronic allergens such as dust mites. The dust mite
is the leading IgE-binding allergen in AD; however,
other environmental allergens can play a role.?* Food
allergens such as peanuts, wheat, eggs, milk, and soy
have been shown to be triggers for up to 40% of chil-
dren with AD.” Immunologic evidence implicates
food allergens as a contributor to but not the cause
of AD. T cells specific to food allergens have been
cloned from the skin lesions of patients with AD.?
Furthermore, tests for food allergens have found food
allergen—specific T cells in the peripheral blood after
food-allergen challenge.”” Emotional stressors also
correlate with AD exacerbations mediated by rising
eosinophil and natural killer cell numbers.?*%

Seasonal flares of AD at the peak of winter and
summer also are common. In the winter, reduced
air humidity in the household because of heaters is
believed to be the main precipitating factor. In fact,
winter babies have been shown to have a higher
prevalence of eczema.’® Summer sweating can exac-
erbate disease in other patients.

Clinical Features

The classic presentation of AD includes eczematous
plaques (ie, erythematous excoriated plaques with
serous discharge). The typical distribution is age
dependent; however, 90% of patients with AD will
experience symptoms by 5 years of age.’! Although
disease usually flares in the winter, some children fare

Figure 1. Atopic dermatitis presenting in the antecubital
area in a 3-year-old black girl, with excoriated plagues,
erosions, and crusting.



poorly with excessive heat.
Patients with AD experi-
ence flares and remissions.*

Infants often present
after the first few months of
life with widespread plaques
on extensor surfaces, partic-
ularly over the elbows and
knees. Facial involvement
presents with bilateral ery-
thematous plaques on the
cheeks and characteristic
sparing of the nasal region,
the “headlight sign,” as
the nose becomes promi-
nent, similar to a headlight.
Facial eczema can be a recalcitrant problem through

toddler years and is exacerbated by moisture sources

such as drool and baby foods.>*

The common childhood form of AD usually
begins around the first year of life, with eczema-
tous plaques on flexural surfaces, including the
postauricular, nuchal, antecubital (Figure 1), wrist
(Figure 2), gluteal, popliteal, and ankle regions.

Adult eczema often involves the palmar surface
of the hand and is called dyshydrotic eczema. Many
adults believed to have experienced resolution may
develop eczema of the hand and sensitivities to
soaps, detergents, and excessive water exposure.’

Other Cutaneous Stigmata of AD—Other stigmata
associated with AD include palmar hyperlinear-
ity, which also occurs in other disorders such as
palmoplantar keratoderma and Down syndrome.
Dennie-Morgan folds are common in patients with
AD. They are linear infraorbital creases that begin
lateral to the medial canthus and extend beneath

Figure 3. Pityriasis alba in an 8-year-old Hispanic boy,
with annular hypopigmentation recurring each spring.

Figure 2. Atopic dermatitis presenting on the dorsal hand in a 5-year-old child, with
erythematous plaques, excoriations, and crusting.

the eye. These folds also may be seen in children
without AD and are not pathognomonic. Children
of color are far more likely to have Dennie-Morgan
folds irrespective of the presence of AD.** Perioral
pallor also is a common feature of AD.

Dermatologic Conditions Associated

With AD

Patients with AD may experience a variety of ocular
conditions, beginning at birth with keratoconus.”
As children approach school-age, the onset of atopic
conditions such as allergic thinoconjunctivitis may
be heralded by allergic shiners, a darkening and
mild swelling of the infraorbital skin, and a trans-
verse nasal crease. The latter also is known as the
allergic salute because it is caused by the upward
hand rubbing or stroking of the nose precipitated
by nasal symptoms such as itch. Other symptoms
of allergic diathesis include allergic conjunctivitis
resulting from injection of the sclera and conjunc-
tival mucosa.”

Other dermatologic conditions associated with
AD include pityriasis alba (Figure 3), an annular form
of hypopigmentation occurring most commonly on
the face and seen most often in the spring and sum-
mer months.” It is believed to be a form of subclini-
cal eczematous dermatitis, in which erythema does
not accompany inflammation. Ichthyosis vulgaris
(Figure 4) is an autosomal-dominant genodermatosis
presenting with fishlike scales of the forehead and
anterior shin. The excessive xerosis accompanying
ichthyosis vulgaris can exacerbate AD.%

Complications

Patients with AD are more prone to bacterial over-

growth, impetigo, and extensive viral infections.
Bacterial Infections—More than 90% of AD

lesions will be colonized with Staphylococcus aureus

and up to 76% of patients with AD will be colonized
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with S aureus on nonlesional skin.
Patients also may carry S aureus
in the nares, allowing for repeated
reinfection, despite systemic anti-
biotic administration.*®*7

In addition, parents and care-
takers may harbor S aureus in the
nares, causing repeated reinfection
of their child.*® With excessive
oozing and excoriations, it is not
uncommon to find bacterial over-
growth, leading to frank impetigo.
Infection with S aureus worsens
inflammation by secreting superan-
tigens and o toxin, resulting in
stimulation of T cells, macrophages,
and eosinophils.”

Methicillin-resistant S aureus
(MRSA) has been reported in
patients with AD.*# The isola-
tion rate of MRSA is increasing.
Akiyama et al? reported that
31.1% of patients with AD are
infected with MRSA. Conse-
quently, antimicrobial treatment for
patients with AD must be carefully
tailored to prevent the growth of
MRSA infection.

Viral Infections—In children
with AD, cutaneous viral infec-
tions are difficult to contain and
often lead to extensive viral eruptions.’®*’ Abnor-
mal cutaneous viral processing was reported with
smallpox vaccinations in children with AD more
than 4 decades ago.** Extension and generalization
of painful scarring pox lesions was seen in a minor-
ity of patients with AD and was termed eczema vac-
cinatum (EV) or Kaposi varicelliform eruption. Most
of the patients who developed EV in the clinical
trials of the 1960s had inactive or quiescent AD,
confirming the presence of an abnormal response to
viral infections, even in the absence of active AD.*
In larger vaccinia vaccination trials, one third of
patients with EV died because of extensive skin dis-
ease.’® The Centers for Disease Control guidelines
recommend that individuals who have ever been
diagnosed with eczema or AD (conditions involving
repeated episodes of red, itchy, or inflamed skin),
even if the condition is mild, not presently active,
or was present only in childhood, should not receive
the vaccinia vaccine.

When children with AD are exposed to herpes
simplex virus (initial infection or recurrence), they
might develop eczema herpeticum, herpetic lesions
extending beyond the original site to an extended
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Figure 4. Fishlike scales on the anterior shin, a common presentation of
ichthyosis vulgaris.

cutaneous surface area. These children may have
rapid extension of their cutaneous illness and often
are extremely irritable and sick. Eczema herpeticum
is painful and is associated with a risk of dehydration
and bacterial superinfection. However, use of acy-
clovir and hydration does speed healing and reduces
the extent of infection.*>*

It has long been thought that children with AD
are more prone to human papillomavirus infections
and molluscum contagiosum. Although a greater
incidence of viral warts has not been consistently
demonstrated in children with AD, immune pro-
cessing of the human papillomavirus has been
shown to be abnormal for dermatitis patients and
can result in a prolonged course of disease.*” Most
children with AD will experience a significant flare
of AD if they become infected with the molluscum
contagiosum virus, often called molluscum dermatitis.
Molluscum contagiosum infections are more likely
to demonstrate extensive lesions and cause severe
pruritus in children with AD. Concurrent treatment
of the underlying AD and molluscum contagiosum
infections is required because the 2 diseases exacer-
bate each other.*®



Sleep Disruption and Growth Abnormalities—Sleep
disturbances are common in patients with AD.* Pru-
ritus often is worst in the evening in children with
AD because of the lack of humidity and removal of
clothing.”® As nocturnal sleep is required for release
of growth hormone, it is essential for overall growth
to ameliorate sleeplessness. Furthermore, the entire
household suffers when the child does not sleep;
parents often join their child in lack of sleep and
frustration. Parental frustration increases when a
child with AD spends the night scratching.’ Chil-
dren with AD often learn to manipulate their par-
ents with disease complaints and can become small
household dictators, particularly when evening dis-
ease exacerbations are rewarded by an invitation to
join their parents in bed.

Recently, a group of pediatric dermatologists
assessed the effect of AD on their patients’ quality
of life. They found that AD leads to sleep dysfunc-
tion in affected children, and sleep deprivation and
exhaustion in parents, compromising physical and
emotional health of both the child and parents.’>>

Food Allergy and AD—In the first 3 months of
life, infants with AD are predisposed to develop-
ing food allergies and asthma. Food allergy occurs
in at least one third of patients with AD; however,
whether these food allergies are merely associated
atopic conditions or disease triggers is a subject of
much debate. Many parents report that their child
scratches shortly after introduction or ingestion of
specific foods (an atopic food-related exacerbation).
However, in a child with extensive disease or intrac-
table pruritus, a diagnosis based on observation is
unreliable; allergy testing is necessary to provide
guidance in feeding. Although false negatives and
positives often occur in infants, radioallergosorbent
testing can provide basic guidelines for food intro-
duction. As the child grows older, repeat allergy test-
ing through scratch testing can better identify the
food allergies. When the disease state is severe with
extensive (>30% body surface area) disease, persis-
tent pruritus, and poor response to topical therapy,
particularly in small infants, avoidance of the most
common allergens, including milk, peanuts, fish,
soy, eggs, and chocolate, is recommended. Breast-fed
infants also can benefit from maternal withdrawal of
these allergens.’* Though beneficial to children with
AD, restrictive diets can be difficult for parents.

Atopic Triad/Atopic March—In an atopic march,
the symptoms of AD precede the appearance of
allergic rhinitis and asthma.>*® Evidence also has
shown that the more severe the AD, the greater the
risk of developing allergic rhinitis. Furthermore, the
severity of AD correlates with IgE levels, which can
predispose patients to developing asthma.’’®°

Pediatric

The link between AD and asthma is thought to
result from genetic and pathogenetic similarities. In
addition to being linked by chromosomal regions,
AD and asthma also share a common pathogenesis,
including eosinophilia, Th2 cytokines, and ele-
vated IgE levels.®!"® The atopic march is thought to
begin with epicutaneous sensitization that stimu-
lates a Th2 response.** This localized immune
response leads to a systemic response marked by IgE
production, eosinophil activation, and increased
bronchial mucous secretion, bronchial hyperreac-
tivity, and smooth muscle proliferation, leading to
asthmatic symptoms.®>¢

Comment

AD is a common childhood disease that deserves the
attention of dermatologists and pediatricians. Recog-
nition of and attention to its characteristic pruritic
and xerotic erythematous rash will greatly relieve
patients with AD. Furthermore, this common allergic
disorder has been shown to be associated with other
allergic conditions such as asthma and hay fever.

This article is the first of a 2-part series. The second part,
focusing on treatment options for AD, will appear in an
upcoming issue of Cutis®.

REFERENCES

1. Laughter D, Istvan JA, Tofte SJ, et al. The prevalence of
atopic dermatitis in Oregon school children. ] Am Acad
Dermatol. 2000;134:649-655.

2. Schultz Larsen E The epidemiology of atopic dermatitis.
Monogr Allergy. 1993;31:9-28.

3. Patrizi A, Rizzoli L, Vincenzi C, et al. Sensitization
to thimerosal in atopic children. Contact Dermatitis.
1999;40(2):94-97.

4. Williams HC, Strachan DP. The natural history of child-
hood eczema: observations from the British 1958 birth
cohort study. Br ] Dermatol. 1998;139:834-839.

5. Wuthrich B. Clinical aspects, epidemiology, and prog-
nosis of atopic dermatitis. Ann Allergy Asthma Immunol.
1999;83:464-4170.

6. Strachan P, Wong HJ, Sector TD. Concordance and
interrelationship of atopic diseases and markers of allergic
sensitization among adult female twins. J Allergy Clin
Immunol. 2001;108:901-907.

7. Hata M, Tokura Y, Takigawa M, et al. Assessment of
epidermal barrier function by photoacoustic spectrometry
in relation to its importance in the pathogenesis of atopic
dermatitis. J Lab Invest. 2002;82:1451-1461.

8. Cookson WO, Moffatt ME The genetics of atopic derma-
titis. Curr Opin Allergy Clin Immunol. 2002;2:383-387.

9. Tamura K, Suzuki M, Arakawa H, et al. Linkage and asso-
ciation studies of STAT6 gene polymorphisms and allergic
diseases. Int Arch Allergy Immunol. 2003;131:33-38.

VOLUME 78, OCTOBER 2006 245



Pediatric

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Novak N, Kruse S, Kraft S, et al. Dichotomic nature
of atopic dermatitis reflected by combined analysis of
monocyte immunophenotyping and single nucleotide
polymorphisms of the interleukin-4/interleukin-13 recep-
tor gene: the dichotomy of extrinsic and intrinsic atopic
dermatitis. J Invest Dermatol. 2002;119:870-875.
Arkwright PD, Chase JM, Babbage S, et al. Atopic derma-
titis is associated with a low-producer transforming growth
factor beta(1) cytokine genotype. ] Allergy Clin Immunol.
2001;108:281-284.

Forastiere F, Agabiti N, Corbo GM, et al. Socioeco-
nomic status, number of siblings, and respiratory infec-
tions in early life as determinants of atopy in children.
Epidemiology. 1997;8:566-570.

Levy RM, Gelfand JM, Yan AC. The epidemiology of
atopic dermatitis. Clin Dermatol. 2003;21:109-115.
Strachan DP. Hay fever, hygiene, and household size.
BM]J. 1989;299:1259-1260.

Williams HC. Is the prevalence of atopic dermatitis
increasing? Clin Exp Dermatol. 1992;17:385-391.

Sibbald B, Rink E, D’Souza M. Is the prevalence of atopy
increasing? Br ] Gen Pract. 1990;40:338-340.

Butland BK, Strachan DP, Lewis S, et al. Investigation into
the increase in hay fever and eczema at age 16 observed
between the 1958 and 1970 British birth cohorts. Br Med
J. 1997;315:717-721.

Taylor B, Wadsworth ], Wadsworth M, et al. Changes in
the reported prevalence of childhood eczema since the
1939-45 war. Lancet. 1984;2:1255-1257.

Williams HC, Strachan DP, Hay R]. Childhood
eczema: disease of the advantaged? BMJ. 1994;308:
1132-1135.

Strachan DP. Epidemiology of hay fever: towards a com-
munity diagnosis. Clin Exp Allergy. 1995;25:296-303.
Strachan DP. Family size, infection and atopy: the first
decade of the “hygiene hypothesis.” Thorax. 2000;55
(suppl 1):S2-S10.

Semper AE, Heron K, Woollard AC, et al. Surface expres-
sion of Fc epsilon R1 on Langerhans’ cells of clinically
uninvolved skin is associated with disease activity in
atopic dermatitis, allergic asthma, and rhinitis. J Allergy
Clin Immunol. 2003;112:411-419.

Leung DY. Infection in atopic dermatitis. Curr Opin
Pediatr. 2003;15:399-404.

Beltrani VS. The role of house dust mites and other aero-
allergens in atopic dermatitis. Clin Dermatol. 2003;21:
177-182.

Sampson HA. Food allergy. part 1: immunopatho-
genesis and clinical disorders. J Allergy Clin Immunol.
1999;103:717-728.

Burks W. Skin manifestations of food allergy. Pediatrics.
2003;111:1617-1624.

Schade RP, Van Ieperen-Van Dijk AG, Versluis C,
et al. Cell-surface expression of CD25, CD26, and
CD30 by allergen-specific T cells is intrinsically

246 CUTIS®

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

different in cow’s milk allergy. J Allergy Clin Immunol.
2002;109:357-362.

Schmid-Ott G, Jaeger B, Adamek C, et al. Levels of
circulating CD8(+) T lymphocytes, natural killer cells,
and eosinophils increase upon acute psychosocial stress
in patients with atopic dermatitis. ] Allergy Clin Immunol.
2001;107:171-177.

Schmid-Ott G, Jaeger B, Meyer S, et al. Different expres-
sion of cytokine and membrane molecules by circulating
lymphocytes on acute mental stress in patients with atopic
dermatitis in comparison with healthy controls. J Allergy
Clin Immunol. 2001;108:455-462.

Nilsson ], Bjorksten B, Harrevig G, et al. Season of birth
as predictor of atopic manifestations. Arch Dis Child.
1997;76:341-344.

Kay ], Gawkrodger DJ, Mortimer MJ, et al. The preva-
lence of childhood atopic eczema in a general population.
J Am Acad Dermatol. 1994;30:35-39.

Wuthrich B, Schmid-Grendelmeier P. The atopic eczema/
dermatitis syndrome. epidemiology, natural course, and
immunology of the IgE associated (“extrinsic”) and the
nonallergic (“intrinsic”) AEDS. J Investig Allergol Clin
Immunol. 2003;13:1-5.

Rudzki E, Samochocki Z, Rebandel P, et al. Frequency
and significance of the major and minor features of
Hanifin and Rajka among patients with atopic dermatitis.
Dermatology. 1994;189:41-46.

Williams HC, Pembroke AC. Infraorbital crease, ethnic
group and atopic dermatitis. Arch Dermatol. 1996;132:
51-54.

Leung DYM, Tharp M, Boguniewicz M. Atopic dermatitis
(atopic eczema). In: Freedberg IM, Eisen AZ, Wolff K, et
al, eds. Fitzpatrick’s Dermatology in General Medicine. 5th
ed. McGraw Hill; New York, NY: 1999:1464-1480.
Leyden JJ, Marples RR, Kligman AM. Staphylococcus
aureus in the lesion of atopic dermatitis. Br ] Dermatol.
1974;90:525-530.

Williams R, Gibson AG, Aitchison TC, et al. Assessment
of a contact-plate sampling technique and subsequent
quantitative bacterial studies in atopic dermatitis. Br J
Dermatol. 1990;123:493-501.

Williams JV, Vowels BR, Honig PJ, et al. S. aureus isola-
tion from the lesions, the hands, and the anterior nares
of patients with atopic dermatitis. Pediatr Dermatol.
1998;15:194-198.

Wedi B, Wieczorek D, Stunkel T, et al. Staphylococ-
cal exotoxins exert pro-inflammatory effects through
inhibition of eosinophil apoptosis, increase surface anti-
gen expression (CD11b, CD45, CD54, and CD69) and
enhanced cytokine-activated oxidative burst, thereby
triggering allergic inflammatory reactions. J Allergy Clin
Immunol. 2002;109:477-484.

Arkwright PD, Daniel TO, Sanyal D, et al. Age-related
prevalence and antibiotic resistance of pathogenic staphy-
lococci and streptococci in children with infected atopic



41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

dermatitis at a single-specialty center. Arch Dermatol.
2002;138:939-941.

Adachi Y, Akamatsu H, Horio T. The effect of antibiot-
ics on the production of superantigen from Staphylococcus
aureus isolated from atopic dermatitis. ] Dermatol Sci.
2002;28:76-83.

Nishijima S, Namura S, Mitsuya K, et al. The incidence
of isolation of methicillin-resistant Staphylococcus aureus
(MRSA) strains from skin infections during the past three
years (1989-1991). ] Dermatol. 1993;20:193-197.
Akiyama H, Yamasaki O, Tada ], et al. Adherence char-
acteristics and susceptibility to antimicrobial agents of
Staphylococcus aureus strains isolated from skin infections
and atopic dermatitis. ] Dermatol Sci. 2000;23:155-160.
Fenner F Henderson DA, Arita I, et al. Smallpox and Its
Eradication. Geneva, Switzerland: World Health
Organization; 1988.

Centers for Disease Control and Prevention. Small-
pox vaccination. Available at: http://www.bt.cdc.gov
[agent/smallpox/vaccination/skin-contra.asp#dermatitis.
Accessed September 4, 2006.

Wollenberg A, Zoch C, Wetzel S, et al. Predisposing
factors and clinical features of eczema herpeticum. a
retrospective analysis of 100 cases. ] Am Acad Dermatol.
2003;49:198-205.

Montgomery SM, Ehlin AG, Sparen B, et al. Childhood
indicators of susceptibility to future cervical cancer. Br ]
Cancer. 2002;87:989-993.

Silverberg NB. Warts and molluscum in children.
Adv Dermatol. 2004;20:23-73.

Stores G, Burrows A, Crawford C. Physiological sleep dis-
turbance in children with atopic dermatitis: a case control
study. Pediatr Dermatol. 1998;15:264-268.

Reuveni H, Chapnick G, Tal A, et al. Sleep fragmentation
in children with atopic dermatitis. Arch Pediatr Adolesc
Med. 1999;153:249-253.

Su JC, Kemp AS, Varigos GA, et al. Atopic eczema: its
impact on the family and financial cost. Arch Dis Child.
1997;76:159-162.

Chamlin SL, Frieden 1IJ, Williams ML, et al. Effects of
atopic dermatitis on young American children and their
families. Pediatrics. 2004;114:607-611.

Chamlin SL, Mattson CL, Frieden IJ, et al. The price of
pruritus: sleep disturbance and cosleeping in atopic der-
matitis. Arch Pediatr Adolesc Med. 2005;159:745-750.
Sicherer SH, Sampson HA. Food hypersensitivity and
pathophysiology, epidemiology,

atopic  dermatitis:

55.

56.

517.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Pediatric

diagnosis, and management. ] Allergy Clin Immunol.
1999;104(3 pt 2):S114-S122.

Rhodes HL, Sporik R, Thomas P, et al. Early life risk fac-
tors for adult asthma: a birth cohort study of subjects at
risk. J Allergy Clin Immunol. 2001;108:720-725.

Rhodes HL, Thomas P, Sporik R, et al. A birth cohort
study of subjects at risk of atopy: twenty-two-year follow-
up of wheeze and atopic status. Am J Respir Crit Care Med.
2002;165:176-180.

Oettgen HC, Geha RS. IgE regulation and roles in asthma
pathogenesis. ] Allergy Clin Immunol. 2001;107:429-440.
Schafer T, Heinrich ], Wist M, et al. Association between
severity of atopic eczema and degree of sensitization to
aeroallergens in schoolchildren. J Allergy Clin Immunol.
1999;104:1280-1284.

Wuthrich B. Serum IgE in atopic dermatitis: relationship
to severity of cutaneous involvement and course of disease
as well as coexistence of atopic respiratory diseases. Clin
Allergy. 1978;8:241-248.

Burrows B, Martinez FD, Halonen M, et al. Association
of asthma with serum IgE levels and skin-test reactivity to
allergens. N Engl ] Med. 1989;320:271-277.

Cookson W, Ubhi B, Lawrence R, et al. Genetic linkage
of childhood atopic dermatitis to psoriasis susceptibility
loci. Nat Genet. 2001;27:372-373.

Beyer K, Nickel R, Freidhoff L, et al. Association and
linkage of atopic dermatitis with chromosome 13ql2-
14 and 5q31-33 markers. ] Invest Dermatol. 2000;115:
906-908.

Eichenfield LF, Hanifin JM, Beck LA, et al. Atopic derma-
titis and asthma: parallels in the evolution of treatment.
Pediatrics. 2003;111:608-616.

Aleksza M, Lukacs A, Antal-Szalmas P, et al. Increased
frequency of intracellular interleukin (IL)-13 and IL-10,
but not IL-4, expressing CD4+ and CD8+ peripheral T
cells of patients with atopic dermatitis. Br ] Dermatol.
2002;147:1135-1141.

Semper A, Heron K, Woollard A, et al. Surface expression
of Fc epsilon RI on Langerhans’ cells of clinically unin-
volved skin is associated with disease activity in atopic
dermatitis, allergic asthma, and rhinitis. ] Allergy Clin
Immunol. 2003;112:411-419.

Lambrecht B, Carro-Muino I, Vermaelen K, et al.
Allergen-induced changes in bone-marrow progenitor and

airway dendritic cells in sensitized rats. Am ] Respir Cell

Mol Biol. 1999;20:1165-1174.

VOLUME 78, OCTOBER 2006 247



