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ABSTRACT
Atopic dermatitis is a common, chronic skin condition. A subpopulation of patients may have cutaneous exposure to

common airborne proteins exacerbating their disease through direct proteolytic activity, direct activation of proteinase-
activated receptor-2 itch receptors, and immunoglobulin E binding. The most common airborne proteins significant in
atopic dermatitis include house dust mites, cockroach, pet dander, and multiple pollens. The literature on atopy patch
testing, skin-prick testing, and specific IgE is mixed, with greater support for the use of atopy patch test. Patients with
airborne proteins contributing to their disease typically have lesions predominately on air-exposed skin surfaces
including the face, neck, and arms; a history of exacerbations after exposure to airborne proteins; severe disease
resistant to conventional therapies; and concurrent asthma. Treatment strategies include airborne protein avoidance,
removal of airborne proteins from the skin, and barrier repair. Further research is needed to establish the benefit of
allergen-specific immunotherapy.  (J Clin Aesthetic Dermatol. 2010;3(1):22–31.)

Atopic dermatitis (AD) is a common skin condition
affecting up to 17 percent of children and two
percent of adults in the United States.1,2 Americans

are estimated to spend up to $3.8 billion annually on
physician services and prescription drugs for the treatment
of AD.2 A subset of patients have severe AD that is
refractory to conventional treatment with topical steroids
and moisturizers. Within this group, there may be
subpopulations of patients who would benefit from
alternative or adjunctive treatment strategies. One group
of these patients may have cutaneous exposure to common
airborne proteins contributing to AD. This article reviews
the evidence for the pathogenesis, laboratory testing,
clinical presentation, and treatment options for patients
with airborne proteins as a contributing factor to AD.

PATHOGENESIS OF THE RESPONSE TO AIRBORNE
PROTEINS 

Patients with AD have a baseline-impaired barrier
function that allows proteins to penetrate into the viable
epidermis3 unlike a normally functioning epidermis that
prevents protein penetration beyond the stratum corneum.
In AD, airborne proteins have the ability to penetrate into
the epidermis and worsen AD severity through the
following three mechanisms: inherent proteolytic enzyme

activity, activation of proteinase-activated receptors-2
(PAR-2), and immunoglobulin E (IgE) binding, leading to
increased inflammation (Figure 1). 

First, airborne proteins produced by house dust mites
(HDM) and cockroaches have innate proteolytic activity on
the skin that can directly contribute to barrier impairment
and delayed barrier recovery in patients with AD.4,5 The
HDM airborne proteins have been researched extensively
and consist primarily of cysteine and serine proteases.3,4,6

These proteases have been shown to directly disrupt
epithelial tight junctions, degranulate eosinophils, and
activate keratinocytes, causing increased production of
interleukin (IL)-6, IL-8, and granulocyte-macrophage
colony-stimulating factor (GM-CSF).3,4,6-8 These effects
contribute to barrier impairment and increased local
inflammation. The exogenous proteases also alter the skin’s
natural equilibrium between endogenous proteases and
endogenous protease inhibitors leading to a delayed barrier
recovery in the stratum corneum.9 The altered barrier
function allows airborne proteins, microbes, and other
irritants easier access into the epidermis3 where they can
interact with local immune cells to initiate the Type-I-
immediate and Type-IV-delayed hypersensitivity reactions
that are common among patients with AD.4,5,10 It has also
been shown that applying certain weed pollens, animal
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dander, and molds onto asymptomatic skin
can lead to an eczematous reaction in a
subgroup of patients with AD.7 However, the
specific proteases associated with weed
pollens, animal dander, and molds are not as
well described in the basic science literature.

The second mechanism through which
airborne proteins exacerbate AD is through
direct activation of the PAR-2 receptor on
epidermal keratinocytes and dermal
unmyelinated nerve fibers. The PAR-2
receptor is crucial to neural transmission of
the itch sensation, maintenance of the
epidermal calcium ion gradient, and barrier
recovery, although the exact mechanisms of
action are not well understood.4,11 The skin
biopsies of AD patients typically show an
increased density of PAR-2 receptors.11 Both
HDM and cockroach proteins have been
shown to activate PAR-2 receptors.6 After
binding PAR-2 receptors, cockroach airborne
proteins have been shown to cause
oscillations in the intracellular calcium levels
of keratinocytes that lead to a breakdown in
barrier function.4 The PAR-2 receptor also
induces increased nuclear factor kappa-
light-chain enhancer of activated B cells (NF-κB)
activation and increased production of leukotriene B4 and
prostaglandin E2.4,12 Overall, chronic activation of PAR-2
receptors causes epidermal barrier dysfunction, chronic
itch, and delayed barrier recovery.

The final mechanism is classic IgE-mediated allergy.
Airborne proteins can bind to specific IgE antibodies and
initiate the release of histamine and other inflammatory
mediators, resulting in tissue damage.13,14 In addition, IgE-
mediated histamine release from mast cells exacerbates
the itch-scratch cycle, which can further worsen AD.7 The
skin of patients with AD has increased numbers of
Langerhans cells expressing the high-affinity IgE receptor
FcεRI compared with the skin of patients without AD.14 In
addition, Novak15 showed that biopsies taken from the skin
of patients with AD during atopy patch test (APT)
demonstrated increased chemotactic signals and invasion
of dendritic epidermal cells within 24 to 48 hours after
protein application.15 Despite these findings, the
incomplete effectiveness of antihistamines in relieving AD-
related pruritus suggests there are other mechanisms at
work, such as the proteolytic effects and PAR-2 binding
noted above.

LABORATORY TESTING FOR AIRBORNE PROTEINS
Because airborne proteins have the potential to

contribute to AD, it is important to evaluate possible
objective testing for the relevance of certain airborne
proteins to an individual patient. These tests include the
APT, the skin-prick test (SPT), and specific IgE levels. 

First, the APT evaluates Type-IV delayed
hypersensitivity responses to a protein. The APT is

performed similarly to a standard patch test, except
protein allergens are used. A standardized concentration
and volume of a protein is applied to the skin under
occlusion for 48 hours using either an 8- or 12-mm Finn
chamber. An initial reading is sometimes done at 20
minutes to evaluate for immediate urticaria, but the
standard readings are done at 48 and 72 hours after
application. The APT sites are evaluated for signs of
redness and blistering that would indicate a local
inflammatory response to the protein. The objective APT
result is taken in context of a clinical history of signs or
symptoms after exposure to the protein. The procedure
essentially assesses the patient’s inflammatory response to
a given protein. Classically, the inflammation is thought to
be primarily due to Type-IV delayed hypersensitivity
reaction. However, there is ongoing investigation to
establish if the inflammation may also be due to other
processes that increase local inflammation, such as direct
proteolytic activity of the protein or binding of PAR-2
receptor.16

The APT has the best evidence for identifying AD
patients with a relevant airborne protein reaction driving
their disease. Several researchers have documented
significantly higher rates of positive APT results in patients
with an air-exposed pattern of AD when compared to
patients with truncal AD lesions.17,18 Overall, APT results
appear highly reproducible.19 The sensitivity ranges
between 19 and 75 percent and specificity between 65 and
95 percent.20–25 Factors influencing this wide range include
patient selection by AD severity and distribution, use of
skin abrasion in testing methodology, type of protein, and
concentration of protein.20,22–25 While multiple formulations

FIGURE 1. An overview of the cellular and molecular mechanisms through which
airborne proteins aggravate barrier dysfunction and inflammation in atopic dermatitis
patients. Airborne proteins cause increased local inflammation, increased itch
sensation, and increased IgE sensitization through their proteolytic activity, their
activation of PAR-2 receptors on keratinocytes and unmyelinated C fibers, and their
ability to act as an allergen via Type I IgE-mediated hypersensitivity.
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can be used to produce the APT, it has been suggested that
the best concentration may be 5,000 to 7,000 protein
nitrogen units per gram of concentrate.18,22 Overall, APT
appears to have the highest specificity for assessing
airborne protein mediated disease, which makes it the best
test, other than clinical history to, predict treatment
success. Immunologically, this likely reflects the irritant
properties of airborne proteins’ proteolytic enzyme activity
and PAR-2 receptor stimulation.

The SPT and specific IgE strictly assess Type-I IgE-
mediated allergic responses to a protein, without assessing
the ability of the protein to cause inflammation via other
mechanisms. The SPT measures the IgE-mediated
response to epicutaneous deposition of a protein. It is well
known that patients with AD have increased rates of
sensitization to a multitude of proteins.26 Further, as the
severity of skin disease increases, the frequency of IgE
sensitizations also increases.26 One study showed that by
seven years of age, 80 percent of children with AD were
sensitized to at least one airborne protein.27 It is likely that
the increasing sensitization to airborne proteins seen with
increasing age is a secondary phenomenon related in part
to skin barrier breakdown, mucosal absorption, and
increased local inflammation.28–30 AD patients are more
likely to be sensitized to HDM than the majority of other
proteins in their environment,29–35 although it can vary by
region.36 While this test is highly sensitive due to the high
prevalence of sensitizations, it is very nonspecific to
distinguish airborne, protein-driven AD when compared to
patient history. Sensitivities have ranged between 68 and
100 percent while specificities for airborne proteins are
between 33 and 71 percent.20, 22–24 The SPT likely measures
a secondary phenomenon to the physiology of AD and is
not a reliable marker to identify patients with airborne
protein-driven AD.

Lastly, allergic sensitization to an airborne protein can
be measured by a specific IgE level. Similar to SPT,
researchers have consistently demonstrated a linear
association between increasing severity of AD and
increasing levels of HDM-specific IgE as well as increasing
levels of IgE specific to many other proteins.37 Again, the
altered barrier function of AD likely leads to this secondary
phenomenon of increased sensitization to environmental
proteins. However, once sensitized, continued exposure to
these allergens have the potential to worsen AD by
increasing local inflammation. Interestingly, patients with
AD were more likely to have elevated HDM-specific IgE
levels than patients with asthma; although both had higher
levels than the control group.38 The test is very similar in
characteristics to SPT in that it has a high sensitivity, but
low specificity. Sensitivities have ranged between 65 and 92
percent and specificities between 33 and 69 percent.20,22–24

Similar to SPT, specific IgE is not specific enough to
identify the subpopulation of patients with airborne
protein-driven AD.

Overall, the APT likely provides the most substantial
confirmatory evidence that a given airborne protein is
relevant for the patient’s disease. The SPT and specific IgE

may describe a secondary phenomenon in AD and not the
primary driving factor in the disease, and their results
should be considered cautiously in a context of a thorough
history and physical examination. However, it has clearly
been demonstrated that children with positive reactions
were significantly less likely to outgrow the disease39 so
there may be some prognostic value in the tests.  

CLINICAL SIGNS AND SYMPTOMS OF AIRBORNE,
PROTEIN-DRIVEN ATOPIC DERMATITIS

The best method of identifying patients with airborne,
protein-driven AD is likely through a thorough history and
physical examination. The most reliable factors include a
history of AD exacerbation after exposure to airborne
proteins, an air-exposed distribution of eczema, the
presence of refractory AD, and concurrent asthma. 

First, a history of eczema exacerbations after contact
with specific airborne proteins or specific seasonal
variation may identify patients likely to have airborne
proteins contributing to their disease. The bulk of this
evidence is from case series or one-center studies of less
than 100 patients.40–46 For example, Kubota et al46 described
a six-year-old boy with lifelong, severe, generalized AD,
mild asthma, and allergic rhinitis.46 His parents stated he
consistently complained of worsening pruritus when he
was in closed or air-conditioned rooms. Laboratory
evaluation showed a positive APT for HDM, low total serum
IgE, and negative HDM-specific IgE. His parents were
encouraged to perform HDM avoidance strategies
including eliminating all stuffed animals, installing a fine
filter in the air conditioner, and thoroughly cleaning the
house. One month later, the boy’s AD had completely
resolved except for one area on the scrotum. Another case
series documented a four-year-old girl who lived on a horse
ranch in a humid area of the United States and had
recurrent severe dermatitis flares requiring courses of
high-dose prednisone, intensive topical steroids, and
repeated courses of antibiotics. She had a positive APT to
HDM, horse dander, and mold; and a positive SPT to HDM,
horse dander, molds, and all pollens. Her lesions cleared
completely during a one-month vacation to Phoenix, a city
that has been shown to have low concentration of dust
mites, and was away from her horse ranch home.43 Another
case series documented an adult with uncontrolled eczema
while living in Boston that resolved completely when she
moved to Denver (another city with very low levels of
HDM) and got rid of her belongings from Boston.41 Another
series described four patients with hand dermatitis flares
only after contact with cats and all had positive APT to cat
dander.44 Seasonal flares may also be relevant as one case
series describes a patient with severe eczema only during
the spring and fall and a positive SPT and APT to oak and
ragweed pollen.41 The subpopulation of airborne protein-
driven AD may be more common than previously realized
as one study of 253 patients with AD showed 52 percent of
patients noticed exacerbations after contact with HDM and
33 percent noticed exacerbations after exposure to grass
pollen.22 Clinical history of exacerbations is an important
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historical clue to identify this group of AD patients.  
Second, another characteristic of airborne protein-

driven AD is the presence of lesions in an air-exposed
distribution on the face, neck, décolletage, arms, and lower
legs with relative sparing of the trunk (Figure 2).18,20,44,47 Two
studies with 118 and 57 patients, respectively, have shown
that patients with an air-exposed eczema pattern were
almost twice as likely to have a positive APT to HDM, cat,
and/or grass than patients with generalized or flexural AD
(69% vs. 39% of patients with a positive APT, p=0.02).18,20

Further, these patients have also been shown to have a
positive APT at lower doses of the protein than patients
with generalized or flexural AD47 and frequently show a
linear dose-response to airborne protein testing.20 

Third, patients with severe AD may be more likely to
have airborne proteins contributing to their disease. Their
significant baseline barrier dysfunction is likely worsened
by airborne proteins’ inherent proteolytic activity and PAR-
2 receptor activation. Thus, the barrier becomes even more
severely compromised and allows an increased penetration
of environmental proteins and chemical irritants as well as
increased water loss from the epidermis. Increased
exposure to these environmental proteins causes increased
frequency of Type-I IgE-mediated and Type-IV delayed
contact hypersensitivity reactions that result in increased
local inflammation and itch. Specifically, Wahn evaluated
more than 2,000 children 13- to 24-months old with AD and
found more severe AD disease was associated with an
increased frequency of sensitization to airborne proteins
(20.5% of patients with mild disease had positive testing
compared with 45.4% of patients with severe disease).26

Three studies including a total of more than 4,000 patients
demonstrated increased sensitization to airborne proteins
including HDM and cat dander in patients with more severe
AD.17,26,37,48 Overall, it has been established that patients with
persistent difficult-to-control AD benefit from a detailed
history of exacerbations to identify relevant environmental
triggers for their AD.43

Although less studied, patients with concurrent allergic
asthma may have a higher rate of airborne protein-driven
AD. The earliest report of airborne protein-driven AD
included two patients with concomitant seasonal
worsening of asthma and AD in 1918.40 A more recent study
of 20 patients with AD and asthma found half had a
significant exacerbation of their AD after HDM proteins
were administered by inhalation only.49 Interestingly, the
patients who had the most severe worsening of their
existing eczema lesions also had the most severe baseline
AD. Another study used airborne protein inhalation and
showed that objective scoring of skin lesions significantly
worsened in patients with AD and allergic asthma
compared with patients with AD and no asthma
(p=0.016).50

TREATMENT STRATEGIES FOR AIRBORNE PROTEIN-
DRIVEN ATOPIC DERMATITIS 

The treatment of airborne protein-driven AD may
involve a multimodality approach. In addition to standard

AD therapy, interventions shown to have possible benefit
include airborne protein avoidance, increased frequency of
bathing, traditional barrier repair, and systemic
immunotherapy. Airborne protein avoidance measures
typically include mattress and pillow covers, frequent
vacuuming, and frequent laundering of clothing and sheets. 

Overall, the data on these novel modalities aimed
specifically at airborne-protein reduction are mixed.
Therefore, both positive and negative studies are reviewed
in the text and in Table 1. This article focuses primarily on
HDM because it is the airborne protein with the most
evidence for avoidance strategies and because it is likely
the most relevant airborne protein for AD. One study
showed AD patients were more than three times more
likely to have HDM present on their skin when compared to
a control group (34.9% of AD patients had HDM detectable
on tape stripping of forearms compared with only 7.9% of
patients without AD, p<0.001).51

Airborne protein avoidance. Airborne protein
avoidance may be an effective strategy to prevent AD or
reduce AD severity in high-risk patients. For primary
prevention, one study showed infants exposed to more
than 1μg of HDM proteins per gram of house dust were four
times more likely to have AD than their cohort exposed to
less than 1μg of HDM proteins per gram of house dust
(21.6% vs. 5.3% of children diagnosed with AD,
p=0.0156).52 There is a linear increase in the incidence of
AD correlating with increased exposure to HDM, with

FIGURE 2. This demonstrates air-exposed atopic dermatitis in a 43-
year-old man with a history of severe allergic rhinitis, asthma, and long-
standing atopic dermatitis. At his initial presentation he reported intense
nighttime itching and had failed multiple topical and systemic therapies
for atopic dermatitis. His exam showed involvement primarily of the
distal two-thirds of the arms, neck, and face. A diagnosis of airborne,
protein-driven atopic dermatitis was made. Dust mite avoidance was
initiated, along with barrier repair therapy with a ceramide-dominant
moisturizer. Six weeks later, the patient reported that his skin was in the
best condition he could recall in several decades.
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TABLE 1. Comparison of studies with greater than 10 patients for airborne protein avoidance strategies for patients with atopic dermatitis

STUDY INCLUSION CRITERIA
STUDY DESIGN/
NO. PATIENTS

INTERVENTION TREATMENT OUTCOME

Clark
198943

• AD with flare after contact
with airborne protein

• +APT to airborne
protein

• Observational
study

• 18 patients,
1–54 years old

• HDM avoidance
measures, differed by
patient. Vacuuming,
moving cities,
removal of offending
proteins

• Complete resolution or marked
improvement of dermatitis in all patients.

• Relapse of dermatitis after re-exposure
of airborne proteins

Colloff
198976

• AD 
• +SPT and specific IgE

to HDM
• 20 patients

• Impermeable
mattress covers 

• High-flow vacuum
• Miticide to home

• No significant change in AD severity
between groups

Sanda
199296

• AD 
• High levels of HDM-

specific IgE
• 30 patients

• Clean room therapy
in an inpatient
hospital

• Significant decrease in perception of
itch, eosinophil counts, serum lactate
dehydrogenase activity

• Long remission of AD symptoms after
the study, average 8.4 months

Casimir
199358

• AD that did not
improve on a cow
milk-free diet

• No other allergic
disease

• Prospective
study

• 33 children,
1–36 months

• Removal of carpets,
bedclothes, and
teddy bears

• Miticide to home

• Significant improvement in AD severity
in 29 of 33 patients

Tan 199659 • AD 
• At least one +SPT

• Double-blind,
placebo-
controlled
study

• 24 adults, 24
children

• Impermeable
mattress covers 

• High-flow vacuum
• Miticide to home

• 98% less HDM dust after 1 month in
treatment group; Significant improvement
in AD severity score in treatment group
(difference between mean final scores 4.3
units, p=0.006) and in area affected
(difference between mean final areas 10%,
p=0.006); greater effect in children

Endo 199761 • AD 

• Controlled
study

• 30 patients,
3–12 years old

• Vacuuming floors,
mattresses, quilts

• Significant improvement in objective AD
severity scores in treatment group

• No significant change in total or HDM-
specific IgE in either group

Ricci 
200062

• AD 
• +SPT or specific IgE

to food or airborne
proteins

• Randomized,
blinded,
placebo-con-
trolled study

• 41 patients

• Impermeable
mattress covers

• Laundry weekly
• High-flow vacuum
• Miticide to home

• Significant improvement in AD severity
(from SCORAD 33 to 26, p=0.022)

Holm
200163 • AD 

• Double-blind,
placebo-
controlled
study

• 40 patients,
18–65 years
old

• Impermeable
mattress covers
versus placebo
cotton mattress
covers

• Significant decrease in severity scores in
both groups, 45% in treatment group
and 39% in control group

• Significant reduction in perception of
itch in both groups

• Patients had same benefit from
intervention, regardless of sensitization
to HDM, cat, or neither

Gutgesell
200174

• AD 
• +specific IgE to HDM
• Dust mite levels

>2µg/g in home

• Double-blind,
placebo-con-
trolled study

• 20 patients

• Impermeable
mattress covers

• Miticide to home

• Reduced pruritus-induced sleeplessness
• No significant change in AD severity

between groups

Oosting
200275

• Severe AD 
• +SPT or specific IgE

to HDM

• Double-blind,
placebo-
controlled
study

• 73 patients

• Impermeable
mattress covers

• No significant change in AD severity
between groups
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research showing 4.9 percent of individuals with low HDM
levels in the home had AD, compared with 13.9 percent of
individuals with very high HDM levels in the home had
AD.53 Follow-up studies have demonstrated that children at
high-risk for AD who were randomized to airborne-protein
avoidance and control groups showed a significant
reduction in AD in the therapeutic group at one year, which
remained consistent until the eighth and final year of the
study.54–57

For secondary prevention after diagnosis of AD,
multiple studies have shown improvement in AD severity
after initiating HDM avoidance strategies.41–43,46,58 This is
particularly true in patients with positive APTs and SPTs to
HDM.41–43 Several randomized, controlled trials showed
significant improvement in patients treated in the
therapeutic group despite significant decrease in mite
levels in both active and placebo groups.59–63

It is important to note that a substantial number of
studies have found no difference in AD frequency or
severity with airborne protein avoidance measures.64–73 One
study of 642 infants from the general population
demonstrated no association between exposure to HDM or
cats and subsequent development of AD.64,65 In another
study, AD was actually more likely in the HDM-avoidance
group after one year, but there was no significant
difference between the groups at the three-year follow
up.68–70 Several of these trials have documented decreased
levels of HDM with no change in the severity of AD.74–76

Factors influencing the differing results are likely
related to patient selection, relevance of HDM proteins,
effects of placebo interventions, and baseline HDM levels.
Studies varied greatly in their patient selection.
Specifically, studies with positive results from HDM
avoidance measures were more likely to select patients
with more severe AD, a clinical history of exacerbation
after airborne protein exposure, and/or an air-exposed
distribution of lesions. Further, some studies did not use
objective testing of APT, SPT, or specific IgE to assess the
likely relevance of airborne proteins. If APT testing was
used, there was variation in test protocol as some used tape
stripping, scratching, or other methods of abrasion in
addition to the standard patch-test methodology. Third,
several of the negative studies found HDM concentrations
decreased both with the intervention and with the
placebo.66–70,77,78 For example, impermeable mattress covers
for the treatment groups and cotton mattress covers for
the intervention group both caused a significant reduction
in HDM levels in one study.63 It is possible the intervention
was effective from baseline, but was not detected due to
partial effect of the placebo. Lastly, baseline levels of
airborne proteins, HDM in particular, can vary greatly
based on geographic variation.79 High mite levels are most
closely linked to areas with high humidity.79 Studies
conducted in communities with low levels of airborne
proteins may not have shown benefit because the net
change in protein levels was not significant, compared with
studies conducted in areas with high baseline levels of the
proteins. While the literature agrees that reducing HDM

within the house is possible, the preponderance of
evidence has not shown efficacy in AD prevention. It is
possible that merely decreasing HDM levels at home still
allows for too many confounding variables and further
control needs to be exercised in future randomized,
placebo-controlled trials. Future studies should identify
subjects via strict clinical criteria that select patients with
AD that is likely to be airborne-protein driven, use specific
APT methodology, and include direct measurement of
HDM levels before and after intervention to better assess
for potential responders. 

The evidence for decreased incidence and severity of
AD through reduction of HDM levels will be reviewed by
modality. It is important to examine the evidence for each
modality before recommending it to patients as each
generates both time and monetary costs to patients and
their families. 

Mattress and pillow covers. Several studies have
shown a decreased incidence or decreased severity of AD
in patients using allergen-impermeable mattress and pillow
covers regularly.52,59,60,63,74,75 One study followed 931 infants
through the first three years of life in an area with high
HDM levels and found a four-fold higher incidence of AD
among the neonates from homes with high HDM levels that
were not using the mattress covers (21.6% of neonates
with AD in the control group vs. 5.3% of neonates with AD
from homes using mattress covers, p=0.016).52 Other
research selected patients with severe AD75 or high HDM
levels74 and showed a significant reduction in both the
severity of patients’ skin lesions and in their objective
itching scores with regular use of impermeable mattress
and pillow covers. Holm et al63 used an impermeable
mattress cover as the intervention and a cotton mattress
cover as the placebo. They found both groups had
decreased levels of HDM, a significant reduction in AD
severity scores, and a significant reduction in itch.63

Interestingly, this study and the majority of these studies
found no correlation with SPT results or HDM-specific IgE
levels and response to therapy, illustrating the likely
primary effects of proteolytic and PAR-2 activity for this
protein.52,63 It is important to note most of these studies
combined the mattress cover with other interventions,
such as miticides (Table 1).

Frequent vacuuming. Frequent vacuuming in the
house has been shown to decrease the likelihood of AD in
the first year of life.52,80 Several studies have shown
significant improvement in clinical AD scores after weekly
vacuuming of floors, mattresses, and quilts.59–61

Interestingly, their HDM-specific IgE levels were
unchanged in most studies that measured them. Removal
of carpet in the home resulted in significant improvement
in 29 of 33 toddlers with AD.58

Frequent laundry. One study showed infants of
mothers with a high HDM-protein load on their pajamas
were more than three times more likely to be diagnosed
with AD than infants of mothers with low HDM-protein
loads on their pajamas (OR 3.45, 95% CI 1.63–7.01).80 Little
research has been done on this intervention to date, but it
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may be an appropriate recommendation to patients as it is
relatively inexpensive and has easy access. 

Frequent bathing. Bathing with or without soap can
remove airborne proteins from the skin and may have a
place in the treatment of AD. Use of emollients afterwards
is important. Frequent neonatal bathing has been shown to
decrease the likelihood of AD in the first year of life.52,80 Two
observational trials with 900 patients total showed benefit
of bathing once or more per day.80,81 A randomized,
controlled trial measured the clinical response in school
children with AD who showered during the school day in
addition to their regular bathing routine and found a
significant improvement after four weeks with those with
the greatest AD severity having the greatest benefit.82 More
research needs to be performed to determine if increased
showers are indeed beneficial. However, given the
inexpensive nature and easy access to home showering,
showering twice a day may be worth a trial in patients likely
to have airborne proteins contributing to their disease.

Barrier repair. Barrier repair is a foundational
therapeutic goal for all patients with AD. Barrier repair is
likely of particular importance for patients with airborne
protein-driven AD as the expected outcome of barrier
repair would be reduced penetration of these proteins. In
particular, ceramides are an integral component to the
stratum corneum and may be more important than
physiological ratios of lipids in AD.83,84 A ceramide-
dominant ointment, TriCeram (Osmotics Comeceuticals,
Denver, Colorado), proved efficacious in barrier repair for
22 of 24 patients after three weeks of therapy.85,86 Barrier
repair is an important mainstay of therapy for all patients
with AD and particularly for those with relevant exposures
to airborne proteins.

Allergen-specific immunotherapy. Allergen-specific
immunotherapy is defined as “the repeated administration
of specific allergens to patients with IgE-mediated
conditions for the purpose of providing protection against
the allergic symptoms and inflammatory reactions
associated with natural exposure to these allergens.”87

While multiple methods of immunotherapy exist,
subcutaneous and sublingual immunotherapies are thought
to be the most efficacious and best tolerated.88

Subcutaneous immunotherapy is the most widely used
form in the United States, and sublingual immunotherapy
is used mostly in Europe, but it is gaining interest in the
United States. However, there are still no FDA-approved
sublingual immunotherapy products.89

Current recommendations state that while there are
some encouraging studies, the collective data are too
limited and weak to consider allergen-specific
immunotherapy effective for patients with AD and
sensitization to airborne proteins.5,87,90–92 Several studies
have reviewed the literature on allergen-specific
immunotherapy for patients with AD.5,92 The main
weaknesses of previous studies are that they are
observational instead of prospective, not blinded, not
placebo-controlled, of insufficient power, and have high
drop-out rates. Further, it is difficult to compare these

studies due to lack of consensus-based international
guidelines on scoring AD severity; different allergens,
extracts, application schedules, and inclusion criteria used
between studies; and a lack of standardized topical
treatment to go along with specific immunotherapy. 

As mentioned previously, there have been some
promising studies. Werfel et al93 performed a multicenter,
randomized, blinded, dose-response study with HDM
subcutaneous immunotherapies in patients with AD and
HDM sensitivity and demonstrated that objective scoring of
AD declined significantly in a dose-dependent manner. The
use of topical steroids was also significantly reduced in
patients receiving higher doses.93 Bussmann5 et al reported
a 70.8-percent mean proportion of improvement of AD
using specific immunotherapy by performing a combined
statistical analysis of seven comparable observational
studies. In addition, Pajno et al94 studied sublingual
immunotherapies in HDM-sensitized children in a
randomized, placebo-controlled manner and found a
difference between the treatment group versus placebo in
objective scoring of AD and medication use at nine months,
but only in patients with mild-to-moderate AD.94 However,
they also reported that two of the patients discontinued
sublingual immunotherapies due to exacerbation of their
AD, which has also been previously reported in other
studies.5 In contrast, there have also been studies showing
no benefit over placebo.95

In summary, much of the published data suggest a
therapeutic benefit of allergen-specific immunotherapy in
AD, but generalized conclusions and recommendations
cannot be made until more randomized, double-blind,
placebo-controlled trials are completed.

SUMMARY
A subpopulation of AD patients may have a reaction to

common airborne proteins exacerbating their disease. The
reactions to airborne proteins are likely mediated by
multiple mechanisms, including direct proteolytic activity
leading to degradation of the stratum corneum, direct
activation of PAR-2 itch receptors, and IgE binding causing
increased local inflammation. The most common airborne
proteins that have been shown to be significant in AD
include HDM, cockroach, pet dander, and multiple pollens.
The literature on APT, skin-prick testing, and specific IgE
is mixed, with greater support for the use of APT results to
identify this subpopulation. Patients likely to have airborne
proteins contributing to their disease typically have lesions
predominately on air-exposed skin surfaces including the
face, neck, and arms; a history of exacerbations after
exposure to airborne proteins; severe AD resistant to
conventional therapies; and concurrent asthma. Possible
treatment strategies include airborne protein avoidance,
frequent bathing, and barrier repair. Further research is
needed to establish the benefit of allergen-specific
immunotherapy.
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