
REVIEW

Atopic Dermatitis, Patch Testing, and House Dust Mites: A
Brief Review
Alde Carlo P. Gavino, Glen R. Needham, and Whitney A. High

The association between house dust mites (HDMs) and atopic dermatitis (AD) has long been a contested issue in both dermatology

and allergy/immunology. As AD continues to burden millions of individuals and even whole societies, the commercial availability of a

HDM allergen mix for epicutaneous testing has revived efforts to identify a definitive link between HDMs and AD. Conclusive

evidence of a role for HDMs in the pathogenesis of AD would justify patch testing with mite allergens and would further the use of

allergen-specific immunotherapy in the management of such patients; an absence of involvement would refocus our investigative

efforts on other conspirators. We present a thorough review of the dissenting scientific evidence and expert opinions on this

controversial topic. The association of HDMs with AD has remained elusive, and additional investigation is necessary to resolve this

vexing riddle.

T HE TERM ‘‘ATOPY’’ refers to a state of susceptibility

to hay fever, asthma, and atopic dermatitis. ‘‘Atopic

dermatitis’’ (AD) specifically represents a dermatosis

particularly common among children. Epidemiologic data

indicate that the prevalence of AD in developed countries

has increased substantially over the last 40 years and in

some societies may now be as high as 17%.1,2 While

predominantly a disease of childhood, the condition may

persist in up to 60% of adults, and late-onset disease, while

unusual, has been reported.3 Accordingly, the costs to

society brought about by this affliction continue to

worsen. Recently, Ellis and colleagues estimated the annual

cost of AD in the United States at $0.9 to $3.8 billion.4

Given this socioeconomic burden, much research has

been conducted to elucidate the etiology and pathophy-

siology surrounding this condition. The house dust mite

(HDM), a ubiquitous organism, has been implicated in the

etiology and exacerbation of the disease. With the recent

commercial availability of a HDM-derived allergen mix for

epicutaneous testing, controversy has arisen regarding the

utility of this testing modality. Moreover, a systematic

review of two large double-blind placebo-controlled trials

on HDM avoidance in adults with asthma revealed no

clinical improvement, raising the question of whether such

is true for AD as well.5 Therefore, it is useful to review the

evidence implicating HDMs in AD and the potential role

of patch tests with HDM allergens in managing these

patients.

AD and Immunity

AD is a chronic and recurrent skin disorder characterized

histopathologically by an inflammatory T-cell infiltrate,6

which suggests a role for these cells in its pathogenesis.

Patch testing has demonstrated that a specific sequential

activation of T helper (Th) cells occurs in AD.7,8 Within 24

hours of allergen exposure, interleukin-4 (a Th2 cytokine)

messenger ribonucleic acid and protein levels in AD skin

increase and then progressively decline to background

levels over the next 24 hours. During this decline in

Th2 cytokine production, the initially undetectable

expression of interferon-c (a Th1 cytokine) is markedly

up-regulated. On the basis of this model, AD is believed to

exhibit a biphasic immune pattern wherein a Th2 profile

predominates at onset and during acute exacerbations

whereas a Th1 profile prevails during chronic stages of the

disease.9,10

Recently, the focus of research has shifted to the role of

antigen-presenting cells (APCs), particularly dendritic cells

(DCs) and skin-resident Langerhans’ cells (LCs), in the

pathogenesis of AD. LCs and DCs play a pivotal role in

immunity by virtue of an ability to induce primary

immune responses through the presentation of antigens to,

and activation of, naïve T cells.11 Studies have demon-
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strated an up-regulation of the high-affinity immunoglo-

bulin E receptor (FcERI) upon LCs and DCs present in

lesional atopic skin but not among the same cells in

nonlesional atopic skin or nonatopic skin.12–14 This

increased expression correlates with high serum immu-

noglobulin E (IgE) levels.13 More importantly, it has been

demonstrated that LCs and DCs present allergens to T cells

100- to 1,000-fold more effectively if the allergen is

targeted to FcERI on these cells by allergen-specific IgE.15

These phenotypic and functional characteristics equip LCs

and DCs in AD with a markedly enhanced ability to

initiate T-cell–mediated immune responses against aller-

gens.

HDMs and Their Mechanistic Role in AD

The European HDM, Dermatophagoides pteronyssinus (Der

p), and the American HDM, Dermatophagoides farinae

(Der f allergen) (Fig 1), are the most common mites that

thrive in household dust,16 one of the major environ-

mental aeroallergens to which AD patients are hypersensi-

tive. According to the official list of allergens maintained

and updated (March 7, 2007) by the Allergen

Nomenclature Sub-Committee of the International

Union of Immunological Societies, 14 Der p and 14 Der

f allergen groups have been identified thus far (Table 1).17

Of these allergens, group 1 (Der p 1 and Der f 1) and

group 2 (Der p 2 and Der f 2) are most allergenic18,19;

specifically, they bind IgE in 80 to 100% of tested sera

obtained from patients allergic to HDM.20 Moreover,

several studies have consistently shown a high rate of

positivity for specific IgE antibodies to group 1 and 2

allergens in HDM-sensitized patients.21–25

The group 1 allergens Der p 126 and Der f 127 are 25 kD

cysteine proteases that have 30% sequence homology with

papain.28 They have an amino acid sequence homology of

81%27 and incite both cross-reacting and species-specific

antibodies.29 The group 1 cysteine proteases are believed to

be secreted into the mite’s gut,30 probably as digestive

enzymes, and accumulate in mite cultures mostly in

association with fecal balls (the remainder is associated

with whole mites and cuticles).31 Fecal particles from mite

cultures have been found to contain as much as 10 mg/mL

of Der p 1.31 It has been suggested that as little as 2 mg of
Figure 1. Scanning electron micrograph of a Dermatophagoides
farinae mite. (31300 original magnification).

Table 1. Dermatophagoides pteronyssinus and Dermatophagoides

farinae Allergens

Biochemical Name

Group

Allergen Der p Der f

1 Cysteine protease Cysteine protease

2 NPC2 family NPC2 family

3 Trypsin Trypsin

4 Alpha amylase NI

5 Unknown* NI

6 Chymotrypsin Chymotrypsin

7 Unknown* Unknown*

8 Glutathione-S transferase NI

9 Collagenolytic serine

protease

NI

10 Tropomyosin Tropomyosin

11 Paramyosin Paramyosin

12 NI NI

13 NI Fatty acid–binding

protein

14 Apolipophorin Apolipophorin

15 NI Chitinase

16 NI Gelsolin/villin

17 NI Calcium-binding

protein

18 NI Chitinase

19 NI NI

20 Arginine kinase NI

21 Unknown* NI

22 NI Unknown*

Adapted from Thomas WR, Smith W.16

Der f 5 Dermatophagoides farinae allergens; Der p 5 Dermatophagoides

pteronyssinus allergens; NI 5 not identified; NPC2 5 Niemann-Pick type

C2.

* Produced by the mite, but exact nature and function have yet to be

determined.
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group 1 allergens per gram of dust is needed to sensitize an

individual to HDMs.32

Der p 233 and Der f 2,34 on the other hand, are 14kD

proteins that have a very high sequence homology (88%)34

with each other, accounting for the almost completely

cross-reactive antibody responses they elicit.35 In the past,

the group 2 allergens were believed to be lysozymes,36 but

this hypothesis has been disproven.37 Although the exact

nature and function of these proteins has remained elusive,

there is mounting evidence that the group 2 allergens may

be involved in the recognition and binding of lipids.38 Der

p 2 and Der f 2 are currently classified under the Niemann-

Pick type C2 (NPC2) family of proteins (see Table 1).17

NPC2, a distant homologue of the group 2 allergens,39 is a

soluble lysosomal glycoprotein that binds cholesterol.40

Furthermore, recent studies have shown that the group 2

allergens have structural characteristics that are very

similar to those of MD-2,39,41 a protein that recognizes

bacterial lipopolysaccharides (by forming a complex with

Toll-like receptor 4 and CD14 on the cell surface) and

initiates an immune response against them.42

Although definite causality has yet to be determined, it

has been alleged that HDMs play a role in the

immunopathogenesis of AD. Not only do AD patients

have elevated levels of serum IgE antibodies specific to

HDM allergens, biopsy specimens of AD lesional skin have

also been shown to be infiltrated with T lymphocytes that

recognize Der p.43 Through cysteine protease activity,

group 1 allergens mediate several mechanisms by which

HDMs might promote AD. For example, it has been

shown that Der f 1 may facilitate its entry into AD skin by

enzymatically breaking down the epidermal barrier44 in

much the same way that Der p 1 is able to increase the

permeability of bronchial epithelium to serum albumin in

vitro.45 This protease-mediated epithelial disruption,

coupled with a genetically determined barrier defect

recently found in AD patients,46 provides for the easy

entry of various allergens that may promote and

perpetuate the disease.

Another proposed mechanism by which HDMs may

promote AD is through their potent immunomodulatory

effects. Mite allergens are able to activate keratinocytes and

induce them to produce and secrete proinflammatory

cytokines.47 Moreover, Der p 1 is able to polarize

immunity toward a Th2 type by (1) cleaving the low-

affinity IgE receptor (CD23) on B cells, resulting in up-

regulation of IgE synthesis48; (2) cleaving the alpha subunit

(CD25) of the interleukin (IL)-2 receptor on T cells,

causing inhibition of T-cell proliferation and reduced

production of interferon (IFN)-c, a Th1 cytokine49; and

(3) cleaving CD40 on DCs, leading to decreased produc-

tion of IL-12, another Th1 cytokine.50 Recently, it was

demonstrated that Der p 1 also has the ability to cleave

DC-SIGN and DC-SIGNR, C type lectin receptors

expressed by DCs that interact with T cells to promote

Th1 immunity.51 Cleavage of these receptors abrogates

Th1 immune responses, giving way to the uninhibited

propagation of Th2 immunity.51

Additionally, it is believed that delayed-type hypersen-

sitivity (DTH) reactions characteristic of eczematous AD

skin lesions may result from potentiated ability of LCs and

DCs to process allergens. IgE-bearing LCs, as opposed to

those lacking surface IgE, present HDM allergens to T cells

with greater efficiency.52 Also, DCs of atopic patients that

are sensitized to HDMs express increased levels of

mannose receptors, compared to those of nonatopic

subjects, and more efficiently capture Der p 1 by a

mannose receptor–dependent mechanism.53 The indepen-

dent role that LCs and DCs play in the pathogenesis of AD

is supported by the fact that not all AD patients with

elevated serum mite-specific IgE antibodies (an indicator

of immediate-type hypersensitivity) show a positive

response to patch testing (a model for DTH) with mite

allergens.54,55

Clinical Evidence for the Association of HDMs with
AD and for the Utility of Patch Testing

Although the role of HDM allergens in asthma and allergic

rhinitis has been studied and largely accepted by those in

the field, the involvement of these same allergens in the

pathophysiology of AD remains a matter of debate (Table

2). Exacerbation of AD by HDMs was first proposed by

Tuft in 1949.56 Careful environmental analysis in Scotland

has demonstrated increased exposure to HDMs among

atopic adults,57 and several authors have described

dramatic clinical improvement when mite elimination

and avoidance strategies were employed.58–61 In 1982,

Mitchell and colleagues showed that purified Der p 1 could

induce eczematous lesions when placed on the skin of

atopic individuals allergic to HDMs.62 More recently,

Tupker and colleagues demonstrated the worsening and/or

development of new plaques of dermatitis in atopic

patients exposed to intrabronchial HDM allergens.63

Nevertheless, there are significant barriers to the

acceptance of a major role for HDMs in AD. For instance,

the study by Mitchell and colleagues is flawed in that they

abraded skin prior to the application of Der p 1, and

biopsy specimens of the lesions contained significant

amounts of neutrophils, a finding that is not typical of
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the histology of eczema. It is therefore unclear whether the

skin lesions in this study represented ‘‘true eczema’’ or

were instead a result of inflammation (secondary to

intensive local stimulation by abrasion). Likewise, the

lesions induced in the study by Tupker and colleagues

could not be ascertained to be those of AD because

biopsies were not performed. Moreover, many of those

lesions developed within a few hours after intrabronchial

HDM exposure and then immediately resolved. In

addition, like many of the aforementioned studies, that

of Tupker and colleagues involved a relatively small

number of subjects and did not include an appropriate

control population. Association also does not necessarily

imply causality. For example, increased transepidermal

water loss and copious shedding of squamous cells (on

which the mites feed) are common in severe AD and may

support an enhanced mite population in the bedroom/

mattress environment of these patients, independent of a

causal relationship.57,64,65 Still other experts have cited the

following as evidence against direct involvement: (1) a lack

of improvement of AD symptoms despite aggressive

measures to eliminate and/or avoid exposure to HDMs

(as demonstrated by at least five randomized controlled

clinical studies),66–70 (2) the failure of a group of AD

patients sensitized to HDMs to show a positive patch-test

result54,55 or to develop lesions when challenged topically

with Der p,71 and (3) the increased prevalence of AD in

dry and northern latitudes, where HDM populations are

sparse.72,73 Moreover, some experts believe that positive

patch-test results in AD patients are rarely indicative of a

specific allergy to HDMs. Instead, they believe that such a

response is an irritant reaction to the proteolytic activity of

mite enzymes74 in the setting of an intrinsically lowered

irritancy threshold in AD patients.75

Before the advent of standardized HDM preparations

for patch testing, and despite the inconclusive evidence

linking HDMs to the causation of AD, several investigators

performed epicutaneous tests on atopic patients with a

variety of mite antigens, with positive results reported for

21 to 72% of patients.76–78 Interestingly, when patients

with an aeroallergen-type distribution (face, neck, hands,

feet) were examined separately, a significantly higher

percentage of patients had positive results.79

Recently, Chemotechnique Diagnostics (Malmö,

Sweden) began the commercial marketing of a standar-

dized HDM allergen mixture (Der p and Der f in a 50:50

mix) in petrolatum in concentrations of 20% and 30%.80

Several investigators have since conducted studies to

determine the optimal concentration of this allergen mix

and the rate of positivity among atopic patients who are

patch-tested with it. Jamora and colleagues81 found the

20% formulation to have a very high false-positive rate

(83%) as it elicited many decrescendo or persistent

reaction patterns characteristic of irritant substances.

However, when diluted to 0.1%, the allergen mix more

appropriately differentiated rates of positivity among

healthy controls, respiratory atopic patients, and those

with AD. Davis and colleagues82 performed a similar study

and also found the 20% formulation to have a very high

rate of positivity (55%). With the 0.1% concentration, a

much lower rate of reaction was seen (6.8%), but it was

still high when compared with the reaction rates of other

allergens included in their study. Interestingly, the

researchers did not find this reaction rate to be higher in

atopic subjects than in healthy controls.

This latter finding was echoed by Brasch and

colleagues,83 who reported that of 571 patients patch-

tested with the HDM allergen mix in Germany, 188 had

Table 2. Summary of Evidence for and against an Association between House Dust Mites and Atopic Dermatitis

Evidence for Association Evidence against Association

N High rate of positivity for HDM-specific IgE in AD patients

N T lymphocytes that specifically recognize HDM allergens

found in AD skin biopsy specimens

N Clinical improvement with HDM elimination and avoidance

strategies

N Epicutaneously applied Der p 1 induces eczema

N Development of new eczematous plaques after intrabronchial

exposure to HDMs

N Clinical improvement with HDM-specific immunotherapy

N Lack of improvement of clinical symptoms with mite elimination

and/or avoidance

N Subgroup of AD patients sensitized to HDM fail to show positive

patch-test results

N Increased prevalence of AD in dry and northern latitudes

N Patch-test reaction rates among atopic patients are not higher than

among controls

AD 5 atopic dermatitis; Der p 1 5 Dermatophagoides pteronyssinus 1 allergen; HDM 5 house dust mite; IgE 5 immunoglobulin E.
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positive reactions that were deemed irrelevant; specifically,

there was no association between positive patch-test

reactions to mite allergens and an atopic diathesis.

However, in this particular series, those reacting to

HDM allergens were statistically more likely to have

additional positive reactions to other allergens, suggesting

that unidentified factors that contribute to positive

reactions to HDM allergen may also predict enhanced

generalized responsiveness to other substances.

Despite these contradictory findings, other investiga-

tors believe adamantly that HDM patch testing has an

important place in the management of AD patients. In a

study population consisting of AD patients in remission,

patch testing more specifically correlated with a history of

HDM-induced eczema flares reported by these patients

than did skin-prick testing or specific serum IgE measure-

ment.84,85 Furthermore, it has been shown that patch

testing, compared to skin-prick testing, has an apparent

ability to identify relevant mite sensitization in AD patients

in the absence of specific serum IgE.86

The value of HDM patch testing in the management of

AD is also supported by accumulating evidence suggesting

that specific immunotherapy (SIT) against HDM sensiti-

zation is an effective curative therapy against atopic

diseases.87 SIT involves subcutaneously or sublingually

administered incremental doses of allergen extracts to

which an individual is sensitized. Studies have shown that

SIT results in improved clinical severity of AD88–91 and

reduction of specific IgE levels against HDM allergens,89–91

with concomitant increases in the serum levels of the Th1

cytokine IFN-c89 and the tolerogenic cytokine IL-10.89,91

As promising as they might seem, these studies are flawed

in that they were not controlled with a placebo group.

Hence, the above data are of limited value and are not

powerful enough to justify the routine use of SIT in the

management of AD.

Like all patch-testing results, the relevance of positive

reactions to HDM allergens must be determined, and this

issue is far from being settled. Many studies from different

investigators hailing from disparate parts of the world have

reported conflicting data. With the availability of the

standardized allergen mix and a now standardized patch-

test technique developed by the European Task Force on

Atopic Dermatitis,84 scientists from different parts of the

world may employ uniform materials and reproducible

methodologies in their studies. There is no question that

additional investigation into the relevance of positive

patch-test reactions to mite allergens is needed to move

beyond anecdotal evidence in regard to the role of HDMs

in the pathogenesis of AD and the utility of allergen

avoidance and other novel therapeutic strategies like

allergen-specific immunotherapy in improving AD.

Conclusion

The link between house dust mite (HDM) allergy and

atopic dermatitis (AD) is supported by several laboratory

and clinical translational studies that have cumulatively

shown that (1) HDM allergens are able to incite specific

and enhanced Langerhans’ cell and dendritic cell function-

ing to yield T-cell–mediated immune responses in AD, (2)

HDM allergens have the capacity to polarize immunity

toward a Th2 response, and (3) at least some subgroup of

AD patients with positive HDM patch-test results improve

with mite avoidance and elimination strategies.

Admittedly, these studies are at best circumstantial.

While strongly suggestive, a definite association between

HDM allergy and AD still remains to be firmly established,

especially because the overwhelming weight of the clinical

evidence shows that avoidance of HDMs does not improve

clinical disease activity. Further discussion and investiga-

tive pursuits in this arena are necessary.

References

1. The International Study of Asthma and Allergies in Childhood

(ISAAC) Steering Committee: Worldwide variation in prevalence of

symptoms of asthma, allergic rhinoconjunctivitis, and atopic

eczema: ISAAC. Lancet 1998;351:1225–32.

2. Laughter D, Istvan JA, Tofte SJ, Hanifin JM. The prevalence of

atopic dermatitis in Oregon schoolchildren. J Am Acad Dermatol

2000;43:649–55.

3. Bannister MJ, Freeman S. Adult-onset atopic dermatitis. Australas J

Dermatol 2000;41:225–8.

4. Ellis CN, Drake LA, Prendergast MM, et al. Cost of atopic

dermatitis and eczema in the United States. J Am Acad Dermatol

2002;46:361–70.

5. Simpson A, Custovic A. The role of allergen avoidance in the

secondary prevention of atopic disorders. Curr Opin Allergy Clin

Immunol 2005;5:223–7.

6. Braathen LR, Forre O, Natvig JB, Eeg-Larsen T. Predominance of T

lymphocytes in the dermal infiltrate of atopic dermatitis. Br J

Dermatol 1979;100:511–9.

7. Grewe M, Walther S, Gyufko K, et al. Analysis of the cytokine

pattern expressed in situ in inhalant allergen patch test reactions of

atopic dermatitis patients. J Invest Dermatol 1995;105:407–10.

8. Thepen T, Langeveld-Wildschut EG, Bihari IC, et al. Biphasic

response against aeroallergen in atopic dermatitis showing a switch

from an initial TH2 response to a TH1 response in situ: an

immunocytochemical study. J Allergy Clin Immunol 1996;97:828–

37.

9. Grewe M, Bruijnzeel-Koomen CA, Schopf E, et al. A role for Th1

and Th2 cells in the immunopathogenesis of atopic dermatitis.

Immunol Today 1998;19:359–61.

Atopic Dermatitis, Patch Testing, and House Dust Mites: A Brief Review 125



10. Leung DY. Atopic dermatitis: the skin as a window into the

pathogenesis of chronic allergic diseases. J Allergy Clin Immunol

1995;96:302–19.

11. Banchereau J, Steinman RM. Dendritic cells and the control of

immunity. Nature 1998;392:245–52.

12. Jurgens M, Wollenberg A, Hanau D, et al. Activation of human

epidermal Langerhans cells by engagement of the high affinity

receptor for IgE, Fc epsilon RI. J Immunol 1995;155:5184–9.

13. Wollenberg A, Kraft S, Hanau D, Bieber T. Immunomorphological

and ultrastructural characterization of Langerhans cells and a novel,

inflammatory dendritic epidermal cell (IDEC) population in

lesional skin of atopic eczema. J Invest Dermatol 1996;106:446–53.

14. Kraft S, Wessendorf JH, Hanau D, Bieber T. Regulation of the high

affinity receptor for IgE on human epidermal Langerhans cells. J

Immunol 1998;161:1000–6.

15. Maurer D, Ebner C, Reininger B, et al. The high affinity IgE

receptor (Fc epsilon RI) mediates IgE-dependent allergen presenta-

tion. J Immunol 1995;154:6285–90.

16. Thomas WR, Smith W. House-dust-mite allergens. Allergy 1998;53:

821–32.

17. The official list of allergens. Allergen nomenclature. Available at:

http://www.allergen.org (accessed Apr 8, 2007).

18. Aalberse RC. Allergens from mites: implications of cross-reactivity

between invertebrate antigens. Allergy 1998;53:47–8.

19. Thomas WR, Smith WA, Hales BJ, et al. Characterization and

immunobiology of house dust mite allergens. Int Arch Allergy

Immunol 2002;129:1–18.

20. Thomas WR. Mite allergens groups I-VII. A catalogue of enzymes.

Clin Exp Allergy 1993;23:350–3.

21. Meyer CH, Bond JF, Chen MS, Kasaian MT. Comparison of the

levels of the major allergens Der p I and Der p II in standardized

extracts of the house dust mite, Dermatophagoides pteronyssinus.

Clin Exp Allergy 1994;24:1041–8.

22. Rose G, Arlian L, Bernstein D, et al. Evaluation of household dust

mite exposure and levels of specific IgE and IgG antibodies in

asthmatic patients enrolled in a trial of immunotherapy. J Allergy

Clin Immunol 1996;97:1071–8.

23. Nelson RP, DiNicolo R, Fernandez-Caldas E, et al. Allergen-specific

IgE levels and mite allergen exposure in children with acute asthma

first seen in an emergency department and in nonasthmatic control

subjects. J Allergy Clin Immunol 1996;98:258–63.

24. Trombone AP, Tobias KR, Ferriani VP, et al. Use of a chimeric

ELISA to investigate immunoglobulin E antibody responses to Der

p 1 and Der p 2 in mite-allergic patients with asthma, wheezing

and/or rhinitis. Clin Exp Allergy 2002;32:1323–8.

25. Erwin EA, Custis NJ, Satinover SM, et al. Quantitative measure-

ment of IgE antibodies to purified allergens using streptavidin

linked to a high-capacity solid phase. J Allergy Clin Immunol 2005;

115:1029–35.

26. Chua KY, Stewart GA, Thomas WR, et al. Sequence analysis of

cDNA coding for a major house dust mite allergen, Der p 1.

Homology with cysteine proteases. J Exp Med 1988;167:175–82.

27. Dilworth RJ, Chua KY, Thomas WR. Sequence analysis of cDNA

coding for a major house dust mite allergen, Der f 1. Clin Exp

Allergy 1991;21:25–32.

28. Robinson C, Kalsheker NA, Srinivasan N, et al. On the potential

significance of the enzymatic activity of mite allergens to

immunogenicity. Clues to structure and function revealed by

molecular characterization. Clin Exp Allergy 1997;27:10–21.

29. Heymann PW, Chapman MD, Platts-Mills TA. Antigen Der f I

from the dust mite Dermatophagoides farinae: structural compar-

ison with Der p I from Dermatophagoides pteronyssinus and epitope

specificity of murine IgG and human IgE antibodies. J Immunol

1986;137:2841–7.

30. Thomas B, Heap P, Carswell F. Ultrastructural localization of the

allergen Der p I in the gut of the house dust mite Dermatophagoides

pteronyssinus. Int Arch Allergy Appl Immunol 1991;94:365–7.

31. Tovey ER, Chapman MD, Platts-Mills TA. Mite faeces are a major

source of house dust allergens. Nature 1981;289:592–3.

32. Custovic A, Chapman M. Risk levels for mite allergens. Are they

meaningful? Allergy 1998;53:71–6.

33. Chua KY, Doyle CR, Simpson RJ, et al. Isolation of cDNA coding

for the major mite allergen Der p II by IgE plaque immunoassay. Int

Arch Allergy Appl Immunol 1990;91:118–23.

34. Trudinger M, Chua KY, Thomas WR. cDNA encoding the major

mite allergen Der f II. Clin Exp Allergy 1991;21:33–7.

35. Yasueda H, Mita H, Yui Y, Shida T. Comparative analysis of

physicochemical and immunochemical properties of the two major

allergens from Dermatophagoides pteronyssinus and the correspond-

ing allergens from Dermatophagoides farinae. Int Arch Allergy Appl

Immunol 1989;88:402–7.

36. Stewart GA, Bird CH, Thompson PJ. Do the group II dust mite

allergens correspond to lysozyme? J Allergy Clin Immunol 1992;90:

141–2.

37. Hakkaart GA, Aalberse RC, van Ree R. Lack of lysozyme activity of

natural and yeast-derived recombinant Der p 2. Int Arch Allergy

Immunol 1997;114:202–4.

38. Johannessen BR, Skov LK, Kastrup JS, et al. Structure of the house

dust mite allergen Der f 2: implications for function and molecular

basis of IgE cross-reactivity. FEBS Lett 2005;579:1208–12.

39. Ichikawa S, Takai T, Inoue T, et al. NMR study on the major mite

allergen Der f 2: its refined tertiary structure, epitopes for

monoclonal antibodies and characteristics shared by ML protein

group members. J Biochem (Tokyo) 2005;137:255–63.

40. Liou HL, Dixit SS, Xu S, et al. NPC2, the protein deficient in

Niemann-Pick C2 disease, consists of multiple glycoforms that bind

a variety of sterols. J Biol Chem 2006;281:36710–23.

41. Keber MM, Gradisar H, Jerala R. MD-2 and Der p 2–a tale of two

cousins or distant relatives? J Endotoxin Res 2005;11:186–92.

42. Re F, Strominger JL. Separate functional domains of human MD-2

mediate Toll-like receptor 4-binding and lipopolysaccharide

responsiveness. J Immunol 2003;171:5272–6.

43. van der Heijden FL, Wierenga EA, Bos JD, Kapsenberg ML. High

frequency of IL-4-producing CD4+ allergen-specific T lymphocytes

in atopic dermatitis lesional skin. J Invest Dermatol 1991;97:389–94.

44. Nakamura T, Hirasawa Y, Takai T, et al. Reduction of skin barrier

function by proteolytic activity of a recombinant house dust mite

major allergen Der f 1. J Invest Dermatol 2006;126:2719–23.

45. Herbert CA, King CM, Ring PC, et al. Augmentation of

permeability in the bronchial epithelium by the house dust mite

allergen Der p1. Am J Respir Cell Mol Biol 1995;12:369–78.

46. Palmer CN, Irvine AD, Terron-Kwiatkowski A, et al. Common loss-

of-function variants of the epidermal barrier protein filaggrin are a

major predisposing factor for atopic dermatitis. Nat Genet 2006;38:

441–6.

47. Kato T, Takai T, Mitsuishi K, et al. Cystatin A inhibits IL-8

production by keratinocytes stimulated with Der p 1 and Der f 1:

126 Gavino and High



biochemical skin barrier against mite cysteine proteases. J Allergy

Clin Immunol 2005;116:169–76.

48. Schulz O, Laing P, Sewell HF, Shakib F. Der p I, a major allergen of

the house dust mite, proteolytically cleaves the low-affinity receptor

for human IgE (CD23). Eur J Immunol 1995;25:3191–4.

49. Schulz O, Sewell HF, Shakib F. Proteolytic cleavage of CD25, the

alpha subunit of the human T cell interleukin 2 receptor, by Der p

1, a major mite allergen with cysteine protease activity. J Exp Med

1998;187:271–5.

50. Ghaemmaghami AM, Gough L, Sewell HF, Shakib F. The

proteolytic activity of the major dust mite allergen Der p 1

conditions dendritic cells to produce less interleukin-12: allergen-

induced Th2 bias determined at the dendritic cell level. Clin Exp

Allergy 2002;32:1468–75.

51. Furmonaviciene R, Ghaemmaghami AM, Boyd SE, et al. The

protease allergen Der p 1 cleaves cell surface DC-SIGN and DC-

SIGNR: experimental analysis of in silico substrate identification

and implications in allergic responses. Clin Exp Allergy 2007;37:

231–42.

52. Mudde GC, Van Reijsen FC, Boland GJ, et al. Allergen presentation

by epidermal Langerhans’ cells from patients with atopic dermatitis

is mediated by IgE. Immunology 1990;69:335–41.

53. Deslee G, Charbonnier AS, Hammad H, et al. Involvement of the

mannose receptor in the uptake of Der p 1, a major mite allergen,

by human dendritic cells. J Allergy Clin Immunol 2002;110:763–70.

54. Imayama S, Hashizume T, Miyahara H, et al. Combination of patch

test and IgE for dust mite antigens differentiates 130 patients with

atopic dermatitis into four groups. J Am Acad Dermatol 1992;27:

531–8.

55. Wistokat-Wulfing A, Schmidt P, Darsow U, et al. Atopy patch test

reactions are associated with T lymphocyte-mediated allergen-

specific immune responses in atopic dermatitis. Clin Exp Allergy

1999;29:513–21.

56. Tuft LA. Importance of inhalant allergens in atopic dermatitis. J

Invest Dermatol 1949;12:211–9.

57. Colloff MJ. Exposure to house dust mites in homes of people with

atopic dermatitis. Br J Dermatol 1992;127:322–-7.

58. Platts-Mills TA, Mitchell EB, Rowntree S, et al. The role of dust

mite allergens in atopic dermatitis. Clin Exp Derm 1983;8:233–47.

59. Kubota Y, Imayama S, Hori Y. Reduction of environmental mites

improved atopic dermatitis patients with positive mite-patch tests. J

Dermatol 1992;19:177–80.

60. Tan BB, Weald D, Strickland I, Friedmann PS. Double-blind

controlled trial of effect of housedust-mite allergen avoidance on

atopic dermatitis. Lancet 1996;347:15–8.

61. Ricci G, Patrizi A, Specchia F, et al. Effect of house dust mite

avoidance measures in children with atopic dermatitis. Br J

Dermatol 2000;143:379–84.

62. Mitchell EB, Crow J, Chapman MD, et al. Basophils in allergen-

induced patch test sites in atopic dermatitis. Lancet 1982;1:127–30.

63. Tupker RA, De Monchy JG, Coenraads PJ, et al. Induction of atopic

dermatitis by inhalation of house dust mite. J Allergy Clin Immunol

1996;97:1064–70.

64. Werner Y, Lindberg M. Transepidermal water loss in dry and

clinically normal skin in patients with atopic dermatitis. Acta Derm

Venereol 1985;65:102–5.

65. Loffler H, Effendy I. Skin susceptibility of atopic individuals.

Contact Dermatitis 1999;40:239–42.

66. Gutgesell C, Heise S, Seubert S, et al. Double-blind placebo-

controlled house dust mite control measures in adult patients with

atopic dermatitis. Br J Dermatol 2001;145:70–4.

67. Koopman LP, van Strien RT, Kerkhof M, et al. Placebo-controlled

trial of house dust mite-impermeable mattress covers: effect on

symptoms in early childhood. Am J Respir Crit Care Med 2002;166:

307–13.

68. Oosting AJ, de Bruin-Weller MS, Terreehorst I, et al. Effect of

mattress encasings on atopic dermatitis outcome measures in a

double-blind, placebo-controlled study: the Dutch mite avoidance

study. J Allergy Clin Immunol 2002;110:500–6.

69. Terreehorst I, Duivenvoorden HJ, Tempels-Pavlica Z, et al. The

effect of encasings on quality of life in adult house dust mite allergic

patients with rhinitis, asthma and/or atopic dermatitis. Allergy

2005;60:888–93.

70. Corver K, Kerkhof M, Brussee JE, et al. House dust mite allergen

reduction and allergy at 4 yr: follow up of the PIAMA-study.

Pediatr Allergy Immunol 2006;17:329–36.

71. Shah D, Hales J, Cooper D, Camp R. Recognition of pathogeneti-

cally relevant house dust mite hypersensitivity in adults with atopic

dermatitis: a new approach? J Allergy Clin Immunol 2002;109:

1012–8.

72. Beltrani V, Hanifin J. Atopic dermatitis, house dust mites, and

patch testing. Am J Contact Dermat 2002;13:80–2.

73. Nelson HS, Fernandez-Caldas E. Prevalence of house dust mites in

the Rocky Mountain states. Ann Allergy Asthma Immunol 1995;75:

337–9.

74. Deleuran M, Ellingsen AR, Paludan K, et al. Purified Der p1 and p2

patch tests in patients with atopic dermatitis: evidence for both

allergenicity and proteolytic irritancy. Acta Derm Venereol 1998;78:

241–3.

75. Nassif A, Chan SC, Storrs FJ, Hanifin JM. Abnormal skin irritancy

in atopic dermatitis and in atopy without dermatitis. Arch

Dermatol 1994;130:1402–7.

76. Castelain M, Birnbaum J, Castelain PY, et al. Patch test reactions to

mite antigens: a GERDA multicentre study. Groupe d’etudes et de

recherches en dermato-allergie. Contact Dermatitis 1993;29:246–50.

77. Darsow U, Vieluf D, Ring J. Atopy patch test with different vehicles

and allergen concentrations: an approach to standardization. J

Allergy Clin Immunol 1995;95:677–84.

78. Darsow U, Vieluf D, Ring J. Evaluating the relevance of aeroallergen

sensitization in atopic eczema with the atopy patch test: a

randomized, double-blind multicenter study. Atopy patch test

study group. J Am Acad Dermatol 1999;40:187–93.

79. Ring J, Darsow U, Gfesser M, Vieluf D. The ‘atopy patch test’ in

evaluating the role of aeroallergens in atopic eczema. Int Arch

Allergy Immunol 1997;113:379–83.

80. Mowad CM, Anderson CK. Commercial availability of a house dust

mite patch test. Am J Contact Dermat 2001;12:115–8.

81. Jamora MJ, Verallo-Rowell VM, Samson-Veneracion MT. Patch

testing with 20% Dermatophagoides pteronyssinus/farinae

(Chemotechnique) antigen. Am J Contact Dermat 2001;12:67–71.

82. Davis MD, Cheng JF, Yiannias JA. Patch-testing with dust mite

(Dermatophagoides mix): still a high rate of reactivity with 0.1%

concentration. Dermatitis 2005;16:147.

83. Brasch J, Uter W, Dibo M, et al. Positive patch tests with a

Dermatophagoides mix relate to an increased responsiveness to

standard patch test allergens. Contact Dermatitis 2002;46:253–7.

Atopic Dermatitis, Patch Testing, and House Dust Mites: A Brief Review 127



84. Darsow U, Laifaoui J, Kerschenlohr K, et al. The prevalence of

positive reactions in the atopy patch test with aeroallergens and

food allergens in subjects with atopic eczema: a European

multicenter study. Allergy 2004;59:1318–25.

85. Samochocki Z, Owczarek W, Zabielski S. Can atopy patch tests with

aeroallergens be an additional diagnostic criterion for atopic

dermatitis? Eur J Dermatol 2006;16:151–4.

86. Kerschenlohr K, Darsow U, Burgdorf WH, et al. Lessons from atopy

patch testing in atopic dermatitis. Curr Allergy Asthma Rep 2004;4:

285–9.

87. Bussmann C, Bockenhoff A, Henke H, et al. Does allergen-specific

immunotherapy represent a therapeutic option for patients with

atopic dermatitis? J Allergy Clin Immunol 2006;118:1292–8.

88. Czarnecka-Operacz M, Silny W. Specific immunotherapy in

atopic dermatitis–four-year treatment in different age and air-

borne allergy type subgroups. Acta Dermatovenerol Croat 2006;14:

230–40.

89. Cosmi L, Santarlasci V, Angeli R, et al. Sublingual immunotherapy

with Dermatophagoides monomeric allergoid down-regulates aller-

gen-specific immunoglobulin E and increases both interferon-

gamma- and interleukin-10-production. Clin Exp Allergy 2006;36:

261–72.

90. Cadario G, Galluccio AG, Pezza M, et al. Sublingual immunother-

apy efficacy in patients with atopic dermatitis and house dust mites

sensitivity: a prospective pilot study. Curr Med Res Opin 2007;23:

2503–6.

91. Bussman C, Maintz L, Hart J, et al. Clinical improvement and

immunological changes in atopic dermatitis patients undergoing

subcutaneous immunotherapy with a house dust mite allergoid: a

pilot study. Clin Exp Allergy 2007;37:1277–85.

128 Gavino and High


