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Abstract 

Background:  Atopic dermatitis (AD) can occur after contact with aeroallergens like house dust mites, pollen, and 
animal dander. Despite its controversial diagnostic value, the atopy patch test (APT) has been used as an important 
tool in the diagnosis of AD caused by house dust mites. Here, we present a meta-analysis comparing APT to the com-
mon skin prick test (SPT) in the diagnosis of mite-induced AD.

Methods:  A structured search was performed using online databases and bibliographies published as of April 30, 
2017. All studies evaluating the accuracy of APT and SPT in the diagnosis of mite-induced atopic eczema/dermatitis 
syndrome were selected, appraised, and data was extracted.

Results:  Ten studies were identified for inclusion in our analysis. Meta-analysis revealed that the pooled sensitivity, 
specificity, positive likelihood ratio, negative likelihood ratio, and diagnostic odds ratios for APT were 0.54 (95% CI 
0.42–0.66), 0.72 (95% CI 0.56–0.85), 1.97 (95% CI 1.20–3.23), 0.63 (95% CI 0.48–0.83), and 3.12 (95% CI 1.53–6.39). The 
area under the summary receiver operating characteristic curve was 0.65 (95% CI 0.61–0.69).

Conclusions:  Our analysis indicates that APT is a useful tool in the screening of mite-induced AD, although this con-
clusion must be interpreted cautiously due to high heterogeneity among the included studies.
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Background
Atopic dermatitis (AD) is a common, chronic, relapsing 
inflammatory skin disease with frequencies ranging from 
10 to 45% depending on the study population [1, 2]. AD, 
also known as atopic eczema and intrinsic allergic der-
matitis, was first defined in 1930 as a condition similar 
to other atopic diseases like bronchial asthma (AB) and 
allergic rhinitis (AR) [3]. In 1980, Hanifin and Rajka for-
mally described the AD diagnostic criteria and in 1993, 
the SCORAD system (SCORing atopic dermatitis) was 

introduced to determine the clinical severity of AD based 
on the intensity and extent of eczematous skin reactions 
[4–6]. Both diagnostic methods are universally accepted 
and widely used in clinical practice. In 2001, a new clas-
sification based on the pathomechanisms of skin lesion 
development was introduced by the European Academy 
of Allergy and Clinical Immunology (EAACI), which 
considers AD a syndrome composed of both allergic AD 
(associated or not associated with elevated IgE) and non-
allergic AD [7].

Airborne allergens, such as domestic mites (house 
dust and storage mites), plant pollen allergens, animal 
epithelia, and molds are known to aggravate skin lesions 
in AD patients [8]. Accordingly, most patients with AD 
have high concentrations of total and allergen-specific 
serum IgE levels and react positively to immediate skin 
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prick and intra-cutaneous tests involving common envi-
ronmental allergens. Skin tests and allergen-specific 
serum IgE are widely used to assess type I hypersensitiv-
ity in both respiratory and skin allergies. As proposed 
by the EAACI [9], AD patients may display a delayed 
(type IV) or a mixed immediate and delayed (type I and 
IV) response, with the eczematous reaction at the site of 
application after 48–72  h determining the sensitization 
of the patient to the allergen [10]. Together with a his-
tory of atopy, clinical physical examination of AD flare-
ups following skin tests, and/or allergen-specific serum 
IgE levels, type I but not type IV hypersensitivity can be 
determined in the etiopathogenesis of AD and cannot 
account for reactivity related to aeroallergen intolerance 
[11]. Atopy patch testing (APT) was first described by 
Mitchell [12], involving the application of the suspected 
allergen directly to the skin using the same method of 
patch testing used for contact dermatitis. APT has been 
shown to be an important tool in screening allergens 
in AD patients [13], since positive reactions are rarely 
observed without a skin prick test or allergen-specific IgE 
antibodies to aeroallergens [14]. Here, we provide a sys-
tematic review and meta-analysis comparing APT to skin 
prick tests (SPT) in the diagnosis of AD.

Methods
Literature search and study identification
We performed a literature search of PubMed, the 
Cochrane Library, EMBASE, Medion, and Web of Sci-
ence databases to identify eligible studies published 
before April 30, 2017. Various combinations of medical 
subject headings (MeSH) and non-MeSH terms were 
used as follows: (dust mite or storage mite) or (domes-
tic mite) and (sensitization or allergy or hypersensitiv-
ity or specific IgE positive or skin test positive or RAST 
positive) and (patch test or patch testing). In addition to 
published studies in these electronic databases, a manual 
search of related reports from major annual meetings in 
the field of pediatrics and reference sections of studies as 
well as relevant reviews was also performed. Inclusion 
criteria for eligible studies were as follows: (1) diagnos-
tic accuracy and test design; (2) the index test used in the 
study was a patch test; (3) the reference test was a skin 
prick test; (4) the minimum number of study subjects 
was ten; and (5) a two-by-two contingency table could be 
constructed for mite allergy diagnosis with the index and 
reference test from the data presented in the study. Stud-
ies were excluded if they met the following criteria: (1) 
studies were conducted on animals or in  vitro systems; 
(2) the article was a review, case report, or editorial com-
ment; (3) patch testing was used in the diagnosis of atopic 
dermatitis without using mite extract; (4) 2  ×  2 table 
construction was impossible for mite allergy diagnosis; 

(5) the reference test was specific IgE detection with mite 
extract; (6) Not for atopic dermatitis only; or (7) stud-
ies contained overlapping participants. Notably, articles 
by the same author or research group were included 
only when a different sample of patients was used. Two 
investigators independently performed the literature 
search and study identification according to the Preferred 
Reporting Items for Systematic reviews and Meta-Anal-
yses (PRISMA) statement [15]. Any disagreement was 
resolved by discussion between the two reviewers.

Quality assessment
To assess the quality of each included study, we used 
the Quality Assessment of Diagnostic Accuracy Studies 
(QUADAS-2) tool [16]. Briefly, QUADAS-2 comprises 
four key domains: patient selection, an index test, refer-
ence test flow of patients through the study, and the tim-
ing of the index and reference tests (flow and timing). 
These four domains were used to evaluate the risk of 
bias and the first three were applied to assess applicabil-
ity. According to the investigators’ answers for all signal-
ing questions in each domain, risks of bias were graded 
as “low risk”, “high risk”, or “unclear risk”. To address 
applicability concerns, review authors documented 
relevant information and assessed whether the study 
matched the review question. Concerns of applicability 
were rated as “low risk”, “high risk”, or as having “unclear 
risk”. A standardized table and figure, recommended by 
the Quality Assessment of Diagnostic Accuracy Studies 
(QUADADS-2) website, were used to display the sum-
marized results of the QUADAS-2 with the number of 
studies observed with low, high, or unclear risk of bias or 
applicability concerns for each domain.

Data extraction
Characteristic information from the selected studies 
was extracted, including year of publication, country of 
origin, study design, patient characteristics, number of 
study participants, diagnostic criteria, and reference 
tests for the diagnosis of mite-induced atopic dermatitis. 
Absolute numbers of true positives (TP), false positives 
(FP), false negatives (FN), and true negatives (TN) was 
also extracted.

Diagnostic measures combination
The pooled sensitivity, specificity, positive likelihood ratio 
(PLR), negative likelihood ratio (NLR), diagnostic odds 
ratio (DOR), diagnostic score, and area under the sum-
mary receiver-operating curve (AUSROC) with the cor-
responding 95% confidence interval (CI) were obtained 
using a bivariate binomial mixed model [17]. The sensi-
tivity, specificity, DOR, and AUSROC were considered to 
be the major outcomes of this analysis.
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Heterogeneity
A Cochrane-Q test of heterogeneity was performed using 
the inconsistency index, I2, as a measure to illustrate the 
percentage of the total variability among trials caused 
by heterogeneity instead of chance [18]. A value of I2 
more than 50% designated heterogeneity. A two-sided p 
value < 0.05 indicated statistical significance.

Diagnostic threshold effects
Since the cut-off values were different among the 
included studies, diagnostic threshold effects were 
inspected [19]. First, the summary receiver-operating 
curve (SROC) was visually evaluated. Then, a Spearman 
correlation analysis was used to assess the heterogeneity 
derived from diagnostic threshold effects.

Publication bias
Deeks’ funnel plot asymmetry analysis was performed to 
identify publication bias [19]. Briefly, a Deeks’ funnel plot 
was created as a scatter plot of the inverse of the square 
root of effective sample size [1/root (ESS)] against the ln 
(DOR).

Fagan’s nomogram analysis
A Fagan’s nomogram plot was constructed, comprising 
three vertical axes [20]. The left axis represented pre-test 
probability derived from the prevalence in each included 
study. Another axis in the middle displayed the likelihood 
ratio showing the extent to which the index could raise 
or lower the probability of having the disease. The right 
vertical axis signified the post-test probability of a patient 
having the positive or negative results of the reference 
standard test after the index test result was known.

Bivariate boxplot
With logit specificity and logit sensitivity as the horizon-
tal and vertical axes, respectively, a bivariate boxplot was 
applied to assess the distributional properties of sensi-
tivity against specificity and investigate possible outliers 
[21].

Data synthesis and statistical analysis
Data synthesis and most statistical analyses were under-
taken using STATA software version 12.0 (College Sta-
tion, TX, USA).

Results
Literature search results and trial characteristics
The initial search identified 141 references from PubMed, 
the Cochrane Library, EMBASE, Medion and Web of Sci-
ence databases, along with six additional reports resulting 

from screening review article references. Since the search 
strategy was relatively broad, most of the results were 
not eligible. After screening titles and abstracts, 14 stud-
ies were identified as duplicates and 78 studies were 
excluded. After full-text assessment, ten studies were 
included for original data, clarification of methods, and 
meta-analysis [22–31]. Figure 1 illustrates our method of 
study inclusion. Characteristics of included studies and 
patient baseline demographics are displayed in Table 1.

Among the ten trials published between 1993 and 2015, 
two studies were conducted in Asian countries (Thailand 
[28] and Turkey [31]), one study was conducted in South 
America (Brazil [25]), while the remaining seven were 
conducted in European countries (Germany [23, 24, 26], 
Italy [27, 30], Switzerland [29], and Sweden [22]). The 
sample size of each study ranged from 15 to 313 patients, 
with only one study involving 313, and the other nine 
having no more than 100 patients. Four studies focused 
on children [25, 28, 30, 31]; the others included patients 
of all ages. For diagnosis, the majority of studies used 
the criteria of Hanifin and Rajka [4]. Two studies [27, 28] 
used that criteria alone, three [24, 25, 30] combined it 
with SCORAD, and one [29] combined it with SCORAD 
and the atopy score of Diepgen et al. [32]. SCORAD [5, 
6], which summarizes items by the intensity and extent 
of the eczematous skin reaction, was used alone in two 
studies [26, 31] and with clinical history in one [22]. One 
study [23] relied on clinical history and the Erlangen 
atopy score, which is the same as the Diepgen score [32], 
for diagnosis. All of the trials used a skin test as the refer-
ence standard. The count data for primary studies includ-
ing true positive (TP), false positive (FP), false negative 
(FN), and true negative (TN) were extracted and are pre-
sented in Table 1.

Using the criteria of Quality Assessment of Diagnostic 
Accuracy Studies (QUADAS-2), an updated evaluation 
tool for the systematic review and meta-analysis of diag-
nostic test accuracy, the cumulative bar plot and sum-
mary of bias risk and applicability concerns are shown in 
Fig.  2, summarizing the quality conditions across stud-
ies. Quality evaluation was performed independently by 
two investigators. As shown, the quality of the ten eligi-
ble studies was not significantly affected by bias. A lack 
of bias is also evident in a Deeks’ funnel plot (Fig. 3). The 
plot has a symmetrical funnel shape, indicating that pub-
lication bias was likely absent. Furthermore, the p value 
for the Deeks’ funnel plot asymmetry test was 0.56, indi-
cating a lack of publication bias in this meta-analysis. 
However, there was substantial heterogeneity among the 
ten studies (Q = 14.744, p = 0.000; overall I2 for bivariate 
model 86, 95% CI 72–100), as demonstrated in Fig. 4.  
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Data synthesis of diagnostic accuracy
In total, 669 subjects from ten studies were included in 
our systematic review and meta-analysis. With a bivari-
ate model, diagnostic performances of APT in Atopic 
eczema/dermatitis syndrome were pooled and are sum-
marized in Table  2. The combined estimates of sensi-
tivity and specificity for APT compared to SPT in the 

diagnosis of AEDS were 0.54 (95% CI 0.42–0.66) and 0.72 
(95% CI 0.56–0.85), respectively (Table 2 and Fig. 4). The 
corresponding summary PLR and NLR were 1.97 (95% 
CI 1.20–3.23) and 0.63 (95% CI 0.48–0.83), respectively 
(Table 2 and Fig. 5). The combined diagnostic score and 
odds ratio (OR) were 1.14 (95% CI 0.42–1.85) and 3.12 
(95% CI 1.53–6.39) (Table 2 and Fig. 6). Figure 7 shows 

Fig. 1  Flow chart depicting the search and selection strategy for eligible studies. n number of studies
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Fig. 2  Cumulative bar plot (a) and summary table (b) of risk of bias and applicability concerns across all studies
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that the area under the SROC was 0.65 (95% CI 0.61–
0.69). Fagan’s Nomogram analysis (Fig.  8) revealed that, 
with a fixed pre-test probability of 50% and a pooled PLR 
of 1.97, the post-test probability was increased to 66%. 
Conversely, with a combined NLR of 0.63, the post-test 
probability was decreased to 39%.

To evaluate the distributional properties of sensitivity 
versus specificity and identify possible outliers, a bivari-
ate box plot analysis was used. As shown in Fig.  9, the 
data from the study by Fuiano et al. [30] and Heinemann 
et al. [23] reached or nearly reached the limit of extreme 
value, indicating that both studies are potentially het-
erogeneous with regard to the other studies. In addition, 
data from three studies, Lorenzini et al. [25], Kutlu et al. 
[31], and Holm et al. [22], were mild outliers. The shape 
of the bivariate box plot was symmetrical, indicating that 
the data has a normal distribution.

Discussion
Aeroallergen contact is an important etiologic factor in 
skin allergy as skin symptoms typically worsen with aller-
gen contact and improve with allergen avoidance [33]. 
This sometimes necessitates the removal of patients from 
their typical environments. Importantly, allergen-specific 
immunotherapy with house dust mites can significantly 
improve symptoms in patients with severe AD [33]. SPT 
is simple, inexpensive, and the results are immediately 
available hence is usually the preferred method for iden-
tifying allergens in patients with IgE-mediated hyper-
sensitivity. However, diagnostic approaches are rather 
complex for late onset reactions, because the role of 
allergens in the pathogenesis and clinical features of AD 
have not been explored in detail. For example, increasing 
evidence indicates that T-cell responses to environmental 
allergens have an important role in the pathogenesis of 
atopic dermatitis [24].

APT with allergens can induce delayed sensitization at 
the testing site and was introduced to assess sensitization 
to inhalant allergens in patients with AD. This system-
atic review and meta-analysis of ten studies, including 
669 cases, provides an overview of the diagnostic per-
formances (pooled sensitivity, specificity, PLR, NLR, 
and DOR) of APT relative to SPT for diagnosing AD 
(Table 2). It is well known that the area under the SROC 
provides a holistic estimation of diagnostic accuracy. 
According to the recommended guidelines for the inter-
pretation of AUSROC values [34], the diagnostic ability 
of APT in determining AD was moderate [AUSROC: 
0.65 (95% CI 0.61–0.69)].

For this meta-analysis, SPT was considered the refer-
ence test. Positive APT responses are usually found in 
people with highly specific IgEs, but these metrics can be 
dissociated [35]. In our initial literature search, two stud-
ies were excluded due to reference tests with specific IgEs 
[36]. One was reported by Imayama and coworker [37] 
and showed no correlation between serum IgE levels and 
the ATP reactions for dust mite allergens; the other was 
reported by Langeveld-Wildschut et al. [38] and reported 
significantly higher allergen-specific IgE levels in a group 
of patients with AD and positive APT results.

Fig. 3  Deeks’ funnel plot for detecting publication bias. ① Heine-
mann et al.; ② Wistokat-Wülfing et al.; ③ Lorenzini et al.; ④ Darsow 
et al.; ⑤ Kutlu et al.; ⑥ Manzini et al.; ⑦ Wananukul et al.; ⑧ Michel 
et al.; ⑨ Holm et al.; ⑩ Fuiano et al
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In the ten studies we analyzed, the percentage of ATP-
positive subjects ranged from 14-70%, likely due to the 
lack of standardized techniques and dissimilarities in 
allergen source and purification in both the APT and 
SPT tests. Commercial material was typically used for 
both APT and SPT, but the supplier varied (see Table 1) 
and one study derived their own extracts [25]. The 
majority of studies used D. pteronyssinus, but a few stud-
ies examined other mite species (see Table  1). Whole 
mite bodies, extracts, and/or purified major mite aller-
gens were applied in different vehicles (PBS or petrola-
tum) using different sizes of Finn chambers. The length 
of exposure and the concentrations of allergen extracts 

Fig. 4  Forest plot of sensitivity and specificity of APT in comparison to SPT for the diagnosis of patients with atopy dermatitis. CI confidence inter-
val, ES estimates

Table 2  Summary of the pooled estimates of studies using 
APT in  comparison to  SPT for  the diagnosis of  patients 
with atopy dermatitis

AUSROC, area under summary receiver operating curve; ES estimates, CI 95% 
confidence intervals

ES [95% CI]

Number of included studies 10

Number of subjects 669

Sensitivity 0.54 [0.42, 0.66]

Specificity 0.72 [0.56, 0.85]

Positive likelihood ratio 1.97 [1.20, 3.23]

Negative likelihood ratio 0.63 [0.48, 0.83]

Diagnostic odds ratio 3.12 [1.53, 6.39]

AUSROC 0.65 [0.61–0.69]
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also varied depending on the study, and various meth-
ods were used to score APT results, including criteria 
established by Wahlberg [39], Darsow et al. [26], or the 
International Contact Dermatitis Research Group [40]. 

Studies also used scoring protocols described in Tur-
janmaa et al. [41], Nicol et al. [42] or Sertoli et al. [43]. 
Therefore, the substantial heterogeneity observed in this 
analysis (Q =  14.744, p =  0.000; overall I2 for bivariate 

Fig. 5  The pooled PLR and NLR of APT in comparison to SPT for the diagnosis of patients with atopy dermatitis. CI confidence interval, ES estimates
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Fig. 6  The combined diagnostic score and odds ratio (OR) of APT in comparison to SPT for the diagnosis of patients with atopy dermatitis. CI confi-
dence interval, ES estimates

Fig. 7  Summary receiver operating curve of APT in comparison to 
SPT for the diagnosis of patients with atopy dermatitis. AUC, area 
under curve; SROC, summary receiver operating curve; SENS, sensitiv-
ity; SPEC, specificity. ① Heinemann et al.; ② Wistokat-Wülfing et al.; 
③ Lorenzini et al.; ④ Darsow et al.; ⑤ Kutlu et al.; ⑥ Manzini et al.; 
⑦ Wananukul et al.; ⑧ Michel et al.; ⑨ Holm et al.; ⑩ Fuiano et al

model 86, 95% CI 72–100) was likely associated with 
the different sources of allergen extract employed by the 
studies and the lack of standardized APT techniques. 
However, publication bias was not identified in this 
meta-analysis.

Conclusions
We conclude that atopy patch testing is suitable for iden-
tifying mite-sensitization in patients with atopy dermati-
tis and should be used alongside SPT. However, since the 
positive response rate varied based on the type of aller-
gen material, the choice of allergenic extract remains an 
impactful and critical factor in determining AD. Aside 
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from better standardization and an improved definition 
of mite-derived material, a multicenter comparison of 
different extracts and their diagnostic value in atopic and 
healthy subjects would be valuable.
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