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ackground: Skin prick tests (SPTs) and measurements of serum specific immunoglobulin E (sIgE) anti-
odies are the most commonly used diagnostic tools for confirming sensitization. However, disagreement
etween the tests has been observed.
bjective: To compare SPT and the CAP system for diagnosis of sensitization to common inhalant allergens.

Methods: Subjects included 2,635 patients 10 to 90 years old who underwent analyses by SPT and CAP at the
Dong-A University Hospital (Busan, Korea) from June 2011 through May 2016. The 2 test results were
compared for 17 inhalant allergens.
Results: Agreement between the SPT and sIgE level was 75.3%. Overall agreement was moderate (k ¼ 0.59),
with strong agreement for house dust mites and birch (k > 0.7) and weak agreement for Tyrophagus
putrescentiae and dog (k < 0.3). When CAP was compared with SPT as the reference, the sensitivity was 75.8%
and the specificity was 75.2%. Mean wheal size by SPT showed a positive correlation with sIgE levels
(r ¼ 0.59), which decreased with age.
Conclusion: There was a discrepancy between SPT and CAP for diagnosing allergic sensitization among
inhalant allergens. The allergic sensitization and correlation between the tests decreased with age. Cautious
interpretation of the clinical relevance of allergen sensitization based on SPT and CAP results is required,
especially in older patients.
� 2017 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction binding capacity. CAP is widely accepted as a standard sIgE mea-
The allergic response to allergen exposure is associated with
immunoglobulin E (IgE)-mediated mast cell activation and atopic
sensitization and has been identified as a risk factor for allergic
diseases.1,2 Skin prick tests (SPTs) and measurements of serum
specific IgE (sIgE) antibodies are the most commonly used diag-
nostic tools for confirming sensitization.

Skinprick tests (in vivo) and sIgE levels (in vitro) are different tests
of a biologically diverse phenomenon. SPT reaction reflects allergen-
sIgE bound to the mast cell in the skin, whereas sIgE immunoassays
detect the level of allergen-sIgE in serum. The SPT has been widely
used to detect allergen-sIgE; it is simple and safe but uncomfortable
and time consuming. Skin reactivity can be influenced by some
medications, the skin tester’s skill, reagents, and allergen extracts.3e5

The radioallergosorbent test (RAST), the multiple allergen
simultaneous test, and the CAP system are among the in vitro
techniques used to detect serum sIgE with high speed and high
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surement because of its reliability, reproducibility, and good
agreement with SPT results.6e8 However, the sensitivity of CAP
varies among inhalant allergens,9,10 and discordance between SPT
and CAP results has been reported.8,10e13 Comparative studies of
these tests have focused on only some allergens or small pop-
ulations.8,11e16 In this study, we compared SPT with sIgE measured
by CAP for various common inhalant allergens.

Methods

Study Design and Subjects

The present study was conducted retrospectively. A total of
2,635 subjects who underwent SPT at Dong-A University Hospital
(Busan, Korea) from June 2011 to May 2016 were included. Serum
sIgE was determined based on the subject’s clinical history and SPT
results and was measured using a CAP system (Phadia AB, Uppsala,
Sweden). The study was approved by the institutional review board
of Dong-A University Hospital.

Allergen-Specific Tests

Skin prick testing was performed with 24 common inhalant
allergens including tree pollens (tree mix, birch, alder, beech, oak,
sevier Inc. All rights reserved.
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Table 1
Clinical Characteristics of Study Subjects (N ¼ 2,635)a

Female 1,389 (52)
Age (y) 44.4 � 17.3 (10e90)
Total IgE (kU/L) 306.6 � 614.8
Disease
BA 699 (26.5)
AR 925 (35.1)
BA with AR 288 (10.9)
Atopic dermatitis 35 (1.3)
Chronic urticaria 68 (2.6)
Food allergy 57 (2.2)
Drug allergy 58 (2.2)
Others 1,134 (43)

Abbreviations: AR, allergic rhinitis; BA, bronchial asthma; IgE, immunoglobulin E.
aValues are presented as mean � SD (range) or number (percentage).
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Japanese cedar), grass pollens (grass mix, rye, timothy, orchard,
Bermuda grass), weed pollens (ragweed, mugwort, Japanese hops),
molds (Alternaria species, Aspergillus fumigatus, Cladosporium spe-
cies, Candida albicans), and indoor allergens (Dermatophagoides
pteronyssinus, Dermatophagoides farinae, cat, dog, Tyrophagus
putrescentiae, cockroach). Japanese cedar extract was obtained from
Lofarma (Milan, Italy) and Alternaria species, cat, and dog extracts
were obtained from Bencard (Breford, United Kingdom); all other
allergen extracts were obtained from Allergopharma (Reinbeck,
Germany). Normal saline and histamine (1 mg/mL) were used as
negative and positive controls, respectively. A positive SPT reaction
was considered a wheal larger than 3 mm (wheal size) or a hista-
mine reaction (allergen/histamine ratio [A/H] � 1) with sur-
rounding erythema appearing 15 minutes after exposure. Total
serum IgE and sIgE levels for 17 allergens weremeasured using CAP,
and an sIgE level of at least 0.35 kU/L was considered a positive
reaction. The Phadia CAP system is an assay for sIgE characterized
by a new solid phase (hydrophilic polymer encased in a capsule)
combined with a secondary enzyme-linked antibody that recog-
nizes allergen-bound patient IgE and a flouroeoenzymometric
detection system. Assays were performed according to the manu-
facturer’s standard protocol (Phadia AB). Atopy status was defined
as positive based on SPT reaction or sIgE level.

Statistical Analysis

Quantitative and qualitative results were expressed as mean �
SD and absolute numbers or frequencies, respectively. Descriptive
statistics were performed using SPSS 12.0 (SPSS Inc, Chicago, Illi-
nois). Statistical significance was assessed using the t test or Mann-
Whitney U test for continuous variables and the Fisher exact test for
categorical variables. P values less than .05 were considered sta-
tistically significant.

The SPT results were analyzed by wheal size and A/H. The
ratio of positive results and agreement were compared using the
k coefficient between SPT and sIgE for each allergen. Sensitivity and
specificity were calculated for CAP compared with SPT as the
reference. Sensitivity was calculated as the number of positive CAP
results among subjects with a positive SPT reaction, and specificity
was calculated as the number of negative CAP results among sub-
jects with a negative SPT reaction. The correlation between SPT
wheal size and sIgE levels was calculated with the Spearman
coefficient and adjusted for sex, age, and total IgE levels.

Results

Demographics

Of 2,635 patients, 1,389 were female (52%). Ages ranged from 10
to 90 years (mean age 44.4 years). Of the 2,635 patients, 2,487
(94.4%) were older than 18 years. Six hundred ninety-nine (26.5%)
had bronchial asthma, 925 (35.1%) had allergic rhinitis, and
35 (1.3%) had atopic dermatitis (Table 1).

Allergen Sensitization

The proportion of positive SPT reactions to sIgE levels is pre-
sented in Table 2. The overall percentage of positive SPT responses
by wheal size or by A/H was 59.8%, which was higher for wheal size
(58.6%) than for A/H (47.5%). Sensitization rate for most allergens
decreased with age (Fig 1).

Patients with positive SPT responses were predominantly male
(53.9% vs 37.5%), younger (40.1 � 16.6 vs 50.7 � 16.3 years), and
with higher serum total IgE levels (388.6 � 648.1 vs 178.1 � 534.0
kU/L) compared with those without positive responses, with a
significant difference (P < .001 for all comparisons; data not
shown).
Sensitization rate was the highest to D farinae, followed by
D pteronyssinus. Agreement betweenwheal size and A/H was 98.5%
for rye, 98.3% for orchard and Bermuda grass, 98.2% for Japanese
cedar and Alternaria species, and 98% for timothy grass. Agreement
was greater than 90% for all allergens, except T putrescentiae
(85.4%).

Overall, the positive sIgE response was 52% (876 of 1,685).
Tyrophagus putrescentiae showed the highest sensitization rate,
followed by birch.
Comparison of CAP With SPT

Agreement between the SPT and sIgE level was moderate (75.8%
for wheal size and 74.7% for A/H; k¼ 0.46) for 17 allergens (Table 3).
Dermatophagoides pteronyssinus and birch showed strong agree-
ment (k > 0.7), whereas T putrescentiae and dog showed weak
agreement (k < 0.3).

The sensitivity of CAP was higher compared with A/H (78.8%)
and SPT wheal size (72.8%). Birch showed the highest sensitivity,
followed by D pteronyssinus and D farinae. The specificity of CAP
was higher compared with SPT wheal size (78.2%) and A/H (72.2%).
Dermatophagoides pteronyssinus, Japanese hops, and mugwort
showed the highest specificity (Table 4).

The SPT mean wheal size and sIgE levels were significantly
correlated for all 17 allergens, except T putrescentiae. Birch, beech,
mugwort, D pteronyssinus, and D farinae were strongly correlated
(r > 0.7); and after adjustment for sex, age, and serum total IgE
levels, beech, oak, and rye showed a strong correlation (Table 5).
The correlationwas compared in subjects older than 18 years for 12
allergens including birch, beech, oak, Japanese cedar, rye, Bermuda
grass, ragweed, mugwort, Japanese hops, A fumigatus, D pter-
onyssinus, and D farinae. A weaker correlation was observed for
older patients (>60 years) than for younger patients, except Japa-
nese cedar, Bermuda grass, and mugwort (Fig 2).
Discussion

The diagnosis of allergy is based on the positive correlation
between clinical history of symptoms on exposure to allergens and
positive in vivo and/or in vitro allergy test reactions to clinically
relevant allergens. In this study, we compared SPT results with sIgE
levels for various common inhalant allergens.

A positive SPT reaction includes a mean wheal diameter of at
least 3 mm or a ratio of at least 1 for mean wheal diameter to
histamine level. The corresponding results of the 2 criteria for
positive SPT responses were compared. SPT reaction was more
frequently positive for wheal size (58.6%) than for A/H (47.5%).
However, the overall agreement between the 2 results was very
high (95.9%). For all subjects, allergic diseases including bronchial
asthma, allergic rhinitis, allergic conjunctivitis, and atopic



Table 2
Positive Rate of Skin Prick Test and CAP Systema

Allergen Total (N ¼ 2,635) Agreement CAP

Mean wheal � 3 mm A/H � 1 Positive Negative

Tree mix 383 (14.5) 319 (12.1) 312 (11.8) 2,245 (85.2)
Birch 326 (12.4) 282 (10.7) 275 (10.4) 2,302 (87.4) 190/350 (54.3)
Alder 337 (12.8) 279 (10.6) 275 (10.4) 2,294 (87.1)
Beech 283 (10.7) 212 (8) 204 (7.7) 2,344 (89) 169/338 (50)
Oak 286 (10.9) 189 (7.2) 183 (6.9) 2,343 (88.9) 55/107 (51.4)
Japanese cedar 87 (3.3) 48 (1.8) 44 (1.7) 2,544 (96.5) 37/100 (37)
Grass mix 130 (4.9) 87 (3.3) 80 (3) 2,498 (94.8)
Rye 83 (3.1) 55 (2.1) 49 (1.9) 2,546 (96.6) 44/111 (39.6)
Timothy 131 (5) 86 (3.3) 83 (3.1) 2,501 (94.9)
Orchard 119 (4.5) 80 (3) 77 (2.9) 2,513 (95.4)
Bermuda grass 82 (3.1) 43 (1.6) 40 (1.5) 2,550 (96.8) 34/86 (39.5)
Ragweed 127 (4.8) 79 (3) 75 (2.8) 2,504 (95) 66/188 (35.1)
Mugwort 251 (9.5) 187 (7.1) 184 (7) 2,381 (90.4) 109/235 (46.4)
Japanese hops 156 (5.9) 96 (3.6) 92 (3.5) 2,475 (93.9) 41/108 (38)
Alternaria sp 74 (2.8) 31 (1.2) 29 (1.1) 2,559 (97.1) 14/37 (37.8)
Aspergillus fumigatus 103 (3.9) 45 (1.7) 36 (1.4) 2,523 (95.7) 25/92 (27.2)
Cladosporium sp 91 (3.5) 36 (1.4) 31 (1.2) 2,539 (96.4)
Candida albicans 181 (6.9) 89 (3.4) 76 (2.9) 2,441 (92.6)
Dermatophagoides pteronyssinus 963 (36.5) 795 (30.2) 775 (29.4) 1,652 (62.7) 647/1,635 (39.6)
Dermatophagoides farinae 1,043 (39.6) 840 (31.9) 819 (31.1) 1,571 (59.6) 751/1,597 (47)
Cat 388 (14.7) 267 (10.1) 252 (9.6) 2,232 (84.7) 81/151 (53.6)
Dog 297 (11.3) 127 (4.8) 111 (4.2) 2,322 (88.1) 70/137 (51.1)
Cockroach 357 (13.5) 158 (6) 137 (9.1) 2,257 (85.7) 20/50 (44)
Tyrophagus putrescentiae 587 (22.3) 278 (10.6) 240 (9.1) 2,010 (76.3) 17/27 (63)

Abbreviation: A/H, allergen/histamine ratio.
aValues are presented as number (percentage).
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dermatitis amounted to 1,345 (51%), and atopy was present in 71.5%
by SPT (70% for wheal size and 62.1% for A/H).

Skin reactivity by SPT decreased with age.17 Mean wheal sizes
decreased significantly to a plateau in patients older than
60 years.17 The incidence and severity of atopic diseases reportedly
decrease with age, particularly in those at least 60 years old.16,18 In
this study, the rate of positive responses decreased with age, with
the highest sensitization rate in patients 20 to 29 years old, which
A B

Figure 1. Sensitization rate of skin prick test to inhalant allergens in all age groups by
Df, Dermatophagoides farinae; Dp, Dermatophagoides pteronyssinus; Hop J., Japanese hops
was similar for various inhalant allergens. Mean wheal sizes also
decreased with age and a more rapid decrease was observed in
patients older than 50 years.

The in vitromeasurement of sIgE is an important complementary
tool to diagnose allergy. The RAST, a noncompetitive, heterogeneous
(separation step included), and solid-phase immunoradiometric
assay, was the first assay to be introduced for the detection for sIgE.
The allergosorbent is prepared by covalently coupling an allergen of
(A) wheal size and (B) allergen/histamine ratio. A.fumigatus, Aspergillus fumigatus;
; J. cedar, Japanese cedar; Tyrophagus, Tyrophagus putrescentiae.



Table 3
Agreement, Sensitivity, and Specificity of CAP System Compared With Skin Prick Test as the Reference

Allergen (n) Mean wheal � 3 mm A/H � 1

Agreement, % k P value Agreement, % k P value

Positive Negative Total Positive Negative Total

Birch (350) 44.9 42 86.9 0.738 <.001 40.6 44.3 84.9 0.701 <.001
Beech (338) 36.7 44.1 80.8 0.615 <.001 31.1 46.7 77.8 0.556 <.001
Oak (107) 38.3 36.4 74.7 0.495 <.001 29 43 72 0.444 <.001
Japanese cedar (100) 20 54 74 0.416 <.001 15 57 72 0.341 .010
Rye (111) 24.3 53.2 77.5 0.512 <.001 19.8 55.9 75.7 0.456 <.001
Bermuda grass (86) 24.4 54.7 79.1 0.544 <.001 11.6 55.8 67.4 0.242 .008
Ragweed (188) 23.9 56.9 80.8 0.571 <.001 18.6 61.2 79.8 0.516 <.001
Mugwort (235) 39.6 43.8 83.4 0.668 <.001 35.7 46.8 82.5 0.647 .010
Japanese hops (108) 31.5 44.4 75.9 0.516 <.001 29.6 55.6 85.2 0.682 <.001
Alternaria sp (37) 27 43.2 70.2 0.393 .015 18.9 56.8 75.7 0.444 .005
Aspergillus fumigatus (92) 10.9 63 73.9 0.287 <.005 10.9 66.3 77.2 0.35 <.001
Dermatophagoides pteronyssinus (1,635) 33.4 55.9 89.3 0.775 <.001 29.7 58.2 87.9 0.739 .010
Dermatophagoides farinae (1,597) 36.4 47.5 83.9 0.675 <.001 31.4 50 81.4 0.621 <.001
Cat dander (151) 47 22.5 69.5 0.372 <.001 39.7 31.1 70.8 0.413 <.001
Dog hair (137) 37.2 24.8 62 0.237 .005 26.3 37.2 63.5 0.274 .001
Cockroach (50) 40 24 64 0.316 .008 26 42 68 0.344 .015
Tyrophagus putrescentiae (27) 48.1 14.8 62.9 0.172 .365 25.9 22.2 48.1 0.01 .952
Mean 33.2 42.7 75.8 0.49 25.9 48.8 74.7 0.46

Abbreviation: A/H, allergen/histamine ratio.
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particular specificity to a cyanogen bromide-activated cellulose
(paper) disk. CAP shows 3-fold higher binding capacity than RAST
and decreases the nonspecific binding properties of allergosorbents
using a solid.19 CAP has higher sensitivity, specificity, and efficiency
than RAST.20e22

Skin prick testing and sIgE differ in biological and clinical rele-
vance, and their results are not interchangeable.19 SPTs are
reportedly more sensitive but less specific than sIgE tests to di-
agnose allergy in patients with asthma or rhinitis.23 However,
disagreement between the SPT and sIgE has been reported.8,12,13,24

Overall agreement between SPT and CAP was 80.6% for 53 inhalant
allergens in patients with chronic rhinitis.8 Variable agreement
among individual allergens has been reported (ie, >85% for molds,
80%e85% for grasses, and wide variation in agreement among tree
pollens, with 80%e90% specificity and 50%e80% sensitivity for
CAP). A study of young children showed substantial disagreement
between SPT and sIgE for 16 common inhalant and food allergens,
with poor to moderate agreement (k � 0.6 for all comparisons).12

Moreover, adults with severe asthma sensitized to fungi showed
Table 4
Sensitivity and Specificity of CAP System Compared With Skin Prick Test as the
Reference

Allergen Mean wheal � 3 mm A/H � 1

Sensitivity,
%

Specificity,
%

Sensitivity,
%

Specificity,
%

Birch 92.4 81.7 96.6 76.4
Beech 86.1 76.8 90.5 71.2
Oak 75.9 73.6 83.8 65.7
Japanese cedar 69 76.1 71.4 72.2
Rye 77.1 77.6 81.5 73.8
Bermuda grass 80.8 78.3 71.4 66.7
Ragweed 75 83.6 83.3 78.8
Mugwort 80.2 86.6 84 81.5
Japanese hops 64.2 87.3 82.1 87
Alternaria sp 58.8 80 77.8 75
Aspergillus fumigatus 52.6 79.5 62.5 80.3
Dermatophagoides pteronyssinus 88.1 90 93.1 85.5
Dermatophagoides farinae 87 81.7 91.4 76.2
Cat dander 66.4 77.3 72.3 69.1
Dog hair 60.7 64.2 69.2 60
Cockroach 55.6 85.7 65 70
Tyrophagus putrescentiae 68.4 50 63.6 37.5
Mean 72.8 78.2 78.8 72.2

Abbreviation: A/H, allergen/histamine ratio.
77% concordance and 23% discordance between test results. Smits
et al25 reported that only 43 of 100 patients (43%) undergoing SPT
and CAP responded to the 2 tests. These findings suggested the
need to perform the 2 tests to obtain a definitive diagnosis because
of the different responses to skin and in vitro testing methods.

Most previous studies have used wheal size in SPT analy-
ses.8,26e29 In this study, we defined a positive SPT reaction based on
wheal size or A/H and subsequently compared SPT and CAP results.
Based onwheal size, overall agreement for the 17 inhalant allergens
was 75.8%, with 78.8% sensitivity and 78.2% specificity. According to
A/H, the agreement was similar (74.7%), with higher sensitivity
(78.8%) and lower specificity (72.2%) compared with results based
onwheal size.Meanwheal size by SPTshowed a positive correlation
with sIgE levels for all 17 allergens tested (overall correlation
r¼ 0.59). SPT reactivity decreases with age17 and differs by sex.15 In
addition, high total IgE levels show more positive CAP results8;
therefore, we adjusted for sex, age, and serum total IgE levels. Our
results indicated an overall correlation of 0.45 and a positive cor-
relation between the 2 tests, except for cockroach. One study
Table 5
Correlation Between Mean Wheal Size of Skin Prick Test and Serum Specific
Immunoglobulin E Levels Measured by CAP System

Allergen Correlation
(r)

P
value

Correlation
(r)a

P
value

Birch 0.739 <.001 0.533 .061
Beech 0.705 <.001 0.835 <.001
Oak 0.62 <.001 0.917 <.001
Japanese cedar 0.451 <.001 0.262 .387
Rye 0.583 <.001 0.782 .002
Bermuda grass 0.635 <.001 0.431 <.001
Ragweed 0.628 <.001 0.402 <.001
Mugwort 0.724 <.001 0.385 <.001
Japanese hops 0.672 <.001 0.376 <.001
Alternaria sp 0.48 .003 0.45 .005
Aspergillus fumigatus 0.378 <.001 0.575 <.001
Dermatophagoides pteronyssinus 0.793 <.001 0.427 <.001
Dermatophagoides farinae 0.79 <.001 0.476 <.001
Cat dander 0.494 <.001 0.039 .709
Dog hair 0.466 <.001 0.367 <.001
Cockroach 0.508 <.001 �0.224 .534
Tyrophagus putrescentiae 0.327 .096 0.565 .088

aPartial correlation coefficient adjusted by sex, age, and total immunoglobulin
E levels.



Figure 2. Correlation between mean wheal size by skin prick test and serum specific immunoglobulin E levels in all age groups. A.fumigatus, Aspergillus fumigatus;
Df, Dermatophagoides farinae; Dp, Dermatophagoides pteronyssinus; Hop J., Japanese hops; J. cedar, Japanese cedar; Tyrophagus, Tyrophagus putrescentiae.
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indicated that the rate of sensitization decreased with age,30 which
was consistent with our findings. The correlation also showed a
tendency to decrease with age, especially for patients older than 60
years.

There was substantial disagreement between SPT and CAP re-
sults in this study, and the agreement, sensitivity, specificity, and
correlation between the 2 tests were very wide among allergens.
Environmental factors such as diet, obesity, smoking, and pets, test
methodology, different allergen extracts, and population with a
wide age range could contribute to the difference.

Our study had some limitations. CAP was not performed in all
patients and data analysis on some allergens was inadequate.
However, the study had a large sample and wide age range for
subjects and included various common inhalant allergens.

There was a discrepancy between results from SPT and CAP for
diagnosing allergic sensitization among inhalant allergens. Allergic
sensitization and correlation between the tests decreased with age.
Thus, it might be necessary to use SPT and CAP to identify allergic
sensitization, especially in older patients.

References

[1] Al-Mousawi MS, Lovel H, Behbehani N, Arifhodzic N, Woodcock A, Custovic A.
Asthma and sensitization in a community with low indoor allergen levels and
low pet-keeping frequency. J Allergy Clin Immunol. 2004;114:1389e1394.

[2] Gergen PJ, Turkeltaub PC. The association of individual allergen reactivity
with respiratory disease in a national sample: data from the second National
Health and Nutrition Examination Survey, 1976e80 (NHANES II). J Allergy Clin
Immunol. 1992;90:579e588.

[3] Plebani M, Borghesan F, Faggian D. Clinical efficiency of in vitro and in vivo
tests for allergic diseases. Ann Allergy Asthma Immunol. 1995;74:23e28.

[4] Gendo K, Larson EB. Evidence-based diagnostic strategies for evaluating
suspected allergic rhinitis. Ann Intern Med. 2004;140:278e289.

[5] Ownby DR. Allergy testing: in vivo versus in vitro. Pediatr Clin North Am. 1988;
35:995e1009.

[6] Gleeson M, Cripps AW, Hensley MJ, Wlodarczyk JH, Henry RL, Clancy RL.
A clinical evaluation in children of the Pharmacia ImmunoCAP system for
inhalant allergens. Clin Exp Allergy. 1996;26:697e702.

[7] Kelso JM, Sodhi N, Gosselin VA, Yunginger JW. Diagnostic performance
characteristics of the standard Phadebas RAST, modified RAST, and Pharmacia
CAP system versus skin testing. Ann Allergy. 1991;67:511e514.
[8] Calabria CW, Dietrich J, Hagan L. Comparison of serum-specific IgE (Immu-
noCAP) and skin-prick test results for 53 inhalant allergens in patients with
chronic rhinitis. Allergy Asthma Proc. 2009;30:386e396.

[9] Pumhirun P, Jane-Trakoonroj S, Wasuwat P. Comparison of in vitro assay for
specific IgE and skin prick test with intradermal test in patients with allergic
rhinitis. Asian Pac J Allergy Immunol. 2000;18:157e160.

[10] Volcheck GW. Which diagnostic tests for common allergies? Where to start
when you face an allergy puzzle. Postgrad Med. 2001;109:71e72. 77e78,
84e85.

[11] Jeong SR, Jang GC, Cho NJ, et al. Analysis of Polycheck Allergy Results of the
recent two years: comparison with skin prick test and ImmunoCAP. Lab Med
Online. 2012;2:139e147.

[12] Schoos AM, Chawes BL, Folsgaard NV, Samandari N, Bonnelykke K, Bisgaard H.
Disagreement between skin prick test and specific IgE in young children.
Allergy. 2015;70:41e48.

[13] O’Driscoll BR, Powell G, Chew F, et al. Comparison of skin prick tests with
specific serum immunoglobulin E in the diagnosis of fungal sensitization in
patients with severe asthma. Clin Exp Allergy. 2009;39:1677e1683.

[14] Mohammad HR, Belgrave D, Kopec Harding K, Murray CS, Simpson A,
Custovic A. Age, sex and the association between skin test responses and IgE
titres with asthma. Pediatr Allergy Immunol. 2016;27:313e319.

[15] Jung YG, Cho HJ, Park GY, et al. Comparison of the skin-prick test and Phadia
ImmunoCAP as tools to diagnose house-dust mite allergy. Am J Rhinol Allergy.
2010;24:226e229.

[16] Jiang XD, Li GY, Dong Z, Zhu DD. Correlation analysis of two serum-specific
immunoglobulin E test systems and skin-prick test in allergic rhinitis pa-
tients from northeast China. Am J Rhinol Allergy. 2011;25:116e119.

[17] Skassa-Brociek W, Manderscheid JC, Michel FB, Bousquet J. Skin test reactivity
to histamine from infancy to old age. J Allergy Clin Immunol. 1987;80:
711e716.

[18] Freidhoff LR, Meyers DA, Marsh DG. A genetic-epidemiologic study of human
immune responsiveness to allergens in an industrial population. II. The associ-
ations among skin sensitivity, total serum IgE, age, sex, and the reporting of
allergies in a stratified randomsample. J AllergyClin Immunol. 1984;73:490e499.

[19] Droste JH, Kerhof M, de Monchy JG, Schouten JP, Rijcken B. Association of skin
test reactivity, specific IgE, total IgE, and eosinophils with nasal symptoms in
a community-based population study. The Dutch ECRHS Group. J Allergy Clin
Immunol. 1996;97:922e932.

[20] Alonso R, Botey J, Pena JM, Eseverri JL, Marin A, Ras RM. Specific IgE deter-
mination using the CAP system: comparative evaluation with RAST. J Investig
Allergol Clin Immunol. 1995;5:156e160.

[21] Leimgruber A, Mosimann B, Claeys M, et al. Clinical evaluation of a new in-
vitro assay for specific IgE, the immuno CAP system. Clin Exp Allergy. 1991;
21:127e131.

[22] Bousquet J, Chanez P, Chanal I, Michel FB. Comparison between RAST and
Pharmacia CAP system: a new automated specific IgE assay. J Allergy Clin
Immunol. 1990;85:1039e1043.

http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref1
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref1
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref1
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref1
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref2
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref2
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref2
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref2
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref2
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref2
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref3
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref3
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref3
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref4
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref4
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref4
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref5
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref5
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref5
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref6
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref6
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref6
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref6
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref7
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref7
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref7
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref7
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref8
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref8
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref8
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref8
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref9
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref9
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref9
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref9
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref10
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref10
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref10
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref10
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref10
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref10
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref11
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref11
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref11
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref11
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref12
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref12
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref12
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref12
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref13
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref13
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref13
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref13
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref14
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref14
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref14
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref14
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref15
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref15
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref15
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref15
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref16
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref16
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref16
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref16
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref17
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref17
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref17
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref17
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref18
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref18
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref18
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref18
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref18
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref19
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref19
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref19
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref19
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref19
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref20
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref20
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref20
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref20
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref21
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref21
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref21
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref21
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref22
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref22
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref22
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref22


Y.-H. Nam and S.-K. Lee / Ann Allergy Asthma Immunol 118 (2017) 608e613 613
[23] Bousquet PJ, Chatzi L, Jarvis D, Burney P. Assessing skin prick tests reliability
in ECRHS-I. Allergy. 2008;63:341e346.

[24] Lee SH, Son YW, Lee JS, et al. Comparison of commercial skin prick test
reagents using in vivo and in vitro methods. Korean J Med. 2016.
Se658.

[25] Smits WL, Letz KL, Evans TS, Giese JK. Evaluating the response of patients
undergoing both allergy skin testing and in vitro allergy testing with the
ImmunoCAP Technology System. J Am Acad Nurse Pract. 2003;15:
415e423.

[26] Ricci G, Capelli M, Miniero R, et al. A comparison of different allergometric
tests, skin prick test, Pharmacia UniCAP and ADVIA Centaur, for diagnosis of
allergic diseases in children. Allergy. 2003;58:38e45.
[27] Ollert M, Weissenbacher S, Rakoski J, Ring J. Allergen-specific IgE measured
by a continuous random-access immunoanalyzer: interassay comparison and
agreement with skin testing. Clin Chem. 2005;51:1241e1249.

[28] Park HJ, Lee JH, Park KH, et al. A nationwide survey of inhalant allergens
sensitization and levels of indoor major allergens in Korea. Allergy Asthma
Immunol Res. 2014;6:222e227.

[29] Asha’ari ZA, Suhaimi Y, Yusof RA, Rushdan I, Maraina CH. Comparison of
serum specific IgE with skin prick test in the diagnosis of allergy in Malaysia.
Med J Malaysia. 2011;66:202e206.

[30] Mediaty A, Neuber K. Total and specific serum IgE decreases with age in
patients with allergic rhinitis, asthma and insect allergy but not in patients
with atopic dermatitis. Immun Ageing. 2005;2:9.

http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref23
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref23
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref23
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref24
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref24
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref24
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref24
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref25
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref25
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref25
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref25
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref25
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref26
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref26
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref26
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref26
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref27
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref27
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref27
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref27
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref28
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref28
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref28
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref28
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref29
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref29
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref29
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref29
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref30
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref30
http://refhub.elsevier.com/S1081-1206(17)<?thyc=10?>30203-X<?thyc?>/sref30

	Comparison between skin prick test and serum immunoglobulin E by CAP system to inhalant allergens
	Introduction
	Methods
	Study Design and Subjects
	Allergen-Specific Tests
	Statistical Analysis

	Results
	Demographics
	Allergen Sensitization
	Comparison of CAP With SPT

	Discussion
	References


