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ABSTRACT

Objective: Allergic rhinitis and allergic asthma are common respiratory
diseases in children. Skin prick tests (SPT) and allergen-specific
immunoglobulin E (SpIgE) measurements play a crucial role in their
diagnosis. In recent years, the use of rapid diagnostic kits has increased.
This study aimed to investigate the diagnostic performance of multi-
headed applicator and allergen SplgE compared to the gold standard
lanset.

Materials and Methods: Skin prick tests were conducted on the same
patients using both a multi-headed applicator and lancet with the same
allergen solutions. Additionally, allergen SpigE levels were measured for
each patient. The diagnostic performances of multi-headed applicator and
allergen SplgE were statistically compared to those of lancet.

Results: A total of 2100 SPTs were performed on 105 patients, from whom
allergen SplgE levels were also obtained. Allergen sensitivities were
detected in order of prevalence as house dust mites, pollens, and molds.
Sensitization rates were found to be 73.3% for multi-headed applicators,
82.9% for lanset, and 81% for SpIgE. The diagnostic sensitivity of the multi-
headed applicator ranged from 0% to 52%, and its correlations with lanset
were weak.

Conclusion: Rapid-result tests aimed at allergen sensitivity assessment
showed limited effectiveness. The use of accurate and reliable diagnostic
methods such as lancet-based SPT and SpIgE measurements is crucial. This
study holds the distinction of being the first to evaluate different SPT
methods using allergen solutions, providing important insights for
accurate diagnosis and treatment of allergic diseases.

Keywords: skin tests, sensitivity and specificity, equipment and supplies,
children, allergy

0z

Amag: Alerjik rinit ve alerjik astim, ¢ocuklarda sik goriilen solunum hasta-
liklaridir. Bu hastaliklarin tanisinda, deri prik testleri (DPT) ve alerjen spe-
sifik immunglobulin E (SpIgE) dl¢limleri 6nemli bir rol oynamaktadir. Son
yillarda hizli tani kitlerinin kullanimi artmistir. Bu ¢alismanin amaci ¢ok
basli aplikator ve alerjen SplgE’lerin tanisal performanslarini altin standart
kabul edilen lanset DPT gore etkinlikleri arastirild.

Gereg ve Yontem: Cok bagli aplikatér, lanset ile ayni alerjen sollsyonlari
kullanilarak ayni hastalara deri prik testleri yapildi. Ayrica, her hastadan
alerjen SplgE duzeyleri 6lguldi. Lanset ile yapilan DPT’lere gore ¢ok basl
aplikat6r ve alerjen SplgE’lerin tanisal performanslari istatistiksel olarak
incelendi.

Bulgular: Toplamda alerjen SpigE’leri de alinan 105 hasta lzerinde 2100
DPT yapildi. Hastalarda siklik sirasina gore ev tozu akari, polenler ve kif
alerjen duyarliligi saptandi. Cok basli aplikator ile yapilan DPT %73.3, lan-
set ile yapilan DPT %82.9 ve SplgkE ile yapilan test %81 oraninda duyarlan-
ma tespit edildi. Cok basli aplikatoriin tanisal duyarhhk degeri %0-52 ara-
sinda ve lanset ile korelasyonlari zayif bulundu.

Sonug: Hizli sonug alma amagh testler, alerjen duyarliigini tespitte yete-
rince etkin olmamistir. Lanset ile yapilan DPT ve SplgE 6lglimleri gibi dogru
ve givenilir tani yontemlerinin kullaniimasi 6nemlidir. Bu ¢alisma, alerjen
duyarliligi tespitinde alerjen sollsyonlari da kullanilarak yapilan farkli DPT
yontemlerinin degerlendirildigi ilk ¢alisma olma &zelligi tasimaktadir ve
alerjik hastaliklarin tani ve tedavisinde dogru yonlendirmeler yapmak
adina 6nemli bilgiler sunmaktadir.

Anahtar Kelimeler: deri testleri, duyarhlk ve 6zgullik, ekipman ve malze-
meler, cocuklar, alerji
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INTRODUCTION

Allergic rhinitis (AR) and asthma are chronic respiratory diseases
commonly observed in children, significantly affecting their
quality of life.! In the diagnosis of these diseases, skin prick
tests (SPT) are used to assess allergen-specific immunoglobulin
E (splgE) levels and measurements of allergen-splgE) play a
significant role. 2 Skin prick tests are reliable and sensitive
methods commonly used to detect IgE responses to various
allergens.? In recent years, various techniques and methods
have been developed in skin prick tests to obtain rapid results.*
Especially in developing countries with limited healthcare
access like our country, there is a trend towards directing the
use of rapid and practical diagnostic techniques instead of the
gold standard methods® accepted by health authorities, aiming
to expedite diagnostic processes and enhance access to public
resources. However, this approach can lead to challenges in
accurate diagnosis and result in confusing outcomes.

This research article was conducted to assess the reliability of
different skin prick test (SPT) methods and allergen-specific
IgE measurements in children with allergic rhinitis and asthma.
Particularly, for the evaluation of allergenic sensitization, a
comparison will be made among the commonly used multi-
headed applicator SPTs, lancet-based SPTs, and specific
IgE tests, which are widely employed in public hospitals in
our country. This comparison aims to assess each testing
method’s diagnostic accuracy, sensitivity, and specificity.
Previous research has demonstrated the effectiveness of SPTs
in evaluating specific IgE responses to allergens. ® However,
further research is needed to investigate the outcomes of
different methods used in SPTs.

In this study, we aimed to determine which method exhibits
better diagnostic performance by comparing skin prick tests
and splgE results conducted through different approaches in
children with allergic rhinitis and asthma.

More accurate and reliable diagnostic methods can aid in
directing patients toward appropriate treatments promptly
and accurately. Furthermore, they can contribute to optimizing
treatment options, preventing unnecessary time and financial
losses, and adopting a more effective approach to managing
allergic diseases. This study will present the details of the
investigation focused on comparing the results of skin prick
tests in children with allergic rhinitis and asthma, and the
findings will be discussed.

MATERIALS AND METHODS

A total of 105 participants voluntarily enrolled in the study, who
were diagnosed with allergic rhinitis or asthma. The patients
were randomly selected based on their order of presentation
at the clinic. Demographic and clinical characteristics including
age, gender, allergens causing symptoms according to clinical
history, and other relevant factors were recorded for all
participants.

Skin Prick Tests

SPTs were conducted on all participants using allergen solutions
(ALK-Abello Pharm allergen extracts) known as common
triggers for allergic rhinitis and asthma. A multi-headed
SPT applicator with 10 distinct chambers (positive control,
negative control, Dermatophagoides Pteronyssinus (DP),
Dermatophagoides Farinea (DF), mixture of mold allergens,
mixture of weed pollen, mixture of grass pollen, mixture of tree
pollen, cockroach, cat, and dog) was employed. Additionally,
SPTs were performed using a lancet (ALK®, Horsholm, Denmark)
with the same solutions (Figure 1). A total of 2100 SPTs (105
patients x 10 tests for each arm x 2 arms) were administered,
with 10 SPTs conducted on each arm of the 105 patients.
During the tests conducted with a lancet and a multi-headed
applicator (Aller-tech rapid allergy test applicator), adherence
to the manufacturer’s recommended guidelines for application
was ensured. The SPTs were conducted on the inner surface
of the arm in a standardized area. Each volunteer participant
received SPTs on the inner surface of one arm using the multi-
headed applicator and on the other arm using the lancet,
both with the same allergen solutions. In the multi-headed
applicator SPTs, a single allergen was applied to each chamber
of the applicator. For the lancet SPTs, a separate lancet was
used for each allergen using the same solutions. The SPTs
were administered by the same experienced healthcare
professional. One minute after the SPTs were performed, the
droplets were dried without allowing them to mix. Following
the SPTs, independent technicians measured and recorded skin
reactions for swelling and wheel size. After 15 minutes, the
longest diameter of the wheel was measured, and then the
perpendicular diameter was measured and divided by two to
determine the wheel diameter. Due to inadequate cockroach
solution, enough data related to cockroach allergy could not
be collected.

Allergen-specific IgE Measurement

Additionally, blood samples were collected from each
participant on the same day. The blood samples were analyzed
using the immunoCAP method, commonly employed in
laboratory tests, to assess allergen-specific IgE levels.

Data Analysis

The data were analyzed using IBM SPSS Statistics 22.0 (IBM
Corp., Armonk, New York, USA) statistical software package.
Descriptive statistics were presented as unit count (n),
percentage (%), mean * standard deviation (xtSD), median
values, and minimum-maximum values. SPT results were
compared between the multi-headed applicator and lancet-
based tests. Furthermore, comparisons were made with
allergen SplgE results. These comparisons were conducted
based on performance criteria such as sensitivity, specificity,
and positive/negative predictive values.

Correlation analyses were performed between the applicator
and SplgE results compared to lancet-based SPT results. The
normality distribution of variables was assessed using the




Kolmogorov-Smirnov test. For variables showing a normal
distribution, Pearson correlation analysis was applied, while
for non-normally distributed variables, Spearman correlation
analysis was utilized to assess correlations.
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In the SPT administered with a multi-headed applicator,
sensitization to at least one allergen was observed in 77 cases
(73.3%), whereas in the lancet group, this was noted in 87
cases (82.9%), and through specific IgE testing, 85 cases (81%)

showed positive reactions.
Ethical Approval:

This research was conducted with the approval of the Istanbul
Basaksehir Cam ve Sakura City Hospital Clinical Research Ethics
Committee (Date: 22 February 2023 Decision no: 2023-72).
Informed consent was obtained from all patients and their
parents, and their privacy rights were respected.

RESULTS

Among the 105 patients evaluated for allergen sensitivity, with
a total of 2100 SPTs conducted - one arm using a multi-headed
applicator and the other arm using a lancet - and allergen-
specific IgE levels measured, 67 (63.8%) were male. The median
age was 96 months (range: 24-204), of which 63 (60%) had
AR, 18 (17.1%) had allergic asthma with comorbid AR, and 24
(22.9%) had isolated allergic asthma. Additionally, 9 (8.5%)
patients presented with atopic dermatitis alongside respiratory
allergic diseases. Regarding specific allergen sensitivities, 49
(46.7%) cases exhibited reactivity to house dust mites and
pollens, 40 (38.1%) to house dust mites, 13 (12.4%) to pollens,
and 3 (2.9%) to molds and animal epithelial allergens.

Figure 1: Example of multi-headed applicator and lancet used
for tests

Table 1: Diagnostic values for multi-headed applicator and allergen-specific IgE compared to lancet SPT

Lanset (+) N:105 Positivity Sensitivity Specificity NPV PPV Accuracy
APK 46(43.8%) 39(52%) 23(76.7%) 23(39%) 39(84.8%) 59%
D. Pteronyssinus
n:75(71.4%) (Snp;g:) 71(71.7%) 65(94.2%) 24(80%) 24(85.7%) 65(91.5%) 90%
APK 34(32.4%) 29(38.7%) 25(83.3%) 25(35.2%) 25(85.3%) 51.4%
D. Farinea n:75(71.4%) SplgE
(n:99) 71(71.7%) 65(92.9%) 23(79.3%) 23(82.1%) 65(91.5%) 88.9%
APK 12(11.4%) 3(17.6%) 79(89.8%) 79(84.9%) 3(25%) 78%
Mix mold n:17(16.2%) SplgE
(n:95) 5(4.8%) 4(25%) 78(98.7%) 78(86.7%) 4(80%) 86.3%
APK 26(24.8) 18(41.9%) 54(58.1%) 54(68.4%) 18(69.2%) 78.1%
Grass pollens n:43(41%) SplgE
26(25.7%) 24(60%) 59(96.7%) 59(78.7%) 24(92.3%) 82.2%
(n:101)
J . APK 8(7.6%) 0(0%) 83(91.2%) 83(85.6%) 0(0%) 79%
Weeds pollen
n:14(13.3%) SpigE 11(11.3%) 4(33.3%) 78(91.8%) 78(90.7%) 4(36.4%) 84.5%
(n:97)
" APK 9(8.6%) 2(11.8%) 81(92%) 81(84.4%) 2(22.2%) 79%
Trees pollen
n:17(16.22%) Splge 4(3.8%) 2(33.3) 13(86.7) 13(76.5%) 2(50%) 71.4%
(n:21)
" APK 16(15.2%) 10(32.3%) 68(91.9%) 68(76.4%) 10(62.5%) 74.3%
Cat allergens
n:31(29.5%) (S:f'ssE) 22(33.8%) 16(84.2%) 40(87%) 40(93%) 16(72.7% 86.2%
APK 11(10.5%) 2(22.2%) 87(90.6%) 87(92.6%) 2(18.2%) 84.7%
Dog allergens n:9(8.6%) SplgE
. (] 0 . (] . (] 0 0
(n:63) 1(1.6%) 0(0%) 58(98.3%) 58(93.5%) 0(0%) 92%

APK: Skin prick test with multi-headed applicator; SplgE: allergen-specific immunoglobulin E; NPV: negative predictive value; PPV: positive predictive value
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In SPTs conducted with the applicator, false negative results
for at least one allergen that was clinically compatible (despite
positive results in the lancet-based SPTs and/or splgE) were
observed in 80 cases (76.4%). In 23 cases (21.9%), false
positive results for at least one allergen, which were clinically
incompatible and negative in other tests, were detected in
the SPTs conducted with the applicator. False-negative results
were observed in 23 cases (20.5%) in SplgE measurements.
Diagnostic values of the multi-headed applicator and inhaled
allergen-specific IgE, based on the lancet-based SPT, are
presented in Table 1.

In the SPTs conducted with the applicator and lancet, a weak
positive correlation was observed between wheal diameters in
the positive control test with histamine (rho: 0.245, p: 0.012)
(Figure 2).

In the case of DP a weak correlation was observed between the
wheal diameter of SPTconducted with a lancet and the wheal

rho: 0.810 p<0.001
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Figure 3: Correlation plots of wheal size from Multi-headed Applicator SPT and splgE Level for Dermatophagoides pteronyssinus

(DP) based on the result of Lancet SPT
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Figure 4: Correlation plots of wheal size from Multi-headed Applicator SPT and spIgE Level for Dermatophagoides farinea (DF)

based on the result of Lancet SPT
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Figure 5: Correlation plots of wheal size from Multi-headed Applicator SPT and spIgE Level for Mix molds based on the result

of Lancet SPT

rho:0.431 p<0.001

12,50

1000

7.507

5007

250

SPT with aplicator Mix Grass wheals (mm)

© © 0o 0 o o © O o

o il v}

T T T T T T T T
0o 200 400 .00 8.00 10.00 12.00 14.00

SPT with lancet Mix Grass wheals (mm)

R? Linear = 0.266

rho: 0.745 p<0.001

R? Linear = 0.2¢
100.00 o o o
. 8000
3
=
" )
"
o
& 6000
k-]
= [e]
5
= o
] -
o 4000
a2
w
o
[-%
@
20,00
o
o 0 o o
o o ©
o0 _© o 8 8 & 8 © o
T T T T T T T T
] 2.00 4.00 6.00 3.00 1000 1200 1400

SPT with lancet Mix Grass wheals (mm)

Figure 6: Correlation plots of wheal Size from Multi-headed Applicator SPT and SpIgE Level for Grass pollens based on the result

of Lancet SPT

diameter of SPT conducted with an applicator (rho: 0.357, p <
0.001). However, a strong relationship was established between
DP-specific IgE levels and the wheal diameter of SPT conducted
with a lancet (rho: 0.810, p < 0.001) (Figure 3).

Regarding DF, a weak correlation was found between lancet-
based SPT wheal diameter and applicator-based SPT wheal
diameter (rho: 0.310, p: 0.001). Conversely, a strong correlation
was observed between DF-specific IgE levels and lancet-based
DF SPT wheal diameter (rho: 0.839, p < 0.001) (Figure 4).

For the mold mixture, there was no significant correlation
between lancet-based SPT wheal diameter and applicator-
based SPT wheal diameter (rho: 0.092, p: 0.348). However, a
weak correlation was found between mold mixture-specific

IgE levels and lancet-based mold mixture SPT wheal diameter
(rho: 0.397, p < 0.001) (Figure 5).

There is a moderate correlation between lancet-based and
applicator-based SPT wheal diameters for the grass mixture
(rho:0.431, p < 0.001). Additionally, a strong correlation exists
between grass mixture-specific IgE levels and lancet-based SPT
wheal diameter (rho: 0.745, p < 0.001) (Figure 6).

No correlation between lancet and applicator SPT wheal
diameters for weeds mixture (rho: -0.112, p: 0.254), but a
weak correlation exists between weeds mixture SplgE levels
and lancet SPT wheal diameter (rho: 0.239, There p: 0.018)
(Figure 7).
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result of Lancet SPT
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Figure 8: Correlation plots of wheal size from Multi-headed Applicator SPT and splgE Level for Trees pollens based on the result

of Lancet SPT

No correlation between the lancet and applicator SPT wheal
diameters for trees mixture (rho: 0.051, p: 0.608) and tree
mixture-splgE levels and lancet SPT wheal diameter (rho: 0.160,
p: 0.407) (Figure 8).

Weak correlation between the lancet and applicator SPT wheal
diameters for cat allergens (rho: 0.281, p: 0.004) and, a strong
correlation between cat allergens lancet SPT wheal diameter
and splgkE levels (rho: 0.809, p < 0.001) (Figure 9).

No correlation was found between the lancet and applicator
SPT wheal diameters for the dog allergen mixture (rho: 0.149,
p: 0.130), no correlation between dog allergen mixture lancet
SPT wheal diameter and splgE levels (rho: -0.46, p: 0.718)
(Figure 10).

DISCUSSION

In this study, different SPT methods and allergen splgE results
were evaluated for allergen sensitivity in children with allergic
rhinitis and asthma. Sensitization to house dust mites, pollens,
and molds was observed in most patients. Through SPTs with
the multi-headed applicator, lancet, and SplgE measurements,
sensitization to at least one allergen was observed in 73.3%,
82.9%, and 81% of cases, respectively. The applicator skin prick
test yielded 76.4% false negatives and 21.9% false positives,
while the splgE measurement resulted in 20.5% false negatives.

Applicator and lancet SPTs showed weak correlations with
histamine-positive control wheel sizes. Strong correlations were
observed between lancet SPTs and splgE levels for DP, DF, and
cat allergens. Mold mixture splgE displayed a weak correlation,
while grass mixture exhibited a good correlation, and weeds
mixture indicated a weak correlation. No correlations were
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identified between dog and tree splgE and lancet SPT wheel
sizes. In applicator SPTs, weak correlations were found with
house dust mites, grass, and cats, while other allergens showed
no significant correlations. Applicator SPTs demonstrated
notably low sensitivity, specificity, negative predictive values,
positive predictive values, and accuracy.

In the literature, various devices including single-use needles
and lancets have been compared, and it has been determined
that the best results are obtained with a 23-gauge needle
or a metal lancet. The single-use applicator (Stallerpoint®)
that we used for testing exhibited a sensitivity of 20% with
a single puncture and a sensitivity of 57% after a 90-degree
rotation following the puncture. 7 In another study, different
puncture and rotation techniques were compared using
histamine and saline without using allergen solutions,

261

resulting in a sensitivity of 100%. However, the limited
number of cases, the absence of real allergen solutions, and
the inclusion of non-atopic patients are noteworthy aspects
of this study.*

In our hospital’s multi-headed applicator, only puncturing is
possible. In studies conducted using multi-headed devices, it
has been observed that the false negative rate with histamine
and saline is higher compared to single lancets or similar
devices, and their sensitivities have decreased up to 51%.
89 In our study, the sensitivity ranged from 0% to 52% for all
allergens with the multi-headed applicator.

Clinicians need to be well-informed about each SPT test device,
follow the recommended usage guidelines, and interpret the
test results accurately.’® False negative results in patients with
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a history of severe asthma or anaphylaxis can lead to life-
threatening consequences.!

Similar studies in the literature have evaluated different SPT
test devices by assessing their performance with positive
controls (histamine) and negative controls (usually saline), as
well as pain levels.*”**

We could not find an English-language published study that
utilized actual allergen solutions. To the best of our knowledge,
our study appears to be the first one that compares the
diagnostic performances of allergen solution-based lancet SPT,
multi-headed applicator SPT, and allergen splgE measurements.

CONCLUSIONS

Skin prick tests conducted with lancets and splgE measurements
are effective methods for evaluating sensitization to allergens.
However, newly developed rapid-result testing methods have
not shown successful results in accurately detecting allergen
sensitivities in patients. Further research is necessary to
improve consistency and minimize false results among current
skin prick test methods. Additionally, developing more accurate
diagnostic and treatment approaches for allergic diseases is
vital for effective patient management.
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