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The practical benefit of Phadiatop test as the first-line in vitro
allergen-specific immunoglobulin E (slgE) screening of
aeroallergens among Chinese asthmatics: a validation study
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Background: Phadiatop test is a variant of ImmunoCAP assay that covers a mixture of common
aeroallergens. Its diagnostic efficiency in Chinese population remains so far inadequate. We validated
Phadiatop testing with InmunoCAP assays in a Chinese cohort.

Methods: Phadiatop test was performed for serum samples from 290 asthmatics and 92 healthy controls
previously tested with “classic” ImmunoCAP for house dust mix (hx2), molds and yeasts mix (mx2), tree
pollen mix (tx4) and weed mix (wx5).

Results: Phadiatop positivity was shown in 46.2% of 290 asthmatic patients. Using ImmunoCAP as the
gold standard, the concordance rate was 91.7%; negative predictive value, 92.9%; and positive predictive
value, 90.2%. The sensitivity of Phadiatop test was high for hx2 (98.2%), x4 (100%) and wx5 (95.5%), but
not for mx2 (78.4%). Yet the mx2 allergen-specific immunoglobulin E (sIgE) level in all missed cases was
relatively low (0.35 to 0.90 kU,/L). The total Phadiatop sIgE level was correlated with the ImmunoCAP
sIgE levels for all allergen mixes combined (7=0.941, P<0.001) or each allergen mix, particularly the hx2
(r=0.924) (all P<0.001), 0.53 kU,/L used as a cut-off would optimize the diagnostic performance of
Phadiatop testing, yielding 89.4% sensitivity and 97.5% specificity in indentifying serums positive to any of
these allergen mixes.

Conclusions: Overall, Phadiatop test may efficiently detect sensitization to common aeroallergen mixes.
In light of the currently rigorous administration on crude extracts for skin tests in China, using Phadiatop as

the first-line test for suspected atopy can be cost-effective.
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Introduction

Along with advances in biomedical sciences, the mainstream
techniques for diagnosis of allergy have always been
evolving, from the skin scratch test described by Blackley
in 1873 (1), the enzyme-linked immunosorbent assay
(ELISA) first published by Engvail and Perlmann in
1971 (2), radiation allergen sorbent test (RAST) developed
in 1974 (3), to the ImmunoCAP assay (formerly the
Pharmacia CAP) introduced in 1989 and used as the
gold standard for in vitro serum tests so far (4,5). The
ImmunoCAP assay, using cellulose as a solid phase
covalently coupled to the allergen of interest and mounted
in a cap-like structure, is now widely recognized and
available for detection of allergen-specific immunoglobulin
E (sIgE) in clinical settings (6). However, efficiency of an
allergen sIgE detection strategy does not depend merely
on the accuracy of an individual assay but also on the cost-
effective size of allergen test panel (the number of allergens
needed to detect), given that thousands of allergens
worldwide or hundreds in a vast region could not be
massively tested for an individual suspected to have atopy (7).
This particularly applies to China, where in vitro allergen
screening was introduced late, and data on local profiles
of allergens remain limited. Furthermore, in this heavily
populated country and others alike, geographical areas
spanning multiple climate zones give rise to a complexity
and diversity of allergen sensitization across different
regions. To Chinese allergists, a dire need for cost-effective
strategy of allergen detection is inarguable.

Unlike ImmunoCAP assay for individual allergens or
multi-allergen mixes (usually of a same biological species),
Phadiatop test is a commercially available variant of
ImmunoCAP assay that uses a solid-phase coupled with
a balanced mixture of common aeroallergens covering
multiple species including fungi, pollens, insects and dust
mites (8). This technique simultaneously screens patient
sensitization to common aeroallergens but not to food,
chemicals or other rare materials. Nevertheless, as far
as inhalant allergens are concerned, we speculated that
an initial screening with Phadiatop effectively ruling out
majority of non-atopy would translate into a large saving
of medical cost; then aided with local epidemiological data,
the range of subsequent test panel in atopic subjects may
be greatly narrowed. If so, Phadiatop would be a cost-
effective approach for allergy diagnosis in countries with a
large population and developing economy. To this regard,
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evidence on the clinical value of Phadiatop screening in
China, especially in terms of its diagnostic efficiency, ought
to be available, but unfortunately, is currently lacking.

Here we present our investigation about Phadiatop
testing of serum samples validated by previous findings of
ImmunoCAP assays in a Chinese cohort, with preliminary
reflection on the implications of Phadiatop screening in
developing countries with limited medical budgets.

Methods
Ethics statement

This study was approved by the Ethics Committee of First
Affiliated Hospital of Guangzhou Medical University, with
approval number: GYFYY-2016-73. The use of human
serum samples was in accordance with the legislation in
China and the wishes of donors, their legal guardians or
next of kin, where applicable, who had offered written
informed consent to using the serum samples for future
unspecified research purposes.

Serum samples and study design

This was a validation study using serum samples registered
between January 2015 and March 2017 in the Allergy
Information Repository of State Key Laboratory of
Respiratory Disease (AIR-SKLRD) located in southern
China. The AIR-SKLRD is a large archive of medical
records and serum biobank of subjects referred for allergen
tests (9-11) with informed consent. We retrieved the AIR-
SKLRD database for serum samples from consecutive
asthma patients with during the study period, who had
been tested simultaneously for four common aeroallergen
mixes using an ImmunoCAP 1000 system (ThermoFisher
Scientific, Uppsala, Sweden): house dusts mix (hx2), molds
and yeasts mix (mx2), tree pollen mix (tx4) and weed pollen
mix (wx5). In addition, we retrieved in the AIR-SKLLRD
database for serum samples from a contemporary cohort
of health checkup subjects, who volunteered to undergo
testing for these allergen mixes and were meanwhile
confirmed not to have asthma or other clinical allergies.
Detailed demography of these asthmatics or non-asthmatic
subjects showed that they came from different regions of
China. Hence, our study population (serum samples) could
be useful for evaluating the efficiency of Phadiatop test
when regional specificity of allergen sensitization is taken
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into consideration. The diagnosis of asthma was based on
the Global Initiative for Asthma (GINA) guidelines (12).
In identifying the study population, we excluded sera
from subjects with history of specific immunotherapy,
immunodeficiency or parasitic infection. Finally, 382 serum
samples from asthmatic patients (n=290, asthma group) or
health checkup subjects (n=92, non-asthma group) were
available for Phadiatop test.

Phadiatop tests

Eligible serum samples were retrieved from the biobank
of AIR-SKLRD. These samples had been previously
prepared by recovering the supernatant after a 10-minute
centrifugation of 5 mL phlebotomized blood at 3,000 g,
and placed in -80 °C refrigerators for long-term storage and
future use.

All serum samples, with complete data of previous
ImmunoCAP assays of house dusts mix (hx2), molds and
yeasts mix (mx2), tree pollen mix (tx4) and weed pollen
mix (wx5), were re-evaluated by Phadiatop test in the
present study. The Phadiatop tests were performed using
an ImmunoCAP 1000 system independently by a skillful
investigator (N Wei) who was blinded of the previous
detection results of the samples. Procedure instructions
by the manufacturer were rigorously followed (13). The
ImmunoCAP 1000 system automatically computed the
total Phadiatop sIgE level (kU,/L) in each serum sample.
Samples with a total Phadiatop sIgE level >0.35 kU,/L was
reported qualitatively by the detection system as Phadiatop-
positive, and those <0.35 kU,/L as Phadiatop-negative.

As an expedient to avoid confusion with Phadiatop
findings, samples positive to any allergen mixes identified
previously by ImmunoCAP assay were defined as allergen
mix-positive; or hx2-, mx2-, tx4- and wx5-positive, if
specified. The opposite was defined as allergen mix-
negative; or hx2-, mx2-, x4- and wx5-negative, if specified.
Similarly, sIgE levels for hx2, mx2, tx4 or wx5 measured
previously by ImmunoCAP assay was defined as allergen
mix sIgE levels for the specified allergen mix. Allergen mix
positivity to one of hx2, mx2, tx4 and wx5 alone was defined
as mono-mix positivity, and to more than one of these
allergen mixes, as poly-mix positivity.

Statistical analysis

Data were processed with a statistical software package
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SPSS 22.0 IBM Corp, Armonk, NY, USA). Parametric
quantitative data were presented as mean + standard
deviation (SD). Non-parametric quantitative data such
as total Phadiatop sIgE levels were presented as median
(25th and 75th percentiles). Categorical data were reported
as percentage/proportion of positive results. Proportions
were compared between groups with chi-square tests ().
F-tests were used to compare the variance of data among
groups. Mann-Whitney U tests were used to compare
non-parametric data. Correlation between non-parametric
data was analyzed using Spearman’s tests, with correlation
coefficients presented as “7,”. Diagnostic performance data
of Phadiatop, including sensitivity, specificity, receiver
operating characteristic (ROC) curve with area under
the curve (AUC), positive or negative predictive values,
accuracy, and positive or negative likelihood ratios, were
calculated using the previous ImmunoCAP results as the
reference standard. Cut-off values related to ROC were
determined based on Youden index. P values <0.05 were
considered statistically significant.

Results
Baseline and Phadiatop characteristics of the study samples

The study flow-chart is given in Figure 1. Prior to Phadiatop
testing, 132 of serum samples from the asthma group
(132/290, 45.5%) and 19 from the non-asthma group
(19/92, 20.7%) were allergen mix-positive. In the whole
study population or in either group, hx2-positivity
accounted for majority of allergen mix-positive serum
samples by overall prevalence or by higher-class (> class 4)
responses (Tuble 1).

Among the 290 asthmatic patients, the overall rate of
Phadiatop-positivity was 46.2% (n=134), comparable to the
data by previous ImmunoCAP assays (45.5%). Although the
donors of test sera came from different parts of China, there
was no significant difference in sIgE positivity between
Phadiatop and previous allergen mix tests for any individual
regional source of serum samples (Figure 2A4).

In the asthma group, there was a prominent overlap
in allergen mix positivity. In these sera, Phadiatop tests
demonstrated satisfactory sensitivity for tree pollen (tx4)
(100%), house dusts (hx2) (98.2%) and weed pollen (wx5)
(95.5%), but not for molds and yeasts (mx2) (78.4%).
With regards to mono- vs. poly-mix positivity, Phadiatop
identified 88.5% of 96 samples positive to one allergen mix
alone, and 100% of all samples positive to two allergen
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Retrieval of AIR-SKLRD database and biobank

Inclusion and exclusion criteria

Sera from 290 asthmatics
(asthma group)

Sera from 92 non-asthmatics
(non-asthma group)

158 allergen mix (-) 132 allergen mix (+) 19 allergen mix (+) 73 allergen mix (-)
samples samples samples samples
[ I I ] [ I I |
mx2 (+) tx4 (+) hx2 (+) wx5 (+) hx2 (+) Wx5 (+) tx4 (+) mx2 (+)
(n=37) (n=22) (n=111) (n=22) (n=18) (n=3) (n=3) (n=1)

Single-blinded Phadiatop

Statistical analysis

Figure 1 The study flow-chart. AIR-SKLRD, Allergy Information Repository of State Key Laboratory of Respiratory Disease.

Table 1 Baseline and Phadiatop positivity in the study population

Asthma group (n)*

Non-asthma group (n)*

Class®
Phadiatop hx2 mx2 tx4 wx5 Phadiatop hx2 mx2 tx4 wx5

1 21 13 20 9 7 5 3 1 0 0
2 36 33 13 12 12 12 9 0 2 2
3 25 14 3 1 3 7 3 0 1 1
4 28 31 1 0 0 2 3 0 0 0
5 17 13 0 0 0 0 0 0 0 0
6 7 7 0 0 0 0 0 0 0 0
Total 134 111 37 22 22 26 18 1 3 3

*, the number of serum samples tested positive by Phadiatop or by previous ImmunoCAP assays (for hx2, mx2, tx4 and wx5); %, the
positive responses are classified by the total Phadiatop or ImmunoCAP sIgE levels as follows: class 1, =0.35 and <0.70 kU,/L; class 2,
>0.70 and <3.50 kU,/L; class 3, =3.50 and <17.50 kU,/L; class 4, =17.50 and <50.00 kU,/L; class 5, =50.00 and <100.00 kU,/L; class 6,
>100.00 kU,/L. hx2, house dust mix; mx2, molds and yeasts mix; tx4, tree pollen mix; wx5, weed mix.

mixes (n=18) and to three or four allergen mixes (n=17)
(Figure 2B).

Among the non-asthma controls, the rate of Phadiatop
positivity was 28.3%, which was slightly higher than 20.7%
in the previous findings. All allergen mix-positive serum

samples in this group were Phadiatop-positive (Figure 2C).
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Total Phadiatop sIgE levels in relation to mono- and poly-
mix positivity detected by previous ImmunoCAP assay

In the asthma group, 132 serum samples (45.5%)
were allergen mix-positive; of them, 121 (91.7%) were
Phadiatop-positive. Allergen mix-positive samples showed
significantly higher mean level of total Phadiatop sIgE
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Figure 2 Phaditop positivity by regions (A) and Phadiatop-positive serum samples in the asthma group (B) and non-asthma group (C)

compared with previous ImmunoCAP positivity for allergen mixes.

than allergen mix-negative ones [9.24 (1.12, 43.22) vs. 0.11
(0.08, 0.20) kU,/L, Mann-Whitney U =770.5, P<0.001]
(Figure 34). Moreover, samples positive to more allergen
mixes were also associated with higher levels of total Phadiatop
slgE (Figure 3B). On the other hand, among the 134
Phadiatop-positive samples in the asthma group, the previous
ImmunoCAP sIgE levels for hx2 [2.98 (0.60, 31.06) kU,/L]
were significantly higher than those for mx2 [0.11 (0.06,
0.26) KU/L], tc [0.11 (0.07, 0.21) kU/L], and wx5 [0.08
(0.04, 0.17) kU,/L] (Kruskal-Wallis H =192.7, P<0.001)
(Figure 3C). Similar findings were found for the non-asthma
controls in that allergen mix-positive samples had higher
total Phadiatop sIgE levels [2.68 (0.94, 10.57) kU,/L] than
negative ones [0.10 (0.07, 0.20) kU,/L] (Mann-Whitney U =

© Annals of Translational Medicine. All rights reserved.

22.0, P<0.001), and that Phadiatop-positive samples had
higher previous ImmunoCAP sIgE level for hx2 [0.85 (0.22,
3.72) kU,/L]. However, samples with mono-mix positivity
and those with poly-mix positivity did not differ in total
Phadiatop sIgE levels (P>0.05) (Figure 3D).

For all samples in the asthma group, a positive
correlation was found between the total Phadiatop sIgE
level and the sum of ImmunoCAP sIgE levels for the
allergen mixes (hx2, mx2, tx4 and wx5 combined) (7=0.941,
P<0.001). In addition, the total Phadiatop sIgE level was
also correlated with the ImmunoCAP sIgE levels for each
allergen mix, particularly with hx2 sIgE level where the
strongest correlation was found (»=0.924, Figure 4) (all
P<0.001).
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Figure 3 Quantitative sIgE levels by Phadiatop and previous ImmunoCAP assay according to mono- and poly-mix positivity. Higher total
Phadiatop sIgE levels were noted in the allergen mix-positive serum samples (n=132) than in the allergen mix-negative ones [9.24 (1.12,
43.22) vs. 0.11 (0.08, 0.20) kU/L] (Mann-Whitney U =770.5, P<0.001) in the asthma group (A). In this group, the total Phadiatop sIgE
levels for serum samples also increased serially from allergen mix-negative ones to samples with mono- and poly-mix positivity (B). On the
other hand, in Phadiatop-positive samples of the asthma group, the ImmunoCAP sIgE levels for hx2 [2.98 (0.60, 31.06) kU,/L] were the
highest, followed by mx2 [0.11 (0.06, 0.26) kU,/L], x4 [0.11 (0.07, 0.21) kU,/L] and wx5 sIgE levels [0.08 (0.04, 0.17) kU,/L] (Kruskal-
Wallis H =192.7, P<0.001) (C). In the non-asthma group, there was a difference in total Phadiatop sIgE levels between allergen mix-positive
and negative samples, but not among samples with mono- and poly-mix positivity (D). *, P<0.05; **, P<0.001; ', Mann-Whitney U test; ,
Kruskal-Wallis test. hx2, house dust mix; mx2, molds and yeasts mix; tx4, tree pollen mix; wx5, weed mix.

ROC curve analysis of Phadiatop testing being 0.963 in identifying serums which were previously

The diagnostic performance of Phadiatop testing was allergen mix-positive (Figure 5). If 0.53 kU,/L was used as

evaluated according to previous ImmunoCAP findings in
the asthma group. This was based on the previous positivity

the cut-off value, the positive and negative likelihood ratios
were 35.76 and 0.03 respectively. In other words, of every
or negativity for any allergen mix rather than for individual 100 Phadiatop-negative serum samples, 2 maximum of 3 are
ones. The overall concordance rate was 91.7%; negative likely to be false negative, whereas of every 100 Phadiatop-
predictive value, 92.9%; and positive predictive value, positive samples, at least 90 are likely to be positive, using
90.2%. ROC curve analysis of 132 allergen mix-positive and the previous ImmunoCAP assay as gold standard.

158 negative serums indicated that, with 0.49 kU,/L and
0.35 kU,/L as the cut-off values, the Youden indices were
0.864 and 0.835, respectively. The Youden index was highest
(0.869) using 0.53 kU,/L as the cut-off value, yielding a

sensitivity of 89.4%, a specificity of 97.5%, with the AUC Discrepancy between Phadiatop and previous ImmunoCAP

Specific discrepancy between Phadiatop and previous
ImmunoCAP findings
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Figure 4 Spearman correlation analysis of sIgE between ImmunoCAP
allergen mix and Phadiatop testing in the asthma group. Among the
four allergen mix, the hx2 sIgE level showed the strongest correlation
with the total Phadiatop sIgE level (r=0.924, P<0.001), followed by
Wx5 (r=0.631, P<0.001), tx4 (:=0.603, P<0.001) and mx2 (r:=0.393,
P<0.001). The total Phadiatop sIgE level was positively correlated
with the sum of the sIgE levels of these allergen mixes (=0.941).
**, P<0.001. hx2, house dust mix; mx2, molds and yeasts mix; tx4, tree

pollen mix; wx5, weed mix.

findings was found among a small number of serum samples
from the asthma or non-asthma group, based on the preset
cut-off value (0.35 kU,/L). Five serum samples from the
asthma group (5/290, 1.7%) showed considerably high total
Phadiatop sIgE level in contrast to relatively low allergen
mix sIgE levels (Table 2, Subset A). Although these samples
were allergen mix-positive and meanwhile Phadiatop-
positive, the total Phadiatop level in each sample was nearly
5 to 10 times greater than the sum or the highest value of
all allergen-mix sIgE levels. Again, eight samples (8/290,
2.8%) from the asthma group were allergen mix-positive
but tested negative on Phadiatop. Interestingly, these
samples were mono-mix positive to mx2 alone and with a
low allergen mix sIgE level between 0.35 and 0.90 kU,/L,
and mostly with a low total Phadiatop sIgE levels between
0.10 and 0.35 kU,/L except for one sample with 0.09 kU,/L
and two with 0.07 kU,/L (Tiable 2, Subset B). In the non-
asthma group, seven samples were allergen mix-negative
but positive by Phadiatop (Zable 2, Subset C), whereas none
of allergen mix-positive samples tested Phadiatop-negative.

Discussion

Evidence remains lacking with regard to the diagnostic
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Figure 5 ROC curve analysis of Phadiatop testing according to
previous ImmunoCAP findings in the asthma group (n=290) with
132 allergen mix-positive and 158 negative serums. This was based
on the previous ImmunoCAP positivity to any allergen mix rather
than to individual ones. Using 0.53 kU,/L as the cut-off value for
total Phadiatop sIgE, the sensitivity was 89.4%, specificity was
97.5%, and Youden index was 0.869; using 0.49 kU,/L as the cut-
off value, the sensitivity was 90.2%, specificity was 96.2%, and
Youden index was 0.864; using 0.35 kU,/L as the cut-off value, the
sensitivity was 91.7%, specificity was 92.4%, and Youden index was

0.835. ROC, receiver operating characteristic.

efficiency of Phadiatop screening compared with “classic”
ImmunoCAP assay for individual allergens or multi-
allergen mixes among atopic patients (14), particularly in
China. In this validation study using serum samples from a
Chinese cohort coming from diverse parts of this country,
satisfactory consistency was found in overall sIgE positivity
between Phadiatop test and previous ImmunoCAP assay
(46.2% wvs. 45.5%) on allergen mixes among 290 asthmatic
patients. Importantly, the consistency between the both
detection was not interfered by places of residence where
these serum contributors came from.

The accuracy of Phadiatop test in differentiating
between allergic and non-allergic patients may be reliably
up to 90% (15). In this study, based on the previous allergen
mix-positivity as the gold standard, a single Phadiatop test
identified inhalant allergen-sensitized subjects with 91.7%
accuracy. Further, the accuracy of Phadiatop test was 100%
for the subjects who had been sensitized to two or more
allergen mixes, suggesting the usefulness of Phadiatop

atm.amegroups.com Ann Transl Med 2018;6(8):151



Page 8 of 11

Zeng et al. The practical benefit of first-line Phadiatop test in Chinese asthma patients

Table 2 Specific discrepancy between Phadiatop and previous ImmunoCAP findings in small subsets of asthmatics and non-asthmatic controls

Subset Subject ID# hx2 (KUx/L) mx2 (kUu/L) tx4 (KUA/L) wx5 (KUy/L) Phadiatop (kUy/L)
Subset A E3001006 4.66 0.31 0.86 0.70 30.93
E1005006 0.98 0.06 0.08 0.04 13.21
E1007002 0.70 0.13 0.06 0.04 6.82
E1005017 0.02 0.03 0.87 0.25 5.34
E3006019 0.61 0.06 0.08 0.26 6.24
Subset B E1009009 0.12 0.36 0.13 0.07 0.33
E1006004 0.11 0.41 0.10 0.07 0.30
E3001018 0.07 0.43 0.07 0.04 0.29
E2001005 0.05 0.48 0.04 0.04 0.22
E2008005 0.03 0.37 0.06 0.02 0.12
E2004002 0.02 0.76 0.08 0.03 0.09
E3006020 0.01 0.90 0.04 0.03 0.07
E1004039 0.03 0.38 0.08 0.03 0.07
Subset C E1004001 0.02 0.11 0.04 0.04 1.86
E1004004 0.29 0.07 0.05 0.06 4.76
E1009002 0.15 0.11 0.10 0.07 0.39
E2007009 0.23 0.06 0.06 0.04 0.35
E3002019 0.09 0.06 0.09 0.04 0.37
E3004012 0.17 0.06 0.04 0.08 0.4
E3006013 0.19 0.06 0.05 0.02 0.37

Subset A: five serum samples from the asthma group, showing high values of total Phadiatop sIgE levels but meanwhile 5 to 10 times lower
levels of allergen mix sIgE although they were both positive by Phadiatop and previous ImmunoCAP assays; Subset B: eight serum samples
from the asthma group, mono-positive to mx2 but negative by Phadiatop, with mx2 sIgE levels between 0.35 and 0.90 kU,/L, and total
Phadiatop slIgE level largely between 0.10 and 0.35 kU,/L; Subset C: seven serum samples from the non-asthma group were Phadiatop-
positive but tested negative for allergen mix. hx2, house dust mix; mx2, molds and yeasts mix; tx4, tree pollen mix; wx5, weed mix.

in screening subjects who are poly-sensitized to multiple
allergens.

Usually, Phadiatop test is reported in a qualitative
manner according to a cut-off value being 0.35 kU,/L
as used in “classic” ImmunoCAP. Beyond the positivity
or negativity of the Phadiatop testing, it remains rarely
studied whether the total Phadiatop sIgE levels suggest
any clinical relevance. Interestingly, in serum samples from
these Chinese patients with asthma, we demonstrated
the total Phadiatop sIgE level was significantly correlated
with the sum of ImmunoCAP sIgE levels for the allergen
mixes, or ImmunoCAP sIgE levels of each allergen mix, in
particularly, of hx2 (1=0.924). These findings suggest that
higher levels of total Phadiatop sIgE may be associated with

© Annals of Translational Medicine. All rights reserved.

greater likelihood of sensitization to common aeroallergens.
While the cut-off value of 0.35 kU,/L is recommended by
the ImnmmoCAP manufacturer and has been widely adopted
in clinical laboratories, a number of studies have justified
the need to use other cut-off values (0.12 to 0.43 kU,/L)
for screening tests according to different target allergens
and specific populations (16-18). By ROC analysis, we
demonstrated that using a cut-off value of 0.53 kU,/L,
Phadiatop identified atopy in serum samples (any allergen-
mix positivity) from asthmatics with a sensitivity of 89.4%
and a specificity of 97.5%, respectively, with a greatest AUC
of 0.963.

Previous studies revealed favorable performance with
Phadiatop test in screening sensitization to most of inhalant
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allergens while using a tiny volume of serum (40 pL) in
a single detection (8,19). In the present study, Phadiatop
testing showed high sensitivity for x4 (100%), hx2 (98.2%),
and wx5 (95.5%), and also well identified weak-positive
serum samples with low ImmunoCAP sIgE levels (0.35-
0.70 kU,/L, corresponding to class 1 sIgE response) for
these three allergen mixes. In contrast, the sensitivity by
Phadiatop test was unsatisfactory (78.4%) for mx2-positive
serum samples. Yet, all the Phadiatop-missed cases (mx2-
positive but Phadiatop-negative samples, n=8) were from
the asthma group, mono-positive to mx2 and with very low
mx2 sIgE levels (>0.35 and <0.90 kU,/L, corresponding
to sIgE response of class 1 or slightly higher). For these
missed cases, the total Phadiatop sIgE levels largely ranged
between 0.10 and 0.35 kU,/L. It should be noteworthy
that these were based on the Phadiatop cut-off value of
0.35 kU,/L. The sensitivity of Phadiatop test for mx2 in
this study, however, would be 91.8% when judging by a
total Phadiatop sIgE level of 0.10 kU,/L. Given that nearly
25% of Chinese territory is located in subtropical regions
where the natural environments and climates favor growth
of molds, we propose the need for subsequent targeted
test using ImmunoCAP assay for mold and yeast among
Phadiatop-negative subjects whose total Phadiatop sIgE
levels were between 0.10 and 0.35 kU,/L, particularly for
asthma patients in this country.

An efficient diagnostic strategy could substantially
contribute to identification of subjects with atopy, hence
better prevention and management of allergic disorders
with less medical cost. This can be of paramount relevance,
particularly in a developing country with limited medical
budgets. ImmunoCAP techniques as the gold standard
for in vitro allergen sIgE tests have been well established
and available worldwide. However, not paralleled with the
increasing prevalence of allergies and asthma in China (20),
little attention has been drawn to reflect on the cost-
effectiveness of conventional strategy via sequential testing
of allergen mixes or individual allergens (7,19,21). We
conducted this study expecting to inspire future perspective
on this topic. Interestingly, in our study, there were five
samples from the asthma group showing high Phadiatop
sIgE levels but low allergen mixes sIgE levels, and seven
samples from the non-asthma group testing positive by
Phadiatop but negative by ImmunoCAP for all the studied
allergen mixes. We speculated that Phadiatop positivity
in these samples may suggest sensitization to other more
aeroallergens beyond the four allergen mixes in this study
(hx2, mx2, tx4 and wx5). This may suggest a potential
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advantage of using a single Phadiatop test as first-line
test over “classic” ImmunoCAP assays for allergen mix
combinations in asthma subjects with suspected atopy.
Determination on ImmunoCAP test panel of allergen
mixes highly relies on physician expertise, patient history,
socioeconomical status and local epidemiology. Due to
variations in these aspects, the size of an ImmunoCAP test
panel may be sometimes too small or large (including too
few or many allergens or allergen mixes for screening),
which potentially results in missed diagnoses or excessive
medical costs regardless of “classic” ImmunoCAP assays
being the gold standard of in-vitro allergen sIgE detection.
While GINA guidelines emphasize on the importance
of allergen tests in asthma, no recommendations are
specifically given on the strategy of allergen testing. The
guidelines state that skin test is as efficient as in-vitro sIgE
test but the latter may be preserved for uncooperative
patients, or those at risk of anaphylaxis. Although widely
accessible, skin tests necessitate the use of non-standardized,
crude allergen extracts which may occasionally contain
other sensitizing components that confound the outcome
interpretation. The reliability of the skin test also critically
depends on skillful manipulation by allergists. An even
more important limitation for skin tests is the extremely
rigorous and complicated, if not laggard, procedure for
registration and approval of crude extract products used
for skin test in China. As a result, currently there have
been only two products (Dermatophagoides pteronyssinus
and Dermatophagoides farina) officially approved by the
China Food and Drug Administration for used in skin tests.
Considerably, these technical and regulatory factors do
not favor the use of skin tests for diagnosing atopy in the
Chinese population, although skin tests are much cheaper.
Based on our findings in this study, we preliminarily
proposed an algorithm for screening sensitization to
inhalant allergens among Chinese asthmatics, using
Phadiatop as first-line step of testing (Figure 6). Briefly,
asthma patients screened positive on Phadiatop could be
sequentially tested for dust mites and pollen. Those who are
highly suspected to have atopy but with negative Phadiatop
results could undergo further tests for molds and yeast. We
speculated that such an algorithm may have implications in
terms of medical costs for China and other countries with
limited medical budgets. As a clinical practice in China, at
least five allergen mixes (hx2, mx2, tx4, wx5 and ex1) need
to be tested as a first-line testing when asthma is suspected
to be of an allergic nature. Each test for allergen mix test
costs ~4.3 USD, adding up to a total expense of 21.5 USD
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Asthma
\ 4
Phadiatop positive? Yes=
No
\ 4
Phadiatop =0.10 kU,/L
:NO Wheezing
highly suspected allergy?
Non-IgE Yes Supports
related A 4 IgE related
» Yes .
allergic mx2 positive? > allergic
asthma asthma
No
\ 4
:No Total IgE elevated?
Yes
\ 4
No Positive for non- Yes
< common allergens (e.g., >
occupational asthma)?

Figure 6 Pragmatically proposed algorithm for screening
sensitization to inhalant allergens among Chinese asthmatics
Asthma subjects who are suspected to have atopy and screened
positive on Phadiatop could be sequentially tested for dust mites
and pollen. Those who are highly suspected to have atopy but with
negative Phadiatop results could undergo further tests for molds

and yeast. mx2, molds and yeasts mix.

per patient, in a drastic contrast to only 4.3 USD by using
a single Phadiatop test. For China with a large population
(1,390 million as of 2017) and a roughly 5% prevalence
of asthma, this could translate into a reduction of medical
cost by approximately 120 million USD using Phadiatop as
first-line screening test of aeroallergens. Regardless of the
supplementary allergen tests which may follow a positive
Phadiatop screening, the medical costs would nevertheless
be much lower. In this regard, Phadiatop test could be
useful for its cost-effectiveness in allergen tests.

There are several limitations in this study. Firstly, from
a pragmatic point of view, we focused on four common
inhalant allergen mixes (hx2, mx2, tx4, wx5) reported in
Chinese populations, without inclusion of more other
allergen mixes (e.g., ex1, gx6). Whereas our validation study
is clinically relevant, we acknowledge that the profiles of
common allergens causing sensitization could be different
elsewhere, rendering further studies needed. Secondly,

© Annals of Translational Medicine. All rights reserved.

Zeng et al. The practical benefit of first-line Phadiatop test in Chinese asthma patients

we focused on the use of Phadiatop among patients with
asthma but not others like eczema or allergic dermatitis,
because asthma is frequently caused by sensitization to
inhalant allergens while eczema or allergic dermatitis may
sometimes arise from non-sIgE response or food allergens.
Therefore, this study would not be able to shed light on the
value of Phadiatop in a general population. Moreover, as we
have stated that Phadiatop test is not designed for screening
of chemicals, drugs or food allergens, the benefit of
Phadiatop should not be extrapolated beyond the spectrum
of inhalant allergens. Future studies are inspired to address
these questions.

Conclusions

In summary, Phadiatop test showed satisfactory diagnostic
efficacy for detecting sensitization to four common inhalant
allergen mixes in this Chinese cohort of asthma patients
using ImmunoCAP as the gold standard. Using a new
cut-off value may optimize the efficiency of Phadiatop in
identifying serum samples positive to any of these allergen
mixes. Discrepancy between Phadiatop and ImmunoCAP
for mx2 detection suggested the need for subsequent
testing of molds when total Phadiatop sIgE levels were
between 0.10 and 0.35 kU,/L. In light of the currently
rigorous administration on crude extracts for skin tests in
China, using Phadiatop as a first-line test for subjects with
suspected atopy can be cost-effective. Our findings may add
to strategy about allergy diagnosis in China and worldwide.
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