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Abstract

Different methods have different diagnostic value under diverse clinical conditions. This study was
conducted to analyze the clinical practical value of different assays in different situations and to
establish the concept of an allergen diagnosis strategy.

This study used Phadia CAP, Advan Sure (AdvS), Euroline Camera (ELC), and Allergy Lateral Flow
Assay (ALFA) kits to detect allergen specific immunoglobulin E (sIgE) in the sera from 30 allergic
asthma patients, with Phadia CAP as the gold standard.

This study found high sensitivity for Dermatophagoides pteronyssinus in AdvS (92.6%), ELC (88.9%),
and ALFA (85.2%), but poor sensitivity for F. domesticus in all three assays. Furthermore, the AdvS,
ELC, and ALFA assays could detect 20, 21, and 8 allergens in one panel, respectively. The combi-
nation of the results showed that 93.3% and 46.7% of patients tested positive for =5 and =10
types of allergens, respectively. All patients who were tested positive for the Marine fish mixture
were positive for both Shrimp and Crab. Similarly, patients who were tested positive for Chicken
also tested positive for Pork. Optimal scale analysis showed a strong connection between Peanut,
Soybean, Wheat, Japanese Hop, Western ragweed, and Oak allergens (Cronbach’s o =91.1%).
The ELC assay was more suitable for use in pollen-rich areas, whereas the ALFA assay was easy to
establish in areas with poor medical conditions. An allergen diagnosis strategy needs to be consid-
ered for use in clinical practice.
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Introduction

The detection of serum allergen-specific immunoglobulin E (sIgE) is an important
step in the diagnosis of allergic diseases. The ImmunoCAP assay is the “interna-
tional gold standard” for allergen detection, and it has wide application in the clin-
ical practice for several years." However, there are limitations associated with the
use of ImmunoCAP in regions with poor medical facilities and shortage of medical
resources because of the expensive reagents and sophisticated instruments required
for this assay.’

As a result of the development of medical science and biotechnology, the diag-
nostic methods for allergens have become more accurate and advanced. However,
compared to sophisticated diagnostic techniques,®* inexpensive and simple meth-
ods for screening allergies would be more important in developing countries with
large populations comprising potentially allergic patients.” This is because these
regions need assays that are easy to establish and are affordable for their patients,
although the assays may only indicate the sensitization of patients instead present-
ing accurate serum sIgE levels. Unfortunately, research on the clinical applications
of handy allergen detection techniques have been neglected, especially in China
and Africa, which have a wide variety of allergens and urgently needed a suitable
method for the in vitro detection of allergens.

Therefore, in this study, we simultaneously used four diagnostic methods,
including Phadia CAP, Advan Sure (AdvS), Euroline Camera (ELC), and Allergy
Lateral Flow Assay (ALFA), to detect the serum sIgE for allergens
(Dermatophagoides pteronyssinus, Blatella germanica, Artemisia vulgaris, Felis
domesticus) in the same patient sample, with ImmunoCAP as the gold standard, to
illustrate the clinical value of these assays in different regions as well as to provide
a new allergy map for each patient.

Materials and methods
Patients

In this prospective study, we used the sera of 30 patient’s with allergic asthma that
were randomly obtained from the serum bank of the Allergy Information
Repository from January 2017 to December 2018 in Guangzhou, China. The sam-
ples were selected based on the following inclusion criteria: (1) patients who had
clinical symptoms of allergy, such as wheezing, dyspnea, and/or chronic cough,
that were not caused by a cold, sneezing, runny nose, nasal obstruction, or nasal
itching; (2) patients who were positive for at least one of the allergen serum sIgE,
including D. pteronyssinus, F. domesticus, B. germanica, and A. vulgaris on an assay
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conducted on the Phadia 1000 (=0.35kU/L; ThermoFisher, Sweden); and (3) no
history or current use of specific allergen immunotherapy, with no autoimmune
diseases, parasitic infections, or cancer. The diagnosis of asthma was recorded
based on the Global Initiative for Asthma® criteria that were evaluated by a
respiratory specialist.

Measurements

All sera samples were simultaneously assayed for allergen sIgE levels using the
AdvS (The Republic of Korea, LG), ELC (Germany, EUROIMMUN), and
ALFA (Germany, DR FOOKE) assays. Results =0.35kU/L were considered posi-
tive, in accordance with the respective manufacturer’s guideline. The degree of
allergy was defined in accordance with the radioallergosorbent test (RAST) class
as follows: Class 1: 0.35-0.70kU/L; Class 2: 0.70-3.50kU/L; Class 3: 3.50—
17.50kU/L; Class 4: 17.50-50.00kU/L; Class 5: 50.00-100.00 kU/L; and Class 6 is
= 100.00kU/L. An introduction to the three assays and detailed information of
the test panels are presented in the Appendices.

Statistical analysis

Statistical analyses were conducted with the SPSS 25.0 (SPSS, Chicago, IL). The
categorical data are reported as percentages that shows the proportion of positive
results, and the chi-squared test was used to compare the variances of data among
the study groups. Correlation analyses between the sIgE results of Phadia CAP,
AdvS, ELC, and ALFA were undertaken using the Spearman’s test, with the corre-
lation coefficients presented as “r,.” The consistency of the results stratified by the
RAST classes between the Phadia CAP, AdvS, ELC, and ALFA assays are pre-
sented as the Kappa index (k). The diagnostic performance, including the sensitiv-
ity, specificity, positive or negative predictive values, and accuracy, of AdvS, ELC,
and ALFA were calculated using the ImmunoCAP results as the reference stan-
dard. The correlation between the allergen serum sIgE level was calculated with
the optimal scale analysis. p < 0.05 was considered statistically significant.

Results

Comparison of the results of the AdvS, ELC, and ALFA assays

Totally, there were 27 (90.0%), 5 (16.7%), 16 (53.3%), and 11 (36.7%) patients
positive to D. pteronyssinus, F. domesticus, B. germanica, and A. vulgaris respec-
tively by the gold-standard test (Phadia CAP assays). Then, the comparison results
show that there was a high sensitivity for D. pteronyssinus in the AdvS (92.6%),
ELC (88.9%), and ALFA (85.2%) assays. However, the sensitivity for F. domesti-
cus was poor in the above mentioned three assays (all <50.0%). For B. germanica,
the sensitivity in ELC was highest (75.0%), whereas, for A. vulgaris, the sensitiv-
ities of ELC and ALFA were 75.0% (Table 1). For A. vulgaris, there were eight
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Table |. Diagnostic performance of AdvS, ELC, and BiolC.

Allergens Characteristics AdvS ELC ALFA

D. pteronyssinus Se 92.5% 88.9% 85.2%
Sp 66.7% 100.0% 0.0%
PPV 96.1% 100.0% 88.5%
NPV 50.0% 50.0% 0.0%
rs 0.86** 0.8]** 0.89**
kq 0.26** 0.49%* 0.15*

F. domesticus Se 40.0% 40.0% 40.0%
Sp 96.0% 96.0% 64.0%
PPV 66.7% 66.7% 18.2%
NPV 88.9% 88.9% 84.2%
rs 0.19 0.43* 0.23
kq 0.33* 0.19 0.07

B. germanica Se 50.0% 75.0% 37.5%
Sp 100.0% 100.0% 92.9%
PPV 100.0% 100.0% 85.7%
NPV 63.6% 77.8% 56.5%
rs 0.83** 0.79%** 0.40*
kq 0.39%* 0.38* 0.10

A. vulgaris Se 68.8% 75.0% 75.0%
Sp 100.0% 100.0% 85.7%
PPV 100.0% 100.0% 85.7%
NPV 73.7% 77.8% 75.0%
rs 0.61** 0.74** 0.68**
kq 0.33* 0.427%* 0.45%*

ImmunoCAP assay was the gold standard, S.: sensitivity; S,: specificity; PPV: positive predictive value; NPV:
negative predictive value; rg: correlation coefficient; k,: Kappa index (represents the consistency of the class
results between two methods).

**p <0.001. *p <0.05.

patients had positive results in ImmunoCAP, AdvS, ELC, and ALFA assays at the
same time (Figure 1).

Co-sensitization map of patients with asthma

Interestingly, the AdvS, ELC, and ALFA assays could detect 20, 21, and 8 aller-
gens and allergen mixtures in one panel, respectively. A total of 10 allergens,
including Alternaria. alternata, Western ragweed, Dermatophagoides farinae, Oak,
Chicken, Pork, Wheat, Japanese hop, Grass mixture (Bermuda grass, Cocksfoot,
Timothy grass, and Sweet vernal grass), and Tree mixture (Birch and Alder), were
the unique allergens only identified in the AdvS panel. Mutton, Beef, Scandent
hop, Carbohydrate cross-reactive determinants (CCD), Mold mixture (Penicillium
chrysogenum, Cladosporium herbarum, Aspergillus fumigatus, and Mucor racemo-
sus), Freshwater fish mixture (Salmon, Bass, and Carp), Marine fish mixture (Cod,
Lobster, and Scallop), and Trees (Willow, Aspen, and Elm) were the eight unique
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Figure 1. Venn diagram-based analysis. The agreement of the results of allergens: (a) D.
pteronyssinus, (b) F. domesticus, (c) B. germanica, and (d) A. vulgaris from four assays. For A. vulgaris,
there were eight patients had positive results in ImmunoCAP, AdvS, ELC, and ALFA assays at
the same time.

allergens only in ELC panel. Blomia tropicalis allergen was the only unique in the
ALFA panel (Appendices).

Therefore, a total of 33 allergens were tested with sera of 30 subjects with aller-
gic asthma (Figure 2). Among them, 93.3% patients tested positive for five or more
allergens, and 46.7% patients tested positive for =10 types of allergens. With
regard to the fish allergens, 16.7% and 13.3% patients simultaneously tested posi-
tive for the Marine fish mixture and Freshwater fish mixture; moreover, the
patients who were tested positive for the Marine fish mixture tested 100% positive
for both Shrimp and Crab allergens. With regard to the meat allergens, the positiv-
ity rate for Pork and Chicken were 6.7%, whereas 3.3% patients were positive for
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Figure 2. Thermogram and optimal scale analysis of patients with multiple sensitizations:

(a) the thermogram and (b) optimal scale analysis based on the patient’s specific
immunoglobulin E (sIgE) concentration by ImmunoCAP.

(dI: D. pteronyssinus; i6: B. germanica; wé: A. vulgaris, and el: F. domesticus), AdvS (gx: Grass mixture
(Bermuda grass, Cocksfoot, Timothy grass, and Sweet vernal grass); w22: Japanese hop; t7: Oak; w2:
western ragweed; fl: egg white; f2: milk; fl4: soybean; f4: wheat; f83: chicken; fl3: peanut; f26: pork; tx:
tree mixture (Birch and Alder), and mé: A. alternate), ELC (f23: Crab; CCD: Carbohydrate cross-reactive
determinants; ts20: tree mixture (Willow, Aspen, and Elm); wl: common ragweed; hl: house dust; f24:
shrimp; fs34: freshwater fish mixture (Salmon, Bass, and Carp); fs33: marine fish mixture (Cod, Lobster,
and Scallop); f27: beef; u80: scandent hop; ms|: mold mixture (P. chrysogenum, C. herbarum, A. fumigatus,
and M. racemosus); e2: dog epithelium; and f8: mutton), or ALFA (d2: D. farinae; d5: Tropical mites; and e5:
Dog dander). In Figure (a), the y-axis represents the patient numbers; the darker the color, the higher the
concentration. In Figure (b), the closer the distance between the points, the stronger is the relationship.
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Beef. Furthermore, patients positive for Chicken were all positive for Pork. For
pollen allergens, the highest positivity rate was observed for the Grass mixture
(50.0%), followed by CCD (36.7%); in addition, the patients who were tested posi-
tive for CCD simultaneously tested positive for Crab, Trees, Common ragweed, D.
pteronyssinus, and D. farinae. Moreover, among the patients with an A. vulgaris
allergy, 81.3% and 87.5% were also positive for the Grass mixture and B. germa-
nica, respectively. In addition, all of the patients who were tested positive for
Soybean allergy were positive for Wheat allergy (Figure 2(a)). In the optimal scale
analysis, the closer the points are, the stronger is the correlation between them. We
found that there was a strong connection between the Scandent hop, Common rag-
weed, and CCD as well as between Peanut, Soybean, Wheat, Japanese hop,
Western ragweed, and Oak (Cronbach’s a = 91.1%) (Figure 2(b)).

Discussion

In a previous research study, we found that in more than 32.7% of patients with
chronic obstructive pulmonary disease (COPD) and 45.9% of those with asthma
had atopy,” and allergen detection played an important role in patients with
chronic respiratory diseases. For this reason, in the present study we have exam-
ined and partly compared four different measuring systems for sIgE. For D. ptero-
nyssinus, AdvS had the highest sensitivity, while for B.germanica, ELC had the
highest sensitivity. In addition, Freshwater-fish-mixture, Marine-fish-mixture, and
Scandent hop were the unique panels in ELC, which were not available when using
ImmunoCAP. Meanwhile, the ELC assay included a variety of pollen allergens in
a single panel, which made it more suitable for asthma patients in pollen-rich areas,
such as Northern China.® The ALFA assay, which was handy and inexpensive, had
a high sensitivity and specificity to mite allergens; therefore, using it in the areas
with poor medical conditions, especially in the tropical or subtropical regions,
where dust mites was the main allergen”'® can effectively reduce the medical costs
and prove easy to establish allergen identification. AdvS could supplement the defi-
ciencies of other assays because it included rare allergens such as pork and chicken,
which was also mentioned in a Korean study.!' For the asthma patients with simul-
taneous skin atopy, doctors can prescribe the AdvS allergen detection test.

Several previous studies have only focused on the in-depth analysis of a single
detection technology and their findings have not been translated into actual clinical
practice.''? Faced with increasingly new diagnostic technologies, there is a need
to pay greater attention to the diagnostic strategy of these technologies under dif-
ferent conditions.

The allergen diagnosis strategy is a concept that encourages the selection of the
most cost-effective, appropriate, and comprehensive method to assess the patient’s
allergy status in different situations.'* The outcome of this strategy depends on the
studies of the allergen detection technology and the epidemiology of allergic dis-
eases. In this study, we identified and described these aspects to guide doctors to
prescribe the accurate allergen tests in developing countries. The small sample size
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and lack of sample size calculation analysis were the main limitation of this study;
however, it does not detract from the sound clinical basis of this concept and the
validity of the experimental results.

In addition, in this study, we used four diagnostic methods to detect allergens in
a 30-patient study sample. We found that rare allergens that may escape detection
on routine analysis, such as the Marine fish mixture, showed a high positivity rate
as well as potential co-sensitization. With the changes in people’s lifestyle in recent
years and the modernization of cities in China,'’ the types of allergens are increas-
ingly becoming abundant and unpredictable. In Guangzhou, the traditional marine
fish dishes may be an important source of local allergens. However, in current clin-
ical practice, due to the lack of domestic methodologies that are suited for clinical
application in local hospitals, the importance of Marine fish allergens has been
ignored in local patients. Therefore, the development of allergen detection technol-
ogy by the manufacturer and the selection of allergen detection'® assay by the doc-
tor needs to consider the local situation.

Conclusion

The ELC assay was more suitable for use in pollen-rich areas. The ALFA assay
was easy to use in the areas with poor medical conditions. Therefore, the allergy
map should gradually complement the clinical management of patients with aller-
gies in the future, especially for asthma.
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Appendices
The introduction of AdvS, ELC, and ALFA assays

AdvS. AdvanSure™ AlloScreen (AdvS) is an enzyme immunoassay based on the
immunoblot method. Allergens are individually immobilized on a nitrocellulose
membrane. The first step involves incubating the specimen with the allergen-
immobilized membrane. Allergen-specific IgE antibodies, if present, will bind to
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Table Al. The detailed panel information of AdvS.

AdvS

Code Name

mé A. alternata

w2 Western ragweed
wé A.vulgaris

i6 B. germanica

el F. domesticus
e2 Dog epithelium
d2 D. farinae

dl D. pteronyssinus
fl Egg white

f2 Milk

fI3 Peanut

[ Tree-mixture
t7 Oak

24 Shrimp

83 Chicken

f26 Pork

fl4 Soybean

4 Wheat

gx Grass-mixture
w22 Japanese hop

the corresponding allergen on the membrane. Removal of unbound serum compo-
nents is accomplished by aspiration and washing. In the second step, the mem-
brane is incubated with biotin-conjugated anti-human IgE antibodies, which bind
to the constant region of human IgE. Removal of unbound components is again
accomplished by aspiration and washing. The third step involves addition of
enzyme (alkaline phosphatase)-conjugated streptavidin to the membrane so that it
may bind to the biotin portion of the complex. As earlier, removal of unbound
components is accomplished by aspiration and washing. In the final step, the color
development substrate BCIP/NBT is added. The colorless substrate is converted
by the alkaline phosphatase enzyme to an insoluble purple product on each aller-
gen band. After color development on the membrane, the reaction is stopped by
removal of the reactants and final washing. The visual bands on the membrane are
evaluated with AdvanSure™ AlloScan or AdvanSure™ AlloStation. The detailed
panel information is shown in Table Al.

ELC. The EUROLINE test kit provides a semi-quantitative in vitro assay for
human IgE antibodies against inhaled and food allergens in serum or plasma. The
test kit contains test strips coated with parallel lines of 21 different allergen
extracts (Table A2). The test strips are first moistened and then incubated with
patient serum. If samples are positive, specific antibodies of class IgE will bind to
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Table A2. The detailed panel information of ELC.

ELC

Code Name

ms| Mold-mixture

wbé A. vulgaris

wl Common ragweed
i6 B. germanica

e2 Dog epithelium

el F. domesticus

hi House-dust

dl D. pteronyssinus

fl3 Peanut

f2 Milk

fl Egg white

CCD Carbohydrate cross-reactive determinants
ts20 Trees

f24 Shrimp

fs34 Freshwater-fish-mixture
fs33 Marine-fish-mixture
88 Mutton

f27 Beef

fl4 Soybean

u80 Scandent hop

23 Crab

the allergens. To detect the bound antibodies, a second incubation is carried out
using an enzyme-labeled monoclonal anti-human IgE (enzyme conjugate) catalyz-
ing a color reaction.

ALFA. Allergy Lateral Flow Assay (ALFA) is a semi-quantitative assay of allergens
using colloidal gold method. It can detect allergens conveniently and quickly with
a small amount of serum/plasma (20 pl) or whole blood (25 nl). Using liquid aller-
gen mixtures, ALFA system can flexibly replace side-stream devices containing dif-
ferent allergens for the detection of allergen combinations, and allergens can be
packaged in the same open structure basis set according to demand; a test cassette
showing positive result is presented in Figure Al(a) and principle of the test is
shown in Figure A1(b).

Patient’s sample is transferred to the sample application point. Immediately
after, the allergen solution of interest is applied. During the incubation time of
20 min, the liquid is driven across the device by capillary flow. Allergen-specific
IgE of the sample binds specifically to the corresponding antigens of the allergen
solution. The antigens are labeled and retained at the test line (T) by a capture
molecule. At the same time, sIgE bound to the allergen is captured by an antibody
coupled to colored particles (conjugate). Intensity of the color reaction at the test
line is proportional to the amount of immune complexes, consisting of ligand-
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Figure Al. Principle of ALFA. (a) Loading slot. (b) Principle.

Table A3. The detailed panel information of ALFA.

ALFA

Code Name

wbé A. vulgaris

mé A. alternata

i6 B. germanica
e5 Dog dander

el F. domesticus
dl D. pteronyssinus
d2 D. farinae

d5 Tropical mites

tagged antigens, sIgE, and IgE-specific conjugate. The signal intensity ranges from
faintly pink (low titer of sIgE) to dark ruby (high titer of sIgE). Excess conjugate,
which is not bound at the test line, will form a dark ruby control line (C) after 20-
min incubation. The detailed panel information is shown in Table A3.





