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Abstract: Purpose: This article is to evaluate the proportion of mono-sensitization and poly-sensitization based on 
sIgE composition and to develop a novel diagnostic tool and study the production of different immunoglobulins (Ig) 
in allergic diseases. Methods: The serum sIgE composition of 2409 patients diagnosed with allergic disease was 
analyzed using the sIgE immunoblot method. A specific formula was developed to calculate the theoretical propor-
tion of mono-sensitization (TPM) in different gender, age, season, disease and pathway groups. A second formula 
also established a theoretical value for the proportion of compound sensitization (TPC) in the different pathways. 
IgG antibodies to hepatitis C virus (HCV), Treponema pallidum (TP), human immunodeficiency virus (HIV) and IgM 
antibodies to Toxoplasma gondii (Toxoplasma), Cytomegalovirus (CMV), Rubella virus (RV) were detected. Results: 
The observed proportions of mono-sensitization (OPM) were all lower than the predicted TPM. Poly-sensitization was 
predominant in allergic diseases. There were statistical differences in OPM and TPM in different groups (P<0.001). 
The observed proportion of compound sensitization (OPC) was higher than TPC. IgM antibodies to CMV and IgG 
antibodies to TP were significantly different in allergic diseases. Receiver operating characteristic curve (ROC curve) 
analysis of trait sIgE indicated an area-under-the-curve of 0.749. Conclusions: The co-sensitization instead of cross-
reactivity was the major mechanism of poly-sensitization. Except for sIgE abnormality, changes in anti-CMV IgM and 
anti-TP IgG suggested an abnormal state of plasma cells. Trait sIgE may be used as a good indicator for diagnosis 
in allergic diseases.
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Introduction

Allergic diseases are a critical public health 
problem regardless age, racial and gender 
groups. Examples of Allergic diseases are atop-
ic dermatitis (AD), asthma, urticaria, allergic 
rhinitis (AR). In the past few decades, the preva-
lence of allergic disease has increased globally 
[1-3]. The pathological mechanism of allergic 
diseases is varied and complicated. Most aller-
gic diseases are considered multifactorial. They 
can be influenced by genetic, epigenetic, devel-
opmental and environmental factors. Immu- 
noglobulin E (IgE) associated allergic diseases 
belong to a broader family of inflammatory con-
ditions. Their clinical manifestations range from 
mild to life-threatening. 

It has become increasingly evident that IgE me- 
diates type I hyper-sensitive reactions plays an 
essential role in the pathophysiology of allergic 
diseases. IgE is also an attractive target for 

pharmacologic intervention and blockade in 
allergic diseases [4]. SIgE is also the most 
important predictor of allergen-related symp-
toms [5]. IgE is predominantly produced by 
plasma cells after individuals are exposed to a 
variable number of allergenic sources. Helper T 
cell 2 (Th2) cells, Type 2 mediators and cyto-
kines (IL-4, IL-5, and IL-13) have been implicat-
ed in the pathogenesis of allergic diseases [6]. 
Synthesis of IgE results from collaboration 
between Th2 and B cells when IL-4 and IL-13 
interact with receptors on the surface of B cells 
to initiate a signaling cascade mediated by 
Janus kinase 3 and signal transducer and acti-
vator of transcription 6. Another signal is need-
ed for class switch to IgE involving CD40 on the 
B cell interacting with CD40 ligand on the T-cell. 
Once IgE is produced by allergen-specific B 
cells, it is released into the circulation [7-10]. In 
spite of a half-life of only 2.8 days, there is evi-
dence that the IgE response may last for sever-
al years even without allergen stimulation. This 
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is likely caused by long-lived IgE-producing 
plasma cells. The existence of long-lived IgE-
producing plasma cells may explain finding of 
IgE with specificities to allergens that a patient 
has not been exposed for years. Such cells are 
located in the bone marrow. They are not easily 
targeted by therapeutics, but have some utility 
as a diagnostic marker [11].

In addition, the specific IgE (sIgE) level tends to 
be more meaningful than total IgE in the serum. 
The prevalence of sIgE may differ across gen-
der or age groups, geographic areas as well as 
different diseases. The ability to identify and 
quantify the proportion of sIgE could provide 
more information which may be useful in diag-
nosis and treatment. These sIgE may provide 
guidance for allergen avoidance and insight 
into the morbidity and mortality of various aller-
gic diseases. A study undertaken by the Eu- 
ropean Community Respiratory Health Survey 
of 11,355 persons (median age, 34 years) 
found 57.0% to 67.8% of European populations 
were not sensitized to any of the test allergens, 
16.2% to 19.6% were mono-sensitized, and 
12.8% to 25.3% were poly-sensitized to specific 
groups of allergens [12]. The third National 
Health and Nutrition Examination Surveys, 
10,863 patients participated in skin testing: 
45.7% were not sensitized to any of the test 
allergens, 15.5% were mono-sensitized, and 
38.8% were poly-sensitized [13].

There is a debate around the mechanisms of 
poly-sensitization. Cross-reactive and co-sensi-
tization are two hypotheses. In general, termi-
nology describing cross-reactivity should be 
limited to defined clinical manifestations show-
ing reactivity to a single allergic source without 
prior exposure. Cross-reactivity requires more 
than 70% sequence identity. Proteins having 
less than 50% sequence identity are very sel-
dom cross-reactive [14]. In general, the term 
co-sensitization underlies the presence of IgEs 
against epitopes that are not shared between 
allergenic sources or molecules [15]. In most 
conditions, the allergic agents are completely 
different. 

There are several different tests including skin 
prick testing, patch testing, intradermal testing 
and in vitro testing (for specific IgE antibodies) 
used in the possible identification of individu- 
al allergens [16]. We characterized human IgE 

antibodies raised against airborne and food 
allergens in serum using a semi-quantitative 
immunoblot assay in this study. It is a non-inva-
sive method for the detection of 20 allergens 
per strip. The allergens pre-coated on the strip 
were purified biochemically characterized anti-
gens which were specific to IgE. Antigen-binding 
of allergen-specific IgE were not inhibited by 
other immnunoglobulins such IgG and IgM. The 
automatic system provided quantitative results 
for each sIgE after evaluation by the EURO- 
LineScan program.

In this study, Trait sIgE, the specific immune 
agent, is in the highest concentrations in poly-
sensitized patients. The diagnostic efficiency of 
trait sIgEs in allergic diseases was also evalu-
ated. The role of B cells and plasma cells is not 
well known in IgE associated allergic diseases. 
In order to investigate the mechanism, several 
immunoglobulins which were not related to 
allergic diseases were detected.

Materials and methods

Subjects

2409 serum samples were collected from hos-
pitalized and out-patients at the First Affiliated 
Hospital of Dalian Medical University from June 
2015 to May 2016. These patients were clini-
cally evaluated by their physicians to have aller-
gic diseases including allergic dermatitis (534, 
22.17%), atopic asthma (500, 20.76%), urticar-
ia (729, 30.26%), allergic rhinitis (259, 10.75%) 
and others (387, 16.06%). Information such as 
gender, age, time to hospitalization and diagno-
sis were collected for each sample. 1002 ma- 
le and 1407 female patients (aged 34.53±20.24 
years) blood samples were collected before 
they received any anti-allergic therapy. 44 
healthy individuals (aged 39.84±18.25 years) 
blood sample were also evaluated as a control 
during the same period, these patients had to 
have no prior history of allergic disease. Among 
all these samples, 55 samples of allergic dis-
eases and 42 samples of control group were 
collected randomly to detect several different 
immunoglobulins. This study was approved by 
the Ethics Committee of Dalian Medical Un- 
iversity.

Human sIgE to inhalation and food allergens 
test

Blood samples (3 mL) were collected from 
2409 patients and 44 healthy individuals. 
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Serum was separated after centrifugation at 
2630 × g for 10 min. The EUROLINE atopy 
(China) test kit (EUROIMMUN medizinische 
Labor diagnostika AG, Lübeck, Germany) was 
used for the test. It was a semi-quantitative in 
vitro assay for human sIgE to inhalation and 
food allergens in serum. The test strips were 
pre-coated with parallel lines of 20 different 
allergen extracts. They were first moistened 
and then incubated in the first reaction step 
with patient serum (diluted 1:11 with the pre-
diluted universal buffer) for 16 h. If samples 
were positive, specific antibodies of class IgE 
would bind to the allergens. To detect the bound 
antibodies, a second incubation was carried 
out using an enzyme-labeled monoclonal anti-
human IgE (enzyme conjugate) catalyzing a 
color reaction. In the test kit, the enzyme conju-
gate was alkaline phosphatase labeled anti-
human IgE (mouse). Substrate solution was 
nitroblue tetrazolium chloride/5-bromo-4-chlo-
ro-3-indolylphosphate. For automated incuba-
tion with the EUROBlotMaster select the pro-
gram Euro12 Allerg16h (version b). The whole 
experimental process was performed accord-
ing to the procedure provided by EUROB- 
lotMaster.

Assessment

The EUROLineScan program was used for digi-
tal evaluation of the strips once dry. The inten-
sity of the bands was calculated in EAST 
(Enzyme-Allergo-Sorbent Test) classes of 0-6. 

EAST values are determined with respect to the 
concentration grades used in the well-known 
RAST system (Radio-Allergo-Sorbent Test) used 
in allergy diagnostics. The test strips were coat-
ed with parallel lines of 20 different allergen 
extracts (Table 1). The concentration of each 
sIgE and their classes are also shown in Table 
1.

Calculation of observed proportion of mono-
sensitization (OPM) and theoretical proportion 
of mono-sensitization (TPM)

Calculation of the observed proportion of mo- 
no-sensitization: OPM=(number of mono-sensi-
tized samples/total number) × 100%

Calculation of theoretical proportion of mo- 
no-sensitization: Principle: In this test, there 
were 20 allergens which were random variants, 
for example one sample, if only one allergen 
was positive and 19 others were negative, the 
result was considered mono-sensitized. In 
other words, the probability of mono-sensitiza-
tion was calculated on the basis of a joint prob-
ability: one positive variant and 19 negative 
variants had to be found in a single sample  
to qualify as mono-sensitized. According to  
the principle of probability theory, joint pro- 
bability is the product of individual probabili-
ties. Theoretically, mono-sensitization proba- 
bility for an allergen (A) is equal to the pro- 
duct of positive probability of allergen A and  

Table 1. The type and classes of sIgE reactivity in response to the 20 allergens tested

Class Concentration 
(kU/L)

Allergen 
code Allergen name Allergen 

code
Allergen 
name

Allergen 
code Allergen name

0 <0.35 ts20 Tree mix2 i6 Cockroach f27 Beef
1 0.35~0.70 w1 Common ragweed ms1 Mould mix1 f88 Mutton/lamb
2 0.70~3.50 w6 Mugwort u80 Hop fs33 Sea fish mix1
3 3.50~17.50 ds1 House dust mite mix1 f1 Egg white fs34 Fresh water fish mix1
4 17.50~50.00 h1 House dust f2 Cow’s milk f24 Shrimp/Prawn
5 50.00~100.00 e1 Cat f13 Peanut f23 Crab
6 >100.00 e2 Dog f14 Soybean Ind Indicator band

Figure 1. Result of strips after detection. The result of the first strip (CN At-572-76): fs34 class 3, ds1 class 5, w6 
class 3, the result of the second strip (CN At-572-77): negative, the third strip (CN At-572-78): f23 class 3, f24 class 
3, fs3 class 4, fs33 class 3, i6 class 2.
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Table 2. Overall sIgE reactivity to the 20 allergens tested in 2409 patients

Allergenz Positive 
number

Positive 
rate (%)

Class (n)
1 Proportion 2 Proportion 3 Proportion 4 Proportion 5 Proportion 6 Proportion

f23 83 3.45 33 39.76 22 26.51 9 10.84 14 16.87 5 6.02 0 0.00
f1 137 5.69 101 73.72 22 16.06 8 5.84 4 2.92 2 1.46 0 0.00
f13 241 10.00 187 77.59 36 14.94 8 3.32 6 2.49 4 1.66 0 0.00
f27 37 1.54 30 81.08 3 8.11 3 8.11 1 2.70 0 0.00 0 0.00
f88 27 1.12 10 37.04 8 29.63 8 29.63 0 0.00 1 3.70 0 0.00
fs34 170 7.06 60 35.29 49 28.82 32 18.82 22 12.94 7 4.12 0 0.00
fs33 212 8.80 86 40.57 55 25.94 32 15.09 33 15.57 6 2.83 0 0.00
f2 52 2.16 38 73.08 9 17.31 3 5.77 2 3.85 0 0.00 0 0.00
f14 97 4.03 45 46.39 24 24.74 15 15.46 10 10.31 2 2.06 1 1.03
f24 85 3.53 56 65.88 19 22.35 4 4.71 4 4.71 2 2.35 0 0.00
w1 70 2.91 24 34.29 20 28.57 16 22.86 6 8.57 4 5.71 0 0.00
w6 265 11.00 45 16.98 45 16.98 50 18.87 50 18.87 74 27.92 1 0.38
ds1 492 20.42 79 16.06 84 17.07 93 18.90 107 21.75 114 23.17 15 3.05
e1 125 5.19 34 27.20 24 19.20 24 19.20 20 16.00 22 17.60 1 0.80
e2 71 2.95 20 28.17 14 19.72 9 12.68 16 22.54 12 16.90 0 0.00
u80 61 2.53 24 39.34 18 29.51 12 19.67 5 8.20 1 1.64 1 1.64
ts20 67 2.78 36 53.73 15 22.39 11 16.42 2 2.99 3 4.48 0 0.00
h1 96 3.99 52 54.17 26 27.08 12 12.50 5 5.21 1 1.04 0 0.00
i6 90 3.74 50 55.56 27 30.00 9 10.00 4 4.44 0 0.00 0 0.00
ms1 22 0.91 11 50.00 7 31.82 3 13.64 1 4.55 0 0.00 0 0.00
Note: ts20 Tree mix2 (willow, poplar, elm), w1 Common ragweed, w6 Mugwort, ds1 House dust mite mix1 (Der. pteronyssinus/Der. farinae), h1 
House dust, e1 Cat, e2 Dog, i6 Cockroach, u80 Hop, f1 Egg white, f2 Cow’s milk, f13 Peanut, f14 Soybean, f27 Beef, f88 Mutton/lamb, fs33 Sea 
fish mix1 (codfish, lobster, scallop), fs34 Fresh water fish mix1 (salmon, perch,carp), f24 Shrimp/Prawn, f23 Crab, ms1 Mould mix1, Ind Indicator 
band.

Table 3. Proportion and number of different sIgEs in 2409 patients
SIgE 0 1 2 3 4 5 6 7 8 9 10 >10 Total
Number 1211 550 339 152 63 49 23 8 8 2 3 1 2409
Proportion (%) 50.27 22.83 14.07 6.31 2.62 2.03 0.95 0.33 0.33 0.08 0.12 0.04 100
Intake Number 730 30.3%
Inhaled Number 803 33.3%
Compound Number 335 13.9% TPC* 10.10% P<0.001
Note: TPC: theoretical value for the proportion of compound sensitization; *P<0.001, significant difference compared to ob-
served proportion of compound sensitization (Non-parametric Binomial tests).

negative probability of all other allergens. 
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allergen A/total number) × 100%

Definition of trait sIgEs

If more than one allergen were found positive in 
one sample, the sIgE with the highest concen-
tration was considered as the trait sIgE [17]. If 
there were several positive allergens with the 
same concentration, they were all considered 

traits IgEs. They were all taken into account for 
our statistics. For example, if there were the 
same concentrations of egg white and peanut 
sIgEs and both of them were the highest con-
centration in a sample, then both were consid-
ered as trait sIgEs. For statistical analysis, this 
sample is put into the egg white group and also 
into the peanut group.

Calculation of observed proportions of com-
pound sensitization (OPC) and theoretical 
proportion of compound sensitization (TPC)

Compound sensitization refers to the existence 
of food allergen(s) and inhaled allergen(s) in 
one sample.
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OPC=(number of observed compound sensiti-
zation samples/total number) × 100%

TPC=(number of food sensitization only sam-
ples/total number) × (number of inhale sensiti-
zation only samples/total number) × 100%

Detection of IgG antibodies to hepatitis C virus 
(HCV) and Treponema pallidum (Syphilis TP 
assay)

The chemiluminescent microparticle immuno-
assay (ARCHITECT i2000SR, Abbott Labo- 

Table 4. Number of sIgEs in mono-sensitized patients in response to these 20 allergens

Allergen Positive 
number

Monosensitization 
number

Monosensitization 
proportion (%) Allergen Positive 

number
Monosensitization 

number
Monosensitization 

proportion (%)
f23 83 5 6.02 w1 70 4 5.71
f1 137 39 28.47 w6 265 67 25.28
f13 241 72 29.88 ds1 492 163 33.13
f27 37 6 16.22 e1 125 12 9.6
f88 27 1 3.7 e2 71 5 7.04
fs34 170 68 40 u80 61 2 3.28
fs33 212 59 27.83 ts20 67 13 19.4
f2 52 3 5.77 h1 96 1 1.04
f14 97 22 22.68 i6 90 1 1.11
f24 85 7 8.24 ms1 22 0 0
OPM 22.8 TPM* 38.6 P <0.001
Note: ts20 Tree mix2 (willow, poplar, elm), w1 Common ragweed, w6 Mugwort, ds1 House dust mite mix1 (Der. pteronyssinus/Der. farinae), h1 
House dust, e1 Cat, e2 Dog, i6 Cockroach, u80 Hop, f1 Egg white, f2 Cow’s milk, f13 Peanut, f14 Soybean, f27 Beef, f88 Mutton/lamb, fs33 Sea 
fish mix1 (codfish, lobster, scallop), fs34 Fresh water fish mix1 (salmon, perch, carp), f24 Shrimp/Prawn, f23 Crab, ms1 Mould mix1, Ind Indica-
tor band. OPM: observed proportions of mono-sensitization; TPM: theoretical proportion of mono-sensitization. *P<0.001, significant difference 
compared to OPM (Non-parametric Binomial tests).

Table 5. Comparison of OPM and TPM values for different gender, age, season, disease and pathway 
groups

Group Total number Number of mono-sensitization OPM (%) TPM (%) p-value
Gender Female 1407 321 21.11 37.38* <0.001

Male 1002 229 20.65 37.73* <0.001
Age 0-6 299 80 23.20 35.30* <0.001

7-17 219 59 23.30 38.30* <0.001
18-28 498 106 19.14 38.31* <0.001
29-44 598 154 24.62 38.32* <0.001
45-59 472 88 16.20 37.10* <0.001

60- 323 63 19.77 37.40* <0.001
Season Summer 617 158 20.10 38.61* <0.001

Autumn 546 167 23.99 38.16* <0.001
Winter 359 85 18.66 37.17* <0.001
Spring 500 140 20.20 36.00* <0.001

Disease Allergic dermatitis 534 90 16.85 38.02* <0.001
Atopic asthma 500 124 24.80 37.95* <0.001

Urticaria 729 132 18.11 37.22* <0.001
Allergic rhinitis 259 77 29.73 39.20* <0.001

Others 387 127 32.82 34.62 0.248
Pathway Intake 2409 282 11.71 31.04* <0.001

Inhaled 2409 268 11.12 35.09* <0.001
Note: OPM: observed proportions of mono-sensitization; TPM: theoretical proportion of mono-sensitization. *P<0.001, signifi-
cant difference compared to OPM (Chi-squared test).
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ratories, Abbott Park, IL, USA) was used for  
the detection of HCV IgG and Syphilis TP assay. 
The ARCHITECT System calculates the cutoff 
(CO) using the mean chemiluminescent signal  
(RLU). S/CO=Sample RLU/Cutoff RLU. Spec- 
imens with S/CO value ≥1.0 were considered 
reactive.

Detection of IgG antibody to human immuno-
deficiency virus (HIV)

ELISA was conducted using diagnostic kit for 
antibody to HIV (Zhu Hai Livzon diagnostics Inc, 
Zhuhai, China) with Addcare ELISA 600 immu-
noassay workstation (Yantai Addcare Bio-Tech 
Co.Ltd. Yantai, China). Specimens with S/CO 
value≥1.0 were considered reactive.

Detection of IgM antibodies to Toxoplasma 
gondii (Toxoplasma), Cytomegalovirus (CMV) 
and Rubella virus (RV)

IgM antibodies to Toxoplasma, CMV and RV 
were analyzed using a Toxoplasma IgM test kit 
(F.Hoffmann-La Roche, Ltd, Basel Switzerland) 
and a CMV IgM test kit (F.Hoffmann-La Roche, 
Ltd, Basel Switzerland) and a RV IgM test kit 
(F.Hoffmann-La Roche, Ltd, Basel Switzerland) 
with eletrochemiluminescense assay system 
(Cobas e 601, F.Hoffmann-La Roche, Ltd, Basel 
Switzerland). Reference ranges (value of S/CO) 
for healthy Chinese population are as follows: 
Toxoplasma IgM(0.8-1.0), CMV IgM(0.7-1.0), RV 
IgM(0.8-1.0).

Statistical analysis

All data were analyzed using SPSS (Statistical 
Package for Social Sciences) 17.0 software 
(Chicago, IL, USA). Chi-squared test was used 
to determine the between-group differences of 
numerical data. Non-parametric Binomial tests 
were used to evaluate the observed proportion 
and theoretical proportion. ROC analysis was 
carried out to evaluate the diagnostic efficacy 
for trait sIgEs. Two independent samples test of 
non-parametric tests was used to determine 
the difference of IgG antibodies to HCV, 
Treponema pallidum and human immunodefi-
ciency virus and IgM antibodies to Toxoplasma 
gondii, Cytomegalovirus and Rubella virus 
between allergic disease group and control 
group. Data were considered to be statistically 
significant when P≤0.05.

Results

General results of strips for inhalation and 
food allergens 

In this study, 1198 (positive rate 49.7%) sub-
jects tested positive among 2409 patients who 
were diagnosed as suspected allergic reactions 
(Figure 1). Among the sIgEs to inhalation aller-
gens, House dust mite mix1 (20.42%), Mugwort 
(11.00%) and cat (5.19%) were the three pre-
dominant positive sIgEs. Among the food aller-
gens, Peanut (10.00%), Sea fish mix1 (8.80%) 
and Fresh water fish mix1 (7.06%) were the 
three predominant positive sIgEs (Table 2). 

The number of positive allergen types in one 
sample was termed clone (0-10). If only one 
sIgE was positive, it was called mono-sensitiza-
tion (22.8%, Table 3). If more than one sIgEs 
were found positive, it was called poly-sensiti-
zation (26.9%, Table 3). The proportion of 
mono-sensitization for different allergens was 
different (Table 4). For each allergen, the pro-
portion of mono-sensitization was much less 
than proportion of poly-sensitization. The poly-
sensitization proportion of u80 and ms1 were 
over 95%. When the OPM (22.8%) was com-
pared with the TPM (38.6%), it was significantly 
lower (P<0.001, Table 4).

In different disease groups, there were statisti-
cal differences found for groups 1-4 (Allergic 
dermatitis, atopic asthma, urticaria, allergic rhi-
nitis, P<0.001). There was no statistical differ-
ence found in the fifth group (others, P=0.25). 
There was a statistical difference between OPC 
(13.91%) and TPC (10.10%) (P<0.001, Table 3).

Positivity rates of sIgEs to 20 allergens in both 
genders

There were 1407 female subjects and 1002 
male subjects in this study. Of these 556 male 
subjects and 642 female subjects were found 
to be positive in our test. The positive rate of 
males (55.49%, 556/1002) was significantly 
different from that for females (45.63%, 
642/1407) (X2=22.759, P<0.001). TPM and 
OPM values were both significantly different 
between these two groups (P<0.001) (Table 5). 
The top three trait sIgEs were to House dust 
mite mix1, Mugwort and Fresh water fish mix in 
female individuals. The top three traits IgEs 
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were to House dust mite mix1, Mugwort and 
peanut in male individuals (Table 6). 

Positive rates of sIgE to 20 allergens in six age 
groups

The whole study population was divided into six 
age groups (Table 5). The statistical differenc-
es between OPM and TPM values were all sig-
nificant (P<0.001). The positive rates of trait 

sIgEs for each age group were different. The 
positive rates of House dust mite mix1, 
Mugwort and Fresh water fish mix were higher 
in all age groups, but the order of magnitude for 
the concentration of each allergen’s sIgE were 
different. The top three trait sIgEs in the 0-6 
age group were to House dust mite mix1, Egg 
white and Fresh water fish mix. The top three 
trait sIgEs in the 7-17 age group were to House 
dust mite mix1, Mugwort and Fresh water fish 

Table 6. Positive result for trait sIgEs in different gender, age, season and disease groups

Allergen
Gender Age Season Disease
F M 0-6 7-17 18-28 29-44 45-59 >59 Sum Aut Win Spr Dermatitis Asthma Urticaria Rhinitis Others

f23 14 10 1 2 3 8 8 2 10 3 3 8 2 8 5 3 6
f1 34 35 29 3 9 9 9 10 21 19 4 25 12 15 20 8 14
f13 55 64 10 5 28 34 22 20 69 35 1 14 23 26 28 10 32
f27 8 4 6 0 2 1 2 1 7 2 1 2 2 5 3 1 2
f88 1 2 0 1 0 1 1 0 2 0 0 1 1 1 0 1 0
fs34 84 38 27 7 21 33 23 11 21 27 29 45 21 27 31 17 26
fs33 58 62 5 6 20 29 31 29 37 35 19 29 22 26 29 13 30
f2 2 6 6 0 2 0 0 0 2 4 0 2 1 1 2 1 3
f14 24 13 6 2 6 9 8 6 9 13 8 7 4 12 7 6 7
f24 7 4 2 1 2 2 3 1 7 3 0 1 3 0 3 1 4
w1 4 4 0 1 4 2 0 1 1 3 1 3 3 2 1 0 2
w6 89 66 8 19 40 42 30 16 32 78 18 27 34 39 33 17 32
ds1 192 199 90 85 74 84 35 23 117 133 74 67 64 100 79 61 87
e1 25 27 1 6 15 19 9 2 14 12 8 18 8 9 13 6 16
e2 11 7 3 0 5 8 2 0 2 7 4 5 3 2 4 1 8
u80 5 7 2 2 4 2 2 0 5 6 1 0 1 4 3 0 4
ts20 11 5 3 1 4 5 2 1 6 4 1 5 2 6 5 0 3
h1 18 17 1 3 9 7 7 8 8 10 6 11 5 9 3 9 9
i6 14 7 1 3 5 6 2 4 6 6 3 6 4 2 8 2 5
ms1 3 3 1 0 2 2 0 1 2 0 2 2 3 0 1 0 2
Total 659 580 202 147 255 303 196 136 378 400 183 278 218 294 278 157 292
Note: ts20 Tree mix2 (willow, poplar, elm), w1 Common ragweed, w6 Mugwort, ds1 House dust mite mix1 (Der. pteronyssinus/Der. farinae), h1 
House dust, e1 Cat, e2 Dog, i6 Cockroach, u80 Hop, f1 Egg white, f2 Cow’s milk, f13 Peanut, f14 Soybean, f27 Beef, f88 Mutton/lamb, fs33 Sea 
fish mix1 (codfish, lobster, scallop), fs34 Fresh water fish mix1 (salmon, perch, carp), f24 Shrimp/Prawn, f23 Crab, ms1 Mould mix1, Ind Indicator 
band.

Table 7. Comparison of IgM, IgG between allergic disease and control

Disease Percentiles Toxoplasma-IgM 
(S/CO)

CMV-IgM 
(S/CO)

RV-IgM 
(S/CO)

TP-IgG 
(S/CO)

HCV-IgG 
(S/CO)

HIV-IgG 
(S/CO)

Allergic disease 25th 0.199 0.221 0.234 0.050 0.050 0.035 
50th 0.215 0.254 0.257 0.060 0.070 0.035 
75th 0.245 0.328 0.303 0.080 0.090 0.036 

Control 25th 0.188 0.193 0.236 0.030 0.050 0.035 
50th 0.254 0.213 0.265 0.040 0.060 0.035 
75th 0.306 0.250 0.313 0.063 0.090 0.036 

p value 0.111 0.000 0.810 0.000 0.485 0.739 
Note: Toxoplasma: Toxoplasma gondii; CMV: Cytomegalovirus, RV: Rubella virus, HCV: hepatitis C virus, TP: Treponema pal-
lidum, HIV: human immunodeficiency virus.
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mix. The top three trait sIgEs in the 18-28 and 
29-44 age groups were House dust mite mix, 
Mugwort and Peanut. The top three trait sIgEs 
in the 45-59 age group were to House dust 
mite mix, Sea fish mix and Mugwort. The top 
three trait sIgEs in the over 60 age group were 
Sea fish mix, House dust mite mix and peanut 
(Table 6).

Positivity rates of sIgE to 20 allergens in four 
season groups

Samples in this study were collected from June 
2015 to May 2016, OPM and TPM were signifi-
cantly different (P<0.001) in each of the four 
seasons (Table 5). The trait sIgEs were differ-
ent in different seasons. In spring (from March 
to May), the top three trait sIgEs were House 
dust mite1, Fresh water fish mix and Sea fish 
mix. In summer (from June to August), the top 
three trait sIgEs were House dust mite1, pea-
nut and Sea fish mix. In autumn (from 
September to November), the top three trait 
sIgEs were House dust mite1, Mugwort, peanut 
and Sea fish mix1. In winter (from December to 
February), the top three trait sIgEs were House 
dust mite1, Fresh water fish mix and Sea fish 
mix (Table 6).

Positivity rates of sIgEs to 20 allergens in two 
pathway groups

There are 10 inhalation allergens and 10 food 
allergens detected in this study. TPM and OPM 

in both pathways were significantly different 
(P<0.001) (Table 5).

Results of IgM for Toxoplasma, CMV and RV, 
IgG for TP, HCV, HIV

Results of IgM for Toxoplasma, CMV and RV, 
IgG for TP, HCV, HIV in allergic disease were in 
Table 7. When the data were analyzed, p value 
was<0.05 in anti-CMV IgM group and anti-TP 
group. 

Evaluation of diagnostic efficacy

The Receiver operating characteristic curve 
(ROC curve) analyses used the concentration of 
trait sIgEs as an indicator for the healthy con-
trol group and allergic disease group were 
shown in Figure 2. The area-under-the-curve 
(AUC) was found to be 0.749.

Discussion

In this study, frequencies of sIgE classes were 
different for all 20 allergens. Most of the com-
mon sIgEs belonged to class one. For example, 
the highest proportion (92.53%) of sIgE to pea-
nuts were composed of class one (77.59%) and 
class two (14.94%). While for sIgEs to House 
dust mite mix1 and Mugwort, the highest pro-
portions of sIgEs were class five which suggest-
ed a very high concentration of this sIgE. These 
sIgE classes are helpful in predicting whether 
or not an individual will become symptomatic of 
a specific disease. Asymptomatic sensitization 
can be seen in some individuals having class 
one or two sIgEs [18, 19]. 

Proportions of mono-sensitization were all 
lower than proportion of poly-sensitization for 
sIgEs for these 20 allergens. Further investiga-
tion showed the same results when gender, 
age, season and disease were taken into 
account. There was a debate about high poly-
sensitization caused by cross reactivity or co-
sensitization. Inhaled allergens and food aller-
gens are considered two very different allergen 
subsets with completely unique epitopes 
reducing the likelihood for cross-reactivity. The 
observed proportion of compound sensitization 
was higher than the theoretical proportions of 
compound sensitization. This suggests that 
poly-sensitization is probably caused by co-
sensitization instead of cross reactivity. It is 
unknown whether it is related to specific activa-

Figure 2. ROC analyses of trait sIgE detection.
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tion of plasma cells in response to an antigenic 
stimulus. Further investigation is needed to 
reveal the mechanism of co-sensitization.

The proportion of poly-sensitization was 26.9% 
for allergic disease patients in this study. Here 
the 20 allergens were pre-coated on an immu-
noblot strip and it is unknown whether the pro-
portion of poly-sensitization will increase if 
more allergens are included. There was a study 
using Immuno Solid-phase Allergen Chips 
(ISAC), which was commercially available micro-
array-based IgE detection chips which might 
allow for a more thorough examination. They 
allow for the measurement of specific IgE anti-
bodies to 112 allergen components of 46 major 
allergens per measurement with 30 μL serum 
blood or serum [20]. However, there was still 
controversy about the sensitivity of this micro-
array method when compared with traditional 
IgE tests when we embarked on this study. The 
ISAC is known to have higher variability when 
the serum IgE level is low. Variable results in 
the analysis of certain allergens and some limi-
tations in the types of allergen sources have 
also been shown [21]. Positivity rates differ 
between allergens and methods. It was earlier 
described that sensitivity to mold was more 
accurately detected in the skin prick test than 
any other type of detection method [22].

Despite the different positivity rate for poly-
sensitization in different countries or areas, 
poly-sensitizations were all higher than mono-
sensitization reactions. However, it is the first 
time anyone has described a difference in the 
predicted value for mono-sensitization and the 
observed proportion of mono-sensitization 
using probability theory and the given mathe-
matical formula. Using this method, we consis-
tently observed lower OPM values than TPM 
values even when we looked at different age, 
gender, diseases and allergic pathway groups. 
Poly-sensitization was more prevalent (81%) 
than mono-sensitization when using either the 
skin prick or sIgE detection methods in the 
United States of America [23].

In allergic disease, the elevation of different 
class antibodies suggested that polyclonal anti-
bodies were not limited in IgE class. Other anti-
bodies of IgG class and IgM class to pathogens 
for infectious diseases were also affected. We 
have a hypothesis that more antibodies would 
be found increased, if the scope for detection 

was extended. Different classes of immuno-
globulin were all produced by plasma cells. 
Mechanisms regulating IgE production are 
poorly understood. Recent studies suggest that 
membrane IgE receptors provided a signal 
mediating antigen-independent chronic activa-
tion that influences the further differentiation 
of IgE class-switched B cell [24]. But further 
investigation was needed for mechanism of dif-
ferent classes of immunoglobulin increased in 
allergic diseases. 

There is an debate about allergen immunother-
apy in poly-sensitized patients. For subcutane-
ous allergen immunotherapy, in Europe most 
formulations are single-allergen extracts, while 
in the United States it contains an average of 8 
different components [25-27]. In this study, the 
concept of trait sIgEs was proposed for the first 
time. The sIgE with the highest concentration 
was regarded as the most troublesome aller-
gen that must be treated. In the evaluation of 
efficiency of trait sIgE, the AUC was 0.749. Trait 
sIgE could prove to be a valuable new indicator 
for diagnosis of allergic disease and a good 
indicator for treatment. 

In our study, most common allergens in differ-
ent diseases were shown to have similar sIgE 
profiles. Overall, the top three allergens are 
House dust mite mix1, Mugwort and Peanut. 
The trait sIgEs in females and males are differ-
ent. The positivity rates of sIgEs in males are 
higher than females which is similar to other 
studies. Males were more likely to be atopic 
than females, with the total IgE concentration 
being higher for males [28]. Total serum IgE 
concentrations were strongly correlated with 
the sum of the allergen-specific IgE measure-
ments. For males with current asthma the cor-
relation was 0.88 and for females with current 
asthma it was 0.74 [29].

The specific mechanisms for these differences 
are unclear, but female sex hormones have 
been implicated [30, 31]. It seems likely that 
sex hormones contribute to this pattern. Use of 
hormonal contraceptives may reduce asthma 
exacerbation and number of care episodes 
[32].

In this study, for the 0-6 years age group, the 
second most abundant sIgE is to egg white 
which is different from other age groups. Eggs 
are widely used as an early childhood food sup-
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plement in China, making exposure in this 
group significantly higher than others which 
may explain the increase in egg white specific 
IgE. There were several other sIgEs described 
in this age group that might be explained when 
you consider the diet of various age groups and 
the food exposure of these patients. It was 
found that atopy was associated with age, gen-
der and some reversible lifestyle-related fac-
tors including alcohol, smoking and education 
level [33]. 

Allergic diseases are major public health 
issues, with high prevalence and significant 
burden. In this study, proportions of mono-sen-
sitization were all lower than proportions of 
poly-sensitization for sIgE to 20 allergens. OPM 
values were all lower than TPM values when 
gender, age, season and disease were taken 
into account. The OPC was lower than TPC sug-
gesting that co-sensitization and not cross-
reactivity may be the mechanism of high poly-
sensitization in allergic diseases. Further 
research about the differentiation of B cells 
and plasma cells related to poly-sensitization is 
needed.
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