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Abstract: This study investigated the molecule sensitized pattern of atopic dermatitis
patients who co-sensitized to shrimp, cockroaches, crab and house dust mites allergens and
promoted the development of clinical accurate diagnosis and treatment.
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With the change in global climate and the air pollution (such as increase of
sensitizers), the sensitized pattern of patients is also changing.'” Our previous
studies have shown that there were more than 70% of crab-sensitized patients co-
sensitization to shrimp, cockroaches and house dust mites,” as well as >75% of
shrimp sensitized patients positive for cockroaches, house dust mites and moth at
the same time in South China.* This means that, under a clinical approach, patients
may need to avoid all of the above allergen species, or even more if they are
sensitized to one of the above. However, why does this sensitized pattern occur and
what are those patients truly sensitized to? Cross-reaction between allergens may be
the best explanation for species co-sensitization.” Allergen components from dif-
ferent species may have the same functions, which leads to similar specific immu-
noglobulin E (sIgE) binding epitopes causing cross-reaction®. Accordingly, when
patients are sensitized to these functional proteins, they may sensitize to all the
allergen crude extract which included those functional proteins. Hence, we deduce
that some co-sensitized patients are instead likely to be just sensitized to a few
kinds of functional proteins.

Atopic dermatitis’ increases the risks of rhinitis and asthma among people of
nearly all ages. In order to explore the sensitized proteins of these patients, in this
study, 34 atopic dermatitis patient’s sera were randomly taken from the serum bank
of Allergy Information Repository from January 2020 to May 2020 in Guangzhou,
China. All participants provided informed consent, and approval from the ethic
committee of The First Affiliated Hospital of Guangzhou Medical University
(Reference number: GYFYY-2016-73). There were 16 males and the mean age
was 18.5. All the patients were positive (=0.35 kU/L) for the serum sIgE for
D. pteronyssinus, C. pagurus, B. germanica and P. monodon at the same time by
Phadia 1000 (Sweden, Thermo). None of these patients had taken specific allergen
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immunotherapy, with no autoimmune diseases, parasitic
infections or cancer and the diagnoses of atopic dermatitis
were based on the Atopic Dermatitis Guidelines applied by
dermatologist.® All the patients have tested 125 allergen
components by ALEX® (A MacroArrayDX, Austria), and
the result >0.30 kU/L was defined as positive according to
the manufacturer’s instructions. Categorical data were
reported as a percentage, compared the different between
groups used chi-square tests (y°) or F-tests.

The results show that 70.6% of patients were positive for
more than one allergen component, 52.9% for more than two
components, 17.6% for more than five components and 2.9%
for more than ten components. The sIgE concentration for
most of the allergen components in these patients was very
low, ranging from 0.30 to 29.52 kU/L. As shown in Figure 1,
in food allergen components, the highest was Cica 1 (11.8%)
and only 2.9% of patients were sensitive to Arah 9. In pollen
allergen components, Cup s 1 and Cry j 1 (14.7%) had the
highest positive rate, followed by Lol p 1 (11.8%) and Frae 1
(8.8%), but both Plaa 1 (2.9%) and Pla11 (2.9%) had a lower
positive rate. Besides, co-sensitization to European Cypress
(Cup s 1) and Cryptomeria (Cry j 1) was 11.8%. In dust mite
allergen components, Der p 1 had the highest positive rate
(20.6%). In animal allergen components, we found Api m 1
(17.6%) had the highest sensitization rates among all insect
related allergen components. In contrast, both cockroach [Bla
g2 (5.9%), Bla g 4 (2.9%), Bla g 5 (2.9%)] and Gly d 2
(2.9%) had a lower positive rate. There were few patients
sensitive to fungal allergen components and the highest was
Asp f 3 (8.8%). In addition, to exhaustively examine the
relationship between those allergens, we performed a spring-
embedded correlation analysis to primarily identify six mod-
ularities with well-connected clusters (Figure 2). The algo-
rithms of Layout choose “ForceAtlas2” which is a force-
directed layout.” This algorithm is close to other algorithms
used for network spatialization.'” Next, we added the “Avg.
Path Length” and “Modularity” options to increase the visi-
bility of edge and network overview. The size of the node is
proportional to the weight of the relationship with allergens
(the larger the circle, the more the correlation of allergens).
The length of the line between the nodes (spring length) is
proportional to the correlation strength (the shorter the
length, the stronger the correlation with neighboring allergen
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Figure | The positive rate of molecular allergen in atopic dermatitis patients with
D. pteronyssinus, C. pagurus, B. germanica and P. monodon co-sensitized.

Note: The positive rate of allergen components were shown in figure and all the patients
were negative for Actd 5, Amba 4, Apig6, Apim 2, Arah 3, Artv |, Artv 3, Aspf6,Bere
I,Betv |,Betv2,Blag|,Bosd4,Bosd5,Bosdé,Bosd8, Canf2, Canf3,Cheal,Clah
8,Corall,Coral4,Cora8, Cypcl,Derpll,Fage2,Feld2, Feld4, Gadm I, Gald?2,
Gald 3, Gald4,Gald5,Glym5,Glym 6, Glym8,Hevb I,Hevb 3,Hevb 5,Hevb 8, Jugr
I,Jugr2,Malas |,Malas |1, Malas6, Malas9,Parj2.
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Figure 2 Spring-embedded correlation plot illustrating the relationship between allergen components.
Note: The size of the node is proportional to the weight of the relationship with allergens (the larger the circle, the more correlation the allergen). The length of the line
between the nodes (spring length) is proportional to the correlation strength (the shorter the length, the stronger the correlation with neighboring allergen components).
The different color of the lines represents various modularity class. The thickness of the line is proportional to the significance of correlation (more thicker the line, the
more significant the analysis).
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components). The different colors of the lines represent
various modularity classes. The thickness of the line is pro-
portional to the significance of correlation (the thicker the
line, the more significant the analysis). Accordingly, the
results show that allergen components Pla a 1, Pla1 1, Mal
d 1, Phl p 6 and Ara h 9 as the pre-dominated allergens were
closely correlated with all allergens. The Spearman correla-
tion analysis also shows that the correlation coefficients
between Api g 1 and Plal1, as well as Plaa 1 and Gly m 4
were all more than 0.80 (P < 0.001).

The positive rate of Der p 1 was highest, followed by Der
p23,Apim 1, Der f 1, Cup s 1 and Cry j | in those patients.
Among the above components, Cup s 1 and Cry j 1 as a pectate
lyase, usually only positive in patients with pollen allergy,
which seem to have no relationship with mite, cockroach,
shrimp or crab sensitization. However, Seema Patel et al report
that the retention of critical domains like HAMP, HBM, EFh,
HELICc in pollen proteins, was similar to cockroach allergens
protein,'! This means that cross-reactions between insects and
pollen allergens need to be considered in the future. In addi-
tion, a research from UK used tandem mass spectrometry to
identify the allergens and found a similar epitope between mite
allergen protein chitinase, cockroach allergen protein Cr-PI
/Per a 3 and Apis mellifera allergen protein Api m 1
(PLA2),'> which may be important proteins in the co-
sensitization of cockroaches and house dust mites. Pan-
allergen components (like Der p 1, Der f 1, etc.) come from
different creatures, but the functionally related molecules
share highly conserved sequence regions and three-
dimensional structures. Thus, they have similar epitopes and
meet the requirements of IgE cross-reaction.'® In clinical
diagnosis, we cannot simply determine which allergens are
multiple sensitized patients are truly allergic to. These patients
are likely to be sensitized to certain types of allergenic proteins
which have similar functions. This concept will promote the
development of clinical personalized immunotherapy.* In
addition, Celakovska et al’s study shows that atopic dermatitis
patients suffering from food allergies suffer significantly more
often from allergic rhinitis or asthma, we speculated that these
patients may be sensitized to the cross-reactive protein
between inhalation allergens and food allergens.'”> To our
knowledge, this is the first study to investigate the molecule
sensitized pattern of atopic dermatitis patients who co-
sensitized to shrimp, cockroaches, crab and house dust mites,
as well as to use a spring-embedded correlation plot to com-
prehensively explore the associations among the sensitized
proteins. Nevertheless, the insufficient sample size is the
main limitation of this research. Meanwhile, only 125 allergen

components were detected in this study, and there may be
other leading co-sensitization not being detected, and IgE
level of D. pteronyssinus and D. farinae may be affected by
weather.'® Therefore, further studies including multi-season
sampling are required to confirm the conclusion. This should
require the development of allergen component detection
technology in the future.
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