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Abstract

Background As the process and nature of developing sensitivity to house dust mites (HDMs) remain not fully stud-
ied, our goal was to establish the pattern, nature and timeframe of house dust mite (HDM) sensitization development
in patients in Ukraine as well as the period when treatment of such patients would be most effective.

Methods The data of the multiplex allergy test Alex? was collected from 20,033 patients. To determine age specifics
of sensitization, descriptive statistics were used. Bayesian Network analysis was used to build probabilistic patterns of
individual sensitization.

Results Patients from Ukraine were most often sensitized to HDM allergens of group 1 (Der p 1, Der f 1) and group 2
(Der p 2, Der f 2) as well as to Der p 23 (55%). A considerable sensitivity to Der p 5, Der p 7 and Der p 21 allergens was
also observed. The overall nature of sensitization to HDM allergens among the population of Ukraine is formed within
the first year of life. By this time, there is a pronounced sensitization to HDM allergens of groups 1 and 2 as well as to
Der p 23. Significance of sensitization to Der p 5, Der p 7 and Der p 21 allergens grows starting from the age of 3-6.
Bayesian Network data analysis indicated the leading role of sensitization to Der p 1 and Der f 2. While developing the
sensitivity to group 5 allergens, the leading role may belong to Der p 21 allergen.

Conclusion The results obtained indicate the importance of determining the sensitization profile using the muilti-
component approach. A more detailed study of the optimal age for AIT prescription is required as the pattern of
sensitization to HDMs is formed during the first year of life.
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Introduction

House dust mites (HDMs) are undoubtedly one of the
major respiratory allergens of our times as they are the
leading cause of allergic rhinitis [1] and asthma [2], par-
ticularly virus-induced [3] asthma. It has been proved
that sensitivity to house dust mites may also be the
cause of developing atopic dermatitis [4]. It is believed
that about 2% of the world population are house dust
mite (HDM) sensitive [2]. Thus, in the recent years,
HDMs have become a major disease elicitor and a
global issue.

It has been established that such mite species as Der-
matophagoides farinae, Dermatophagoides pteronyssi-
nus, Euroglyphus maynei as well as storage mites, mostly
Blomia tropicalis and also Tyrophagus putrescentiae and
Lepidoglyphus destructor are among the main HDM
allergen sources in the world [5]. In turn, with the gradual
development of molecular allergology it has been estab-
lished that 30 allergenic molecules of HDMs can cause
sensitization in a human [1].

However, the number of elicitors is much bigger.
According to http://allergen.org/, the official website of
allergens systematic classification, approved by the WHO
and the Allergen Nomenclature Sub-committee of the
International Union of Immunological Societies (WHO/
IUIS), Dermatophagoides pteronyssinus (European house
dust mite) alone contains 32 allergenic proteins and Der-
matophagoides farinae (American house dust mite) has
37 such proteins [6]. The discovery of new allergenic
molecules of these mites continues [7]. Two more mite
species, Euroglyphus maynei and Dermatophagoides
microceras, contain 5 and 2 currently detected molecular
allergens respectively.

Such a large (and continuously growing) number of
HDM allergenic molecules undoubtedly makes house
dust mites an important source of allergy that requires
constant research and attention by doctors all over the
world. Moreover, allergic sensitization to house dust
mites may cause the further development of other aller-
gies, namely food allergies [8], as well as asthma [9].

The fact that the 11th edition of the International Clas-
sification of Diseases (ICD 11) contains a separate nosol-
ogy coded CA08.02 Allergic rhinitis due to house dust
mite is also an indicator of the clinical significance of
allergy to house dust mites. The Classifier describes the
nosology as allergic rhinitis triggered by the exposure to
house dust mite allergens to which the affected individual
has previously been sensitized [10].

Of the currently known molecular components of
HDMs, group 1 and 2 allergens (Der p 1, Der f 1, Der f
2 and Der f 2) as well as Der p 23 are considered to be
the major sensitization elicitors on the American and
the European continents [1, 11]. However, scientists also
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include Dermatophagoides pteronyssinus Der p 5, Der p
7, Der p 21 allergens in the group of most clinically rel-
evant ones [12, 13].

Sensitivity to these as well as to other molecular mite
components makes it possible to perform the compo-
nent-resolved molecular diagnostics of allergy [14]. This
allows the clinician to understand the individual sensiti-
zation details of a particular patient and, thus, may lead
to prescription of a better treatment regimen to patients
with an HDM allergy [15].

It must be taken into account that the individual sensi-
tization pattern of a patient is important, as clinical data
indicates that sensitization of particular patients to cer-
tain allergens is not permanent and has the potential to
change with time. [16]. Thus, the initial sensitization of
a patient to one or several HDM molecules may subse-
quently evolve into poly-sensitization [17], which in turn,
makes management of these patients more difficult and
demands the active supervision at earlier stages of aller-
gic sensitization to the elicitor. Consequently, stratifica-
tion of patients with an HDM allergy according to their
molecular sensitization profiles and molecular monitor-
ing of AIT-induced IgG responses may enhance the suc-
cess of AIT [12].

In our previous paper [18], we have determined that
the population of Ukraine, like most European popula-
tions, is most sensitized to group 1 and 2 allergens as well
as to Der p 23. However, other allergens, such as Der p 5,
Der p 7, Der p 20 and Der p 21 are also relevant for the
population of Ukraine. According to our previous data,
8% of Ukrainian patients, sensitized to molecular com-
ponents of HDMs demonstrated simultaneous sensitiza-
tion to Der p 1, Der f 1, Der p 2, Der f 2, Der p 21, Der p
23, Der p 5, Der p 7 allergens. However, the process and
nature of the gradual development of sensitivity to new
molecules, requiring changes into the management pro-
tocol of a patient, remain unstudied.

However, since AIT extracts contain only major aller-
gens and form an IgG response mostly to Der p 1 and Der
p 2, less often to Der p 23, and to a lesser extent to other
allergens [12], the purpose of our study was to establish
the pattern of sensitization development in the Ukrain-
ian population depending on age, as well as determine
the period when treatment of patients with sensitivity to
HDM allergens would be most effective.

Methods

In order to reach the set goals, we used data from
20,033 people ranging from 0 to 89 years from 17 dif-
ferent regions of Ukraine undergoing the multiplex
allergy test Alex® in 2020- 2022. Allergic disease in the
anamnesis (allergic rhinitis, atopic dermatitis, bron-
chial asthma alone or in combination) was the inclusion
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criterion for the study. Allergists from different regions
of Ukraine prescribed Alex® diagnostics after examina-
tion of patients. We did not aim to collect detailed data of
their symptoms, but rather arranged a study of the sen-
sitization pattern to HDMs among the Ukrainian popu-
lation with an allergy in the anamnesis. All the patients
before the examination signed the informed consent.
Among others, it contained a paragraph stating the pos-
sible use of impersonalized patient data for scientific
purposes. The Ethics Committees that function in every
clinic where the data were collected have approved the
research.

The multiplex allergy test Alex* components used for
the analysis were the sIgE levels to Der f 1, Der f 2, Der
p 1, Der p 2, Der p 5, Der p 7, Der p 10, Der p 11, Der p
20, Der p 21 and Der p 23 allergens in individual patients.
According to the reference values of Alex? test, 0.31 kU/L
was set as the threshold value that indicated sensitization.

To establish the details of sensitization to HDMs at dif-
ferent ages, we determined statistical patterns of sensi-
tivity to this group of elicitors when patients reached the
age of 1, 3, 6, 12, 18, 25, 36, 44 and 60 years. Stratification
of children’s age (up to 18) was based on the generally
accepted classification, which includes the infant period,
up to 1 year, toddler 1 to 3 years, preschool child up to
6, primary school age (6 to 12 years), high school age
or puberty (12 to 18 years). The selected ages of adults
corresponded with the beginning and ending of youth
(25 and 44 years respectively) and the end of middle
age (60 years) [19]. Additionally, the age of 36 years was
selected as the point between the periods of first and sec-
ond youth.

To determine the general characteristics of the sam-
ple data, namely, the distribution of patients by age, by
the level of total IgE and specific sIgE to the individual
molecular components of house dust mites, by the level
of specific sensitization to these components in separate
age groups, the descriptive statistics function of MS Excel
2013 was used.

To select the data of sensitive patients from the general
sample we used a specially developed algorithm. By sort-
ing the patients’ data, this algorithm deleted those, who
did not meet the sensitivity level at which the data were
used for calculations. The sensitivity level used to con-
duct statistical calculations was 0.31 kU/L as a referent
for the Alex? test. If the values were lower, the data were
not considered.

To determine the probability of developing sensiti-
zation to certain molecular components in individual
patient profiles, machine learning was used as it has been
previously shown to have applications in the diagnostics
of allergic diseases, in particular for children [20]. Thus,
according to data on sensitization to HDM allergens in
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the study population, a Bayesian network was built, as a
tool to determine the probability of developing processes
related to the health of the population [21] useful for ana-
lyzing the data obtained from the eHealth system [22].

A Bayesian network (BN) is a directed acyclic graph
(DAG). A directed graph is acyclic if it has no paths that
begin and end at the same node. In addition, a graph is
directed if the nodes are linked by directed edges, which
show how one edge influences the other. Each DAG built
with the given tabular data allows us to draw certain con-
clusions about the probability of some events, depending
on the probability of other events. As a rule, the methods
of machine learning with BN application are narrowed
down to the search for one of three types of patterns [21]:

— Causal chain:

X—>Y—>Z (1)
— Common effect:

X«<Y—>Z (2)
— Common cause:

X—>Y<«Z (3)

where X, Y, Z are some variables (e.g. presence of sensiti-
zation to a certain allergen), but X and Z are independent
variables, which are being analyzed under certain con-
ditions regarding Y. That is, if one of the three BN types
(1)-(3) is found in the table of data with three charac-
teristics X, Y, Z, certain conclusions can be drawn about
the probability of having one characteristic in a given
object, depending on the probability of having other
characteristics.

This approach is usually used for finding causative-con-
secutive patterns [21-25]. Nevertheless, we suggest using
it in a broader way. In fact, the above equations lack the
explicit time coordinate. There is usually just a dataset
about N objects with M characteristics. A comparison of
hypotheses, regarding the way the probabilities of com-
patible events are compared, is performed. For instance, a
group of patients have characteristics X=""1" and Z="“0"
if characteristic Y ="“1". Then we may conclude that there
is a type (2) pattern. In real conditions, for every “1” or
“0” value of X, Y, Z characteristics, there is a probability
table of these values and then condition (2) acquires its
probabilistic nature. There are special methods of con-
dition (1)—(3) identification within datasets. The main
result of the established patterns (1)—(3) is the probability
of the presence of one characteristic, which may or may
not appear depending on other characteristics. However,
the important part is that due to the mathematical for-
malization of the task, we receive quantitative charac-
teristics of the probabilities that may be compared. For
example, for Y=0 there is a p; probability of a certain
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event; and for Y=1 it is 3 p;. Then, we can make a math-
ematically grounded conclusion that characteristic value
Y =1, triples the probability of the event’s occurrence.

For instance, analyzing the dataset, we can construct
the patterns of probability distribution for the values of
presence (value “1”) and absence (“0”) of patients’ sensi-
tivity to allergens, conditionally, D1, D2 and D3 and oth-
ers, for which data are available, either for each elicitor
separately, or together in all possible combinations. Then
the analysis may give the following results: sensitization
to D1, in the absence of sensitivity to D2, increases the
probability of sensitization to D3 up to 90%. Instead, the
lack of sensitivity to D1 and D2 determines the prob-
ability of developing sensitivity to D3 with a probability
of 60%. If there is a sensitivity to D2, the probability of
sensitization to D3 is reduced to 45%. It should be noted
that this is not a causative-consecutive connection in
time, but rather a classical set of events, when events are
considered in a comprehensive manner and the presence
or absence of some events is analyzed, in the presence
or absence of other events, with this or that probability.
In the case of sensitization to individual molecules of
HDMs, it is possible to determine the patterns of com-
bined sensitivity to them in the individual profiles of the
patients.

In our case, the DAG root node was set to Der p 23,
and with the help of bnlearn.bnlearn.parameter_learning.
fit function, we calculated the values of conditional prob-
ability distribution (CPD) of connections between sepa-
rate allergens in the individual patient profiles for each of
the studied molecules.

Results

Characteristics of the patients

Sensitization to at least one HDM allergen was detected
in 5170 people, which made up 25.81% of the total study
population. The number of sensitized children under 18
was 2.13 times higher than the number of adults with
3518 (68.05%) children vs 1652 (31.95%) adults. The
mean age of the HDM-sensitized group was 15.87 years.
The median age was 11 years. The mean age for children
was 8.20 years and 32.19 years for adults. The group of
0-8-year-old children was the largest in the sample. In
the children’s group, 5-6- and 7-8-year-old children
prevailed. Among adults, the age groups 18-24 and
25-32 years prevailed (Fig. 1).

General patterns of sensitization to HDM allergens

in the study sample

Patients that were included in the study had prevailing
sensitization to Group 2 allergens. Sensitivity to Group 2
allergens, either mono-sensitivity or combined with sen-
sitivity to other allergens, was observed in practically the
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Fig. 1 Age range of the studied subjects sensitive to house dust
mites

same number of patients (72.40% were sensitized to Der
f 2 and 71.59%—to Der p 2); 54.99%, 54.99% and 52.61%
people were sensitive to Der p 23, Der f 1 and Der p 1
respectively. These allergens were followed by Der p 5,
Der p 21 and Der p 7, Der p 20, Der p 10 and Der p 11.
The highest registered sIgE level in children as well as
in adults was to Der f 2 and Der p 2 allergens. A simi-
lar situation could be observed in children and adult
groups separately. In the children group, the mean sIgE
level was 32.314+16.76 kU/L to Der f 2 and 31.69 +16.90
kU/L to Der p 2. In the adult group, the mean sIgE level
was 19.164+16.32 kU/L to Der f 2 and 18.07+15.95
kU/L to Der p 2. The third place was occupied by Der
p 21 (20.26+£17.49 kU/L for the general sample with
24.65+£17.57 kU/L for children and 11.37£13.50 kU/L
for adults). The lowest registered sIgE level was to Der p
11. Next to last were Der p 20 for the whole sample and
for children, as well as Der p 23 for the adult group. As
we can see, sIgE levels to practically all allergenic compo-
nents were considerably lower in older groups. In most
cases they were half or almost half lower in adults. The
exceptions were sIgE levels to Der p 10, Der p 11 and Der
p 20, which were of almost the same level in different age
groups, and in case of Der p 11 the index even slightly
increased in the adults (Table 1). The mean tIgE level for
the whole HDM-sensitized group was 324.12 kU/L. The
mean tIgE level in the children group was 371.23 kU/L,
the mean tIgE level in the adult group was 222.51 kU/L.
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Table 1 Number, share and average sIgE values of patients, sensitized to molecular allergens of house dust mites
HDM slgE value, Number Share of slgE valuein Number of Share of slgE value Number Share of
molecules  kU/L of patients  patients the children children children inthe adult  of adults adults
sensitiveto sensitiveto group, kU/L sensitiveto sensitiveto group,kU/L  sensitive sensitive to
the allergen arespective arespective arespective toa arespective
allergen allergen allergen, % respective  allergen, %
from the allergen
whole
sample of
patients, %
Derf1 16.16+14.77 2821 54.56 19.29+£15.10 2083 40.29 730+9.21 738 14.27
Derf2 2818+£17.71 3743 7240 32311676 2568 49.67 19.16£1632 1175 2273
Derp1 141941320 2720 5261 16.714£1357 1981 3832 74349.20 741 1433
Derp 10 1248+£1599 320 6.19 13.34+1647 207 4.00 10914+£1495 114 2.21
Derp 11 126£272 30 0.58 094+£1.17 14 0.27 153+3.54 16 0.31
Derp?2 2745£17.77 3701 71.59 31.69+1690 2548 49.28 18.07£1595 1153 2230
Der p 20 9.73+£13.10 438 847 11.49+1456 234 453 7.724+1085 204 3.95
Derp 21 2026+£1749 1422 2750 2465+£1757 952 1841 11.374£1350 470 9.09
Derp 23 15.77+£1531 2843 54.99 1947 +1566 2011 38.90 6.81£9.72 832 16.09
Derp5 16.00£1535 1512 29.25 19.56£15.72 1065 20.60 7544+1032 447 8.65
Derp7 17.07+£1579 1172 22,67 2037+16.00 834 16.13 8.92+£11.80 338 6.54

Determining sensitivity to HDM allergens depending

on the age of patients

The number of patients in the stated age groups is sig-
nificant and thus sufficient for obtaining viable sensitivity
patterns for each group. The results of the studying the
change in the nature if sensitivity to HDMs allergens in
different age groups have shown that the main sensitiza-
tion pattern is much the same in all age groups. Namely,
by sensitization to HDM allergens of groups 1 and 2
and also to Der p 23 becomes pronounced by the time
a person reaches 1 year of age. However, in older peo-
ple the increased sensitivity to group 2 allergens and a
relative decrease in the sensitivity to group 1 allergens is
observed whereas the sensitivity incidence to Der p 23
allergen remains significant in all age groups. This is the
only leading elicitor the incidence in sensitivity to which
does not undergo significant changes and remains signifi-
cant even at the age of 60.

A considerable incidence of sensitivity was also
observed to Der p 5, Der p 7 and Der p 21 allergens.
However, its significance becomes more pronounced
starting from the age of 3—6 years. The lowest incidence
in all age groups was observed to Der p 10, Der p 11 and
Der p 20 allergens. (Fig. 2).

The analysis of probabilistic connections

between sensitization to different HDM molecular
components using Bayesian network analysis

The age changes in sensitization described above are
characteristic of certain age groups not of individual
patients. To assess the patterns of individual sensitivity

to HDM allergens among the Ukrainian population, we
used Bayesian network analysis with its root node set to
Der p 23 (Fig. 3). This allergen was selected because the
sensitivity to Der p 23 remained considerably high in all
age groups.

Conditional probability distributions (CPD) at which
the patient profile demonstrated sensitivity to the root
node Der p 23 with the simultaneous sensitization to
Der p 1, Der p 5 and Der p 7 reached 82.17%. The CPD
of the absence of sensitivity to all these allergens was
63.14%. Der f 1 allergen experienced the highest proba-
bilistic influence of Der f 2, Der p 1, Der p 23 molecules.
The CPD of presence of all 4 molecules in the profile was
observed in 93.62% of the patients.

Der p 10 was connected with Der f 1, Der f 2, Der p 20
and Der p 23 allergens. However, the CPD of presence of
all these molecules in a patient’s profile was only 31.57%.
At the same time, the CPD of sensitization to Der f 1, Der
f 2, Der p 20 and Der p 23 increased more than twice—
up to 68.43%—if Der p 10 was absent from the profile. In
addition, CPD of absence for all these allergens was also
significant at 59.87%.

The presence of Der f 2 allergen was most probabilisti-
cally connected with Der p 1, Der p 21, Der p 23 and Der
p 7 molecules. The CPD of all of the above-mentioned
molecules was 91.25%. However, even with the absence
of sensitization to all of the named molecules, the prob-
ability of sensitivity to Der f 2 alone was high and reached
62.60%. Another major allergen, Der p 2, had mostly
probabilistic connections with Der f 2 as well as with Der
p 1. The probability of the presence of all three molecules
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in a profile was 93.88%. Der f 2 was the only allergen,
probabilistically connected with Der p 11. But both aller-
gens together were found in only 7.46% of patients. In
contrary, the CPD of Der f 2 presence at the absence of
Der p 11 was 92.54%.

The presence of the Der p 20 allergen in the profile was
influenced by sensitization to the Der f 2, Der p 1, Der p
23 and Der p 5. If there was no sensitization to all of these
molecules, there was a 35.94% probability of sensitization
to Der p 20.

Der p 1 was most influenced by Der p 21, Der p 5, Der
p 7 molecules. The CPD of sensitization to all 4 mole-
cules was 78.52%. The CPD of absence of all of the stated
molecules in a profile was 60.83%. The Der p 21 allergen
was probabilistically connected with Der p 5 and Der p
7 allergens but was not probabilistically affected by other
allergens. The estimated probability of independent sen-
sitivity to Der p 21 was 31.72%. When there was sensitiv-
ity to Der p 21, the probability of sensitivity to Der p 5
was 66.1%. At the same time, 82.61% of patients did not
demonstrate probabilistic sensitivity to either of these
allergens. With the absence of sensitivity to Der p 21 and
Der p 5, and the sensitivity to Der p 7 also absent, the
probability was 86.05%. (Fig. 4).

Discussion

Using the Bayesian network method, it was possible to
conduct a detailed analysis of individual sensitization
profiles of patients. Moreover, the described sensitiza-
tion to a greater number of mite allergens in patients of
older age may be of great clinical significance. However,

very little data are currently available on the possibility
of comparing different molecular sensitization patterns
with clinical phenotypes [15].

It is known that specific therapeutic approaches do
not yet take into account the local sensitization profiles
of patients [1]. The results of our research show that the
general character of sensitization to HDM allergens are
similar in all age groups. Ukrainians were most often
sensitized to HDM allergens of groups 1 and 2, as well
as to Der p 23. This is consistent with the data of other
authors on the sensitization of the population in Europe
[13, 26]. However, this is in contrast to the African con-
tinent, where group 1 and Der p 23 allergens were also
important, and the major allergen was Der p 7 with 56%
of sensitized patients [1]. The latter remained minor in
Ukraine, which indicates the importance of studying
regional sensitization specifics in order to choose the
right algorithm for allergen immunotherapy (AIT).

The tendency that could be observed in Ukraine is
that the percent of patients sensitized to group 2 aller-
gens is lower at younger age. Sensitivity of a high per-
cent of younger children to group 1 allergens could,
among other things, be explained by the fact that Der
pl allergen was found in breast milk [27].

Der p 5, Der p 7 and Der p 21 allergens were relatively
important in all age groups except children under one,
while sensitization to Der p 10, Der p 11, Der p 20 was
least significant in all age groups. This confirms the
statements expressed by other authors, who claim that
sIgE levels were little influenced by age, gender or aller-
gen type [28].



Yuriev et al. Clinical and Molecular Allergy (2023) 21:1 Page 8 of 11
[bnlearn] >CPD of Der p 23: [bnlearn] >CPD of Der f 1:
R do e e e Femm-- R LR e e e Foe--- e +
| Der p 1 | Der p 1(0) | | Der p 1(1) | || Der £ 2 | Der £ 2(0) | = | Der ¥ 2(1) |
R e T e He---- dommm e + e e e do---- e e e e e +
| Der p 5 | Der p 5(©) | | Der p 5(1) | || Der p 1 | Der p 1(0) | | Der p 1(1) |
R e e e tom—-- e L E LT bt R B et e e o= $omememce e e +
| Der p 7 | Der p 7(0) | | Der p 7(1) | || per p 23 | Der p 23(0) | | Der p 23(1) |
dommmmmm e e e T + L e E LT + | dmmmmmmm e e e L LT + B e LR e +
| Der p 23(@) | ©.6314387211367674 | | ©.17828843106180667 | || Der ¥ 1(8) | ©.7461799660441426 | ... | ©.06379533678756477
e e e e m e +om--- L e L L L L e + e ee Fommmm e Fe---- Fmmmmm e +
| Der p 23(1) | ©.3685612788632327 | | ©.8217115689381933 | | Der ¥ 1(1) | ©.2538200339558574 | ... | ©.9362046632124352

--------------------------------- Rt ettt S K Sttt Sttt Seteateeateds oottt 2
[bnlearn] >CPD of Der p 10: [bnlearn] >CPD of Der f 2:

e T e e dmmm-- e L + B e T R R e e $omm-- LR e TR LR L LSS +

| Der £ 1 | Der £ 1(@) | ... | per £ 1(2) | | Der p 1 | Der p 1(0) | ... | per p 1(1)

R LT R e e T te---- L L EE LT L + R B e e T e + B T +

| per £ 2 | Der £ 2(0) | ... | per £ 2(1) | | ber p 21 | Der p 21(0) | ... | per p 21(1)
Frccccccccccna $occcccccccccccccccen $occee $occcccccccccncccccas + e ———— e e Fm———— R e e e s +
| Der p 20 | per p 20(0) | ... | Der p 20(1) | | Der p 23 | Der p 23(®) | ... | per p 23(1)
Fomem e e Lt RS RSl R b Fomosesr e r e n s + B e L e to---— e e e +
| Der p 23 | Der p 23(0) | ... | per p 23(1) | | per p 7 | Der p 7(@) | ... | per p 7(1)

W ettt et L ettt e e L Focisa b B bt e + e L e e e Fom--- R e e +
| Der p 10(@) | ©.5986547€85201793 | ... | ©.6842900302114804 | | Der £ 2(@) | ©.3739971684756961 | ... | ©.08748674443266172
bt b b L b et LA LI E LR E e e + B B e e e + e e e +
| Der p 18(1) | ©.4013452914798206 | . | ©.3157099697885196 | | Der f 2(1) | ©.6260028315243039 | ... | ©.9125132555673383

--------------------------------- b bbbl seeedbesedindbeeteteheladedadteteteudiats 2 ettt sttt sttt sttt =
[bnlearn] >CPD of Der p 2: [bnlearn] >CPD of Der p 11:
pandale DDt b P e e DL L DD Dl D el D Fbmmmm e e B e e e e +
| Der £ 2 | Der ¥ 2(0) | ... | per ¥ 2(1) ||| per ¥ 2 | Der £ 2(0) | per £ 2(1)

o mmm e m e, ——— Fommemmccecceccec———— $om - et F e mm e B e e R +

| Der p 1 | Der p 1(0) | ... | per p 1(2) ||| Der p 11(@) | ©.8360856269113149 | ©.9254498714652957
P ccn e $recrcnccacccncccacca L a2 L Xl R e L LR LS L DL DR R e e e e, ————— e mmem e, —— . ————— +
| Der p 2(©) | ©.8735632183908046 | | ©.061195445920303605 ||| Der p 11(1) | ©.163914373088685 | ©.87455012853470437
e-mmmmmmeeae e + $oemccccccccncccancana +| e n e L Fommmm e e e e +
| Der p 2(1) | ©.12643678160919541 | | ©.9388045540796964
------------ B et et ettt =
[bnlearn] >CPD of Der p 20: [bnlearn] >CPD of Der p 1:

- mm e e Homm-- e + L L L LT e et R L DL L LD o et R R L e +

| Der £ 2 | Der f 2(0) | ... | per £ 2(1) | | Der p 21 | Der p 21(0) | ... | Der p 21(1)
e mm - e Fom--- B e LT L + L SRR AL E LIS R L ettt R AL IR L LR LT X L et IS L LRI S LT LEE DS +
| Der p 1 | Der p 1(0) | ... | per p 1(1) | | Der p 5 | per p 5(0) | | Der p 5(1) |
e it B e Homm-- e + Fommmmem e L e LT Fomm-- e +
| Der p 23 | Der p 23(0) | ... | per p 23(1) | | Der p 7 | per p 7(0) | | Der p 7(1)

LT LT L e e $mm—-- L e + e e e FE=mT e Se s e e L R e B +
| Der p 5 | Der p 5(0) | ... | per p 5(1) | | Der p 1(@) | ©.6083032490974729 | . | @.21477079796264856
R R Hemm-- e e e e + b S EEE B LSS S Fomomsmtamsm e e nsn e e L e S PR +
| Der p 20(8) | ©.6406423034330011 | ... | ©.8722943722943723 | | Der p 1(1) | ©.3916967509025271 | . | ©.7852292020373515
e B e domm-- R e e + Fosmsiomanaa=s e L Frsmas LS LT +
| Der p 20(1) | ©.3593576965669989 | ... | ©.1277056277056277

Rttt el 4----- ettt +

[bnlearn] >CPD of Der p 5: [bnlearn] >CPD of Der p 7:

-------------------------------- e T ;LA E X EXE SRS Gl SRR R L LR L R e L
| Der p 21 [ Der p 21(0) | Der p 21(2) | | per p 21 | Der p 21(®) . | per p 21(1) |
e ettt e e e e e LT e + $rcemmem e~ Forre e sem s s e e Frmmresmmm s n s e n e e +
| Der p 5(©) | ©.8260621613915027 | ©.33394720687538365 | | Der p 5 | Der p 5(8) | Der p 5(1)
i i i A i o i e e e o ot o i et i + Frmmm e L e e e L e +
| Der p 5(1) | ©.1739378386084973 | ©.6660527931246163 | | Der p 7(8) | ©.8605453917846048 .- | ©.45714285714285713
e ———— B e r e e e ——————— + Sremccen e L R e L LR R L L e R L R L L L L LR +|

| Der p 7(1) | ©.13945460821539524 | ... | ©.5428571428571428 |
dmmmm e e e e dm---- B e T +

[bnlearn] >CPD of Der p 21:
| Der p 21(®) | 0.682827 ]
L et $omemmemen +

| Der p 21(1) | ©.317173 |
ettt b ettt +

Fig. 4 Conditional probability distributions of house dust mites'molecules in Bayesian network

The analysis with the use of Bayesian network has
confirmed the fact that the most probable sensitivity in
individual patient profiles is the simultaneous sensitiv-
ity to allergens of groups 1 and 2, as well as to Der p 23.
The major significance of sensitization to group 1 and 2
allergens as well as to Der p 23 in the study population
is consistent with the data of other authors [29].

Der p 1 and Der f 2 were determined as the leading
molecules in groups 1 and 2 respectively. Each of them,
according to DAG, probabilistically determined the pres-
ence of five other allergenic molecules (from their own
group as well as from other groups) in the profiles of sen-
sitized patients.
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Der p 21, Der p 23 and Der p 5 probably each deter-
mined the presence of 4 other allergenic molecules in a
profile, which also indicates their practical significance
and aligns with the data published by Weghofer et al. [30]
and Pang et al. [31]. Namely, these authors have demon-
strated the homology of Der p 5 and Der p 21 allergens,
which both belong to group 5 of HDM allergens. And
Kim et. al. [32] determined a 36.6-55.8% of sequence
identity of Der p 5 and Der p 21 allergens. The data we
obtained may indicate both significant probability of
cross-reactivity between these two allergens — against the
background of sensitivity to Der p 21, the probability of
sensitivity to Der p 5 was 66.61% — as well as the leading
role of Der p 21 in this pair. The DAG showed that actu-
ally sensitization to Der p 21 probabilistically determines
the development of sensitivity to Der p 5. This hypothesis
requires further practical study.

An interesting fact is that the same Der p 21, together
with Der p 1, Der p 23 and Der p 7, was conditionally
connected with the presence of the Der f 2 allergen in
individual patient profiles. In turn, Der p 23 was con-
nected with Der p 1, Der p 5 and Der p 7.

As we can see, in addition to the already mentioned
group 1 and 2 allergens and Der p 23, Der p 21, Der p
5 associated with Der p 21, as well as Der p 7 are the
ones most probably present in individual patient pro-
files. The connection of the latter with the previous ones
was described by Lynch N.R et al. [33], who revealed the
existence of a significant immunological relationship
between Der p 5 and Der p 7. This connection was also
confirmed by calculations performed using the Bayesian
network: in the absence of sensitivity to Der p 21 and Der
p 5 in 86.05% of patients there was no sensitivity to Der
p 7. The allergenic activity of Der p 7, comparable to that
of Der p 5, Der p 21 and Der p 23, was also indicated by
Mirela Curin et al. [34].

Analysis of research on the clinical significance of mite
allergens, attempting to determine the most important
ones for the Ukrainian sample, revealed that early sensi-
tization in children under 5 to Der p 1, Der p 2 and Der
p 23 allergens was associated with the development of
bronchial asthma in school-age children [16]. Sensitiza-
tion to Der p 23 should be taken into account in the diag-
nosis and treatment of mite allergy, especially in patients
with a moderately severe asthma for such sensitization
can cause a more severe course of the clinical phenotype.
(35, 36]

According to the data presented in scientific papers,
Der p 7 is associated with the development of allergic
rhinitis and sensitization to Der f 2, Der p 2 and Der p
23 increases the risk of developing atopic dermatitis. At

Page 9 of 11

the same time, sensitization to Der p 10 reduces the risk
of atopic dermatitis development [29]. Our data indicate
that such effect may be connected with the absence of
sensitization to group 1 and 2 allergens as well as to Der
p 23 in patients whose profiles contain Der p 10 as CPD
of sensitization to Der f 1, Der f 2, Der p 20 and Der p
23 increased up to 68.43% if Der p 10 was absent in the
profile (Fig. 4).

AIT remains the main management strategy for HDM
sensitized patients. It can relieve AR symptoms [37] and
also improve the lung function of children and teenagers
with the symptoms of HDM caused asthma [38]. Indi-
vidual profiles of sensitization to HDM allergens can vary
greatly and such heterogeneity should be taken into con-
sideration while diagnosing and treating patients with
HDM allergy [39]; it has been proven that AIT induces
the proliferation of IgG and IgG4, specific for HDM aller-
gens Der p 1, Der p 2 and Der p 23 and, to a lesser extent,
other allergens. However, scientists [34, 36] also indi-
cate the potential of creating products for AIT to work
with Der p 5 and Der p 7 allergens. The efficacy of AIT
in patients with sensitization to Der p 5, Der p 7, Der p
20, Der p 21 allergens is actually the subject for further
research, and the selection of house dust mite-allergic
patients by molecular diagnosis may enhance the suc-
cess of AIT [40] and improve the clinical description of
patients [41].

Another controversial issue, which is also a subject for
further research, is the minimum age for prescription of
AIT. We have shown that for many patients sensitization
profiles to HDMs are formed during the first year of life.

Conclusions

Thus, the data indicate that general character of sensiti-
zation to HDM allergens is similar in younger and older
patients and residents of Ukraine are most often sensi-
tized to HDM allergens of group 1 and 2 as well as to Der
p 23. A considerable sensitivity incidence to Der p 5, Der
p 7 and Der p 21 was also observed. Both in children and
adults, the highest sIgE levels were registered to Der f 2,
Der p 2 and Der p 21 allergens.

Results of the Bayesian Network analysis of personal
profiles indicated the leading role of Der p 1 and Der f 2
in the 1st and 2nd groups respectively and that the lead-
ing role in the formation of sensitivity to group 5 aller-
gens may belong to Der p 21.

These data show the importance of determining
the sensitization profile using the multi-component
approach, which tests the highest number of mite mol-
ecules, in order to apply a targeted treatment of an HDM
allergy.
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