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Abstract. Association between atopic and non-atopic diseases at children. Abaturov O., Dytiatkovsky V.,
Naumenko N., Kulieva A., Bovsunovska K., Filatova 1. The paper presents the data of the association analysis bet-
ween the diseases composig the atopic march (AM) in children — atopic dermatitis (AD), seasonal rhinoconjunctivitis
(SARC) and perennial allergic rhinitis (PAR), bronchial asthma (BA), with non-atopic allergic diseases — acute and
recurrent urticaria (AcU/RecU), Quincke edema (QE), and also with diseases of the digestive system (DS) — functional
disorders of the biliary system (FDBS) and reactive pancreatitis (RP). The association between AD and food allergy
(FA) in children has been determined, which is recorded as a direct association. A direct association was established
between chronic infectious diseases of the upper respiratory tract and the PAR as well as BA. The lack of association
between atopic and non-atopic allergic diseases had been confirmed. The association between FDBS and RP and non-
atopic allergic diseases in children had been determined — AcU/RecU, QE.

Pedepar. Accoumanmsi MexXIy aTONMMUYECKHMH M HEATONWYECKHMH aJLUIEPrUYeCKMMHU 00JIe3HsSIMH Y [IeTeii.
AbartypoB A.E., IlutaTtkosckuii B.A., Haymenko H.B., KyiueBa A., boBcynosckas K., ®unarosa U.A. B cmamobe
npugedensvl OaHHble AHAIU3A ACCOYUAYUY MexcOy bonesHAMU, cocmaesiawumy amonudeckuti mapu (AM) y demeii —
amonuydeckum oepmamumom (AL), cezonnvim annepeuueckum purokouvionkmusumom (CAPK) u xpyenocoouunvim
annepeudeckum punumom (KAP), 6ponxuanvuoi acmmou (bA) — ¢ neamonuyeckumu aniepeuveckumu OOAE3HAMU —
ocmpoti u peyuousupyrowjeti kpanusuuyeti (OK/PK), oméxom Keunxe (OK8), a makowce 6one3naMU nuujesapumenbHol
cucmemvt (I1C) — @ynrxyuonanvuvimu paccmpoiicmeamu ounuaprou cucmemvi (OPBEC) u peakmugHvlM NAHKPeamumom
(PI1). Onpeodenenvt accoyuayuu mexcoy A/, AM u nuwesoti arnepeuei (IIA) y demeil, umo 3aguxcuposano 6 sude
npsamou Koppenayuonnou ceasu. Onpedenena npamas accoyuayus mencoy XPOHUHECKUMU UHDEKYUOHHbIMU 3a00-
nesanusamu gepxnux ovixamenvhovlx nymeti u CAPK, KAP u BA. Iloomeepoicoeno omcymcmeaue cesisu mMexncoy amonu-
YeCKUMU U HeamonuyecKumu aiiepeudeckumu oOonesuamu. Buviasnenvl accoyuayuu mescoy @PEC, PII u neamonu-
yeckumu annepeudeckumu oonesuamu y oemeti — OK/PK, OKs.
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Atopic diseases at children (AID) include atopic
dermatitis (AD), seasonal allergic rhinoconjuncti-
vitis (SARC), perennial allergic rhinitis (PAR) and
bronchial asthma (BA). Non-atopic allergic diseases
are mainly represented by acute and recurrent
urticaria (AcU/RecU) and Quincke edema (QE). In
recent years, the prevalence of AID has increased
and currently affects about 20% of the world's hu-
man population [9]. Recently there had been
developed the concept of atopic march (AM) from
early childhood to school age and adolescence [3].
The mechanism of AM development is always an
individual combination of risk factors and represents
a linear progression of AD-SARC/PAR-BA. The
essence of the combination is the interaction of
genetic and environmental factors. AM development
can take place by atopic mechanisms with/or without
environmental triggers that will lead to transfor-
mation AD into the respiratory forms of AlID [4].
Thus, according to van der Hulst et al., the frequen-
cy of AD that began in early childhood into BA does
not exceed 30% [8]. In view of the strong family
predisposition for AlD associated with the genotype,
the gradual decrease in exposure to the heterogeneity
of microorganisms over the past decades has led to
immune dysregulation in such populations, increa-
sing the incidence of hypersensitivity — AID- and
autoimmune diseases [5].

The main mechanism of pathogenesis of AID in
most patients is I[gE-mediated allergic inflammation.
At the same time, in 10-30% of patients, elevated
IgE levels are not recorded. This confirms the hypo-
thesis of the complex nature of AD and other AID
represented by other immune and non-immune
(pseudoallergic) mechanisms of inflammation. Trig-
gers of non-allergenic nature, which are most often
recorded as causative of AD, are dietary abuse,
uncompensated psycho-emotional stress, tobacco
smoke, xenobiotics, industrial pollutants. Dietary
abuse separately and in combination with un-
controlled use of xenobiotics lead to dyspepsia syn-
drome in the intestine, which is the trigger
mechanism for the AcU/RecU and QE. The main
nosological forms of the pathology of the digestive
system are functional disorders of the biliary system
(FDBS) and reactive pancreatitis (RP).

Despite the large number of studies on AD
comorbidities that provide data for analyzing AD
complications, such as neurotic disorders, sleep dis-
turbances, bleeding gums, toothache, etc., but not
there is analyzed comorbid states from the digestive
system, which can be internal triggers of AD
development in particular and AM in general [2, 6].
Currently, the main internal factors for triggering
AD with the risk of transformation in BA is food
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sensitization and mutation of the filaggrin gene [7].
Although some studies attempt to establish a causal
relationship between AID and the change in the
qualitative and quantitative composition of the gut
microbiome [10], there is still currently little data on
the association between AlD, FRBS and RP.

The purpose of the study was to determine as-
sociations between atopic (AD, SARC/PAR, BA),
non-atopic (AcU/RecU, QE) allergic diseases and
diseases of the digestive system (FRBS and RP) at
children from 0 to 18 years old.

CHARACTERISTICS
METHODS

We analyzed the case histories of 790 children
with AID, who were hospitalized to the Dnipro City
Children's Allergology Center during the calendar
year 2016. The mean age of hospitalized children
was 9.5+£0.15 years (median — 9.0), the youngest
patient was 10 months old, and the eldest — 17 years.
The distribution of patients by age group was hete-
rogeneous: 0-3 years — 49 (6.20%), 3-6 years — 181
(22.91%), 7-11 years — 285 (36.08%), 12-18 years —
275 (34.81%). WE had been selecting the case
histories of children with AM nosologies AM (AD,
SARC/PAR, BA as well as AcU/RecU, QE. Among
the main diagnosis SARC had been dignosed in 385
(48.73%) cases, PAR — 366 (46.33%), AD — 73
(9.24%), ACU/RECU - in 98 (12.41%), QE — 51
(6.46%), bronchial asthma (BA) in 223 (28.23%)
cases, furthermore in half the patients (47.09%)
there was a combination of different allergological
nosologies. The incidence of causative factors of
AID at children was characterized by the poly-
sensitization of one patient to several types of al-
lergens, and had the following proportions: pollen
sensitization — 74.56%, household to housedust
mites (HDM) — 56.71%, to the epidermal allergens
of the cat and dog — 31.27%, to fungal allergens —
17.22%, to medicinal preparations — 7.72%, to
venom allergens — 5.95%, to food products — 2.15%.

Statistical processing was carried out using the
licensed software Statistica v. 6.1 for Windoéws (se-
rial number AGAR909E415822FA). In the study of
association relationships, the Spearman rank asso-
ciation ratios (R) were used with an estimate of their
statistical significance by Student's criterion (t). The
critical significance level of the association ratio (p-
level) was taken as <0.05. The presence of an as-
sociation between different diseases, sensitization, or
other comorbid states has been evidenced by posi-
tive association ratio (direct relation), the absence of
interaction — by a negative coefficient. The associa-
tion strength was evaluated as weak at | R |[<0.3,
moderate — at 0.3<| R |<0.7, strong at | R [~0.7 [1].

OF PATIENTS AND

147



KJITHIYHA ME/THIIHUHA

RESULTS AND DISCUSSION

According to the results of the association ana-
lysis, the peculiarities of interactions between etio-
logical factors, comorbid conditions and other fac-
tors within various AID at children were established.

Atopic dermatitis. Analysis of the combination
of AD with other parameters of the disease confirms
the absence of correlation between the urticaria and
AD as nosologies with different mechanisms of

development (table 1). At the same time, a direct
association between AD as the main manifestation
of FA at children and digestive system (DS) di-
seases, in particular, FDBS and RP, had been estab-
lished. This evidences the role of syndromes of
dyspepsia and maldigestion, which are characteristic to
FRBS and RP, and exacerbation of AD at children.

Table 1
Association of atopic dermatitis with different factors
Factor Spearman R t(N-2) p-level
Urticaria -0,080 -2,261 0,024
FDBS 0,139 3,949 0,000
RP 0,070 1,975 0,049
DS-comorbidities 0,145 4123 0,000

total score

Acute/recurrent urticaria

Particular attention should be paid to urticaria,
since combining different mechanisms of patho-
genesis, it does not compose AM. Thus all AM-no-
sologies — AD, SARC, PAR, BA — did not have a
significant association to AcU/RecU. This allows us
to confirm the fact that episodes of AcU/RecU do

not accelerate the course of AM, do not cause the
transformation of one form AM to another. In
particular, it concerns AD, which, being an allergic
disease affecting the skin, originates from another
mechanism of pathogenesis — a direct association to
ACU/RECU, according to the results of our study, is
absent (table 2).

Table 2
Association of urticaria nosologies with different factors

Factor Spearman R t(N-2) p-level
Age -0,172 -4,913 0,000
Pollen sensitization -0,400 -12,241 0,000
Household sensitization (HDM) -0,237 -6,855 0,000
Food/drug/ insect venom sensitization 0,138 3,909 0,000
Epidermal sensitization (cat/dog/birds” feather) -0,172 -4,890 0,000
SARC -0,344 -10,280 0,000
PAR -0,311 -9,190 0,000
AD -0,080 -2,261 0,024
Quincke edema 0,104 2,943 0,003
BA -0,227 -6,557 0,000
FDBS 0,180 5,139 0,000
RP 0,121 3,410 0,001
DS-comorbidities total score 0,181 5,157 0,000
Sensitization total -0,371 -11,211 0,000
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The absence of general mechanisms of patho-
genesis was also confirmed within studying the
etiological spectrum of AcU/RecU — a significant
direct association was determined only with food,
drug and/or insect venom allergens — the traditional
etiological spectrum in patients with AcU/RecU. In
this case, there was no direct association with the
traditional AM-nosologies groups of allergens —
pollen, HDM and pets’ epidermal.

We have determined the reverse association of
AcU/RecU with the age of sick children, which in-
dicates a higher incidence of urticaria at younger
ages. Thus, the prevalence of ACU/RECU among
children under 6 years of age is 20.87% (48 out of
230 cases), at the age of 6-11 years — 9.12% (26 out
of 285 cases), at the age of 12-18 years — 8.73% (24
out of 275 cases) at p<0.001 compared with pre-

school children. A direct association was established
between AcU/RecU and QE which often interact
with each other. It is necessary to note the confir-
mation of hypothesis of the association of disorders
of the digestion process and urticaria, which demon-
strate approximately identical strengths of direct
associations between the FDBS, RP, and the general
level of morbidity of the DS and AcU/RecU.

Quincke edema (QE)

Pathogenetically associated to AcU/RecU is a
Quincke edema, which often occurs at the same time
with urticaria. According to the correlation analysis,
there is a positive correlation between QE and ur-
ticaria, as well as with food and insect venom sens-
sitization which confirms the hypothesis about the
non-atopic nature of QE mechanisms (table 3).

Table 3
Association of Quincke edema forms with different factors

Factor Spearman R t(N-2) p-level
Age -0,093 -2,611 0,009
Pollen sensitization -0,238 -6,888 0,000
Household sensitization (HDM) -0,177 -5,054 0,000
Epidermal sensitization (cat/dog/bird feather) -0,120 -3,387 0,001
Food sensitization 0,098 2,755 0,006
Insect venom sensitization 0,360 10,835 0,000
Sensitization total score -0,142 -4,033 0,000
SARC -0,205 -5,868 0,000
PAR -0,213 -6,122 0,000
AcU/RecU 0,104 2,943 0,003
BA -0,142 -4,023 0,000
ARVI (rhinopharingitis/bronchitis) 0,077 2,158 0,031
FDBS 0,078 2,206 0,028
DS-comorbidities total score 0,079 2,234 0,026

The presence of QE reverse association with age
points to the danger of this nosology — more often it
occurs at young children (up to 6 years old). The
high level of mucosal vascularization and the small
diameter of the sub-vocal space of the vocal box
space leads to a high risk of occurrence of QE in
larynx, which is a life-threatening condition. There
was no reliable direct association with pollen, HDM
or epidermal sensitization. The etiological spectrum
was represented by food and insect venom allergens,
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which confirms the emergence of QE after ali-
mentary abuse and insect bites.

Seasonal allergic rhinoconjunctivitis (SARC)

According to the association analysis, it is esta-
blished that SARC has a direct association with the
age of the studied children — it's frequency increases
with age (table 4). Thus, the prevalence of SARC
among children under 6 years of age is 30.43%, at
the age of 6-11 years it is 55.44%, at the age of 12-
18 years, it is 57.09% at p<0.001 compared with the
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children of preschool age. A strong direct association
exists between pollen sensitization and SARC
(R=0.831, p<0.001), which proves the dominance of
allergy to plant pollen in the etiology of SARC as
the most common form of pollinosis. Unexpected
there was to be determined the association between
the sensitization to the HDM (n Der pl, n Der p2),

the epidermal allergens of the cat, the dog and the
bird feathers and SARC - its value is 10 times less
than the association with pollen sensitization, but the
direct nature of it indicates the presence of patients
with combined forms of allergy: the pollen one that
causes SARC and to mites of household dust, cats,
dogs and birds that cause the PAR.

Table 4
Association of seasonal allergic rhinoconjunctivitis with different factors

Factor Spearman R t(N-2) p-level
Age 0,209 5,988 0,000
Pollen sensitization 0,831 42,006 0,000
Household sensitization (HDM) 0,080 2,250 0,025
Food/drug/insect venom sensitization -0,119 -3,376 0,001
Epidermal sensitization (cat/dog/bird feather) 0,085 2,404 0,016
PAR -0,164 -4,678 0,000
BA -0,116 -3,288 0,001
Bronchial obstruction syndrome (BOS) 0,235 6,773 0,000
FDBS -0,113 -3,193 0,001
RP -0,072 -2,037 0,042
DS-comorbidities total score -0,116 -3,265 0,001

Controversial data have been obtained regarding
the association of BA, SARC and PAR — there was a
significant negative association between them, that
is, pollinosis in SARC format had been identified
more often separately from the PAR and BA of a
non-pollen etiology. At the same time, a direct
asociation had been established between SARC of
pollen etiology and the emergence of a bronchial
obstruction syndrome (R=0.235, p<0.001), which in-
dicates the transformation of the allergic rhinoco-
njunctivitis into BA in the course of AM at children.
Concerning the combination of SARC and DS
impairments, then the negative associations ratios
indicate that there are no such connections.

Perennial allergic rhinitis (PAR)

Analyzing the data on the association of PAR
with other factors, we have received a direct one
with age — the incidence of PAR is increasing with
the increase in the age of children as the form of AM
progression (table 5). The etiological spectrum of
the PAR was represented by reliable direct as-
sociations with HDM, the cat, dog and birds feathers
allergens, and fungi of Alternaria, Aspergillus ge-
nera placed in this roster in order of decreasing the
association strength.

Unlike SARC, a frequent combination with BA
(R=0.145, p<0.001), as well as with inflammatory-
proliferative diseases of the nasal cavity (adenoid
vegetations, gaimoritis/ethmoiditis, etc.) is charac-
teristic for PAR. Thus, it can be stated that the
transformation of the PAR, as a chronic inflam-
mation of the mucous membrane of the nose, not
only into BA in the AM course, but also in the ENT
pathology. The negative association between PAR
and ARVI (acute rhinopharyngitis and bronchitis)
and the pathology of the DS (FDBS) indicates that
there is no significant association between the PAR
and these nosologies at s separate patient.

Bronchial asthma is the final stage of AM,
therefore, the establishment of its associations with
other nosologies of AM is important for developing
the methods of treatment and prevention of AM in
children. The analysis of data in table 6 showed a
direct association between the age of children and
the incidence of asthma (R=0.284, p<0.001). That is,
this diagnosis is more common in schoolchildren
and adolescents — in 14.35% than at children under
the age of 6 years — in 25.26% of children 6-11 years
old (p<0.01) and in 42.91% of children aged 12-18
years old (p<0.001 in comparison with other age
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groups), confirming the hypothesis of asthma as the
final stage of AM development. The etiological
spectrum of asthma was mostly represented by
HDM-allergens. Among all the forms of AID that we

had studied at children, a reliable direct BA association
was established only with the PAR (R=0.145,
p<0.001), while other AM nosologies (AD, SARC) did
not demonstrate a direct association with asthma.

Table 5
Association of perennial allergic rhinitis with different factors

Factor Spearman R t(N-2) p-level
Age 0,088 2,479 0,013
Household sensitization (HDM) 0,228 6,562 0,000
Epidermal sensitization (cat/dog/bird feather) 0,195 5,580 0,000
Fungal sensitization (Alternaria alternata, Aspergillus fumigatus) 0,107 3,025 0,003
SARC -0,164 -4,678 0,000
BA 0,145 4,110 0,000
BOS -0,138 -3,898 0,000
e o o h sl ity (denid
ARVI: acute rhinopharyngitis/bronchitis -0,101 -2,843 0,005
FDBS -0,075 -2,111 0,035
DS-comorbidities total score -0,071 -1,991 0,047

Controversial data had been found on association
with other nosologies. Thus, ARVIs, which are the
main trigger of asthma at preschoolers (Okhotnikova
et al.,, 2011), did not show a significant direct as-
sociation with asthma; instead, ENT pathology (ton-
sillitis and / tonsils hypertrophy) had a direct asso-

ciation with BA. In our opinion, this is due to the
sensitizing effect of bacterial cells, the concentration
of which increases as a result of chronic carrying in
the mucous membranes of the oral cavity within
these nosologies.

Table 6
Association of bronchial asthma with different factors

Factor Spearman R t(N-2) p-level
Age 0,284 8,313 0,000
Household sensitization (HDM) 0,081 2,268 0,024
Food sensitization -0,076 -2,141 0,033
SARC -0,116 -3,288 0,001
PAR 0,145 4,110 0,000
AcU/RecU -0,227 -6,557 0,000
QE -0,142 -4,023 0,000
Tonsillitis/tonsils hypertrophy 0,114 3,211 0,001
BOS -0,146 -4,134 0,000
ARVI: acute rhynopharingitis, bronchitis -0,072 -2,021 0,044
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The study results showed different formats of
associations between AM nosologies and other AID
and comorbidities. Thus, direct association between
AD, FDBS and RP points to dyspepsia syndrome as
the main etiopathogenetic mechanism of deve-
lopment of the food intolerance and, as a result, its
transformation into food allergy (FA). SARC was
found more frequently in older children (6-11 years
old, 12-18 years old) and had a significant direct
association with plants’ pollen as the main etio-
logical factor for pollinosis. At the same time, weak,
but significant associations of SARC with HDM and
pets’ epidermal allergens appear to be interesting,
indicating the association of SARC and PAR at the
same patient as a consequence of co-sensitization in
the course of chronic allergic inflammation with
hyperproduction of general and specific IgE. The
direct correlation of SARS with bronchial obstruc-
tion syndrome as a complication of acute bronchitis
at children points at a tendency for the transfor-
mation of atopic disease into BA in the form of
descending the inflammatory process from the mu-
cous membranes of the upper airways and the eye
bulb down to the mucous membranes of the bronchi.
The continuation of AM goes on in the form of a
PAR, the frequency of which increases with age, and
the etiological spectrum is confirmed by sensiti-
zation to typical allergen groups — HDM, pets epi-
dermal allergens and fungal major allergens Alt
al(mold genera Alternaria alternata). Interestingly,
the direct association of PAR had been found not
only with the BA, but also with proliferative-in-
flammatory diseases of the nasal cavity (adenoid
vegetations, ethmoiditis, gaimoritis), indicating a
direct association between chronic inflammation of
the mucous membrane and transformation of the
inflammatory process into an allergic involving Th-2
cells and IgE. The trend of causative associations is
maintained as well in BA case — more often BA
occurs early schoolers and adolescents and is as-
sociated with HDM-sensitization. The presence of a
direct associations between BA with chronic ton-
sillitis and/or tonsils hypertrophy reveals, in our
opinion, a mixed mechanism of the BA pathogenesis
with the involvement of the pathogenic microflora of
the respiratory tract.

A separate group had been being urticaria and
Quincke edema. In our study, there had been no
significant direct association with atopic diseases —
AD, SARC/ PAR, BA. This indicates the difference
in pathogenesis mechanisms of development of
those AlDs from atopic diseases, which confirms the
independence of AM in children from Acu/Rec and
QE. In this case, statistically significant asdociation
between those nosologies and typical etiological
factors was revealed. Thus, AcU/RecU had a direct
association with food, drug and insect venom
sensitization as well as with QE, and clinically —
with FDBS and RP. In turn, QE was reliably as-
sociated with AcU/RecU, food and, most of all, with
an insect venom sensitization (insect bites). This
sequence is continued by the direct association of
AcU/RecU and QE with DS-disorders - FDBS and
RP. Concerning the revealed interrdependance of
QE with ARVI (rhinopharyngitis/bronchitis), further
clinical and statistical studies are needed for it’s
explanation.

CONCLUSIONS

1. Atopic dermatitis is the first step of AM and is
caused, first of all, by food allergens.

2. One of the FA and AM triggers at children are
the comorbid states of the digestive system and, in
particular, FDBS.

3. Within achieving by a child sick with AM the
school-age disease is being transformed into SARC
and/or PAR with typical sensitization spectrum — to
plants’pollen (SARC), HDM, epidermal and fungal
(PAR) allergens, respectively.

4. SARC and PARs have a statistically signi-
ficant BA transformation trend.

5. Chronic infectious-inflammatory diseases of
the upper respiratory tract have a direct association
with the development of the PAR and BA. Chronic
ethmoiditis and sinusitis aggravate the course of PAR,
chronic tonsillitis and tonsils hypertrophy that of BA.

6. Acute and reccurent utricaria as well as
Quincke edema compose a separate group of AlD that
are pathogenetically and clinically interdependant and
have no reliable association with AM diseases.

7. There is a direct association between noso-
logical forms of urticaria and Quincke edema and
diseases of digestive tract — FDBS and RP.
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