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Abstract. Allergic march in children of Ukraine. Volosovets O.P., Bolbot Yu.K., Beketova G.V., Berezenko V.S.,
Umanets T.R., Rechkina O.0., Mitiuriaeva-Korniyko 1.O., Volosovets T.M., Churylina A.V. Allergic diseases
with a certain stage in their development from food allergy to bronchial asthma / allergic rhinitis, are much more
common in children than in adults. The aim of this study was to analyze data on the prevalence and incidence of atopic
dermatitis, bronchial asthma and allergic rhinitis as components of the allergic march in children of Ukraine from
1994 to 2017, to determine the possible impact of adverse environmental factors on their development. During the
same period due to the influence of a number of factors, in particular environmental, there were significant changes in
the structure of allergic diseases making up stages of the allergic march due to an increase in the proportion of allergic
rhinitis against the reduced one of asthma and atopic dermatitis. Within 24 years the incidence of atopic dermatitis in
children aged 0-6 years including, increased by 27.6%, in adolescents - by 40.5% and significantly decreased by 39.5%
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in children aged 7-14 years including. Most cases of allergic rhinitis and bronchial asthma were observed in
schoolchildren (47.6 and 54.0%, respectively) with a slight decrease compared to 1994. In general in recent years
allergic diseases have become more common in children aged from 0 to 6 years and their detection has decreased
in schoolchildren and adolescents. Over the past 24 years, in children of Ukraine a steady increase in the
incidence and prevalence of allergic diseases which form an allergic march has been noted: the prevalence of
bronchial asthma has increased by 69.3% and the incidence has increased by 22.9%, the prevalence of atopic
dermatitis has increased by 43.9% and the incidence — by 8.3%, the prevalence of allergic rhinitis has increased
by 488.3% and the incidence of allergic rhinitis — by 380.3%, with a predominance of detection of this pathology
in children from regions with developed infrastructure and industry, with significant emissions of pollutants into
the atmosphere that have a direct moderate effect on the increase in the prevalence of bronchial asthma, the
incidence and prevalence of allergic rhinitis in children.

Pedepar. Annepruyeckumii mapm y aereid Ykpaunbl. BogaocoBem A.Il., Boasdor FO.K., BbekerosaI'.B.,
Bepesenko B.C., Ymanen T.P., Peuxuna E.A., Mutiopsiea-Kopneiiko H.A., Bonocosen T.H., Uypuinna A.B. B
0emcKoM 603pacnie 2opaszdo yauje, 4em y 63pOCiblX, GCIMPEUaiomcs aiiepeuyeckue 6onesnu, umeiowue onpeoeieHyio
CMAaOUHOCMb 8 CB0EM PA36UMUL OM NUWEBOU Allepeuu K OPOHXUANbHOU acmme / ainepaudeckomy punumy. Lleavio
9MO20 UCCIED08AHUSL ObLI AHATU3 OAHHBLIX PACHPOCMPAHEHHOCIU U 3a00]1e6aeMOCMU AMONUYECKUM O0epMamumom,
OPOHXUANLHOU ACMMOU U AIEPSULECKUM PUHUTNOM, KAK COCABISIOWUMU ALIepSUYecKo2o mapua, y oemel YKpauHul
¢ 1994 no 2017 2. 013 onpedeneHusi 03MONCHO20 BIUAHUSA HA UX PA3GUMUE FKOI0SUHECKUX (arkmopos. 3a smom dice
NPOMENCYMOK  8peMeHU  8cleocmeue  GIUAHUA padd DAKmopos, 6 UYACMHOCMU 3IKOJIOSUYECKUX, NPOU3OULIU
3HauuUmMenNbHvle USMEHEeHUs 8 CIPYKmype anlepeuieckux Oone3Hel, COCmasianux dmansl auLlepeuiecKko20 Mapuia us-
3a pocma YOembHO20 6eca aLlepSUdecko20 PUHUmAa Ha (one yMeHnvuleHus: OPOHXUATLHOU ACMbL U AMONUYECKO20
Odepmamuma. B meuenue 24 nem 3abonesaemocms amonuueckum oepmamumom y Oemeil 8 gospacme 0-6 nem
GKIIOUUMENbHO 803pocia Ha 27,6%, y noopocmkos — na 40,5% u cywecmeenno ymenvuunace wa 39,5% y oemeil 6
sospacme 7-14 nem exaouumenvro. bomvuwe 6cezo ciyuaes annepeuueckozo puHuma u OPOHXUANLHOU ACMMbl
Habo0anoce y wKoIbHUK08 (47,6 u 54,0% coomeemcmeento), ¢ HeOOTbUWUM YMeHbUleHUeM Nno cpasHenuto ¢ 1994
200oMm. B yenom annepeuueckue 6onesnu 8 nociednue 200bl Cmanu yauje pecucmpuposamocs y oemeii om () 0o 6 niem u
VMEHbUULOCh UX GblAGIeHUe Y Oemell WKOAbHO20 803DACMA U NOOPOCcmKo8. 3a nociednue 24 2ooa y demeu Ykpaunsl
Habo0aemcs ycmouyussitl pocm 3a601€64eMOCmU U pPACHPOCMPAHEHHOCU AVIEPSUHECKOl namono2ul, @Gopmu-
pylowux annepauneckuti mapui: Ha 69,3% yseauuunacht pacnpocmpaneHHOCms OpoHxuanvHou acmmel u Ha 22,9%
3abonesaemocmy eio; na 43,9% evipocna pacnpocmpanenHHocms amonuyeckoeo depmamuma u Ha 8,3% — yposeHs
3abonesaemocmu oemetl amonuueckum oepmamumom; Ha 488,3% ewipocra pacnpocmpaneHHOCMb AANEPSULECKO2O
punuma y Oemeu u Ha 380,3% — yposenv 3abonesaemocmu Oemell ainepeUYecKUM PUHUMOM C Npeodradanuem
8bIAGIEHUA IMOU NAMON02UY Y Oemell U3 KPYNHBIX Pe2UOHO8 C pA38UMOot UHGPACMPYKMYpou U NPOMbIUIEHHOCMbIO,
20e Habnooaiomcs 3HavyumenbHvle 6blOPOCHL NOINIOMAHMOE 8 AMMOCHEPY, KOMopbvle UMeom NpIMoe 6GIusHUe
VMEPEHHOU CUbl HA YEeTuYeHue pacnpocmpaneHHocmu OPOHXUATbHOU acmMbl, 3a001e8AeMOCU U PACNPOCMPAHEH-
HOCMU ANIEp2ULecKo20 puHUma y oemell.

In recent decades, the prevalence of allergic
pathology worldwide has increased significantly [3,
4, 11]. Allergic march belongs to the natural course
of allergic diseases, in the development of which T-
helpers type 2 (Th2) participate [3, 11]. It is
important that the presence of one allergic disease
increases the risk of developing others, which leads
to the development of allergic march [3, 8].

Allergic disease usually begins in children with
the development of atopic dermatitis, then asthma
and, finally, allergic rhinitis [1, 3, 7]. In a systematic
cohort study Hill et al. found that food allergy is
directly related to the development of asthma and
rhinitis [10]. The influence of the environment on
the health of children is undeniable [6, 9]. The
growing prevalence of diseases in children is
determined by changes in lifestyle and nutrition and
the amount of pollutants contaminating the
environment [6, 13, 14]. The impact of polluted air
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on the body of pregnant women and fetuses and
infants may contribute to the development of allergic
rhinitis and lung dysfunction in children [12, 13].

The aim of our work was to determine the trends
in the prevalence and incidence of allergic diseases
constituting the part of the allergic march in the
dynamics from 1994 to 2017, to assess the impact of
pollutant emissions in the region of residence on the
level of allergic diseases and their prevalence in
children of Ukraine.

MATERIALS AND METHODS OF RESEARCH

A study of 24-year trends in the incidence and
prevalence of allergic diseases in children aged 0-17
years living in regions with different pollutant
emissions from different sources of pollution was
done. Statistical and epidemiological assessment of
data from the Ministry of Health of Ukraine from
1994 to 2017 was conducted [5]. Pollutant emissions
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into the atmosphere in 2015 were determined
according to state statistics [14].

In order to compare the incidence of children
with allergic diseases from the same regions of
Ukraine from 1994 to 2017, the U-criterion of sign
ranks (Wilcoxon-Mann-Whitney test) was used [2].
Spearman's rank correlation coefficient was used to
determine the relationship and the degree of
correlation between pollutant emissions and the
incidence and prevalence of allergic diseases in
children.  Excel-2010 and STATISTICA 6.1
(StatSoftInc., No. AGAR909E415822FA) were used
to calculate the results of the work.

RESULTS AND DISCUSSION

As a rule, the first step in the "allergic march" in
childhood is atopic dermatitis (hereinafter — AD),
which affects 10-20% of children worldwide [4, 14].
In 80% of cases it is first diagnosed in young
children and in a third of patients the disease
continues to persist in adulthood. According to the
data of the Ministry of Health of Ukraine in 2017
the incidence of AD in children aged 0-17 years
including was 27,803 of new cases or 3.65 of cases
per 1,000 of the child population (hereinafter —
1,000 children), and the prevalence of AD was
66,389 or 8,72 cases per 1,000 children.

For comparison, in 1994 for the first time
38044 cases of AD or 2.88 cases per 1,000
children were detected (Fig. 1). The prevalence of
AD was then 63,326 or 5.18 reported cases per
1,000 children aged 0 to 17 years including. In
general, the growth rate of prevalence of AD over
24 years was 1.5 times greater than the rate of
increase in the prevalence of diseases in children
in the country [9].

In 2017, 40,209 children with AD were under
dispensary supervision, which is only 62.69% of the
complete coverage. In general, such statistic data
may indicate defects in the completeness of the
register of children with AD and, accordingly, de-
layed diagnosis, especially in children aged O-
6 years, which can lead to the realization of allergic
(atopic) march and development of bronchial asthma
(hereinafter — BA) or allergic rhinitis (hereinafter —
AR). The incidence of asthma in children aged 0-17
in 2017 according to state statistics was 4513 new
cases or 0.59 per 1,000 children, and the prevalence
was 37246 or 4.91 per 1,000 children [5]. For com-
parison, in 1994, 5,544 cases of asthma were
detected for the first time, or 0.46 per 1,000 children.
The prevalence of asthma was then 40,424 or 3.0 per
1,000 children aged 0 to 14 years. The proportion of
asthma in the structure of children's morbidity is
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0.32%, which does not reduce the socio-medical
significance of this complex pathology.

As illustrated in Figure 1, over 24 years the
incidence of asthma increased by 22.9% (p>0.05),
the prevalence of asthma — by 69.3 (p<0.05).
Bronchial asthma was characterized by the highest
index of accumulation of chronic pathology
(hereinafter — IACBP) among other allergic
diseases — 8.3 against similar indicators of 2.4 and
2.5, respectively, for AD and AR. These data cor-
respond to the global trend of increasing asthma in
most countries [10]. Another important step in the
allergic march is AR, which often occurs in
schoolchildren after AD and may precede or develop
asthma. According to state statistics, the incidence of
allergic rhinitis in children aged 0-17 years including
was 17,669 new cases or 2.32 cases per 1,000
children. The prevalence of this disease was
43,571 cases or 5.72 cases per 1,000 children and
was lower than the indicators of AD and exceeded
the prevalence and incidence of children with
asthma. In the structure of the prevalence of
childhood diseases, the proportion of AR is only
0.33%, which does not reduce the importance of this
pathology, being an important part of the allergic
march in general. For comparison, in 1994, 7,986
newly diagnosed cases of AR were registered, or
0.61 per 1,000 children. The prevalence of AR was
then 15,452 or 1.17 per 1,000 children aged 0 to 17
years including. The proportion of AR among all
childhood diseases was 0.11%.

A retrospective analysis of the incidence and
prevalence of AR in children from 1994 to 2017
shows that in Ukraine there is a significant increase
in cases of AR (p<0.01). Thus, for 24 years of
observations, the prevalence of AR in children of
Ukraine increased by 488.9% (p<0.01), and the
incidence — by 380.3% (p<0.01). These data cor-
respond to the global trend of increasing detection of
AR in children [1, 4]. In general, the growth rate of
the prevalence of AR in children in Ukraine over the
past 24 years exceeded the growth rate of the overall
prevalence of diseases in children in the country by
8 times. Figure 2 shows the dynamics of changes in
the incidence of children with allergic diseases,
which are stages of the allergic march, where AD
dominated by the incidence and prevalence, being
essentially the start of the allergic march in children.
The dynamics of the increase in the incidence of AR
in children (by 127.7%) was observed against the
background of a decrease in AD (by 24.2%) and
asthma (by 22.5%) in the proportion of overall
incidence of children with allergic diseases.
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Fig. 1. Dynamics of increase in prevalence and incidence of atopic dermatitis,
allergic rhinitis and bronchial asthma in children (1994-2017)

As indicated by Besh LV (2010), the allergic
march in most patients (87.2%) begins with food
allergies or AD in children of the first three years
of life. There are cases when allergic march
develops in children aged 7 to 14 years and
adolescents (11.2% of cases), which is manifested
in the form of AR or a combination of AR and
asthma. During 24 years, there was a certain
transformation of the allergic march: with a
decrease in the prevalence of atopic dermatitis and
asthma, the proportion of AR almost doubled, this
became more common in schoolchildren and
children aged 0 to 6 years.

It is the severe course of hypertension in young
children is a risk factor for further development of
asthma. According to Okhotnikova OM and
Gladusha YI (2015), in children aged O to 6 years
including the combination of AR with broncho-
obstructive syndrome was observed in 27.4% of
children, and the combination of asthma and AR —
in 23.9%. The combination of AD with AR was
noted in only 19% of cases, the combination of
AR with asthma and AD - in 80.3%, which
decreased to 67% in children aged under 12 years
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[1]. Patients with allergic rhinitis are 2 times more
likely to suffer from asthma compared with
children without AR [4, 11], although a close
correlation between these pathological conditions
we could not find (Spearman's correlation
coefficient (p) was only 0.210). The relationship
between the incidence of children with allergic
rhinitis and the incidence of children with
bronchial asthma was direct, and the closeness
(strength) of the relationship by Chaddock scale
was determined as weak (p>0.05). A closer direct
relationship was found between atopic dermatitis
and bronchial asthma, where p was 0.293. But the
strength of the relationship by Chaddock scale
was weak and statistically insignificant (p>0.05).
Weak direct correlation was also observed
between the incidence of AD and AR — p=0.178
(p>0.05).

As shown in the Table, most cases of AD were
observed in infants and children under 6 years.
This corresponds to modern ideas about the early
debut of an allergic march developing from food
allergy, which in the absence of adequate
measures can bring into action atopic dermatitis.

Licensed under CC BY 4.0
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Fig. 2. Changes in the specific weight of atopic dermatitis, allergic rhinitis and bronchial asthma
in the overall incidence of allergic diseases from 1994 to 2017 (in %)

Interestingly, that during the 24 years of follow-
up, the incidence of AD in children aged 0-6 years
increased by 27.6%, in adolescents - by 40.5% and
significantly decreased by 39.5% in children aged 7-
14 years including. The highest number of cases of
AR and asthma was observed in schoolchildren
(47.6 and 54.0%, respectively), with a slight dec-
rease compared to 1994. In recent years in ado-
lescents a decrease in the incidence of allergic
rhinitis and asthma was observed. An alarming fact
is the increase in the incidence of these diseases in
children aged 0-6 years incluing, which reflects the
epigenetic changes and the growth of ecotoxic load

on children from the very beginning of life. As
shown in the table, the lowest number of
newly diagnosed cases of AR was observed in
adolescence — 18.3% (in 1994 — 21.2%), but the
incidence and prevalence of AR in this age cohort
reached maximum values (9 , 21 and 3.02 per 1,000
children, respectively). Obviously, this pattern is due
to the increase in IJACBP from 1.67 in children aged
0-6 years up to 3.05 in children aged 15-17 years
including. It should be noted that the incidence of
AR in adolescence significantly exceeded the inci-
dence of atopic dermatitis and bronchial asthma.

Changes in the age-related structure of incidence of allergic diseases
in children from 1994 to 2017

Nosology Atopic dermatitis Allergic rhinitis Bronchial asthma

Years 1994 2017 1994 2017 1994 2017
Specific weight in children aged 0-6 years including 55.8% 67.8% 29.0% 34.1% 29.6% 35.7%
Specific weight in children aged 7-14 years including 36.4% 25.7% 49.8% 47.6% 59.0% 54.0%
Specific weight in children aged 15-17 years including 7.8% 6.5% 21.2% 18.3% 11.4% 10.3%
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This is what determines the modern options for
the development of allergic march: AD-BA or AD-
AR-BA. In a smaller number of cases in adolescents
and adults there is the realization of an allergic
march in the option: AD-BA-AR. Existing fluc-
tuations in prevalence and incidence can be
explained by changes in lifestyle, nutrition, environ-
mental conditions and the appropriate focus of the
system of allergy care for children to actively detect
disease, not just to register patients.

The highest rates of incidence and prevalence of
allergic diseases in all 3 age groups were observed in
children of Dnipropetrovsk, Donetsk, Lviv, Myko-
laiv, Kharkiv, Zaporizhzhia and Vinnytsia regions. It
should be noted that according to state statistics
these regions are characterized by the highest
volumes of pollutant emissions into the atmosphere
due to overdeveloped industrial and agricultural
infrastructure [14]. The lowest rates of incidence and
prevalence of studied allergic diseases were
observed in children from Chernihiv, Cherkasy,
Khmelnytsky, Rivne, Odessa and Volyn regions,
which do not have significant sources of emissions
into the atmosphere. An interesting medical-geo-
graphical paradox was observed in children from
Chernivtsi region, where low incidence of children
with AD and AR was accompanied by high
incidence of asthma.

We found a direct effect of moderate strength
(p=0.471) on the relationship between pollutant
emissions per capita and the prevalence of asthma in
children (p<0.05). A direct relationship of moderate
strength (p=0.258) was found between the incidence
of children with asthma and pollutant emissions,
which was not statistically significant (p>0.05). A
direct relationship of moderate strength according to
the Chaddock scale (p=0.521 and p=0.447) was
established between pollutant emissions per capita in
2015 and the prevalence and incidence of children
with AR (p<0.05). The relationship of moderate
strength according to the Chaddock scale (p=0.345
and p=0.372) between the prevalence and incidence

of children with AD and the volume of pollutant
emissions into the air per capita was established
by us, but the dependence was statistically
insignificant (p>0.05).

That is, the development of allergic pathology in
children in whom allergic march develops directly
dependent on the amount of pollutants in the
environment, along with other factors. Today it is
extremely important to note that such ecological
conditionality of the development of allergic
diseases, in particular AR and asthma, can signi-
ficantly complicate the course of COVID-19 in
children as well.

CONCLUSIONS

In Ukraine, over the past 24 years, a steady
increase in both the incidence and prevalence of
allergic diseases in children has been noted, which,
in turn, form an allergic march: the prevalence of
bronchial asthma increased by 69.3% and the
incidence — by 22.9%; the prevalence of atopic der-
matitis increased by 43.9% and the incidence — by
8.3%; the prevalence of allergic rhinitis increased by
488.3% and the incidence — by 380.3%, with the
predominance of this pathology in children living
in the areas with developed industrial infra-
structure with significant emissions of pollutants
into the air, the latter have direct impact of mode-
rate strength on the increase in the prevalence of
bronchial asthma and prevalence and incidence of
allergic rhinitis in children.
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