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High prevalence of allergic diseases among children and their close relation with quality of the environment require
new approaches to organizing diagnostic and prevention activities.

Our research objects were 247 children attending pre-school children facilities (PSCF).

It was detected that children who permanently lived and/or attended a pre-school facility for not less than three years
under long-term chemical aerogenic exposure to manganese and nickel compounds in low doses (0.17-0.23 MPC average
daily) had contents of these metals in their blood that were 1.9-2.0 times higher than the same parameter in children from
the reference group and 1.7-2.1 times higher than background level in the region. Pre-school children with their biological
media being contaminated with nickel and manganese compounds suffered from atopic dermatitis, allergic rhinitis, and
bronchial asthma 1.3-4.5 times more frequently (0.23 <R? <0.73; 59.2 <F <388.1; p <0.001).

Allergic diseases associated with aerogenic exposure to chemicals with sensitizing power have certain pathogenetic
peculiarities such as active overall inflammatory reaction; sensitization in 54-86 % children (the parameter is 1.5-4.3 times
higher than in the reference group); cellular metabolism disorder; depletion of antioxidant protection resources in 72 %
children; deficient activity of phagocytic and humoral section in immunity (1.2 times lower than in the reference group);
cytokine regulation disorders (2.4-2.5 time difference); reduced expression of a receptor that induces activation apoptosis;
stronger sympathetic influence on heart rate modulation in 26.0 % children. Basing on statistical analysis and model mak-
ing, we determined markers that showed occurring allergic reactions caused by aerogenic exposure to manganese and nickel
compounds. These markers are targets for prevention activities; they include growth in allergic pathologies prevalence;
these pathologies occurring together with chronic inflammatory-proliferative diseases and disorders in the vegetative nerv-
ous system; increased contents of leukocytes, eosinophils, and immunoglobulin E specific to nickel in blood; a decrease in
phagocyte number and contents of IgM, 1g4 in blood serum (0.07 < R?< 0.74; 19.3 <F < 713.2; p < 0.0001).

Key words: allergic diseases, pre-school children, ambient air, chemicals with sensitizing power, manganese, nickel,
markers.

According to data obtained via multiple industrial centers where metallurgic and civil
epidemiologic research both in Russia and engineering enterprises and power industry are
abroad allergic diseases are among the most located and where traffic is intense than
widely spread pathologies occurring in chil- among children living on territories where
dren [1-5]. It has been established that mor- sanitary-epidemiologic situation is relatively
bidity with certain allergic nosologies is 4.5 favorable. A leading factor that causes high
times higher among children living in large prevalence of allergic pathologies among chil-
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dren living in cities with developed industries
is ambient air being contaminated with chemi-
cals that have sensitizing properties (lead,
manganese, nickel, and chromium) as well as
negative reactions summating or mutually po-
tentiating each other [6—11].

Results obtained via monitoring over am-
bient air quality in large industrial centers indi-
cate that certain metals (manganese and nickel
compounds) persist in ambient air in them in
concentrations that either adhere to the fixed
hygienic standards or exceed them [12—15].

Being predominantly haptens, inhaled
chemicals with sensitizing properties oxidize
due to metabolism and combine with proteins
thus creating specific complex antigens; these
antigens induce releasing local inflammation
mediators and histamine liberation [16]. Ini-
tially negative environmental factors act as
triggers or primers that stimulate pathogenic
processes in critical organs and systems to-
gether with destabilization in adaptation proc-
esses and damage done to resistance mecha-
nisms [17-20].

It is necessary to develop new approaches
to spotting out target population groups and
determining relevant medical and preventive
activities taking into account adverse effects
occurring when biological media are contami-
nated with technogenic chemicals that have
sensitizing properties. It will allow preventing
high growth rates detected for morbidity with
allergic diseases.

Our research goal was to determine
markers that indicated allergic reactions occur-
rence in children associated with aerogenic
exposure to nickel and manganese compounds.

Data and methods. Our test group in-
cluded 107 children aged 5-7 who perma-
nently lived and/or attended a pre-school chil-
dren facility (PCF) on a territory where nickel
and manganese compounds were contained in
ambient air in concentrations equal to 0.17-0.23
average daily MPC. Our reference group was
made up of 240 children attending a PCF who
were not exposed to chemicals with sensitizing

properties contained in ambient air. Both
groups were comparable in terms of age and
sex (p > 0.05).

Medical examinations were performed in
conformity with the ethical principles stated
in Helsinki Declaration (1964; last edited in
October 2013). Prior to any examinations,
parents or legal representatives gave their in-
formed voluntary consent on medical inter-
vention and personal data processing.

Nickel and manganese compounds contents
were quantitatively determined in children’s
blood as per methodical guidelines 4.1.3230-14".

Medical and sociological data were ob-
tained via questioning with parents participat-
ing in it.

Morbidity was analyzed as per data
taken from medical documentation (Form
No. 026/u-2000) and results obtained via
medical examinations (performed by aller-
gologists, otorhinolaryngologists, pediatri-
cians, and neurologists).

Laboratory diagnostics included examin-
ing integral hematologic parameters, immu-
nologic and metabolic status, non-specific
resistance, sensitization, and oxidation-anti-
oxidant processes.

Vegetative regulation was assessed via
analyzing heart rate modulation performed
with «Poly-Spectr-8/EX» program (Neurosoft,
Ruissia).

Data were analyzed with Statistica 6.0
software package and specific software prod-
ucts that were compatible with MS-Office. We
applied two-sample Student’s t-test to compare
both groups as per quantitative parameters.
Dependence between parameters was assessed
via one-factor dispersion analysis and correla-
tion-regression analysis. To quantitatively de-
termine closeness of correlations between pa-
rameters, we calculated odds ratio (OR) and its
confidence interval (CI). Discrepancies be-
tween obtained results were considered statis-
tically significant at p < 0.05.

Results and discussion. We performed
chemical and analytical examination of ambi-

' MG 4.1.3230-14. Measuring mass concentrations of chemical elements in biological media (blood and urine) with mass
spectroscopy with inductively coupled plasma. KODEKS: an electronic fund for legal and reference documentation. Available
at: http://docs.cntd.ru/document/495856222 (12.09.2020) (in Russian).
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ent air quality on territories where PCF were
located (2014-2018); it revealed that nickel
and manganese compounds persisted in ambi-
ent air on the test territory in quantities equal
to 0.17-0.23 average daily MPC. Average
nickel and manganese compounds contents
amounted to 0.00014 + 0.000029 mg/m’ and
0.00019 + 0.00004 mg/m’ and it was higher
than the same parameters on the reference
territory (0.000012 + 0.000002 mg/m’ and
0.000025 + 0.000005 mg/m’, p < 0.0001).

Having analyzed technogenic chemicals
contents in children’s blood, we established
that nickel and manganese compounds con-
tents were 1.9-2.0 times higher in blood of
children from the test group than in blood of
those from the reference one (0.0047 + 0.0013
against  0.0025+0.0006 pg/em’®  and
0.022 £ 0.012 against 0.011+0.001 pg/cm’
accordingly, p <0.0001) and 1.7-2.1 times
higher than the regional background level
(» £0.001). A share of blood samples with
elevated nickel and manganese compounds
contents was 2.5-2.6 times higher in the
test group than in the reference one
(72.7 % against 28.8 % and 57.1 % against
22.1 %, p <0.0001-0.001; 4.6 <OR < 6.44;
2.53 <CI<12.2;0.0001 <p <0.001).

Sociologic research didn’t reveal any
statistically significant discrepancies be-
tween the analyzed groups as per social,
medical-biological (p > 0.05) and other fac-
tors (including peculiarities related to sur-
rounding plants and periods when they give
pollen) that were able to cause similar health
disorders in children.

We comparatively analyzed data taken
from medical documentation (Form No. 026/u)
and data obtained via medical examinations;
the analysis revealed that pre-school children
with high sensitizing chemicals contents in
blood suffered from atopic dermatitis (L20.8,
L20.9) 1.3 times more frequently (48.6 and
36,7 %, p=0.04); allergic rhinitis (J30.3,
J30.4), 1.4 times more frequently (25.0 and
18.4 %, p =0.04); bronchial asthma (J45),
4.5 times more frequently (9.0 and 2.0 %,
p =0.003) than children from the reference
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group. A share of children with combined res-
piratory and skin allergies was 1.5 times higher
among children from the test group (47.0 against
32.0 %, p =0.007). We established an authentic
correlation between higher morbidity among
children with predominantly allergic asthma
(J45.0), mixed asthma (J45.8), and atopic der-
matitis (L20.8, L20.9) and increased manga-
nese concentration in blood (0.23 < R* <0.52;
59.2<F<279.5; p<0.001). A contribution
made by nickel into predominantly allergic
asthma (J45.0), allergy, unspecified (T78.4),
and atopic dermatitis (L20.8, L20.9) can
amount to 37.0-73.0 % (130.6 <F <388.1;
p=<0.001).

Respiratory diseases and certain immune
disorders occurred accordingly in 94.0 % and
67.0 % children from the test group and it was
1.6 times more frequent than among children
from the reference group (57.1 % and 41.0 %
accordingly, p <0.001). We established that
aerogenic exposure to nickel and manganese
compounds resulted in 2.9-11.0 times more
frequent occurrence of diseases from these
nosologic groups (ICD-10) (OR=2.9-11.0;
CI=1.64-29.50; p<0.0001). We compara-
tively analyzed frequency of specific respira-
tory nosologies and revealed that children
from the test group suffered from chronic dis-
eases of tonsils and adenoids (J35.0, J35.1,
J35.2, J35.3, J35.8, J35.9) 3.0 times more fre-
quently than children from the reference group
(42.0 against 14.0 %, p <0.0001). We estab-
lished dependence between chronic diseases of
tonsils and adenoids and nickel and manganese
compounds contents in blood (0.18 <R <0.73;
45.03 <F<713.2; p<0.0001). As for dis-
eases of the nervous system, the most signifi-
cant discrepancies between the examined
groups were revealed for «Disorder of auto-
nomous nervous system, unspecified» noso-
logy (G90.9) as it was diagnosed in 19.0 %
children from the test group and only 10.0 %
children from the reference one (p =0.02).
A contribution made by nickel into autono-
mous nervous system disorders amounted to
44.0 %; by manganese, 74.0 % (F =214.3-757.9;
p <0.0001).
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We assessed changes in hematologic pa-
rameters and overall inflammation reactions
in a body; the assessment revealed authentic
discrepancies between contents of leukocytes
(7.50 £ 0.33-10°/dm”), monocytes (7.75 + 0.34 %),
and thrombocytes (326.68 + 11.98-10”/dm’)
in children from the test group and physio-
logical standards (p <0.001) as well as
the same parameters in children from
the reference group (7.07 +0.26-10°/dm’,
7.02 £ 0.24 %, 293.62 % 9.60-10°/dm’ accord-
ingly, p = 0.000-0.05). A share of blood sam-
ples with elevated monocytes, leukocytes, and
thrombocytes contents amounted to 89.7 %,
90.7 %, and 48.6 % accordingly in the test
group and it was 1.2-1.6 times higher than
the same parameters in the reference group
(73.8 %, 45 %, 30.6 %, p = 0.001-0.007). We
established a direct correlation between con-
centrations of nickel and its compounds in
blood and monocytosis (r=0.12, p=0.04).
There was also an authentic correlation be-
tween a probable increase in leukocytes con-
tents in blood and elevated manganese con-
centration in blood with its contribution being
equal to 26 % (F =97.2; p<0.0001).

Children with their biological media being
contaminated with metals had elevated relative
eosinophils contents in blood (4.38 +0.58 %)
and their eosinophilic-lymphocytic index was
also higher (0.108 £ 0.016 arb. units) than the
physiological standard (p <0.0001) and the
same parameters in the reference group
(3.17+0.36 % and 0.07 £0.01 arb. units ac-
cordingly, p <0.001). It indicated that spe-
cific regain cellular forms participated in in-
flammation. Primering effects produced by
these chemicals on hyper-reactivity occur-
rence are confirmed by established depend-
ence between eosinophilia intensity and man-
ganese (R*=0.25; F=93.2; p<0.0001) and
nickel (R*=0.32; F=126.9; p<0.0001) con-
centrations in blood.

Alkaline phosphatase tended to be less
active in children from the test group
(342.88 + 12.41 against 366.84 = 10.26 U/dm’,
p<0.001) and it was probably due to mem-
brane-toxic effects produced by manganese
and active metabolic consumption occurring
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during biotransformation. Protein-forming
functions performed by the liver were reduced
in children with elevated chemicals with sensi-
tizing properties in blood as it was indicated
by lower overall protein (70.96 + 0.89 g/dm’)
and albumins (42.40 + 0.93 g/dm’) contents in
blood serum against the same parameters in
the reference group (72.54 +0.59 g/dm’ and
43.6+0.59 g/dm’, p=0.01-0.03). We re-
vealed an inverse correlation between nickel
concentration and albumins contents in blood
(r=—-0.162, p = 0.008).

Antioxidant protection was depleted and
it became apparent via lower plasma antioxi-
dant activity (AOA) in 72 % children from the
test group and it was 1.3 times higher than the
same parameter in the reference group (53 %,
p=0.001). Average group AOA value was
lower for children living under aerogenic ex-
posure to manganese and nickel compounds
than for children from the reference group
(34.002 +£1.09 against 35.911 £ 0.66 %,
p <0.001) and lower than the bottom limit of
the physiological standard (p <0.0001). Anti-
oxidant reserves depletion was 2.3 times more
probable among children from the test group
than among those from the reference one
(OR =2.26, CI =1.27-4.10; p = 0.009).

Th-1-dependent response tended to be
inhibited in children with their biological me-
dia being contaminated with metals; it was
characterized with a decrease in gamma-
interferon as the most significant atopic proc-
esses regulator; its level was 2.4 times lower
among children from the test group than in
those from the reference one (3.26 +2.91
against 7.84 + 3.25 pg/mL, p = 0.03).

Average VEGF protein contents was 2.5
times higher in children from the test group
than in those from the reference one
(172.88 £51.47 and 67.95+20.10 pg/mL,
p <0.0001); this protein promotes allergic
inflammation due to its ability to increase
vascular permeability.

Despite there were no discrepancies in
quantitative parameters showing overall im-
munoglobulin E (IgE) production in children
from the examined groups (101.51 +35.12 and
78.84 £31.09 IU/mL, p = 0.25), elevated spe-
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cific IgE levels were more frequently revealed
in pre-school children from the test group as
53.6 % children had IgE specific to cat fur
with its value being higher than the physio-
logical standard (it was 2.3 times higher than
the same parameter in the reference group,
23.1 %, p<0.0001; OR =3.08, CI=2.09-7.07;
p <0.0001); 85.7 % children had IgE specific
to Aspergillusniger (1.4 times higher than in
the reference group, p <0.0001; OR=3.9,
CI=2.01-7.95; p<0.0001). Average group
values of IgE specific to Dermatophagoides
pteronissimus and to Aspergillus niger were
also authentically 2.5-4.3 times higher among
exposed children than among those from the ref-
erence group (0.4 + 0.14 against 0.16 + 0.06 a.u.
and 0.26 £0.09 against 0.06 +£0.03 a.u.,
p <0.0001). These detected peculiarities are
related to technogenic chemical factors ini-
tially acting as primers and inducing sensitiza-
tion. Immunoglobulin E specific to nickel was
authentically 1.5 times higher in pre-school
children from the test group than the same pa-
rameter in children from the reference one
(028 +£0.05 against 0.18+0.02 IU/cm’,
p <0.0001). We detected a statistically authen-
tic cause-and-effect relation between IgE spe-
cific to nickel and nickel contents in blood
(R*=0.49; F=71.13; p < 0.0001).

Children with their biological media be-
ing contaminated with manganese and nickel
compounds tended to have hypofunction
of the humoral section in the immunity as
64.2-72.5% of them had lower immu-
noglobulin M (1.21 +0.04 g/dm’) and G
(10.16 = 0.29 g/dm3) contents in their blood
serum than the physiological standard
(p<0.0001). IgM contents was 1.2 times
lower among them than in children from the
reference group (1.21+0.04 g/dm’ and
1.4+ 0.06 g/dm’, p<0.0001), and a decrease
in IgM contents was 4.0 times more probable
in the test group (OR =4.01, CI =2.25-7.34;
p =0.00). We established an inverse correla-
tion between nickel contents in blood and IgM
concentration (r =—0.133, p=0.03). We also
established that children from the test group
had lower IgA contents in their blood serum
than their counterparts from the reference
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group (1.39 +0.07 against 1.49 +0.11 g/dm’,
p <0.0001) and it was due to effects procured
by nickel (R = 0.35; F = 144.75; p< 0.001).

We analyzed non-specific resistance as
per overall phagocytosis parameters and re-
vealed that pre-school children from the test
group had up to 1.2 times lower phagocytic
index (1.82+0.04 a.u.) and phagocytic num-
ber (0.88 +£0.06 a.u.) than children from the
reference group (2.06 +0.09 and 1.05 £0.11 a.u.
accordingly, p <0.001-0.01). 49.5 % children
from the test group had lower phagocytic
number and it was 1.6 times higher than the
same parameter in the reference group (30.6 %,
p=0.001). A decrease in phagocytic number
was 2.2 times more probable in children from
the test group than in those from the reference
one (OR=2.2, CI=1.25-3.96; p=0.01). We
established an authentic decrease in phago-
cytic number in case manganese contents in
blood were elevated (R2=0.07; F=19.3;
p=0.0001).

65.0 % children who had sensitizing
chemicals in their blood in quantities up to 2.1
times higher than the regional background level
had lower expression of activation apoptosis
induction receptor among CD95 + lymphocytes
against the reference group (14.65+2.45
against 23.95+3.52% and 0.43 +0.08-10°/L
against 0.68+0.14-10°/L, p <0.001-0.002).
A decrease in relative CD3+CD95+-lympho-
cytes contents was 7.2 times more probable
and a decrease in their absolute quantity was up
to 17.0 times more probable in children from
the test group than in those from the reference
one (7.25<0OR<1736; 3.92<CI<50.68;
p <0.0001).

Non-specific mechanisms play a signifi-
cant role in allergic reactions occurrence; in
particular, we can mention imbalance be-
tween sympathetic and parasympathetic sec-
tions in the nervous system. Greater sympa-
thetic influence on heart rate modulation was
detected in each forth child from the test
group (25.7 %) and it was 2.3 times more
frequent than in the reference one (11.0 %,
p = 0.03). Sympathetic regulation prevalence
was 2.7 times more probable among pre-
school children from the test group than
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among those from the reference one (OR = 2.7;
CI=1.3-6.05; p =0.01).

We performed statistical analysis of data
obtained via sanitary-hygienic, clinical-labo-
ratory, and functional examinations; assessed
dependence between parameters; built and
analyzed relevant models. All this allowed us
to establish markers and peculiarities of
pathogenetic mechanisms responsible for
negative effects occurrence such as allergic
reactions in pre-school children living under
long-term aerogenic exposure to chemicals
contained in ambient air in low doses.

Key pathogenetic sections in allergic dis-
eases occurrence under aerogenic exposure to
technogenic chemicals with sensitizing prop-
erties (manganese and nickel compounds) in-
clude the following: a decrease in protein-
forming function performed by the liver
(Jalbumins; r =-0.162, p = 0.008), inhibited
humoral section in the immune response
(1IgM, IgA; R* =0.35; F = 144.75; p< 0.001;
r=-0.133, p=0.03), and specific sensitiza-
tion (1IgE specific to nickel; R*=0.49;
F=71.13; p<0.0001) for nickel; lower
phagocytic activity (| phagocytic number
compounds; R*=0.07; F=19.3; p=0.0001)
for manganese; there are also sections related
to nickel and manganese compounds contents
in blood such as non-specific sensitization
(feosinophils; 0.25 <R*<0.32; 93.2<F<
<126.9; p<0.0001), overall inflammation
reaction activity (fmonocytes and leuko-
cytes; r=0.12, p=0.04; R = 0.26; F = 97.2;
p <0.0001).

Therefore, allergic reactions associated
with aerogenic exposure to nickel and man-
ganese compounds have the following mark-
ers: a 1.5 times increase in prevalence of
combined allergic pathologies; comorbidity
with chronic inflammatory-proliferative dis-
eases (up to 3.0 times higher), disorders of the
autonomous nervous system (up to 1.9 times
higher); apparent non-specific (leukocytosis
is 1.1 times higher) and immune (monocyto-
sis is 1.3 times higher) inflammation; inhib-
ited humoral section (IgM and IgA) and 1.2
times lower phagocytic activity (phagocytic
number); specific sensitization (1.5 times
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higher IgE specific to nickel); non-specific
sensitization (1.5 times higher eosinophilia);
depleted antioxidant protection (1.1 times
lower AOA).

Established markers are target ones for
diagnostic and preventive activities. Basic
preventive activities aimed at reducing or
eliminating allergic reactions caused by aero-
genic exposure to chemicals with sensitizing
properties should include the following: a de-
crease in chemicals contents in a body; sani-
tation of chronic infection foci such as ENT
organs; reduction in inflammation processes
activity; recovery of antioxidant protection
and vegetative homeostasis; immune response
modulation.

Conclusions:

1. Atopic dermatitis, allergic rhinitis, and
bronchial asthma were diagnosed 1.3-4.5
times more frequently among children from
the test group than among children from
the reference group (0.23 <R <0.73;
59.2<F<388.1; p<0.001) since children
from the former group lived under long-term
aerogenic exposure to nickel and manganese
compounds in low doses (0.17-0.23 average
daily MPC) and had these compounds in their
blood in contents 1.7-2.1 times higher than
the regional background level.

2. Pre-school children with elevated
nickel and manganese compounds in their
blood had certain pathogenetic peculiarities
detected in their bodies regarding allergic
diseases such as overall inflammatory reac-
tion activity (60.7-89.7 % children); sensiti-
zation (53.6-85.7 % children); depleted anti-
oxidant reserves (72.0 % children); cellular
metabolism disorders and disorders of the
humoral and phagocytic sections in the im-
munity (49.5-72.5 % children); apoptosis
regulation disorders (65.0 %); intra-cellular
interaction disorders and vegetative imbal-
ance (25.7 % children).

3. We established markers of allergic reac-
tions associated with aerogenic exposure to
chemicals with sensitizing properties (nickel
and manganese compounds) that were target
ones for preventive activities. They included
humoral section (IgM, IgA) inhibition and spe-
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cific sensitization (IgA specific to nickel) caused by exposure to nickel and manganese
by effects produced by nickel (0.35 <R <0.49; (0.25<R<0.32;93.2<F<126.9; p<0.0001).
71.13<F <144.75; p<0.001); lower phago-

cytic activity (phagocytic number) caused by Funding. The research was not granted any
exposure to manganese (RF=0.07; F=19.3; sponsor support.
p=0.0001); non-specific sensitization (eosino- Conflict of interests. The authors declare

phils) and inflammation (leukocytes) caused there is no any conflict of interests.
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