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Abstract—The study included 153 adolescents from the
industrial city of air pollution formaldehyde environment. On the
basis of immunological and hematological parameters adolescents
developed mathematical formulas to predict organism
sensitization of adolescents to formaldehyde without applying test
reaction inhibition of leukocyte migration.

help of mathematical methods. The value of such research
depends on several factors. First of all, the fact that the child
and adolescent population is one of the sensitive groups of
influence of environmental factors because detoxification
system and adaptive mechanisms they still are immature. In
addition, adolescence is related to one of the critical periods of
the formation of the immune system in ontogenesis, and
therefore the impact on them of exogenous factors can affect
the process of its formation [1, 2].
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I. INTRODUCTION

The most common disorders of the immune system, which
in Russia is suffering one in four is allergy. And in the
industrial cities and environmentally disadvantaged regions
this figure is more than twice as high [3, 4, 5]. It should be
noted that in recent years there has been a significant increase
in the incidence of allergy intolerance to various chemicals,
including quite inert [6].

In recent decades, for the prediction and diagnosis of
various diseases widely used mathematical approaches. This is
due to the fact that the use of various diagnostic and
prognostic algorithms makes it possible to set patterns for any
disease or health state. One of the main principles of
diagnostics is to strive to obtain the maximum of information
in a limited amount of research. Currently in the field of
biomedical modeling and forecasting the greatest number of
studies devoted to the outcome of the disease course. At the
same time, are quite relevant questions examine the
relationship between different indicators relating to health or
the course of the pathological process and allows for
prediction of disease at the stage of screening.

This fact is connected, including the large-scale pollution
of the environment by industrial enterprises with various
chemical compounds [7, 8, 9, 10, 11]. One of the pollutants,
present in large quantities in the atmosphere, formaldehyde is
the main source of which is considered the chemical,
petrochemical, woodworking and pulp and paper industries as
well as construction, thermal insulation, decoration materials
and furniture [12, 13]. According to the degree of danger
effects on the body formaldehyde include highly dangerous

To date remains poorly understood issues of environmental
pollutants prediction of sensitization in adolescents with the
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performed with the help of «Statistica 6.0» application package
of nonparametric methods (U-Mann-Whitney). The research
results are presented as medians and interquartile range (Me
(LQ-UQ)). For the development of the mathematical model
used logistic regression method.

chemicals (2 class of danger). He has a general toxic,
sensitizing and allergenic effects on the body.
In this connection, great importance is the timely detection
of signs of toxicant exposure on children's and teenage body.
One of the few methods of diagnosis sensitization refers to
chemical compounds leukocyte migration inhibition test
(LMIT) [14]. This test is a highly informative, however, the
labor intensity, the need for a procedure under sterile
conditions in the coming hours after blood collection do not
allow to apply them by screening. In this regard, the search for
alternative methods of diagnosis of sensitization to various
substances, including the application of mathematical
modeling is one of the urgent tasks of preventive medicine.

III.

RESULTS AND DISCUSSIONS

Analysis of immunological and hematological studies in
schoolchildren showed informative indicators that may
indicate the presence of sensitization and be used to construct
a mathematical model predicting sensitization of the organism
adolescents to formaldehyde (Table 1.).
TABLE 1 INFORMATIVE IMMUNOLOGICAL AND HEMATOLOGICAL

The objective of this study was to develop a mathematical
model to predict sensitization to formaldehyde, using data on
the levels of specific autoantibodies and parameters of
leukocyte formula.

PARAMETERS IN ADOLESCENTS WITH LEUKOCYTE REACTION TO
FORMALDEHYDE

Parameters
Me
Q25
Q75
Group of children with lack of response to formaldehyde
(an index of migration of leukocytes in the range of 0.8-1.2)
Eosinophils, %.

II. MATERIALS AND METHODS

2.00

Autoantibodies to membrane antigens
-17.91
lung parenchyma (auto-AT LuM), %

The study involved 153 adolescents 14-17 years old from
the industrial city living and attending educational institutions
in areas with high levels of air pollution. Blood sampling was
carried out in surveyed from the cubital vein using vacuum
systems after a 12-hour fast. In the blood serum was
investigated the relative abundance of specific autoantibodies
(autoantibodies) class IgG to 16 different antigens,
characterizing the state of the main organs and systems, semiquantitative enzyme immunoassay using the children's panel
ELI-Viscera-Test-16 ("Immunculus", Moscow). In accordance
with the instructions of the manufacturer of the test system was
calculated the average individual immunoreactivity (AII) on
the content of all the 16 specific autoantibodies and
abnormality of the contents of each type of autoantibodies. The
values of the relative content of autoantibodies can be both
positive and negative [15].

1.00

3.50

-34.47

-5.90

Autoantibodies to beta2-glycoprotein
1.75
-7.41
15.26
I β2-GP I (β2-GP I), %
Group of children with existence of response to formaldehyde
(index of migration of leukocytes more than 1.2 or less than 0.8)
Eosinophils, %

0.00

Autoantibodies to membrane antigens 119.19
lung parenchyma (auto-AT LuM), %
Autoantibodies to beta2-glycoprotein
1.17
I (β2-GPI), %

0.00

4.00

46.32

479.94

26.66

3.77

The next step is using logistic regression results of the
research groups studied, we got two equations expressing the
relationship of the variable (response to formaldehyde LMIT)
the indicators are considered as predictors. For the first
equation as predictors was used of eosinophils in the blood
(EPZs) and the relative level of autoantibodies (autoAB) to
membrane antigens of lung parenchyma (Lum). In the second
equation predictors were the relative content of autoantibodies
LuM and autoAB to β2-glycoprotein I (β2-GP I).
Diagnostic ratios (Y) was calculated using variables
include identifying informative indicators.
The first model is described by the equation (1):

For LMIT have been used leukocytes obtained from whole
blood, taken with anticoagulant К3EDTA. Leukocyte migration
inhibition test was performed using Costar plates in RPMI1640 culture medium supplemented with the test chemokinetic
factors (formaldehyde). It was used as a negative control
culture medium without addition of chemoattractants. It was
used mitogen phytohemagglutinin (PHA) as a positive control
for inhibition of leukocyte migration. After incubation, the
visually determined the size of the colony on the scale inside
the eyepiece binocular magnifier. Migration index was
calculated by the ratio of the test sample to a positive control.
Migration indices lying outside 0,80-1,20, is considered
positive.

Y=exp(-0,383+0,266*auto-AB LuM+0,062*EPZs)/1 +
exp(-0,383 + 0,266* auto-AB LuM + 0,062*EPZs)
(1)
Y - diagnostic coefficient, -0,383 - constant, 0,266 и 0,062
- coefficients of predictors, EPZs - relative quantity of
eosinophils in blood (%); auto-AB LuM - relative contents
auto-AT to membrane antigenes of a lung parenchyma (%);
2*log(Likelihood)= 102,316, χ2=25,136, df=2, р=0,0000035
(Fig. 1).
If Y is less than 0.5 did conclusion about the absence of
the body's reaction to formaldehyde and predicted lack of
sensitization of the organism to formaldehyde, with Y more
than 0.5 have a reaction to formaldehyde is considered
positive and predicted organism sensitization to formaldehyde.

In the whole blood was investigated cell composition with
differential leukocyte count conventional manner per 100 cells,
expressed as %.
To develop a method from surveyed were formed two
"training" groups. Teenagers having an index inhibition
migration of leukocytes to formaldehyde outside the reference
values were the group I (n = 42), high school students with an
index inhibition of migration of leukocytes in the normal range
- group II (n = 50). Statistical processing of results was
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The data obtained show that under load is formed of manmade sensitization of the organism adolescents formaldehyde.
Informative immunological and hematological parameters
(eosinophils in the blood, the relative level of autoantibodies
to membrane antigens lung parenchyma LuM and beta 2glycoprotein I β2-GP I) enabled the development of
mathematical formulas, that allow forecast organism
sensibilization Adolescents in groups studied by us to
formaldehyde without applying LMIT. Both models
developed by us have high specificity, but their disadvantage
is low sensitivity. Despite this, these methods predict
sensitization suitable for use in screening surveys of urban and
rural population, as well as people in remote areas of health
institutions and research organizations.

Next to verify the adequacy of the proposed method in a
group of persons that are included and the ratio of the forecast
is not included in the training group was calculated and the
real outcome (there is a reaction on formaldehyde or not), is
presented in Table 2.
The sensitivity of the method was 59.52%, specificity 90.00%.

Fig. 1. Prediction model of sensitization to formaldehyde in adolescents with
hematological and immunological parameters
TABLE 2 THE RATIO OF THE FORECAST AND THE ACTUAL DIAGNOSIS OF THE
SURVEYED ADOLESCENTS USING THE MODEL OF HEMATOLOGICAL AND
IMMUNOLOGICAL PARAMETERS

Ranges design factor for
the forecast
Estimated coefficient Y
more than 0.5
(Predicted response to
formaldehyde)
Estimated coefficient Y
less than 0.5
(The reaction is not
expected to formaldehyde)

Reaction of formaldehyde in LMIT
Presence
Absence
Total
(fact)
(fact)
24 persons
(57.1%)

18 persons
(42.9%)

42
persons
(100%)

3 persons
(6.0%)

47 persons
(94.0%)

50 persons
(100%)

Fig. 2. Prediction model of sensitization to formaldehyde in adolescents with
immunological parameters
TABLE 3 THE RATIO OF THE FORECAST AND THE ACTUAL DIAGNOSIS OF THE
SURVEYED ADOLESCENTS USING IN THE MODEL AS PREDICTORS OF
IMMUNOLOGICAL PARAMETERS MODEL

Ranges design factor for
the forecast

The second model predicting sensitization of the organism
adolescents to formaldehyde described by the equation (2):

Estimated coefficient Y more
than 0.5
(Predicted response to
formaldehyde)
Estimated coefficient Y less
than 0.5
(The reaction is not expected
to formaldehyde)

Y=exp(-0,222+0,004* auto-АB β2-GP I +0,026*
auto-АB LuM)/(1+ exp(-0,222+0,004* auto-AB β2-GP I
+0,026* auto-АB LuM))
(2)
Y - diagnostic coefficient, -0,222 - constant, 0,004 и 0,026
- coefficients of predictors; auto-AB LuM - relative contents
auto-AB to membrane antigenes of a lung parenchyma (%);
auto-AB to β2-glycoprotein I (β2-GP I) - relative contents
auto-AB to β2-glycoprotein I (β2-GP I).
For this model - 2*log(Likelihood)=
χ2=24,13378, df=2, р =0,0000058 (fig. 2).

Reaction of formaldehyde
in LMIT
Presence
Absence
(fact)
(fact)

25 persons
(59.5%)

17 persons
(40.5%)

5 persons
(10.0%)

45 persons
(90.0%)

Total

42
persons
(100%)
50
persons
(100%)

CONCLUSION
Presented in the article approach for predicting
sensitization to formaldehyde in children, based on the
statistical methods of data analysis, it allows its use for
screening examinations. Prognostic approach allows for the
most effective organization to help children, the preservation
and strengthening of health. This forecast allows medical
personnel to determine the risk of the existence and
development of allergy pathology.

101,7062,

As in the case of the first model threshold value Y for
predicting the presence or absence of sensitization to
formaldehyde was 0.5.
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