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PE3IOME. Bgedenue. B mocnennue ToAabl aKTHBHO BEACTCS IMOWUCK PA3JIMYHBIX JUATHOCTH-
YECKUX W MPOTHOCTHYECKHX MapKEPOB Impu artonudeckoMm nepmatrute (AtH). Tak, Hampumep,
BHHUMaHHE UCCIIeI0OBATENCH TPUBIICKIIO H3yYCHUE POJIM CUTHAIBHBIX OCIKOB, BhIPabaThIBAEMBIX
KJIETKaMH 3HJIOTENNs COCylI0B, — Ba3odHgoTenuaibHblii paktop (VEGF) — perynupyrommx
MPOIIECCHl aHTUOTEHE3a, POCT | JIEJICHHE KJIETOK SIHJAePMHUCA KaK BaXKHBIX MaTOTEHETHUYECKUX
MEeXaHU3MOB BocmaieHus. Y mosTomy Oblia MpeAnprHsATa TONBITKA ONIeHUTh YypoBeHb VEGF y
nereit ¢ At]l Ha pone repnecBupycHoit nHdeknuu (I'BW1) ¢ mienpro mporHo3upoBaHus gaabHEN-
1Iero TeYeHus: 00Je3HN U 000CHOBAHHOTO MO/IX0AA K IEPCOHUPHUITMPOBAHHON Tepaluu y AeTer
¢ At/l. I]env — pa3paboTaTh alITOPUTM WHIWBHAYATHLHOTO IPOTHO3a PAa3BUTHUS aTOIMHNYECKO-
ro mapma y nereid ¢ At/l Ha doHe MHPULIHPOBaHHS BHPYCOM IpocToro repreca. Mamepua-
bl u memoost. KommekcHo obcienoBano 140 manuenTos ¢ AT/l B Bo3pacte oT 2 10 12 jeT u
70 310pOBBIX MAITUEHTOB aHAJIOTHYHOT0 Bo3pacTa. Ctaructudeckas o0paboTKa pe3yabTaToB BbI-
MTOJTHSTAch ¢ ucnoyib3oBanueM nakera mporpamm STATISTICA 12.0 (Stat Soft Inc.) m SPSS-16.
Jns pa3paboTKH MaTEeMaTUUYECKON MOJEIN MPOrHO3UPOBAHUS BEPOSTHOCTH Pa3BUTHS aTOIHU-
yeckoro Mapiia y nereit ¢ At/l Ha ¢pone ['BU ucnonb3oBasics MeToa OMHAPHON JIOTMCTUYECKOM
perpeccuu. OneHka kauecTBa pa3paboTaHHON MOeNH TpoBoAMIack npu nmomomu ROC-anann3a
¢ pacuerom tomanu nog ROC-kpusoit (AUC). Pesynvmamopt. PazpaboTaH anropuTM HHIU-
BHJIYaJIbHOTO TIPOTHO3a PAa3BUTHUS aCCOIMUPOBAHHON aTONMMYECKON MaTojoruu y nerei ¢ At/l,
MHOUIMPOBAHHBIX BUPYCOM MPOCTOrO repreca. BBIsSBIEHO Takke MOPOroBOe 3HAUEHUE YPOBHS
Ba303HA0TEIHAIBHOIO (hakTopa pocta 19,15 Hr/Min — «rouka pasneiaeHus» (cutoff), mossossto-
ee peKOMEH/I0BaTh €ro JUIS MPOTHO3a Pa3BUTHS aTOMUYECKOro Mapiia y naeteit ¢ At/l, nHu-
[UPOBAHHBIX BUPYCOM IIPOCTOro reprieca. 3axaruenue. 1IpeanoKeHHbI anTOPUTM TO3BOJISIET
CIIPOrHO3MPOBATh Pa3BUTHE aTOMMYECKOTO Mapimia y aeteil ¢ At/l, "HGUIUPOBaHHBIX BUPYCOM
MPOCTOTO repreca, 00JajaeT BEICOKOW 4yBCTBUTENBHOCTHIO (82%), cienupudanocThio (90%) u
MPOTHOCTHYECKOH 3HAYNMOCTHIO (90%), 94TO MaeT BO3MOKHOCTh PEKOMEHIOBATh €T0 MCIOIb30-
BaHUE B KIIMHUYECKOW MPAKTHUKE.
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ABSTRACT. Introduction. In recent years, there has been an active search for various diagnostic
and prognostic markers for Atopic dermatitis (AtD). For example, the attention of researchers
was drawn to the study of the role of signaling proteins produced by vascular endothelial cells —
vasoendothelial factor (VEGF) — regulating angiogenesis, growth and division of epidermal
cells as important pathogenetic mechanisms of inflammation. The aim of study — to develop an
algorithm for an individual prognosis of the development of the atopic march in children with
AtD against the background of infection with the herpes simplex virus. Materials and methods.
The study is a comprehensive examination of 140 patients with AtD aged 2 to 12 years and 70
healthy patients of the same age. Statistical processing of the results was performed using the
STATISTICA 12.0, (Stat Soft Inc.) and SPSS-16 software packages. To develop a mathematical
model for predicting the probability of developing an atopic march in children with AtD against the
background of HSV, the binary logistic regression method was used. The quality of the developed
model was assessed using ROC analysis, with the calculation of the area under the ROC curve
(AUC). Results. An algorithm for an individual prediction of the development of associated atopic
pathology in children with ATD infected with the herpes simplex virus has been developed. A
threshold value of vasoendothelial growth factor level of 19.15 ng/ml was also identified — the
“cutoff point” (cutoff), which allows us to recommend it for predicting the development of the
atopic march in children with AtD infected with the herpes simplex virus. Conclusion. The
proposed algorithm allows predicting the development of the atopic march in children with
ATD infected with the herpes simplex virus, has high sensitivity (82%), specificity (90%) and

prognostic significance (90%), which allows us to recommend its use in clinical practice.

KEYWORDS: angiogenesis, epidermal growth factor, atopic dermatitis, diagnostics

INTRODUCTION

Atopic dermatitis (AtD) remains an impor-
tant medical and social problem in childhood
due to its high prevalence, early manifestation,
polymorphism of clinical manifestations and
tendency to recurrent course. Despite the suc-
cesses achieved in the diagnosis and treatment
of the disease, many pathogenetic mechanisms,
including those in combination with an infection,
remain unexplored. At the same time, conta-
mination with bacterial, fungal, viral agents and
parasitic invasions are not only triggers, but also
promoters of complicated AtD [3].

The problem of AtD is important for medi-
cine, in particular for pediatrics and pediatric al-
lergology, dermatovenereology, as evidenced by
the prevalence and steady growth of this disease
among children all over the world. The onset of
the disease is observed in early childhood and is
observed in 60-70% of children in the first year
of life. For many years, AtD retains its clinical
signs, acquiring a chronic course [5].

The data available in the literature on the
pathogenesis of AtD do not allow a more accu-
rate assessment of the effect on the course of the

disease of various disorders of the immunologi-
cal status of the child’s body, which can act as a
cause of secondary skin infection. The frequency
of complicated forms of AtD in children avera-
ges up to 30% [6, 8, 9].

The high frequency of herpes simplex vi-
rus (HSV) I and II infection is considered by
researchers in the development of AtD and the
subsequent atopic march (AM) from diametrical-
ly opposed positions.

In recent years, various diagnostic and prog-
nostic markers for AtD have been actively
sought. For example, the attention of researchers
has been drawn to the study of the role of sig-
naling proteins produced by vascular endothe-
lial cells / vasoendothelial factor (VEGF) / and
epidermal cells / epidermal growth factor (EGF),
which regulate angiogenesis processes, growth
and division of epidermal cells as important
pathogenetic mechanisms of inflammation [1, 2,
4,7, 10].

Similar studies have not been conducted in
children with AtD.

At the same time, determining the levels of
vasoendothelial and epidermal growth factors in
pediatric patients with AtD may be promising
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both for clarifying the pathogenetic mechanisms
of inflammation in this disease, including infec-
tion with HSV types I and II, and for predicting
the further course of the disease and a substan-
tiated approach to personalized therapy in chil-
dren with AtD.

THE AIM OF THE STUDY

To develop an algorithm for an individual
prognosis of the development of associated ato-
pic pathology in children with atopic dermati-
tis against the background of infection with the
herpes simplex virus based on a comprehensive
clinical and laboratory examination of patients.

MATERIALS AND METHODS

The study is analytical cross-sectional and is
presented by a comprehensive examination of
140 children with AtD aged 2 to 12 years, divi-
ded into 2 groups: 70 children with an established
diagnosis of AtD; 70 children with a diagnosis of
atopic dermatitis infected with the herpes simp-
lex virus (AtD + HSV). The control group con-
sisted of 70 somatically healthy children.

The study was conducted with the permission
of the Local Ethics Committee of the Federal
State Budgetary Educational Institution of Ast-
rakhan State Medical University. There were no
amendments to the original protocol. The dia-
gnostic criteria and the therapy administered
complied with the clinical guidelines “Atopic
dermatitis — 2021, 2022, 2023, approved by
the Ministry of Health of the Russian Federation
on 08/26/2021.

In addition to collecting complaints and
anamnesis, the examination of patients included
a physical examination of the patient’s organs
and systems; traditional laboratory examination
(clinical blood test, biochemical blood test); in-
strumental examination (electrocardiography,
ultrasound); Special laboratory examination in-
cluded determination of: specific antibodies of
classes IgM and/or IgG to antigens of the HSV
virus types 1-2 by the enzyme-linked immuno-
sorbent assay (ELISA) using reagent kits from
Vector-Best, Novosibirsk, Russia; determination
of deoxyribonucleic acid (DNA) of the studied
herpes viruses in blood samples — by the poly-
merase chain reaction (PCR) using test systems
manufactured by the Central Research Institute
of Epidemiology of Rospotrebnadzor, Mos-
cow; determination of vasoendothelial growth
factor A (VEGFA) and EGF in the blood plasma
of patients was carried out by the ELISA method

using highly sensitive HEA143Hu reagent kits
from Cloud-Clone Corp. Reference values in the
range of 1.0-98.6 pg/ml.

Statistical processing of the results was per-
formed using the statistical software package
STATISTICA 12.0, Stat Soft Inc. and SPSS-16.

In each group, the median (Me), the values of
the 1% and 3™ quartiles (Q1; Q3), and the 5" and
95t percentiles were calculated for the numeri-
cal indicators; the absolute number and percen-
tage share are indicated for each categorical vari-
able in the group. To test statistical hypotheses
when comparing quantitative indicators in two
independent groups, the Mann—Whitney test (U)
was used. When comparing categorical variables
in groups, the Pearson chi-square test (%) was
used. To compare more than two groups of quan-
titative data, the Kruskal-Wallis test was used;
in the presence of statistically significant diffe-
rences, the Mann—Whitney test (U) was used for
pairwise comparisons.

The critical level of statistical significance
when comparing more than two independent
groups was calculated using the formula p=1-
0.95 1/n, where n is the number of comparisons.
To test the normality of the data distribution, the
Kolmogorov—Smirnov test with Lilliefors cor-
rection (for n >50 in the group) and the Shapiro—
Wilk test (for n <50 in the group) were used. To
test the hypotheses about the homogeneity of
general variances, the Levene test was used.

The study of the relationships between the
features was carried out by calculating the Spear-
man rank correlation coefficient (r). Correlation
relationships were considered statistically signif-
icant at p <0.05. The strength of the correlation
was assessed qualitatively: at r 0.0-0.3 — as its
absence or indicators of a weak relationship; at
r from 0.4-0.7 — as moderate; at r more than
0.70 — as strong.

RESULTS AND DISCUSSION

Using correlation analysis, among the studied
indicators and factors, those associated with the
development of the atopic march in children with
AtD + HSV were identified (Table 1). The coeffi-
cients characterizing the relationship between the
development of AM and the level of VEGF, ng/ml
(r=0.873; p <0.001), the presence of parasitic in-
vasion (r=0.795757; p <0.001) had the greatest
strength.

In connection with the data of the correlation
analysis, the above factors were included in the
algorithm developed using the binary logistic re-
gression method for predicting the probability of
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Table 1

Data of the correlation analysis in the group of children with atopic dermatitis infected
with the herpes simplex virus

Indicator Spearman P-level
VEGF, ng/ml 0.87335 0.000012
Presence of parasitic invasion 0.795757 0.000018
EGF, nq/ml 0.65331 0.000134
Scoring of Atopic Dermatitis index, points 0.495223 0.005343
Intensity of clinical signs: 1-weak, 2-moderate, 3-strong 0.548274 0.003059
Severity of AtD: moderate, severe 0.466342 0.005726
Ig E, ME/ml 0.471126 0.007639
Gastritis, gastroduodenitis 0.345502 0.060721
Reactive pancreatitis 0.229232 0.198856
Reactive hepatomegaly 0.113535 0.582144
Hepatosplenomegaly 0.091266 0.621825
Number of red blood cells in complete blood count, 10'%/1 -0.216574 0.122027
Hemoglobin level in CBC, g/l —-0.158725 0.357092
Number of white blood cells in CBC, 10%/1 0.173176 0.364639
Level of total blood protein, g/ 0.286763 0.138453
Level of blood albumin, g/l 0.238552 0.212337
Level of blood globulins, g/l 0.289002 0.093353
Activity of blood alanine aminotransferase, U/l 0.093752 0.610972
Activity of blood aspartate aminotransferase, U/I 0.092664 0.661136
Level of blood glucose, g/ 0.071385 0.830924

developing AM in children with AtD against the
background of HSV (Formula 1).
Formula 1:

p=ll1+e-z
where z=2.696 - X + 0.175 - ¥V — 8.462, where
X — presence (2) or absence (1) of parasitosis;
Y — level of endothelial growth factor (ng/ml).

The significance of the coefficients was tes-
ted using Wald statistics. The level of statistical
significance of the model coefficients was 0.019,
which is less than 0.05 and indicates the statis-
tical significance of the prediction results using
this model (Table 2).

The significance of the developed algorithm was
also assessed using the Omnibus Test (Table 3).
The results indicate the statistical significance of
the algorithm (3>=56.194; df=2; p <0.0001).

Below is a classification table in which the
observed indicators of belonging to the group
(1 — no AM (atopic march), 2 — there is AM)
are contrasted with those predicted on the basis
of the calculated algorithm.

From Table 4, it can be concluded that out
of the total number of patients included in the

work (70 people), “strictly positive” results were
obtained in 29 patients (41%), false negative
(recognized by the test as healthy, although they
are sick) — in 3 patients (4%). “Strictly negative”
results were obtained in 31 patients (44%), false
positive (recognized as sick, although they are
healthy) results — in 7 patients (10%). In total,
60 cases were correctly recognized, which is 86%.

The significance of the coefficients was
checked using the Wald criterion (Table 5). The
level of statistical significance of the coefficients
is less than 0.05, which allows using these indi-
cators in the prognostic algorithm.

Based on the values of the regression coef-
ficients, the VEGF factors and parasitosis have
a direct relationship with the likelihood of de-
veloping AM. The presence of parasitic invasion
increases the chances of the AM by 14.8 times
(95% CI1 2.873-76.474), an increase in the VEGF
level by 1 ng/ml increases the chances of the AM
by 1.195 times (95% CI 1.045-1.359).

The diagnostic sensitivity of the developed
prognostic model is 82%. The diagnostic speci-
ficity of the test is 90%. The diagnostic efficiency
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Table 2
Variables in the equation of the prognostic algorithm
B S.E. Wald Sig
(regres§1on (standard (wald statistical test df (significance) Exp (B)
coefficient error) value)
Step 0 Constant -0.961 0.328 5.511 1 0.019 0.372
Table 3
Testing the significance of the algorithm (Omnibus Tests)
Chi-square df Sig.
Step 1 Step 56.194 2 p <0.0001
Block 56.194 2 p <0.0001
Model 56.194 2 p <0.0001
Table 4

Classification table

Observed indicator

Predicted indicator

Significance check of the algorithm coefficients

AM Percentage of correct
1 —no 2 —vyes predictions
No AM 1 31 7 81.7
Yes AM 2 3 29 90.7
Total percentage indicator 85,8
Table 5

B Wald df

Sig.

Exp (B)

95% C.1. for Exp (B)

Lower Upper

Step 1° VEGF 0.175 6.87 1

0.009

1.192

1.045 1.359

Parasitosis 2.696 10.372 1

0.001

14.823

2.873 76.474

Constant -8.866 16.101 1

0.000

0.000

(Accuracy) is 86%. The prognostic value of a
positive result is 82%. The prognostic value of
a negative result is 90%. The prognostic criteri-
on prognostic validity of the test was calculated.
The validity coefficient is =0.6. Also, the qua-
lity assessment of the developed model was car-
ried out using ROC analysis, with the calculation
of the area under the ROC curve (AUC).

For the developed algorithm, the AUC was
0.845+0.02 (95% CI 0.678; 0.991), indicating
excellent quality of the developed algorithm.

The proposed algorithm allows predicting the
development of the AM in children with AtD
against the background of herpes-virus infections
(HVI).

In order to establish the threshold value of
VEGF for predicting the development of the AM

Fig. 1.
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in children with AtD + HVI, a “cut off” was es-
tablished using ROC analysis.

The threshold value of VEGF for predicting
the development of the AM in children with
AtD + HVI was 19.15 ng/ml, while the area un-
der the ROC curve was 0.922+0.03 [0.863—-0.98]
(p <0.001). The sensitivity for this threshold va-
lue was 84.4%, specificity 73.7%.

CONCLUSIONS

An algorithm for individual prediction of the
development of the atopic march in children with
atopic dermatitis infected with the herpes simplex
virus has been developed, with an assessment of
the quality of the model and calculation of the
area under the ROC curve (AUC=0.845+0.02
(95% CI1 0.678; 0.991).

The obtained data expand the understanding
of the pathogenesis of the disease and can be
used in pediatric practice to improve the quality
of diagnosis, therapy and prevention of AtD.

NONOMHUATENbHAA NHDOPMALMA

Bxkuag aBropoB. Bece aBTopbl BHECHIH cyle-
CTBEHHBII BKJIaJ B pa3pab0TKy KOHLETINHU, IIPO-
BEJICHUE HCCIICOBAHUS M IIOITOTOBKY CTaThH,
MPOwWIN M 0100pMiIH (PHHATBHYIO BEPCUIO TIEpEe.T
nyOnuKanuen.

Konpuaunkt nHTepecoB. ABTOPHI JAeKIapupy-
10T OTCYTCTBHME SABHBIX M NOTEHIUATbHBIX KOH-
(JIMKTOB MHTEPECOB, CBA3aHHBIX C MyOIUKaIeH
HAaCTOSIIEH CTaThH.

HctouHuk ¢puHaHcupoBaHusi. ABTOpHI 3a-
SIBIISIIOT 00 OTCYTCTBHM BHELIHEro (PMHAHCHUPO-
BaHUS IIPU MIPOBEACHUN UCCIICAOBAHUS.

NnpopmupoBaHHoe corjiacue Ha MyOJInKa-
HMI0. ABTOPHI MOJIYYHJIN TUCBMEHHOE COTylacue
3aKOHHBIX IpeACTaBUTeNel MalMeHTOB Ha IIy-
OJMKAIMIO METUITMHCKHIX JTaHHBIX.
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