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The prognostication of development of respiratory tract bacterial diseases

for children of early age

H. 0. Lezhenko**PF A, V. Abramov®, H. V. Krainia®cP

Zaporizhzhia State Medical University, Ukraine
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E - critical revision of the article; F - final approval of the article

The purpose of this study was definition of influence of the modified factors in development of acute pneumonia in children
of early age and development of the method of prognostication of disease development.

Materials and methods. 89 children of early age with acute bronchopulmonary pathology whose average age was 1.3 + 0.2
years (47 children with acute bacterial bronchits and 42 children with acute community-acquired pneumonia) were examined.
Also we tested the level of 25-hydroxyvitamin D (25(0OH)D), hBPI, cathelicidin LL-37, lactoferrin in blood serum with the help
of immunoenzymometric analysis. The significant factors that are most associated with the development of acute pneumonia
were revealed using factor analysis. For prognostication of probability of development of an acute pneumonia the equation
of logistic regression was used. Determination of quality of the received model of prognostication was conducted by means
of the ROC analysis and index of AUC. For assessment of the discriminating ability of model the Gini index was calculated.

Results. By results of conducted factor analysis 5 significant factors determining the main part of predictors of development
of an acute pneumonia in children of early age, patients with acute inflammatory bronchopulmonary pathology were allocated.
The conducted correlation analysis of variables revealed existence of interrelations between prenatal, anamnestic and immune
factors which entered further mathematical model of probability of development of an acute pneumonia in children of early
age. The statistical importance of the created model was confirmed by Omnibus Test, the diagnostic information content was
estimated according to a ROC curve that confirmed high quality of model.

Conclusion. On the basis of the conducted factor analysis the most priority predictors of development of an acute pneumonia
in children of early age with acute bronchopulmonary pathology who were further included to the mathematical prognostic
model of probability of development of the specified disease were allocated.

MporHo3yBaHHA po3BUTKY 6akTepiaAbHUX 3aXBOPIOBaHb OpraHiB AUXaHHSA
B AiTei paHHbOro BiKy

I. 0. AexeHko, A. B. Abpamos, I. B. KpaitHs

MeTta po60oTu — BM3HaYeHHs! BNMBY MOAUMIKOBaHUX (haKTOPIB y PO3BMTKY FOCTPOI MHEBMOHIi B AiTel paHHbOro Biky Ta
po3po6reHHs MeToLy NPOrHO3yBaHHS PO3BUTKY 3aXBOPHOBAHHSI.

Matepianu Ta metoau. Obctexunu 89 aiten paHHbOro Biky 3 FOCTPOK BPOHXONEreHEBOK NATONONIE, CEpeaHil BiK SKUX
craHosmB 1,3 £ 0,2 poky (47 piTei, siki XBopi Ha rocTpuin GakTepianbHWA GPOHXIT, | 42 fiTel, siki XBOpi Ha roCTpy no3asnikapHsHy
MHEBMOHit0). 32 JONOMOroH0 iMyHOEPMEHTHOIO aHani3y AOCHigKyBanq BMICT y cupoBaTLi KpoBi 25-rigpokcvsitaminy [ (25(0H)
D), hBPI, kateniumanHy LL-37, naktodepuHy. 3a 4ONOMOroto hakTopHOro aHanisy BUSIBUMK 3HauyLLi hakTopu, Lo HabinbLue
NOB'AI3aHi 3 PO3BMTKOM FOCTPOi MHEBMOHIi. [1nsi NporHo3yBaHHs IMOBIPHOCTI PO3BUTKY rOCTPOI MHEBMOHIi BYUKOPMCTOBYBaNM
PIBHSIHHSA NOTCTUYHOI perpecii. AKiCTb 0TpUMaHoi Moaeni NPorHo3yBaHHs BU3Havanu 3a gonomoroto ROC-aHani3y Ta nokas-
Huka AUC. [Ins ouiHIOBaHHSA AUCKPUMIHYIOYOI 30aTHOCTI MoZeni po3paxoByBany iHgekc Gini.

Pesynkratu. 3a pesynsratamut (hakToOpHOroO aHanisy BUAINUMM 5 3HauyLLmx akTopiB, WO AETEPMiHYTb OCHOBHY YacTUHY
NPEeOVKTOpPIB PO3BUTKY rOCTPOI MHEBMOHIT B AiTell paHHbOrO BiKy, sKi XBOPI Ha rocTpy 3ananbHy GpOHXOorereHeBy NaTomnorito.
KopensiuinHmii aHanis 3MiHHMX MOKa3aB HasiBHICTb B3aEMO3B'A3KIB MixX MpeHaTanbHUMKU, aHaMHECTUHMHUMI Ta iIMYHHUMN
dhakTopamu, Ski Hagani BBINLLKM O MaTeMaTUyHOI MOAeni MMOBIPHOCTI PO3BUTKY FOCTPOI MHEBMOHIT B [jiTe paHHLOTO BiKY.
CratucTMyHY 3HauyLLicTb CTBOpEeHOT Moaeni niaTeepaxeHo Omnibus Test, giarHocTYHa iHOPMATUBHICTb OLiHEHA 33 AaHUMW
ROC-kpvBoi, sika nigTBEpAMMIa XOPOLLY AKICTb MOZENI.

BucHoBku. Ha nigcrasi hakTopHOro aHanisy BU3Hauvnm NpiopuTeTHI NPeayKTOpu PO3BUTKY rOCTPOI MHEBMOHIT B AiTel paH-
HbOTO BiKY, 5Ki XBOpi Ha rOCTPY 3anarnbHy BpoHXxonereHeBy NaTonorito, Lo Haaani BBIMLLM 1O MaTeMaTNiHOT Mogeni MPOorHo3y
MIMOBIPHOCTi PO3BUTKY LibOr0 3aXBOPHOBAHHS.

MporHo3upoBaHue pa3BUTUA 6aKTepua/\belx 3aboneBaHMK OpraHoB AblIXaHUA
y AeTeu paHHero Bo3pacTta

I. A. AexeHko, A. B. Abpamos, A. B. KpaiiHas

Lienb pa6otki — onpegenexve BIUSHAS MOAUAULMPOBaHHBIX (haKTOPOB B Pa3BUTUW OCTPOI MHEBMOHWW Y [ETEN PaHHEro
BO3pacTa u paspaboTka MeToa NPOrHo3MpOBaHNS Pa3BUTHS 3aboneBaHws.
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Marepuansi v metoabl. Obcnenosany 89 feTeit paHHEro BO3pacTa C 0CTPOii GPOHXONEro4HON NaTonormen, CpeaHUn Bo3pact
koTopbIx coctaeun 1,3 + 0,2 roga (47 geTen ¢ ocTpbIM 6akTepuarnbHbIM GPOHXUTOM 1 42 AeTel C OCTPOI BHEGOMBHUYHOM
nHeBMOHMeN). C NOMOLLbH0 MMMYHOEPMEHTHOIO aHan13a uccrneaoBani CogepXaHue B CbIBOPOTKE KPOBM 25-TaPOKCUBUTa-
muHa [] (25(0OH)D), hBPI, katenuumnamnHa LL-37, naktodeppuHa. C noMoLLbo hakTOPHOro aHanmaa ycTaHoBMNEeHb! 3Ha4MMble
¢hakTopbl, KOTOPblE B HAMOOMbLLEN CTEMNEHM CBA3aHbI C PAa3BUTUEM OCTPOI MHEBMOHMU. [ NPOrHO3MPOBaHMs BEPOSITHOCTY
pasBWTWS OCTPO MHEBMOHIM BbINO MCMOMNB30BaHO YPaBHEHWE NOTCTUYECKon perpeccun. OnpegeneHne kadecTsa nonyyeH-
HOW MOZENV NPOrHO3VPOBaHNS NpoBoaunm ¢ nomoLubio ROC-aHanu3a n nokasatens AUC. [ins oLeHkv AUCKpUMUHMpYoLLen
CnocoBHOCTY MOoAENM paccunTbiBancs uHaekc Gini.

Pesynbrathbl. B pesynsrate hakTopHOro aHanusa Bbiaenunm 5 3Hadnmbix (hakTopos, AETEPMUHMPYIOLLIMX OCHOBHYIO YacTb
NPeayKTOPOB Pa3BUTUS OCTPO MHEBMOHMM Y AETe paHHero Bo3pacTa, 60rbHbIX OCTPON BOCMaNMTENbHOM BPOHXONEro4Hon
natonorueit. KoppensumoHHbIin aHanus nepemMeHHbIX nokasan Hanuyme B3anmMocBA3e Mexay npeHaTanbHbIMKY, aHaMHECTH-
YECKUMM N UMMYHHBIMW (hakTopamu, KOTopble B AarnbHeiLleM BOLLMM B MaTEMATUYECKY0 MOAESb BEPOSTHOCTW PasBUTUS
OCTPOW MHEBMOHMM Y ieTel paHHero BodpacTa. CtatucTnieckas 3Ha4YMMoCTb Co3aaHHoON Modeny nogreepxaeHa Omnibus Test,
AnarHocTnyeckas MHPopMaTMBHOCTb OLieHeHa no AaHHbIM ROC-kpuBoi, koTopas NOATBEPAMIIa XOPOLLEe Ka4eCTBO MOAENM.

BbiBogbl. Ha ocHoBaHWu hakTopHOro aHanusa BblgerneHbl Hanbonee NpUOPUTETHLIE NPEOMKTOPLI Pa3BUTUSI OCTPOIA
NMHEBMOHMWW Y [ETEN PaHHEro Bo3pacTa, B0bHbIX OCTPOI BPOHXONEro4YHONM NaTonorven, Kotopble B AanbHeNWweM BOLMN B

MaTeMaTU4eCcKyto MoAenb NPOrH03a BEPOATHOCTU Pa3BUTUA YKa3aHHOIO 3aboneBaHus.

In recent years pneumonia which is the sixth mostimport-
ant reason of child mortality in the world continues to keep
the relevance among diseases of respiratory organs [1].
Itis one of the most frequent reasons of hospitalization of
children up to 5 years old it demands timely diagnostics
and the most effective treatment [2,3]. Influence of pre-
morbid factors in development of acute pneumonia among
children, such as the burdened obstetric and gynecologic
anamnesis, pathology of the perinatal and intranatal
periods, early artificial feeding is of great importance that
can act as risk factor for most of severe diseases and a
possible lethal outcome [4,5]. Itis necessary to notice that
factors which are not connected directly with development
of the disease or its activator, but which are capable to
worsen the course of a disease have no less influence
on development of pneumonia.

It is known that the epithelium of respiratory tracts
produces a number of protective factors — antimicrobic
peptides among which cathelicidin LL-37 has the greatest
protective properties, lactoferrin and hBPI[43,44]. Impor-
tance of value of antimicrobic peptides is beyond their
classical local antimicrobic activity, their broad biological
influence shows that these effector proteins provide
communication between a congenital and adaptive im-
munity [45,46]. It does not raise doubts that the acquired
defects of synthesis of antimicrobic peptides, especially
against the background of deficiency of vitamin D promote
increase in sensitivity to an infection and colonization
conditionally by pathogenic microflora which promotes
more severe disease and development of bacterial
complications [47].

The predictive importance of both endogenous and
exogenous risk factors of development of sharp pneumo-
nia in children of early age, their influence on the nature
of a course of a disease and its consequences are am-
biguous, which demands additional studying.

Purpose

The purpose of this study was definition of influence of
the modified factors in development of acute pneumonia
in children of early age and development of a method of
prognostication of disease development.

232 ISSN 2306-8027  http://pat.zsmu.edu.ua

Materials and methods

Respect for ethical aspects. The 89 children with acute
bronchopulmonary pathology among whom there are 47
children with acute bacterial bronchitis and 42 children
with acute community-acquired pneumonia entered into
group of observation (whose average age was 1.3 £ 0.2
years). Verification of the diagnosis was carried out ac-
cording to clinical protocols of diagnostics and treatment
of an acute bronchitis and acute pneumonia at children
[7,8]. The assessment of the severity of the condition
of patients was carried out in the first 24 hours from
the moment of the admission to the hospital, in children
with an acute bronchitis according to ABSS scale and in
children with an acute pneumonia according to criteria of
PRESS scale [9,10].

Methods. Microbiological inspection of material of
smears from a nasopharynx of the children with acute
inflammatory bronchopulmonary pathology was conducted
to purpose of antibacterial therapy, in the bacteriological
COMPACT VITEK 2 analyzer (BioMérieux, France) with
use of the software of AES: Global CLSI-based Phenotypic,

For the assessment of risk development of acute
pneumonia in children of early age calculation of
the relative risk (RR) in tables of associativity 2 x 2, with
determination of 95 % of confidence intervals (95 % CI)
was carried out. Informative signs with RR value more
than 1.0 were referred to number of the most significant
factors. For the analysis of influence of risk factors of
pneumonia development in children of early age with
acute inflammatory bronchopulmonary pathology, we
analyzed the obstetric and gynecologic anamnesis of
mothers, pathology of perinatal and neonatal periods,
the nature of feeding of children of the first year. Also
data of the anamnesis of a disease taking into account
hospitalization term in a hospital and terms of purpose of
antibacterial therapy were considered. By means of an
enzyme immunoassay we examined the serum content
of 25-hydroxyvitamin D (25(OH)D), human bactericidal/
permeability-increasing protein (hBPI), cathelicidin LL-37,
lactoferrin. The results of researches of these peptides
are published in the previous works [48,49].

Reliability of data and statistical analysis. The mathe-
matical analysis and statistical data processing were
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carried out with use of the licensed Statistica 13.0 software
package (StatSoft Inc., NeJPZ8041382130ARCN10-J).
For the purpose of identification of factors which are most
connected with development of acute pneumonia factor
analysis was used. For definition of factorial loading of
the studied indicators the Spearman correlation is chosen.
The most meaningful factors in model investigated by
means of criterion of “scree” and Kaiser criterion. For sam-
pling rates with high factor loadings of the complex (more
than 0.7) the method of orthogonal rotation VARIMAX
was used. The analysis with use of rotation of VARIMAX
is made taking into account results of the initial analysis
and using the variance for describing main component
data array [11].

For forecasting of probability of development of an
acute pneumonia the equation of logistic regression
was used:

p=1/(1+exp(-z)),

nez=a0+alxx1+a2xx2+.+anxxn;
x1, ..., xn —independent variables, a0, ..., an — index of regression?.

If the calculated p value equaled 0.5 or more, then
this patient was assigned to a group of children with
the largest probability of development of pneumonia.
The quality of the constructed model was estimated on
their sensitivity and specificity [12]. Statistical signifi-
cance of the model was evaluated for Omnibus Test
(universal coefficient test) and categorical predictor
validity of the test.

For identification of factors which most degree are
connected with risk of development of acute pneumonia
in children of early age, the method of a genetic algorithm
was used [13]. Determination of quality of the received
model of forecasting was carried out by means of
the ROC-analysis and an indicator of AUC — a numeral
index of the area under a ROC-curve [14]. For the assess-
ment of the discriminating ability of model the Gini index
was calculated by the formula:

Gini =2 x (AUC — 1) x 100 [15].

The interrelation between separate factors was
estimated by means of coefficient of pair correlation of
Pearson.

Results

The conducted analysis of a microbiological culture
from nasopharynx of children with acute inflammatory
bronchopulmonary pathology showed that in the group
of children with acute pneumonia in 64.4 % (21 cases)
the etiologic factor is the Streptococcus pneumoniae.
Almost half less common gram-negative pathogen is
Haemophillus influenza — 28.5 % (12 cases). The 4.7 %
(2 cases) it was Klebsiella pneumonia, in 1 case (2.4 %)
occurred cryptogenic pathogen.

For identification of the most informative criteria
influencing the development of pneumonia in children of
early age with acute inflammatory bronchopulmonary pa-
thology factor analysis which allowed to allocate the main
factors of risk of development of the specified pathology
was conducted.
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Table 1. The size of general dispersion of variables, that is presented by the first

5 factors

The factor % of total dispersion | The cumulative %
1

2.251 18.760 18.760
2 1.924 16.040 34.801
3 1.651 13.765 48.566
4 1.501 12.514 61.081
5 1.255 10.461 71.542

Table 2. Design of factorial loads of indicators that were studied, for the children

of early age with acute bronchopulmonary pathology

The indicators

The low birth weight -0.793
The hospitalization time -0.918
The late starting prescription of antibacterial treatment -0.911
The severity of disease

The character of feeding

Vitamin D

Lactoferrin

Cathelicidin LL-37

hBPI

Hemoglobin level

The sex of child

-0.702

-0.745

0.883
0.717

-0.810
-0.795

K R E U

-0.770

0.841

23 significant factors of development of acute
pneumonia for the children of early age were selected
by us, among them there were such modified factors as
the course data of perinatal period, character of nature
feeding of child of the first year, data of anamnesis and
severity of the disease, level of haemoglobin in peripheral
blood, maintenance in the blood serum of vitamin D and
antimicrobial peptids (lactoferrin, LL-37, hBPI) and such
not modified factor, as sex of child.

Factor analysis was conducted with the use of rota-
tion of VARIMAX taking into account the results of initial
analysis and allowed to determine possible to identify
five main components (Table 1). Actually the number of
components exceeded 1.0, and their total contribution to
general variation was 71.5 %. It specified on that these
factors determine basic part of predictors of development
of acute pneumonia for children from the groups of ob-
servation (Table 1).

On the next stage by means of method of main com-
ponents the matrix of the factor loading was determined
(Table 2).

According to the obtained data, the 1% factor which
described 18.7 % of the total variations, had a high degree
of loading, which includes the indexes of term of hospitaliza-
tion (factor loading — 0.918, RR 1.94, 95 % CI 1.30-2.92)
and the late starting prescription of antibacterial treatment
(factor loading — 0.911, RR 1.64, 95 % CI 1.07-2.53).

The data we received look logically, if to take into
account that the late appeal of patients seeking care and
ill-timed setting of antibacterial therapy on the pre-hospital
stage come forward to one of reasons of severe course
of the disease [16,29].

It is known at the same time, that the timely set of
diagnosis and early rational etiotropic treatment are
the predictors of favourable end of pneumonia [16].
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Table 3. The correlation matrix of predictors that have influence on development of acute pneumonia in children with acute bronchopulmonary pathology

e The incicators K P PO PSS PR AN C P PO PR

1 Vitamin D 1.00

2 Cathelicidin LL-37 0.26 1.00

3 Lactoferrin 0.44* -0.25 1.00

4  hBPI 0.47* 0.04 -0.13 1.00

5 Hemoglobin level 0.05 -0.07 0.05 -0.09 1.00
6 Hospitalization time 0.36* -0.24 0.44* -0.31 0.14
7  The severity of disease -0.3 -0.47* 0.29 -0.43* -0.01
8  The character of feeding 0.18 0.06 -0.07 0.16 -0.03
9  The low birth weight -0.12 -0.07 0.08 0.03 0.27
10 The late starting prescription  0.27 -0.29 0.04 0.03 -0.05

of antibacterial treatment

1.00

0.35 1.00

-0.11 -0.11 1.00

-0.13 0.17 0.21 1.00

0.44* 0.57 -0.18 0.03 1.00

Reliability degree: * — P < 0.05.

Table 4. The indicators which are included in the prognostic model of the probability of acute pneumonia developing in children of early age

The indicators The level of indicators | The regression coefficient | The standard error | The Wald Criterion _

The level of vitamin D
Lactoferrin

hBPI

Hospitalization time

The day of prescription of antibacterial treatment X5

-0.025
X2 0.230
X3 0.001
X4 0.391

0.297
Constant -3.997

0.011 5.627 0.018
0.108 4.519 0.034
0.001 7.660 0.006
0.162 5.807 0.016
0.167 3.158 0.076
1.401 8.138 0.004
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The structure of the second factor which described
16.0 % of a total variation included data of the perinatal
period, a sex of the child and the nature of feeding in
the first year (factorial loadings -0.793, RR 3.10, 95 %
Cl 1.85-5.19; -0.745, RR 1.79, 95 % CI 1.07-3.04 and
-0.702, RR 1.64, 95 % CI 1.07-2.43 respectively). Popu-
lation prospective research showed that the risk of origin
of lower respiratory tract infections in children aged up
to 6 months receiving completely natural feeding, was
lower, than in group of the children who were on the mixed
feeding since 4 months and in comparison with children
receiving only milk mixes [17]. Also such unmodified factor
as the sex of the child mattered, data of foreign research-
ers confirm that almost 2 times more frequently acute
episodes of pneumonia occur among boys, especially in
the age of 1 year [10,18].

The third factor, described as “antimicrobial”, was
presented by the indexes of maintenance in serum
blood cathelicidin (factor loading 0.810, RR 1.80, 95 %
Cl 1.25-2.62) and hBPI (factor loading 0.795, RR 1.75,
95 % CI 1.06-2.88) with total variation of 13.7. Data of
Jahani S (2015) show that in the conditions of deficit of
hBPI there is a decline of expression of cathelicidine
LL37, lactoferrin and lysozyme, which, in turn, results in
more considerable colonization of pathogenic microflora
and can result in more severe course of the disease [19].

With a total variation of 12.5 % there is the level of vita-
min D and lactoferrin in the blood serum (factorial loading
0.883, RR 1.84, 95 % Cl 1.16-2.93 and 0.717, RR 3.98,
95 % C12.35-6.75 respectively). Today in literature many
proofs of influence of vitamin D on the immune system are
saved up. According to M. Mamani et al. (2017) children
aged till 18 years with heavy deficiency of vitamin D are
4.16 times more inclined to development of community-ac-
quired pneumonia in comparison with peers with higher
level of the specified vitamin [1]. Wayse et al. (2004) in
his study of 150 children under 5 years showed that that
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one of the factors associated with more severe course
of acute inflammatory infections of the lower respiratory
tract was serum 25 (OH) D less than 10 ng/ml (OR = 11)
[6]. Also, one more marker that reflects reactivity of an or-
ganism to inflammatory processes and acts as an index of
activity of the T-cellular link of immunity is lactoferrin [20].
Data from M. P. Rogan et al (2006) and Singh PK (2000)
confirm the synergistic effect of bacterial neutralization
of lactoferrin with other immune proteins, in particular
SLPI, LL-37 and vitamin D [21,22]. That is, it is possible
to assume that insufficient activation of lactoferrin in in-
flammatory process will lead bronchopulmonary system to
more severe disease and development of complications,
especially against the background of deficiency of other
markers of protection.

To the fifth factor hemoglobin level indicators in pe-
ripheral blood and severity of the disease (factorial loading
0.841, RR 2.19, 95 % CI 1.25-3.84 and -0.770, RR 1.75,
95 % Cl 1.06-2.88 respectively) with a total variation of
10.4% entered. Itis known that anemia has negative impact
on development of pneumonia and more severe disease is
the reason [23]. The risk of development of pneumonia in
children with anemia increases approximately by four times
in comparison with children who have no anemic syndrome
[24]. Anemia and low oxygen saturation of hemoglobin
promote reduction of oxygen delivery to tissues. Patients
with anemia suffer from hypoxia during pneumonia more,
than patients without anemia [25,26].

For specification of structural interrelations of
the factors which are most influencing development of
pneumonia in the children with acute diseases of bron-
chopulmonary system we carried out correlation analysis
of variables. By results of the analysis of a matrix of a rank
correlation in the group of children with acute broncho-
pulmonary diseases, existence of certain interrelations
between prenatal, anamnestic and immune factors was
set (Table 3).
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As can be seen from data of table 3, meaningful cross
correlation connections were set between maintenance
of vitamin D in the blood serum and level of antimicrobial
peptids (lactoferrin, r = 0.44, P <0.05 and hBPI, r = 0.47,
P <0.05), that looked fully logically, its well-proven in fact,
that the vitamin of D has direct influence on the expression
of antimicrobial peptides, and its deficit worsens local
protective reactions [15]. According to our data intercom-
munication was also between the terms of setting of anti-
bacterial therapy and level of vitamin D (r=0.57, P < 0.05),
lactoferrin (r=0.40, P <0.05) and hBPI (r=0.38, P < 0.05)
in the blood serum. The obtained data look logical, if to
take into account circumstance that antimicrobial peptides
together with antibacterial preparations can show a syner-
gistic effect in regard to pathogenic causative agents and
promote effictive etiotropic therapy [27,28].

The next stage of the work was creation of math-
ematical model of probability of development of acute
pneumonia for the children of early age with the use of
method of logistic regression on the basis of estimation of
influence of the distinguished most meaningful modified
risk of development of the indicated pathology factors
among children with acute inflammatory bronchopulmo-
nary pathology (Table 4).

As a result of the conducted analysis 5 factor signs
were selected: the level of vitamin D (X1), lactoferrin (X2)
and hBPI in the blood serum (X3), day of hospitalization
(X4) and terms of setting of antibacterial therapy (X5) from
the beginning of disease.

The logistic regression equation of probability of
acute pneumonia development in children with acute
bronchopulmonary pathology looked like this: P =1/
(1 + exp(-(-3.997 — 0.025 x X1 + 0.230 x X2 + 0.001 x
X3 +0.391 x X4 + 0.297 x X5))).

When obtaining the value of P > 0.5 — development
of acute pneumonia is predicted.

In Table 5 there is classification ability of model that
was determined from data of scientific selection and made
up 79.3 %. The statistical significance of the model was
confirmed by the universal criteria model coefficients
(Omnibus Test) — x2 = 34.553; df = 5; P = 0.001. The
sensitivity of model appeared equal 78.3 %, and spec-
ificity — 80.5 %. The coefficient of predictive categorial
validity of the test made r = 0.58.

The diagnostic informational content of the received
model was estimated on display data from the ROC-curve
(receiver-operator characteristic curve) (Fig. 1).

The area under a ROC-curve (AUC), that displays a
representation of a logistic regression equation, is equal
to 0.85, the Gini index was 70 %, that characterizes a
good quality model. The positive predictive values (PPV)
of the results were 81 % and negative predictive values
(NPV) - 76 %.

Thus, the possible influence on the indicated factors
of patients, stated in equalization, will give an opportunity
to prevent development of an acute pneumonia in the in-
dicated group of children.

Discussion

The results of the conducted factor analysis are of inte-
rest to definition of key predictors for prognostication of
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Table 5. The classification table of the calculated probability of development of acute

The match
percentage

78.3 %
80.5 %

pneumonia in children of early age

Predicted by the regression equation
The acute The acute bacterial
pneumonia bronchitis

The acute pneumonia 36

The acute bacterial 8
bronchitis

Total

79.3 %

ROC-curve

0.8

Sensitivity
o
=y

o
~

o
()

0.0

AUC =0.85

0.0 0.2 0.4 0.6
1-specificity

0.8

1.0

Fig. 1. The ROC-curve of the equation of logistic regression of prognostic development of acute

pneumonia in children of early age.

possibility of acute pneumonia development in children
of early age with inflammatory diseases of bronchopul-
monary system. The method of binary logistic regression
allowed to identify predictors that were not used in earlier
mathematical models and that allowed with the largest
probability to predict development of acute pneumonia.

Predictors that are directly not connected with devel-
opment of acute pneumonia are of special interest, but
have an impact development of local inflammation in a
bronchopulmonary system. In particular, vitamin D role as
a key marker of inflammation and a predictor of severity
of inflammatory process in a respiratory tract is confirmed
with numerous researches. So, J. D. Chalmers et al. in
the work revealed a feedforward between the lowered
level of 25-OHD in blood serum and the chronic course of
inflammatory respiratory diseases. [30]. In other research
that was conducted with participation of children of early
age with acute infection of respiratory tracts associative
relationship between the level of vitamin D and 7-fold
risk of development of acute disease was also revealed
[31]. These and other scientific works led to a new era of
understanding of value of vitamin D in a pathogeny of an
immune response on colonization by bacterial pathogens
of a respiratory tract.

The interrelation of vitamin D with such antimicrobic
peptides as lactoferrin and hBPI attracts attention. Di-
rect influence of vitamin D on synthesis of antimicrobic
peptides, that are the primary agents in antimicrobial
protection of a respiratory epithelium, is proved [32]. In
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particular, in a number of researches correlation rela-
tionships were found between levels of lactoferrin and
vitamin D for patients with chronic diseases of a broncho-
pulmonary system and also their synergy action against
gram-negative bacteria [33-35]. Also, along with vitamin
D, hBPI peptide has potent endotoxin neutralizing effect
and antimicrobial activity, and it is abundantly expressed in
the respiratory tracts [36,37]. This antimicrobic peptide has
direct cytotoxic action not only in relation to gram-negative
bacteria, but also to some strains of gram-positive bacteria
[38]. Today there is no clear understanding of a role of
the specified peptide in the pathogenesis of development
of local inflammation in a respiratory tract, however its
influence on mucociliary clearance and also its direct
participation in a local immune response at the majority
of pulmonary diseases is proved. [39,40].

Thus, most scientific researches confirm an important
role of the specified peptides in regulation of inflammatory
reactions to pathogens [41,42]. And though the questions
concerning mechanisms of immunomodulatory action are
not absolutely studied yet, the general ability of antimi-
crobial peptides to participate in preventing of bacterial
colonization and also a direct role in inflammation me-
chanisms is proved [33].

Thus, the mathematical model created by us allows
defining with high probability group of patients with high
risk of development of pneumonia in inflammatory pa-
thology of a bronchopulmonary system. It will provide
the direction on deeper additional examination for the pur-
pose of prevention of complications and a lethal outcome.

Conclusions

1. The conducted factor analysis allowed to define
predictors of risk of acute pneumonia development in
children of early age on the basis of which predictive
model of pathological process forming was created. The
most priority contribution to the development of acute
pneumonia belonged to the data in the perinatal period,
the child’s sex, nature of infant feeding in the first year of
life, data history and severity of the disease, hemoglobin
levels in the peripheral blood serum levels of vitamin
D, and antimicrobial peptides (lactoferrin, LL-37, hBPI).

2. The established logistic regression model has good
predictive efficiency and confirms the role of the level of
vitamin D (RR 1.84, 95 % CI 1.16-2.93), lactoferrin (RR
3.98, 95 % Cl 2.35-6.75) and hBPI (RR 1.75, 95 % CI
1.06-2.88) in blood serum and also the late request of
patients for medical care (RR 1.94, 95 % Cl 1.30-2.92)
and late appointment of antibacterial therapy (RR 1.64,
95 % CI 1.07-2.53) in the occurrence of acute pneumonia
in children.

3. The received results allow to determine the proba-
bility of development of pneumonia in the children of early
age with a disease of acute respiratory infection with
probability to 79.3 % by individual values of the estab-
lished risk factors.

Prospects further researches. The obtained results
require additional study in further, which in turn will con-
tribute to improving the quality of prevention of bacterial
respiratory diseases in young children.
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