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The problem of prevention of frequent respiratory diseases for children remains relevant. Among premature infants, the most vulnerable group
are children with very low and extremely low birth weight. Therefore, the development of a clinical prognostic model for the development
of respiratory recurrent infections in premature infants may be the basis for creating a preventive program of early intervention.

Purpose — to determine the clinical and genetic determinants of the development of recurrent respiratory infections for children born with
a body weight less than 1500 g and to develop an algorithm for early prediction of adverse effects.

Materials and methods. A cohort prospective study was conducted, which involved 155 children with very low and extremely low body weight.
Prediction of the development of recurrent respiratory diseases was performed using simple and step-by-step multiple logistic regression
analysis. Genetic methods included polymorphism studies of the GSTP1, GSTT1, GSTM1, ACE, AGT2R 1 and eNOS genes.

Results. Important predictors of increased morbidity of the examined children in a simple logistic regression analysis were: body weight
at 12 months <10 percentile, rickets in the first year of life and artificial feeding at discharge from the neonatal hospital. The study showed
no effect of genes polymorphism of the glutathione-S-transferase family and genes of the renin-angiotensin system on the development
of recurrent respiratory infections in children with born weight less than 1500 g.

Conclusions. The developed model for predicting the recurrent course of respiratory infections for children born with a body weight less than
1500 g has a high specificity (95.35%) and moderate sensitivity (76.90%), which indicates the possibility of its use for a personalized approach
to prevention adverse effects.

The research was carried out in accordance with the principles of the Helsinki Declaration. The study protocol was approved by the Local Ethics
Committee of the participating institution. The informed consent of the patient was obtained for conducting the studies.

No conflict of interests was declared by the authors.
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MporHo3yBaHHA peKypeHTHOro nepeodiry pecnipaTtopHux iHgekuin
y NnepenyacHoO HapoO )KeHux gitem

0.b. Ko3akeBu4, B.K. Ko3akeBn4, J1.C. 3i03iHa, M.€E. ®@eceHko, O.l. MenaiijeHko
[TonTaBCbkWIN AEPXaBHUI MeUYHWI YHIBEPCUTET, YKpaiHa

[Mpobnema NpodiNakTKK 4acTX PECMIPATOPHVIX 3aXBOPIOBaHb Y AITEN 3annIAETbCs akTyansHolo. Cepen, HeAOHOLWEHX HOBOHAPOAXEHX
HarbinbL ypasnmey rpyny CTaHOBAATL AiTV 3 AyXe Manoio Ta Haa3BMYaiHO Mano Macolo Tina Npr HapOAXEHH . TOMy PO3POBNEHHS KNIHIYHOI
NPOrHOCTUYHOT MOAENI PO3BUTKY PECNIPATOPHNX PEKYPEHTHINX IH(DEKLIV Y NepeaYacHO HAPOMKEHVIX AITe MOXE CTaTh NiArPYHTAM 415 CTBO-
PEHHA NPODIIAKTUYHOI NPOrpammn PAHHLOIO BTPYYaHHSA.

MeTa — BM3HAYUTU KNIHIKO-FreHEeTNYHI AETEPMIHAHTU PO3BUTKY PEKYPEHTHIX PECMIPATOPHMIX IHPEKLUIN Y AITEN, SKi HaPOAMINCA 3 Macoto Tina
<1500 r; po3pobUTV aNropPUTM PaHHLOrO NPOMHO3YBaHHS HECTIPUATIMBIX HACAIAKIB.

Marepianu Ta meToam. [1pOBEOEHO KOrOPTHE NPOCMNEKTMBHE AOCIAXEHHS, 00 AKOro 3anydeHo 155 aiten 3 ayxe Manolo ta Haa3BnyarHo
Masnolo Macolo Tina. NMpPorHo3yBaHHA PO3BMUTKY PEKYPEHTHIMX PECMIPATOPHIX 3aXBOPIOBAHb BMKOHAHO 3a AOMOMOrOK0 MPOCTOrO Ta NMOKPOKOBO-
r0 MHOXMHHOMO NOMCTUYHOrO PErpecinHoro aHaniay. leHeTuYHi MeToan BkIloHany AocniaxeHHs noniMopdiamy reHis GSTP1, GSTT1, GSTMI,
ACE, AGT2R1 ta eNOS.

Pe3ynbratn. Baxnvsymuy npeaukropaMy NiasuLLEHO! 3aXBOPIOBAHOCTI OOCTEXEHVX AiTel NPy NPOCTOMY NOTMCTUYHOMY PErPECIHOMY
aHanisi BMsBuancs: maca Tina y 12 micauis <10 nepLeHTb, NepeHeCeHnin paxiT Ha NepPLUIOMY POLL XUTTS Ta LUTY4HE BUrOAOBYBaHHS Ha MO-
MEHT BUMMCKM 3 HEOHATaNbHOro ctauioHapy. JOChiaXeHHa He BUABKNO BAAMBY NONIMOP@I3MY MEeHiB CiIMEeNCcTBa mioTaTioH-S-TpaHcdepas
Ta reHiB PeHiH-aHrioTeEH3VMHOBOI CUCTEMI Ha PO3BUTOK PEKYPEHTHVIX PECMIPATOPHUX IHMEKLI Y AiTen, aki Hapoamnnca 3 macoto Tina <1500 .
BucHoBku. Po3pobneHa Moaenb NpOrHo3yBaHHs PEKYpeHTHOro nepebiry pecnipaTtopHuX iHpekLiv B AiTel, ski HapoaMmMcs 3 Macoto Tina
<1500 r, Mae BMcoky cneumdivHicTb (95,35%) i noMipHY 4yTnBICTb (76,90%), WO CBIAYNTL NPO MOXIIVBICTL ii 3aCTOCYBaHHSA 419 NepCOoHa-
30BaHOro Nigxoay A0 NPOMINakTNK1 HECNPUSTAVBIMX HACNIOKIB.

JloCniaXXeHHst BUKOHAHO BIANOBIAHO A0 NPUHLMNIB [eNbCiHCLKOI Aeknapadii. [poToKoN AOCNIIKEHHSA YXBANEHO JTOKaNbHNM ETUYHUM KOMITE-
TOM 3a3Ha4eHoi B po6OTi yCTaHOBK. Ha npoBeaeHHA AOCIAXEHb OTPUMAHO IHPOPMOBaHY 3rofly 6aTbkis AiTeN.

ABTOPW 3a8BAS0Tb NPO BIACYTHICTb KOHMAIKTY iIHTEPECIB.

KntouoBi cnosa: nporHo3yBaHHs, PeKypeHTHI pecnipatopHi iIHpekLji, nepeayacHoO HapOaXeHi AiTu

Introduction main reason for visiting a doctor, hospitaliza-

tion and prescribing a wide range of drugs [5,16].

he problem of frequent respiratory dis- Particular attention is drawn by premature infants
eases prevention in pediatrics remains with recurrent respiratory infections (RRI), which
relevant. Respiratory diseases are the are characterized by an unfavorable and prolonged
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course [20,22]. Among premature infants, the
most vulnerable group are children with a very
low body weight and extremely low body weight
at birth [7,18]. The World Health Organiza-
tion recommends paying special attention to the
development and implementation of measures
for the prevention of acute respiratory infections in
young children [19].

In scientific works various factors (influencers
of the RRI formation) are investigated and vari-
ous aspects of this problem are discussed: immuno-
logical, microbiological, physiological, infectious,
social and hygienic [1,4,17]. However, the literature
does not sufficiently highlight the role of individ-
ual factors and the importance of their combined
effect on the immune status of children born with
a very low body weight and extremely low body
weight. Therefore, the development of a clini-
cal prognostic model of RRI in premature infants
may be the basis for creating a preventive program
of early intervention [3,8,9].

Many scientific reports draw attention
to the role of polymorphism of genes of the gluta-
thione-S-transferase family and renin-angioten-
sin system in the development of chronic diseases,
disorders of physical, speech and psycho-emotional
development of premature infants [8—11]. There-
fore, we suggested that the polymorphism of these
genes may affect the development of RRI in this co-
hort of children.

Purpose of the study — to determine the clini-
cal and genetic determinants of the development
of recurrent respiratory infections for children
born with a body weight less than 1500 g and
to develop an algorithm for early prediction of
adverse effects.

The study was carried out as part of the research
project: To develop clinical and laboratory criteria,
methods of prediction and prevention of metabolic
disorders in young children. State registration num-
ber 0120U102856.

Materials and methods of the research

In order to assess the impact of socio-hygienic,
medical and genetic factors on the development
of recurrent respiratory pathology, a cohort pro-
spective study was conducted, which involved
155 children weight less than 1500 g. All children
were observed at the Child Development Center
of Poltava Regional Children’s Clinical hospitals. In
the process of information processing, all children
recorded the total number of episodes of acute re-
spiratory pathology of infectious origin [15].
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Depending on the frequency of acute respira-
tory diseases, two clinical groups were identified:
the Group 1 included children who occasionally
(no more than 2 times in six months) suffered from
acute respiratory viral infections (ARVT), (n=117);
the Group 2 included children with frequent
respiratory diseases who had more than 2 episodes
of ARVI, acute or obstructive bronchitis, and
at least one episode of pneumonia within six months
(n=38).

The material for the genetic study was periph-
eral venous blood. To determine the polymorphic
variants after the procedure of isolating DNA
samples from the obtained material, a molecular
genetic study was performed using polymerase
chain reaction methods according to M. Arand
[2]. The contribution to the increased morbidity
of genetic models was investigated: the compa-
rison «+» vs. «-» genes GSTT1 and GSTM1; domi-
nant models: (GG + AG vs. AA) GSTP1 gene,
(DD + DI vs. IT) ACE gene; (CA + AAvs. AA) gene
AGT2R1 and (aa + ab vs. bb) gene e NOS.

The influence of the following factors on the
development of RRI was analyzed: socioeconomic
status of the family, features of antenatal and intra-
natal periods, duration of artificial lung ventilation,
diagnoses and treatment at the inpatient and out-
patient stages, nutrition, birth weight, gestational
age, postponed disease at an early age.

Statistical analysis was performed using STATA
version 11 for Windows (StataCorp, Texas, USA).
In order to predict the development of RRI
in premature infants, a step-by-step multiple
logistic regression analysis was performed. The odds
ratio (OR) with 95% confidence intervals (CI)
was used to identify risk factors.

The study was conducted in accordance with
the principles of the Declaration of Helsinki. The
research protocol was approved by the Local
Ethics Committee of the institution mentioned in
the work. Informed consent of children’ parents was
obtained for the research.

Results of researches and discussion

The results of the study show that during the
first 6 months of life, 39 (25.0%) of children had at
least one episode of ARVT, 2 episodes — 3 (1.8%) of
infants, and one (0.6%) child had even 3 episodes
of the disease (Fig. 1). Over the next six months,
the incidence of ARVI was much higher. Thus,
54 (34.7%) of infants already had 1 episode of ARVI.
The number of children with 2 episodes of ARVI
probably increased from 3 (1.8%) to 32 (20.4%),
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Fig. 1. Proportion of children who had acute infectious diseases of the respiratory system at different ages

p=0.000. The incidence of acute bronchitis —
8 (5.4%) and 16 (10.2%), p=0,152, obstruc-
tive bronchitis 9 (6.0%) and 16 (10.2%),
p=0.229 and pneumonia — 4 (2.4% ) and 4 (2.4%),
p=0.229 respectively was almost the same in all age
periods. According to the results of the analysis,
no differences were found between the frequency
of in ARVI children at 18, 24 and 36 months.

The results of the study showed no effect
of infectious history of the mother during pregnan-
cy and childbirth on the development of RRI in
the examined children. However, attention should
be paid to the relation with the probability of
p=0.05 between the presence of gestational pyelo-
nephritis in the mother during pregnancy and the
development of RRI (Table 1).

Risk factors for the development of RRI in chil-
dren, which characterize the course of the neonatal
period, were the body mass index at birth and for-
mula feeding at discharge from the neonatal hos-
pital. Thus, according to the results of our study,
formula feeding at discharge from the hospital in-
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creases the chances of having a RRI at an early age
(OR=2.33).

This convincingly demonstrated the funda-
mental role of breastfeeding in the formation
of the child’s immunity.

Clinical and experimental studies show that
vitamin D has a direct antiviral effect, low concen-
trations of vitamin D in the blood may increase
the risk or severity of respiratory viral infections
[6,12,21]. We proved that rickets in the first year
of life significantly increases the risk for a child to
have RRI (OR=2.36).

The role of iron in ensuring the normal func-
tioning of the immune system should be noted.
It is known that iron deficiency states lead
to an acute weakening of immunity [13,14].
Almost 25% of the children with iron deficiency we
examined were classified as children with RRI.
Itis established that the presence of anemia directly
in the first year of life of the child is reliably as-
sociated with the development of RRI at an early
age (p=0.042). Body weight less than 10 percen-
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Table 1
Relation between the development of recurrent respiratory infections
and individual clinical factors by simple logistic regression analysis
Dependent variables OR 95% CI P
Gestational pyelonephritis (yes, no) 13.0 0.77-215.1 0.05
Gestational age (weeks) 0.92 0.79-1.07 0.307
Body weight at birth (g) 0.99 0.996-1.000 0.058
Body mass index (units) 0.69 0.50-0.96 0.029
Artificial lung ventilation (yes, no) 1.35 0.96-1.03 0.942
Formula feeding at discharge (yes, no) 2.33 1.13-4.84 0.022
Severe intraventricular hemorrhage (yes, no) 1.82 0.711-4.65 0.209
Body weight less than 10 percentiles at 12 months 3.06 1.42-6.58 0.004
Exclusively breast milk at 6 months 0.38 0.15-0.97 0.043
Body weight less than 10 percentiles in 24 months 2.42 1.14-5.12 0.021
Rickets at 0—12 months 2.36 1.09-5.11 0.029
Anemia at O—12 months 1.53 1.03-5.25 0.042
Table 2
Associations between the development of recurrent respiratory infections
and polymorphism GSTP1, GSTT1, GSTM1 ACE, AGT2R1, eNOS genes
Genetic models OR 95% CI P
GSTPI GG+AG 1.33 0.311-5.77 0.751
GSTT1 «-» 0.75 0.01-13.69 0.670
GSTM1 «-» 2.0 0.11-28.28 0.472
ACE DD+ID 0.54 (0.02-42.79) 0.579
AGT2R1 CC+CA 4.5 0.14-31.3 0.357
eNOS4ab+4bb 0.45 0.007-6.78 0.479
Table 3
Prognostic model of development of recurrent respiratory infections
in examined children and its operational characteristics
Prognostic variable B m OR (95% CI) P ROC
Rickets at 0—12 months 0.76 0.39 2.13(1.01-4.61) 0.052
Body weight at 12 months less than 10 percentiles 0.92 0.46 2.5(1.13-5.52) 0.023
Formula feeding at discharge 0.82 0.39 2.26 (1.05-4.86) 0.036
_const -1.49 0.38 0.7030

Notes: p — coefficient is the degree of change in the outcome variable for every 1-

tiles at an early age also significantly increases the
chances of a child to have frequent infectious dis-
eases of the respiratory system, reduces-exclusively
breastfeeding in the first 6 months of life (p=0.043).

The study revealed no effect of polymorphism of
genes of the glutathione-S-transferase family and
genes of the renin-angiotensin system on increased
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Fig. 2. ROC curve of the prognostic model of recurrent respiratory infection,
which includes 3 risk factors
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unit of change in the predictor variable; m — estimated slope.

morbidity in children born with a body weight less
than 1500 g (Table 2).

After correction of confudings in multiple
regression analysis it was found that the most
significant predictors of RRI development at
an early age can be considered: body weight
at 12 months <10 percentile, rickets in the first
year of life and formula feeding at discharge from
the neonatal hospital. Therefore, these prognostic
variables are included in the prognostic model,
which served as the basis for the creation of an
algorithm for identifying high-risk individuals
with regard to the occurrence of RRI (Table 3).

The operational characteristics of the mod-
el developed by us are quite high, in particular
the sensitivity was 76.9%, specificity 95.35%,
positive predictive value — 33.33%, negative
predictive value 77.36%, area under the curve
(AUC) — 0.7030 (Fig. 2).
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Conclusions

Important predictors of the development of re-
current respiratory infections at an early age in chil-
dren born with very low and extremely low body
weight can be considered: body weight at 12 months
<10 percentile, rickets in the first year of life and for-
mula feeding at discharge from the neonatal hospital.

Developed a model for predicting the develop-
ment of RRI, has a high specificity — 95.35%, mo-
derate sensitivity — 76.9%, which allows with high
accuracy to identify a group of children in need of
in-depth examination and timely preventive mea-
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sures. This will overcome the imbalance of immune
responses and reduce the incidence of respiratory
infections.

Prospects for further research. A promising
direction of further research is an in-depth study of
possible relationships between gene polymorphisms
and the development of recurrent respiratory
diseases in a larger cohort of premature children.
Such studies will make it possible to determine
the risk group for the development of the specified
condition.
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