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Respiratory diseases are considered to be widespread pathologies among preterm infants.

The research aim was to determine the level of surfactant protein A (SP-A) in the blood and tracheobronchial lavage of infants with respiratory
distress syndrome (RDS) and pneumonia, as well as to study its significance in predicting pathological processes in the lungs.

Materials and methods. The study involved 80 very low birth weight infants with respiratory distress (2a — subgroup RDS, 2b — pneumonia), 42
extremely low birth weight infants (3a — RDS and 3b — pneumonia subgroups), and 20 children without respiratory distress (control group — 1).
Results. The initial examination showed that the level of SP-A in venous blood in the control group was 2.9+2.3 ng/ml, while in the 2b group,
it was 21.2 ng/ml, which was 7.1 times higher compared to the control group. In group 2, the difference between 2b (21.2 ng/ml) and 2a
(6.01 ng/ml) was determined to be 3.5 times. A direct correlation was observed between the level of SP-A in the blood and the oxygen depen-
dence of patients with RDS (r=0.240, p<0.05). In addition, an increase in the level of the inflammatory marker C-reactive protein (CRP) was
observed in these patients over time, and a correlation was found between the level of SP-A in the blood and CRP. When comparing the level
of SP-A between deceased and surviving infants, it was found to be that SP-A 2.9 times higher in the blood of deceased patients compared to
surviving infants, and conversely, 2.3 times higher in tracheobronchial lavage in surviving infants compared to the deceased patients. Based
on the results obtained, the importance of SP-A in the differential diagnosis and prognosis of RDS is emphasized.

The research was carried out in accordance with the principles of the Declaration of Helsinki. The study protocol was approved by the Local
Ethics Committee of the institution indicated in the work. The informed consent of the children's parents was obtained for conducting the studies.

No conflict of interests was declared by the authors.
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3HauyeHHs GinkiB cypdakTaHTa 3a pecrnipaTopHOro AUCTPeCc-CUHAPOMY
B HeAOHOoLWeHuUux giTtem

I.A. Mirzayeva, R.O. Baylarov, Y.A. Gasimova, P.A. Orujova

AsepbaliaxaHCbkmin MeanyHniA yHiBepcuteT, M. baky

3axBOPIOBaHHS OPraHiB AMXaHHA € LWIPOKO PO3MOBCIOAXEHOO NATONOrIE0 cepe HeAOHOLWEHNX OiTeN.

MeTolo 10CIaXEHHS OY10 BU3HAYEHHA PiBHS CypdakTaHTHOrO 6inka A (SP-A) y KpoBi Ta TpaxeobpOoHXianbHOMY naBaxi AiTeit PaHHbLOrO BiKY
3 pecniparopH1M anctpec-cnHapoMom (PAC) i NHEBMOHIEID, a TakoxX BUBHEHHA MOr0 3HAYEHHH Y NPOrHO3yBaHHI NaTonorivyHyX NpoLECiB
y NerexHsx.

Martepianum i meToam. Y A0CHIAXEHH B340 y4acTb 80 AiTeN i3 AyXe HM3bKOK Macoto Tina Npr HaPOOXKEHHI 3 PECMipaTopHUM AUCTPECOM
(2a — nigrpyna PAC, 26 — NHEBMOHISA), 42 OUTVIHK 3 EKCTPEMANBHO HM3bKOIO Macoio Tina Npu HapoaxeHHi (nigrpynn 3a — PAC, 3b — nHes-
MOHIf) i 20 aiTer 6e3 avxansHOI HeAOCTaTHOCTI (KOHTPObHA rpyna).

PeaynberaTtu. [ig 4ac nepBUHHOMO 06CTEXEHHS BUSIBIEHO, LLO piBeHb SP-A 'y BEHO3HIN KDOBI B KOHTPOLHIV Fpyni CTaHOBWB 2,9+2,3 Hr /M,
ay rpyni 26 — 21,2 Hr/mn, wo 6yno B 7,1 pasa BuLLE, HXX Yy KOHTPOMLHIM rpyni. Y rpyni 2 pidHuus Mix 2b (21,2 Hr/mn) Ta 2a (6,01 Hr/mn) —
3,5 pasa. [pocTexeHo NpsMy KopensLiio Mix piBHeM SP-A 'y KpOBI Ta KMCHEBOIO 3anexHicTio xBopwix i3 PAC. Kpim TOro, B Upx XBOPUX 3roaoMm
cnocTepiranock NiABMLLEHHS PiBHS Mapkepa 3ananeHHs C-peakTnsHoro binka (CPB), a Takox BUABNEHO B3aEMO3B’'S30K MixX piBHEM SP-A
y kpoBi Ta CPB. 3ictaBneHHs pigHa SP-A B NOMepAnX MaliokiB i TWX, AKi BUXUAK, BUABWUIO, O SP-A 'y KPOBIi NOMEPIVX XBOPUX Y 2,9 pasa BuLLE,
i HaBMNaky, y TpaxeobpoHxiansHOMY naBaxi'y 2,3 pasn BULLE Y TUX, sKi BUXKWUAM, MOPIBHSIHO 3 moMeparmu. Ha nigctasi oTpuMaHix pesynstaTis
NiOKPECMOETLCS 3HaUYeHHst SP-A B audepeHrLUiiHii giarHoctiui Ta nporHoai PAC.

JlocniaxXeHHs BMKOHaAHO BIANOBIAHO A0 NPUHLMNIB [eNbCiHCHKOI Aeknapadii. [poToKon A0CNIAXEHHS yXBaneHO JTIoKanbHNM eTUYHUM KOMITE-
TOM 3a3Ha4eHoi B po60oTi ycTaHOBK. Ha npoBeAeHHS A0CAIAXEHb OTPUMAHO IHPOPMOBaHY 3rofly 6aTbKiB AiTeln.

ABTOPY 3asBNSOTb NPO BIACYTHICTb KOHDAIKTY IHTEPECIB.

KniouoBi cnoBa: HOBOHapOMKEHI, PECNiPaTOPHWIA AVCTPEC-CUHAPOM, MHEBMOHIA, IMYHHWUI CTaTyC, CypdakTaHTHWI 6iNoK A, HeAOHOLWEHI OiTu.

Introduction system in preterm infants is considered to be
a significant risk factor for increased morbidity and
mortality rates [3].

The main reason is associated with changes in

reterm birthis considered to be a significant
medical and social health issue worldwide,

not only due to high mortality rates, but
also because future disabilities for infants in this
group are often associated with high medical costs.
According to the World Health Organization
(WHO), 15 million babies are born prematurely
every year, accounting for 10% of all newborns [6].
Among the pathological conditions in preterm
infants, respiratory distress occupies a special
place, attributed to the immaturity of the respi-
ratory system associated with preterm birth [8].
The underdevelopment of the lungs and immune
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the quantity and quality of surfactant synthesized
by type II alveolar cells in the lungs. The prima-
ry physiological function of surfactant is to reduce
alveolar surface tension and regulate gas exchange.
Human surfactant consists of 80-85% lipids,
8-9% proteins, and 2—5% carbohydrates, with sur-
factant phospholipids being the main component
regulating surface tension [9].

Decreased surfactant levels lead to increased
alveolar-capillary permeability, the penetration
of inflammatory cells into the alveolar space,
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decreased surfactant synthesis, and compromised
ventilation processes in the lungs.

Surfactant protein A (SP-A) is an active surfac-
tant protein with immunomodulatory properties.
SP-A facilitates the phagocytosis and elimina-
tion of pathogenic microorganisms and regulates
the immune response in the lungs [3,7].

Recent studies suggest that SP-A, as part
of the immune system, can coordinate innate and
acquired immunity components through interac-
tions with dendritic cells and T cells, thus regulat-
ing immune responses in the lungs [1,2,4,5]

As the incidence of preterm infants with re-
spiratory distress syndrome (RDS) and respira-
tory failure increases, the research on surfactant
proteins becomes increasingly important [10].

The aim of the research: the research aims to
determine the importance of assessing SP-A levels
in the blood and tracheobronchial lavage (TBL)
fluid in predicting the progression of pathological
processes in the lungs in preterm infants with RDS,
especially those with very low and extremely low
birth weights.

Materials and methods of the research

This research was conducted among preterm
infants receiving treatment in the Neonatal Inten-
sive Care Units of various hospitals. 142 preterm
infants were involved in the study. Among them,
122 infants had RDS, categorized into two groups
for comparison: 80 infants with very low birth
weight (Group 2) and 42 infants with extremely
low birth weight (Group 3). In addition, 20 in-
fants did not have RDS and constituted the con-
trol group (Group 1). Both groups (2 and 3) were
further divided into subgroups based on the pre-
sence of RDS (Subgroups 2a and 3a) and pneumo-
nia (Subgroups 2b and 3b).

Diagnostic procedures for enrolled infants
included clinical examinations, radiography, echo-
cardiography, hematological tests, blood gas ana-
lysis, oxygenation parameters, and consideration
of prenatal history.

As part of the research, blood samples (from
all infants) and TBL samples were obtained. TBL
samples were collected only from infants under-
going invasive ventilation. Biological material for
SP-A determination was collected on days 1-7 and
10-14 of life. Peripheral venous blood was col-
lected in standard tubes, centrifuged at 2000 rpm
for 10 minutes, and 0.5 ml of serum was prepared.
TBL samples were obtained by airway suctioning:
0.5 ml of sterile 0.9% NaCl solution was instilled
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into the endotracheal tube, followed by aspira-
tion. SP-A levels were determined using the Hu-
man Surfactant Protein A (SP-A) ELISA Kit from
Sun Red Bio (China) and analyzed using the Me-
dispec-6000 (RT-6000, Microplate Reader). Re-
sults were expressed in ng/ml.

The results obtained were statistically analyzed
in accordance with modern recommendations.
Parametric variables were analyzed using Student's
t-test, non-parametric variables using the
Mann—Whitney U test, and correlations using
the Spearman test, all performed using the SPSS
20 package. Therisk of event realization was studied
t with determination of their 95% confidence
intervals (95% CI). The differences were consi-
dered statistically significant at p<0.05.

The research was carried out in accordance
with the principles of the Declaration of Helsinki.
The study protocol was approved by the Local
Ethics Committee of the institution indicated in
the work. The informed consent of the children's
parents was obtained for conducting the studies.

Results of the research and discussion

The comparative analysis of indicators across
groups, including anthropometric measurements,
gestational age, Apgar and Silverman scores,
and the administration of adjunctive surfactant
therapy as depicted in Table 1, revealed their re-
spective influences. Taking into account birth
weights, gestational ages, and Silverman scores,
surfactant therapy (Curosurf) was administered
at a dose of 200 mg/kg, followed by a repeat dose
of 100 mg/kg for the treatment and prevention
of RDS. The reapplication of exogenous surfac-
tant was associated with ventilation compromise,
hypercapnia, hypoxemia, and the need for oxygen
supplementation due to the underdevelopment of
the morphofunctional status of the lungs (Table 1).

The level of SP-A in venous blood was de-
termined in a part of children involved in the
study (15 newborns from group 1; 54 newborns
from group 2 and 36 newborns from group 3).
It was 2.9+2.3 ng/ml (95% CI 4.2—1.6) in the first
group, where respiratory distress was not observed
during the initial examination. In addition, when
comparing subgroups: in subgroup 2b, the level
of SP-A was 21.2 ng/ml (95% CI 30.8-11.5),
which was 7.1 times higher compared to subgroup
2a (p<0.01). In subgroup 2b, compared to sub-
group 2a, where the SP-A level was 6.01 ng/ml
(95% CI 9.6-2.4), the difference was 3.5 times
higher (p<0.01). Among the subgroups of group
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Table 1

Comparison of physical indicators (birth weight, height) and the comparison of Gestational age,
Apgar score, and Silverman scale indicators by groups, as well as the promptness
of surfactant therapy application by groups

Characteristics Group 1 (n=20) Group 2 (n=80) Group 3 (n=42)
Birth weight 1419.0+100.5 1324.0£128.0** 867.6+143.8*"
Height 41.4£3.2 39.0+2.8** 33.2£3.7*"
Gestational age 31.75+0.55 30.361.71* 27.92+£2.73*"
1st min 57+1.1 50114 2.711.6*"
Apgar score 5t min 6.6+0.8 6.0£1, 1%** 4.4+1.3*"
20t min 8.0£0.5 7.3+0.9* 6.0=1.1*"
Silverman score 0.2+x0.4 5.3+2.0* 6.9+1.6*"
1time - 31 (21.8%) 31 (21.8%)
Surfactant therapy Again - 19 (13.4%) 31(21.8%)
Note: Compared to the Group 1: * — p<0.001, ** — p<0.01, *** — p<0.05; comparison between groups 2 and 3: * — p<0.001.
Table 2
SP-A levels in the initial examination
95% Confidence Interval for .
Groups N MeanzSD Std. error Lower bound Upper bound Min Max
1 15 2.98+2.36 0.61066 1.6743 4.2937 0.80 8.00
5 2a 28 6.01+£9.25 1.74908 2.4290 9.6067 0.70 36.00
2b 26 21.20+£23.95*" 4.69826 11.5314 30.8839 0.40 87.00
3 3a 30 7.40£10.19 1.95670 4.2323 12.2245 0.60 44.00
3b 6 23.78+34.82 14.21737 -12.7636 60.3302 0.80 82.00

Note: p<0.01 for comparison between 1 and 2b, and p<0.01 for comparison between 2a and 2b

3, in subgroup 3b, where the SP-A level was
23.7 ng/ml (95% CI 60.3—12.7), the difference was
3.2 times higher compared to subgroup 3a, where
the SP-A level was 7.4 ng/ml (95% CI 12.2—-4.2).
This indicates that SP-A level in infants born very
low and extremely low birth weight, especially
those who developed respiratory distress, partic-
ularly pneumonia, due to the increased permeabi-
lity of the air-blood barrier, leading to an increase
in SP-A levels in the blood (Table 2).

The level of SP-A in venous blood
(Fig. 1) was determined to be 2.9+2.3 ng/ml (95%
confidence interval (CI) 4.2—1.6) during the initial
examination in the first group, where respiratory
distress was not observed. Furthermore, when
comparing subgroups: in subgroup 2b of the
patient group, the level of SP-A was 21.2 ng/ml
(95% CI 30.8—-11.5), which was 7.1 times higher
compared to the first group (p<0.01). Among
the subgroups of the second group, the difference
was 3.5 times higher (p<0.01) between subgroup
2b, where the SP-A level was 21.2 ng/ml
(95% CI 30.8-11.5), and subgroup 2a, where the
SP-A level was 6.01 ng/ml (95% CI 9.6-2.4).
Similarly, among subgroups of the third group,
the difference was determined to be 3.2 times
higher (p<0.01) between subgroup 3b, where
the SP-A level was 23.7 ng/ml (95% CI 60.3—
12.7), and subgroup 3a, where the SP-A level
was 7.4 ng/ml (95% CI 12.2—-4.2). This indicates

that in very low and extremely low birth weight
infants, especially those who developed respiratory
distress, particularly pneumonia, the level of
SP-A increased due to increased permeability
of the blood-air barrier, leading to an increase in
SP-A levels in the blood.

During the repeat examination of SP-A in
venous blood in both groups with respiratory
distress: in subgroup 2a, the level of SP-A was
34.5 ng/ml (95% CI 409.3-340.3), while in sub-
group 2b, it was 17.5 ng/ml (95% CI 35.87-0.71),
indicating a 1.9-fold difference. In subgroup 3b,
the level of SP-A was 17.4 ng/ml (95% CI 81.1—
46.3), whereas in subgroup 3a, it was 14.7 ng/ml
(95% CI 42.7-14.4), resulting in a 1.2-fold diffe-
rence in SP-A levels. Statistical significance was
not determined between subgroups during the re-
peat examination. Among 17 patients who received
respiratory support during artificial ventilation
(invasive), aspirates were obtained during TBL.
In subgroup 3a, the level of SP-A in the aspirate
was 13.8 ng/ml (95% CI 15.6—11.9), while in
subgroup 2a, it was 8.4 ng/ml (95% CI 54.1-37.3),
indicating a 1.6-fold difference.

A direct correlation is observed between
the level of SP-A in the blood of patients with
respiratory distress and the oxygen dependency
of the patients (r=0.240, p<0.05) (Figure 2).

In these patients, the dynamic increase in the
level of C-reactive protein (CRP), considered as an
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Fig. 1. The level of SP-A in venous blood in study groups, ng/ml

w
7
= 4
- o
o
B
ga{ o
B 00 )
= 0 o]
3 0
;\20-% oo o © o
0 S ¢°
"ga 0o o° )
104 g 0 o
@
o 8 0o .
04 ) )
1
0

-
&
z
8
g

SP-A

Fig. 2. Relationship between the duration of patients’ oxygen dependency
and SP-A levels, p<0.05
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Fig. 3. Relationship between initial (a) and dynamic (b) level of CRP and SP-A, p<0.01

additional diagnostic biomarker, was investigated,
and a direct correlation was determined between
the level of SP-A in the blood and CRP dyna-
mics, CRP1 (CRP at initial measurement)
(r=0.339, p<0.01), CRP2 (CRP in dynamic mea-
surement) (r=0.314, p<0.01) (Figure 3).

In the study, to understand the prognostic
significance of SP-A, its levels were comparative-
ly studied in a subgroup of children in relation
to survival. We analyzed deceased and alive infants
(in total 105 infants), and the results are presented
in Table 3. A 1.3-fold increase in SP-A levels was
observed in deceased patients compared to survi-
vors during the initial examination, and a 2.9-fold
increase was observed during repeat examinations.
This indicates impairment of barrier function
in the lungs, enhanced proliferation of type IT alve-

olar cells, increased synthesis of SP-A, and conti-
nuous passage of SP-A into the blood. Conversely,
in survivors, a 2.3-fold increase in SP-A levels
during TBL indicates increased surfactant syn-
thesis, enhanced immune defense, and lower capil-
lary membrane permeability in the alveoli compared
to the deceased (Table 3)

The presence of SP-A at a certain level in
preterm infants without RDS is associated with
superior chemical composition during surfactant
synthesis and airway barrier permeability. During
the dynamics of respiratory distress, the increase in
thelevel of this protein in the blood led to structural
damagetotypeIlalveolarcells,especiallyincreasing
the permeability of the airway barrier during
inflammatory processes. Therefore, compared
to patients with RDS, those with pneumonia
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Table 3
SP-A levels in blood and TBL in died and surviving infants
95% Confidence
Interval for Std. .
+ -
Parameter n Mean=SD Lower Upper Error Min Max P-values
bound bound
SP-A initial Deceased 44 12.7+£18.3 7.12-18.31 2.77 0.40 82.00 ~0.052
examination Alive 61 9.34+16.68 5.06-13.61 2.13 0.60 8700 | P~
SP-A Deceased 8 29.21+27.22 6.45-51.96 9.62 1.20 68.00 0091
reexamination Alive 9 9.78+14.35 7.12-30.73 5.56 1.20 47.00 P=
+ _
TBL Decgased 14 12.87+£3.67 10.75-15.00 0.98 4.80 18.30 0-0.449
Alive 3 29.70+29. 11 -42.610-102.01 16.80 12.0 63.30
had higher levels of SP-A in their blood. Such Conclusion
patients required increased artificial ventilation
and oxygen dependency, while invasive procedures Particularly in very low birth weight

and hospital-acquired infections triggered by early-
onset pneumonia led to an increase in CRP levels.
An increase of SP-A levels in patients diagnosed
with pneumonia during tracheobronchial lavage,
as well as in extremely low birth weight infants
diagnosed with RDS, indicated damage to the
alveolar wall and activation of lung immune
defense functions.
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