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Oxidative stress (OS), resulting from 
increased free radical processes and a 
decrease in the buffer capacity of antiox-
idant defense (AOD), is one of the main 
factors in the pathogenesis of many dis-
eases [1, 2, 3, 4, 5, 6]. In clinical prac-
tice, both in the analysis of pathological 
conditions and in the detection of disor-
ders caused by environmental factors, 
integral indicators are used, since they 
are more sensitive in assessing the bal-
ance of LPO–AOD processes than com-
paring separate markers [3, 4, 5]. This is 
due to the fact that the complexity and 
multicomponent nature of the LPO–AOD 
system makes it difficult to quantify oxida-
tive stress and, accordingly, interpret the 
results. The methodology for individual 
assessment of the Oxidative stress index 
(OSI) as a single systemic indicator for 
characterizing disorders in the LPO–AOD 
system is one of the most relevant today.

On the one hand, over the past de-
cades there has been observed a sig-
nificant decrease in mother-to-child 
HIV-transmission frequency to 1.5%. [7, 
8]. On the other hand, advanced methods 
of providing medical care to HIV-positive 
pregnant women and modified approach-
es for prescribing antiretroviral therapy 
(ART) have significantly increased the 
number of perinatally HIV-exposed unin-
fected infants [9]. Underestimation of the 

clinical status and risks specific to this 
cohort of children leads to an increase 
in adverse neonatal outcomes. Perina-
tally HIV-exposed uninfected children 
have a higher incidence of morbidity and 
mortality, an increased risk of a com-
plicated course of infectious diseases, 
immunological disorders and disorders 
of neuropsychic development [14]. It is 
assumed that unfavorable outcomes 
are associated with the direct and indi-
rect effects of HIV, exposure to ART and 
with comorbidity [10]. A large number of 
studies have been devoted to the study 
of immunological disorders in perinatally 
HIV-exposed uninfected children. It has 
been shown that at birth there is impair-
ment of the activation and differentiation 
of T- and B-cells and increase in some 
markers of inflammation and activation of 
monocytes, which persist up to 6 months 
of life and are not associated with the in-
flammatory status of the mother. It is also 
suggested that oxidative stress may be a 
potential cause of long-term persistence 
of inflammatory markers in perinatally 
HIV-exposed uninfected children. In ad-
dition, maternal ART can cause fetal mi-
tochondrial toxicity, which in turn leads 
to the development of oxidative stress. It 
has also been shown that the effects of 
mitochondrial toxicity in a child can per-
sist for a year after intrauterine exposure 
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to antiretroviral drugs [11, 12, 13]. At the 
same time, the monitoring integrative in-
dicators of oxidative stress in perinatally 
HIV-exposed uninfected children remains 
relevant to determine prognostically sig-
nificant factors in the development of 
pathological processes both in the early 
neonatal period and at later stages of 
child ontogenesis.

The aim of this work was an individ-
ual assessment of OSI in newborns of 
HIV-infected mothers.

Materials and methods. A single-cen-
ter cross-sectional study was conducted 
from March 2020 to January 2021 and 
included 142 neonates born in the Irkutsk 
City Perinatal Center with a gestational 
age of more than 37 0/7 weeks.

All newborns were divided into 2 
groups: the main group included 62 chil-
dren from HIV-seropositive mothers, the 
control group consisted of 80 full-term 
newborns from HIV-seronegative moth-
ers.

Criteria for inclusion in the main group: 
infants born alive at a gestational age of 
more than 37 0/7 weeks; confirmed HIV 
infection in mothers; informed consent 
signed by parents and / or legal repre-
sentatives. Criteria for exclusion from 
the main group: parents and/or legal 
representatives refuse to take part in 
the study at any stage; a newborn from 
a discordant couple; a child with hemo-
lytic disease of the newborn; a child with 
chromosomal diseases; infants born to 
PCR-confirmed SARS-CoV-2 positive 
mothers or confirmed mother`s vaccina-
tion against COVID-19 in the third trimes-
ter of pregnancy; the patient does not 
meet the inclusion criteria.

Depending on the HIV viral load in 
HIV-infected mothers before childbirth (at 
a gestational age of 34 weeks or more), 
newborns of the main group were divided 
into two subgroups: in the 1st subgroup of 
children (n=41), the HIV viral load in their 
mothers had a detectable value (more 
than 50 copies/ml), in the 2nd subgroup 
of children (n=21) the mothers` HIV viral 
load was undetectable (less than 50 cop-
ies/ml).

Criteria for inclusion in the control 
group: newborns born alive at a gesta-
tional age of more than 37 0/7 weeks; 
HIV-negative mothers, informed consent 
signed by parents and / or legal repre-
sentatives of the child. Criteria for ex-
clusion from the control group: children 
with hemolytic disease of the newborn, 
chromosomal diseases; infants born to 
PCR-confirmed SARS-CoV-2 positive 
mothers or confirmed mother`s vaccina-
tion against COVID-19 in the third trimes-
ter of pregnancy; the patient does not 

meet the inclusion criteria. The groups 
of newborns were comparable on gesta-
tional age, anthropometric parameters at 
birth and Apgar score (p > 0.05).

The study was conducted in accor-
dance with the principles of the WMA 
Declaration of Helsinki (2013 edition); 
the experiment was approved by the Bio-
medical ethics committee at the Federal 
state public scientific institution «Scien-
tific center for family health and human 
reproduction problems» (extract from 
the Minutes of the meeting No. 2 dated 
04.03.2021). Informed consent for the 
inclusion in the study was signed by the 
parents and/or legal representatives of 
the child.

All mothers of newborns of the main 
group were prescribed antiretroviral ther-
apy (ART) by the infectiologist of the re-
gional AIDS Center to prevent the trans-
mission of HIV infection from mother to 
child during pregnancy (the first stage 
of PMTCT). The particular type of ART 
regimen was prescribed considering its 
effectiveness, dynamics of the viral load 
(VL) and the absence of contraindica-
tions. Prevention of transmission of HIV 
infection during childbirth (intravenous 
administration of zidovudine) was per-
formed in all mothers of newborns of the 
main group (second stage of PMTCT) 
(Clinical guidelines "HIV infection in preg-
nant women", 2021). The need of pro-
phylactic ART scheme in newborns of the 
main group depended on the risk of HIV 
transmission from mother to child (the 
third stage of PMTCT). Children were 
prescribed zidovudine monotherapy for 
a period of 4 weeks in case of unde-
tectable HIV-VL in mother before deliv-
ery (at a gestational age of 34 weeks or 
more). At mother`s HIV-VL level of more 
than 50 copies/ml the risk of HIV trans-
mission was considered high and new-
borns of the main group were prescribed 
three-component ART for a period of 4 
weeks (zidovudine, lamivudine and nevi-
rapine) (Clinical guidelines "HIV infection 
in children", 2020 ).

All children of the main group were 
HIV-negative according to PCR testing. 
After birth all newborns of the main group 
were formula fed to prevent HIV infec-
tion. Children from the control group were 
breastfed.

Blood plasma and erythrocyte hemo-
lysate were used as biological samples. 
Blood was collected on the 3rd day of 
life in the morning before feeding from 
a peripheral vein (back of the hand) us-
ing disposable vacuum systems with a 
23G needle into tubes with EDTA-K3. All 
children underwent analgesia (non-phar-
macological methods of pain correction 

- non-nutritive sucking and 20% glucose 
solution per os).

To assess the intensity of lipid perox-
idation processes, the concentrations of 
the substrates with double bonds (DB) 
and oxidation products: diene conjugates 
(DC), ketodienes, conjugated trienes 
(KD and CT), active products of thiobar-
bituric acid (TBA-AP) were measured. 
The activity of the components of the an-
tioxidant defense system was assessed 
by the value of total antioxidant activi-
ty of blood serum (AOA), based on the 
concentrations of natural endogenous 
antioxidants (α-tocopherol and retinol) 
oxidized (GSSG), reduced (GSH) gluta-
thione and superoxide dismutase (SOD) 
activity. The measurements were carried 
out using spectrophotometric and fluoro-
metric methods.

The acknowledged method of calculat-
ing the oxidative stress index (OSI) was 
used in order to individual assessment 
of oxidative stress and was based on the 
ratio of pro- and antioxidant factors [8].

OSI = ((ДCi/ДCn) х
х (TBA-AP i)/(TBA-AP n) х

х (KD_CTi/KD_CTn)) / ((SODi/SODn) х
х (α-TOCOFEROLi/α-TOCOFEROLn) x
х (RETINOLi/RETINOLn) х (GSHi/GSHn)),
note: «i» – the levels of indicators of the 
examined patients; «n» - levels of indica-
tors of the control group. 

Normally, the oxidative stress index 
tends to 1 [8]. The value of OSI > 1 is 
considered as an increase in the degree 
of oxidative stress. The greater the value 
of the oxidative stress index, the more in-
tense the processes of lipid peroxidation 
and the less effective the AOD system.

The data was processed using the Sta-
tistica 6.10 software (StatSoft, Inc.). The 
visual-graphic method and Kolmogor-
ov-Smirnov`s criterion with Lilliefors and 
Shapiro-Wilk`s corrections were used to 
determine the proximity to the normal law 
of distribution. The equality of general 
variances was tested with Fisher's F-test. 
The nonparametric Mann-Whitney test 
was used to compare the main and con-
trol groups. Differences were considered 
significant at p<0.05.

Results and discussion. Since there 
were no significant differences between 
groups of newborns when comparing the 
indicators of the "LPO-AOD" system, de-
pending on the mothers` HIV viral load 
in, the newborns were combined into 
one group. Also, the groups of newborns 
were comparable on maturity and Apgar 
score. Intergroup differences during the 
period of early postpartum adaptation 
and early neonatal period were not found 
in the compared groups. At the time of 
delivery and the course of pregnancy, the 
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mothers of the control group and the HIV 
group were comparable and did not have 
statistically significant differences.

In the blood of HIV-exposed uninfect-
ed newborns, a statistically significant in-
crease in substrates with double bonds 
(DB), the level of primary (DC) and final 
products (TBA-AP) of lipid peroxidation 
were found. The antioxidant defense sys-
tem was characterized by decrease in 
the levels of total blood AOA, SOD and 
α-tocopherol with increased retinol con-
centration (Table). The index of oxida-
tive stress in the group of HIV-exposed 
uninfected newborns was detected 1.98 
times higher compared to healthy new-
borns and was 2.5 and 1.26, respectively 
(Figure).

The value of the oxidative stress co-
efficient indicates a significant imbalance 
in the LPO-AOP system reflecting the 
enhancement of the lipid peroxidation 
processes. An increase in the concentra-
tion of substrates and products of perox-
idation leads to the destruction of lipids, 
and, consequently, to the degradation of 
the cell membrane complex. Despite the 
fact that free radical processes are typi-

cal in various pathological conditions, the 
mechanisms of their development may 
have specific features. Accumulation of 
free radical oxidation products in chronic 
diseases causes damage of the vascular 
endothelium with subsequent develop-
ment of the endothelial dysfunction [3, 5]. 
In acute inflammation the development of 
oxidative stress is characterized by the 
rate of accumulation and an excessive 
increase in the concentration of metabo-
lites, when the body does not have time 
to mobilize its own antioxidant reserve, 
which contributes to the aggravation of 
free radical oxidation reactions and hy-
peractivation of the immune system [2, 4].

The integral oxidative stress index is 
recommended as a general indicator that 

characterizes the level of lipid peroxida-
tion products and antioxidant protection 
factors in a particular group. Also, OSI is 
more sensitive indicator than separated 
components of the system, which objec-
tively represents the LPO–AOD system 
malfunctioning, and provides the com-
prehensive view to the both lipid peroxi-
dation processes and the level (effective-
ness) of protective factors.

To summarize, the results of the study 
point to the need to further investigations 
aimed to determination of prognostical-
ly significant markers in PVEN, which 
could be involved or could indicate the 
pathological processes both in the early 
neonatal period and in the later stages of 
infant development. In order to improve 
the medical care of PVEN, it is necessary 
to continue research and develop clinical 
recommendations for managing this cat-
egory of newborns at all stages of nurs-
ing and treatment.
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Т.V. Borisova, S.A. Fedorova, N.A. Barashkov

ANALYSIS OF THE C.757A>G P.(ILE253VAL) 
VARIANT OF THE SLC26A4 GENE
IN GJB2-NEGATIVE PATIENTS
WITH HEARING LOSS IN YAKUTIA

Introduction. Hearing impairment 
(HI) is one of the most common congen-
ital pathologies. The prevalence of con-
genital and childhood hearing loss (HL) 

and deafness in the world is estimated at 
1.33 per 1000 newborns [19]. It is known 
that up to 50% of cases of congenital 
deafness have a hereditary etiology [6, 
19]. About 70% of genetic causes of HL 
are thought to be nonsyndromic, with the 
remaining 30% being syndromic. At the 
same time, approximately 75% of all cas-
es of nonsyndromic HL and deafness oc-
cur in autosomal recessive forms [6, 19].

The contribution of the SLC26A4 
gene to the etiology of autosomal reces-
sive forms of HL is considered one of the 
most significant, and the proportion of its 
pathogenic variants among all identified 
causative variants of other genes in a 
number of regions of the world is in sec-
ond place after the GJB2 gene [5, 7, 9, 
10, 16, 31], and in some and in first place 
(Pakistan) [12]. Pathogenic variants of 
the SLC26A4 gene are associated with 
both autosomal recessive deafness type 
4 (DFNB4, OMIM #600791) and Pen-
dred syndrome (PS, OMIM #274600). 
The SLC26A4 gene is located on chro-
mosome 7 at the locus 7q22–q31, con-
tains 21 exons, and encodes a trans-
membrane protein known as pendrin 
(PDS), which is expressed in the inner 
ear, thyroid gland, kidneys and airway 

epithelium [21-24, 28, 30]. Pendrin con-
sists of 780 amino acids forming 12–14 
TM segments, including a segment of 
the intracellular functional STAS domain 
(Sulfate Transporter and Anti-Sigma fac-
tor antagonist) [15, 29].

Earlier in Yakutia, using direct Sanger 
sequencing of the coding region of the 
SLC26A4 gene, an analysis of its mu-
tational contribution was carried out 
among six patients with HI and inner ear 
anomalies (IP-1, IP-2, and EVA) [1]. Five 
variants were identified in the SLC26A4 
gene: c.85G>C p.(Glu29Gln), c.757A>G 
p.(Ile253Val), c.2027T>A p.(Leu676Gln), 
c.2089+1G>A (IVS18 +1G>A) and 
c.441G>A p.(Met147Ile). Pathogenic 
biallelic variants of the SLC26A4 gene 
were detected in four patients (4/6) and 
monoallelic SLC26A4-variants of in two 
patients (2/6). It should be noted that all 
monoallelic patients were Yakuts and car-
ried the same heterozygous variant of the 
SLC26A4 gene - c.757A>G p.(Ile253Val) 
[1]. In the ClinVar database, this variant 
is not annotated (https://www.ncbi.nlm.
nih.gov/snp/rs773657545/#publications). 
However, in the Deafness variation data-
base (DVD), the c.757A>G p.(Ile253Val) 
variant is classified as likely pathogenic 

In this work, we searched for the missense variant c.757A>G p.(Ile253Val) of the SLC26A4 gene in GJB2-negative patients with hearing loss 
(n=201) and in the control group of hearing individuals (n=103) in Yakutia. As a result, this variant was detected with a frequency of 2.02% among 
patients, in the control group - 1.94%. To interpretation the clinical significance, a frequency analysis of this variant and in silico evaluation were 
performed, the results of which are in favor of the likely benign of the c.757A>G p.(Ile253Val) variant of the SLC26A4 gene, as indicated by the high 
frequency of occurrence in population samples, and the fact that this missense substitution theoretically does not violate the structural stability of 
the pendrin protein (SLC26A4).

Keywords: variant c.757A>G p.(Ile253Val), SLC26A4 gene, pendrin (SLC26A4), sensorineural hearing loss.
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