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Abstract—Coronavirus disease (COVID-19) is an acute infectious disease of the respiratory tract caused by a
new SARS-CoV-2 coronavirus. A global vaccination program against SARS-CoV-2 continues, and the inci-
dence of COVID-19 worldwide is significantly decreasing. However, among millions of those who survived
COVID-19, numerous groups will need assistance due to increased clinical consequences after COVID-19.
Currently, there is a need to search for molecular biomarkers for monitoring the onset and progression of post-
COVID syndrome. For this purpose, the relative average length of chromosome regions was studied in the groups
of women of reproductive age: in the group of patients (n = 64) recovered from COVID-19 and in the control group
(n = 42) of women of the same age. The analysis was carried out using a method of multiplex monochrome quan-
titative real-time PCR on DNA samples isolated from the peripheral blood leukocytes. According to the results of
the study, it was established that the relative average length of chromosomes in the peripheral blood leukocytes was
statistically significantly lower in the group of patients with COVID-19 than in the control group (p < 0.05). The
results obtained allow one to state that the observed shortening of the relative average length of telomeres in the
group of patients that recovered from COVID-19 can indicate that SARS-CoV-2 infection can directly cause the
erosion of telomeres in the blood cells, particularly, in leukocytes. Thus, the determination of the relative average
length of telomeres can be an informative prognostic marker for estimating the risk of the severity of COVID-19
disease and the development of post-COVID syndrome.
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INTRODUCTION

Coronavirus disease (COVID-19) is an acute
infectious disease of the respiratory tract caused by a
new coronavirus (SARS-CoV-2) and now, according
to the order of the International Committee on Taxon-
omy of Viruses, is called severe acute respiratory syn-
drome coronavirus 2 (Velavan et al., 2020). This dis-
ease became known first on December 31, 2019, when
WHO was informed about the cases of pneumonia of
undetermined microbial etiology in Wuhan, Hubei
Province, China. After the first reported case of the
disease in China, the virus spread rapidly to other
countries in Asia, Central and Northern Europe, and
America. In a matter of weeks, a local outbreak
became threatening and turned into a global problem.
On January 30, 2020, WHO declared COVID-19 a
major emergency in the field of public health (Ren et al.,
2020). As of May 1, 2021, the number of SARS-CoV-2

infected worldwide reached almost 170 million and
3.5 million lethal outcomes.

A global vaccination program against SARS-CoV-2
continues, and the incidence of COVID-19 worldwide
is significantly decreasing. However, among millions
of those who survived COVID-19, numerous groups
will need assistance due to increased clinical conse-
quences after COVID-19 determined as a post-
COVID syndrome (Oronsky, 2021; Walitt, 2021).
Despite a number of manifestations associated with
post-COVID syndrome, there is a lack of potentially
significant molecular biomarkers to monitor the onset
and progression of post-COVID syndrome.

In the previous studies, data on the effect of viral
and bacterial infections on the estimation of biological
age determined as DNAmAge (performed using the
analysis of the length of telomeric regions of chromo-
somes) were obtained (Horvath and Levine, 2015;
Kananen et al., 2015; Sabry et al., 2016). It was estab-
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lished that shorter telomeres are associated with the
risk of the development of more severe symptoms of
COVID-19 (Froidure et al., 2020). It is important to
note that there was a significant shortening of telo-
meric regions of chromosomes in the group of patients
with post-COVID syndrome as compared with such
index in the control group. It should be noted that the
differences were most significant among the popula-
tion under 60 years old (Mongelli et al., 2021).

The possibility that changes in telomere length
characterizing a high risk of the development of severe
course of COVID-19 disease can overlap with those
associated with aging is discussed (Mongelli et al.,
2021). Therefore, the aim of this study was to analyze
the association between the length of telomeric regions
of the chromosomes of peripheral blood leukocytes
and past SARS-CoV-2 infection in women of repro-
ductive age from Ukraine.

MATERIALS AND METHODS
Analysis of Clinical Data and Sample Formation. As

a part of this work, biological samples of the peripheral
blood were collected. Study group one (64 patients)
consisted of women of reproductive age who were
treated in the infectious disease department of the
hospital (Kyiv, Ukraine). The diagnosis of COVID-19
was confirmed using PCR test. The control group
consisted of healthy women (42 individuals) with a
negative result of PCR test for COVID-19. All individ-
uals of this group are residents of Kyiv (Ukraine).

According to the basic rules of bioethics, when using
a human as an object of study, we obtained informed
consent to conduct this study from all test subjects, and
the nomenclature of peripheral blood samples, which
included a numerical code, was introduced.

DNA Samples. Genomic DNA samples were iso-
lated from the venous blood with a reagent kit for the
isolation of nucleic acids DNA-TECHNOLOGY
“PROBA-NK-PLYUS” according to the manufac-
turer’s protocol.

The quality of DNA preparations was determined
by spectral characteristics, and an ND-1000 Spectro-
photometer instrument (NanoDrop, United States) in
the range λ220–λ300 was used.

Determination of the Length of Leukocyte Telo-
meres using a Method of Multiplex Monochrome
Quantitative Polymerase Chain Reaction. To estimate
the relative average length of telomeres, a quantitative
monochrome multiplex real-time polymerase chain
reaction was performed using a method proposed by
R. Cawthon (2009).

To carry out this reaction, a “real-time PCR kit” in
the presence of EvaGreen intercalating dye (Solis Bio-
Dyne production) was used in accordance with the
manufacturer’s recommendations on a Bio-Rad
Chromo4 amplifier. Per a single sample, 10 ng DNA,
as well as a pair of primers telg and telc (final concen-
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tration, 450 nmol each), as well as a pair of albumin
primers albu and albd (final concentration of each,
250 nmol) were added to 18 μL of the reaction mixture
to amplify in vitro the albumin reference gene. The com-
position of the reaction mixture and temperature and
time regimes of multiplex monochrome quantitative
PCR for estimating the relative average length of telo-
meric regions of the chromosomes were described in
detail in our previous studies (Khalangot et al., 2020).

After the completion of thermal cycling, f luores-
cence data on each PCR cycle were obtained using an
Opticon Monitor 3 program. For each well/eppen-
dorf, the Richardson function was adjusted with sub-
sequent calculation of Сy0 (Guescini et al., 2008).
This is a non-threshold method, which allows us to
increase significantly the accuracy of quantitative
PCR by taking into account the reaction kinetics in
each test tube. Subsequently, the standard curves were
constructed: one curve for a telomeric signal (T) and
another for a signal from a single-copy gene (S). By
Cy0, the amount of telomeric DNA relative to refer-
ence DNA was determined using a calibration line;
similarly, data for the amount of albumin DNA were
obtained. The values of relative average length of telo-
meres were obtained by T/S ratio.

Statistical Analysis. Shapiro–Wilk test was used to
verify the normality of the distribution of the obtained
indices. Nonparametric Mann–Whitney test (U test)
was used to estimate the difference in the distribution
of indices. Statistical processing was carried out in a
Statistica 10 software (StatSoft).

RESULTS AND DISCUSSION

According to the results of molecular genetic anal-
ysis, characteristics of the relative average length of
chromosomes (value of T/S ratio) were obtained from
study groups one and two for each individual. It
should be noted that these indices in the group of
women that recovered from COVID-19 (study group
one) varied within 0.01–8.2 (T/S), while the value
0.14–4.65 (T/S), respectively, was observed in the
control group. We estimated the distribution of the
relative average length of telomeres in both studied
groups. According to the results of testing the normal-
ity of distribution of variables using the Shapiro–Wilk
test, evidence was obtained that the distribution of
telomere length in the studied groups (Table 1) does
not correspond to normal (p < 0.000001).

A comparative analysis of the relative average
length of telomeres in the group of women that recov-
ered from COVID-19 and female individuals from the
control group was carried out using the Mann–Whit-
ney U test. It was established that women that recov-
ered from COVID-19 had statistically significantly
shorter telomeres as compared from individuals of the
control group (p < 0.01). The characteristics of T/S
distribution (relative average length of leukocyte telo-
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Table 1. Parameters of regularities of the distribution of T/S indices (relative average length of leukocyte telomeres) among
women that recovered from the СОVID-19 disease and healthy female individuals from the control group

Study group N
T/S ratio (relative average length of telomeres)

minimum Q1 (quartile) median Q3 (quartile) maximum

1 64 0.01 0.19 0.46 1.03 4.65
2 (control) 42 0.47 0.8 1.49 2.55 8.2
meres) in women that recovered from COVID-19 and
the control group are given in Fig. 1.

Our observations are consistent with preliminary
data indicating an increase in the risk of complications
with COVID-19 in patients with short telomeres,
which can be caused by reduced regenerative potential
(Sanchez-Vazquez et al., 2021). It is important to note
that shorter telomeres were also observed among patients
with a respiratory distress syndrome. It was demonstrated
that shorter telomeres in the peripheral blood leukocytes
were observed in patients with higher mortality (Albrecht
et al., 2014; Dos Santos et al., 2021).

In the studies carried out by a group of authors, it
was hypothesized that not a genetic component but
exposome is a decisive factor in the association of
shorter telomeres with the regenerative potential of an
individual (Jiang et al., 2022). At the same time, a
number of researchers noted that the length of telo-
meres by its nature should be a more powerful infor-
mative marker of complications with COVID-19 than
the gender or the presence of hypertension in a patient
with COVID-19. It is also important to note the inter-
esting results obtained regarding telomere-dependent
lymphopenia in elderly patients, which increases the
probability of complications in case of infection with
SARS-CoV-2 (Benetos et al., 2021). A rapid decrease
in the ability to clonal expansion of leukocytes in
Fig. 1. Characteristics of T/S distribution (relative average
length of leukocyte telomeres) in women that recovered
from COVID-19 and the control group.
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patients over 60 years was caused by a short telomere
length, which determined a decrease in the efficiency
of clonal expansion of T lymphocytes by ten times in
the age range of 60–70 years old. Clonal expansion is
critical for the efficient control of infectious diseases;
accordingly, the significance of estimation of telomere
length for the stratification of patients relative to this
index with COVID-19 and other viral diseases is obvi-
ous (Anderson et al., 2022). A decrease in the relative
average length of telomeres that we noted in female
patients that recovered from COVID-19 is consistent
with the results on an increase in biological age in
patients that recovered from COVID-19 based on data
on methylation of the promoter regions of a number of
genes (Mongelli et al., 2021).

The presence of shorter in length telomeres in indi-
viduals can also be a molecular biomarker of the for-
mation of SARS-CoV-2 antigen-specific/effector
memory T cells removing viral particles from the
organism (Aviv, 2021). Thus, T cells with shorter telo-
meres can cause a limitation of the adaptive immunity
against SARS-CoV-2.

The results obtained in our study allow us to state
that the observed shortening in the relative average
length of telomeres in the group of patients that recov-
ered from COVID-19 can indicate that SARS-CoV-2
infection can directly cause the erosion (a change in
the spatial structure of telomeres) in the blood cells,
particularly, in leukocytes, and, consequently, affect
the epigenetic regulation of the expression of a number
of genes due to a change in the activity of chromatin
remodulation proteins that are localized in telomeric
regions of the chromosomes (Tyagi et al., 2016; Magas-
Acosta and Valadez-Graham, 2020). Thus, according to
the results of the conducted studies, it can be concluded
that the relative average length of telomeres can be an
informative prognostic marker for estimating the risk of
the severity of COVID-19 disease and the development
of post-COVID syndrome and possible cause of prema-
ture aging in women of reproductive age.
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