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Abstract

Bearing in the mind that a variety of agents can contribute to genome instability, including viral infections, the aim of this study was to analyze
DNA damage in hospitalized COVID-19 patients and its relationship with certain laboratory parameters. The potential impact of applied therapy
and chest X-rays on DNA damage was also estimated. The study population included 24 severely COVID-19 patients and 15 healthy control
subjects. The level of DNA damage was measured as genetic damage index (GDI) by comet assay. The standard laboratory methods and certified
enzymatic reagents for the appropriate autoanalyzers were performed for the determination of the biochemical and hematological parameters.
COVID-19 patients had significantly higher level of DNA damage compared with control subjects. The absolute number of neutrophil leukocytes
was statistically higher, while the absolute number of lymphocytes was statistically lower in COVID-19 patients than in healthy controls. The
analysis of the relationship between DNA damage and laboratory parameters indicated that GDI was positively correlated with interleukin 6 (IL-6)
concentration and negatively with platelet count in COVID-19 patients. The level of DNA damage was slightly higher in female patients, in whom
it was demonstrated a positive correlation of GDI with C-reactive protein (CRP) and procalcitonin. Likewise, there was a negative relationship of
GDI and platelet count, and positive relationship of GDI and activated partial thromboplastin time (aPTT) in female population. The applied therapy
(antibiotics, corticosteroid, anticoagulant, and antiviral therapy) as well as chest X rays has been shown to have genotoxic potential. The level of
DNA damage significantly corresponds to the inflammatory markers and parameters of hemostasis in COVID-19 patients. In conclusion, inflam-
mation, smoking habit, applied therapy, and chest X rays contribute to a higher level of DNA damage in COVID-19 patients.
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Introduction (COVID-19), has rapidly taken on pandemic proportions and
become a global threat to human health around the world
[6]. This RNA virus of high virulence and rapid transmissi-
bility causes severe upper respiratory tract infection, which
can be complicated by a massive inflammatory response and
multiorgan dysfunction [7, 8]. Accordingly, there are abnor-
mal laboratory results in COVID-19 patients as a conse-
quence of some hematological, inflammatory, coagulation,
hepatic, muscular, cardiac, and renal alterations [8, 9].

A storm of proinflammatory mediators induced by viral in-
fection could play a role in DNA damage and the development
of harmful somatic mutations, as well as in the disruption of
cell cycle regulation [10, 11]. Specific proinflammatory me-
diators may induce the production of ROS in nonphagocytic

Genome integrity is ensured by the constant monitoring of
DNA repair and replication, and an uninterrupted cell-cycle
development. The occurrence of genetic changes as a con-
sequence of DNA damage and the lack of its repair due to
the reduced DNA repair capacity [1] results in the genome
instability. A variety of agents can contribute to DNA dam-
age and genome instability, both endogenous and exogen-
ous, including viral infections [2]. Viruses could induce the
genotoxic lesions by acting on host DNA directly, or by stimu-
lating the production of reactive oxygen species (ROS), and
modulating signaling pathways involved in the cell cycle [3-5].

Severe acute respiratory syndrome coronavirus (SARS-
CoV-2), the causative agent of coronavirus disease 2019
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and phagocytic cells [12-14]. The resulting oxidative stress
promotes genomic instability, by reducing gene expression for
DNA mismatch repair. On the other hand, in vitro studies
have shown that SARS-CoV-2 components could directly dis-
rupt DNA repair by inhibiting the key DNA repair proteins
[15] and DNA replication through the interaction with DNA
polymerase enzymes [16]. The absence of adequate DNA rep-
aration, the weakening of cell cycle checkpoints, and an in-
creased of cell proliferation results in the maintenance and
accumulation of DNA damage which can be detected in per-
ipheral blood lymphocytes.

Thus, the aim of our study was to analyze DNA damage
in hospitalized COVID-19 patients as well as its association
with certain laboratory parameters and the applied diagnos-
tic and therapeutic agents. In addition, we evaluated the dif-
ferences in the degree of DNA damage and complete blood
count between COVID-19 patients and healthy controls. To
the best of our knowledge, this is the first study about DNA
damage in COVID-19 patients.

Materials and methods

Study population

The study enrolled 24 patients of COVID-19, hospitalized
in the Clinic for Lung Diseases of University Clinical Center
Kragujevac, who were sampled during August and September
2021. There were 16 (66.7%) males and 8 (33.3%) females of
mean age of 55.83 = 13.41 years. All patients fulfilled the cri-
teria for COVID-19 set up by the World Health Organization
[17]. Accordingly, the study included the subjects with SARS-
CoV-2 infection, confirmed by real-time polymerase chain
reaction, and with radiographically proven pneumonia (the
presence of the consolidation of the lungs). They were not
vaccinated prior to infection with COVID-19. At the time of
sampling, each patient had antibiotic (antibiotic type depends
on the severity of disease with the same regimen within the
type, according to Europian Respiratory Society/American
Thoracic Society guidelines for treatment of community-
acquired pneumonia or hospital-acquired pneumonia), cor-
ticosteroid (methylprednisolone in a daily dose of 60-100
mg), and anticoagulant therapy (60 mg/24 h of enoxaparin
sodium) as well as oxygen therapy. Also, all COVID-19 pa-
tients were treated with Favipiravir (6-Fluoro-3-oxo-3,4-
dihydropyrazine-2-carboxamide), an antiviral agent, ac-
cording to Treatment Guidelines for COVID-19. Before the
enrollment in the study, none of the patients had received
anti-interleukin 6 therapy. The blood samples were taken
during the hospitalization, i.e. 2-3 days after chest X-ray and
after the administration the therapies mentioned above. None
of the patients had chronic inflammatory and autoimmune
diseases, malignant diseases, and coagulation disorders. There
were 11 smokers and 13 nonsmokers COVID-19 patients.
The control group comprised 15 healthy subjects, 9
(60.0%) males, and 6 (40.0%) females of mean age 53.80
+ 11.68 years. They were colleagues who were willing to
engage in the study and who have not previously crossed
COVID-19. Since four vaccines based on different techniques
were used in our country, to avoid any influence of vaccine on
the parameters measured, only nonvaccinated subjects were
enrolled in control group. In all control subjects, the antigenic
test for coronavirus was negative and they did not develop
COVID-19 symptoms in the coming weeks. Besides, all hema-
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tological and biochemical parameters at the time of sampling
were in the reference range. The control subjects had no acute
or chronic infection, autoimmune diseases, malignant dis-
eases, coagulation disorders, or other conditions that could
affect the tested parameters. They had not been exposed to
any known genotoxic agents. Three control subjects were
smokers and 12 nonsmokers.

The study was planned according to the Declaration of
Helsinki, and it was approved by the Ethical Committee of
University Clinical Center Kragujevac (number 01/21-138).
Written informed consent for participation in the study was
obtained from all patients and control subjects.

Sample size

The target sample size was estimated by G*Power
3.1.Software, based on a study of similar design [18]. By
using T test with a error = 0.05 and a power of 1-§ = 0.95,
we determined that the required sample size is 12 subjects.
Based on this calculation, we included twice as many patients
in our study.

Measurement of DNA damage

The alkaline version of the comet assay was performed ac-
cording to the methodology of Singh er al. [19], with alter-
ation suggested by Collins and Dusinskd [20]. The comet
assay was performed using two layers of agarose on micro-
scope slides. Before the experiment, frosted microscope slides
were cleaned with 96% ethanol and dried over a burner, and
then clear slides were coated with a layer of 1% of normal-
melting-point agarose and dried for 3 days.

Lymphocytes (the white ring) were isolated from whole
heparinized peripheral blood, within 1 hr from blood sam-
pling, at room temperature using Histopague-1077. Before
processing, the blood was transported in containers at 4°C.
Thereafter, the lymphocytes were washed twice in RPMI me-
dium (by centrifugation at 1600 x g for 10 min) and resus-
pended in PBS. The cell viability, as assessed by the Trypan
blue test, was >89%. Cell counting was performed using a
light microscope with a hemocytometer filled with 10 pl hom-
ogenized cell suspension. Then, the lymphocytes were resus-
pended in PBS to obtain 1 x 10° cells/ml.

One hundred microliters of cell suspension (10,000 cells)
were mixed with 100 pl of 1% low melting-point agarose
(dissolved in PBS, in a final concentration of 0.01 g/ml) and
spread onto the slide per two drops of 90 pl and covered by
a coverslip. The gels were left for about 2 min on ice in order
to solidify agarose, and coverslips were removed, and then
immersed to lysis solution (2.5 M NaCl, 100 mM EDTA, 10
mM Tris, 1% Triton X-100, and 10% dimethyl sulfoxide,
pH 10) for 2 h, in the dark, at 4°C. After lysis of agarose-
embedded cells, alkaline denaturation was performed in an
electrophoresis buffer solution for 30 min (10 M NaOH, 200
mM EDTA, pH > 13) and slides were electrophoresed for 30
min at 25 V (0.7 V/em) and 300 mA. Subsequently, the slides
were washed in neutralizing Tris=HCI buffer three times for
5 min (0.4 M Tris, pH 7.5) and rinsed in distilled water. For
visualization, slides were stained with 50 pl ethidium bromide
(20 pg/ml). Experiments were performed in the dark to min-
imize the induction of additional DNA damage.

One hundred randomly selected cells (50 cells from each
of two replicate gels) were scored, using a Nikon E50i fluor-
escent microscope at 400x magnification. The DNA damage
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Figure 1. The photographs of cells obtained by using a Nikon E50i
fluorescent microscope at 400x magnification after performing the
comet assay in severely ill COVID-19 patient (A) and healthy controls (B).

was quantified by visual classification of cells into five comet
classes, according to the tail intensity and length, from 0 to 4:
class 0—no damage; class 1—low damage; class 2—medium
damage; class 3—high damage, and class 4—total destruction.
Representative images of comets classified in five different
classes are also seen in Figure 1. The Genetic Damage Index
(GDI) was calculated for each sample following Pitarque et
al. [21] using the following formula:

_ Class142x Class2+ 3 x Class3 + 4 x Class 4
" Class 0 + Class 1+ Class 2 +Class 3 +Class 4

GD1

Determination of biochemical and hematological
parameters

The biochemical parameters were analyzed using standard
accepted methods in Laboratory diagnostic service of the
University Clinical Center Kragujevac. Serum concentra-
tions of C-reactive protein (CRP), procalcitonin, interleukin
6 (IL-6), ferritin, lactate dehydrogenase (LDH), aspartate
aminotransferase (AST), alanine aminotransferase (ALT), cre-
atine kinase (CK), pro-brain natriuremic peptide (pro-BNP),

urea, and creatinine were measured by the reagents certified
and validated for the use on Oly AU 680 (Beckman Coulter
Inc. Brea, USA) for CRP, ferritin, LDH, AST, ALT, CK, urea
and creatinine, and Cobas e 411 chemical analyzer (Roche
diagnostics GmbH, Mannheim, Germany) for procalcitonin,
IL-6 and pro-BNP. The reference ranges were as follows: CRP
< 5 mg/l; procalcitonin < 0.5 ng/ml; IL-6 < 7 pg/ml; ferritin
20-300 pg/l; LDH 220-450 U/l; AST 0-40 IU/I; ALT 0-40
IU/l; CK < 171 U/l; pro-BNP < 125 pg/ml; urea 3-8 mmol/I;
and creatinine 49-106 pumol/l.

The automated DxH 800 Hematology Analyzer (Beckman
Coulter, Inc. Brea, USA) was used for the assessment of hema-
tological parameters: hemoglobin level (range 138-175 g/l
for males and 110-157 g/l for females), hematocrit (0.415-
0.530 /I for males and 0.356-0.470 1/l for females), blood
count of erythrocytes (range 4.34-5.72 x 10'%/l for males
and 3.86-5.08 x 10'%/I for females), leucocytes (3.70-10.0 x
10°/1), and platelets (135-450 x 10°/1). Based on the abso-
lute counts of leucocytes’ subtypes (neutrophils, lymphocytes,
monocytes) and platelets, the following indices were calcu-
lated: neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), and systemic inflammation response
index (SIRI) (defined as multiplication of neutrophils and
monocytes divided by lymphocytes count).

Blood coagulation parameters (prothrombin time [PT],
activated partial thromboplastin time [aPTT], D-dimer, and
fibrinogen) were determined by ACL TOP 350¢™ (Beckman
Coulter Inc. Brea, USA). The reference ranges of the coagu-
lation parameters were as follows: PT 11.8-15.3s; aPTT 25—
35s; D-dimer < 0.50 pg/ml; and fibrinogen 2-5 g/l.

Statistical analysis

The commercial SPSS version 20.0 for Windows was used
for statistical analysis. All data were expressed as mean =
standard deviation. The differences in the analyzed param-
eters between two groups of subjects were evaluated using
independent sample T-test (in the case of normal distribu-
tion of variables), respectively, Mann—Whitney test (in the
case of non-normal distribution of variables). Bivariate cor-
relation test (with determination of Pearson/Spearman coef-
ficient) was performed to assess the relationship between the
degree of DNA damage and laboratory parameters. Linear
regression analysis was applied to identify predictors of DNA
damage. P value less than 0.05 was considered as statistically
significant.

Results

We studied the differences in the degree of DNA damage
and complete blood count between COVID-19 patients and
healthy controls as well as the potential association of GDI to
certain laboratory parameters in COVID-19 patients.

Comet assay showed that DNA damage in peripheral
blood lymphocytes of COVID-19 patients was significantly
higher than in healthy subjects (1.86 = 0.29 vs. 0.35 = 0.06)
(P < 0.001) (Table 1).

Our study also included analysis of the complete blood
count in COVID-19 patients and healthy controls. We
found that there were statistically significant differences in
the number of neutrophil leukocytes and lymphocytes be-
tween COVID-19 patients and control subjects (Figure 2A).
Accordingly, significant differences in NLR and SIRI were



Table 1. Degree of DNA damage in peripheral blood lymphocytes of
COVID-19 patients (a) and control subjects (b) measured by comet assay

(a)

Patients no ~ Number of Comet classification GDI (%)

analyzed cells

1 2 3 4

1 100 29 20 28 16 7 1.52
2 100 17 11 26 20 26 227
3 100 39 8§ 23 7 23 1.67
4 100 26 9 24 9 32 212
S 100 38 10 23 13 16 1.59
6 100 34 15 17 9 25 1.76
7 100 29 10 20 10 31 2.04
8 100 33 14 2§ S 23 171
9 100 29 7 30 7 27 1.96
10 100 17 9 29 16 29 229
11 100 28 16 31 6 19 1.72
12 100 34 7 36 7 16 1.64
13 100 21 15 29 10 25 2.03
14 100 9 S5 32 26 28 2.59
15 100 26 10 24 6 34 212
16 100 15 18 34 21 12 1.97
17 100 25 15 33 15 12 1.74
18 100 20 15 36 18 11 1.85
19 100 29 20 28 16 7 1.52
20 100 17 11 26 20 26 2.27
21 100 39 8§ 23 7 23 1.67
22 100 26 9 24 9 32 212
23 100 38 10 23 13 16 1.59
24 100 34 15 17 9 25 1.76
(b)
1 100 83 6 8 1 2 0.33
2 100 87 3 N 4 1 0.29
3 100 82 S 7 3 3 0.39
4 100 82 4 9 3 2 0.39
5 100 76 18 4 1 1 0.33
6 100 80 16 3 1 — 0.25
7 100 73 20 5 2 — 0.36
8 100 76 20 2 2 — 0.30
9 100 67 29 4 — — 0.37
10 100 83 10 3 2 2 0.30
11 100 80 15 3 - 2 0.29
12 100 77 11 4 4 4 0.47
13 100 80 7 9 3 1 0.38
14 100 83 6 N 2 4 0.38
15 100 77 12 6 1 4 0.43

GDI, genetic damage index.

shown between the two groups of participants (Figure 2B).
No significant differences in the number of erythrocytes
(4.49 = 0.66 vs. 4.79 = 0.32 x 10'2, P = 0.083) and platelets
(254.91 +100.11 vs.251.00 = 48.64 x 10°, P = 0.873), as well
as in hemoglobin concentration (133.95 = 13.68 vs. 141.46 =
10.39 g/l, P = 0.079) were observed between COVID-19 pa-
tients and control subjects. But COVID-19 patients had stat-
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istically lower hematocrit values compared with the controls
(0.39 = 0.05 vs. 0.42 = 0.03 I/1, P = 0.026).

Additionally, PLR was calculated in the study population.
We found that COVID-19 patients had a significantly higher
value of PLR compared to control subjects (300.54 + 134.09
vs. 117.76 = 37.79, P < 0.001) (Figure 3).

In further investigation, we analyzed some laboratory
parameters in COVID-19 patients and control subjects
(Table 2) and their relationship with GDI (Table 3). Bivariate
correlation analysis confirmed the existence of a statistically
significant positive relationship of GDI and IL-6 concentration
(Spearman 7 =0.711,P = 0.032) as well as a statistically signifi-
cant negative relationship of GDI and platelet count (Pearson
r=-0.514, P = 0.012) in COVID-19 patients. The correlation
between the concentration of GDI and CRP did not reach
statistical significance (Pearson r = 0.402, P = 0.051). Besides,
There was a significant positive correlation between GDI
and age in the patients with COVID-19 (Pearson r = 0.452,
P = 0.026). No statistical significance was observed between
GDI and laboratory parameters in the control group of
subjects.

When it comes to gender differences, we showed that fe-
male patients with COVID-19 had a slightly higher GDI
value compared to the males, but without significant differ-
ences (1.92 = 0.37 vs. 1.84 = 0.25, P = 0.561). Although, no
significant differences between females and males in the con-
centration of CRP (45.68 = 34.58 vs. 36.51 = 26.14 mg/l,
P =0.474) and procalcitonin (0.09 = 0.11 vs. 0.09 = 0.07 ng/
ml, P = 0.677) were shown, it was estimated that GDI posi-
tively correlated with the degree of inflammation in females
(Pearson 7 = 0.913, P = 0.002 for CRP; Spearman » = 0.886,
P = 0.019 for procalcitonin). Besides, it was noted that fe-
male subjects had more pronounced hemostasis abnormal-
ities (significantly lower average platelet count and longer
aPTT) (Table 4), which also statistically correlated with GDI.
There was a negative relationship of GDI and platelet count
(Pearson r = -0.687, P = 0.005) and positive relationship of
GDI and aPTT (Spearman 7 = 0.698, P = 0.004 for aPTT). We
did not observe statistically significant differences in the rest
of the analyzed parameters between females and males.

Finally, we performed regression analysis to evaluate the
potential impact of the applied diagnostic and therapeutic
agents on DNA damage (Table 5). The administration of
two antibiotics, fluoroquinolone (§ = 0.425, P = 0.039) and
macrolides (f = 0.449, P = 0.028), daily dose of corticosteroid
(p = 0.756, P < 0.001), as well as anticoagulant (§ = 0.851,
P < 0.001) and antiviral (§ = 0.510, P = 0.011) therapy, and
chest X-rays ( = 0.819, P < 0.001) were identified to increase
DNA damage in patients with COVID-19. Similar, smok-
ing habit was also shown to be associated with the increase
of DNA damage (f = 0.471, P = 0.020). Contrary, oxygen
therapy exhibited the protective role on genetic material of
COVID-19 patients (3 = -0.407, P = 0.048).

Discussion

Our study examined the differences in DNA damage, expressed
as GDI, in hospitalized COVID-19 patients and healthy con-
trols. Besides, we elucided the relationships between DNA
damage and certain laboratory parameters as well as the re-
lationships between DNA damage and the applied diagnostic
and therapeutic agents in COVID-19 patients.
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Figure 2. The differences in white blood cells count (A) and the markers of inflammation (B) between COVID-19 patients and control subjects.

COVID-19 is a severe acute respiratory syndrome caused
by the beta-coronavirus SARS-CoV-2, for the first time ob-
served in Wuhan, Hubei province of China in December 2019
[22, 23]. Although a primarily respiratory pathogen, SARS-
CoV-2 could induce a number of complications with the signs
of cardiovascular, gastrointestinal, hepatobiliary, urinary, and
central nervous system involvement [24-26]. Typical labora-
tory features detected during COVID-19 include neutrophilia,
lymphopenia, high levels of inflammation-related parameters,
liver transferase enzymes, lactate dehydrogenase, creatinine
kinase, as well as the disturbances of coagulation factors [24,
27-29].

Accordingly, in our study, we have shown that COVID-19
patients had significantly higher degree of DNA damage
compared with control subjects. The absolute number of
neutrophil leukocytes was statistically higher, while the
absolute number of lymphocytes was statistically lower in
COVID-19 patients compared with control subjects. It has
been demonstrated that the markers of systemic inflamma-
tion (NLR, PLR, and SIRI) were considerably greater in
COVID-19 patients than in controls. No more pronounced
differences in the other blood count parameters were ob-
served between the two groups of participants. The analysis
of the relationship between DNA damage and laboratory
parameters indicated that GDI was positively correlated
with IL-6 concentration and negatively with platelet count
in COVID-19 patients. Although without greater differences

in the values of GDI between male and female patients,
DNA damage level was slightly higher in women, and it
positively correlated with the inflammatory markers (CRP
and procalcitonin). It was observed that female subjects
had more pronounced hemostasis abnormalities (signifi-
cantly lower average platelet count and longer aPTT),
which also statistically correlated with GDI. Additionally,
smoking habit, applied therapy (antibiotics, corticosteroid,
anticoagulant, and antiviral therapy), and chest X-rays were
also shown to be associated with the increase of DNA dam-
age in COVID-19 patients.

Previous studies have suggested that inflammation and
pro-inflammatory cytokines in different pathological condi-
tions stimulate the formation of ROS, which in turn might
cause DNA damage [12, 13]. On the other hand, oxidative
stress, resulting from the release of ROS by the immune cells
to an inflammatory stimulus, contribute to further immune
dysregulation and the development of uncontrolled inflam-
matory response, so-called ‘cytokine storm syndrome’ [30-
33]. This implies the existence of the phenomenon in which
the effect of ROS is potentiated by some cytokines, and vice
versa.

In general, oxidative stress and inflammation seen with a
viral infection lead to DNA damage and genome instability
due to the diminished DNA repair capacity [11, 34]. The lack
of DNA damage response and the appropriate DNA repair
regulation result in the accumulation of somatic mutations in



A)
650

600
550
500
450
400
350
300
250

PLR

200
150
100
50
0

Mihaljevic et al.

1234567 89101112131415161718192021222324
COVID-19 patients

B)

650
600
550
500
450
400
350
300
250
200
150

100
50 I
0
1 2

PLR

3 6

4 5 g§ 9 10 11 12

14 15

13

Control subjests

Figure 3. Platelet-to-lymphocyte ratio in COVID-19 patients (A) and control subjects (B).

different types of cells [11, 35]. On the other side, DNA dam-
age in COVID-19 patients might be caused by many factors,
including diagnostic and therapeutic agents.

Here, we did not study the oxidative stress. On the other
hand, it was shown that the degree of DNA damage positively
correlated with the concentration of IL-6 in COVID-19 pa-
tients. Also, the higher degree of inflammation, detected on the
basis of increased concentrations of CRP and procalcitonin,
corresponded to a higher degree of DNA damage in the fe-
male population.

To the best of our knowledge, this is the first study about
DNA damage in COVID-19 patients. Earlier, we estimated
the increased DNA damage in patients with autoimmune dis-
eases [36], which could be triggered by viral infections [37,
38]. Indeed, Lorente et al. analyzed DNA and RNA oxidative
damage in COVID-19 patients by measuring the concentra-
tion of oxidized guanine species and mortality prediction [39].
In this study, we used the alkaline version of the comet assay
for detection the damage of genetic material not only because
of oxidative stress but also to assess the total genotoxic pres-

sure in severe COVID-19 patients. Our results are consistent
with previously published data on DNA damage in severely ill
patients with multiple trauma [21] and sepsis [40], in which
the level of multiple organic dysfunctions has been shown to
positively correlated with DNA damage. Similar, Pinto con-
cluded that SARS-CoV-2 virus could promote mutagenesis by
increasing in micronuclei-bearing cells in buccal mucosa of 11
patients with COVID-19 [41].

Concerning laboratory parameters in our patients, we de-
termined considerably high values of inflammatory markers
(NLR, PLR, and SIRI), which previously have been ana-
lyzed in COVID-19 and found to play an important role in
disease prognosis and the development of multiorgan fail-
ure in SARS-CoV-2 infection [42-44]. It seems that there is
a prolonged activation of neutrophils with the production of
pro-inflammatory mediators [45], which might induce the im-
mune system impairment, through the bone marrow suppres-
sion, and decline in lymphocytes count in COVID-19 [46].

Our investigation also indicated that COVID-19 patients
showed markedly deviations in the concentrations of ferritin,
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Table 2. The laboratory parameters in COVID-19 patients and control subjects
Parameter COVID-19 patients Control subjects Significance*
Y = SD Min - Max Y = SD Min-Max

CRP 39.57 = 28.79 13.20-112.0 1.55 = 0.44 1.00-2.10 P <0.001
Procalcitonin 0.092 = 0.082 0.020-0.310 0.033 = 0.003 0.029-0.038 P =0.007
IL-6 251.53 = 466.20 1.50-1445 2.02 = 0.66 1.50-3.03 P=0.043
PT 16.74 = 10.19 12.10-60.30 12.31 = 0.43 11.80-13.00 P <0.001
aPTT 33.67 = 9.31 23.60-62 28.63 =+ 1.62 27.00-32.00 P =0.024
D-dimer 0.93 =1.21 0.80-6.01 0.30 = 0.07 0.20-0.40 P =0.002
Fibrinogen 517 =1.25 2.68-7.11 2.73 £0.55 2.00-3.73 P <0.001
Ferritin 1103.95 =+ 1361.38 178-6017 115.09 = 85.28 25-273 P <0.001
LDH 794.65 +256.57 399-1425 252.00 = 23.17 215-289 P <0.001
AST 47.67 + 42.49 15-215 15.80 = 5.26 7-24 P =0.026
ALT 59.00 = 59.16 18-292 9.40 = 4.03 5-15 P <0.001
CK 132.78 = 95.53 22-342 73.80 = 44.62 25-151 P=0.032
pro-BNP 695.82 + 990.60 36-4203 36.28 £ 33.36 10.00-104.80 P=0.014
Urea 7.46 = 2.80 3.50-15.10 4.91 = 1.37 3.30-7.10 P=0.010
Creatinine 89.25 = 43.47 56-283 87.52 £ 12.37 67-102 P=0.238
CRP, C-reactive protein; IL-6, interleukin 6; PT, prothrombin time; aPTT, activated partial thromboplastin time; LDH, lactate dehydrogenase; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; CK, creatine kinase; pro-BNP, pro-brain natriuremic peptide.
*P values correspond to independent sample T test or Mann—Whitney test (depending on distribution); statistically significant differences are bolded.
Table 3. Relationships of genetic damage index with age and biochemical/hemostasis parameters in COVID-19 patients and control subjects
Parameter Genetic damage index

COVID-19 patients Control subjects

Pearson/Spearman coefficient Significance Pearson/Spearman coefficient Significance
Age r=0.452 P=0.026 r=0.436 P =0.104
CRP r=0.402 P =0.051 r=0.233 P=0.517
Procalcitonin r=0.300 P=0.186 r=0.202 P=0.576
IL-6 r=0.711 P =0.032 r=0.396 P=0.258
Platelets r=-0.514 P =0.012 r=-0.164 P =0.650
PT r=0.015 P =0.947 r=0.045 P =0.902
aPTT r=0.297 P =0.180 r=0.145 P =0.689
D-dimer r=0.040 P=0.858 r=0.265 P=0.458
Fibrinogen r=0.157 P=0.521 r=0.301 P=0.398
Ferritin r=-0.066 P=0.775 r=0.114 P=0.755
LDH r=0.077 P =0.746 r=0.333 P =0.347
AST r=-0.031 P =0.895 r=-0.073 P =0.840
ALT r=-0.390 P =0.066 r=0.124 P=0.716
CK r=10.366 P=0.123 r=10.082 P=0.821
pro-BNP r=0.328 P =0.199 r=0.567 P=0.112
Urea r=0.199 P=0.351 r=0.422 P=0.225
Creatinine r=0.345 P =0.098 r=0.541 P =0.106

CRP, C-reactive protein; IL-6, interleukin 6; PT, prothrombin time; aPTT, activated partial thromboplastin time; LDH, lactate dehydrogenase; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; CK, creatine kinase; pro-BNP, pro-brain natriuremic peptide.

*P values correspond to bivarite correlation test; statistically significant values are bolded.

LDH, AST, ALT, CK, pro-BNP, urea, and creatinine. This is
in line with the results of previous studies that dealt with
the diagnostic and prognostic value of laboratory findings
in COVID-19 patients [8, 47, 48]. The aggrevated inflam-
matory response in SARS-CoV-2 infection causes multiorgan
dysfunction that is reflected through a remarkable increase

in different laboratory parameters. However, the mentioned
parameters did not show a significant relationship with DNA
damage, nor the hemostasis parameters. Namely, we found
that lower values of platelet count, as well as the higher val-
ues of aPTT correspond to a more pronounced DNA dam-
age in females. It is assumed that hemostasis abnormalities in



COVID-19 occur due to the endothelial dysfunction induced
by hypoxia and an uncontrolled inflammatory reaction [49].
The damage of vascular endothelium might lead to the ex-
cessive activation of coagulation cascade with subsequent
disseminated intravascular coagulation and a decrease in
platelet count [50, 51]. Thus, we have shown that the degree
of coagulopathy directly corresponds to the degree of DNA
damage. At the same time, the existence of a correlation be-
tween DNA damage and inflammatory markers (CRP and
procalcitonin) supports the theory that inflammation plays
a role in the development of hemostasis disorders. The final
result of hemostasis disorders in COVID-19 is multiorgan
failure [51, 52].

Keeping in mind that comet assay has been described
as a biomarker of exposure of DNA molecules to various
damaging agents [53, 54], we also analyzed the possible influ-

Table 4. The differences in the parameters of hemostasis between
female and male patients with COVID-19

Parameter COVID-19 patients Significance*

Females Males

n=8 n=16

Y +SD

Platelets 194.00 = 65.77  287.40 = 101.65 P=0.029
PT 21.66 = 17.60 14.45 = 2.31 P =0.945
aPTT 41.64 +12.92 29.95 + 3.46 P=0.032
D-dimer 0.54 = 0.30 1.10 = 1.42 P=0.319
Fibrinogen 512 =145 519 =121 P =0.908

PT, prothrombin time; aPTT, activated partial thromboplastin time.

*P values correspond to independent sample T test or Mann—Whitney test
(depending on distribution).

Mihaljevic et al.

ence of therapeutic agents and chest X-rays on DNA damage
in our COVID-19 patients. Thus, the administration of some
antibiotics (fluoroquinolone and macrolides), corticosteroids,
anticoagulant, and antiviral agents has been shown to increase
the level of DNA damage in COVID-19 patients. This is in
line with the available literature data about genotoxic effects
of certain medications like erythromycin and/or lincomycin
[55], metronidazole and dimetridazole [56], and glucocortic-
oid receptor agonists [57]. Likewice, our results correspond
to previously conducted studies related to genotoxic potential
of oral anticoagulant [58] and antiviral [59] therapy. The last
one indicated that the antiviral nucleoside analog drugs could
induce genome error catastrophe in SARS-CoV-2 via lethal
mutagenesis.

It was shown earlier that once applied diagnostic X-ray
examination in 20 children with pulmonary diseases signifi-
cantly increased the level of DNA damage (observed by alka-
line comet assay) [60]. Similarly, He ez al. [61] confirmed the
genotoxic effects of X-rays on human lymphocytes isolated
from the irradiated whole-blood samples. Our results agree
with the mentioned data which imply that diagnostic imaging
by X-rays could induce measurable DNA damage in lympho-
cytes of exposed subjects.

In conclusion, COVID-19 patients have significantly
higher level of DNA damage than control subjects. There is
a positive correlation between DNA damage and inflamma-
tory markers and negative correlation between the degree of
DNA damage and platelet count, respectively. DNA dam-
age in female COVID-19 patients corresponds to the level
of hemostasis abnormalities. Smoking habit, applied ther-
apy (antibiotics, corticosteroid, anticoagulant, and antiviral
therapy) as well as chest X-rays express a genotoxic poten-
tial that contributes to a higher level of DNA damage in
COVID-19 patients. Further in vivo and in vitro analyses are
needed to assess the influence of complex interaction of vari-
ous pharmacological and environmental agents on DNA in-

Table 5. Influence of smoking, applied therapy, and chest X-rays on genetic damage index in COVID-19 patients

Parameter Genetic damage index Significance”

Unstandardized coefficients Standardized coefficient t

B Standard error B
Smoking 0.268  0.107 0.471 2.506  P=0.020
Oxygen therapy Flow rate, [/min -0.001  0.002 -0.121 -0.571 P=0.574
Duration/in days/before sampling -0.069  0.033 -0.407 -2.090 P=0.048
Antibiotic therapy Fluoroquinolone 0.255 0.116 0.425 2201 P=0.039
Cephalosporines 0.133  0.118 0.235 1.134 P =0.269
Macrolides 0.279  0.119 0.449 2.354 P=0.028
Carbapenems 0.107  0.064 0.188 0.900 P=0.378
Tetracyclines 0.096  0.161 0.126 0.598 P =0.556
Duration/in days/before sampling 0.068  0.018 0.626 3.767 P=0.001
Corticosteroid therapy ~ Daily dose 0.303  0.056 0.756 5414 P<0.001
Duration/in days/before sampling 0.021  0.029 0.156 0.739  P=0.468
Anticoagulant therapy/duration 0.116  0.015 0.851 7.595 P<0.001
Antiviral drug/Favipiravir 0.387  0.139 0.510 2.778 P=0.011
Chest X-rays Number of imaging before sampling 0.362  0.054 0.819 6.691 P<0.001

*Statistically significant P values obtained by Linear regression test are bolded.
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tegrity in COVID-19 patients with different clinical features.
Besides, the association of oxidative stress with the specific
DNA damage measured by enzyme-modified comet assay
could be performed in order to additionally elucidate DNA
damage in COVID-19 patients.
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