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Introduction: During severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection, the virus hijacks the mitochondria causing damage of its membrane and release
of mt-DNA into the circulation which can trigger innate immunity and generate an
inflammatory state. In this study, we explored the importance of peripheral blood mt-
DNA as an early predictor of evolution in patients with COVID-19 and to evaluate the
association between the concentration of mt-DNA and the severity of the disease and the
patient’s outcome.

Methods: A total 102 patients (51 COVID-19 cases and 51 controls) were included in the
study. mt-DNA obtained from peripheral blood was quantified by gRT-PCR using the
NADH mitochondrial gene.

Results: There were differences in peripheral blood mt-DNA between patients with
COVID-19 (4.25 ng/ul + 0.30) and controls (3.3 ng/ul = 0.16) (p = 0.007). Lower mt-
DNA concentrations were observed in patients with severe COVID-19 when compared
with mild (p= 0.005) and moderate (p= 0.011) cases of COVID-19. In comparison with
patients with severe COVID-19 who survived (3.74 + 0.26 ng/ul) decreased levels of mt-
DNA in patients with severe COVID-19 who died (2.4 + 0.65 ng/ul) were also observed
(o = 0.037).
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Conclusion: High levels of mt-DNA were associated with COVID-19 and its decrease
could be used as a potential biomarker to establish a prognosis of severity and mortality of

patients with COVID-19.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
was identified for the first time in January 2020 (Cheng et al.,
2020), and it is the infectious agent that causes coronavirus
disease 2019 (COVID-19). Worldwide, as of November 2021,
there have been approximately 253,312,354 confirmed cases of
COVID 19, including 5,100,228 deaths reported (Dong
et al., 2020).

SARS-CoV-2 consists of a genome made up of positively
charged RNA (Zhou et al., 2020), and a petal-shaped projection
called a spike protein that mediates the binding of the virus and
membrane fusion to the surface receptor for angiotensin
converting enzyme 2 (ACE-2) in host cells during infection
(King et al.,, 2012). SARS-CoV-2 infection causes an
inflammatory process that promotes the release of multiple
pro-inflammatory cytokines which recruits circulatory
leukocytes and amplifies inflammation (Hamming et al., 2008).
The hyper-inflammatory state induced by COVID-19 and the
subsequent oxidative stress (OS) events are closely related to the
mitochondrion (Shenoy, 2020), an organelle whose function is to
regulate multiple cell metabolism pathways and produce energy
by the assembly of adenosine triphosphate (ATP) via oxidative
phosphorylation (OXPHOS) (Singer, 2014). The mitochondrion
contain its own circular genome called mitochondrial DNA (mt-
DNA), which is replicated independently of the host genome,
and encodes 13 polypeptides responsible for OXPHOS
(Annesley and Fisher, 2019; Hoffmann et al, 2020). Lack of
histones in mt-DNA (Nunnari and Suomalainen, 2012) and its
close proximity to the site of reactive oxygen species (ROS)
production in the mitochondrial membrane, makes it vulnerable
to damage, especially to OS caused by inflammatory states,
reducing the capacity of mt-DNA repair and increasing its
susceptibility to mutations and deletions (Sharma and
Sampath, 2019).

When SARS-CoV-2 enters the cell in the cytoplasm the virus
needs to initiate replication through an intermediate molecule,
double stranded RNA (dsRNA) (Sethna et al., 1989). This
process predisposes the detection of the virus by pathogen
recognition receptors (PRRs) and mitochondrial viral signaling
systems (Knoops et al., 2008). SARS-CoV-2 evades this detection
by inducing the production of double membrane vesicles with
the help of mitochondria and the membranes of the endoplasmic
reticulum (ER), achieving successful replication and
dissemination (Hagemeijer et al, 2012; Valdes-Aguayo et al,
2021). However, the processes related to the viral replication,
dissemination, and virus immune cell evasion may damage the
membranes of mitochondria and the mt-DNA genome, causing
the leakage of altered mt-DNA into the cytoplasm. These

released mt-DNA fragments act as danger-associated molecular
patterns (DAMPs) (Faas and de Vos, 2020), which are identified
by PRRs, such as toll like receptors (TLRs), that activates the
nuclear factor kappa-light-chain-enhancer of activated B cells
(NE-KB) pathway and the pyrin domain-containing protein 3
(NLRP3) inflammasome, triggering a pro-inflammatory
response with the release of pro-inflammatory cytokines, such
as TNF-o, IL-1, IL-6, and IL-8 which are associated with the
exacerbation of the inflammatory response of COVID-19
(Nakahira et al., 2013).

The alteration in mt-DNA quantity and quality as a
biomarker of disease has been reported in chronic diseases,
such as obesity, insulin resistance, neurodegenerative
conditions, and cardiovascular disease (Yue et al., 2018; Lowes
etal., 2020; Morandi et al., 2020; Sharma et al., 2021). Despite the
presence of these pathologies being demonstrated to increase the
risk of severe disease and/or death when they are present in
patients with COVID-109, the relation between levels of mt-DNA
and COVID-19 has scarcely been studied. However, growing
evidence indicate that the release of damaged mt-DNA is related
to the increase of the systemic inflammatory response, allowing
us to think of mt-DNA as a potential non-invasive tool that may
be useful to predict the evolution and the selection of a successful
approach in a patient with COVID-19. According to the above,
in this study, we explored the importance of peripheral blood mt-
DNA as an early predictor of evolution in hospitalized and non-
hospitalized patients with COVID-19. The association between
the concentration of mt-DNA, the severity of the disease and the
patient’s outcome was also explored.

METHODS
Study Population

This transversal study was approved by the Research Committee
of the Academic Unit of Human Medicine and Health Sciences
from Universidad Autéonoma de Zacatecas “Francisco Garcia
Salinas” and the Ethic and Investigation Committee of the
Hospital General de Zacatecas “Luz Gonzdlez Cosio” (ID
number: 0223/2021/C), in Zacatecas Mexico. Patients who
authorized their participation in this protocol, through the
signing of the informed consent, were included in the study.
Inclusion criteria for the study included patients older than 18
years with indicated screening for SARS-CoV-2. Later, patients
were classified as cases (COVID-19 infection confirmed by
positive RT-PCR test) or controls (patients with a negative RT-
PCR result for SARS-CoV-2). COVID-19 positive patients with
moderate and/or severe (see below the classification criteria) who
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met the hospitalization standards established by the Ministry of
Health of Zacatecas (Informacion, 2020) and required
hospitalization at the Hospital General de Zacatecas “Luz
Gonzalez Cosio” where included in the study. The recruitment
of patients with mild COVID-19 and controls was carried out in
the facilities of Molecular Medicine Laboratory at Universidad
Autonoma de Zacatecas. According to the above, a total of 102
participants were recruited consecutively: 51 COVID-19 cases
and 51 controls.

Clinical Information and Criteria for the
Classification of Patients According to the
Severity of COVID-19

On the day of hospital admission, each patient answered a
standardized questionnaire inquiring about medical history,
lifestyle, and intake medications. To classify their severity,
trained health personnel measured the following clinical
parameters: anthropometric characteristics, temperature, heart
and respiratory rates, blood pressure and oxygen saturation
(SaPO,). Laboratory data were taken from the clinical records,
and they included the following: hemoglobin, urea, blood urea
nitrogen (BUN), glucose, serum electrolytes, albumin,
coagulation tests, C-reactive protein (CRP), procalcitonin,
creatine kinase (CK), ferritin, lactate dehydrogenase (LDH)
and direct bilirubin.

On the other hand, after their inclusion in the study, patients
with COVID-19 were classified as mild, moderate or severe
according to the guidelines of the Mexican Secretary of Health
and the Instituto Mexicano del Seguro Social (IMSS) (Secretaria
de Salud, 2020), in addition to clinical scales such as the
Sequential Organ Failure Assessment (SOFA) score and
Confusion, Urea nitrogen, Respiratory rate, Blood pressure, 65
years of age and older (CURB-65), and specialized computerized
scales, such as ABC-GOALS and the COVID-GRAM Ciritical
illness risk score, in which clinical and laboratory parameters
were analyzed (Liang et al., 2020; Mejia-Vilet et al., 2020). We
defined a severe COVID-19 case when the patient presented with
CURB-65 > 3, SOFA score > 3, ABC-GOALS = 10 points or a
COVID-GRAM Critical illness risk score > 40.4%. A moderate
COVID-19 case was determined by having a CURB-65 < 2,
SOFA score < 3, ABC-GOALS between 4 and 10 points or a
COVID-GRAM Ceritical illness risk score from 1.7 to 40.3%.
Finally, a patient with a mild case of COVID-19 was defined as
having a CURB-65 between 0 and 1 point, ABC-GOALS between
0 and 3 points or a COVID-GRAM Ceritical illness risk score <
1.7%. The SOFA score was not used to patients with mild disease,
because they met criteria for neither hospitalization nor
admission to the intensive care unit (ICU).

Biological Samples and DNA Isolation
From Peripheral Blood Samples

During the patient admission, 2 ml of peripheral blood were
obtained in a standard tube with anticoagulant (EDTA). After
collection, all peripheral blood samples were immediately
processed for DNA isolation. DNA from the patients’ samples
was obtained from whole blood. A total 100 ul of peripheral

blood were used to obtain total genomic DNA using a standard
phenol/chloroform technique. The concentration of isolated
DNA was measured on a NanoDrop-1000 spectrophotometer
(Thermo Scientific, Waltham, MA USA). The DNA samples
were stored at -20°C until use.

Obtaining Mitochondria and mt-DNA
Isolation

Mitochondria from human peripheral blood mononuclear cells
were extracted to quantify the number of copies of mt-DNA and
to establish a range of mt-DNA detection as it is explained in the
next section. We used a MEB extraction buffer that consisted of
0.25 M sucrose, 20 mM HEPES-KOH, pH 7.5, 10 mM KCl, 1.5
mM MgCl,, 1 mM EDTA, 1 mM EGTA, 1 mM dithiothreitol
and 0.1 mM PMSF. Mitochondria were isolated using the
method described by Pin-Chao Liao et al. (2020). After mt-
DNA was isolated as mentioned in the previous section, it was
stored at -20°C until use.

Measurement of mt-DNA by qRT-PCR

To determine the mt-DNA content (ng/ul), we used quantitative
real-time polymerase chain reaction (QRT-PCR). All qRT-PCR
reactions were carried out in 10 pl of reaction, using 1X SYBR
Green (Thermo Scientific) reagent and the 200 nM of the
following forward and reverse primers: 5-ATACCCATGG
CCAACCTCCTAC-3" and 5-GGGCCTTTGCGTAGT
TGTATATA-3, which amplify a fragment of 110 bp of the
nicotinamide adenine dinucleotide (NADH) gene. The qRT-
PCR thermal conditions were 95°C for 15 minutes, followed by
40 cycles at 95°C for 15 s, 60°C for 30 s and 72°C for 30 s. Melting
curve analysis of 95°C for 15 s, 60°C for 15 s and 95°C for 15 s at
the end of each run was added to confirm the specificity of the
PCR products. qRT-PCR was carried out in a StepOne Plus Real-
Time PCR Systems analyzer (Applied Biosystems).

In a first step to identify the dynamic range of the method
selected for mt-DNA quantification, we performed two standard
curves of concentrations: one of them using total DNA of a
pooled sample from 10 control subjects and the other using mt-
DNA isolated from peripheral mononuclear cells. Both curves we
carried out in triplicate using logarithmic dilutions from 100 ng
t0 0.001 ng. Afterwards, we included 20 individual DNA samples
from 20 patients randomly selected included to guarantee that
the Cq value showed amplification inside the range of dilutions
selected. In this analysis, 10 ng of total DNA were included. The
quantification of the number of copies of mt-DNA was obtained
from the second curve (mt-DNA) using the formula: [Amount
(ng) x 6.022 x 10°°]/[Length (bp) x (1 x 10°) x 660] and they were
used for the establishment of the dynamic range of detection of
the method evaluated regarding the number copies of mt-DNA
(lower and upper detection limits). In a second stage, to quantify
the mt-DNA from the peripheral blood samples of the
individuals included in the study, 10 ng of total DNA from
whole blood were used in each reaction plate. The qRT-PCR and
thermal conditions were as described previously. In all the
reaction plates, a standard curve consisting of mt-DNA
dilutions from 100 ng to 0.001 ng were included.
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For consistency, all samples were run in duplicate, and two
non-template controls were included in each assay. The
coefficient of variation between duplicate measurements within
the same run was < 1% for each of the amplified sequences, and <
5% for the inter-run samples.

Statistical Methods

Data organization and log transformation were done using
Microsoft Excel Software for statistical analyses. Chi-squared
and Student’s t tests were used to determine changes between
study groups. The Pearson correlation coefficient was used to
evaluate the relationship between mt-DNA and clinical variables.
To identify cutoft values of mt-DNA associated with COVID-19
outcomes the area under the curve (AUC) was obtained using the
receiver operating characteristics (ROC) curve analysis. The
score cutoff that maximized Youden’s index in the training set
was used to estimate sensitivity and specificity. All statistical
analysis was done using SigmaPlot v12.0 software (Systat
Software Inc., San Jose, CA). Statistical significance was
considered with a two-sided significance level of < 0.05.

RESULTS

Characteristics of the Study Population
The study population consisted of 102 participants, 51 COVID-
19 positive patients and 51 controls. The demographic and
clinical characteristics of the COVID-19 positive cases and
controls are summarized in Table 1. The median age of the
COVID-19 positive cases was 47.7 years (range: 64.3-31.3 years),
whereas the average age of the control patients was 43.8 years
(range: 54.7- 32.9 years). Thirty (58.8%) COVID-19 positive
patients and 36 (70.5%) control patients were men. Among the
comorbidities in patients with COVID-19, 10 (19.6%) patients
had type 2 diabetes mellitus (T2DM), 15 (29.41%) patients had
obesity, 18 (35.29%) patients had arterial hypertension and 18
(35.2%) patients suffered from other pathologies, such as chronic
obstructive pulmonary disease (COPD), cardiovascular disease,
immunosuppression, and anemia. Otherwise, in the control
group, 7.8% of the patients had T2DM, and 9.8% of the
patients had obesity. Considering the controls as reference, the
COVID-19 cases group had a higher proportion of patients with
arterial hypertension and obesity (p < 0.05). Among patients with
severe COVID-19 and the control group, obesity was a factor
found in 12 (48%) and 5 (9.8%) patients, respectively (p < 0.001).
There were differences in BMI values (kg/m?) between patients
with severe COVID-19 and the control group [OR=38.5, 95%
confidence interval (95% CI): 1.82 - 5.48; p < 0.001].
Furthermore, statistical difference was reached in SaPO, (%)
parameters between the control group and patients with severe
COVID-19 (p < 0.001). No additional differences regarding
other general characteristics or risk factors between groups
were identified (p > 0.05).

Regarding the patients classified as having mild, moderate
and severe COVID-19, the mean age was of 44.5 + 13.8 years,
43.1 + 10.3 years and 51.6 + 19.7 years respectively (p > 0.05).

With regard to the sex of the patients, there were more male than
female patients in the three groups, with 9 (56.2%) patients in the
mild group, 8 (80%) patients in the moderate group and 13
(52%) patients in the severe group. Obesity, T2DM and arterial
hypertension were the comorbidities most relevant in the three
groups. In relation to obesity, 2 (12.5%), 1(10%) and 12 (48%)
patients had this comorbidity in the mild, moderate and severe
groups respectively. In relation to T2DM, there was 1(10%)
patients in the moderate group, and 9 (36%) patients in the
severe group. Furthermore, arterial hypertension was a
significant disease in the severe group, with 15 (60%) patients
and in the moderate group, with 3 (30%) patients. Regarding the
Cq values of the N gene of SARS-CoV-2 in patients with mild
(26.16 = 7.94), moderate (23.83 + 7.55) and severe COVID-19
(25.48 + 6.8), no differences were found. No additional
differences were found among general characteristics in groups
of patients with mild, moderate and severe COVID-19.

Mitochondrial DNA Quantification

Figure 1 shows a representative standard curve obtained during
the first stage of standardization of the mt-DNA quantification,
which was aimed to identify the dynamic range of detection.

Our results showed that quantities lower than 0.01 ng of total
DNA showed no qRT-PCR amplification of the mt-DNA region
selected. In the same way and because the Cq of all the
individuals included in the standardization stage were inside
the points of the standard curve, 10 ng of total DNA from each
patient was included in all the determinations (Figure 1).

The dynamic range of detection of the method evaluated
regarding number copies of mt-DNA was from 5.59 x 10* (lower
detection limit evaluated) to 5.59 x 10° (upper detection limit
evaluated) copies. During the stage of quantification of mt-DNA,
the mean of mt-DNA concentrations for the patients with
COVID-19 was 4.25 (range: 0.31-13.35) and of 3.3 (range: 0.82 -
5.75) for the controls (p < 0.05) (Table 1).

Correlations Between mt-DNA and Clinical
Features of Patients With COVID-19

To evaluate the relation between peripheral blood mt-DNA and
the clinical features of the patients with COVID-19, correlation
tests were carried out. These features included BMI, temperature,
heart and respiratory rates, blood pressure, SaPO, and laboratory
measurements (Tables 2-4). The results of the correlation tests
are shown in Tables 2, 3. Parameters such as mean corpuscular
hemoglobin, partial thromboplastin time and systolic blood
pressure (SBP) correlated positively with the concentration of
mt-DNA (p < 0.05). The BMI measurements of COVID-19 cases
and their peripheral mt-DNA concentration had an inverse
correlation (r: -0.645; p = 0.012). All the variables with
statistical significance identified in the correlation tests are
displayed in Tables 2, 3.

mt-DNA and COVID-19 Severity

To evaluate the association of the peripheral mt-DNA
concentration between the control group and patients with
COVID-19, the patients with COVID-19 were classified as
having mild, moderate, and severe COVID-19 according to their
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TABLE 1 | General characteristics of the study population classified as control group and COVID-19 positive cases.

Characteristics COVID-19 (n=51) Controls (n=51) p-value OR
(95% ClI)

Sex n (%)

Male 30 (568.82) 36 (70.58) 0.3 0.6 (0.3-1.4)

Female 21 (41.17) 15 (29.41)

Age (years) 47.74 + 16.68 43.8 + 10.9 0.163

Occupation (%)

Housewives 9 (36) 1(1.96) 0.397 N/A

Health workers 6 (24) 18 (35.29)

Administrative personnel 22 (43.13) 18 (35.29)

Farmers 5 (20) 3 (5.88)

Military 3(12) 0

Engineers 3(12) 7(13.7)

Miners 3(12) 4 (7.8)

Comorbidities n (%)

Type 2 diabetes mellitus 10 (19.60) 4(7.8) 0.15 2.9(0.8-9.9)

Obesity 15 (29.41) 5(9.8) 0.025* 3.8 (1.3-11.5)

Arterial hypertension 18 (35.29) 0 <0.001* N/M

Others 18 (35.2) 3(5.8 <0.001* 8.7 (2.4-32)

Addictions n (%)

Smoking 9 (17.64) 8 (15.68) 1 1.2 (0.4-3.3)

Other parameters (mean + SD)

SaPO, 86.9 + 11.3 939 +22 <0.001* N/A

BMI (Kg/m?) 28.7 + 5.6 251 + 35 <0.001* N/A

Cq value (SARS-CoV-2 N gene) 253+73 N/A N/A N/A

mt-DNA (ng/ul) 43+£22 3311 0.007* N/A

Data are presented as frequency and percentages. SD, standard deviation; BMI, body mass index; SaPO,, oxygen saturation; N/A, not applicable. N/M, not measurable. *p <0.05.

clinical and laboratory parameters (see Material and Methods
section for details). A total of 25 patients were classified as having
severe COVID-19, 10 patients were classified as having moderate
COVID-19, and 16 patients were classified as having mild
COVID-19. Figure 2 shows the results of the comparisons
obtained in mt-DNA concentrations between the study groups
classified according to their severity.

The mean mt-DNA concentrations were 5.22 £ 0.65, 5.01
0.67, 3.32 £ 0.29, and 3.30 + 0.16, for the groups of patients with
mild, moderate and severe COVID-19 and controls, respectively.

35.0
325
30.0
275

Cq

250
225
20.0
175
15.0

There were differences in the concentrations of mt-DNA
between patients with COVID-19 and controls (p = 0.007).
Compared with the controls, differences in peripheral mt-DNA
levels between patients with mild and moderate COVID-19,
reached statistical significance (p < 0.001). Differences in mt-
DNA concentration between patients with mild COVID-19 and
patients with severe COVID-19 (p = 0.005), and between patients
with moderate COVID-19 and subjects with severe COVID-19
(p = 0.011) were also identified. There was a decrease in the
amount of mt-DNA in patients with severe COVID-19 in

Standard Curve

0.001 0.01

0.1 02

Quantity

1 2 65 102030 100 200 1000

mt-DNA
samples

] Standard
Curve

FIGURE 1 | Standard curve of mt-DNA concentration using. Standard curve was carried out using logarithmic mt-DNA concentrations from 0.01 ng to 100 ng (red
dots in the plot). A total of 10 ng of DNA from each patient was used to detect the number of copies of mt-DNA (gray dots in the plot).
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TABLE 2 | Correlation analysis between laboratory findings and whole blood mt-DNA of severe COVID-19 patients.

Variable 1 Variable 2 Correlation coefficient p-value
mt-DNA MCH 0.595 0.019
RDW-CV 0.557 0.031
RDW-SD 0.649 0.008
PTT 0.562 0.036
Erythrocytes Hb 0.962 <0.001
HCT 0.976 <0.001
MCV -0.643 0.009
Hb HCT 0.992 <0.001
VGM MCH 0.554 0.031
RDW-SD 0.696 0.003
Na* -0.557 0.038
MCH PT -0.668 0.009
PTT 0.574 0.0317
RDW-CV RDW-SD 0.886 <0.001
Platelets Lymphocytes 0.753 0.001
Leucocytes Neutrophils 0.986 <0.001
RDW-SD PTT 0.659 0.01
Monocytes Urea 0.724 0.018
BUN 0.72 0.028
Eosinophils cI* 0.634 0.036
Basophils Globulin 0.652 0.04
Glucose Creatinine 0.568 0.027
Ca** -0.661 0.01
Mg>* 0.739 0.003
Direct Bilirubin 0.697 0.003
Fibrinogen 0.597 0.04
Urea Creatinine 0.723 0.002
BUN 1 <0.001
Creatinine BUN 0.7583 0.002
P* 0.613 0.034
Mg>* 0.695 0.008
Ferritin 0.701 0.035
BUN P* 0.613 0.034
Mg>* 0.857 <0.001
Total Proteins Albumin 0.86 <0.001
LDH -0.651 0.015
p* Mg>* 0.757 0.002
Ca** Mg** -0.701 0.007
PTT 0.633 0.02
Fibrinogen -0.797 0.001
crr Na* 0.765 0.001
Na* AST -0.71 0.004
Mg?* Fibrinogen 0.728 0.011
Albumin CRP -0.636 0.035
LDH CK 0.638 0.025
PT INR 0.738 0.002
PTT Fibrinogen -0.624 0.04

AST, aspartate transaminase; BUN, blood urea nitrogen; Ca*, calcium; CK, creatin Kinase; CI*, chlorine; CRP, C-Reactive protein; Hb, hemoglobin; HCT, hematocrit; INR, international
normalized ratio; LDH, lactate dehydrogenase; MCH, mean corpuscular hemoglobin; MCV, mean corpuscular volume Mg?*, magnesium; Na*, sodium; P*, phosphorus; PT, prothrombin
time; PTT, partial thromboplastin time; RDW-CD, red cell distribution width- coefficient of variation; RDW-SD, red cell distribution width- standard deviation.

TABLE 3 | Correlation analysis of vital signs, anthropometric characteristics, and peripheral blood mt-DNA in patients with severe COVID-19.

Variable 1 Variable 2 Correlation coefficient p-value
mt-DNA BMI -0.645 0.012
SBP -0.51 0.05
HR RR 0.631 0.011
RR SaPO, -0.517 0.048
SBP DBP 0.863 <0.001

BMI, body mass index; DBP, diastolic blood pressure; HR, hearth rate; RR, respiratory rate; SBP, systolic blood pressure; SaPO,, oxygen saturation.
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TABLE 4 | Laboratory parameters obtained of severe COVID-19 patients that required hospitalization.

Clinical and laboratory findings

Age (years)

BMI (kg/m?)

SBP (mm/Hg)

DBP (mm/Hg)

mt-DNA (ng/ul)

Cq value (SARS-CoV-2 N gene)
Invasive ventilation (%)
Length of stay in ICU
Hospital length of stay
Hematic biometry blood test
Erythrocytes (10%/ul)
Hb (g/dl)

Hct (%)

MCV (fl)

MCH (pg)

RDW-CD (%)

Platelets (10%/ul)
Leucocytes (10°/ul)
RDW-SD (fl)
Lymphocytes (10°/ul)
Monocytes (10%/ul)
Eosinophils (10%/ul)
Basophils (10%/ul)
Neutrophils (10%/ul)
Blood chemistry test
Glucose (mg/dl)

Urea (mg/dl)

Creatinine (mg/dl)

BUN (mg/dl)

Total proteins (g/dl)
Serum electrolytes

P* (mg/dl)

Ca®* (mg/dl)

CI* (mmol/l)

K* (mmol/l)

Na* (mmol/l)

Mg®* (mmol/)
Coagulation tests

PT (seg)

INR

PTT (seg)

Fibrinogen (g/1)

Liver function tests
Total Bilirubin (mg/dl)
Direct Bilirubin (mg/dl)
Indirect Bilirubin (mg/dl)
Albumin (g/dl)

ALP (U/))

ALT (U/)
AST (U/)

LDH (U/)
Globulin (g/dl)
Inflammation blood tests
CRP (mg/dl)
ESR (mm)
Procalcitonin (ng/ml)
D-Dimer (mg/)
Ferritin (ng/ml)
CK (UN)

Hospitalized COVID-19 severe cases

Patients who died (n=8)

60.1 £ 17.1
34977
120.2 £ 21.8

75 £13.1
24+1.8
224 +£6.5
7 (87.5)
14.7 £+ 6.7
13 +9.1

4.6 +1
144 +£22
427 +7.6
93.7 + 4.4
294 +56
137 +24

202.1 +20.3
9.8+52
46.6 + 8.9
0.7 +0.1
0.5+ 0.1
0.002 + 0.005
0.02 + 0.01
84 +52

111.7 £ 349
359 +7.2

0.9 +0.06
16.7 + 3.6
6.2 +0.6

29+1.2
82+03
99.3 + 3.5
55+1.1
133.7 £ 3.2
2.3+0.1

186 +2
1.1 £ 0.06
31.2+38
663.2 + 154.4

0.5+ 0.1
0.2 +0.1
0.3 +0.1
3.3+04
95.5 + 37
31+57
52.2 +30.9
604.7 + 231.3
29+0.4

16.2+5.4
0
0.8 +0.6
0
1615.9 + 1171
272.3 +235.3

Recovered patients (n=17)

47.7 £ 201
28.4 +3.9
114.4 £ 14.2
71.3+10.5
3.7 +11
26.7 + 6.8
4 (23.5)
4.2 + 31

7+46

52+13
15+3.8
451 +10.4
88.1 + 6.3
203 +2
143 £1
2325+ 779
86+1.8
47.7 +6.2
1.2+06
06+0.3
0.05 + 0.1
0.08 £ 0.03
69+1.8

110.4 + 36.8

42.2 £ 26.6
09+05

16.9+11.3
6.5+0.5

35+13
88+1.2
104.7 + 3.4
44 +0.7
139.5 +2.3
21+05

138 +1
1+041
349 +4.8
550.7 + 200.7

0.4 +0.2
0.2+01
0.2 +0.1
3.5+05
120.8 + 53.1
40.3 £ 27
411 +£18.7
430.3 +221.4
29+02

11.3+6.7
29 + -
0.8+1.1
812.3 + -
618.4 + 566.6
90.9 + 83.1

p-value

0.145
0.005%
0.547
0.578
0.037*
0.298
0.007*
0.012*
0.151

0.439
0.788
0.677
0.127
0.943
0.487
0.464
0.483
0.793
0.172
0.825
0.412
0.460
0.421

0.952
0.654
0.832
0.973
0.393

0.424
0.312
0.018*
0.042¢
0.004*
0.47

0.793
0.285
0.188
0.352

0.098
0.400
0.056
0.558
0.401
0.515
0.416
0.213
0.605

0.311
N/A
0.985
N/A
0.05*
0.061

Data are showed as mean + standard deviation. *p <0.05.

ALP, alkaline phosphatase; AST, aspartate transaminase; BUN, blood urea nitrogen; BMI, body mass index; Ca®*, calcium; CK, creatin kinase; CI*, chlorine; CRP, C-Reactive protein;
DBP, diastolic blood pressure; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; HCT, hematocrit; ICU, intensive care unit; INR, international normalized ratio; LDH, lactate
dehydrogenase; MCH, mean corpuscular hemoglobin; MCV, mean corpuscular volume Mg?*, magnesium; Na*, sodium; P*, phosphorus; PT, prothrombin time; PTT, partial
thromboplastin time; RDW-CD, red cell distribution width- coefficient of variation; RDW-SD, red cell distribution width- standard deviation; SBP, systolic blood pressure, N/A,

Not applicable.
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FIGURE 2 | Comparison of the concentration of peripheral mt-DNA in patients with mild, moderate, and severe COVID-19 and the control group. Bar plots
represent mean + standard error. Controls (n = 51), and mild (n = 16), moderate (n = 10), and severe COVID-19 (n = 25) cases. “p < 0.05 (Student’s t-test).

comparison with patients with mild and moderate COVID-19
(Figure 2). mt-DNA levels in patients with severe COVID-19 did
not reach significant differences when compared with the mt-
DNA of control group (p = 0.943).

mt-DNA and Its Association With COVID-
19 Outcome

To evaluate if mt-DNA concentrations had differences related
with the outcome of COVID-19, the patients hospitalized with
severe COVID-19 were stratified according to the reason for
their release from the hospital, patients with COVID-19 who
died and patients with COVID-19 who recovered. According to
their outcomes, 17 patients were released from the hospital due
to recovery after improvement in symptoms and laboratory
parameters, and 8 patients with severe COVID-19 died after
days of hospitalization (Table 4). The mean age of patients with
severe COVID-19 according to their outcome was of 60.1 + 17.1
years in the patients who died, and 47.7 + 20.1 years in the
patients with severe disease who survived (p = 0.145). Differences
were found when comparing BMI values (kg/m®) between
patients with severe COVID-19 who died and the patients who
recovered (OR= 11;95% CI: 1.84 - 11.24; p= 0.005). In addition,
patients who died had a higher frequency of invasive ventilation
(87.5%) in comparison with patients with severe COVID-19 who
survived (23.5%) (p = 0.007). Furthermore, patients with severe
COVID-19 who died stayed a higher number of days in the ICU
in comparison with patients with severe COVID-19 who
recovered (14.7 + 6.7 vs 4.2 £ 3.1) (p = 0.012).

The results of the comparison of the mt-DNA of patients with
severe COVID-19 classified according to their outcome are
shown in Figure 3. Peripheral mt-DNA levels in hospitalized
patients who died were lower (2.44 + 0.65) than that observed in
the mt-DNA of patients with COVID-19 who recovered (3.74 +
0.26) (p = 0.037).

Diagnostic Ability of mt-DNA as Classifier
of Controls and COVID-19 Patients:

ROC Analysis

The AUC value derived from the ROC analysis to differentiate
non-severe COVID-19 using the peripheral mt-DNA
concentrations of the control group and patients with mild to
moderate COVID-19, was 0.7632 (95% CI: 0.64 - 0.88; p < 0.001).
Considering a cutoff value of 3.617 ng/ul (2.02 x 10° number of
mt-DNA copies), the diagnostic method achieved a sensitivity
84.6% and a specificity of 62.7%. In the same sense, patients with
more than 3.617 ng/ul of peripheral blood mt-DNA showed an
increased risk of having mild to moderate COVID-19
(OR=9.26, 95% CI=2.77 - 30.98; p=3.0x 10~%). Additional
ROC analyses obtained to evaluate the classificatory ability of
mt-DNA concentrations of possible exacerbating factors for the
evolution of the severity of COVID-19 disease had no statistical
significance. These analyses included the following: AUC from
peripheral blood mt-DNA concentration of patients with severe
COVID-19 stratified in relation to the presence or absence of
obesity (AUC = 0.4423, 95% CI: 0.20 to 0.68; p = 1.37, cut-off =
3.591, sensitivity = 58%, specificity = 69%), and AUC comparing
mt-DNA levels of patients with severe COVID-19 who died and
recovered (AUC = 0.3235, 95% CI: 0.074 to 0.57; p= 1.83,
cut-off = 3.543, sensitivity = 47%, specificity = 50%).

DISCUSSION

In this study, we aimed to evaluate the utility of mt-DNA as a
variable associated with COVID-19 and the severity of patients
with this disease. The establishment of mt-DNA relevance as a
prognostic biomarker in the outcome of COVID-19 was
also tested.
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represent mt-DNA mean + standard error. *p < 0.05 (Student’s t-test).

Our results showed that the presence of comorbidities,
such as obesity and arterial hypertension were the only risk
factors with statistically significant differences between the study
groups and variables such as BMI and SBP correlated with
mt-DNA levels. Growing evidence has postulated that the
pathological and biochemical features produced by the
COVID-19 acute inflammatory response could be associated
with hypermetabolic states, such as hyperglycemia and obesity
(Lahera et al., 2017). These conditions lead to cellular alterations,
such as mitochondrial dysfunction, due to its multiple cell and
metabolic functions (e.g., energy productions and cellular
respiration) (Benard et al., 2007). The high frequency of
obesity in the patients with COVID-19 in our study, especially
in those with severe COVID-19 when compared with the control
group, and the inverse correlation between mt-DNA and BMI
highlights the importance of obesity in the evolution and
exacerbation of COVID-19 and in mitochondrial malfunction.
It is well accepted that obesity alters immunity by modifying
the response of cytokines and decreases the cytotoxic cell
response of immunocompetent cells, which have an important
anti-viral role (Hussain et al., 2020). In addition, obesity
disturbs endocrine hormones, such as leptin, and leads to the
increase of adipose tissue-specific molecules, called adipokines,
generating an altered immunity that favors the intensification
of the SARS-CoV-2 infection and exacerbation of the
mitochondrial damage (Saleh et al., 2020). The high frequency
of obesity and mitochondrial dysfunction caused by COVID-19,
reflected as the inverse relation between BMI and the decreased
amount of mt-DNA in our results, are similar to those reported
by Morandi et al. (2020), in which they associated the decrease
of mt-DNA in patients with obesity with mitochondrial
dysfunction typical of obesity, assuming a relation between

4 — -
3 ]
g o | T
= 7
G 2
E

1 -

I
Recovery Death

FIGURE 3 | Comparison of peripheral blood mt-DNA between patients with the severe COVID-19 sub- stratified according to their outcome. Patients were classified
as patients with COVID-19 who died (n = 8) and those who recovered (n = 17) and their peripheral mt-DNA concentrations (ng/pl) were compared. Bar plots

function and tissue mitochondrial content with circulating
mt-DNA.

Besides the hypermetabolic response and cell disruption
caused by COVID-19, SARS-CoV-2 hijacks the mitochondria
for its replication, causing an alteration in its permeability and a
leakage of mt-DNA into the circulation (Saleh et al., 2020;
Valdes-Aguayo et al., 2021), promoting the activation of the
immune system that increases the inflammatory response.
Additionally, in patients with severe COVID-19, the
inflammation upsurgence (Gallagher, 2001), increased of
metabolic alteration (Sin et al., 2020) and continuous
mitochondrial dysfunction cause a decrease in mt-DNA
production, generating a decrease in circulating mt-DNA. In
our results, this can be explained with the decline of peripheral
mt-DNA in patients with severe COVID-19 in comparison with
patients with mild and moderate COVID-19. Similar results were
reported by Marit Wiersma et al. (2020), in which they describe
the association of cell-free circulating mt-DNA levels in the
serum of patients with atrial fibrillation (AF). Their results
showed that circulating mt-DNA levels were increased in early
stages of AF but decreased in end-stage or longstanding-
persistent AF. Although Marit Wiersma et al. study and ours
are not completely comparable because the origin of the sample
from which mt-DNA was obtained (cell-free mt-DNA vs whole
blood mt-DNA), our similarities (increased mt-DNA levels in
early stages but decreased in end-stage) can be explained
because, differently from nuclear DNA, mt-DNA is vulnerable
to ROS damage (Yakes and Van Houten, 1997) released during
an inflammatory response, resulting from the lack of effective
mt-DNA repair and lack of histone protection (Croteau et al.,
1999). Once the mt-DNA is damaged, the levels of mt-DNA are
altered and decreased, causing more mitochondrial dysfunction
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and an exacerbation of the disease in a positive feedback cycle
(Dai et al.,, 2012; Ashar et al., 2017). Therefore, the detection of a
decrease in mt-DNA concentration as the severity deteriorates
the health of the patient may reflect the mitochondrial and mt-
DNA damage caused by the COVID-19 inflammatory response
and OS exacerbation and/or because changes of cell type changes
in the blood in severe COVID-19 (Files et al., 2021).

The mitochondrial disruption and consecutive decrease in
mt-DNA has also been explored in other cardiovascular diseases,
such as coronary vascular disease, ischemic heart failure and
cardiomyopathies. These studies have described that patients
with cardiovascular disease had a lower number of copies of mt-
DNA when compared with the control group, confirming that
the cardiovascular risk increased as the mt-DNA level
diminished (Chen et al,, 2014; Huang et al., 2016; Ashar et al,
2017; Liu et al., 2017; Zhang et al.,, 2017). Similarly, Knez et al.
recruited 13 patients with end-stage dilated cardiomyopathy who
were hospitalized for worsening of heart failure at the University
Medical Centre in Slovenia, finding that lower myocardial mt-
DNA content correlated with worse left ventricle function and
cell energy depletion, which severely depressed cardiac
performance. This would eventually cause insufficient systemic
perfusion and an increase of systemic OS, which is reflected by a
decrease in peripheral blood mt-DNA content, correlating to
that of the myocardium (Ahuja et al, 2013). In our study, the
differences obtained when comparing the mt-DNA of patients
with severe COVID-19 that died during hospitalization and that
observed in patients who had clinical recovery may be related to
the limited repair capacity of mt-DNA and its vulnerable
structure to ROS (Li et al., 2013) produced by pro-
inflammatory cytokines, such as TNF-o, IFN-v, IL-1, IL-6 and
IL-8 released during a severe COVID-19 infection (Li et al,
2013), that concurrently produce intracellular OS and more
mitochondrial disruption, triggering intracellular cascades that
modify mitochondrial metabolism, OXPHOS and ATP
production (Jo et al., 2016). These findings agreed with what
was reported by Jaan-Yeh Jeng et al. (2008), they explained that
the mt-DNA copy number is not a direct index of mt-DNA
damage; instead, it is related to mitochondrial enzyme activity
and ATP production, so it can indirectly reflect the function of
the mitochondria. Therefore, our results support the use of
peripheral blood mt-DNA as a biomarker of mitochondrial
function useful to determine the severity and prognosis of
patients with COVID-19.

Although the decreased of circulating mt-DNA has been
detected in this and previous studies, research as Scozzi et al.
study (Scozzi et al., 2021) reported that COVID-19 patients with
high cell-free mt-DNA levels are more likely to require admission
to ICU and intubation, increasing their risk of death. In this study,
they evaluated 97 COVID-19 positive patients, of which 25.8%
required intubation and mechanical ventilation, and 56.7%
required ICU admission. Cell-free plasma mt-DNA levels were
found elevated in patients with COVID-19 and those who
required ICU admission and advanced mechanical ventilation in
comparison with patients who survived. The apparent differences
between studies may be explained because the time in which the

sample was taken (diagnosis vs after treatment or during
intubation or mechanical ventilation vs ICU admission, etc.) and
the origin of the biological sample from which the mt-DNA was
quantified (plasma vs whole blood). Mitochondrial dysfunction
and variations in mt-DNA levels continue to be explored as an
essential factor that is associated with morbidity and mortality in
patients infected with SARS-CoV-2, and therefore will be
important to perform longitudinal studies of mt-DNA
quantification in blood in mild vs severe COVID-19 patients to
explain the origin of mt-DNA fluctuations through the time and
evolution of disease.

CONCLUSION

Our study confirmed lower levels of whole blood mt-DNA in
patients with severe COVID-19 who had de comorbidities of
obesity and arterial hypertension in comparison with control
group. The inverse correlation found between whole blood mt-
DNA concentration and BMI in patients with severe COVID-19
patients, highlight the importance of these comorbidities in the
exacerbation of the disease. Furthermore, the decreased levels of
peripheral blood mt-DNA in patients with severe COVID-19 in
comparison with patients with mild and moderate COVID-19,
and in patients who died when compared with patients with
COVID-19 who recovered from disease reflects the importance
of the dysfunctional mitochondria in the pathology of COVID-
19. Although follow-up and additional studies are required to
corroborate our findings, our study support the use of peripheral
blood mt-DNA as a potential biomarker to establish a prognosis
of severity and mortality in patients with COVID-19, according
to the mitochondrial functionality of each individual.
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