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Abstract: COVID-19, a pandemic of severe acute respiratory syndrome caused by Coronavirus 2
(SARS-CoV-2), continues to pose diagnostic and therapeutic challenges due to its unpredictable
clinical course. Prognostic biomarkers may improve care by enabling quick identification of patients
who can be safely discharged home versus those who may need careful respiratory monitoring and
support. MicroRNAs (miRNAs) have risen to prominence as biomarkers for many disease states
and as tools to assist in medical decisions. In the present study, we aimed to examine circulating
miRNAs in hospitalized COVID-19 patients and to explore their potential as biomarkers for disease
severity. We studied, by quantitative PCR, the expressions of miR-21, miR-146a, miR-146b, miR-155,
and miR-499 in peripheral blood. We found that mild COVID-19 patients had 2.5-fold less circulating
miR-155 than healthy people, and patients with a severe COVID-19 disease had 5-fold less circulating
miR-155 than healthy people. In addition, we found that miR-155 is a good predictor of COVID-19
mortality. We suggest that examining miR-155 levels in patients’ blood, upon admission to hospital,
will ameliorate the care given to COVID-19 patients.

Keywords: COVID-19; biomarkers; miRNAs; miR-155; predictor of mortality

1. Introduction

COVID-19, a pandemic of severe acute respiratory syndrome caused by Coronavirus
2 (SARS-CoV-2), continues to pose diagnostic and therapeutic challenges due to its un-
predictable clinical course. Approximately a third of COVID-19 patients develop a severe
phenotype of the disease that requires intensive care unit (ICU) admission [1]. Optimal
medical resource allocation and targeted treatment are essential components of effective
care for patients at different stages. These can be achieved following determination of
disease progression by subtyping and predicting the outcome of COVID-19 patients. There-
fore, there is an urgent need for prognostic biomarkers to aid in the quick identification
of patients who can be safely discharged versus those who need careful respiratory mon-
itoring. Such a biomarker would be invaluable when triaging patients on admission to
hospital [2].

In recent years, microRNAs (miRNAs) have risen to prominence as a novel tool to
assist in medical decisions. These short molecules (~22 nucleotides long) negatively regulate
gene expression at the post-transcriptional level by targeting 3′ untranslated regions of
complementary specific mRNAs, leading to their degradation or translational repression.
miRNAs, which are often tissue-specific, are also present in serum (circulating miRNAs).
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Such circulating miRNAs can be secreted as a result of passive leakage from cells that suffer
injury, chronic inflammation, apoptosis, or necrosis, or they can be actively secreted to exert
biological functions in recipient cells to regulate their activity, thereby acting as intercellular
signaling molecules [3]. For many disease states, miRNAs have been shown to be sensitive,
robust, and cost-effective biomarkers that offer additional information to clinical variables
and they are, therefore, already established clinical indicators [4].

In this study, we aimed to examine circulating miR-21, -146a, -146b, -155, and -499 in
hospitalized COVID-19 patients. These miRNAs are known to be involved in pathways
related to COVID-19. We, therefore, set out to explore their potential as biomarkers for
disease severity.

2. Materials and Methods
2.1. Ethics Statement

The study was performed in full compliance with the Declaration of Helsinki. The
protocol was approved by the Institutional Review Board of the Sheba Medical Center
(7343-20). This study was performed using residual blood samples under an IRB-approved
waiver of informed consent due to it presenting no more than minimal risk to participants.

2.2. Patients

This was an observational, single-center study that included 37 patients aged≥ 18 years,
with a positive nasopharyngeal swab PCR test for SARS-CoV-2 during the first and second
waves of the pandemic between March 2020 and November 2020. In addition, 15 healthy
patients were enrolled as controls. The recruitment process consisted of inviting healthy
participants who were interested in taking part in the research. Enrollment criteria included
age > 18 years, absence of respiratory symptoms (cough, shortness of breath) or fever,
COVID-19 negative status, and informed consent.

The patients were divided according to the severity of their disease at the time of
sampling into the following groups: (1) hospitalized COVID-19-positive patients admitted
to the general COVID-19 internal medicine wards requiring no respiratory support or
oxygen support only i.e., mild group; (2) hospitalized COVID-19-positive patients with
respiratory failure requiring invasive or non-invasive ventilation i.e., severe group; and
(3) healthy adults. Exclusion criteria included death during one week from admission,
extracorporeal support, or hemolytic serum samples.

2.3. Data Collection

Comprehensive demographic, clinical, and laboratory data regarding the patients
from hospital admission until death or discharge from the hospital were extracted from
the electronic medical records (“Cameleon”). Patient vital signs including: temperature,
heart rate, respiratory rate, invasive blood pressure, O2 saturation, and end-tidal CO2, were
monitored continuously. Demographic characteristics included age, gender, weight, and
BMI. Clinical data included co-morbidities (hypertension, dyslipidemia, diabetes, chronic
obstructive pulmonary disease (COPD), malignancy, ischemic heart disease (IHD), chronic
renal failure, cerebrovascular accident (CVA)); blood type; hospitalization course; and
complications. Laboratory markers were obtained from the patients’ medical records and
were performed as part of their routine testing. These included markers of inflammation
(C-reactive protein (CRP), TNFα, IL8, IL6, IL-1B); coagulopathy (d-dimer, fibrinogen, INR);
acute kidney injury (creatinine); acute cardiac injury (troponin); liver failure (Aspartate
aminotransferase (AST), Alanine aminotransferase (ALT), Lactate dehydrogenase (LDH),
bilirubin); and routine blood counts (WBC, hemoglobin, platelets). Not all lab tests were
performed on all patients. Further data related to the course of hospitalization included
length of stay, respiratory support and length of ventilation, as well as mortality.

A widely accepted tool for defining acute lung injury is P/F ratio, which represents
the ratio of partial pressure of arterial oxygen levels to the fraction of inspired oxygen
(Fio2); however, this requires invasive arterial blood gas sampling. An alternative option
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is to measure the patient’s saturation over the inspired oxygen (Spo2/Fio2), i.e., S/F
ratio, which has been previously validated as a noninvasive criterion for diagnosing lung
injury, as the change in Pao2 correlates well with changes in pulse oximetric saturation
(Spo2) [5]. Therefore, in this study, we looked at S/F ratio upon presentation to the
emergency department, as a screening tool for lung injury, while avoiding blood use, as all
patients underwent measurements of Spo2 with documentation of inhaled concentrations
of oxygen.

2.4. Sample Preparation, RNA Extraction, and cDNA Preparation and Quantification

Sample collection was performed upon admission to the ward/intensive care. Blood
samples were collected in ethylenediaminetetraacetic acid (EDTA) tubes and processed
within 24 h. The blood was centrifuged at 4 ◦C for 10 min at 1200× g followed by separation
of the serum. Centrifugation was then repeated at 4 ◦C for 10 min at 10,000× g. At this
stage, samples were frozen at −80 ◦C until further use. RNA was extracted from 250 µL
serum using TRI-Reagent®-LS (Sigma, Louis, MO, USA) according to the manufacturer’s
protocol. Following the addition of the TRI-Reagent®-LS, 5.6 × 108 copies of cel-miR39
were added as an external reference to each sample. Finally, RNA was resuspended in
45 µL H2O, of which 5 µL were taken for cDNA synthesis (TaqMan® MicroRNA-RT-Kit,
ABI, Thermo Fisher Scientific, Waltham, MA, USA) using a specific primer. Since the
overall amount of RNA in plasma is low, the RNA concentration cannot be measured in
plasma samples. Therefore, the input RNA amount for analysis is based on the starting
value rather than RNA quantity. A consistent input volume was used for all samples.
Polymerase chain reaction (PCR) quantification was performed on a StepOne™ machine
(Thermo Fisher Scientific, Waltham, MA, USA). Reactions (10 µL) were run in triplicate:
5 µL PCR-mix (ABI); 0.5 µL of either of the Taqman assays (ABI): cel-miR39 (#200), miR-21
(#397), miR-146a (#468), miR-146b (#1097), miR-155 (#2623), and miR-499 (#1352); 2 µL of
the cDNA; and 2.5 µL H2O. The cycle threshold (Ct) values were calculated with StepOne
software v2.3 (Thermo Fisher Scientific, Waltham, MA, USA). ∆Ct values were calculated
by subtracting the Ct of the selected miRNA from the Ct of cel-miR39 of the same sample.
The ∆Ct values are inversely correlated with the amount of template miRNA present in the
reaction. Comparative quantitation is shown as 2−∆Ct.

2.5. Statistical Analysis

Categorical variables were described as frequency and percentage. Continuous vari-
ables were evaluated for normal distribution using histograms and Q–Q plots. Normally
distributed continuous variables were described as mean and standard deviation (SD), and
non-normally distributed continuous variables as median and interquartile range (IQR).
Correlations between continuous variables were evaluated using the Spearman correlation
coefficient. Continuous variables were compared between patients with mild disease versus
severe disease, using an independent sample t-test or the Mann–Whitney and Kruskal–
Wallis tests. Pairwise comparisons significance was assessed by calculating Cohen’s d
Effect Size (ES) [6]. Effect sizes (d) above 0.8, between 0.8 and 0.5, between 0.5 and 0.2,
and lower than 0.2 were considered as large, moderate, small, and trivial, respectively.
The Chi squared or Fisher test was employed to compare categorical variables. Univariate
and multivariate logistic regressions were used to evaluate the association between the
expression of miRNAs and the severity of the disease. The multivariate model included
s/f ratio as confounder. The area under the receiver-operating characteristic (ROC) curve
was used to evaluate the discrimination ability of the potential biomarkers (miRNAs). All
statistical tests were 2-tailed, and p ≤ 0.05 was considered as statistically significant. All
calculations were performed using SPSS (Ver. 26.0).

3. Results

The expression levels of five miRNAs known to be implicated in molecular pathways
linked to COVID-19, were studied in 37 patients with COVID-19 admitted to the COVID-19
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clinical wards between March 2020 and November 2020, and in 15 healthy people. The
miRNAs studied were miR-21, miR-146a, miR-146b, miR-155, and miR-499. The median
age of the participants positive for COVID-19 was 68 (IQR 54.5–79.5) and it was 46
(IQR 42–57) for the healthy participants. A proportion of 26/37 (70%) of the patients
with COVID-19 and 4/15 (27%) of the healthy participants were male. Demographic
characteristics of the participants are presented in Table 1. The patients were divided into
three groups: (1) patients with a mild disease (n = 22), (2) patients with a severe disease
(n = 15) and, (3) healthy adults (n = 15).

Table 1. Demographic and health characteristics of the participants in the study.

Parameter Healthy
(n = 15)

COVID-19-Mild
(n = 22)

COVID-19-Severe
(n = 15) p Value

Age (years)
(Median (IQR)) 46 (42–57) 77.5 (62.25–88) 55 (48–66) <0.001

Gender (male) 4 (27%) 14 (63.63%) 12 (80%) 0.003

BMI 25.0 (21.6–26.8) 26 (25.1–29.33) 31.5 (28.05–38.5) 0.005

Blood type n (%)

A+ 7 (47%)
B+ 3 (20%)
O+ 2 (13%)
O− 2 (13%)
N/A 1 (7%)

A+ 7 (31%)
B+ 1 (4.5%)

AB+ 3 (14%)
O+ 2 (9%)

N/A 9 (41%)

A+ 6 (40%)
B+ 3 (20%)
AB+ 1 (7%)
O+ 3 (20%)

N/A 2 (13%)

0.35

Diabetes 1 (6.7%) 8 (36.36%) 1 (6.66%) 0.25

IHD 0 (0) 3 (13.63%) 0 (0%) 0.09

CVE 0 (0) 2 (9.09%) 1 (6.66%) 0.63

Malignancy 0 (0) 1 (4.54%) 1 (6.66%) 0.14

HTN 1 (6.7%) 14 (63.63%) 3 (20%) 0.002

Dyslipidemia 1 (6.7%) 9 (40.9%) 3 (20%) 0.046

CRF 0 (0) 3 (13.63%) 1 (6.66%) 0.43

COPD/CLD 0 (0) 3 (13.63%) 0 (0%) 0.38

Thyroid disease 0 (0) 2 (9.09%) 1 (6.66%) 0.43
Abbreviations: BMI—Body mass index; IHD—ischemic heart disease; CVE—cerebrovascular event; HTN—
Hypertension; CRF—Chronic renal failure; COPD—Chronic obstructive pulmonary disease; CLD—chronic
lung disease.

3.1. miR-155 and miR-146b Are Differently Expressed in COVID-19 Patients

We studied the expression of miRNAs in COVID-19 patients. Samples were obtained
upon their admission to the COVID-19 general and critical care wards. In addition, we
analyzed miRNAs from healthy participants. The amount of miR-155 and miR-146b differed
significantly between the patients with COVID-19 and the healthy participants (p≤ 0.01, for
both comparisons): the expression levels of miR-155 were lower in patients with COVID-19
than in the healthy participants, while miR-146b expression was higher in patients with
COVID-19 compared with its expression in the healthy participants (Figure 1).
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Figure 1. MiRNA expression in healthy and COVID-19 patients: 2−dCt values quantified by quan-
titative RT-PCR (qRT-PCR) are presented as box plots showing the 10th, 25th, 50th, 75th, and 90th
percentile of the patients.

We divided the group of patients with COVID-19 into two sub-groups (as described in
the Methods section): patients with mild disease (n = 22) and patients with severe disease
(n = 15). These groups differed in several parameters, including s/f ratio (p < 0.001), the
number of patients that were intubated (p = 0.003), number of days of mechanical ventilation
(p = 0.006), and the number of hospitalization days (p = 0.01) (Table 2). In addition, these
two groups differed in several laboratory parameters connected to inflammation and
coagulation (Table 2). The expression of the five miRNAs was studied across the three
groups: healthy participants, patients with COVID-19 with mild disease, and patients
with COVID-19 with severe disease. The amounts of miRs-155 and -146b detected in the
patients’ blood differed between the three groups. Specifically, we found a significant
difference between the amount of miR-155 in the healthy participants and the group of
patients with mild COVID-19, and between the healthy participants and the patients with
severe COVID-19 disease (p < 0.01 for both comparisons). Calculating the relative amounts
of miR-155 in the COVID-19 patients versus the healthy participants revealed that mild
patients had 2.5-fold less miR-155 and severe COVID-19 patients had 5-fold less miR-155,
when compared with the amount found in the healthy participants. As for miR-146b, the
amount differed between the healthy and the mild group (p = 0.01) and between the healthy
and severe group (p = 0.04) (Figure 2). Mild COVID-19 patients had 2.3-fold more miR-146b
and severe patients had 1.9-fold more miR-146b than the healthy participants.
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Table 2. Clinical and laboratory parameters and outcome of patients with COVID-19.

Parameter Mild (n = 22) Severe (n = 15) p Value

WBC peak (K/ µL) 12.5 (10.06–16.27) 17.4 (14.69–24.24) 0.009

HGB nadir (g/dL) 11.84 (8.75–12.48) 7.79 (7.09–10.89) 0.004

D-dimer peak (ng/mL) 1262.5 (650.25–6469) 16,724 (1158–28,955) 0.01

INR peak 1.21 (1.03–1.35) 1.39 (1.24–1.66) 0.005

Fibrinogen peak (mg/dL) 541 (418–760.5) 704 (601–886) 0.04

Creatinine peak (mg/dL) 0.98 (0.78–1.48) 1.18 (1.12–2.89) 0.02

Bilirubin peak (mg/dL) 0.67 (0.51–0.74) 1.28 (1.01–2.68) 0.001

AST-peak (IU/L) 68.41 ± 45.62 810.6 ± 2544.42 0.17

ALT-peak (IU/L) 45.5 (25.5–99.75) 161 (76–231) <0.001

LDH-peak (IU/L) 445 (333.25–609.75) 540 (515–1038) 0.009

Troponin-peak (ng/L) 17.9 (8.4–28.77) 38.2 (12.9–108) 0.05

CRP-peak (mg/L) 146.5 (65.96–260.25) 300 (234–356) 0.004

IL6 (pg/mL) (n = 16) 53 (30.5–218.25) 147.5 (20.75–336) 0.38

IL1B (pg/mL) (n = 16) 1 (0.75–1) 0 (0–1) 0.20

IL8 (pg/mL) (n = 16) 110 (55.5–255) 66 (44.25–118.25) 0.27

TNFα (pg/mL) (n = 16) 32 (23–63) 28.5 (16–42.5) 0.55

s/f ratio upon admission
median (IQR) 442.85 (328.68–447.61) 146.66 (108.88–192) <0.001

Intubated (Yes) n (%) 6 (27.27%) 12 (80%) 0.003

Ventilation days n (%) 0 (0–11.25) 16 (3–33) 0.006

LOS-Hospitalized days n (IQR) 14 (6–28) 32 (21–50) 0.01

Mortality 3 (13.63%) 3 (20%) 0.13

ECMO 0 (0%) 4 (26.67%) <0.001
Abbreviations: WBC—white blood count; HGB—hemoglobin; INR—international normalized ratio; AST—
aspartate aminotransferase; ALT—alanine aminotransferase; LDH—lactate dehydrogenase; CRP—C-reactive
protein; TNF—Tumor Necrosis Factor; S/F = Spo2/Fio2; LOS—length of stay; ECMO—extracorporeal mem-
brane oxygenation.

Figure 2. MiRNA expression in healthy, mild and severe COVID-19 patients.

2−dCt values quantified by quantitative RT-PCR (qRT-PCR) are presented as box plots
showing the 10th, 25th, 50th, 75th, and 90th percentile of the patients.

3.2. miR-155 Predicts Patient Outcome

In order to study the predictive value of the miRNAs in the patients’ blood, we
divided the patients according to their outcome: patients that died during hospitalization
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(n = 6), and patients that survived (n = 31). These two groups did not differ in their
demographic parameters (Table S1) but differed in several other characteristics (Table S2):
patients that died were ventilated for a longer period of time (p = 0.01) and they had longer
hospitalization times (p = 0.053); all the patients that died were mechanically ventilated,
whereas only 38.7% of the patients that survived needed mechanical ventilation (p = 0.008).
All the deaths in the study were caused by COVID-19 and its complications: two of them
(33.4%) occurred within one month from hospitalization. We found that the amount of
miR-155, as measured upon hospitalization, was significantly different between these two
groups: patients that died had significantly less miR-155 than patients that survived (2−dCt

4.12 vs. 2.07, p = 0.01) (effect size = 0.33) (Table S3). The ability of miR-155 to predict
whether a patient with COVID-19 would survive was examined using a ROC curve and
the area under the curve (AUC). This analysis revealed that miR-155 reached a level of
significance, with an AUC of 83.3% (CI 63.7–96.8%; p = 0.01) (Figure 3). This analysis also
revealed that a 2−dCt value of 1.98 can serve as a cutoff for the prediction of the chances
to survive. Specifically, a 2−dCt ≥ than 1.98 predicts that a patient will survive, while a
2−dCt value < than 1.98 predicts that he will not. The sensitivity of this value is 84% and its
specificity is 50%.

Figure 3. miR-155 can predict a patient’s outcome: ROC curve showing the predictive power of
miR-155 levels measured at the time of hospitalization, to predict the patient’s outcome: survival or
death (blue line). The green diagonal line represents a random classifier test.

4. Discussion

COVID-19 was declared as a global pandemic on March 2020. Researchers and clini-
cians alike have been challenged by this outbreak. The clinical manifestations of the disease
range from asymptomatic to milder symptoms to more severe and emergent manifestations,
such as pneumonia, hypoxemia, and other complications requiring intensive care unit (ICU)
admission and mechanical ventilation, at times leading to death. These variations high-
lighted the need for biomarkers of COVID-19 disease severity to aid in the development of
a risk-stratified approach to the care of patients with this illness and have the potential to
improve patient outcomes. Immediate categorization of patients into risk groups following
diagnosis can ensure optimal resource allocation. Therefore, biomarkers are needed to
identify patients who will suffer rapid disease progression to severe complications and
death. Given the potential of miRNAs as clinical biomarkers, we analyzed the levels of
five miRNAs associated with inflammation and acute lung injury (ALI), key features of
COVID-19 [7]. These miRNAs have been shown to regulate the expression of genes related
to inflammation: miR-155 has been shown to target SHIP1 and SOCS, two negative regu-
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lators of the macrophage inflammatory response [8]; the miR-146 family targets include
IRAK1 and TRAF6, involved in regulation of cytokine-responsive gene expression, and the
proinflammatory cytokines IL-6, and IL-8 [9]; miR-21 modulates the cytokine IL-12 [10];
and miR-499 targets SOX6, which has been connected to sepsis-induced lung injury [11].
miRNAs analysis was performed on blood samples obtained from COVID-19 patients and
healthy participants, upon admission to the hospital, aiming to explore their potential as
predictors of mortality.

In the present study, we report two major findings: (1) COVID-19 induces changes in
the amounts of circulating miR-155 and miR-146b, and (2) miR-155 is a relevant predictor
of mortality from COVID-19 and its complications. To the best of our knowledge, this is the
first study to identify a single miRNA as a predictor of mortality in COVID-19 patients. We
studied the expressions of five miRNAs (miR-21, -146a, -146b, -155 and -499) in our cohort
and found that miRs-146a, -146b, -21 and -499 showed an upward trend in the levels of
expression in the sick participants (the results for miR146b are significant). These results
are in accordance with the notion that these miRNAs play a role in fighting inflammation
or protecting against the damage caused by inflammation [9–13].

As opposed to the results that we obtained for miR-21, -146a, -146b and -499, in our
study, miR-155 showed significantly lower levels of expression in the COVID-19 patients.
Moreover, we found that the levels of miR-155, as measured upon hospitalization, can
predict the patient’s outcome: survival/death. Mir-155 has been shown to be expressed
at high levels in ARDS patients [14] and to function as a regulator of antiviral response,
including immune and inflammatory responses [15]. Our finding of lower miR-155 levels in
COVID-19 patients in comparison with those found in the healthy participants is, therefore,
different from what one might expect based on the evidence collected about miR-155’s
anti-inflammatory role. There are several possible explanations for this finding: (1) Studies
analyzing the roles played by miR-155 were mostly performed in cells where this miRNA
exerts its function. In our study, however, we quantified miR-155 in the serum. (2) It is
possible that enhanced uptake of miR-155 into the cells occurs in COVID-19 patients and is
the cause of this result. (3) It is possible that, upon infection, SARS-CoV-2 enhances selective
miRNA degradation. Such a mechanism has been described for Poxvirus, probably in
order to promote its replication [16]. To the best of our knowledge, such a mechanism
has not yet been described for SARS-CoV-2. Whatever the mechanism causing low levels
of circulating miR-155 in COVID-19 patients, the paucity of this miRNA in the serum
may contribute to the bad prognosis of COVID-19 patients. Multiple lines of evidence
indicate that miRNAs have the potential to be distributed into organs via circulation [17].
Exosome-mediated transfer of miRNAs has been proposed to be a mode of intercellular
communication and exosomes have been shown to play a role in inflammation [4,18].
Specifically, miR-155 has been shown to promote the crosstalk between different cells in the
tumor microenvironment [19]. We note that lower levels of miR-155 were also found in the
serum of patients with coronary artery disease (CAD) when compared with controls [20].
Garg and colleagues studied the levels of several circulating miRNAs in critically ill COVID-
19 patients [21]. Their results regarding miR-21 and miR-499 are similar to ours; however, in
their study, miR-155 was also expressed at higher levels in the sick patients. The discrepancy
between our results and theirs regarding miR-155 may be explained by the fact that all
the patients in their first cohort and 90% of those in their second cohort were invasively
ventilated and severely ill, whereas in our study, only 47% of the COVID-19 patients were
treated with invasive ventilation. In addition, as opposed to the study performed by Garg
et al., we omitted from our study samples obtained from patients that were supported by
an extracorporeal device, as the centrifuge forces of the pump may cause hemolysis of such
samples, which is known to have an impact on extracted cell-free miRNAs [22].

We note that our cohort included a higher percentage of males in the COVID-19 pa-
tients versus the healthy participants. Indeed, epidemiological data show a significant
sexual dimorphism in COVID-19, with men more infected than women [23]. Several possi-
ble explanations have been suggested to explain this phenomenon, including miRNAs that
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are present on the X-chromosome or estrogen-regulated miRNAs. None of the miRNAs that
we studied meets these criteria nor have there been reports on sex-associated differences in
their expression. We, therefore, believe that the sex differences between the groups in our
cohort did not contribute to our findings regarding the significant differences in miRNA
levels. In addition, we are aware that our healthy group of patients was younger than the
COVID-19 patients, questioning the effect of age on miRNA expression in our study. Tacke
and colleagues found lower miR-155 expression in older patients [24], whereas we found
that the oldest group of patients in our study (e.g., mild COVID-19 patients) expressed
higher levels of miR-155 than the severe COVID-19 group which was younger. The ex-
pressions of miR-146a and -146b were studied by Ong and colleagues, who found that
these miRNAs were expressed at higher levels in younger patients [25]. In our study, these
miRNAs were expressed at higher levels in the COVID-19 patients who were older than
the healthy patients. Hence, we believe that the age difference between our study groups is
unlikely to explain the differences in miRNA expression, rather than the differences being
a reflection of their disease status.

Several studies have looked for biomarkers indicative of COVID-19 severity. Malik
et al. and Ponti et al. found several hematologic and biochemical biomarkers in patient
blood tests which are in association with COVID-19 [2,26]. These include lymphopenia,
thrombocytopenia, and elevated levels of CRP, procalcitonin, LDH, and D-dimer. Loomba
and colleagues found several serum biomarkers, such as white blood cell count, neutrophil
count, C-reactive protein, procalcitonin, ferritin, D-dimer, IL-6, and others that are asso-
ciated with inpatient mortality [27]. In our study, peak WBC, D-Dimer, INR, Fibrinogen,
Creatinine, Bilirubin, ALT, LDH, Troponin, and CRP were all in correlation with a more
severe illness. However, none of them was able to predict mortality (data not shown).

To date, only a few studies explored circulating miRNAs in COVID-19 patients. These
found that SARS-CoV-2 infection induces a robust host miRNA response that could improve
COVID-19 detection and patient management [28,29]. De Gonzalo-Calvo and colleagues
identified a signature based on two miRNAs (miR-192 and miR-323a) to be a relative predic-
tor of patient outcome in the clinically severe phase of the disease [30]. Our study is the first
to identify miR-155 as a single miRNA that can predict mortality upon hospitalization, re-
gardless of the severity of disease at the time of sampling. While host responses to infection
are known to be critical in differential outcomes of SARS-CoV-2 infection, the role of miR-
NAs in COVID-19 pathogenesis is still poorly understood. Targeting of pro-inflammatory
miRNAs could present novel therapeutic opportunities against COVD-19, while miRNA
profiling may aid in disease detection and surveillance. The use of molecular methods
based on miRNAs could refine risk assessment and provide a straightforward approach to
guide quick clinical decisions in terms of patient care, monitoring and treatment. Although
the suitability as biomarkers for disease is still under research, miRNAs possess an array
of advantages to fulfill this role: they are easily accessible, monitored in a cost-efficient
protocol, sensitive to a specific medical condition, and tissue-specific [31]. Biomarkers that
are able to predict death have been found for several clinical states, such as patients with
atrial fibrillation [32] or sepsis [33] and are expected to improve patient care and outcome.

Several limitations should be taken into account when interpreting this study. Al-
though the sample size studied had enough statistical power to detect significance for all
the analyses, it would be preferable to include a second independent cohort for validation,
with demographic matching of the groups to avoid bias. A large-scale multicenter study
is warranted to further validate the performance of miR-155 as a predictor of mortality
from COVID-19.

5. Conclusions

In conclusion, this study shows that the severity of COVID-19 impacts the profile of
circulating miRNAs and that miR-155 can predict patient survival following SARS-CoV-2
infection. Profiling circulating miRNAs emerges as a useful tool for stratification of COVID-
19 patients and leads to findings that will ameliorate the care given to COVID-19 patients.
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Timely diagnosis and hospitalization, risk stratification, effective utilization of inten-
sive care services, selection of appropriate therapies, monitoring and timely discharge are
essential to save the maximum number of lives. Clinical assessment is indispensable, but
laboratory markers, or biomarkers, can provide additional, objective information which
can significantly impact these components of patient care.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jpm12020324/s1, Table S1: Demographic parameters of the
COVID-19 patients; Table S2: Clinical parameters and outcome of patients with COVID-19; Table S3:
Expression of miRNAs in the blood of patients with COVID-19.
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