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Abstract

Background — There is increasing evidence that inflam-
mation is an important determinant in COVID-19 pathogen-
esis. Several studies describe cytokines and microRNAs as
important regulators of immune and inflammatory responses
in other diseases, regarding them as valuable biomarkers.
Aim - Identify a potential relationship between cytokines
(interleukin [IL]-6, IL-8) and microRNAs (miR-146a-5p, miR-
155-5p) and clinical characteristics of COVID-19 patients,
focusing on disease severity and mortality risk.

Methods - Serum expression levels of miR-146a, miR-155,
IL-6, IL-8, C-reactive protein, ferritin, and neutrophil-to-
lymphocyte ratio, of 25 mild, 73 moderate, and 39 severe
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COVID-19 patients from Quito-Ecuador, were determined to
correlate outcomes with clinical parameters.

Results — In all groups, overweight and obesity were the
most prevalent comorbidities (75.91%). Serum levels of IL-6
were significantly elevated in patients with moderate and
severe COVID-19 (analysis of variance [ANOVA] p < 0.000).
miR-146a was significantly decreased in moderate and
severe COVID-19 patients when compared with mild cases
(ANOVA p = 0.002). ROC curve analysis showed that selected
cut-off values for miR-146a > 3.999 ACt for mild vs moderate
condition (sensitivity 83.56%, specificity 48%) and miR-146a >
3.999 ACt for mild vs severe condition (sensitivity 84.62%,
specificity 40%), and IL-6 > 72.25 pg/mL (sensitivity 78.95%,
specificity 60.61%) when combined with clinical pretest prob-
ability, can be used to predict aggravation and death in
COVID-19 patients. Odds ratios (ORs) of miR-146a (OR =
4.322) and IL-6 (OR = 3198) indicate an increased risk of
worsening and death, respectively, when cut-off points
were taken into consideration.

Conclusion - This study shows that elevated inflamma-
tory IL-6 and decreased serum levels of anti-inflammatory
miR-146a-5p can be discriminatory markers of COVID-19
severity and mortality.

Keywords: COVID-19, inflammation, miR-146a, IL-6, severity
risk

Introduction

Infected individuals with SARS-CoV-2 display a variety of
symptoms and clinical severity depending on their age,
comorbidities, and genetics [1-3]. Moreover, its evolution
and outcome are based on the immunological response of
the subject [4]. In severe COVID-19 cases, acute respiratory
distress syndrome (ARDS) is the most severe form of lung
impairment. Consequently, numerous key biomarkers
have been studied and connected to the primary causes
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of multi-organ failure in severe COVID-19 cases, including
immune-mediated vascular injury (vasculitis) and cyto-
kine-mediated coagulation abnormalities [5]. The inflam-
matory cytokine storm secretion described in ARDS can
lead to multiple organ failure [6]. Previous research has
demonstrated that individuals with respiratory dysfunc-
tion had higher levels of interleukin (IL)-6, suggesting a
potential common mechanism of inflammatory cytokine-
mediated lung damage in COVID-19 patients [7]. There is
increasing evidence that the severity of COVID-19 infection
is directly correlated with high circulating IL-6 levels
[8-10]. Additionally, some reports have described elevated
serum concentrations of IL-6 in non-survivors of COVID-19
patients [11-13]. Certainly, immune-mediated inflamma-
tion plays an important role in the pathogenesis of
COVID-19; for that reason, new laboratory biomarkers
such as microRNAs could be useful to guide treatment
and prognosis.

Non-coding RNAs called microRNAs perform crucial
functions in regulating the expression of genes, which
have been suggested to be valuable biomarkers in various
pathological conditions, including viral infections [14-16].
Two microRNAs, miR-146a and miR-155, are important reg-
ulators of inflammatory processes [17,18].

It is described that miR-146a is an NF-kB-dependent
gene. By a negative feedback regulatory loop involving
the down-regulation of the IL-1 receptor and tumor
necrosis factor (TNF) receptor, miR-146 regulates Toll-like
receptors and cytokine inflammatory signaling [19]. Addi-
tionally, miR-155 has been described as a key negative reg-
ulator of innate immune responses in respiratory diseases
since it directly targets IL-13 receptor alphal (IL-13Ral),
involved in the regulation of the M1/M2 equilibrium in
macrophages by the modulation of the IL-13 effects [20,21].

In the current study, we determined the levels of anti-
inflammatory miR-146a-5p and miR-155-5p in the serum of
mild, moderate, and severe COVID-19 patients from Quito-
Ecuador. We associated the levels of these microRNAs with
clinical parameters, serum-related COVID-19 mediators,
and biomarkers such as IL-6, IL-8, neutrophil-to-lympho-
cyte ratio (NLR), ferritin, and C-reactive protein.

Materials and methods

Study design

Anonymized secondary data from medical records from
two state hospitals from Quito-Ecuador — Pablo Arturo
Suarez Hospital and Calderon General Teaching Hospital
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— were considered in this cross-sectional, analytical, obser-
vational study between April 25, 2021, and July 29, 2022.

Population and sample size

We randomly selected 137 patients with symptoms of pneu-
monia of unknown cause from general wards and inten-
sive care units from two hospitals in Quito city. To be
eligible for participation in the research, patients must
be adults and have a diagnosis of COVID-19 based on
WHO interim guidelines: have a COVID-19 status verified
by real-time polymerase chain reaction, chest computer-
ized tomography (CT), and complete panel of routine
laboratory tests, including blood count, biochemical para-
meters, coagulation tests, and urinalysis. Patients who did
not meet the above inclusion criteria were excluded from
the study. Based on sequential organ failure assessment
(SOFA), Pa0,/Fi0,, and CO-RADS (tomographic severity
scores), patients were categorized as mild (n = 25), mod-
erate (n = 73), and severe (n = 39) COVID-19 cases. Each
organ system was assigned a value ranging from 0
(normal) to 4 (very abnormal), with a minimum SOFA
score of 0 and a maximum score of 24. According to the
Berlin ARDS consensus, the Pa0,/FiO, score is mild if it is
less than 300, moderate if it is less than 200, and severe if it
is less than 100. CO-RADS was used to assess the suspicion
of pulmonary involvement by COVID-19 on a scale from 1
(very low) to 5 (very high).

Data collection

Demographic variables (age and sex), clinical data (weight,
height, blood pressure, temperature, heart rate, oxygen
saturation, glucose, haemogram, C-reactive protein, fer-
ritin, D-dimer, lipid, renal and hepatic profile), and clinical
scales, such as the SOFA and the acute physiology and
chronic health evaluation II were collected from electronic
clinical records.

Blood samples taken from patients upon hospital
admission and during the diagnosis of SARS-CoV-2 were
analyzed to determine levels of ILs (IL-6, IL-8) and miR-
146a, miR-155 expression. It is important to mention that
the miR-146a analyzed in our study was the anti-inflamma-
tory isomer miR-146a-5p. The samples were processed and
analyzed at the Research Institute of Biomedicine at
Central University of Ecuador. Samples were centrifuged
at 3,500 rpm for 15 min to separate the serum. The serum
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was then aliquoted into 1.5 mL microtubes and stored at
-80°C until processing. Photometry (Humalyzer 4000,
Human Diagnostics Worldwide) was used to assess the
levels of high-density lipoprotein, low-density lipoprotein,
cholesterol, and triglycerides.

Serum inflammatory biomarkers

Immunological tests for IL-6 and IL-8 levels were per-
formed to determine IL-6 and IL-8 serum levels. Pre-
assembled standard kits (DIAsource; KAP1261; Belgium,
and R&D Systems Inc.; D8000C; USA) were used for IL-6
and IL-8 quantifications, respectively. The minimum detec-
tion values for IL-6 and IL-8 were 0 pg/mL. According to the
manufacturer’s recommendations, data were analyzed
using the Multiskan Sky Spectrophotometer and the soft-
ware SKanlt version 5.0.

Quantification of microRNAs by real-
time PCR

Total RNA from serum was extracted using the Nucleic
Acid Extraction Kit (Magnetic Bead Method) (Zybio,
China) following the manufacturer’s instructions. Briefly,
15 pL of proteinase K and 200 yL of each sample were
pipetted into each well. This kit works with a semi-auto-
matic instrument that includes a magnetic separator that
allows the movement of the extracted RNA from well to
well. The magnetic beads present in the plate of the kit
have specific polymeric groups capable of absorbing
nucleic acids. Residual impurities were removed by the
washing buffer included on the plate. The RNA was sepa-
rated from the magnetic beads by changing the liquid
phase conditions using 50 L of elution buffer. Before the
nucleic acid extraction procedure, a synthetic non-human
(C. elegans) miRNA cel-miR-39, MiRNA Mimic (MSY000010),
was added to the samples to account for differences in RNA
isolation. NanoDrop One (Thermo Fisher Scientific) was
used to evaluate the concentration and purity of each RNA
sample. To determine the expression of miR-146a and miR-
155, the TagMan MicroRNA Reverse Transcription kit
(Applied Biosystems, USA) was used with specific steam-
looped primers to synthesize cDNA. The master mix used
contained 3.30 U/uL of MultiScribe Reverse Transcriptase,
0.25 U/uL de RNase Inhibitor, 0.25 nM of each dNTPs, 1x RT
buffer, 50 nM of individual miR RT Primer, and 2 ng/uL of
RNA. In a conventional thermal cycler (GenAmp PCR System
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2700, Applied Biosystems), retrotranscription was per-
formed at 16°C for 30 min, 42°C for 30 min, and 85°C for
5min. qPCR was performed in a QuantStudio 5 Real-Time
PCR System (Applied Biosystems) using TagMan Universal
PCR Master Mix kit (Thermo Fisher Scientific, USA). The final
volume used was 20 pL, with 0.5x Primer/Probe (hsa-miR-
146a-5p, hsa-miR-155-5p, cel-miR-39) (Table S1) and 0.5x
TaqMan Master Mix No UNG, and 5 pL of cDNA. The qPCR
conditions were 2 min at 50°C, 10 min at 95°C, followed by 40
cycles of 15s at 95°C, and 1 min at 60°C.

Statistical analysis

The Kolmogorov-Smirnov test was used to confirm the
normality of the data. The chi-square test was used to
compare the categorical variables between the three
COVID-19 groups. One-way analysis of variance (ANOVA)
with Gabriel’s post hoc test for normally distributed data
or Kruskal-Wallis with Dunn’s post hoc test for non-nor-
mally distributed data were used to compare continuous
variables.

ROC curve analysis was performed to assess the poten-
tial use of microRNAs and ILs as severity indicators and
also to determine cut-off points using the Youden index for
the measured variables, complemented with the calculated
area under the ROC curve (AUC) as a quantitative measure
of the discrimination power of markers between two
groups. At the multivariate level, the Wald method of
regression of the forward logistic procedure was used to
determine the predictors of severity in COVID-19 patients
using variables that were statistically associated with the
bivariate analysis. Statistical significance was established
for a value of p < 0.05. Odds ratios (ORs) greater than one
were used to indicate that the outcome was more likely to
occur in one group. All statistical analyses were performed
using SPSS software v25 (IBM), and GraphPad Prism (ver-
sion 5.02) software was used for figures.

Ethical approval: The research related to human use has
been complied with all the relevant national regulations,
institutional policies and in accordance with the tenets of
the Helsinki Declaration and has been approved by the
authors’ institutional review bhoard or equivalent com-
mittee. This study was approved by the Expedited
Committee of the Ministry of Health (Agreement 00003-
2020 and 00104-2020) and subsequently renewed by the
Human Research Ethics Committee of the Central
University of Ecuador (approval number 091-020, April
25, 2021).
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Informed consent: Informed consent has been obtained
from all individuals included in this study.

Results

A total of 137 COVID-19 patients were studied. Table 1 shows
the demographic and clinical characteristics of mild, mod-
erate, and severe COVID-19 groups. The mean age was 53.78
years (18-94 years). Age and gender did not significantly
differ across the groups (ANOVA, p = 0.7). The most pre-
valent comorbidities across all categories were overweight
and obesity, which occurred in 87.20% of severe COVID-19
patients and in 75.91% of cases overall. Temperature
showed significant differences between mild and mod-
erate, as well as between mild and severe COVID-19
(36.36°C + 0.51 vs 36.63 + 0.53; p = 0.011); (36.36°C £ 0.51 vs
36.65°C + 0.68; p = 0.021). Respiratory rate exhibited signif-
icant differences between moderate and severe COVID-19
patients (22.22 + 3.53 vs 25.62 £ 5.91; p = 0.001). Triglycerides
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showed significant differences between mild and severe
patients (216.25 + 55.05 vs 336.54 + 166.44; p = 0.004). Oxygen
saturation, alanine transaminase (ALT), and blood urea
nitrogen (BUN) exhibited a significant difference when
comparing the three groups (ANOVA p = 0.005, p = 0.029,
and p = 0.021) (Table 1).

Regarding hematological parameters, it was observed
a significant difference in lymphocytes %, neutrophil %,
and NLR when comparing the three groups (ANOVA p <
0.000). Red blood cell count, monocytes %, basophils %,
and median platelet volume (MPV) showed significant dif-
ference only when comparing two groups (ANOVA p =
0,050, p = 0,006, p = 0.016, and p = 0.016, respectively)
(Table 2).

The serum markers IgG (positive index) and IL-6
showed a significant increase in severe patients when com-
paring the three groups (ANOVA p = 0.008 and p < 0.000,
respectively). Delta Ct of miR-146a showed a significant
increase in severe COVID-19 patients when comparing
mild-to-moderate and severe patients (ANOVA p = 0.037).
IL-8, D-dimer, ferritin, and C-reactive protein did not show

Table 1: Clinical characteristics of mild, moderate, and severe COVID-19 groups

Mild COVID-19 Moderate COVID-19 Severe COVID-19  p-value
n=25 n=73 n=39
Female, n (%) 9 (36.00) 23 (31.50) 12 (30.80) 0.897
Male, n (%) 16 (64.00) 50 (68.50) 27 (69.20)
Age (years), x £ SD 52.88 + 13.73 52.37 £ 13.01 54.54 +12.49 0.700
BMI (kg/mz), xSD 27.09 + 4.17 29.25 + 4.93 29.52 + 5.98 0.191
Overweight/obesity, n (%) 13 (68.4) 57 (83.80) 34 (87.20) 0.507
Temperature (°C) 36.36 £ 0.51 36.63 £ 0.53 36.65 + 0.68 0.028 Mild/moderate p = 0.011 Mild/
severe p = 0.021
Blood pressure (mmHg), mean  119.48/71.16 123.03/72.69 126.31/73.28 0.500
Dias/Sys
Respiratory rate, x + SD 24.60 + 7.64 22.22 +3.53 25.62 + 5.91 0.005 Moderate/severe p = 0.001
Oxygen saturation (%), x+ SD ~ 90.28 + 6.82 89.92 + 9.24 87.31+9.43 0.005 Mild/severe p = 0.002 Moderate/

Glucose (mg/dL), x + SD
Cholesterol, x + SD (mg/dL)
Triglycerides (mg/dL), x + SD

148.44 + 108.6
166.71 + 37.82
216.25 + 55.05

144.92 + 149.85
182.56 + 56.45
274.48 +135.18

HDL (mg/dL), x £ SD 38.43 £17.21 30.96 £ 13.78
LDL (mg/dL), x + SD 85.03 + 35.92 96.82 + 54.66
Urea, x = SD 44.75 + 23.58 40.32 + 35.97
ALT, x + SD 42.79 + 26.77 56.72 + 34.22
AST, x + SD 37.82 +16.23 50.55 + 28.15
Creatinine, x + SD 0.93 + 0.50 1.14 £ 1.05
BUN, x + SD 20.40 +10.72 21.58 + 15.41

162.64 + 90.84
196.90 + 74.10
336.54 + 166.44

severe p = 0.009

0.051

0.012 Mild/severe p = 0.004
0.012 Mild/severe p = 0.004

40.67 £ 26.91 0.072

96.76 + 70.40 0.657

67.62 + 30.27 0.110

73.53 £ 36.19 0.029 Mild/severe p = 0.008

53.27 + 29.63 0.202

1.01£0.43 0.235

33.24 £14.26 0.021 Mild/severe p = 0.019 Moderate/

severe p = 0.008

BML: body mass index, HDL: high-density lipoprotein, LDL: low-density lipoprotein, ALT: alanine transaminase, AST: aspartate aminotransferase, BUN:
blood urea nitrogen, n (%): the number (percentage) of patients who had the data of the respective test, x + SD: mean and standard deviation. A chi-
square test was performed for categorical variables (sex, BMI). ANOVA/Gabriel test or Kruskal-Wallis/Dunn tests were performed for continuous
variables. Bold values denote a statistically significant result between the groups at p < 0.05 level.
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44.36 + 5.84

43.08 + 6.94

62.72 + 80.64
15.22 + 2.40
17.23 £ 9.56

Haematocrit (%)

0.087

14.64 +1.98

14.09 £ 2.35
11.44 +7.39

Haemoglobin (gr/dL)
Lymphocytes (%)

0.000017 Moderate/severe

0.005 Mild/severe p =

<0.000 Mild/moderate p

8.21+4.80

0.023
0.006 Mild/severe p

p=

0.001

3.37+1.88

5.49 +2.79 4.34 £ 2.50

Monocytes (%)

0.000095 Moderate/severe

0.010 Mild/severe p =

<0.000 Mild/moderate p

87.20 £ 5.75

81.96 + 12.62

76.44 +11.48

Neutrophils (%)

0.040
<0.000 Mild/moderate p

p=

0.00018 Moderate/severe

0.008 Mild/severe p =

15.72 £ 11.67

11.74 £ 10.16

6.46 + 4.41

NLR

p = 0.039
0.962

0.24 + 0.37
0.54 + 0.31
8.97 + 1.68

0.41+£0.81 0.85+2.13

Eosinophils (%)
Basophils (%)

MPV (fl)

0.012

0.013 Mild/severe p =

0.016 Mild/moderate p

0.54 + 0.88
8.74 £ 1.84

0.34 + 0.17
7.89 +£1.79

0.005

0.023 Mild/severe p =

0.016 Mild/moderate p

SD: standard deviation, NLR: neutrophil-lymphocyte ratio, MPV: median platelet volume. ANOVA/Gabriel test or Kruskal-Wallis/Dunn tests were performed for continuous variables. Bold values denote

statistically significant results between the groups at p < 0.05 level.
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significant differences (Table 3). miR-155 was not signifi-
cantly different; nevertheless, a correlation between the
serum levels of both microRNAs (R = 0.415; p < 0.001)
was observed.

Figure 1illustrates the serum expression of tested miR-
146a vs the reference microRNA syn-cel-miR-39 expressed
in fold change. Serum expression of miRN-146a was signif-
icantly decreased in moderate and severe COVID-19
patients when compared to mild ones (p = 0.02 and p =
0.04) (Figure 1).

In addition, ROC curve analysis was used to examine if
the biomolecular markers (IL-6 and miR-146a) that resulted
significantly (p < 0.05) in the ANOVA analysis could be
predictors of the severity outcome. The cut-off points that
predicted severity were: IL-6 > 29.52 pg/mL for mild vs
moderate condition (CI 0.531-0.777; sensitivity 73.97% and
specificity 48%), IL-6 > 66.45 pg/mL for mild vs severe con-
dition (CI 0.676-0.906; sensitivity 74.36% and specificity
76%), and IL-6 > 53.50 pg/mL for moderate vs severe con-
dition (CI 0.55-0.76; sensitivity 76.92% and specificity
47.95%). Moreover, the statistically significant cut-off
values for miR-146a > 3.999 ACt for mild vs moderate con-
dition (CI 0.513-0.781; sensitivity 83.56% and specificity
48%) and miR-146a > 3.999 ACt for mild vs severe condition
(CI 0.506-0.792; sensitivity 84.62% and specificity 40%)
(Figure 2).

Furthermore, ROC curve analysis was performed to
determine if IL-6 could predict death in COVID-19 patients.
Using the Youden Index, we defined the optimal cut-off
point of IL-6 > 72.25pg/mL (CI 0.6703-0.8343; sensitivity
78.95% and specificity 60.61%) (Figure 3).

Univariate and multivariate logistic analyses were
used to determine the relationship between cut-off points
of these inflammatory biomarkers and death due to
COVID-19. Univariate analysis showed that miR-146a (OR
= 2.190, p = 0.016) suggested an increased risk of disease
aggravation, while biomarker IL-6 (OR = 7.385, p = 0.000)
connoted an increased risk of mortality, when cut-off
points were taken into consideration. Additionally, multi-
variate analysis showed that miR-146a indicated an
increased risk of worsening when cut-off points are taken
into consideration (OR = 4.322, p = 0.015) (Table 4).

Discussion

Our study aimed to determine the expression patterns of
microRNAs (hsa-miR-146a-5p and hsa-miR-155-5p) and
inflammatory markers, including complete blood count,
C-reactive protein, and cytokines (IL-6, IL-8) in the serum
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Table 3: Biomarkers in mild, moderate, and severe COVID-19 groups

DE GRUYTER

Mild COVID-19 Moderate COVID-19 Severe COVID-19 p-value

(mean + SD) (mean + SD) (mean + SD)
IgG positive index  5.06 + 4.00 8.48 + 4.94 8.81 £ 5.66 0.008 Mild/moderate p = 0.004 Mild/severe p = 0.005
IL-6 (pg/mL) 58.34 £ 71.96 105.65 £ 112.15 235.66 + 351.25 <0.000 Mild/moderate p = 0.025 Mild/severe

p = 0.00005 Moderate/severe p = 0.010

IL-8 (pg/mL) 65.40 + 129.57 87.80 + 163.19 218.96 + 598.04 0.189
miR-146a (ACt) 4.61+ 243 5.85 +2.17 5.83 +1.90 0.037 Mild/moderate p = 0.042 Mild/severe p = 0.083
miR-155 (ACt) 5.59 +2.44 5.84 + 3.09 4.87 + 3.44 0.283
D-dimer (mg/mL)  460.7 £ 623.3 3099.5 + 3646.8 1465.3 + 1636.4 0.173
Ferritin (ng/mL) 1128.70 + 978.43 1664.8 + 2238.6 1069.3 + 602.8 0.413
C-reactive protein ~ 19.67 + 12.18 18.16 £ 12.86 2410 £ 9.27 0.063

(mg/dL)

SD: standard deviation, IgG: Immunoglobulin G, IL: Interleukin, miR: microRNA, ACt: delta Ct. ANOVA/Gabriel test or Kruskal-Wallis/Dunn tests were
performed for continuous variables. Bold values denote a statistically significant result between the groups at p < 0.05 level.
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Figure 1: Expression levels of serum miR-146a in COVID-19 patients.
Mean and standard deviation of the fold change values of miR-146a
(reference microRNA syn-cel-miR-39) in the serum of mild COVID-19
patients compared to moderate and severe COVID-19 patients.
Differences between groups were tested using the Kruskal-Wallis/Dunn
test. Levels of significance were set at p < 0.05.

of patients with mild, moderate, and severe COVID-19 to be
able to identify new potential biomarkers for disease mon-
itoring and progression.

Numerous studies, including our own, demonstrated
that the severity of COVID-19 is positively correlated with
the percentage of neutrophils, NLR, percentage basophils,
MPV cholesterol, triglycerides, ALT, BUN, and IgG positive
index. Besides, showing a decrease in the percentage of
lymphocytes and monocytes [22-25] as severity of
exacerbates.

The response of the host to SARS-CoV-2 infection is
known to have a substantial impact on individual clinical

outcomes. It is widely recognized that elevated levels of
cytokines, including IL-6, IL-8, and TNF, together with
immune cell infiltration in affected organs and lympho-
penia, aggravate COVID-19 due to hyper-inflammatory
reactions [26]. Patients with comorbidities such as over-
weight, obesity, diabetes, and cardiovascular disorders
are at a higher risk of developing a severe COVID-19 con-
dition due to the inflammatory processes already ongoing
as a result of their coexisting conditions [27,28]. Among the
groups analyzed in the present study, the most common
comorbidities were overweight and obesity, accounting for
75.91% of cases, and more frequently observed in severe
COVID-19 patients.

One important hallmark of SARS-CoV-2 infection is the
immune dysregulation that can potentially initiate a cyto-
kine storm, which causes the hyperactivation of immune
cells within many organs, including the lungs, heart, and
brain. Leading to the alteration of physiological indicators,
including microRNAs, which control the expression of
genes by translation regulation [29]. Multiple investiga-
tions have demonstrated the critical function of micro-
RNAs in regulating a range of biological processes,
including cell division, inflammation, apoptosis, and the
immune response to viral infection [30,31]. MicroRNAs
are therefore informative biomarkers that control the
inflammatory process and interact with cytokines gener-
ated in COVID-19, making them an important indicator of
the severity of the disease [32]. SARS-CoV-2 infection trig-
gers a cascade of intracellular signaling resulting in the
induction of transcription of proinflammatory cytokines,
including IL-1, IL-6, TNF-a, and IFN-y through the modula-
tion of the Toll-like signaling [33]. At the same time, to
prevent an excessive immune response during the activa-
tion of the immune system, the production of microRNAs is
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Figure 2: ROC curves showing the AUC and cut-off points for the different inflammatory biomarkers (IL-6, miR-146a) associated with COVID-19

severity. AUC: area under the curve, miR: microRNA, IL-6: interleukin-6.
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Figure 3: ROC curve showing the AUC and cut-off points for inflamma-
tory biomarker IL-6 associated with survival of patients with COVID-19.
AUC: area under the curve, IL-6: interleukin-6.

stimulated [30]. For instance, miR-146a acts as a negative
feedback regulator, attenuating the NF-«B signaling by the
downregulation of its target genes: IL-1 receptor-associated
kinase 1 and the TNF receptor-associated factor 6 [34],

which suppresses the production of pro-inflammatory
cytokines [35]. Thus, an alteration of this fine-tuning
mechanism can provoke a cytokine storm by an exacer-
bated inflammatory response triggered by the uncon-
trolled production of pro-inflammatory cytokines [30].
The findings of the present investigation align with
those of prior research, showing that a decreased expres-
sion of serum miR-146a is associated with an increased risk
of disease aggravation [17,18,36] when comparing mild vs
moderate groups (p = 0.02) and mild vs severe groups (p =
0.04) of COVID-19 patients. The sensitivity and specificity
values of miR-146a at >35.47 CT cut-off point represent a
correlation with the grade of clinical status; therefore,
those values could be useful complementary data to
make patient evaluation. The interpretation of those values
to assess the severity of patients should be integrated
with the context of other biomarkers of inflammation,
so that the low specificity cannot be considered as a pre-
dictor of excess severe cases. The miRNA-146a cut-off
value must be integrated with the pretest probability of

Table 4: Univariate and multivariate logistic regression of COVID-19 severity based on biomarker miR-146a ACt, and death based on biomarker IL-6

Univariate Multivariate
B p-value OR OR 95% CI B p-value OR OR 95% CI
LI HI LI HI
miR-146a ACt > 3.999 0.784 0.016 2.190 1157 4.144 1.464 0.015 4.322 1.335 13.991
IL-6 > 72.25 pg/mL 0.199 0.000 7.385 2.599 20.986

IL-6: interleukin-6, miR: microRNA, B: beta coefficient, OR: odds ratio, LI: lower limit, HI: upper limit.
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clinical or epidemiological severity (prevalence). There-
fore, the positive and negative probability index can be
calculated, and the entity’s post-test diagnostic and exclu-
sion probability or degree of severity may be established.
In future research, this biomarker can produce variable
interactions that could statistically improve the level of
discernment or enable the creation of diagnostic or prog-
nostic scores.

Reduced expression of anti-inflammatory miR-146a-5p
in severe patients is therefore associated with increased
production of IL-6, which has been observed in critically
ill COVID-19 patients, where IL-6 functions as an essential
signaling amplifier [36]. For instance, a study by Vélez-Pdez
et al. proposes IL-6 as a biomolecular marker that exhibits
good discriminating power to differentiate between survi-
vors and non-survivors patients with severe COVID-19,
with a cut-off value for IL-6 of 211 pg/mL (p = 0.005). Pre-
sumably, the low IL-6 cut-off point shown in this study is
related to the idiosyncratic and genetic factors of the sub-
groups of critical patients considered, as well as the
requirement of invasive mechanical ventilation. Thus,
requiring lower levels of IL-6 to trigger a dysregulated
and severe clinical response. Additionally, IL-6 was found
to predict mortality with an OR of 17.07, considering the
cut-off value [37]. Similar to other studies, we identified
this inflammatory marker as an important predictor of
mortality. Our results evidenced a significant increase in
IL-6 serum levels among the three groups of COVID-19
patients (mild, moderate, and severe) (ANOVA p =
0.0002). Demonstrating that the downregulation of anti-
inflammatory miR-146a-5p may contribute to the severity
of COVID-19 as a result of the induction of excessive cyto-
kine production, along with a deficiency in the feedback
mechanism that controls inflammatory damage in tis-
sues [38].

In our study, the expression level of miR-155 was not
significantly higher in moderate and severe COVID-19
patients, contrary to other research findings [17,18]. How-
ever, we did find a positive correlation between the blood
levels of miR-155 and miR-146a. Furthermore, this study
employed ROC curve analysis to determine the cut-off
point of IL-6 associated with the survival of patients with
COVID-19. The chosen thresholds (272.25 pg/mL, p = 0.000)
showed a strong potential to differentiate between survi-
vors and non-survivors, with an OR of 7.385.

Despite not finding a significant difference in our
study, we did see a clear rising trend for D-dimer, which
has been considered a predictive factor in COVID-19. This
also holds for the inflammatory markers C-reactive protein
and IL-8. The small sample size and high degree of varia-
bility may have been contributing factors.

DE GRUYTER

Conclusion

The identification of biomarkers for mortality prediction is
a crucial resource for physicians seeking early diagnosis
and suitable treatments. Increased inflammatory IL-6
levels and decreased serum anti-inflammatory miR-146a-
5p expression can be discriminating biomarkers of COVID-
19 severity. Since microRNAs play a crucial role in control-
ling the innate immune response to viral infection, our
findings offer significant new insights into the pathogen-
esis of COVID-19.

Limitations

In this study, the sample size analyzed was the major lim-
itation, interfering in the establishment of highly accurate
models of prediction. Moreover, this study did not include
healthy controls to establish a threshold for microRNA
levels and did not consider the effect of pharmacological
modulation on the activity and function of microRNAs. For
future investigations, these factors, along with the analysis
of other types of samples that could be obtained in a less
invasive way, such as saliva, urine, or sputum, should be
considered.

Besides, due to the COVID-19 pandemic, the data used
in this study were limited, and only the available informa-
tion in the database of the public hospitals part of the study
was included.
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