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Aim: miRNAs are potential biomarkers of several diseases. This review aimed to identify the miRNAs that
could serve as biomarkers of COVID-19. Materials & methods: A literature search of nine databases was
carried out for studies published before 13 June 2021 that described dysregulated miRNAs in cells or
animals infected by SARS-CoV-2 or in patients with COVID-19. Two independent reviewers selected the
studies and extracted data; disagreements were resolved by a third reviewer. Results: Twenty studies were
included in this scoping review; results suggested that miR-21-5p, miR-146a, miR-126-3p, miR-144 and
miR-155 are the most important dysregulated miRNAs that could serve as biomarkers for diagnosing and
indicating the severity of COVID-19. miRNAs appear to play key roles in viral replication, proliferation of
infected cells, immune response, inflammation and cardiovascular dysfunction. Conclusion: This review
provides insights into the role of miRNAs as biomarkers in COVID-19 and the current status and future
directions for research in this field.
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SARS-CoV-2 is a novel betacoronavirus that has been identified as the infectious agent responsible for COVID-
19 [1]. After the initial outbreak in Wuhan, China, COVID-19 spread worldwide; the COVID-19 pandemic
was declared in March 2020 [2]. At the time of writing this article (July 2021), more than 185 million cases of
COVID-19 had been reported across 223 countries that resulted in some 4 million deaths [3]. There is no specific
treatment available for COVID-19, and the management of the disease is empirical [41. To date, only three vaccines
have been approved by the US FDA: Pfizer-BioNTech, Moderna and Janssen (Johnson & Johnson) COVID-19
vaccines [5]. However, other vaccines have been approved in other countries [6].

Real-time reverse transcriptase-PCR (RT-PCR) performed on nasopharyngeal or oropharyngeal swabs is the most
widely used diagnostic method for SARS-CoV-2 infection 7). However, this technique has been criticized for being
relatively invasive and associated with an increased risk of cross-infection [8]. Serological tests based on the detection
of SARS-CoV-2-specific antibodies, IgM and/or IgG may also be used to diagnose COVID-19 91. IgM detection can
be interpreted as an indicator of acute infection, whereas IgG detection represents previous infection/immunity [9].
However, serological tests have low sensitivity when performed in the early days after the onset of symptoms,
have significant rates of false-negative results and show poor result validation (9. Chest computed tomography
is an alternative test for diagnosing and monitoring COVID-19 [10]. Finally, some inflammatory (procalcitonin,
C-reactive protein), hematologic (lymphocyte, thrombocytes) and biochemical (creatine kinase-MB, troponin 1,
D-dimer, aspartate aminotransferase, alanine aminotransferase, lactate dehydrogenase and I'-glutamyltransferase)
biomarkers have been associated with severe COVID-19 and might help in the prognostic risk stratification of
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patients with COVID-19 [11]. Therefore, the identification of effective diagnostic biomarkers and predictors of
COVID-19 severity are increasingly enabling patients to receive accurate and targeted therapy [12].

miRNAs are small (~22-nucleotide long) noncoding RNAs that enhance mRNA degradation and inhibit
protein translation [13], play essential regulatory roles in several biological processes and are potential disease
biomarkers [13,14]. miRNAs may be useful in diagnosing diseases, evaluating their prognosis, providing potential
therapeutic targets and improving our understanding of the physiopathology and signaling pathways involved in
diseases [15]. Since viral infection may change host miRNA expression [16] and dysregulated miRNAs have already
been studied as biomarkers of several infectious diseases [17], it is expected that miRNAs can also serve as biomarkers
of COVID-19 [18-21]. This review aimed to identify which dysregulated miRNAs could serve as biomarkers of
COVID-19 and their specific roles.

Materials & methods

This scoping review was conducted following the recommendations of the Preferred Reporting Items for Systematic
reviews and Meta-Analyses statement for Scoping Reviews (PRISMA-ScR) [22]; the review protocol has been
registered in the Open Science Framework (https://doi.org/10.17605/OSF.I0/M5V]J6).

Search strategy

A comprehensive search of literature published before 13 June 2021 was performed using PubMed, PubMed Central,
BVS/BIREME, Web of Science, Scopus, EBSCOhost, ProQuest, Embase and Cochrane Library databases to
identify relevant studies. The search strategy included a combination of terms related to COVID-19 and miRNAs;
the full search strategy can be found in Supplementary Appendix One no language restrictions were imposed.

Study selection

Cell, animal and human studies that described dysregulated miRNAs in COVID-19 were included. Studies with a
purely computational approach and RNA-seq from databases were excluded. Preprints, books and book chapters,
editorials, comments, conference proceedings or abstracts and literature reviews and guidelines were also excluded.
The studies retrieved from the databases were examined using the Rayyan QCRI program [23] to exclude duplicate
files (Phase I), analyze the titles and abstracts of the articles (Phase II) and analyze complete articles of the previously
selected abstracts (Phase I1I). Two reviewers (MBV and ASN) independently reviewed the titles and abstracts of
all studies identified by the searches and discussed and addressed any discrepancies arising with a third reviewer
(PM). In addition, references cited in all included articles were reviewed to identify any studies that might have
been missed.

Data extraction & analysis
For each included study, details of the author, date of publication or online availability, country, publication
type, population, samples, methods used to identify miRNAs, the time when miRNAs were analyzed, miRNAs
differentially expressed in SARS-CoV-2-infected cells or animals and patients with COVID-19 (or exposed to
SARS-CoV-2), pathophysiological implications of dysregulated miRNAs and main conclusions on the role of
miRNAs as biomarkers of COVID-19 were extracted. Two reviewers (MBV and ASN) independently completed
data extraction using a preformatted Microsoft Excel spreadsheet. Disagreements were resolved by a third reviewer
(PM).

The results of this scoping review are presented using the narrative synthesis approach. Following the PRISMA-
ScR guidelines [22], no quality assessment was performed because scoping reviews aim to identify all the available
evidence and highlight their main characteristics regardless of the evidence quality.

Bioinformatics analysis

To generate the interaction network of selected miRNAs, we employed miRTargetLink 2.0, a tool containing
experimentally validated interactions on human miRNA-mRNA pairs. Data shown correspond to miRNA-target
interactions with strong support, in other words, validated experimentally by reporter assay, western blot, qPCR,
microarray and/or next-generation sequencing experiments. The software obtains miRNAs annotations from the
latest version of miRBase (v.22.1), while the experimentally validated targets are retrieved from miRTarBase (v.8)
and miRATBase. miRTargetLink 2.0 can be freely accessible from the following link (https://ccb-compute.cs.uni
-saarland.de/mirtargetlink2/).
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Figure 1. Study selection flowchart through literature search.

Results

Search results

An electronic search identified 2813 potentially relevant studies. After removing duplicates and reviewing the titles
and abstracts, 48 articles were selected for full-text reading. In addition, no relevant studies were identified by
searching the reference lists of the selected studies. After careful full-text reading, 20 studies [24-43] met the inclusion
criteria and were thus included in the review. A flowchart of the literature search is shown in Figure 1. The references
for the excluded studies, along with the reasons for their exclusion, are available in Supplementary Appendix two.

Characteristics of the included studies
The characteristics of the 20 studies included in this scoping review are summarized in Table 1. All studies
were published in English and reported between October 2020 and June 2021. Moreover, four studies were
conducted in cells (24-27], one in an animal model 28] and 15 in humans [29-43]. Seventeen studies were published
as research/original articles [24-34,38-42], one as a technical report [43], one as a rapid report (37] and one as
correspondence [35]. Nine of these studies were conducted in China (Table 1) [24,29-32,35,38-40].

Opverall, the human studies included a small number of participants. Of the 15 studies, 12 used control groups
(healthy volunteers or patients without COVID-19 or not exposed to SARS-CoV-2) for the comparisons [20-31,33-
41], while three studies included only patients with COVID-19 [32,42,43]. Interestingly, one study also compared
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Table 1. Characteristics of the studies included in this scoping review.

Study Date of Country Publication type Population Ref.
publication (or
online
availability)

Cell study

Liu et al. Jan 2021 China Original Article  Vero E6 cell line infected with SARS-CoV-2 and controls (to verify differently [24]

expressed virus-encoded miRNAs) and BEAS-b2 cells (to validate the regulatory role
of the virus-encoded miRNAs on human genes).

Wyler et al. Mar 2021 Germany Original Article  Calu-3 cells infected with SARS-CoV-2 and controls. [25]
Mishra and Apr 2021 India Original SARS-CoV-2 Spike gene transfected HEK-293T cells and controls (to quantify miRNAs [26]
Banerjea Research in released exosomes — ‘exosomes donor cells’) and CHME3 cells (to assess the

protein expression levels of miRNAs target genes — ‘exosome recipient microglia’).

Recchiuti et al. Apr 2021 Italy Research Article Macrophages from monocytes culture of peripheral blood obtained from adult [27]
volunteers with or without cystic fibrosis. Macrophages exposed to SARS-CoV-2
virion spike 1 glycoprotein (S1) and controls.

Animal study
Kim et al. Nov 2020 Korea Research Article Hamsters infected with SARS-CoV-2 (n = 5) and uninfected control hamsters (n = 5). [28]
Human studies

Lietal Oct 2020 China Research Article  Patients with mild or moderate COVID-19 (n = ten; gender: four male/six female; [29]
mean age: 44.9 years) and healthy volunteers (n = four; gender: two male/two
female; mean age: 44.8 years).

Tang et al. Oct 2020 China Research Article  Patients with moderate (n = six; gender: four male/two female; range age: [30]
20-89 years) and severe (n = six; gender: five male/one female; range age:
60-89 years) COVID-19 and healthy volunteers (n = four; gender: two male/two
female; range age: 50-69 years).

Chen et al. Dec 2020 China Research Article  Patients with mild (mild or moderate disease (n = 50; gender: 28 male/22 female; [31]
mean age: 46.8 years)) and severe (severe or critical disease (n = 16; gender: 12
male/four female; mean age: 65.9 years)) COVID-19 and healthy volunteers (n = 17;
gender: nine male/eight female; mean age: 32.9 years).

Zheng et al. Dec 2020 China Research Article  Patients with mild (n = six; gender: four male/two female; mean age: 23.4 years) [32]
and moderate (n = seven; gender: three male/four female; mean age: 49.1 years)
and severe (n = five; gender: four male/one female; mean age: 58.0 years)

COVID-19.
Sabbatinelli Dec 2020 Italy Research Article  Patients with COVID-19 with multifocal interstitial pneumonia and requiring [33]
etal. oxygen therapy (n = 29; gender: 17 male/12 female; these patients were divided in

two groups for other objective and the mean age for general group was not
shown) and healthy volunteers (n = 29; mean age: 64.1 years).

Garg et al. Jan 2021 Germany Research Article  Two cohorts: [34]

1) Discovery cohort: mechanically ventilated COVID-19 patients (n = 18; gender:

17 male/one female; median age: 59 years) and healthy volunteers (n = 15; gender:

14 male/one female; median age: 31 years).
2) Validation cohort: mechanically ventilated COVID-19 patients (n = 20; gender:

14 male/six female; median age: 59.5 years), invasively ventilated influenza-induced

ARDS patients (n = 13, gender: 11 male/two female; median age: 56 years) and

healthy volunteers (n = 32; gender: 20 male/12 female; median age: 50 years).

Yang et al. Feb 2021 China Correspondence Patients with COVID-19 (n = five) and healthy volunteers (n = three). [35]
Bagheri- Mar 2021 Iran Original Article  Patients with COVID-19 (n = 33; gender: 13 male/20 female; mean age: 62.4 years) [36]
Hosseinabadi and healthy volunteers (n = 29; gender: nine male/20 female; mean age: 56.6 years).

etal.

Centa et al. Mar 2021 Brazil Rapid Report Patients who died due to ARDS, DAD, and multiple organs failure by SARS-CoV-2 [37]

infection (n = nine; gender: six male/three female; mean age: 73.4 years) and
patients who died due to other causes, not involving lung injuries (n = ten; gender:
seven male/three female; mean age: 42.3 years).

Li et al. Mar 2021 China Research Paper  Recovered COVID-19 patients (mild/moderate disease (n = 30; gender: 16 male/14 [38]
female; median age: 48.0 years) and severe/critical disease (n = 16; gender: 13
male/three female; median age: 54.0 years)) and healthy volunteers (n = 24;
gender: ten male/14 female; median age: 36.0 years).

Mi et al. Mar 2021 China Research Paper  Fracture patients with 1gG (-) (n = 50) and 1gG (+) (n = 30) to SARS-CoV-2. [39]

Li et al. Apr 2021 China Research Article  Patients with COVID-19 (n = ten; gender: four male/six female; mean age: [40]
44.9 years) and healthy volunteers (n = four; gender one male/three female; mean
age: 34.8 years).

Donyavi et al. Apr 2021 Iran Research Article Patients with COVID-19 (n = 18; gender: nine male/nine female; mean age: [41]
38.2 years) and healthy volunteers (n = 15; gender: eight male/seven female; mean
age: 36.6 years).

ARDS: Acute respiratory distress syndrome; BEAS-b2: Human pulmonary epithelial cell; Calu-3: Human epithelial lung cancer cell; CHME3: Human microglial cell; DAD: Diffuse alveolar
damage; HEK-293T: Human embryonic kidney cell; ICU: Intensive care unit; n: Number of animals or subjects; Vero E6: African green monkey kidney cell.
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Table 1. Characteristics of the studies included in this scoping review (cont.).

Study Date of Country Publication type Population Ref.
publication (or
online
availability)
Gonzalo-Calvo May 2021 Spain Original Two cohorts: [42]
etal. Research Article 1) Patients with COVID-19 admitted to the pneumology, infectious diseases or

internal medicine wards without requiring critical care (n = 43; gender: 18 male/25
female; mean age: 68.0 years) or admitted to the ICU (n = 36; gender: 26 male/ten
female; mean age: 68.0 years).

2) Patients with COVID-19 admitted to ICU nonsurvivors (n = 16; gender: 11
male/five female; mean age: 70.5 years) and survivors (n = 20; gender: 15 male/five
female; mean age: 60.0 years).

Mitchell et al. Jun 2021 USA Technical Report Patients with mild (n = 13; gender: seven male/six female; mean age: 56.2 years) [43]
and severe (n = 17; gender: 15 male/two female; mean age: 69.1 years) COVID-19.

ARDS: Acute respiratory distress syndrome; BEAS-b2: Human pulmonary epithelial cell; Calu-3: Human epithelial lung cancer cell; CHME3: Human microglial cell; DAD: Diffuse alveolar
damage; HEK-293T: Human embryonic kidney cell; ICU: Intensive care unit; n: Number of animals or subjects; Vero E6: African green monkey kidney cell.

patients with COVID-19 and patients with influenza-induced acute respiratory distress syndrome (ARDS) [34].
Six studies stratified the group of patients with COVID-19 into subgroups by severity [30-32,38,42,43], while one
included only patients with mild/moderate disease [29], three included only severely affected and/or critically ill
patients [33,34,37] and four did not report the disease severity [35,36,40,41]. One study included patients who underwent
orthopedic surgery and who had previously been infected with SARS-CoV-2 (IgG [+]) (Table 1) 39].

miRNAs as biomarkers of COVID-19

Of the four studies in cells, three quantified differentially expressed miRNAs in cells [24-27] and one in exosomes
released from cells [26. The only animal model study used lung tissue [28]. In most human studies, analysis
was performed to identify miRNAs in samples derived from blood. Four used plasma [31,35,36,421, three used
serum [33,34,43], one of which also used small extracellular vesicles from whole serum [43], three used whole
peripheral blood [29,38,40], two used peripheral blood mononuclear cells (32,411 and one used red blood cells [30],
in other words, circulating miRNAs; however, one used lung tissue [37] and the other did not specify the sample
used [39] (Supplementary Appendix three). The main results of the studies involving miRNAs as biomarkers of
COVID-19 are shown in Supplementary Appendix three.

Regarding the methods used to identify miRNAs, six studies used only sequencing to determine differentially
expressed miRNAs [29-32,35,40], while three used quantitative PCR to confirm results previously obtained by
sequencing [25,43] or microarray [39] and 11 used PCR to quantify miRNAs previously chosen by bioinformatic
analysis or literature search [24,26-28,33,34,36-38,41,42] (Supplementary Appendix three).

In vitro studies analyzed miRNAs after treatment with SARS-CoV-2 S1 recombinant protein for 3 h [27], 4 h [25),
12 h 251, 24 h [25) and 48 h [24] after virus infection or 48 h after spike plasmid transfection [26]. The only animal
study quantified miRNAs on the 4th day after infection [28]. Of the 15 human studies, three did not report the time
when miRNAs were analyzed [30,34,40]. The other 12 reported this information (some were more specific and others
less): samples were collected within 1 week after diagnosis [29], at baseline (~10 days of onset of symptoms) [33],
at hospital admission [36], before or following admission to the clinical ward or the intensive care unit [42], at the
time of hospitalization [43], over 5 weeks [31], at stages 1—4 of disease progression [35], at the three clinical stages
(treatment, convalescence and rehabilitation) (321, during the acute period of the disease and in the recovery period
(4-5 weeks after the acute phase) [41], post hospital discharge (in the disease recovery) [38], at the time of hospital
admission with a fracture [39] and postmortem [37] (Supplementary Appendix three).

Many miRNAs were significantly dysregulated in COVID-19 (Supplementary Appendices three & four).
All studies quantified host miRNAs, except for one that analyzed virus-encoded miRNAs [24]. Host miR-21-
5p 130,33,34,40], miR-146a [30,33,43], miR-126-3p [33,34,43], miR-144 [29,35,38] and miR-155 [25,34,38,41] have been
shown to be dysregulated in more than two studies (miR-627-5p appears in three studies [29,40,43], but in two of
them the patients were the same [29,43], so it was not considered). Among these miRNAs, circulating miR-21-5p
(downregulated or upregulated), miR-144 (downregulated) and miR-155 (downregulated or upregulated) appear
to be the main potential diagnostic biomarkers and miR-146a (downregulated) appeared to be the biomarker for
the severity of COVID-19. In addition to being useful for diagnosis and analysis of severity, miRNAs may also be
useful as predictors of mortality, biomarkers of stage/phase and therapeutic targets of COVID-19 (Supplementary
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Figure 2. General mechanisms of miRNAs function in COVID-19.

Appendix four). Dysregulated miRNAs appear to play key roles in the viral replication and proliferation of in-
fected cells, immune response, inflammation, cardiovascular dysfunction, hyperactivation of human microglia and
osteogenic differentiation and bone remodeling, contributing to the pathogenesis of COVID-19 and its sequelae
(Supplementary Appendix three). Figure 2 summarizes the general mechanisms of miRNAs function in COVID-
19. The main genes regulated by these miRNAs, after bioinformatics analysis, are shown in Supplementary
Appendices five—nine.

Discussion

Summary of evidence

We aimed to identify miRNAs as biomarkers of COVID-19 through a literature review. The main findings were as
follows: the most important miRNAs, identified as potential candidate biomarkers, were miR-21-5p, miR-146a,
miR-126-3p, miR-144 and miR-155; circulating miR-21-5p, miR-144 and miR-155 appear to be the main po-
tential diagnostic biomarkers; miR-146a may serve as a biomarker of disease severity; the dysregulated miRNAs
appear to play key roles in viral replication and proliferation of infected cells, immune response, inflammation,
cardiovascular dysfunction, hyperactivation of human microglia and osteogenic differentiation and bone remodel-
ing; miRNAs may serve as diagnostic biomarkers, indicators of disease severity, predictors of mortality, biomarkers
of stage/phase and therapeutic targets of COVID-19. To the best of our knowledge, this is the first scoping review
of differentially expressed miRNAs as biomarkers of COVID-19.

General view of the studies

In our view, the COVID-19 pandemic has changed the profile of published articles. More articles are being
published as rapid or short communications containing little information. We also noted that many articles only
commented on previously published articles, extrapolating the results for SARS-CoV-2 infection or were attempting
to elucidate mechanisms, suggesting possibly important aspects of SARS-CoV-2 infection; we found that many
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studies used only bioinformatics data. Although, these characteristics are justified by the urgency demanded by the
pandemic and the need for knowledge about this new virus, such articles were excluded from our analysis.

Thus, we included only 20 studies in this scoping review despite the emergence of COVID-19 over a year ago, in
December 2019 [1]. Most studies included in this scoping review were original/research articles [24-34,36,38-42] and
conducted in humans [29-43]. Studies on miRNAs as biomarkers have mostly been conducted in cells and animal
models. Since miRNAs as biomarkers can be detected in several tissues and body fluids (15, the human studies
included in our review used blood and lung tissue samples [24-38,40-43].

Most of the studies were conducted in China [24,29-32,35,38—40] since this country was the first to be affected by
SARS-CoV-2 [1]. We encourage further primary studies to be conducted mainly in North and South American
populations where COVID-19 has a high incidence, utilizing a great opportunity for new research and development.

miRNAs as biomarkers of COVID-19

All the included studies reported dysregulated miRNAs probably induced by COVID-19, indicating that miRNAs
are promising diagnostic biomarkers, indicators of disease severity, predictors of mortality, indicators of stage/phase
of disease and therapeutic targets; miRNAs may be useful in the diagnosis, prognosis, monitoring and clinical man-
agement of COVID-19 and its consequences. Dysregulated miRNAs are related to viral replication, proliferation
of infected cells, immune response, inflammation, cardiovascular dysfunction, hyperactivation of human microglia,
osteogenic differentiation and bone remodeling (24-43]. Worldwide research has demonstrated that the pathogenesis
of COVID-19 is associated with hyper inflammation and intensification of immune effects [44,45); neurological and
musculoskeletal sequelae, among others, can occur in patients with COVID-19 [46].

The most important miRNAs as biomarkers of COVID-19 appear to be miR-21-5p, miR-146a, miR-126-3p,
miR-144 and miR-155. Four studies indicated that miR-21-5p expression was dysregulated (downregulated in
three studies) in patients with COVID-19 compared with that in healthy volunteers (30,33,34,40] and thus may
be a diagnostic biomarker. However, in one study, it was also significantly dysregulated in severe COVID-19
compared with that in moderate COVID-19 [30]. Moreover, this miRNA appeared to be more specific for SARS-
CoV-2 infection since it was significantly more dysregulated in patients with COVID-19 than in patients with
influenza-induced ARDS (34]. miR-21-5p regulates inflammation and is a marker of a proinflammatory state [33.
In a study that evaluated miRNAs as markers of cardiovascular damage in patients with COVID-19, miR-21-5p
was associated with cardiac fibrosis and might be a predictor of chronic myocardial damage and inflammation in
COVID-19 survivors [34]. Therefore, miR-21-5p may also be a potential therapeutic target for the management of
COVID-19 and the prevention of its cardiovascular consequences.

Three studies found that miR-144 was expressed at lower levels in patients with COVID-19 than in healthy
volunteers, revealing a potential biomarker for diagnosis [29,35,401. However, these three studies used only sequencing
technology to identify miRNAs and did not comment on the pathophysiological implications of miR-144.

Four studies revealed that miR-155 expression was dysregulated in COVID-19 [25,34,38,41]. An in vitro study
showed that the upregulation of miR-155 expression was related to lung injury induced by SARS-CoV-2 and hence
may be a potential therapeutic target [25]. Moreover, a human study (34] that compared dysregulated circulating
miRNAs between patients with severe COVID-19 and healthy volunteers, as well as patients with severe COVID-
19 compared with patients with influenza-induced ARDS, revealed that miR-155 expression was upregulated in
both cases; thus, this miRNA may be specific for the diagnosis of SARS-CoV-2-induced ARDS. It might also
be a predictor of chronic myocardial damage and inflammation in COVID-19 survivors [34]. Two other human
studies indicated that miR-155 plays an important role in the immune response [38,41]. Interestingly, one study
found that miR-155 expression was upregulated in patients with mild/moderate COVID-19 compared with that
in patients with severe/critical COVID-19 and healthy volunteers, indicating that it is beneficial in controlling
SARS-CoV-2 infection (an antiviral response) [38]. Another study indicated that miR-155-5p was a useful marker
for discriminating between control and COVID-19 patients by receiver operating characteristic curve analysis [41].
Therefore, miR-155-5p may be used as a potential diagnostic biomarker [41] and may be associated with the
progression to severe/critical COVID-19 [38].

Three studies showed that the expression of miR-146a (30,33,43] and miR-126-3p [33,34,43], all biomarkers of
a proinflammatory state (33], was significantly downregulated in severe COVID-19. It has been shown that the
downregulation of miR-146a expression promotes the inflammatory process since miR-146a-5p is negatively
correlated with downstream target mRNA IL-1 receptor-associated kinases 1 and 2 (IRAK1 and IRAK2) and
TRAF6 that participate in the NF-kB proinflammatory pathway [30]. In addition, a decline in miR-146a-5p levels

future science group 10.2217/bmm-2021-0348



Review Visacri, Nicoletti, Pincinato et al.

may lead to the release of IL-6 [33]. miR-126-3p is a key regulator of endothelial inflammation (47). Therefore, low
levels of miR-146a and miR-126-3p indicate severe COVID-19 and may predict poor outcomes among those who
develop systemic hyper inflammation [30,33,34,43].

Apart from those highlighted in this literature review, other miRNAs may also play important roles in COVID-
19; these include miR-15b-5p [28,30] and members of the let-7 family (let-7a-5p, let-7b-3p, let-7b-5p, let-7d-5p,
let-7£-5p) [27,31,32,41]. The precise roles of these miRNAs and their dysregulation might be clarified in future studies.

Limitations of the published studies

Cell lines used as 7z vitro models of COVID-19 are essential for the discovery of potential specific therapeutic
targets; however, they might respond differently when compared with cells in an organism and; therefore, the
findings of this study need to be validated in 7z vivo models [24,25]. Moreover, findings from animal studies need to
be validated in humans as much as possible to increase the level of evidence. Regarding human studies; although, it
is important to standardize the time of sample collection for analysis after infection or symptom onset, we observed
that there was no standard time for the analysis of miRNAs between studies, and some studies did not specify
the time elapsed since the onset of symptoms or diagnosis. Further research studies with standardized times need
to be conducted, including more prospective longitudinal studies, to verify how these miRNAs behave over the
time of infection and disease stage. Moreover, in some human studies, miRNAs described as potential biomarkers
were detected by sequencing and need to be validated through RT-PCR in a higher number of patients. Since
comorbidities (e.g., obesity, Type 2 diabetes and cardiovascular diseases) can influence the expression of miRNAs in
the included studies, it is recommended that comorbidities be precisely matched between the interest and control
groups, in addition to age and sex [30]. Finally, to validate the specificity of these miRNAs as biomarkers, future
studies should include non-COVID-19 patients with pneumonia or ARDS as positive controls for moderate and
severe disease groups as well as asymptomatic COVID-19 patients [30].

Limitations of this scoping review
Some studies may have been missed because they were not indexed in the searched databases. In addition, this
review did not analyze the quality of the studies, considering the inherent characteristics of scoping reviews.

Conclusion

Based on the 20 included studies, the most important dysregulated miRNAs identified in the selected articles that
may play a key role in COVID-19 pathogenesis were miR-21-5p, miR-146a, miR-126-3p, miR-144 and miR-155.
Among these miRNAs, miR-21-5p, miR-144 and miR-155 appear to be the main potential diagnostic biomarkers
and miR-146a appear to be biomarker of disease severity. In addition, miRNAs may be predictors of mortality,
biomarkers of stage/phase and therapeutic targets of COVID-19, as they play key roles in viral replication,
proliferation of infected cells, immune response, inflammation, cardiovascular dysfunction, hyperactivation of

human microglia, osteogenic differentiation and bone remodeling. Further primary studies that demonstrate the
role of miRNAs as biomarkers of SARS-CoV-2 infection/COVID-19 are needed.

Future perspective

This review provides insights into the role of miRNAs as biomarkers in COVID-19 and the current status and
future directions for research in this field. To date, few studies have evaluated miRNAs as biomarkers of COVID-
19. However, in the next few years, more studies are expected to be conducted and published, particularly based
on populations of the North and South Americas. New miRNA biomarkers in other human biological samples
(e.g., saliva) are expected to be discovered. In addition, miRNAs identified by sequencing must be validated by
RT-PCR in a larger cohort and more studies including non-COVID-19 patients with pneumonia or ARDS as
positive controls for moderate and severe disease groups as well as asymptomatic COVID-19 patients are required.
Finally, the findings on miRNAs as biomarkers provide scope for research in the development of effective treatments

for COVID-19.
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Summary points

Search results

e A total of 2813 records were identified, 20 of which met the eligibility criteria.

Characteristics of the included studies

e All 20 studies were mostly research articles published in English between October 2020 and June 2021 and were
mostly conducted in China.

e Fifteen studies were conducted in humans, four using cells and one in an animal model.

miRNAs as biomarkers of COVID-19

e miRNAs identified as the most important were miR-21-5p, miR-146a, miR-126-3p, miR-144 and miR-155.

e Among these miRNAs, miR-21-5p, miR-144 and miR-155 appear to be the main diagnostic biomarkers and
miR-146a appear to be biomarker of disease severity.

e MiRNAs may also be useful as predictors of mortality, biomarkers of stage/phase and therapeutic targets of
COVID-19.

Future directions

e More studies are needed to investigate and validate the role of miRNAs as biomarkers of COVID-19.

Supplementary data
To view the supplementary data that accompany this paper please visit the journal website at:
www.futuremedicine.com/doi/suppl/10.2217 /bmm-2021-0348

Author contributions

MB Visacri, AS Nicoletti and P Moriel selected the articles and collected data from the studies included. MB Visacri, AS Nicoletti and
EC Pincinato wrote the manuscript. P Loren, N Saavedra, K Saavedra and LA Salazar performed bioinformatics analysis. P Moriel
revised the manuscript. All authors have read and agreed with the final version of the manuscript.

Acknowledgments
The authors would like to thank the librarian Ana Paula de Morais e Oliveira (School of Medical Sciences of University of Campinas)
for all the support offered for conducting this scoping review.

Financial & competing interests disclosure

This study was financed in part by the Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior — Brasil (CAPES) (fi-
nance code 001 and 88881.504454/2020-01). MB Visacri is a recipient of a postdoctoral scholarship from the Coordenacao
de Aperfeicoamento de Pessoal de Nivel Superior — Brasil (CAPES) (no.: 88887.504453/2020-00). AS Nicoletti is a recipi-
ent of a doctoral scholarship from the Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior — Brasil (CAPES) (no.:
88887.511334/2020-00). The authors have no other relevant affiliations or financial involvement with any organization or entity
with a financial interest in or financial conflict with the subject matter or materials discussed in the manuscript apart from those
disclosed.

No writing assistance was utilized in the production of this manuscript.

References
1. ZhuN, Zhang D, Wang W ez al. A novel coronavirus from patients with pneumonia in China, 2019. N. Engl. J. Med. 382(8), 727-733
(2020).

2. WHO. Coronavirus disease 2019 (COVID-19) — situation report — 52. https:
/Iwww.who.int/docs/default-source/coronaviruse/situation-reports/20200312-sitrep- 52-covid- 19.pdf 2sfvrsn%C2%BCe2bfc9c0_4

3. WHO. WHO coronavirus (COVID-19) dashboard. https://covid19.who.int/
4. Phadke M, Saunik S. COVID-19 treatment by repurposing drugs until the vaccine is in sight. Drug Dev. Res. 81(5), 541-543 (2020).
5.  FDA. COVID-19 vaccines.

https://www.fda.gov/emergency-preparedness-and- response/coronavirus-disease-2019-covid- 19/covid- 19-vaccines
6. TNY. Tracking coronavirus vaccinations around the

world. https://www.nytimes.com/interactive/2021/world/covid-vaccinations-tracker.html

7.  Torretta S, Zuccotti G, Cristofaro V et al. Diagnosis of SARS-CoV-2 by RT-PCR using different sample sources: review of the literature.
Ear Nose Throat J. 100(Suppl. 2), S131-138S (2021).

future science group

10.2217/bmm-2021-0348


https://www.futuremedicine.com/doi/suppl/10.2217/bmm-2021-0348
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200312-sitrep-52-covid-19.pdf?sfvrsn%C2%BCe2bfc9c0_4
https://covid19.who.int/
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/covid-19-vaccines
https://www.nytimes.com/interactive/2021/world/covid-vaccinations-tracker.html

Review Visacri, Nicoletti, Pincinato et al.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

Adeoye ], Thomson P. “The Double-Edged Sword’ — an hypothesis for Covid-19-induced salivary biomarkers. Med. Hypotheses 143,
110124 (2020).

Castro R, Luz PM, Wakimoto MD, Veloso VG, Grinsztejn B, Perazzo H. COVID-19: a meta-analysis of diagnostic test accuracy of
commercial assays registered in Brazil. Braz. J. Infect. Dis. 24(2), 180-187 (2020).

Jin YH, Zhan QY, Peng ZY ¢t al. Chemoprophylaxis, diagnosis, treatments, and discharge management of COVID-19: an
evidence-based clinical practice guideline (updated version). Mil. Med. Res. 7(1), 41 (2020).

Danwang C, Endomba FT, Nkeck JR, Wouna DLA, Robert A, Noubiap JJ. A meta-analysis of potential biomarkers associated with
severity of coronavirus disease 2019 (COVID-19). Biomark. Res. 8, 37 (2020).

Caruso FP, Scala G, Cerulo L, Ceccarelli M. A review of COVID-19 biomarkers and drug targets: resources and tools. Brief Bioinform.
22(2), 701-713 (2021).

Bartel DP. MicroRNAs: target recognition and regulatory functions. Cel/ 136(2), 215-233 (2009).

Trzybulska D, Vergadi E, Tsatsanis C. miRNA and other non-coding RNAS as promising diagnostic markers. EJIFCC29(3), 221-226
(2018).

Condrat CE, Thompson DC, Barbu MG ez a/. miRNAs as biomarkers in disease: latest findings regarding their role in diagnosis and
prognosis. Cells 9(2), 276 (2020).

Cullen BR. Five questions about viruses and microRNAs. PLoS Pathog. 6(2), €1000787 (2010).

Correia CN, Nalpas NC, McLoughlin KE ez a/. Circulating microRNAs as potential biomarkers of infectious disease. Fronz. Immunol. 8,
118 (2017).

Guterres A, de Azeredo Lima CH, Miranda RL, Gadelha MR. What is the potential function of microRNAs as biomarkers and
therapeutic targets in COVID-19? Infect. Genet. Evol. 85, 104417 (2020).

Mirzaei R, Mahdavi F, Badrzadeh F ¢z al. The emerging role of microRNAs in the severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) infection. Int. Immunopharmacol. 90, 107204 (2021).

Abedi F, Rezace R, Hayes AW, Nasiripour S, Karimi G. MicroRNAs and SARS-CoV-2 life cycle, pathogenesis, and mutations:
biomarkers or therapeutic agents? Cell Cycle 20(2), 143-153 (2021).

Abu-Izneid T, AlHajri N, Ibrahim AM et al. Micro-RNAs in the regulation of immune response against SARS CoV-2 and other viral
infections. /. Adv. Res. 30, 133-145 (2021).

Tricco AC, Lillie E, Zarin W et al. PRISMA extension for scoping reviews (PRISMA-ScR): checklist and explanation. Ann. Intern. Med.
169(7), 467-473 (2018).

Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan-a web and mobile app for systematic reviews. Sysz. Rev. 5(1), 210
(2016).

Liu Z, Wang J, Ge Y ez al. SARS-CoV-2 encoded microRNAs are involved in the process of virus infection and host immune response. /.
Biomed. Res. 35(3), 216-227 (2021).

Wyler E, Mésbauer K, Franke V et al. Transcriptomic profiling of SARS-CoV-2 infected human cell lines identifies HSP90 as target for
COVID-19 therapy. iScience 24(3), 102151 (2021).

Mishra R, Banerjea AC. SARS-CoV-2 spike targets USP33-IRF9 axis. Front. Immunol. 12, 656700 (2021).

Recchiuti A, Patruno S, Mattoscio D ez a/. Resolvin D1 and D2 reduce SARS-CoV-2-induced inflammatory responses in cystic fibrosis
macrophages. FASEB J. 35(4), 21441 (2021).

Kim WR, Park EG, Kang KW, Lee SM, Kim B, Kim HS. Expression analyses of micrornas in hamster lung tissues infected by
SARS-CoV-2. Mol. Cells 43(11), 953-963 (2020).

Li C, Hu X, Li L, Li JH. Differential microRNA expression in the peripheral blood from human patients with COVID-19. J. Clin. Lab.
Anal. 34(10), 23590 (2020).

Tang H, Gao Y, Li Z ¢t al. The noncoding and coding transcriptional landscape of the peripheral immune response in patients with

COVID-19. Clin. Transl. Med. 10(6), €200 (2020).

Chen YM, Zheng Y, Yu Y ez 4l. Blood molecular markers associated with COVID-19 immunopathology and multi-organ damage.
EMBO J. 39(24), 105896 (2020).

Zheng HY, Xu M, Yang CX ¢ a/. Longitudinal transcriptome analyses show robust T cell immunity during recovery from COVID-19.
Signal Transduct. Target. Ther. 5(1), 294 (2020).

Sabbatinelli ], Giuliani A, Matacchione G ¢t al. Decreased serum levels of the inflammaging marker miR-146a are associated with clinical
non-response to tocilizumab in COVID-19 patients. Mech. Ageing Dev. 193, 111413 (2021).

Garg A, Seeliger B, Derda AA ez 4l. Circulating cardiovascular microRNAs in critically ill COVID-19 patients. Eur. J. Heart Fail.
23(3), 468-475 (2021).

Yang P, Zhao Y, Li J ez al. Downregulated miR-451a as a feature of the plasma cfRNA landscape reveals regulatory networks of
IL-6/IL-6R-associated cytokine storms in COVID-19 patients. Cell. Mol. Immunol. 18(4), 1064-1066 (2021).

10.2217/bmm-2021-0348

Biomark. Med. (Epub ahead of print) future science group



miRNAs as biomarkers of COVID-19  Review

36. Bagheri-Hosseinabadi Z, Ostad Ebrahimi H, Bahrehmand F, Taghipour G, Abbasifard M. The relationship between serum levels of
interleukin-2 and IL-8 with circulating microRNA-10b in patients with COVID-19. fran J. Immunol. 18(1), 65-73 (2021).

37. Centa A, Fonseca AS, Ferreira SGDS et al. Deregulated miRNA expression is associated with endothelial dysfunction in post-mortem
lung biopsies of COVID-19 patients. Am. J. Physiol. Lung Cell. Mol. Physiol. 320( 3), L405-L412 (2020).

38. LiS, Duan X, Li Y ¢t al. Differentially expressed immune response genes in COVID-19 patients based on disease severity. Aging 13(7),
9265-9276 (2021).

39. Mi B, Xiong Y, Zhang C ez al. SARS-CoV-2-induced overexpression of miR-4485 suppresses osteogenic differentiation and impairs
fracture healing. Int. J. Biol. Sci. 17(5), 1277-1288 (2021).

40. LiCX, Chen ], Lv SK, Li JH, Li LL, Hu X. Whole-transcriptome RNA sequencing reveals significant differentially expressed mRNAs,
miRNAs, and IncRNAs and related regulating biological pathways in the peripheral blood of COVID-19 patients. Mediators Inflamm.
2021, 6635925 (2021).

41. Donyavi T, Bokharaei-Salim F, Baghi HB ez 4/. Acute and post-acute phase of COVID-19: analyzing expression patterns of
miRNA-29a-3p, 146a-3p, 155-5p, and let-7b-3p in PBMC. Int. Immunopharmacol. 97, 107641 (2021).

42.  Gonzalo-Calvo D, Benitez ID, Pinilla L ¢# a/. Circulating microRNA profiles predict the severity of COVID-19 in hospitalized patients.
Transl. Res. 236, 147-159 (2021).

43. Mitchell MI, Ben-Dov IZ, Liu C ¢z al. Extracellular vesicle capture by antibody of choice and enzymatic release (EV-CATCHER): a
customizable purification assay designed for small-RNA biomarker identification and evaluation of circulating small-EVs. /. Extracell.
Vesicles 10(8), 12110 (2021).

44. Coperchini F, Chiovato L, Croce L ¢t al. The cytokine storm in COVID-19: an overview of the involvement of the
chemokine/chemokine-receptor system. Cytokine Growth Factor Rev. 53, 25-32 (2020).

45. Tay MZ, Poh CM, Rénia L et al. The trinity of COVID-19: immunity, inflammation and intervention. Nat. Rev. Immunol. 20, 363-374
(2020).

46. Nalbandian A, Sehgal K, Gupta A ez al. Post-acute COVID-19 syndrome. Nat. Med. 27, 601-615 (2021).

47. Hartmann D, Fiedler J, Sonnenschein K e¢# a/. MicroRNA-based therapy of GATA2-deficient vascular disease. Circulation 134,
973-1990 (2016).

future science group 10.2217/bmm-2021-0348




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


