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Respiratory syncytial virus (RSV) is the most common respiratory virus and is associated with pediatric pneumonia, causing
bronchiolitis and significant mortality in infants and young children. MicroRNAs (miRNAs) are endogenous noncoding small
RNAs that function in gene regulation and are associated with host immune response and disease progression. In the present
study, we profiled the global transcriptome and miRNAome of whole blood samples from children with mild or severe RSV-
associated pneumonia, aiming to identify the potential biomarkers and investigate the molecular mechanisms of severe RSV-
associated pediatric pneumonia. We found that expression profiles of whole blood microRNAs and mRNAs were altered and
distinctly different in children with severe RSV-associated pneumonia. In particular, the four most significantly upregulated
miRNAs in children with severe RSV-associated pneumonia were hsa-miR-1271-5p, hsa-miR-10a-3p, hsa-miR-125b-5p, and
hsa-miR-30b-3p. The severe RSV-associated pneumonia-specific differentially expressed miRNA target interaction network was
also contrasted. These target genes were further analyzed with Gene Ontology enrichment analysis. We found that most of the
target genes were involved in inflammatory and immune responses, including the NF-κB signaling pathway, the MAPK
signaling pathway, and T cell receptor signaling. Our findings will contribute to the identification of biomarkers and new drug
design strategies to treat severe RSV-associated pediatric pneumonia.

1. Introduction

Pneumonia is a global respiratory disease that causes consid-
erable morbidity and mortality in children. It has been
reported that pneumonia affects nearly 1.3 million in chil-
dren annually [1, 2]. Pediatric pneumonia easily recurs and
usually results in severe complications due to delay or incom-
plete treatment [3]. Thus, it is important to study the early
identification of the underlying pathogenesis and effective
therapeutic targets for the treatment of pediatric pneumonia.

Respiratory syncytial virus (RSV) is the most common
respiratory virus that is associated with pediatric pneumonia

[4–6]. RSV, a negative-sense and single-stranded RNA virus,
belongs to the Pneumovirus genus of the Paramyxoviridae
family [7–9]. Clinically significantly, RSV infection occurs
mainly in children and nearly all children have RSV infec-
tion between 2 and 3 years of age [10–14]. RSV infection
symptoms in children range from mild upper respiratory
tract infection to severe respiratory infection including
bronchiolitis or pneumonia, which results in hospitaliza-
tion and severe complications [11, 13, 15–17]. To date,
no specific antiviral drugs or vaccine for RSV has been
discovered. The traditional diagnosis of RSV pneumonia
is also limited. Hence, understanding the host and virus
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interaction will help to improve the treatment methods
and diagnosis strategies.

MicroRNAs (miRNAs) are approximately 20-25-nucle-
otide-long small RNAs that function in transcriptional and
posttranscriptional gene regulation [18–21]. miRNAs
belong to the most abundant small RNA families that
are conserved across all eukaryotes and play a global reg-
ulatory role in controlling cell proliferation, cell differenti-
ation, homeostasis, disease progression, and inflammatory
responses [22, 23]. Altered expression of miRNAs has

been reported to have diagnostic potential in various dis-
eases including autoimmune diseases, cancers, and infec-
tious diseases. Notably, integrated analysis of miRNA
expression profiles and mRNA expression levels has been
used to successfully identify the most prominent interac-
tions between miRNA and mRNA [24–27]. Integrated
miRNA andmRNA sequencing analysis will further highlight
the important roles of miRNAs in regulating the signaling
pathway network. Thus, to explore the potential driving
forces and cellular pathways involved in pneumonia caused

Table 1: Characteristics of patients with mild and severe RSV-associated pediatric pneumonia.

Clinical information Mild (n = 23) Severe (n = 23) P value

Male gender, n (%) 14 (60.9%) 13 (56.5%) 0.765

Age (months) 6:22 ± 3:63 5:96 ± 3:78 0.813

Underlying comorbidities, n (%) 2 (8.7%) 8 (34.8%) 0.074

Clinical presentation, n (%)

Fever 23 (100%) 23 (100%) 1.000

Physical examination, n (%)

Tachypneaa 0 (0%) 20 (87.0%) 0.000

Laboratory examinationb

White blood cell (×109/L)c 9:58 ± 3:25 9:43 ± 4:08 0.893

C-reactive protein (CRP)d (mg/L) 9.00 (5.00-19.79) 14.20 (11.00-19.00) 0.030

Radiology, n (%)

Patchypacitye 23 (100%) 23 (100%) 1.000

Management

Oxygen therapy, n (%) 0 (0%) 20 (87.0%) 0.000

Ventilator support, n (%) 0 (0%) 3 (13.0%) 0.233

Duration of wheezingf (days) 5:96 ± 1:89 9:48 ± 3:54 0.000

Duration of hospital stay (days) 7.00 (5.00-8.00) 11.00 (8.00-16.00) 0.000

Data was presented as number (percentage), median (25th-75th percentile), or mean ± standard deviation, where appropriate, and compared with the chi-
squared test, independent-samples t-test, and Mann-Whitney U test, respectively. For all analyses, 2-tailed P values were calculated by IBM SPSS statistics
25.0. Statistical significance was defined as P < 0:05. aRespiratory rate > 70 breaths/min. bData extracted from the first test for the children on admission.
cThe normal reference value was ð5 – 12Þ × 109/L. dThe normal reference value was (0-3) mg/L. eJudged by chest radiograph or CT scan in the whole course
of the patients. fWheezing duration from onset to relief.

Table 2: Specific reverse transcription primer sequences used for miRNAs.

miRNA Reverse transcription primer sequence (5′-3′)
hsa-miR-1260b GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGGTG

hsa-miR-331-3p GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCTAG

hsa-miR-4326 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGTCTGG

hsa-miR-766-3p GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGCTGAG

hsa-miR-4781-3p GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCTCTAG

hsa-miR-556-5p GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCTCATA

hsa-miR-6833-3p GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCTGAGG

hsa-miR-1271-5p GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTGAGTG

hsa-miR-10a-3p GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTATTCC

hsa-miR-125b-5p GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCACAA

hsa-miR-3143 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCGAAAG

hsa-miR-100-5p GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCACAAG

hsa-miR-30b-3p GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGAAGTA

hsa-miR-542-3p GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTTTCAG
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by severe RSV infection, we compared the miRNA and
mRNA expression profiles in whole blood samples from
children with severe RSV-associated pneumonia and chil-
dren with mild RSV infection, using high-throughput
sequencing. We aimed to identify candidate diagnostic bio-
markers for children with severe RSV-associated pneumonia
and examine the function of miRNAs in the host defense
response or inflammatory response in RSV-infected children.

2. Materials and Methods

2.1. Patients. Whole blood EDTA samples were obtained
from children with RSV infection that were treated at the
Guangzhou Women and Children’s Medical Center. The
study was conducted from March 1, 2019, to September 30,
2019, and included samples from 23 children with mild

RSV-associated pneumonia (denoted as Mild in the study)
and 23 children with severe RSV-associated pneumonia
(denoted as Severe in the study) (Table 1). RSV infection
was diagnosed using real-time reverse transcription-
polymerase chain reaction (RT-PCR) on nasopharyngeal
swabs that were obtained at the time of admission. Patients
with RSV-associated pediatric pneumonia were diagnosed
clinically by symptoms and signs and confirmed radiologi-
cally and etiologically. Inclusion criteria for the participants
in the study were (1) infants aged 1-12 months with (2)
RSV-associated pneumonia confirmed within 7 days of
symptom onset and (3) written informed consent from par-
ticipants’ guardians. Children were excluded in the study if
(1) there was evidence of infection with other organisms in
addition to RSV, (2) corticosteroids were used as part of ther-
apy before the study, and (3) there were significant

Table 3: Primers for qPCR.

miRNA or U6 Primer name Sequence

hsa-miR-1260b
hsa-miR-1260b-F ATCCCACCACTGCCACCAT

hsa-miR-1260b-R GTGCAGGGTCCGAGGT

hsa-miR-331-3p
hsa-miR-331-3p-F GCCCCTGGGCCTATCCTAGAA

hsa-miR-331-3p-R GTGCAGGGTCCGAGGT

hsa-miR-4326
hsa-miR-4326-F TGTTCCTCTGTCTCCCAGAC

hsa-miR-4326-R GTGCAGGGTCCGAGGT

hsa-miR-766-3p
hsa-miR-766-3p-F ACTCCAGCCCCACAGCCTCAGC

hsa-miR-766-3p-R GTGCAGGGTCCGAGGT

hsa-miR-4781-3p
hsa-miR-4781-3p-F AATGTTGGAATCCTCGCTAGAG

hsa-miR-4781-3p-R GTGCAGGGTCCGAGGT

hsa-miR-556-5p
hsa-miR-556-5p-F GATGAGCTCATTGTAATATGAG

hsa-miR-556-5p-R GTGCAGGGTCCGAGGT

hsa-miR-6833-3p
hsa-miR-6833-3p-F TTTCTCTCTCCACTTCCTCAG

hsa-miR-6833-3p-R GTGCAGGGTCCGAGGT

hsa-miR-1271-5p
hsa-miR-1271-5p-F CTTGGCACCTAGCAAGCACTCA

hsa-miR-1271-5p-R GTGCAGGGTCCGAGGT

hsa-miR-10a-3p
hsa-miR-10a-3p-F CAAATTCGTATCTAGGGGAATA

hsa-miR-10a-3p-R GTGCAGGGTCCGAGGT

hsa-miR-125b-5p
hsa-miR-125b-5p-F TCCCTGAGACCCTAACTTGTGA

hsa-miR-125b-5p-R GTGCAGGGTCCGAGGT

hsa-miR-3143
hsa-miR-3143-F ATAACATTGTAAAGCGCTTCTTTCG

hsa-miR-3143-R GTGCAGGGTCCGAGGT

hsa-miR-100-5p
hsa-miR-100-5p-F AACCCGTAGATCCGAACTTGTG

hsa-miR-100-5p-R GTGCAGGGTCCGAGGT

hsa-miR-30b-3p
hsa-miR-30b-3p-F CTGGGAGGTGGATGTTTACTTC

hsa-miR-30b-3p-R GTGCAGGGTCCGAGGT

hsa-miR-542-3p
hsa-miR-542-3p-F TGTGACAGATTGATAACTGAAA

hsa-miR-542-3p-R GTGCAGGGTCCGAGGT

U6
U6-F CAGCACATATACTAAAATTGGAACG

U6-R ACGAATTTGCGTGTCATCC
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underlying comorbidities (severe malnutrition, chronic car-
diac or chronic pulmonary disease). Pneumonia severity
was classified according to British Thoracic Society Guide-
lines [28]. Severe cases were identified in the presence of at
least one of the following signs: respiratory rate > 70 breath-
s/min, moderate to severe recessions, nasal flaring, cyanosis,
grunting, inability to feed, and arterial saturations < 92%.
Among the 46 patients enrolled in the study, a discovery
cohort of 6 patients (3 Mild and 3 Severe) was used for
high-throughput sequencing. To identify the potential diag-
nostic miRNA biomarkers for severe RSV-associated pneu-
monia, we focused on the upregulated miRNAs in children
with severe RSV-associated pneumonia, and more samples
(a separate verification cohort of 40 patients with 20 Mild
and 20 Severe) were collected for the validation. The study
was approved by the Ethics Committee at GuangzhouWomen
and Children’s Medical Center (number 201940301), and
written informed consent was obtained from all guardians.

2.2. RNA Extraction. RNA was extracted from whole blood
samples using the TRIzol reagent (New England Biolabs)
according to the manufacturer’s protocol. The extracted total
RNAs were used for miRNA and mRNA high-throughput
sequencing (n = 3 Mild, n = 3 Severe) or quantitative real-
time PCR (n = 20 Mild, n = 20 Severe).

2.3. High-Throughput Sequencing. miRNA sequencing was
performed as previously described using the NEBNext Multi-
plex Small RNA Library Prep Set for Illumina Guide [29],
and mRNA libraries were constructed using the NEBNext
Ultra RNA Library Prep Kit for Illumina (New England
Biolabs) according to the manufacturer’s protocol [30].
We selected the differentially expressed mRNAs with the
criterion of P < 0:05 and effect size > 1:5, and the differen-
tially expressed miRNAs were selected with the criterion of
P < 0:05 and effect size > 1:0.

2.4. Quantitative Real-Time PCR (qRT-PCR). The qRT-PCR
experiment was performed as previously described [29, 31].
In brief, the isolated RNAs were used to synthesize cDNA
with a PrimeScript RT Reagent Kit (TaKaRa). The sequences
of primers for reverse transcription are listed in Table 2. The
qRT-PCR experiment was performed on a Bio-Rad CFX96
real-time PCR detection system (Bio-Rad) using SYBR Pre-
mix Ex Taq (TaKaRa) with specific primers. U6 was used as
an endogenous control. The relative expression of miRNAs
was normalized to U6 using the 2-ΔΔCq method. The
sequences of primers for qPCR are listed in Table 3.

2.5. Data Analysis. We used pheatmap software to perform
the hierarchical clustering analysis. The parameterization
used is as follows: pheatmap (union, color=colorRampPalette
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Figure 1: Differential expression of miRNAs in the whole blood from children with mild and severe RSV-associated pneumonia. (a) High-
throughput sequencing analyzed the distribution of small RNAs in whole blood samples from children with RSV-associated pneumonia. The
miRNA peaks appeared around 20–24 nt. (b) Venn diagram of differentially expressed miRNAs between severe RSV-infected and mild RSV-
infected children. Mild: children with mild RSV-associated pneumonia; Severe: children with severe RSV-associated pneumonia.
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Figure 2: Differentially expressed miRNAs in children with severe RSV-associated pneumonia compared to children with mild RSV-
associated pneumonia. (a) Hierarchical cluster analysis of differentially expressed miRNAs. (b) Volcano plot of differentially expressed
miRNAs. Mild: children with mild RSV-associated pneumonia; Severe: children with severe RSV-associated pneumonia. M1, M2, and M3
represent three different children with mild RSV-associated pneumonia. S1, S2, and S3 represent three different children with severe RSV-
associated pneumonia.

5Mediators of Inflammation



(rev(c(“red”,“white”,“blue”)))(100), cluster_cols=F, scale=s-
cale_row_col, legend=T, show_rownames=showname, cell-
width=cell_widths, main=“Cluster analysis of differentially
expressed sRNA”). The TPM value of the union of the differ-
ential miRNA sets of all comparison combinations in each
experimental group/sample will be used for hierarchical clus-
ter analysis. The data were row normalized.

The cluster of miRNAs was annotated using miRBase
(miRBase 20, http://www.mirbase.org/). miRNA target genes
were predicted using the miRanda and RNAhybrid software
packages (https://bibiserv.cebitec.uni-bielefeld.de/rnahybrid/
submission.html). Differentially expressed miRNA target
genes in posttranscription and the target genes whose expres-
sions were correlated with the corresponding miRNAs were
selected as miRNA targets with high accuracy based on gene
expression data. The regulatory networks for miRNA target
genes were visualized using Cytoscape software (version
3.4.0) (http://www.cytoscape.org).

Principle component analysis (PCA) was performed with
ClustVis software (https://biit.cs.ut.ee/clustvis/).

The protein-protein interaction network of the target
genes of miRNAs was analyzed using the Search Tool for
the Retrieval of Interacting Genes (STRING) database
(http://www.string-db.org/). The interactions identified
included known and predicted interactions.

To analyze the function and the potential pathway of
miRNA target genes, Gene Ontology (GO) classification
enrichment was performed by using the online software
DAVID 6.8 (https://david.ncifcrf.gov/).

2.6. Statistical Analysis. Comparisons between the severe
RSV and mild RSV groups were performed using the
two-tailed Student’s t-test, and statistically significant dif-
ferences were classified at P values of <0.05 (∗), <0.01
(∗∗), and <0.001 (∗∗∗).

3. Results

3.1. Comparison of the Differentially Expressed miRNAs
and mRNAs between Children with Mild or Severe RSV-
Associated Pneumonia. In the comparison of whole blood
miRNA profiles between children with severe RSV- and
mild RSV-associated pneumonia, we identified an apparent
miRNA peak at 20-24 nt (Figure 1(a)). Furthermore, miR-
NAs were differentially expressed between the groups, with
168 miRNAs occurring exclusively in children with severe
RSV-associated pneumonia and 131 miRNAs occurring
exclusively in those with mild RSV-associated pneumonia
(Figure 1(b)). In the miRNA cluster analysis, 13 miRNAs
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Figure 3: High-throughput sequencing of differentially expressed mRNAs. (a) Hierarchical cluster analysis of differentially expressed
mRNAs. (b) Volcano plot of differentially expressed mRNAs. Mild: children with mild RSV-associated pneumonia; Severe: children with
severe RSV-associated pneumonia.
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Figure 4: Validation of differentially expressed miRNA expression levels by qRT-PCR. (a) Relative quantities of 14 miRNAs were analyzed
for differential expression between groups. Numbers in each group: mild: 5; severe: 5. (b) Quantification of the significantly upregulated
miRNAs in (a). Numbers in each group: mild: 15; severe: 15. Data are shown as mean ± SD from three independent experiments. ∗∗P <
0:01 and ∗∗∗P < 0:001 (Student’s t-test). ns: not significant. (c) The principle component analysis (PCA) of the significantly upregulated
miRNAs in (b). Mild: children with mild RSV-associated pneumonia; Severe: children with severe RSV-associated pneumonia.
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were upregulated and 7 were downregulated in all samples
(Figure 2(a)) with P < 0:05 (Figure 2(b)).

In high-throughput sequencing analysis, we identified
543 upregulated genes and 361 that were downregulated
in children with severe RSV-associated pneumonia com-
pared to those with mild RSV-associated pneumonia
(Figure 3(a)), with P < 0:05 (Figure 3(b)).

3.2. Validation of the Selected miRNAs and Identification of the
Potential Diagnostic miRNA Biomarkers. The differentially
expressed miRNAs were further validated via qRT-PCR. Five
miRNAs, namely, hsa-miR-1271-5p, hsa-miR-10a-3p, hsa-
miR-125b-5p, hsa-miR-100-5p, and hsa-miR-30b-3p, were
elevated in children with severe RSV-associated pneumonia.
Furthermore, 6 miRNAs, including hsa-miR-1260b, hsa-
miR-331-3p, hsa-miR-4326, hsa-miR-766-3p, hsa-miR-556-
5p, and hsa-miR-6833-3p, were downregulated in samples
from children with severe RSV-associated pneumonia com-
pared to samples from children with mild RSV-associated
pneumonia (Figure 4(a)), which were consistent with our
high-throughput sequencing data. Based on the results of
15 samples from children with severe RSV-associated pneu-
monia and 15 samples from mild RSV-infected children, we
found that hsa-miR-1271-5p, hsa-miR-10a-3p, hsa-miR-
125b-5p, and hsa-miR-30b-3p were significantly increased
in samples from children with severe RSV-associated pneu-
monia (Figure 4(b)). Notably, when we performed the prin-

ciple component analysis (PCA) based on the expression of
hsa-miR-1271-5p, hsa-miR-10a-3p, hsa-miR-125b-5p, and
hsa-miR-30b-3p in the qRT-PCR result in Figure 4(b), we
found that the samples from children with severe RSV-
associated pneumonia could be separated from samples from
children with mild RSV-associated pneumonia (Figure 4(c)).
Taken together, these results indicate that hsa-miR-1271-5p,
hsa-miR-10a-3p, hsa-miR-125b-5p, and hsa-miR-30b-3p
may reflect severe RSV-associated pneumonia, and they
may be the potential candidate biomarkers for severe RSV-
associated pneumonia.

3.3. Prediction and Identification of Target Genes of the
Differentially Expressed miRNAs. To further examine the
possible molecular mechanisms of the differentially
expressed miRNAs in severe RSV-associated pediatric pneu-
monia, we performed RNA sequencing and integrated
miRNA profile and transcriptome analysis. We combined
the differentially expressed mRNAs and miRNAs with
miRNA target predictions to obtain genuine miRNA targets.
As a result, 543 upregulated plus 361 downregulated genes
formed the miRNA target gene pairs with an inverse correla-
tion of expression (Figure 5(a)). Furthermore, 543 miRNA
target gene pairs were identified for the upregulated miRNA,
while 361 miRNA target gene pairs were identified for the
downregulated miRNA (Figure 5(b)). We constructed a
protein-protein interaction network of these overlapping
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Figure 5: Overlapping genes from the predicted miRNA targets and differentially expressed mRNAs. (a) Hierarchical cluster analysis of
overlapping genes. (b) mRNA counts of upregulated and downregulated overlapping genes. Mild: children with mild RSV-associated
pneumonia; Severe: children with severe RSV-associated pneumonia. M1, M2, M3, S1, S2, and S3 are the same patients as in Figure 3.
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genes, in which the nodes represent the proteins and the
edges depict their associations (Figure 6). When we selected
these genes for GO annotations, we found that most of these
genes were involved in signal transduction and the inflam-
matory and immune responses (including innate immune
response) (Figures 6 and 7(a)), indicating that severe RSV
infection caused active inflammatory and immune responses
that resulted in pneumonia in children. Notably, most of
these genes were related to the NF-κB signaling pathway,
the MAPK signaling pathway, and the T cell receptor signaling
pathway (Figure 7(b)), including TNFRSF19, HMOX1, TLR4,
LCK, and ZAP70. We further established the miRNA gene reg-
ulatory networks from the above miRNA gene pairs using

Cytoscape software (Figure 8). These genes may reflect the
mechanism of severe RSV-associated pneumonia, in which
the NF-κB andMAPK signaling pathways play important roles.

4. Discussion

Human RSV is a common cause of hospitalization and
acute respiratory infections in children [12, 32]. RSV-
associated respiratory infection is usually thought to be
mild and self-limited. However, RSV infection can cause
severe pneumonia with high fatality rates and permanent
lung damage in some patients. RSV can persistently infect
humans, especially children [3, 33]. The mainstay of treatment

Figure 6: The protein-protein interaction network of target genes. The protein-protein interaction network was drawn using the STRING
online tool. The minimum required interaction score was 0.7 (high confidence). Red nodes represent immune response. Blue nodes
represent inflammatory response. Yellow nodes represent signal transduction. Green nodes represent cell adhesion. White nodes represent
genes from the other pathways.
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for RSV-associated pneumonia is still limited based on no
apparently effective approved antiviral drugs. There is still a
lack of accurate assessment tools and biomarkers for severe
RSV-associated pneumonia. In present, the commonmethods
of assessing the severity of RSV pneumonia are based on clin-
ical characteristics. However, these methods are overdue and
are unable to provide an effective identification of severe
RSV-associated pneumonia. Moreover, the underlying mech-
anisms of the pathogenesis of severe RSV-associated pneumo-
nia in children remain incompletely understood. Thus, it is
important to investigate the mechanism of severe RSV-
associated pneumonia and identify the biomarkers for severe
RSV-associated pediatric pneumonia. In the present study,
we explored the potential roles of miRNAs in children with
severe RSV-associated pneumonia and demonstrated signifi-
cantly different miRNA and transcriptome responses, com-
pared to children with mild RSV-associated pneumonia.
miRNA and transcriptome responses in RSV-associated pneu-
monia may reflect the associated pathology and provide a bet-
ter understanding of the disease.

miRNA is a global regulatory network, and it has been
reported to control homeostasis, cell proliferation, cell differen-
tiation, disease progression, and inflammatory responses.
Altered miRNA profiles and their diagnostic potential are asso-
ciated with various disorders, autoimmune diseases, and infec-
tious diseases [34, 35]. miRNA profiles from RSV-infected
biofluids, whole blood, and tissue samples have been
assessed in previous studies [36–40]. However, previous
studies were aimed at discovering biomarkers for RSV infec-

tion, and none of them focused on miRNA profiles in
patients with severe RSV-associated pneumonia. In our
study, by comparing with samples from mild RSV-infected
children, we were able to analyze the miRNA expression
profile of severe RSV-associated pediatric pneumonia. Fur-
thermore, to our knowledge, this is the first study to inte-
grate miRNA profiling and transcriptome sequencing of
RSV-associated pediatric pneumonia. Combining miRNA
and transcriptome sequencing will allow us to better under-
stand the potential driving forces and cellular pathways
involved in severe RSV-associated pediatric pneumonia.

Using high-throughput sequencing, we found that 168
and 131 miRNAs were differentially expressed in blood sam-
ples of severe RSV-associated pediatric pneumonia vs. blood
samples of mild RSV-associated pediatric pneumonia.
Among them, there were 13 upregulated miRNAs and 7
downregulated miRNAs in the 6 samples that passed the fold
change filter. Those with the greatest differences and upregu-
lation in samples from children with severe RSV-associated
pneumonia were chosen for further verification. In particu-
lar, the expression levels of hsa-miR-1271-5p, hsa-miR-10a-
3p, hsa-miR-125b-5p, and hsa-miR-30b-3p in 15 samples
of severe RSV-associated pediatric pneumonia were signifi-
cantly higher than the corresponding expression levels in
15 mild RSV-infected controls, indicating that these miRNAs
could be considered good diagnostic biomarkers for severe
RSV-associated pneumonia. However, based on the limited
number and the regional source of the enrolled samples in
the study, more experiments with additional samples should
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Figure 7: GO enrichment of target genes for miRNAs. (a) The GO enrichment of target genes for miRNAs between groups. (b) Target genes
from the NF-κB signaling pathway, the MAPK signaling pathway, and the T cell receptor signaling pathway.
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be performed to confirm the diagnostic capabilities of the
miRNAs identified in the study.

To further explore the possible molecular mechanisms
of the differentially expressed miRNAs in severe RSV-
associated pediatric pneumonia, we performed RNA sequenc-
ing and integrated miRNA profile and transcriptome analysis.
Through GO enrichment analysis of the target genes of miR-
NAs, we showed that most target genes were involved in the
NF-κB and MAPK signaling pathways. Notably, NF-κB and
MAPK signaling pathways are crucial components of many
immune responses in humans [41, 42]. Inflammatory
responses involve various receptors of the MAPK signaling
pathway to integrate a danger and/or injury signal to trans-
duce NF-κB activation [43]. The secretion of many proinflam-

matory cytokines by macrophages or dendritic cells (DCs)
relies on the NF-κB signaling pathway, indicating that activa-
tion of NF-κB signaling will result in increased production of
inflammatory cytokines, which may lead to pneumonia [41,
44–47]. Also, NF-κB is an important antiapoptotic transcrip-
tion factor for immune cells such as neutrophils, which plays
an important role in wound repair during infection and
inflammation [45]. Thus, activation of NF-κB signaling may
result in severe complications during severe RSV infection.
However, the underlying mechanisms of the critical target
genes identified in the study remain to be clarified. The NF-
κB signaling pathway has received attention for the develop-
ment of therapies, which will create a new strategy for the
treatment of severe RSV-associated pediatric pneumonia.

Figure 8: The regulatory miRNA target gene network. The regulatory miRNA gene network was analyzed using Cytoscape software. Squares
and circles represent miRNA and target genes, respectively. Orange nodes represent genes that are upregulated in severe RSV-associated
pneumonia, and blue nodes represent downregulated genes.
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