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Abstract: This study aims to investigate the potential of microRNA126 (miRNA126) as a molecular marker for the
early diagnosis of H5N1 influenza. This study included a total of 16 H5N1 virus-infected children. The patients
were given an intravenous injection of cephalosporins (0.03-0.05 g/day) for 3 consecutive weeks. The serum interleukin-6 (IL-6) levels were measured to determine the effectiveness of the treatment. Sixteen healthy children
were used as controls. The pre- and post-treatment levels of miRNA126 in the blood cells of the patient group were
compared with the control group. The association between the miRNA126 levels in the blood cells and the severity
of H5N1 influenza was analyzed using Pearson’s correlation test. The pre-treatment miRNA126 levels in the H5N1
group were significantly higher compared with the levels in the control group (P < 0.05). The miRNA126 levels in
the severe H5N1 group (defined as IL-6 > 32.1 ng/L) were significantly higher than the levels in the mild/moderate H5N1 group (defined as 11.8 ≤ IL-6 < 32.1 ng/L) before the treatment (P < 0.05). After the 3-week treatment,
the miRNA126 levels in the patients were significantly reduced (P < 0.05). The miRNA126 level in blood cells was
positively correlated with the severity of H5N1 influenza (r = 0.94, P < 0.05). The positive correlation between the
miRNA126 level and the severity of H5N1 influenza suggests that the miRNA126 level in blood cells might be a
molecular marker for evaluating the severity of pediatric H5N1 influenza and might be used in the early diagnosis
of the disease.
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Introduction
Influenza is a common childhood disease
caused by an infection of the influenza virus.
The highly pathogenic H5N1 influenza, a new
subtype that has emerged recently, is an important cause of acute respiratory syndrome and
organ failure in children [1, 2]. The causative
pathogen, H5N1, is a subtype of the influenza A
virus which can cause illness in humans and
many other animal species [3, 4]. H5N1 is contagious among humans [5-7]. More importantly, vaccination with the H5N1 vaccine may not
prevent the infection due to the mutation of the
virus [8-10]. Therefore, the early detection of
pediatric highly pathogenic H5N1 is essential
for the treatment of the disease. An analysis of
the viral RNA has been the gold standard for
the clinical testing of the H5N1 virus. However,
the method requires a high containment biological safety level 3 (BSL-3/P3) laboratory to

ensure the safety of the testing personnel, so
the method cannot be widely used for the diagnosis of H5N1 infection. Although interleukin-6
(IL-6) is known as an important indicator for
highly pathogenic H5N1 infection in children, it
often undergoes small changes during the
course of treatment. Moreover, the measurement of IL-6 level requires a special, expensive,
enzyme-linked immuno-sorbent assay (ELISA)
kit, so it is not suitable for poor areas [11]. More
importantly, the method is not suitable for all
patients, especially those with weakened immunity [12]. Therefore, a reliable and sensitive
biomarker is urgently needed for the effective
diagnosis of H5N1 infection in children.
MicroRNAs are a class of small non-coding single-stranded RNA molecules that are involved
in the regulation of a wide range of biological
processes such as inflammation. MicroRNAs
have been used as clinical molecular markers
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for the diagnosis of several diseases including
cancer [13, 14]. For instance, microRNA-18a is
a biomarker for prostate cancer [15], microRNA
25, microRNA145, and microRNA210 for liver
cancer [13], and microRNA-200c-141 for lung
cancer [16]. While microRNA126 (miRNA126)
is involved in the inflammation of the body [17],
the occurrence of pediatric highly pathogenic
H5N1 influenza is also closely associated with
the inflammatory response [18], suggesting
that a microRNA might also be a molecular
marker for highly pathogenic H5N1 influenza in
children. Considering the role of miRNA126 in
the regulation of inflammation, whether it plays
a role in the diagnosis of H5N1 influenza
remains poorly understood. In this study, we
aimed to investigate the potential of microRNA126 (miRNA126) as a molecular marker for
the early diagnosis of H5N1 influenza, which
might provide a theoretical basis for the clinical
diagnosis and treatment of the disease.
Methods
Subjects
This study included a total of 16 H5N1 virusinfected children who were treated in The First
Affiliated Hospital of Hubei University of Science
and Technology between May 2015 and May
2017. The H5N1 infection was confirmed by
quantitative reverse transcription PCR (qRTPCR) as described previously [19, 20]. The
patients were given an intravenous injection of
cephalosporins (0.03-0.05 g/day) for 3 consecutive weeks. Their serum interleukin-6 (IL-6)
levels were measured as described below to
determine the treatment effectiveness. Sixteen
healthy children were used as controls. The
research was approved by the Research Ethics
Committee of The First Affiliated Hospital of
Hubei University of Science and Technology. All
the participants’ parents signed an informed
consent form before enrollment in the study.
Samples collection
Fasting blood samples (6 mL) were collected
from each child before and after the treatment
and centrifuged at 800 rpm for 10 min to isolate blood cells and serum which were stored at
-20°C until use.
Determination of the serum IL-6 levels
The serum IL-6 levels were determined using a
human IL-6 ELISA kit (Neobioscience, Shenzhen,
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China). The normal range of IL-6 is below 11.8
ng/L. The patients were divided into two subgroups: the mild/moderate H5N1 subgroup,
with an IL-6 level between 11.8 and 32.1 ng/L,
and the severe H5N1 subgroup, with an IL-6
level above 32.1 ng/L.
PCR analyses
The total RNA in the blood cells was extracted
using the Trizol reagent (Takara, Dalian, China).
The RNA concentration was determined using a
spectrometer by measuring the absorption
value of a wavelength of 260 nm. Total RNA
was reversely transcribed into cDNA using a
reverse transcription kit (Dingguo Biotech.,
Beijing, China) according to the manual. The
level of miRNA126 was measured by PCR using
cDNA as a template and the following primers
(synthesized by Beijing Sunbiotech Inc.): miRNA126 forward: 5’-GACAATGCTGCGCTATGTGG-3’, reverse: 5’-GGCAGGAAAGTGGAAAGTGC-3’; actin forward: 5’-CGGCAACTCAACTGGTGGA-3’ and reverse: 5’-GTGGAGTACTGGTGTCAGC-3’. The reaction mixture was prepared:
0.5 μl of cDNA, 1 μl of forward primer, 1 μl of
reverse primer, 2 μl of dNTP mixture, 1 μl of
reaction buffer, 0.25 μl of Taq enzymes. The
reaction conditions were as follows: 95°C for 5
min, followed by 28 cycles of 95°C for 45 s,
57°C for 36 s, and 72°C for 36 s, and 72°C for
7 min. The experiment was performed in triplicate. The PCR products were analyzed using
0.8% agarose gel electrophoresis. The intensity
of the bands was determined using the BDA
imaging system (Boyue Instruments, China).
The gray values of bands were analyzed by
Image J 1.8 (National Institutes of Health, USA).
The relative expression level of miRNA126 was
calculated as its grey value to that of actin.
Statistical analyses
The numeric data was expressed as the mean
± standard deviation and subjected to normality tests. The statistical analysis was performed
using SPSS 16.0 (IBM SPSS., Chicago, IL, USA).
The differences among groups were compared
using ANOVA. The pairwise comparisons were
performed using Student’s t-test. The severity
of the influenza was calculated as the IL-6 level
of a patient compared to that of the control
(11.8 ng/L). The association between the level
of miRNA126 and the severity of the H5N1
influenza was analyzed using Pearson’s correlaInt J Clin Exp Med 2020;13(2):525-530
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Table 1. Comparison of the basic information between the
H5N1 and control groups (x ± s)

the level in the control group (P >
0.05).

H5N1 group Control group P value
Male/female
16/16
16/16
0.96
Age (years)
5.2±1.2
6.2±1.3
0.87
Pre-treatment IL-6 level 32.1±2.4 ng/L 11.8±3.5 ng/L 0.0041
Post-treatment IL-6 level 14.1±1.5 ng/L 10.7±2.6 ng/L 0.79

Comparison of pre-treatment
miRNA126 expressions

The miRNA126 level in the blood cells
in the different groups was compared
using RT-PCR. As shown in Figure 1,
the pre-treatment the miRNA126
level in the H5N1 group was significantly higher
than it was in the controls (P < 0.01, Figure 1).
Moreover, the pre-treatment miRNA126 level in
the severe H5N1 subgroup was significantly
higher compared with the level in mild/moderate H5N1 subgroup (P < 0.05, Figure 2).
Comparison of pre- and post-treatment
miRNA126 expressions
The treatment with cephalosporin significantly
reduced the miRNA126 levels in the H5N1
patients (P < 0.05, Figure 3).
Correlation between the miRNA126 level and
the severity of H5N1 influenza

Figure 1. An RT-PCR analysis comparing the pretreatment miRNA126 expressions in the blood cells
between the H5N1 patients and the controls. **, P <
0.01 compared with the control group.

tion test. A multivariate logistic regression analysis was used to analyze the factors affecting
the prognosis of the influenza virus. P < 0.05
was considered significantly different.
Results
Basic patient information
This study included a total of 16 H5N1-infected
patients with a mean age of 5.2 ± 1.2 years.
The mean age of the control group was 6.2 ±
1.3 years. The study subjects’ basic information of is listed in Table 1. There were no significant differences in age or sex ratio between the
two groups (P > 0.05). The pre-treatment IL-6
level in the H5N1 group (32.1 ± 2.4 ng/L) was
significantly higher compared with the level in
the control group (11.8 ± 3.5 ng/L, P < 0.05),
but the post-treatment IL-6 level was similar to
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The Pearson’s correlation analyses showed
that the miRNA126 levels in the blood cells
were positively correlated with the severity of
H5N1 influenza (r = 0.94, P < 0.05, Figure 4).
Multivariate regression analysis of the predictive role of miRNA126
A multivariate logistic regression analysis was
used to analyze the independent factor (mean
IL-6, severe pediatric hyperpathogenic H5N1,
pediatric highly pathogenic H5N1 and miRNA126) affecting the prognosis of the influenza virus. The results showed that miRNA126
was an independent factor affecting the prognosis of the influenza virus (Table 2). An ROC
curve analysis showed that the area under the
curve of miRNA126 predicting the MACE of
H5N1 (95% CI) was 0.876 (0.828~0.957), the
sensitivity was 100.0%, and the specificity was
68.1% (Figure 5).
Discussion
The early diagnosis and treatment of pediatric
highly pathogenic H5N1 influenza is extremely
important [21]. Nevertheless, there is currently
no reliable and sensitive biomarker for the
effective diagnosis of H5N1 infection in children [22]. We herein evaluated the potential of
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Figure 4. Pearson’s correlation test showing a positive correlation between the miRNA126 level in the
blood cells and the severity of osteoporosis.

Figure 2. An RT-PCR analysis comparing the pretreatment miRNA126 expressions in the blood cells
between the mild/moderate and the severe H5N1
patients. *, P < 0.05 compared with the mild/moderate H5N1 group.

Figure 3. An RT-PCR analysis showing a significantly
reduced miRNA126 expression in the H5N1 patients
after a 3-week treatment of cephalosporins. **, P <
0.01 compared with the control group; #, P < 0.05
compared with the pre-treatment level.

miRNA126 as a diagnostic biomarker for H5N1
influenza in order to provide a theoretical basis
for the clinical diagnosis and treatment of the
disease.
Allen et al. have suggested that C-reactive protein (CRP), serum amyloid A (SAA), and procalcitonin (PCT) are potential molecular markers for
influenza [22]. Recent studies have shown that
microRNA-33a, microRNA-9 and microRNA-650
are closely associated with the occurrence and
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development of type A influenza. The level of
these microRNAs is correlated with the severity
of the disease, indicating their potentials as
biomarkers [23, 24]. In this study, we found
that the miRNA126 level in the H5N1 group
was significantly higher compared with the level
in the control group, but it was significantly
reduced after a 3-week treatment with cephalosporins. Moreover, the miRNA126 level in
blood cells was positively correlated with the
severity of H5N1 influenza, suggesting that
miRNA126 might be a diagnostic marker for
H5N1 influenza. Our results support previous
studies which found that microRNAs are potential biomarkers for influenza.
The drugs for the treatment of H5N1 influenza
mainly include benzene alkyl amines (such as
verapamil) and neuraminidase inhibitors [2527]. In the current study, the patients were
treated with intravenous injections of cephalosporins for 3 weeks. All the patients were cured
at the end of the treatment.
The current study has several limitations. For
instance, our study included only 16 patients.
No statistical analyses were conducted on the
basic information (age, sex ratio, etc.) between
the mild/moderate and the severe H5N1 subgroups due to the small sample size. Further
studies should be performed on a larger number of cases to validate the diagnostic value of
miRNA126 in H5N1 influenza. Additionally, in
clinical practice, most pediatric H5N1 patients
are treated with medications [28], so whether
the miRNA126 level is affected by such treat-
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Table 2. Multivariate logistic regression analysis
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