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Summary. – hand, foot, and mouth disease (hFMD) is a common pediatric disease, whose outcome 
depends of the enterovirus genotype infecting the patient. The present study is focused on the potential 
diagnostic value and the role of circulating microRNA-494 (miR-494) in enterovirus 71-induced more severe 
form of hFMD. We included 102 children with enterovirus 71 (EV71)-induced hFMD, 42 coxsackievirus 
A16 (CA16)-induced hFMD and 102 healthy controls. The plasma and serum samples were collected. The 
expression level of circulating miR-494 was determined by RT-PCR method. Moreover, RoC curve has 
been drawn to evaluate the sensitivity and specificity of circulating miR-494 for the diagnosis of EV71-
induced hFMD. Furthermore, the correlation between the circulating miR-494 and the levels of interleukin 
6 (iL-6), interleukin 4 (iL-4) and interferon γ (iFN-γ) in the serum of patients were analyzed. Circulating 
miR-494 was significantly increased in plasma of children with EV71-induced hFMD compared with the 
healthy children or CA16-induced hFMD, and level of miR-494 in the EV71 severe group was significantly 
higher than the EV71 mild group. Moreover, results of RoC analysis suggested that miR-494 is a sensitive 
biomarker to distinguish EV71 patients from healthy controls and CA16 patients. Furthermore, iL-6 and 
iFN-γ were elevated in serum of patients with EV71-induced hFMD and the level of circulating miR-494 
in patients with EV71-induced hFMD was positively correlated with the serum levels of both iL-6 and 
iFN-γ, respectively. Circulating miR-494 was abnormally up-regulated in plasma of the children with 
EV71-induced hFMD, and miR-494 may serve as potential biomarker for the diagnosis and treatment of 
the disease.
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Introduction

hand, foot, and mouth disease (hFMD) is one of the 
most commonly diagnosed, virus-induced pediatric 
diseases that may affect millions of children every year 
(Ventarola et al., 2015; Cox et al., 2018). it has been reported 

in previous study that more than 70% cases of hFMD were 
induced by the enterovirus 71 (EV71) or coxsackievirus A16 
(CA16) virus (Chen et al., 2013). usually, hFMD is consid-
ered as a self-resolving disease; however, in some of the 
cases, the rapid spread of CA16 or EV71 virus, especially 
EV71, can cause severe complications in the nervous sys-
tem, for example encephalitis and acute flaccid paralysis 
(Chen et al., 2013; Aswathyraj et al., 2016). The incidence of 
those severe complications may lead to morbidity and un-
favorable clinical outcomes of the patients (Aswathyraj et 
al., 2016; Lee et al., 2016). Therefore, the accurate and early 
diagnosis of the disease (especially EV71-induced hFMD) 
is of great importance for the doctors to make rapid clini-
cal decisions and improve the prognosis of the disease.
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MicroRNAs (miRNAs) are a group of non-coding RNAs, 
and studies on the roles of miRNAs in different diseases 
has become an area of interest in recent years. miRNAs 
can bind to the 3'-untranslated regions of their target mR-
NAs, and then either inhibit the translation of the target 
mRNAs to the proteins or directly cut the target mRNA to 
inhibit the expression of their target genes (Wu et al., 2014; 
Tafrihi et al., 2019).  interestingly, miRNAs can be secreted 
by cells and those miRNAs can stay stable in peripheral 
blood. Therefore, the changes of levels of miRNAs in the 
peripheral blood (so-called circulating miRNA) of patients 
with different disease may indicate an abnormality in 
the organs or systems of the patients (Keller et al., 2016).

The diagnostic value of circulating miRNAs in hFMD 
has also been reported previously (Cui et al., 2011; Min et 
al., 2018). however, whether circulating microRNA-494 
(miR-494) can serve as a diagnostic biomarker for hFMD 
still requires further investigation. Therefore, in this 
study, we will explore the diagnostic value of circulating 
miR-494 for CA16- or EV71- induced hFMD by comparing 
the expression of miR-494 in plasma of hFDM patients 
and healthy controls, and also, the correlation between 
circulating miR-494 and inflammatory cytokines in se-
rum of the patients will also be evaluated. 

Material and Methods

Clinical samples. A total of 154 cases of children with hFMD 
at the Affiliated huaian No. 1 People's hospital of Nanjing 
Medical university between Jan.2018 and Dec.2018 and 102 
healthy volunteers were included in the present study. of the 
154 patients, 102 were infected with EV 71 and 42 were infected 
with CA16. The diagnosis of hFMD was based on the guideline 
of hand foot and mouth disease prevention control guide 
(2008 edition) that was issued by the ministry of health of 
China(http://www.moh.gov.cn/publicfiles/business/htmlfiles/
mohbgt/s9511/200805/34775.htm). The 102 patients with EV 
71-induced hFMD were divided into the mild group (n  =  80) 
and severe group (n = 22) based on the clinical symptoms. The 
baseline information (age, gender) of the children showed no 
significant differences between the three groups (Table 1). The 
plasma and serum samples of the patients and healthy controls 

were collected and immediately stored at -80˚C until further 
reactions. This study was performed based on the principles of 
the helsinki Declaration, and the content of the present study 
has been reviewed by the ethical committee of the Affiliated 
huaian No. 1 People's hospital of Nanjing Medical university. 
Both the patients and healthy volunteers have signed the in-
formed consent documents.

Isolation of the plasma total RNAs and real-time quantita-
tive PCR (RT-PCR). The total RNAs in the plasma samples were 
extracted by the TRizol® reagent (in vitrogen/Thermofisher 
Scientific, Waltham, MA, uSA) according to the manufacture's 
protocols, and after extraction, the RNA concentration in each 
sample was measured by NanoDrop™ 2000 spectrophotometer 
(Thermofisher Scientific, Waltham, MA, uSA). Next, RNAs were 
reverse transcribed into cDNA by miScript reverse transcription 
kit (Qigen, hilden, Germany), and cDNA was then amplified by 
the hairpin-itTM miRNAs qPCR Quantitation Kit (GenePharma, 
Shanghai, China). ABi 7900 Real-Time PCR System (Applied 
Biosystems, CA, uSA) was used for the PCR reaction. The condi-
tions of the PCR reaction were as follow: 95°C for 30 s, 40 cycles 
of 95°C for 5 s and 60°C for 30 s. The primers were purchased 
from Genscript (Nanjing China) and u6 was used as the internal 
control gene. The expressions of miR-494 was quantified by nor-
malizing the expression of miR-494 to u6 using 2−ΔΔCt method. 

ELISA. The expression levels of interleukin 4 (iL-4), inter-
feron γ (iFN-γ) and interleukin 6 (iL-6) in the serum of patients 
and healthy controls were examined by the commercially avail-
able ELiSA kits (Nanjing Jiancheng Bioengineering institute, 
Nanjing, China).

Statistical analysis. The data are expressed as the mean ± 
standard deviation. GraphPad Prism (GraphPad Software, inc., 
San Diego, CA) was used for data analysis. The comparison 
between two groups was analyzed by Student's t-test. The diag-
nostic accuracy of circulating miR-494 was determined by the 
receiver operating characteristics (RoC) curve, and Pearson's 
coefficient was used to analyze the correlation between the 
circulating miR-494 and inflammatory cytokines. P <0.05 was 
considered as statistically significant difference.

Results

Increased expression of circulating miR-494 in 
plasma of patients with EV71- induced HFMD

First, we performed RT-PCR analysis and compared 
the levels of circulating miR-494 in the plasma of hFMD 
children and healthy children. As shown in Fig. 1, we found 
that the levels of circulating miR-494 were significantly 
higher in the plasma of patients with EV71-induced hFMD 
than that of the healthy controls (Fig. 1a, p  <0.001) and 
patients with CA16-induced hFMD (Fig. 1a, p  <0.001). 
Moreover, the expression of miR-494 in the severe disease 

Table 1. Baseline information of the HFMD patients and healthy 
volunteers

Control 
(n=102)

EV 71 
(n=102)

CA 16 
(n=42) P-value

Age (years) 2.94±1.52 3.17±1.45 3.02±1.19 0.4974
Gender
Male
Female

53
49

51
51

23
19

0.8703
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group was significantly higher than in the mild group in 
the plasma of patients with EV71-induced hFMD (Figure 
1B, p<0.01). on the other hand, the plasma level of miR-
494 showed no significant difference between patients 
with CA16-induced hFMD and the healthy controls (Fig. 1, 
p >0.05).

Evaluation of the sensitivity and specificity of 
circulating miR-494 as a diagnostic biomarker for 
EV71-induced HFMD

The potential diagnostic value of miR-494 for hFMD 
was examined by drawing the receiver-operating charac-

Fig. 1

Comparison of the plasma levels of miR-494 between HFMD and 
the healthy controls

(a) Comparison between the expression of miR-494 in plasma of 
healthy control, children with EV71-induced hFMD, and CA-induced 
hFMD. (b) Comparison between the expression of miR-494 in 
plasma of the mild group and severe group in children with EV71-
induced hFMD. **p <0.01, ***p <0.001.

Fig. 2

Circulating miR-494 can serve as a diagnostic marker for EV71-
induced HFMD

(a) Results of RoC analysis for circulating miR-494 to distinguish 
children with EV71-induced hFMD and healthy control. (b) Results 
of RoC analysis for circulating miR-494 to distinguish children with 
EV71-incude hFMD and CA16-induced hFMD. 

(a) (a)

(b)

(b)
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teristic curve (RoC) curve. We found that the area under 
curve (AuC) of miR-494 for distinguishing EV71-induced 
hFMD children and healthy children was 0.8889 (Fig. 2a, 
95% confidence interval (Ci), 0.8405 to 0.9372), and the 
AuC for distinguishing EV71-induced hFMD children and 
CA16-induced hFMD children was 0.8534 (Fig. 2b, 95% Ci, 
0.7891 to 0.9177). These results suggested that circulating 
miR-494 is an accurate biomarker for the diagnosis of 
EV71- hFMD with high sensitivity and specificity.

Comparison of the serum levels of pro-inflammato-
ry cytokines in serum of children with EV71-induced 
HFMD

EV71-induced hFMD is known as a viral disease that 
may lead to inflammatory responses (Ventarola et al., 
2015; Cox et al., 2018). Therefore, we compared the ex-
pression levels of some pro-inflammatory cytokines in 
serum of children with EV71-induced hFMD and the 
healthy children by ELiSA method. As shown in Figure, 
the levels of iFN-γ and iL-6 were significantly increased 
in serum of children with EV71-induced hFMD compared 
with healthy children (Fig. 3a, p <0.01), while on the other 
hand, the levels of iL-4 showed no significant difference 
between the two groups (Fig. 3a, p >0.05). Moreover, for 

the children with EV71-induced hFMD, the levels of both 
iFN-γ and iL-6 were significantly increased in serum of 
the severe group compared with the mild group (Fig. 3b, 
p <0.01), and the level of iL-4 showed no significant dif-
ference (Fig. 3b, p >0.05).

Correlation analysis between the circulating miR-
494 and the serum levels of IFN-γ and IL-6 in children 
with EV71-induced HFMD

Finally, we compared the expression levels of the cir-
culating miR-494 and the pro-inflammatory cytokines in 
serum of children with EV71-induced hFMD. We found 
the expression level of circulating miR-494 was posi-
tively correlated with the serum levels of both iL-6 (Fig. 4, 
r = 0.4061, p <0.001) and iFN-γ (Fig. 4, r = 0.3383, p = 0.0005) 
in children with EV71-induced hFMD. 

Discussion

We have explored the potential diagnostic value of 
miR-494 in hFMD in the present work. The main find-
ings of this work are: first, the circulating miR-494 was 
abnormally increased in plasma of the children with 

Fig. 3

Elevated inflammatory cytokines in serum of patients with EV71-induced HFMD
(a) Comparison of the serum levels of iFN-γ, iL-4 and iL-6 between children with EV71-induced hFMD and the healthy controls. (b) Com-
parison of the serum levels of iFN-γ, iL-4 and iL-6 between mild group and severe group of children with EV71-induced hFMD. **p <0.001

(a)

(b)
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and suggested that exosomal miRNAs may be used for the 
diagnosis or subtyping of the hFMD infections (Jia et al., 
2014). Moreover, Wang et al. suggested that circulating 
miR-876-5p was elevated in response to EV71 infections 
(Wang et al., 2016). Feng et al. reported that miR-127-5p can 
negatively regulate the replication of enterovirus 71 via 
targeting SCARB2 (Feng et al., 2017). 

Results of previous sequencing analysis suggested 
that miR-494 was one of the most up-regulated miRNAs 
in response to EV71 infections (Cui et al., 2011; Xun et al., 
2015). Therefore, in the present study, we focused on the 
roles of circulating miR-494 in hFMD and its diagnostic 
value. As expected, the expression of circulating miR-494 
was dramatically up-regulated in plasma of children with 
EV71-induced hFMD, which was consistent with the re-
sults of previous findings (Cui et al., 2011). interestingly, 
the circulating miR-494 showed no significant difference 
between children with CA16-induced hFMD and the 
healthy control. These results suggested that the over-
expression of miR-494 in hFMD was associated with the 
enterovirus genotype infecting and may be restricted to 
the EV71 infections. Moreover, the plasma expression of 
circulating miR-494 was markedly higher in the severe 
group compared with the mild group of children with 
EV71-induced hFMD, suggesting that circulating miR-494 
may be correlated with the severity of the disease. Fur-
thermore, results of RoC analysis showed that miR-494 
can distinguish hFMD children from the healthy control 
or children with CA16-induced hFMD with high sensitiv-
ity and specificity. Taken together, our data suggested 
that circulating miR-494 was aberrantly up-regulated in 
EV71-induced hFMD, but not CA16-induced hFMD and 
may serve as a specific early diagnostic marker of EV71-
induced hFMD.

hFMD is known as an infectious disease, which may 
lead to inflammatory responses and to the increased ex-
pression of pro-inflammatory cytokines in the peripheral 
blood (Wang et al., 2014; Lv et al., 2019). iL-6 is known as 
an activator of the immune system, and the role of iL-6 
in hFMD has been reported previously (Yuan et al., 2015; 
Lee et al., 2018). on the other hand, iL-4 and iFN-γ are the 
cytokines secreted by the T helper (Th) cells, while iFN-γ 
is known as a marker of Th1 cells, and iL-4 is a marker of 
Th2 cells (Chen et al., 2014; Das et al., 2014). in our study, 
we found that iL-6 and iFN-γ were up-regulated in serum 
of EV71-induced hFMD children, and interestingly, iL-4 
showed no significant difference between the two groups. 
These results suggest that in EV71-induced hFMD, the 
infection of virus may lead to increased population of Th1 
but not Th2 cells and induce the inflammatory response. 
Moreover, as expected, iFN-γ and iL-6 were markedly in-
creased in serum of the severe group compared with the 
mild group, and iL-4 showed no significant difference. 

(a)

(b)

Fig. 4

Correlation between the circulating miR-494 and IFN-γ as well 
as IL-6 in children with EV71-induced HFMD.

EV71-induced hFMD but not CA16-induced hFMD; sec-
ond, among the patients with EV71-induced hFMD, the 
circulating miR-494 levels were significantly higher in 
patients with severe hFMD as compared to mild hFMD; 
third, the level of the circulating miR-494 was positively 
correlated with level of iFN-γ and iL-6 in serum of the 
patients.

in clinical application, EV71 is more likely to induce 
severe complications than CA16 in patients with hFMD 
(Cui et al., 2011; Jia et al., 2014). however, the early diag-
nosis of EV71- and CAV16-induced hFMD is currently 
difficult. Therefore, to search for specific biomarkers 
for the early diagnosis of EV71-induced hFMD has great 
clinical significance. in recent years, great achievements 
have been made in the field of miRNA related studies. For 
EV71-induced hFMD, the roles of miRNA in the pathogen-
esis of the disease have been discussed in many previous 
studies. For example, Jia et al. have analyzed the expres-
sion profile of miRNAs in exosome of patients with hFMD 
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Furthermore, we also found that the level of circulating 
miR-494 was positively correlated with the levels of iL-6 
and iFN-γ in patients with EV71-induced hFMD. Based 
on the results of the present findings, we propose that 
increased cellular expression of miR-494 may lead to 
the inhibition of its target genes (which may function 
as immune suppressors) and induce the inflammatory 
responses, consequentially increase the secretion of iL-6 
and iFN-γ. however, the related mechanism still needs to 
be further investigated by cell and animal studies.

in conclusion, the results of the present study suggest 
that the circulating miR-494 was up-regulated in EV71-
induced hFMD, and the level of miR-494 was positively 
associated with the severity of the disease. our results 
suggest that miR-494 may function as early diagnostic 
marker for EV71-induced hFMD.
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