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JLAE TR 113 S EV-71 il Cox-A 16 J& 4 55 1L miRNA %
CERINITB SR

B R,EF F.oH Mm% A, i (HERERRENE KRR ERE LR, HEEK 402360)

1 E.BW 54ILEF R os%HFMD) &£ Wb kA 71 A (EV-71) ST i 9% 7 A 28 16 B (Cox-A16) B e 44 fo i 45/ 45
FAr R (miRNA) 3%, 3T IR B FE KA M R, 2023 11 A ~2024 48 A £ &R EA K F W& K
RE B IUA#69 ))L & HEMD & %, £ IL4E 6,4 EV-71 & Cox-A16 3 — B = LA 84, X Al miRNA #4471 ff i £ F &k
miRNA, 34T £ W15 8 5 M7 5 I iESE 618 Cox-A16 20, EV-71 4R VA B A BT R AL & 105 45) , SRR 52 i 38 6 2 2 B A Bt R
B2 EA I 7 miRNA KP4 A 2K BAE 4 AE(ROC) W 25 7T 28 T miRNA 6995 WL A 5 R sl L4 if ik, 73] 54
# S+ i% miRNA(miR-21, miR-143, miR-494 . miR-146a, miR-221), Jk B AfkibFe 7 AR AL B Fo Sk B 205 FH 4 il %5 I 5%
T 2 RS miRNA B § 40 i 48 %8R A X ERIEE ¥, EV-71 2847 Cox-A16 28 % )L & miR-21 . miR-143 ., miR-494.,
miR-146a, miR-221 7K-F ¥ 2 2% 3 TR AL, £ F B A 43t 5 & L(H=7.714~100.551, ¥ P < 0.05), H.EV-71 £8 f2. & miR-
21, miR-494, miR-143 . miR-146a 7K -F & T Cox-A16 20(Z=—37.215 ~ —9.443, 3§ P < 0.05) ., A B8 F 16 K T /5, miR-21,
miR-494 , miR-143 , miR-221 . miR-146a /KT F & 475 & 55 HEMD & % X %48 % (HR=1.104 ~ 1.400, 3 P < 0.05). 5#F miRNA £
A% W HEMD #9 4% 77, ROC # 2% T @ A2 (AUC) % 0.584 ~ 0.874, miR-21, miR-494, miR-146a #9205 A A R 95 B EV-71 &,
Cox-Al6 £ —ymd LA B e9 48 ), AUC % 0.874. 4518  )U% HFMD % & A /245 51 1 fn 7 miRNA 3%, 2 34F miRNA 288
AEA LA X £ EV-71 3%, Cox-A16 ¢ — LA d e 4 4
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Study on the Correlation of EV-71 and Cox-A16 Infections with Serum miRNA
Profiles in Pediatric Hand-Foot-and-Mouth Disease

ZHOU Yan, LEI Fang, YANG Yang, CHEN Cen, WANG Tingting(Department of Pediatrics, Chongqing Medical
University Affiliated Dazu Hospital, Chongqing 402360, China)

Abstract: Objective To characterize the serum microRNA (miRNA) profile in pediatric hand-foot-and-mouth disease (HFMD)
caused by Enterovirus 71 (EV-71) or Coxsackievirus group A type 16 (Cox-A16), and to analyze its clinical significance. Meth-
ods Using a simple random sampling method, pediatric HFMD patients diagnosed at the Department of Pediatrics of Dazu Hos-
pital Affiliated to Chongqing Medical University from November 2023 to August 2024 were enrolled. The discovery set included
8 children with EV-71 infection, and 8 with Cox-A16 infection. miRNA microarray was performed to screen for differentially
expressed miRNAs. And the candidate miRNAs were analyzed by bioinformatics analysis. The validation set included Cox-A16
group, EV-71 group and healthy control group with 105 cases in each group. Serum miRNA levels were detected using real-time
fluorescence quantitative polymerase chain reaction. Receiver operating characteristic (ROC) curves were used to develop a miR-
NA-based diagnostic model. Results In the discovery set, five differentially expressed miRNAs (miR-21, miR-143, miR-494, miR-
146a, and miR-221) were identified. Gene Ontology and Kyoto Encyclopedia of Genes and Genomes pathway enrichment anal-
ysis confirmed that these differentially expressed miRNAs were involved in multiple immune-related pathways. In the validation
set, serum levels of miR-21, miR-143, miR-494, miR-146a, and miR-221 were significantly higher in both EV-71 and Cox-A16
groups than in healthy controls (H=7.714~100.551, all P < 0.05), and serum levels of miR-21, miR-494, miR-143, and miR-
146a were significantly higher in the EV-71 group than the Cox-A16 group (Z=—37.215 to —9.443, all P < 0.05). After adjusting
for clinical variables including age, elevated levels of miR-21, miR-494, miR-143, miR-221, and miR-1466 remained significant-
ly associated with the onset of HFMD (HR =1.104~1.400, all P < 0.05). The five-miRNA panel showed diagnostic capability for
HFEMD with an area under ROC curve (AUC) values ranging from 0.584 to 0.874. Moreover, the combination of miR-21, miR-494,
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and miR-146a demonstrated the ability to differentiate between EV-71 and Cox-A16 single-virus subtype infections, with AUC
0.874. Conclusions Pediatric HFMD has a specific serum miRNA profile, and the three-miRNA panel (miR-21, miR-494, and
miR-146a) shows potential for distinguishing EV-71 from Cox-A16 infections.

Keywords: hand-foot-mouth disease; enterovirus 71 ; Coxsackievirus group A type 16; pediatric patients; microRNA

F- & 11 955 (hand-foot-and-mouth disease, HFMD) J&
THREEYR, 55 LN 2L LR FE SRR F
N HFMD 2 % il % 5 A\ 28 %38 9% 7% 71 (Enterovirus
71, EV-71) Fi1/ 8% # % 25 %5 2 A16(Coxsackievirus
group A type 16, Cox-A16) J& Y A %Y, Ji H 2
EV-71 4 N4 R G B B R AN ), EE R4
R 6% T figk Fi 3 R 7 R S B A B RN A B
TR KR ML B, AT B B M B R
(miRNA) 755 15 F1 15 7= =22 18] 4 2% B9 A LA FH 9 2%
w2 S BN 4 T B PR T R T S R A R
EV-71 8 Cox-A16 JE& 4 7= A iy A [A] miRNA S i, A
T E L S o3 TR A T — 41 JLEE HEMD S84 1L
115 miRNA FERFRAFIE , JF38 i S e 2 3 A il I
¥ (polymerase chain reaction, PCR) 2858 | —# 22 57
FeIK miRNAVENEYIFR ST
1 #MR5FE
11 ARt R RGP, 212023 4
11 A ~2024 478 A 78 5 K R RBF R 2% B I8 K B2 B L
BHH12 B HFMD L. AR HE: OFF A E DA
BT R HFMD i2 Wi ', QRER 35 24 hy
Bt 5 i 3 WU SIZ ) 33 5 5% PCR ASI A m%, B A X
T/ B8 WO 7 RNA, JESZEV-71, Cox-A16 /&
e HEBRBRME: OO HEZ P00 8 M SRR XHE IR YT ;
QIR ARG s QH At ARG ; @FFFE 1T BESE
HFMD I PR 2% B0 9 A7 , 00 6 28 e o i 0 e
T o A\ TE HE DR BE B2 B R = e L AR
T 2 A ARG A LA TR A it BRE LA S ot B 100
H O AR5 5 PE BB A2 B i R B B s PR i 1 2
72 DA IE [2023 A RHME H 25(026) 51, 2RA5-F 1
AV R B AR AR A B BE: D& BB : K BE
415 EV-71 B Cox-A16 BA— R iR L 45 8 ],
FEV-71 41 L#E A 3.56 £ 2.02 %, B 56 fil &
3495 Cox-A16 ZH L F4FE#$ 2.57 £ 1.60 %/, 5 5441
Fit 34515 2 41 =22 1) 4 % APk B AH DT T . Q56 UE B B -
I UF LA EV-71 4H . Cox-A16 4H 1%} R 2H 523 JL
4% 10515, Hor Cox-A16 414F#5 0.08~6.82 J& % , 5
68 15l Fn 4 37441, 67 il AR = 38.5 °C; EV-7141
A% 0.08~7.00 JE %7, J 57 AL 48 4], 81 (A
=385 C; (XS L LT R AR I F | JCHiR
B RS MR R AL RS 5%, 4RIk
0.08~6.75 &1 % , 33 67 il 14 38 455 212 M 1] A4tk
WRASE , (AR 37.5°C ~ 40.5°C, A H PR 48 5 ki

12 AEL5RXA  TruSeq small RNA 3L il £ 5
& (585 : RS-122-2001), Illumina Hi-seq 2000°F-55 &4t
(Z£E Mlumina A 7)) ; miRcute 3455 4 miRNA cDNA 25
—HEA RGRF & (P25 KR211), 7O AR &
(535 : FPA1D) (WP IEHE st RARAE R A R A R 5 52
iR R G5 (15 . ABI PRISM 7300, 3% 5 Applied
Biosystems 2y )

1.3 7k

1.3.1 FEACREE : ABE)a 2h N OTURTRYT AT SRAE ML
BEAS, B IR 23R LN 1) 2 2.0~26.0 ho {2 BEREAS
SKAEJG S Z14°CTF 2 184r/min(B 0248 10em) B0 15
min /M8 _FJZ I, 20 CHATF 48 hIR R 2 -80°C
KIHOAE ] THEE AT

1.3.2 miRNABLEESE 7 70 B7 SR A IR L35 Ao
A, 2RSS, SEBREAS S RNA T 58
BALRE 5 S BRI, T miRNA fFEF1LE i HoR
TFIEAEA miRNA FRIBEHGI 3 08 i 48 s
IRFIREE , 208 SOROE PR IEAL S TN HLS , ek
B 545 5 2k U AR 5 22 S 3K miRNA 1 i 16 5
{H 1% 5 4 : Benjamin Hochberg #: 1F P{H (¢ {H) < 0.1,
I [K log, 115 81 7% fk.(fold change, FC) 46 X {H > 1.5,
TE 3 [H 6 3K 256 ¥ 2 (Gene Expression Omnibus,
GEO) "1 %% GSE85829 BA#| 1 3k [Hl Fe ik i 454l , %
BAFNAL T T EV-71/8% 58 Cox-A16 /&L 16HBE(A
TR A H miRNA kB, B AR BT Ry
251368 miRNA 1% 5 GSE85829 [A S5 14745 1
PSS AT AT B 5 6 miRNA

1.3.3 AW{5 52430 . fii ] miRanda Fl RNAhybrid
T A 16 22 5 3K miRNA B FE LR, (A7 3L PR A {4
1 (Gene Ontology, GO) & ZEHILTAREE A FIFE I 41 71
£l 4 15 (Kyoto Encyclopedia of Genes and Genomes,
KEGG) i # & 4, GO & 570 Hr 645 A= 1y i 72 (bio-
logical processes, BP). 43 Hfig (molecular function,
MF) M4 %43 (cellular component, CC)

1.3.4 I3 52 52 2 fi PCRAG I miRNA : i FH 5
UEAR IV AEAS JEAT S 9 5E it PCR o FH 25—
B R G AT W R ¢, G At O e B PCR YT Y
SE B T S 53 B v Y A 38 miRNA AT % B U6
snRNA JRIKIKF- I FF L 1.

1.4 it F o4 B 2 B ok H sangerbox 3.0,
SPSS 26.0 A& Prism 8.0 ¥ iE LA m AT G IE
o3, LI A (D943 A2 E]FE) [M(Pos, Pog) 13675, 41
B8] Hb % R FH Kruskal-Wallis K5 56 58 # Mann-Whitney
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UKEH I ECHR L n(%) T, 18] R 7 K56 il
FHIRE F 7 K IR AE e B HE2H f HFMID (B L5 =
#2315 miRNA . 3Z i & BB RHE(ROC) I H T &

T miRNA 2 Wi 4 i Fi] —JC Logistic [71 )543
Hr 5 HFMD K55 47 e SZ IR IR 2 . P<0.05H
ZRAFGIFE L,

*x1 ElEZEIES
FEH NREEL] JFEEL)

miR-21 5"-CTGTGCCGGGTAGAGAGGG-3’ 5"-CATGCTGGGTGGAGAAGGTG-Y’

miR-143 5".CAGTGCTGCATCTCTGGTCA-3’ 5"-TGCAGAACAACTTCTCTCTTCCT-Y

miR-494 5’-CTCGAAGGAGAGGTTGTCCG-3’ 5’-AAAAAGAGGTTTCCCGTGTATGT-3’

miR-146a 5"-ACTGAATTCCATGGGTTGTGTC-3’ 5. TGACAGAGATATCCCAGCTGAAG-3’

miR-221 5. TTTCCAGGTAGCCTGAAACCC-3’ 5".GGCATGAACCTGGCATACAA-3’

U6 snRNA 5".CAGGAGACGGGAACGACAAA-Y’ 5"-CGTGAAAGACCGCAGCAAAA-3’

2 #R W MF 2RI XL 4SS A | 732 X DNA 454 fl

2.1 miRNA ZHFMD ¥ # & ik %%  fFRIE
. EV-71 20 5 JL(n=8) Fl Cox-A16 41 )L (n=8) L1
BEH 768 1> miRNA . 4 b4, EV-71 41 LI IiLiE
FEAR 145 108 1~ miRNA ik 3 1301~ miRNA %
I5 R, dE—20 5 GSE85829 A FI A yE4 T 45 LK 43
B, 193] 5 Fh 32 X H & 1Y 25 5738 miRNA : miR-21,
miR-143 . miR-494 . miR-146a . miR-221, 3% 5 Fh 2%
5t 438 miRNA VE M A Yn 5 Wt AT~ — 2 50
ik

22 E£F A miRNA® LW 85 54 ]
miRanda F1 RNAhybrid 7 #ll], 3X 5 miRNA f9 # &
KBR300 1 2841 F1 1 3094, Herp L[] 3L ]
1 849 /1~ i FH DAVID 78 £& 4K 4, X i # 56 [A] gk
TGO B EMKEGG M &4, GO & HEn 24
BP =2 R AW RG I AR Y L A MR B L 4 e

B SR X DNA ¥ 4% CC B A | YL (oA / i
B X IR B . KEGG il % & 4 R AU $E 3 45 L
1 i (P50 25 11 {5 5 4 . Wnt {55 BRI A% A )
F6 45 T PR B (T (5 5% . BANTE AL A
TR M PR A T 9 A {5 3 1 20 PR 5 - 4
R Pz AR EAE ] L i A% &R | TgA P2 A= 1 A iE
GPEMLEEE)

23 A miRNAK-F A FESIESE, ST
WA ZH 4H 1Y, Cox-A16 41 FIEV-71 41 Ifi 7 miR-21 . miR-
143 . miR-494 . miR-146a , miR-221 /K -3 B T e (34
P <0.05); 5 Cox-A16 2 b4, EV-71 4L 1ML miR-21
miR-494 . miR-143 . miR-146a /K V- J} /& B B . (Z=—
37.215.-11.082.-9.443 ., —21.195, 3 P < 0.05); {HZ IfiL
I miR-221 7£ Cox-A16 4 F1 EV-71 £ 2 |0] 22 R L4 i+
247 X (7=-2.889, P=0.195) . .32,

%2 fEEXTERZE. EV-71 £HF0 Cox-A16 A 5 FiZE RRIE miRNA KFELEE M ( Py, Pis) ]

TiH X IRAL (n=105) Cox-A16 4 (n=105) EV-71 41 (2=105) H P
miR-21 132 (078, 1.86) 1.77 (098, 2.99) * 570 (245, 21.15) 100.551 < 0.001
miR-494 123 (035, 2.65) 1.80 (0.79, 4.04)* 3.64 (152, 625) ™ 35.604 < 0.001
miR-143 246 (1.92, 4.89) 342 (227, 629) 639 (256, 9.98) * 18.279 < 0.001
miR-221 1.04 (0.96, 4.67) 267 (148, 558)° 407 (093, 7.90) * 7714 0.021
miR-146" 121 (0.02, 2.25) 199 (0.02, 4.19)* 642 (250, 11.79) * 80.975 < 0.001

T ST IR L LA, °P < 0.05; 5 Cox-A16 41 L4, "P < 0.05.,

2.4 o7 miRNA xF HFMD 494 i 44 RS4RI 494 . miR-146a, miR-221#B H. 45 12 Wi HEMD f4 11 {H,

PRSI , miR-21 . miR-494 . miR-143 . miR-221 . miR-146a
TKFEFH TSR 5 HFMD & 9% B (4 P < 0.05), WL
23, ROC £k 43 #r 7K, Ifil 7% miR-21, miR-143 | miR-

AUCH) > 0.500(34 P < 0.05), H: ' miR-146a 2 Wi 1
5 155(0.838), miR-494 Yk 22 (0.738), HoAth miRNA ()12
Wi S UERIZ, AUC=0.584 ~ 0.627. .35 4.,

x3 BEREZ#EEFERRKIE miRNA 5 HFMD £ E % Logistic BIA5#7
A5 B SE Wald P HR (95%CI )
miR-21 (BRI 1) 0336 0.081 17.013 < 0.001 1.400 ( 1.193~1.642)
miR-494 (FEHEfI 1 MEA0) 0.287 0.063 20.756 < 0.001 1332 (1.177~1.507)
miR-143 (FHHEI 1AM ) 0.145 0.037 15.415 < 0.001 1.156 (1.075~1.242)
miR-221 (FHHEf 1 AN ) 0.099 0.036 7.468 0.006 1.104 (1.028~1.186)
miR-146a (‘N 1 A2 ) 0.284 0.054 27.362 < 0.001 1328 (1.194~1.477)

TE : PRSTRRS HEMD I 1, X IRZIRI 5 EZ ) FAR B LN, 32 1 728 2" IR 1, 457 IR 0.
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x4 Z R RiX miRNA 27 HFMD B E
miRNA RS Bz e AUC (95%CI) P T
miR-21 0.810 0.533 0277 0.627 (0.551~0.703 ) 0.001 1.910
miR-494 0.895 0.524 0.419 0.738 (0.670~0.806 ) < 0.001 3.595
miR-143 0.695 0.629 0.324 0.603 (0.525~0.681) 0.010 3.090
miR-221 0.905 0.419 0.324 0.584 (0.502~0.666 ) 0.035 6.500
miR-146a 0.867 0.724 0.591 0.838 (0.783~0.893 ) < 0.001 3.035
2.5 i miRNA *FEV-71 vs. Cox-A16 #) X 534 B BN R A DX 8 22 5 43 A7, 5 miR-21 . miR-494 . miR-
18 ZROC £k 43 7, 1M1 miR-21, miR-494 . miR- 146atf L, 37 miRNA B4 B AL X 432 W EV-71

1462 B A X 432 W EV-71 41 vs. Cox-A16 2 1Y fig
41, AUCH > 0.600(YJ P < 0.05)., 3 F miRNA B &
TR AR R LA i e 1Y X 2 W RE 11 (AUC=0.874) . 4

2H vs. Cox-A16 41 1) AUC #5455 i ZHETH(Z=—3.065 .
—4.081.-3.097, ¥ P < 0.001), W5 FIE 1.

=5 % miR-21, miR-494, miR-146a X4 EV-71 870 Cox-A16 ARISET N

HiH R 1629 3 ZRER AUC (95%CIT) PlE T
miR-21 0.362 0.826 0.187 0.751 (0.701~0.812) <0001 1390
miR-494 0.724 0.552 0.276 0.620 (0.543~0.697) 0.003 3.330
miR-143 0.548 0.567 0.115 0.529 (0.473~0.583 ) 0.145 2.928
miR-221 0.648 0.467 0.115 0.548 (0.491~0.604 ) 0.107 1.041
miR-146a 0.886 0.562 0.448 0.746 (0.701~0.830 ) < 0.001 5.605
i SEsitil 0.724 0.867 0.591 0.874 (0.827~0.921 ) < 0.001 0.447

—OBE T

02f @miR-21
[ 3 miR-146a
—(@ miR-494
0'3.0 0:2 0:4 0:6 0:8 1:0
145 57
B 1 M miR-21. miR-494, miR-146a X ZHT EV-71
ZBF0 Cox-A16 A ROC %k
3 iHig

i J 1 S T IR Y ) AiE 2 RNLA B T R A
KA LA L K32 Wil 3R] & 0 ik e o A i 5 1 JL

HFMD £ 3& [lIL 18 H 0 28 5 F 22 57 5% 35 miRNA .

miR-21, miR-143 , miR-494 . miR-146a, miR-221, Jf

Fy#d 7 —Fh LT 3 F miRNA (miR-21 . miR-494 . miR-
146a) FECA IR AL AIX 2K EV-71 5 Cox-A16 Fi—
S T 7 R

HETEAT & T &M= ok Wilnib e
e (B — B AR PR TE Y i AR R T
LR, Qa4 s PCR, B T4 R JEAAR L R
5, LR B A T RE 2 TR IS SR Y Bl
T R DG FR miRNA VR —FPr AR R AR I2 8T
PGPSR Tz s 7 e GE , EV-71
5% Cox-A16 H— ik 7 W BB YL XF T 45 32 miRNA i
IR AR A7 AE 22 5 1T RIS 38 i 2 A~ BA I F s 16 A
A, L 5 FP 22 5 8 miRNA, Sl BE 4
AH I, HEMD £ LI miR-21 . miR-143 . miR-494
miR-146a, miR-221 K- 2. 2 LiE. R T IFAl X se e
P8 miRNA 7E12 87 7 18 9% 25 8% s 7 T A e ), A &
FhmiRNA ¥4 # T ROC £k, 5FhmiRNA ¥ /=
A8 X 43 HEMD 25 Al e R 4H 19 B 4fE 1, AUC
YL 0.584 ~ 0.838; Hb4h, miR-21, miR-494 , miR-
146a HA5 1] LLIX 432 M EV-71 2 vs Cox-A16 4111 g



24 PURKL I P2 2 2%

B4k HsSH

2026 429 A 1 Mod Lab Med, Vol. 41, No. 5, Sept. 2026

J1, 3% miRNA LA B AUC 5 3k 0.874 03X 241
PRI, VEE M5 35 miRNA 21 A AN 7t o 151
YR TR AR, I H D R T2,
WAL T3 T 43 B, 4 ML miRNA 58 2o B fif 5
mRNA S ] 55 mRNA ;5255 5 1) mRNA #
PRI T I 60% M A IE I, 2 Z Fh A /2
HG R 5 45 g it R R AN ik A OGP, GO
B FIKEGG il & AR IESE T X 4692 57 33K miRNA
Z: 5 TV 2 S AR DG %, 055 R R S S
Wt {5538 | 0L AR L PR T AR S . B A M
b B RN A5 A R S A, IX
SRRERFSE 2 R IE R 2 7T AR HIME £ miRNA
A P BB ) S ) R B ) 15 B R e A G
(A 2 43 SR B i A ) HL A v (722200 S e A
# Bh T 1 B miRNA 78 EV-71 #l Cox-A16 8% 4t it
Jrd B AR A i T - SR AR ELAE IR, DR
£ $% miR-21, miR-143, miR-494 , miR-146a £ P [
— 2 miRNAs 7E EV-71 B 2 135 o iy Bl T g 5
IZEZUEZEY e ] OE nEVATERIE 575 a1 /E Rk
FEII A T 88 1 4L A 2R -1 A2 AAAH DG I 1 3]
P PIBK/AKt 5 38 % A5 A 06 200 i e e 1
EV-71 e 8 )L fs B 22 1 Jgi A
AT B SR R P A4 - DAAE 5 7 W1 2
Y LA T ML miRNA W, Hit/D miRNA 3
RESZ SR Y6 TIE , T TR H KR AL s AR X85
INHIREA RE SR GE T e A RE T, RN T2 A
F AR QLB RS A7 8 9 2
LAY, SNERIZ AR T S AE s DT & LA LR
ML [ 7 1 B AR S 14 2.0~26.0h, it [ 45 3 4 X6 4
o, X ] BB 2 R0 8 H 1Y 25 5 miRNA i 280 /0
Gt Z 785 W miRNA 5595 R ST 1 58 o 4 i1 >k
Uh, H AT & I AL T B RREA Y i — 2D DL
WFFEHRAESE
ZE b, AW SEE T —24H 5 HFMD & A5G 1Y
1ML miRNA ik , Hr 37 miRNA(miR-21 ., miR-
494 miR-146a) HAT X 732K EV-71 2 Cox-A16 Fi—
IR (Y RE ST PRI, EV-71 8% Cox-A16 B fF: i
(97 T ML miRNA ZK-F- 284 TT GE 2 — > B 25 AR
TOREAT BT BRI 1 05 I Y miRNA /-
SE
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