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(1) L Tl iR Ralnqd, =8 290 650031;2) P HEFAFRE/ LR EFRE
EFAEMNSFHRAI/ =B ERELFRAEGHRLELEEET, =& 9 650118)

(HZE] Hn  XTEMHETHRERE 2022 4 \F 2 DK 8 LS B AR 52255 5 A 41 16 5 (coxsackievirus A16,
CVA16) & VP1 S X FHRIE 1o Jiids AR BT 55 B2 B 2022 4F A F= /& 1195 (hand foot mouth disease,
HEMD) 8 JL200 {3 11 RAR S ZEEAR A ST AT, 43 B3t RD A0 Vero 4UMI 435S, P28 3 REFR =40
134 0¥ (cytopathogenic effect, CPE) B4 L% FRIRARBURREIZ IR , SAJ5 Tl 514 222/224 22 RT-PCR 41 3Fi
¥, P2 BLAST Xt H i &, X %58 A EEAr R 28 A 41 16 % (coxsackievirus A16, CVA16) [ F FH4R
51 CA16VPIF/CAI6VPIR 84 VPL XKIFMF FA8iEE, T2 CVAL6 W EARETH], R Geneious 5.4.1
MEGA 6.05 S 4 X AR ST CVAL6 H4: VP1 KT A LM T 0. 850 %50 5 A0 22 #R AN
Vero 415325 CVA16 F1 6 ¥ RD 4072510 CVAL6 Bk, i — Al R R oWy 1345 21 #k vl FHM CVAL6
VP1 £ K33, T4 VP ER RS HT, X 21 #k CVA16 28 F Bla FEF AL, 21 B CVA16 &1 VP15
PR 22 ) FR A% 1 R I S 2 40 W) DR X 8T, 209K 91.9% ~ 99.6% Fil 89.2% ~ 99.3%; 5 H1[E CVA16 Bla %
AL 750 f1% At bk 1) A T R 28 T2 91 ) 5 43 SN 89.7% ~ 96.3% i 89.2% ~ 97.0%., 5 CVA16 B1b Hifth %%
BT HE, HOAZH R AN L 19 5 90 [R) IR 43 S TE 84.3% ~ 87.2% Fil 89.2% ~97.0%, FH T CVA16 1Y Bla J:PH T
UM B R B 21 DNEIERR AL S MR . 8518 2022 FEPE A B A E 51 HFMD B9 CVAL6 k)8
T Bla ZERL, 74k Wi DL A R AT R AR
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Molecular Characterization of the VP1 Region of
Coxsackievirus 16 in Kunming, Yunnan in 2022
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[ Abstract] Objective To analyze the molecular characteristics of the whole VP1 gene region of
coxsackievirus A16 (CVA16) isolated from children with hand, foot and mouth disease (HFMD) in 2022 from a
hospital in Kunming, Yunnan. Methods Two hundreds fecal specimens of HFMD clinical samples from 2022 in a
hospital in kunming, were processed and isolated by RD cells and Vero cells, respectively, and viral nucleic acids
were extracted from the cell cultures that still produced cytopathogenic effect (CPE) after three times of incubation,
then amplified and sequenced by RT— PCR using universal primers 222/224, and sequenced, and the sequences
were compared by BLAST to determine the serotypes, and then the full VP1 region of CVA16 was amplified with
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specific primers CA16VP1F/CA16VPIR , then sequenced and spliced. The standard sequences of CVA16 virus
were downloaded, and the nucleotide and amino acid sequences of the whole VP1 region of CVA16 in this study
were analyzed using software such as Geneious 5.4.1 and Mega 6.05. Results 22 strains of CVA16 isolated from
Vero cells and 6 strains isolated from RD cells were detected by RT-PCR using universal primers, and the available
sequences of 21 strains of full-length CVA16 VP1 region were further amplified by the specific primers of CVA16,
and the nucleotide and amino acid sequences of the 21 strains of full-length CVA16 VP1 genes were highly
homologous to each other, with 91.9% ~ 99.6% and 89.2% ~ 99.3%, respectively. The nucleotide and amino acid
sequence homology with other strains of the chinese Bla genotype ranged from 89.7% ~ 96.3% and 94.6% ~ 99.0%,
respectively; and nucleotide and amino acid sequence homology was in the range of 84.3% ~87.2% and
89.2% ~97.0%, respectively, when compared with the other reference strains of Blb. The phylogenetic analysis
showed that all 21 CVA16 strains belonged to the Bla genotype. The 21 mutations were found by compared with that
of other Bla strains. Conclusions The CVA16 strain that caused HFMD in a hospital in Kunming, Yunnan

Province, China in 2022 belongs to the Bla genotype. Surveillance should be continued to clarify its epidemiological

characteristics.

[ Key words] Coxsackievirus A16; Complete VP1 gene; Sequence analysis
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Fig.1 Comparison of putative amino acid sequences of the full VP1 region of CVA16 strains

XA HHZ 2 SRS . XWH/R CVAL6 Bla
BEMRTEARSE I ) R WAEA W ik . 5540, LART
55N A Bla TERRAEAE VP1-164T251V AIF VP1-
164K/N25 11 FIFpIE 24 ARBFFEXT 2022 4 2
1) 21 BROES KR A BLEI R VP1-164K /2511 HiiA ik,
XA ATAR TP £ VP1-164K/2511 & IR
B A —E 25, T VP1-164 {37 5547 F A i g2
D7, X ARLAL SR TAT 1 35 PR A 40 o7 a5

L, RERAELS ., X5RM Bla g AR (VP
164T). B, ARRBFFER CVAL6 VP1 Z SR
SRR REREH CVALG WATHRPUEM R 2L, i
AREIITE . I HaX SeAR SR BE bR AR B A8 S0
2 T A A VA AR R rh R A AR T
E—2E WY .
33 HRasEES
ABFSEH, 200 {3 HEMD KE & 25 858 RT-



%7 ik ., % ZEARWHHIX 2022 M EEAR R A16 BIE) VP X AFA4FRE 77

g0 @ KM156/YN/CHN/2022
85 [| @ KM157/YNICHN/2022
. @ KM185/YN/CHN/2022
@ KM218/YN/CHN/2022
@ KM226/YN/CHN/2022
7| - OP373967/CVA16-2021-71-TY-SX-CHN
931 OP373942/CVA16-2021-163-TY-SX-CHN/
MT663414/K23/YN/CHN/2019
@ KM2317/YNICHN/2022
be @ KM195/YN/CHN/2022
95 L @ KM2707YN/CHN/2022
OP373937/CVA16-2019-580-TY-SX-CHN
00l — OP373941/CVA16-2020-183-TY-SX-CHN
g — @ KM199/YN/CHN/2022
[ @ KM39/YN/CHN/2022
— OP373936/CVA16-2019-365-TY-SX-CHN
@ KM227/YN/CHN/2022
@ KM1T4/YN/CHN/2022
@ KM209/YN/CHN/2022
@ KM294/YN/CHN/2022
@ KM217/YN/CHN/2022 Bla
@ KM200/YN/CHN/2022
@ KM167/YN/CHN/2022
76 | @ KM224/YN/CHN/2022
@ KM150/YN/CHN/2022

5 — OP562235/M50066TW19
OP562233/M50867TW18
@ KM237/YN/CHN/2022

93 @ KM183/YN/CHN/2022
L— MW197369/CVA16-R856a GD-CHN 2018-06
HQ423141/KMM/08
JX068829/TS10/08
JQ354992/Ningbo. CHN/028-2/2009
KY425538/R254/YN/CHN/2010
KY425536/V37/YN/CHN/2014
100 — MT577688/NIV1850103/CVA-16/Pune/2018/India
MT577683/NIV1850114/CVA-16/Pune/2018/India
AB465366/24/Toyama/1981
100 ' AB772007/2680-Yamagata-2011
AM292476/SB16087/SAR/05
99 K11/YN/CHN/2011
KY425530/R5/YN/CHN/2011
KY425535/R37/YN/CHN/2013
KY425540/V86/YN/CHN/2015
KP289416/CV-A16/P83/2013/China
KY425529/V1/YN/ICHN/2015
MW197235/CVA16 2146 GD CHN 2015-11 B1b
MW197402/CVA16-267 GD-CHN 2019-04
MW197332/CVA16-336 GD-CHN 2017-03
KM215267/CVA16/SZ29/CHN/2014
MT663415/K39/YN/CHN/2019
100| - MT663416/K106/YN/CHN/2019

831 MW197406/CVA16-454 GD-CHN 2019-04

100 — AB465369/107/Toyama/1990
ABA465368/576/Toyamal 1988
% AB465370/392/Toyamal1995 B2
& AB465367/379/Toyamal 1984

U05876/G-10 ‘ A

100

0.05

2 BEF£ VP1RZEHBFFIH CVA16 MREHUH
Fig.2 Phylogenetic tree based on full VP1 sequences of
CVA16 strains

PCR. MFFAIELNT, HAGAE] 54 ) CVA16(27.0%),
T 20 53 B AN 22 #K (11.0%), X ik — 4 B iE
4 B 43 B AN U RT-PCR 50U, [RIFHB &3 CVA16
X} Vero 4 ifg 2t RD 40 Mg SRR, X 3R R 43 B
CVA16 BRI EHE Vero 410,

g BT, TE4RSE NI CVAL6 VP 1748 55
L, XF CVA16 23 KT 51 /3 A AN UR) T34 h
KR CVAL6 RyEAk, o n] A SR i B 1 A
EM AR —E 5%,

[1]

(2]

(3]

(4]

(5]

L6]

(7]

[9]

[10]

[Z& 30K ]

Liu Y, Chen J, Zhang M, et al. Coxsackievirus B: the im—
portant agent of hand, foot, and mouth disease [J]. Journal
of Medical Virology, 2023, 95(3): e28669.

FuX, Wan Z, Li Y, et al. National epidemiology and evol—
utionary history of four hand, foot and mouth disease—re—
lated enteroviruses in China from 2008 to 2016[J]. Viro—
logica Sinica, 2020, 35(1): 21-33.

L%, 2R, IR AT EE A16 TR R BT kR ()],
A i e 2, 2021, 34(3): 357-361.
Noisumdaeng P, Korkusol A, Prasertsopon J, et al. Longit—
udinal study on enterovirus A71 and coxsackievirus A16
genotype/subgenotype replacements in hand, foot and
mouth disease patients in Thailand, 2000 - 2017[J]. In-
ternational Journal of Infectious Diseases, 2019, 80(1): 84—
91.

Hoa-Tran T N, Dao A T H, Nguyen A T, et al. Coxsack—
ieviruses A6 and A16 associated with hand, foot, and
mouth disease in Vietnam, 2008 - 2017: Essential inform—
ation for rational vaccine design[J]. Vaccine, 2020,
38(52): 8273-8285.

Ji H, Fan H, Lu P, et al. Surveillance for severe hand, foot,
and mouth disease from 2009 to 2015 in Jiangsu province:
epidemiology, etiology, and disease burden[J]. BMC In-
fectious Diseases, 2019, 19(1): 1-18.

Cai K, Wang Y, Guo Z, et al. Clinical characteristics and
managements of severe hand, foot and mouth disease
caused by enterovirus A71 and coxsackievirus A16 in
Shanghai, Chinal[J]. BMC infectious diseases, 2019,
19(1): 1-8.

Zhang M, Zhao Y, Zhang H, et al. Molecular characteriza—
tion of Coxsackievirus A16 strains isolated from children
with severe hand, foot, and mouth disease in Yunnan,
Southwest China, during 2009 - 2015[J]. Journal of Med-
ical Virology, 2019, 91(1): 155-160.

Chen L, Yao X J, Xu S J, et al. Molecular surveillance of
coxsackievirus A16 reveals the emergence of a new clade
in mainland China[J]. Archives of virology, 2019, 164(3):
867-874.

Han Z, Song Y, Xiao J, et al. Genomic epidemiology of
coxsackievirus A16 in mainland of China, 2000 - 18[J].
Virus evolution, 2020, 6(2): 1-15.


https://doi.org/10.1002/jmv.28669
https://doi.org/10.1002/jmv.28669
https://doi.org/10.1007/s12250-019-00169-2
https://doi.org/10.1007/s12250-019-00169-2
https://doi.org/10.1016/j.vaccine.2020.11.031
https://doi.org/10.1186/s12879-018-3567-x
https://doi.org/10.1186/s12879-018-3567-x
https://doi.org/10.1186/s12879-018-3567-x
https://doi.org/10.1186/s12879-019-3878-6
https://doi.org/10.1002/jmv.25297
https://doi.org/10.1002/jmv.25297
https://doi.org/10.1002/jmv.25297
https://doi.org/10.1007/s00705-018-4112-3

78 B BE B K222 4

545 %

[11]vitL, Zeng H, Zheng H, et al. Molecular surveillance of

coxsackievirus A16 in southern China, 2008 - 2019[J].
Archives of Virology, 2021, 166(6): 1653-1659.

[12] Guo J, Cao Z, Liu H, et al. Epidemiology of hand, foot, and
mouth disease and the genetic characteristics of Coxsack—
ievirus A16 in Taiyuan, Shanxi, China from 2010 to
2021[J]. Frontiers in cellular and infection microbiology,
2022, 12(1): 1040414.

[13] Jiang L, Jiang H, Tian X, et al. Epidemiological character—
istics of hand, foot, and mouth disease in Yunnan Province,
China, 2008 - 2019[J]. BMC infectious diseases, 2021,
21(1): 1-8.

[14] KangY J, Shi C, Zhou J, et al. Multiple molecular charac—
teristics of circulating enterovirus types among paediatric
hand, foot and mouth disease patients after EV71 vaccina—
tion campaign in Wuxi, China[J]. Epidemiology & Infec—
tion, 2022, 150(1): 1-19.

[15] Jiang H, Zhang Z, Rao Q, et al. The epidemiological char—
acteristics of enterovirus infection before and after the use
of enterovirus 71 inactivated vaccine in Kunming,
ChinalJ]. Emerging Microbes & Infections, 2021, 10( 1):
619-628.

[16] Wang M, Chen T, Peng J, et al. The spatial — temporal
distribution and etiological characteristics of hand—foot—
and-mouth disease before and after EV—-A71 vaccination
in Kunming, China, 2017-2020[J]. Scientific Reports,
2022, 12(1): 17028.

[17] Song C, Li Y, Zhou Y, et al. Enterovirus genomic load and

disease severity among children hospitalised with hand,
foot and mouth disease[J]. E Bio Medicine., 2020, 62(1):
103078.

(18] MR, Wic4s, ~HEME, 45, 20152019 F = H T2
1 LA T B J 2 Rk 43 A (0. MRl T2 A= 550403
2022, 37(5): 278-282.

[19] LA, B, HIE, 55 2019 IELRF BT T LN
95 H TR 2 T A 4 16 UL AR 2047 (0],
PR IEI, 2022, 37(6): 755-759.

[20] #hede, ek, MIE, 45, 2019 4R PG4 T 2 AR 1Y)
95 JEAE) B B A 2 A5 A6 LIS B A9 VPL X P 81 43 #F
(J]. BUCTREG EE2%, 2022, 49(7): 1289-1293.

[21] FRLL, B4R, 41%t, 5. 2009-2017 4EVLIR4E 12 Fik
97 i S A BT A16 B o FIRA TR SE ST (0D, h
FE BRI, 2019, 35(2): 113-119.

[22] #Hiat, FWW, K, 5. 2018—2019 4E4b 5t i =
AR A 2 16 B FIATR ORI D). A e
PEREHEE, 2023, 51(1): 40-48.

[23] skobk, B, S, %. 2018-2019 SFLZBAA M 1"
AR EE A 41 16 B B1 KPR R 43 B MR 43 T REAE A3 BT
(J]. S i, 2022, 37(8): 1026-1031.

[24] xHaHs, LB, 2300, 4. 2021 4R R I 2 11
TRATIRG 27 R A 5 28 SRR [J/0L]. v [l i A
i, 2023, 29(1): 64-70.

[25] 24, RANLE, RIGERR, 5. amA R 2022 45
& CU R G4 5% 2 9 75 A 16 BUIE UERAE 430 [J].
FE P BE 2, 2023, 23(10); 1104-1108.


https://doi.org/10.1007/s00705-021-05052-8
https://doi.org/10.1186/s12879-020-05706-z
https://doi.org/10.1038/s41598-022-21312-2

	1 材料与方法
	1.1 检验标本
	1.2 主要试剂
	1.3 病毒分离培养
	1.4 病毒核酸提取和肠道病毒鉴定
	1.5 CVA16全长VP1基因的扩增和测序
	1.6 序列分析

	2 结 果
	2.1 CVA16 毒株分离培养与鉴定
	2.2 基于全VP1基因的系统进化分析
	2.3 CVA16VP1基因核苷酸序列的同源性
	2.4 CVA16 VP1氨基酸序列的同源性
	2.5 CVA16 VP1氨基酸突变分析

	3 讨论
	3.1 系统进化分析
	3.2 VP1区氨基酸变异
	3.3 细胞敏感性分析

	参考文献

