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[ Abstract] Objective To investigate the transmission dynamics parameters of coxsackievirus A16 (CVA16)-caused
hand, foot, and mouth disease (HFMD) in primary schools in Shenzhen, Guangdong and elucidate its transmission
characteristics and trends. Methods A field epidemiological cross-sectional survey was conducted following the
outbreak of CVA16-caused HFMD in a primary school in Shenzhen on September 14, 2024. Detailed investigations were
performed on confirmed cases and close contacts. Additionally, symptom monitoring accompanied by nucleic acid testing
was carried out over a two-week period. Sampling was discontinued upon obtaining two consecutive negative nucleic
acid test results. The incubation period distribution was modeled via three parametric approaches: log-normal distribution,
gamma distribution, and weibull distribution. The basic reproduction number (R0) was estimated from the cumulative
number of reported cases during the initial growth phase of the outbreak. The serial interval was estimated by a Bayesian
approach, and the posterior distribution of the model parameters was estimated by the Markov Chain Monte Carlo
(MCMC) method. Results Among 96 susceptible individuals under investigation during the outbreak of CVA16-caused
HFMD at a primary school in Shenzhen, 43 cases, encompassing both confirmed cases and close contacts, were
identified. Fourteen cases were laboratory-confirmed as CVA16 positive in HFMD, indicating an attack rate of 14.58%
(14/96). Goodness-of-fit analysis of the three parametric distribution models revealed that the weibull distribution
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provided the optimal characterization of the incubation period for CVA16-caused HFMD in primary schools in Shenzhen.
The weibull distribution showed the Watanabe-Akaike Information Criterion (WAIC) and Leave-One-Out Cross-
Validation Information Criterion (LOOIC) values of 52.7 and 52.8, respectively, outperforming both the gamma distribution
(WAIC = 53.3, LOOIC = 53.4) and log-normal distribution (WAIC = 53.3, LOOIC = 53.3). The weibull distribution
revealed a mean incubation period of 3.0 days (95%CrI: 2.2 d-4.0 d) for CVA16-caused HFMD, estimating an incubation
period shorter than 0.5 day in 2.5% of the cases and an incubation period shorter than 6.3 days in 97.5% of the cases. The

outbreak persisted for 9 days, and the estimated RO was 1.94. It meant a single infected individual can transmit the

infection to approximately 2 secondary cases on average, without any intervention measures. Six infection sources and

eleven transmission chains with variable estimated serial intervals and credible intervals were identified. The combined
average serial interval was calculated to be 4.2 days (95%Crl: 1.9 d—6.4 d). Conclusions CVA16-casued HFMD in the
primary schools in Shenzhen is characterized by a short incubation period, a high R0, and complex transmission chains,

necessitating a comprehensive prevention and control strategy.

[ Keywords] hand foot and mouth disease; coxsackievirus A16 (CVA16); transmission dynamics parameters; primary

schools; Shenzhen city
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Fig. 1 Estimated cumulative density functions and empirical cumulative density functions of incubation periods of CVA16-caused
HFMD with different parametric distributions



PE AL TR 2026 45 3 A28 42 558 31

Chin J Public Health, Mar 2026 Vol.42 No.3 - 357 -

23 EAAFRAH ARREHEILEZ 14 CVAL6
BE P4 T A2 11995 95 9], MR 908 1 T8 10 20 7 A1k T o7 3 7
RIAN 3.0 d, Bt LEFLE 9d, IRANARK, 1533
KA HCR 1.94, RITE A T TS 15 00 F
1 R g3 3 Re AL deghik 2 N .

24 Ayl (B 2)  JEhE R DL HE SRS
X H ) BE A A T E N 4.2 d(95%Cri=1.9~
6.4d), MERNREHEBEEZN A, H2E
AN TS IR 2 2 A R A R A% 16 85 26 M — N
i) LB BI0RE PR 3 T — AN 95 1]t ERE R B T ) B 1)
A GO BB AR A 8] B S 58 4 AT I I
2 2 RIR 95%Crl, 2R 4% (1) B8 I W T Ad THE AN
B € s B 23R 5 58 43 A 1 %5 B B A T 19 43
AL &2 E I AT E N SE. B
WL, AN [R) B 2% 1) 1) 1) B Ak o1 A A 95%Crl £ AN
FHTE] S 150 B AS [F) A% 4% B8 1R A7 76 22 575 BAS () 42 i
BF 1) 42 il oy SRR 32 48 e N CVALe T F 2 1
I A A NE AN [R], 72 A3 FH A 5 40 A 55 52 40 BT i 28
BRI R, FF A A A THE N 42 d
(95%CrI=2.1~6.6d) »

(n=3) 5.8 <4.6~6.9)§ ‘
- m> 4.9 (3.2~6.5)
el (n=1) 2.4 (0.8~4.6)
| (n2) 58 (43~7.0)! ‘
I L (n=2) 23 (1.1~4.0)
L A (n=2) 4.0 (2.8~523)
ol __Ml) 42 (1.9~6.4)

0 2.5 ‘ 5.0 7.5 10.0
F-¥ 551 18] ki /d
2 AN [ S B AL T AT 4 R B TR B
Fig. 2 Estimated mean serial intervals for different
transmission chains

LS
MW A L o

33 i

T AR 2 I3 2 I fis i A B 4R 3R I
P 975 i R P 3 BN TR], JFL S ) 5 o o 4 ) SR
BOCET, A BT T 0B AR % 0 RF S
], DA AL 4R U7 AWt 4 R E R, CVALG
BT 2 DU AR BRI /D 8 el 1 ~F 3 38 AR
59 3.0 d(95%Cri=2.2~4.0 d), 54 [F B4 HL K@
W 5| AT AR 3~7 dUS) S — 2, BRI
N T T R T AR A 4.7 d(95%Cri=4.5~
5.1 d) B, v B8 5 G #UH R T E R B &
CEG 2 RG] AR [ T 2 T g 3 9 B I Y
ZERA R

FE AR A T i 5 TN T v 2R R R 0
TR 2k 9 491 TS S B, EH AR G 1) R S ]

AR R e . AT AR AB TN
T B ST it 5 975 42 o) 1 i B 1 AL AR TRD I SRR R
ENAS, Q) (1 e A A, FEAR AR > K
T ey BP0 ARG T CVALe BT
S I 925 175 0 46 B 300 ) B AR 15 AR £ 1.94, RITE
B A AT AR T e A LR, 1R 3 R
B 2 N o AREFH AR A BN T Zhang Z
SRV B g A T AR PR AE K (4.84), WTRES )5
AT 2 AR AR O AR R A S A R AR R
B3t 316 X CVAL6 Y T & 115 7 15 Al 55010 A 2%
b 3R 168 72 S A 0% H s T P A b XA o 1)
CVAIL6 BIF & MU 3 A T A 501 1.33~1.4612, 7T
BE A T AR S 0 25 7 B2,

F- %) 18] e A2 48 JiR R P9 81 15 44k 0 481 2 [
SAE PR HH I (1) B JR) [V o, A 10 R 2 5 A 47 o 5 N A%
TR — A RS 5, B 1T 5 18] B 2 vk o
PRI AL IR IRGE 2T R R AE S CVALG BT 2
19 B 7 25 5 # Ta) B oA 4.2 d(95%Cri=1.9~6.4d),
HEGEXEESD TBREEER 22~40d4) . 7
A1) [61) I 308 o A AR 98 AR Y1, 412 7% T 6 A7 70 IR A
4%, B JEE R0 18 7E v AR 3 R ) R bR I AT 1~
2d) B AZAE Y, X5 Xue L 28 w74 B2
75 18] B PR (6.4 d) #E I AR I R (4.0 d),
Peon AL G BAZE K, B0 4399 491 7 RE IR Y 2K 5 AT 4
SRR, X — 45 B SRR 2 1 TR 9% 1 4
(2009 iz ) ) HA S A G 5 A5 35 170 480, BT < S I PR
A LB R B Z AR K5 1P, LU
b7 925 95 £ 4

g LTIk, CVAL6 BUF & IR TE IR YT /N 2
2 Tl P9 4 B A T AR U R R A T A B v R A
P BE ST 24 (PRF A SRR TE S8 17 B8 R0 T3t B PRkt
TE RN B R, B e D R, [ T
o 22 T R R M DU R0 B 4% A e o B T R AR G A
F 19 5% B B 18] R E AT DA B G b N 2 R ) A% AR
A, i) A R 4 ) S R4l A 4 T AR T
TOURS e 42 5 AL 2 A 3 (H A AT AFAE — 2 R
PR« 0 FE A B AR /N, 78— B FE BT R4 X Ot
SR T R 22 5 30 40 2 AR TR e T AR [l Y
2 S VB2 fih 07 30T B8 A7 LE [BUAZ R 25 s R4, 3B AT
RE AT T 0 43 A W0 4% ) (1) J0 i R A% #8524 . R UL,
1E JG BT 70 AR SR B S 7 5 AR 2 AN I
BAFI 5 K REAAR R 18 Fl T IB B R 4L R IR
JG 4 fih D) 6% 38k G [ 17 Al A3 A0 T 2 I BES 4 BA 510 A5
FURE TCE TR N B 95 DR O 7 % 35 IR R 45 % 4k
TR Bk — 25 X6 A 72 45 S0 LA AIE
B/ HEEE ASTRTHKELETHAEEY
MNAGEE RERLERBNE, EENFLT
BF,ARXANKRT 5 T RHBIR 8, LA



358 -

pE AL T A 2026 4F 3 A5 42 555 3

Chin J Public Health, Mar 2026 Vol.42 No.3

R 2L FREN, T RBHHEMN
TR, Tk TE R 46 ¥

&3 Xk

(1]

[2

—

[3

—

[4

—_

[5

—

[6

—_

[7

—

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

i, R, Jri, 2 R FUR LAl A B BT SR (0], A
WATHE 24 &, 2022, 43(6): 966-973.
AR B, JGIR, T3 TE, 2. 2013—2022 4 R RIN T F 2 F i
ATRHAEANG 5220 B [J]. B0 B, 2024, 39(10): 1263-1269.
W R, RAENE, skivestie, 55 X8 1V AH 5<% 38 093 75 7% 1 ik ek
JE S IE 0] R4 1E I, 2025, 38(1): 83-88.
o, VRIS, I T A 71 BT R LU RAT R Ak R
[1]. JLRH 2224 3, 2024, 30(2): 50-55.
. W= Z I RE A16 TYBEE BT TCLE S (7). P AR M i 22 A,
2021, 34(3): 357-361.
Yuan X L, LiuZ W, Wan L, et al. Recent advances in anti-coxsackievirus
A16 viral drug research[J]. Future Medicinal Chemistry, 2023, 15(1):
97-1117.
P X A ff R R 2. T AL IR 2T IR T (2018 4ERSO]. 1 2
Ak, 2018, 8(5): 347-352.
RELZE, B, RIESE, 5. AR Y UM T ST VE R AT
BOL ] AR TR 2% 3, 2020, 54(9): 1026-1030.
RAGAE, B, 7SR, 45, B R R 1 R B LA B AT
ESHAGTHIR AT (1] hARAT IR A8 &, 2020, 41(4): 461-465.
XU, SLUKEE, MR 43, %. COVID-19 ¥R BRSO i il TH i St -2 )7
VR (0], ThE ARSI, 2023, 40(4): 540-545,548.
Lartillot, N. Identifying the best approximating model in Bayesian
phylogenetics: Bayes factors, cross-validation or wAIC?[J]. Syste-
matic Biology, 2023, 72(3): 616-638.
Lauer S A, Grantz K H, Bi Q F, et al. The incubation period of corona-
virus disease 2019 (COVID-19) from publicly reported confirmed
cases: estimation and application[J]. Annals of Internal Medicine,
2020, 172(9): 577-582.
Lim C T K, Jiang L, Ma S, et al. Basic reproduction number of
coxsackievirus type A6 and A16 and enterovirus 71: estimates from
outbreaks of hand, foot and mouth disease in Singapore, a tropical
city-state[J]. Epidemiology and Infection, 2016, 144(5): 1028-1034.
X T2, B BT R A B AL B R 23 )2 DU S/ NgiAl v 7 i
WEFE [J]. it 515 BBz, 2024, 39(8): 3-15.
RIS, DU S B TR AL e i B R (R RE AT [D]. 220 22

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

MK, 2022.

g, RIFEH, XML 5T MCMC A0 FiB A A S 808
THE MR T IE [J]. R, 2023, 46(12): 120602.

EK, BRAR, TKERG, 5. R T B e IR B A 28I AT RHE S IR
HEHAE [7). Hr A 26 &, 2020, 24(7): 830-834.

Koh W M, Bogich T, Siegel K, et al. The epidemiology of hand, foot
and mouth disease in Asia: a systematic review and analysis[J]. The
Pediatric Infectious Disease Journal, 2016, 35(10): ¢285-¢300.

Yang Z Z, Zhang Q Q, Cowling B J, et al. Estimating the incubation
period of hand, foot and mouth disease for children in different age
groups[J]. Scientific Reports, 2017, 7(1): 16464.

Fi2i, ARG 20, 0 e i A HESE A T A2 5 1% 4R O By A
M R 3 320 bt (7). sRBUR 2240 (BE2EAR), 2024, 70(4): 526-538.
Zhang Z, Liu Y, Liu F F, et al. Basic reproduction number of entero-
virus 71 and coxsackievirus A16 and A6: evidence from outbreaks of
hand, foot, and mouth disease in China between 2011 and 2018[J].
Clinical Infectious Diseases, 2021, 73(9): €2552-¢2559.

Xia F, Deng F, Tian H, et al. Estimation of the reproduction number
and identification of periodicity for HFMD infections in Northwest
China[J]. Journal of Theoretical Biology, 2020, 484: 110027.

R L, R R A, DR, 5. 20102018 AEH R A F R LR FE AT
PHERAT IS RIRBIH R 0T (7], R E A S T4, 2024, 40(2):
218-222.

IR AN F XT3 RIRATRFE 5 R 3R RO8E B Tl
WHFT [D]. ¥Fra: IHAKE, 2023,

I, REAR, R, 55 T ARE R TR L R A K VA A
KB EAS (1], HEA LA, 2022, 38(2): 203-208.
XuXYY,WuY, Kummer A G, et al. Assessing changes in incuba-
tion period, serial interval, and generation time of SARS-CoV-2
variants of concern: a systematic review and meta-analysis[J]. BMC
Medicine, 2023, 21(1): 374.

KT, Wk, B, S R A BT B SE IR 7 i 48 5 4 ) R
FC [1]. SERBIBTEE 2%, 2022, 29(2): 178-181.

Xue L, Ren Y Q, Sun W, et al. Modelling the dynamics of hand, foot,
and mouth disease transmission through fomites and immigration[J].
Mathematical Methods in the Applied Sciences, 2024, 47(11): 9385-
9408.

TR, PR TR T4 SR (2009 FRO[T]. 4 RHEE 221 K S #
H, 2010, 8(2): 125-127, 133.


https://doi.org/10.3760/cma.j.cn112338-20211221-01006
https://doi.org/10.3760/cma.j.cn112338-20211221-01006
https://doi.org/10.3784/jbjc.202312120654
https://doi.org/10.3969/j.issn.1007-8134.2025.01.016
https://doi.org/10.4155/fmc-2022-0195
https://doi.org/10.3760/cma.j.cn112150-20200629-00943
https://doi.org/10.3760/cma.j.cn112338-20200205-00069
https://doi.org/10.11783/j.issn.1002-3674.2023.04.013
https://doi.org/10.1093/sysbio/syad004
https://doi.org/10.1093/sysbio/syad004
https://doi.org/10.1093/sysbio/syad004
https://doi.org/10.7326/M20-0504
https://doi.org/10.1017/S0950268815002137
https://doi.org/10.3969/j.issn.1007-3116.2024.08.001
https://doi.org/10.11889/j.0253-3219.2023.hjs.46.120602
https://doi.org/10.1097/INF.0000000000001242
https://doi.org/10.1097/INF.0000000000001242
https://doi.org/10.1038/s41598-017-16705-7
https://doi.org/10.1093/cid/ciaa1853
https://doi.org/10.1016/j.jtbi.2019.110027
https://doi.org/10.11847/zgggws1142146
https://doi.org/10.11847/zgggws1132059
https://doi.org/10.1186/s12916-023-03070-8
https://doi.org/10.1186/s12916-023-03070-8
https://doi.org/10.3969/j.issn.1006-3110.2022.02.013
https://doi.org/10.1002/mma.10075
https://doi.org/10.3969/j.issn.1672-3686.2010.02.002
https://doi.org/10.3969/j.issn.1672-3686.2010.02.002

	1 对象与方法
	1.1 对象
	1.2 方法
	1.2.1 病例搜索和调查
	1.2.2 实验室检测

	1.3 统计分析

	2 结　果
	2.1 一般情况
	2.2 潜伏期（表1、图1）
	2.3 基本再生数
	2.4 序列间隔（图2）

	3 讨　论
	数据可用性声明
	参考文献

