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[ Abstract] Objective To analyze the transmissibility of varicella in Ningbo city from 2020 to 2023 and provide a
reference for establishing herd immunity targets for varicella vaccination. Methods A retrospective analysis of varicella
outbreak cases in Ningbo city from 2020 to 2023 that met the research criteria was conducted. Based on multiple
outbreaks in Ningbo city, parameters required for the model were provided using data calculation or curve fitting
methods. Important epidemic parameters such as attack rate, incubation period (7e), serial interval (7g), basic
reproduction number (R;), and time-varying reproduction number (R,) were calculated. Results From 2020 to 2023, the
annual varicella attack rate in Ningbo city showed a wave-like upward trend, with a total of 17 reported public health
emergencies of varicella, all of which were school outbreaks. The outbreaks mainly occurred from October to January of
the following year, exhibiting seasonality. The exposed population was 43 503, with 414 reported cases, resulting in a
total attack rate of 0.952%. The median incubation period of varicella was 12.39 (95%CI: 11.83 - 12.94) days, and the
average serial interval was 14.05 (95%CI: 12.75 - 15.35) days. The R, value was 3.74 + 0.73, and the changing trend of R,
indicated that the spread of varicella in Ningbo city basically showed a trend of extinction around the 30th day.
Conclusions The prevention and control measures for varicella outbreaks in Ningbo city are effective, with the overall
epidemic trending towards extinction, and the control effect becoming prominent in the third generation of cases.
Prevention and control should be strengthened to further establish herd immunity to reduce the peak of the epidemic and
shorten its duration.

[ Keywords] varicella; dynamic model; basic reproduction number Ry; time-varying reproduction number R,
epidemiological parameters; Ningbo city

FFHESREL: CC BY-NC-ND 4.0 DOI: 10.11847/zgggws1146704

EEWMB : WiLEEL PAREIHR(2023KY 1130); T3 i RHE T RII H (2023S042) 5 735 17 B 7 TLAE i i 1 A 8K
KR I H (2023020713 )5 WL Zehili A 33 5F 78R3 B (LGF21C010001)

F—1EH: AFRE1999—), Wi-HAEEE, W7 . WA 5 DAL .

i EHEA: 2024-12-18 {&EIEHA: 2025-03-04 FEFABHA: 2025-05-16

FIEE IR : TAFAE RIBEE: CIKR AR : A AAE R O g4 25 B R A DTk s 1 R L 1l



mailto:787132948@qq.com
mailto:pank1980@163.com
mailto:787132948@qq.com
mailto:pank1980@163.com
mailto:787132948@qq.com
mailto:pank1980@163.com
https://doi.org/10.11847/zgggws1146704

- 788 - FE AT 20254 7 A 41 55 7 W

Chin J Public Health, Jul 2025 Vol.41 No.7

/K 95 (varicella) /& 7K 5 —7f K 6 2 ik 5
(varicella zoster-virus, VZV ) J& 4% 5| & /) — Fp 24
P W T A g, 3 L0 I WP I R AR A R B L
Wb L %, ALtk g, B el R R RATN, 25
R AR AT R A S DA AR A
iz —, HHESHMESa5 nag RS, R
7] Hb XA N % BE L AT R 2L A &%
R0 2 K T A 3 B i g ), TR K A
& B A W2 5 B R RRE . NS KSR IR R 2
WEERIME— 1 £, B &R . I T30
J7 5SRO F TN S 5 it YA R R A TR
AT 2 R A 0 B vk 16T, K H A H (basic
reproduction number, Ry) N 7E LT FE LT, 4
Zy 8% N HE A B B I 0 18] 51 kD 1R Ak R Rk e i 451
HoE, WL IE R, 2 AL Y AL 4 i —
NEERbR: T Ry v UMM B KA #5300
SRR A A b 2 A, Oy ST AR G B B | e
e M FH bR HEK A . A A BL 2020—2023 4
TR T B 7K ) BOEE SRR T G, A R AR T
A JF Tt E AR AR, DU N VRS T
P T KT B AL 7 ) R AHT R

1 AR

L1 Rk R B T HE B &R
i, i I8 R0 I TR IS4 20202023 4 7 3 1l /K g
i 9 504, A0S AR AR S L I PR AT Bk S A
&, LAOKIE RS .

12 F&k SEKERNREERE, RHET SEA
T VEARNHE S N W& N (SEIR A 5Y) 11
FARTGAL GR35 MRS H, DLVl T BT K
WIAERE ) o IR AT I A% R B I 1% T S A T
AH AT ARG R A RS RO ATIRP 1

Ry = 1+1Tg+p(1-p)(rTg)*

o, p AW AR 5 A BRIA B 2 B, 3l p=
Te/Tg, 4% tk # (incubation period, Te) (5 1% Fx [A]
b% (generation interval, Tg) ) Eb 451 100, » y B 3] $5
B I, A A 2

r=1InY(0)/t

Horr, (o) & b3 ¢ i Z0 0 iR g N 4.

126 HUAT B0 ) — O 1 R 5 e e 91 1 A
T Te Il Tg (M1 . Tg 8 I A% 34 (1) 3% 253 11
99 H A 22 16 f) Ta) B B R A 5 o Te $ S0k 11
T332, LWL I B 7 A5 A 9 491 de L R o MR ) % R I
V) 3] HH RE AR (10 B 18] 8] B Ay 1 o AR A 5T Te 14k
THIXTE] Dy [ ZAw B K00 H 3—(— A% 61 & H
W+ S I TR, AR 91 R H - (— AR 1]
R H -0 5K S TE])]

Horb, ATIKERIEE N 1~2d, HCHATE P96 R
A FEGLPEN 2 SO BT, AT RTIRIAE 2 d\ K E
WIHL 7 d), i) A% 4 $ (time-varying reproduction
number, R,) K FE 75 1] 1K) & I ) 25 4% B B2 1H 5,
B 1E € & VPl 7K AE A [F] I 18] A A% 3 e
1.3 %t 447 {fH Python i 5 1 Excel 13 A&
PRUSCER  TE BN A s o K H A2 2 (median, M)
Y 43452 #5 [8] BB (inter quartile range, IQR) i /K&
R oy 3 T A F 4 (public health emergency events,
PHEE) ff) RF & I [A] . fE & 2, 5 ) B S5 FR b s DA
x+ IR Ry fH, VL P<0.05 AZEFARIFE L. fF
H Python i& & ' ¥ scipy.stats /&£, i Kolmogorov-
Smirnov K556, XF Te 1 Tg HIMEHE4T gamma 4347 1]
WA 5, FH8H Python 1 5 H¥ scipy.stats
JE S IR AN By H 3, TH 5 Te F0 Tg WP 2{H . Al
F Python 1& & ¥ scipy.stats %, & Shapiro-Wilk
for s, X Ry {8 B4R AT IEA K5 . Af A matplotlib.
pyplot [ 2z i) i A8 B A= F A Ak 35 1

2 8 R

21 KERRBEAAFENL(E1) 2020—2023
T 0N X B, RAE 17 RKEREK
e, BIRAE TSR, #e et 414 1), g
408 &A1 6 A HUIW, #FE 43 503 N, EHE B R
0.952%(414/43 503) . JCAE T B # 25, B 15
I3 9 35 R 1 10 41

1 20202023 4T P KIZHRATIROL
Table 1 Varicella incidence in Ningbo city from 2020 to 2023

2020 5 192 21417 0.896 0.962(0.843, 2.043) 49.0(45.0, 69.0) 32.0(29.0, 35.0)
2021 6 101 9420 1.072 1.214(0.731, 1.762) 28.5(24.5, 38.5) 16.5(13.3, 20.5)
2022 4 82 9188 0.892 0.867(0.681, 1.091) 27.5(17.5, 34.3) 20.0(16.0, 24.5)
2023 2 39 3478 1.121 1.226(0.931, 1.521) 40.0(28.5, 51.5) 19.5(16.3, 22.8)
&t 17 414 43 503 0.952 0.962(0.686, 1.810) 35.0(24.0, 49.0) 21.0(16.0, 26.0)
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Table 2 Distribution of varicella cases in Ningbo city in urban and urban-rural fringe area from 2020 to 2023

X FEIE R 9o 8 /] YT N R % BEELHE AR [MUQR)] %
i) 6 177 21274 0.832 1.142(0.605, 1.815)
W2 Bt 11 237 22229 1.066 0.962(0.757, 1.514)
it 17 414 43503 0.952 0.962(0.686, 1.810)
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Fig. 1 Distribution of varicella case reporting time in Ningbo city
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Fig. 2 Trend of time-varying reproduction number
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