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[ Abstract) Objective To systematically assess the non-linear and lag effects of daily mean temperature
on varicella incidence in Weifang using a distributed lag non-linear model (DLNM). Methods Surveillance data on
varicella cases and concurrent meteorological data in the Weifang area from January 2014 to December 2023 were
collected. A DLNM was applied to analyze the exposure-response relationship between daily mean temperature and
varicella incidence in Weifang area. Results A total of 7,871 varicella cases were reported in Weifang area during
the study period. Daily mean temperature correlated negatively with case counts (r,=-0.235, P<0.001). With the
median of daily mean temperature (15.69 °C) as the reference value, the relative risk (RR) value was higher under
low temperature conditions, and the influence of low temperature appeared in the early lag period (0~9 d), while the
effect of hightemperature showed a two-stage characteristic. Inthe earlylag (0~7days), it was a weak riskfactor, but
inthe later lag(e.g., 14 days), it may turnintoa protective factor. Subgroup analysis revealed that varicella incidence
had significant seasonal heterogeneity and age differences, and the incidence risk of the 3~6 years old group in
winter was 1.9 times that in summer, showing an obvious seasonal fluctuation pattern. Sensitivity analysis confirmed
model robustness. Conclusion Temperature nonlinearly influences varicella incidence in Weifang, with low
temperatures posing sustained risks and high temperatures exhibiting a mild and biphasic lag pattern. Prevention
and control measures should be strengthened in crowded places such as schools and childcare institutions.
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Table 1. Statistics on the daily number of varicella cases and meteorological factors in Weifang city from 2014 to 2023
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Table 2. Lag effect at different temperatures and lag days
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Figure 1. Cumulative relative risk at different temperatures and lag days
TR, AE —10 °C 3K 3 B AR MR T = B, KT H e 1R R e R S s

RS, FER LT 20 °C A4 E AR
fi (CRR< 1) , BJSHEIRETHE N LT B
JERH RSN, WS 14 d B CRR BaEIRE T 5
RS, BRI 7K s 1 5% i ] 21 HL

yxxz.whuznhmedj.com

TP PRI RN o R WAL R 7K & i 1 5% i)
FEAEEW (0~9d) NPEEBEH, MR (>
30 °C ) WYREMALEAT T 0~9 d 27K 95 &k i G
554 PSP (=R S IR 5 ICER S I B =8 AeS = P 8



136 EZFFH 2026 £ 2 AL 36 £5F 2 H New Medicine, Feb. 2026, Vol.36, No.2

5 R IR 2
2.4 HDHT

WA AT s, IRRT K 9 R A7 AR
ZAT R P < 0.001 ), FEAZ(ASE B A ZTT ),
RCIRLAE R B R SR B AR, =5 °C 7EHiTJE 0~14 d
mF CRR K H: 95%CI 2 1.41 (1.14, 1.75) , UKt
2, £FENRBEEER LR BE, K
B . AR T AR R IR 4 B
3~6 % ARG KR BB S A R e B, H
P (R A 2RI (3.1 61 ), kR Z (2.9 ) ,
HEPE (2.76]) , EERMR (2.66]) ; =7%
YA LIRS AL 0, Mgl 2R A ST
S (P <0001) . BaFhS R R D
A H AR
2.5 HRMESH

A 1t A AR AR v g SCRE A R A T S TR (4
KB R 6d, 7TdM S d) FTHURME T, W
gEREONRRE, WA RMARRON AR —E, PRI
BRI SRR 3.

3 ik

B FE 5L THEDT T 2014 4F 2 2023 4E /K95 &
S Bt S R AR 50k, SR A DLNM #58 R 45853
BT B AR SE B A0 6155 52 e S fe
BN, N, RIS KRR Z A
AR MOC R, HRM I W R RE, 52
S5 VIR S5 e A — 2 MRIR X AR A 52 i)
FOARIBURIFREA, JCHAERG 0~9 d NV 2,
T o ik B9 52 W) DO G S RD L K I I [
(4014 d) FEERIE —E WP %k
IRy PR SR AT A 46 1 Sh A5 P it 1 d
WA, A DX I s S T A SR ) i LA S
&R,

AW e BRI 2 7K I & e 1Y) o A I TR
£, S5 EmEE Yo gs BRAN. 7SR
(0~5d) , RIREAMT RR{EZETHE, HEBEE
FEREAR s KUt — 2L B4, 5 200056 T I
Y 5 R R AF 5 — 2 U RIREREE AT
I Z AL AL BER R, — i, IR A
HEE PGS, UM 2, TR
ARG P Al 3% 00 RS Y S —J5 i, IR T
B BONARIE IR E B e 2 T aE T R, 34 & J8&
PEW BUAL, VZV IR EETE R TR BT AT i

[AIEER, o nT R He e E A4

EAFE RS, i X 7K 2 1) 52 e 35 B
S REA R R EHE 0~9 d N, wriiEd))
NFERNER, (HRN AL, TS 14 d B, &
IS MR BRI RON (RR < 1) o X ATRERA
NERGRIRE T, AHE NGB, N RE
B, MNTTRREAR T A4 MBS [RIINE, ol s A
BEal REAH TR T AE YRR B A7, 4 A
HMEREE AT R ) Y X -2 RRR R
gtk i n A LB R 0" 5“2
B RHiE. WA TR E— 2D 4w T AT S,
RN KT A AR WA A 0 5 A 30 S g
KRR E R EIFNFE A 5 3~6 2 41Je &
B RMME, X5 P KR A TR S IR L
AR RN IRE — 2 HAR R B Ry
[ERiE

RUFFAFE—E RRIE. B, BRI
R T, ASEsMERIER. Hk, B T
ERRR MRS E S, (HR & H A
23 AR Y A A VR A TR 2 A e X K g A R B 5
Wi, MeHh, AKIE SRR TR I R g, Al
REAFE IR B2 A — B 00, JCHERRAE
ARSI, ARRWFTE A LG 2 0B, PIA
BRI AR, JF S S N LR TS
A SRR EL

g LRTIR, SRR RO 1 Y E 2R
WE, HEHA WA ARL At SR Feik. A
BIF5E e D7 L XA B AR AL T Rk,
FL TR T B A R BE T2 AR
LA IR N R SEGRC RIS, 456
TR, MRS ER RS TR, A
AT Rk AR A5 AL e B B4 H

AR CEZHMD) EMME R (https://
yxxz.whuznhmedj.com/futureApi/storage/
appendix/202509094.pdf )

IR AW TR R (1 ML RIS T i A b 7 AR o D s
W, HIOXEFEDNE LT TR0, BFTE R R
BRSNS R BOSS PR T, ASRARB B AEIREA, Rk
BRG], REHERIME LI T IS, AT e A
AR [H]

fEETumk: SCBRAEY . ROGE . AR SCERE SN SRR

oM SCEERIE . BORMS . TR, BHBRAE . AR, Tl ; Sk
B3 WERAE . T b

yxxz.whuznhmedj.com


https://yxxz.whuznhmedj.com/futureApi/storage/appendix/202509094.pdf
https://yxxz.whuznhmedj.com/futureApi/storage/appendix/202509094.pdf
https://yxxz.whuznhmedj.com/futureApi/storage/appendix/202509094.pdf

EZFFHE 2026 £ 2 AL 36 % 2 B New Medicine, Feb. 2026, Vol.36, No.2 137

HORIREL: AW AN (5 347 AR T I AR0E 15 VR AR

ik

REMR:

Brigf: A&

SE 3k

1

E«ﬁ g, T AR, X B 2016—2019 4F rh [/ K 5 3 A7 9 2% 5
1. R R | 2020, 26(4): 403-406. [Dong PM, Wang M,
Liu YM. Epidemiological characteristics of varicella in China, 2016—
2019[J]. Chinese Journal of Vaccines and Immunization, 2020, 26(4):
403-406.]
lfﬁ(ﬁ FH ., 2 0, E 2%, 4. 2005—2015 45 [ K9 34T 4
FRAE (3] b [ fuﬁu , 2019, 25(2): 155-159. [Sui HT, Li JC,
Wang M, et al. Varicella epidemiology in China, 2005—2015[]].
Chinese Journal of Vaccines and Immunization, 2019, 25(2): 155-
159.]
TEZ A%, B0 o, P i F. B JLRHIG IR 2 7 f8 1 - K
(3T E L BF 4R @, 2016, 12(1): 1-6. [Wang SC, He LL,
Sun LP. Guideline for clinical diagnosis and treatment of pediatrics
of traditional Chinese medicine varicella (Amendment)[J]. Journal of
Pediatrics of Traditional Chinese Medicine, 2016, 12(1): 1-6.]
A BUR B, B A AR SE T A S AR L A B A )
XUl 7 3 B S A 0], v B AR SR T 2016, 33(6): 959-962.
[Gu SH, He TF, Lu BB, et al. Measures and application for attributable
risk from distributed lag non-linear model[J]. Chinese Journal of
Health Statistics, 2016, 33(6): 959-962.]
WZE B, TOF, 45 0 At AR ARy 7). b RS,
2012, 29(5): 772-773, 777. [Yang J, Ou CQ, Ding Y, et al. Distributed
lag non-linear model[J]. Chinese Journal of Health Statistics, 2012,
29(5): 772-773,7717.
Fd R, Bk 5T, 45 2008—2016 4F 22 i 1T H AR
5K R AR B SCIRAE DL (1] 48 BRI 12 27 2% 08 2018, 52(8):
842-848. [Wang JY, Li S, Ma HP, et al. Research on the relationship
between the daily mean temperature and the daily cases of varicella
during 2008—2016 in Lanzhou, China[J]. Chinese Journal of
Preventive Medicine, 2018, 52(8)' 842-848.]
A TSR L RSO, A5 RIS A AR S s R R WPt
JR (7] ZA M, 2023, 38(7): 878-883. [Li X, Wei XY, Zhang WY,

et al. Progress in research of epidemiological characteristics and

10

11

12

14

15

environmental influencing factors of varicella[]J]. Disease Surveillance,
2023, 38(7): 878-883.]

FATF, X7 N K AT R B v TR BRI ik
JE I T B = 238 15, 2021, 27(10): 800-802. [Wang HY, Liu F.
Epidemiological characteristics and vaccine protection effect of
varicella in China[J]. Preventive Medicine Tribune, 2021, 27(10): 800—
802.]

Liu Q, Deng J, Yan W, et al. Burden and trends of infectious disease
mortality attributed to air pollution, unsafe water, sanitation, and
hygiene, and non—optimal temperature globally and in different socio—
demographic index regions[J]. Glob Health Res Policy, 2024, 9(1): 23.
RIRFE HEN B, 45 DL 5K iR B A R

S HFL WA R R B Meta 08T (1. 50CBE PR 25 2 7% 5, 2025, 38(5):
378-389. [Zhu SY, Yue YC, Li RT, et al. Willingness to receive
influenza vaccines and its influencing factors among parents of Chinese
children: a Meta—analysis[J]. Journal of Mathematical Medicine, 2025,
38(5): 378-389.]

Jia H, Xu J, Ning L, et al. Ambient air pollution, temperature and
hospital admissions due to respiratory diseases in a cold, industrial
city[J]. J Glob Health, 2022, 12: 04085.

Huang D, Taha MS, Nocera AL, et al. Cold exposure impairs
extracellular vesicle swarm—-mediated nasal antiviral immunity[J]. J
Allergy Clin Immunol, 2023, 151(2): 509-525. e8.

Grose C, Brunel PA. Varicella—zoster virus: isolation and propagation
in human melanoma cells at 36 and 32 degrees C[J]. Infect Immun,
1978, 19(1): 199-203.

Mori I, Nishiyama Y. Herpes simplex virus and varicella—zoster virus:
why do these human alphaherpesviruses hehave so differently from one
another{]J]. Rev Med Virol, 2005, 15(6): 393-406.

EL W R—F L T 20072021 4K s 5 Ak A T
HE SR TR AFARAE (3], P D R 0E , 2023, 29(3): 274-279.
[Wang M, Zeng X, Zhang YP, et al. Epidemiological characteristics
of varicella public health emergency events in China, 2007—2021[]].
Chinese Journal of Vaccines and Immunization, 2023, 29(3): 274—
279.]

Wi HIL: 2025409 3 15 H #&RIHE): 202545 11 7 28 H
AR Y A oo

SURASC: 2Rk, M0, B 3Cs. 4. 2014—20234FEH T H IR SRR AR C &K
132-137. DOL: 10.12173/j.issn.1004-5511.202509094.
Li ZH, Peng P, Zhao W], et al. Relationship between daily average temperature and chickenpox incidence in Weifang City from 2014 to 2023: analysis based
on a distributed lag nonlinear model[J]. Yixue Xinzhi Zazhi, 2026, 36(2): 132-137. DOI: 10.12173/j.issn.1004-5511.202509094.

ST AT S AR MRS A AT () ). BE 24T, 2026, 36(2):

yxxz.whuznhmedj.com


https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhIPemdqaG15MjAyMDA0MDEwGgh3MWFteWFpeQ%3D%3D
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhIPemdqaG15MjAxOTAyMDA4Ggh6d3BranZwYg%3D%3D
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhIPenlla3p6MjAxNjAxMDAxGghqcG1ocTdrMw%3D%3D
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhIPemd3c3RqMjAxNjA2MDExGghhbmhtMW1nOQ%3D%3D
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhIPemd3c3RqMjAxMjA1MDUzGgh0bjI4Z3k1dQ%3D%3D
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhIPemh5Znl4MjAxODA4MDE4Ggh5bm1zMWVpeg%3D%3D
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhINamJqYzIwMjMwNzAyOBoIdDU0bmhvdXQ%3D
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhIReWZ5eHd4eHgyMDIxMTAwMjQaCHNraXM3bno0
https://pubmed.ncbi.nlm.nih.gov/38937833/
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhIQc2x5eXh6ejIwMjUwNTAwOBoIaHVrZWlza2U%3D
https://pubmed.ncbi.nlm.nih.gov/36243957/
https://pubmed.ncbi.nlm.nih.gov/36494212/
https://pubmed.ncbi.nlm.nih.gov/36494212/
https://pubmed.ncbi.nlm.nih.gov/203532/
https://pubmed.ncbi.nlm.nih.gov/16173110/
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhIPemdqaG15MjAyMzAzMDA0Gghmd2IxbDN1dw%3D%3D

