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porHoms W wurvellamce s uroldahce
Backgroul\d/ Iuenza is a worldwide-surveittance disease which-has di0erent eharacteristics-of
seasonakty-in temperate and tropical regions. Previous studies have illustrated t e seasonality ef-
in_uenza-was-modeled by climate variables. Heaee we aim to study the potential meteorological W
-of infuenza seasonality in Jinan, China. Here e, rodeAing Q%W Mo\.

yrovrv Y%}'xc/\\\b
Methods: t't"rE’THW‘ﬁdld))‘f three inQuenza sentinei hospitals and retative climatic factors (minimum,

mean temperature, relative humidity, sunshine, rainfall and speed of wind),from 2013-2016,were
collected. tatistical analysis and wavelet analyss?were used to explore the epidemiological
characteristics of i lnouenza and tjae potential association climatic factors.

\/J
Results: We—feaﬂd-i'he dynam:cs of inpuenza charactenzed by annual cycle with remarkable winter

epidemic peak from December to February. Weekly mean atmosphere pressure, the weekly temperature
(mean and minimum) and the weekly humidity (relative and absolute) were potential climatic drivers to
shape the inQuenza seasonality, During the epidemic season,ﬁhfe temperature and the relative humidity |
preceded the onset of in| uenza epidemic for approximately 6-8 weeks and 3-4 weeks, respectively. low 7
epicemie cue / pine
Conciusion: Ciimatic factors were signi(eaitly associated with induenza seasonality in jinan at the
CrOuenza epidemic season, which provided the scienticc support for the inCuenza control and prevention.
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42 Introduction
) ond
43  Influenza remains a global public health concern that-the annual epidemics may cause 10-20% of
ondne pobulatom wetlduio (CITE)

44  the-popuiatien infection, 3-5 million severe illness and 29.1-64.6 deaths worldwide (Iuliano

Tt o eshasoitol Yot /&%u& oAU
45 AD et al.,2018)(z§ The influenza epidemics show obvious seasonality,in winter in temperate
Nl / patdernm, reodtame)
46 areas in-developed-eountries and more diverse, in tropical and subtropical areas, where influenza
Sehaviev
47 displays semi-annual or annual epidemic cycles, and year-round activity (Tamerius JD, et al.,
v Yoo O omcl ity
48 2013). However, difference® exists between regions and durations -as—wek-as—in magnitude of
\K Ahoweds Yhak
49  transmission periods (Onozuka D et al., 2015). Azziz Baumgartner et al-illustrated 7 of 47 (15%)
50 temperate countries eecusring two or three influenza epidemic period every year, and year-round
51 activity in 3 of 43 (7%) temperate countries {Azziz—BE—et—al;—2612)- Thus, accurately
ub

52 documenting dynamics of influenza epidemic and understanding the epidemic patterns ofthe,

o
53  are of great importanf from the viewpoint of not only scientific interest, but also of public health

54 (Thai PQ et al., 2015). yp«dm’vwa e e udaiom ?
55 The seasonaf&idcmie of inﬂuenza\ri; associated with many factors,-e-g. virus Varia;t}on, climate, fpedele
(o @) st (oo tews

56 environmental changes, etc.,”Among which the climatie factors pla§7 the most important role vy W
Mo oeen cen o Yne ene Yot um&ormu-hé

57 (Lofgren E et al., 2007; Tamerius J, et al.,2011; Lowen AC et al.,2014; Tamerius J, et al.,2011).

T e HMaown,
58 The—experimental and epidemiological studies illustrated that decreases of temperature and

‘abddazy

59  absolute humidity (AH) increased influenza virus survival and transmission in temperate regions

Q{EP\VA
60 (Shaman J et al., 2011; Shaman J et al., 2009; Shaman J et al., 2010). Tamerius JD et al showed

61 that the onset of influenza epidemics was associated with the cold-dry and humid-rainy condition

62 in temperate and tropical areas, respectively (Tamerius¥D;-et-ak5-2013; Bloom-Feshbach K et al.,

Peer] reviewing PDF | (2019:04:36671:0:1:NEW 30 Apr 2019)

%S)Pu;%%\b ocoLLos memo):cu-\». Lk -ka\'ab\:CU\'C s 4 LIDW 7

Do you vowe xamples 7 b Hhw m@%‘y\mbwcu,ocww;dﬂw



’PeerJ

e vjuenio ot
63 2013). Although relativeresults had been well described in developed temperate regions, the

guiperclthn el rE it \Qr?&)
64 data is sdgte in-the temperate areas with-Jew-or-middle income. Yu HJ et alMias described that
oot
g ache <

65 minimum temperature, the hours of sunshine and maximum rainfall were closely related with

66 influenza seasonality in China, but absolute humidity was not taken into consideration and the

67 influenza surveillance data +8 April-September in northern China wereeeltYutHetal;2043):
WP _— lacl-e} ot ?
68 Therefore, bei-ng-difference‘? in the\c’iimate, latitude, e%., the local infermatien plays a vital role in ?(La.bo
W Ao conexiontl) Ay
69 understanding the, pattern -of influenza transmission and ,gle implementation of prevention and BK\IDLW
w s mﬂ‘“’“‘“‘ém Go Guost -

70 control strategies.

71 In this study, we mvestigated the seasonality of influenza and explored +the- climatic factors
ob potortual duvers o
72 including absolute humidity, relative humidity, temperature that-explained the seasonality of

73  laboratory-confirmed influenza cases in Jinan City, the capital of Shandong Province, eastern
74 China from 2013 to 2016, which is a temperate city with 7 million people and 3 sentinel

75 hospitals for the surveillance of influenza. This detailed analysis of influenza pattern will provide

76  evidence totargeted strategies to prevent and control influenza in different years.\ 7 *

77 Methods
dodou
78 Influenza surveillance dataset

79 The weekily and annuai reported data was collected from Jinan CDC for the study period of

80 2013-2016, including the number of influenza-like illness cases and laboratory-confirmed

See

81 influenza cases from sentinel hospitals in Jinan. Jinan has built the influenza surveillance system unst 5,\

82 in 2008, which is an online reporting system providing weekiy reports from 3 sentinel hospitais. |

83 Climate data

D Ldid
84 -The- daily meteorological data from 2013-2016 im Jinan were obtained from China
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(e
Meteorological Science Data Sharing Service System (http: //data.cﬁé.gov.cn),including

(overaoy, aunsamge e
temperature (sean, minimum,°C), mean atmospheric pressure a’a) mean relative humldlty/(}%)
(CW“-O'»%" o loded 7 (averasc, averege o)

mean wind speed (m/s) rainfall (miT) and mean sunshine duration (h). The weekly mean
M

absolute humidity (g/m?) was calculated based on the da#a—eﬁtemperamre}@md relative humidity

by iao ek ot (2012) a.m,%(v
using the formula described M@e&e&a}—,&%

Statistical analysis

A descriptive analysis was used to reveal the characteristics of influenza epidemics and climatic

] - Ps ootcome we usel - ;
factors. [Fe-iHlustrate-the-seasonality of influenza,-we choose the weekly positive rate as influenza

virus proxy (positive rate=number of positive \specimens/total number of specimens tested per L(Z;\WM
A “ O
week x100%) according to Tameriu J et al and Liu XX et al fFamerinsFet-al20HXXet i

ak—26047).| Spearman’s correlation was conducted to shovy{he association between positive rate
7

and climatic factors@rionnal distribution test. “’;,;f,_,_
Wavelet analysis
ol
Wavelet analysis has been used to effeetively reveal the time-frequency structure features of
Vo wee

non-stationary time series, and was utilized to explore the temporal and spatial variations of
various infectious diseases including influenza (Xiao H,et al. 2012: LiuXX.et al.
y| P
20l7ﬁVavelet analyses ¢gn divide time series data into small time-frequency spaces to identify
the key frequencies in different time periods.
Continuous wavelet transform
Continuous wavelet transform (CWT) which divides the time series into a family of wavelets,
translates and scales copies of a generally oscillating and decaying function known as the mother Jvs'y~
wavelet, which is capabie of building a time-frequency representation of a signal that offers very

good time and frequency localizations. In this study, a complex wavelet, the Morlet wavelet, was
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