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Abstract
Background: The effects of multiple meteorological factors on in�uenza activity remain unclear in
Chongqing, the largest municipality in China. We aimed to �x this gap in this study.

Methods: Weekly meteorological data and in�uenza surveillance data in Chongqing were collected from
2012 to 2019. Distributed lag nonlinear models (DLNMs) were conducted to estimate the effects of
multiple meteorological factors on in�uenza activity.

Results: Inverted J-shaped nonlinear associations between mean temperature, wind speed, sunshine and
in�uenza activity were found. The relative risks (RRs) of in�uenza activity increased as weekly average
mean temperature fell below 18.18℃, average wind speed fell below 1.55 m/s and average sunshine fell
below 2.36 hours. Taking the median values as the references, lower temperature and windless could
signi�cantly increase the risks of in�uenza activity and last for 4 weeks. A J-shaped nonlinear
association was observed between relative humidity and in�uenza activity; the risk of in�uenza activity
increased with rising relative humidity with 78.26% as the break point. Taking the median value as the
reference, high relative humidity could increase the risk of in�uenza activity and last for 3 weeks. In
addition, we found the relationship between aggregate rainfall and in�uenza activity could be described
with a U-shaped curve. Rainfall effect has signi�cantly higher RR than rainless effect.

Conclusions: Our study shows that multiple meteorological factors have strong associations with
in�uenza activity in Chongqing, providing evidence for developing a meteorology-based early warning
system for in�uenza to facilitate timely response to upsurge of in�uenza activity.

Background
In�uenza has signi�cant clinical and economic impacts each year. World Health Organization estimated
that seasonal epidemics of in�uenza result in approximately 3-5 million severe illness and 290,000 to
650, 000 deaths worldwide each year 1. China, the largest developing country in the world, has
approximately 3.4 million in�uenza-associated outpatients and 88,100 in�uenza-associated excess
respiratory deaths per year 2. Understanding the epidemiology of in�uenza is critical for optimizing
vaccination and other control measures. The in�uenza seasonal pattern is likely to be the outcome of
complex interactions among survival and transmission of in�uenza virus, meteorological factors, and
human behavior. Among which meteorological factors appear to be one of the most important. The
association between weather conditions and in�uenza activity varied across regions and the
transmission patterns of seasonal in�uenza were diverse even in neighboring regions sharing similar
climate 3. Therefore, it is critical to specially assess the response of in�uenza to meteorological factors
on the local basis.

With the latitude of 29.6°N and a subtropical climate with four distinct seasons, Chongqing is the largest
municipality with over 30 million registered inhabitants in China. Our previous studies demonstrated a



Page 3/17

substantial in�uenza mortality burden in Chongqing 4, and absolute humidity has a signi�cant impact on
in�uenza and pneumonia mortality among elderly people 5. However, it remains unclear whether other
meteorological factors such as temperature, relative humidity, precipitation, wind speed and sunshine
affect the activity of in�uenza. In this study, we aimed at examining the relationships between multiple
meteorological factors and in�uenza activity in Chongqing. This result will contribute to a better
understanding of the health impacts of meteorological factors on in�uenza and provide more evidence
for developing public health strategies and measures to reduce the high burden of in�uenza in
Chongqing.

Materials And Methods
Study Area

This study is conducted in Chongqing, which covers an area of 82,400 km2 in Southwestern China and
has approximately 33 million registered residents in 2019 (Figure 1). It has a subtropical humid monsoon
climate, a long and hot summer, and a short and warm winter.

In�uenza Surveillance Data

The in�uenza-like-illness (ILI) was de�ned as patient who has acute respiratory infection with fever and at
least one respiratory symptom (cough and/or sore throat). ILIs and in�uenza virus positive rates were
obtained from sentinel in�uenza surveillance network in Chongqing, which have been stated in a previous
study 6. Brie�y, seven sentinel hospitals were selected based on higher accessibility to patients, higher
quali�cations of medical staff, adequate specimen storage capacity, and the desire of the physicians and
nurses to participate voluntarily in the surveillance program. At each sentinel hospital, trained nurses and
clinicians collected data on the counts of visits and the total number of ILI to outpatient and/or
emergency departments, and collected nasopharyngeal swabs specimens then tested in�uenza virus by
reverse transcription-polymerase chain reaction.

In this study, the activity of in�uenza virus was represented by weekly con�rmed in�uenza cases every
ten thousand outpatient visits, which was calculated by multiplying the weekly positive rates of in�uenza
by the weekly ILI counts, on the scale of every 10,000 of the outpatient visits, similar to a previous study 7.

Meteorological Data

We obtained simultaneous weekly meteorological data, including mean temperature (°C), relative
humidity (%), atmospheric pressure (hPa), wind speed (m/s), sunshine (hours), as well as aggregate
rainfall (mm), observed in 12 weather monitoring stations in Chongqing from the China Meteorological
Data Sharing Service System (http://data.cma.cn/). The weather monitoring stations distribution in
Chongqing was shown in Figure 1.

Statistical Analysis

http://data.cma.cn/
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The relationships between meteorological factors and the activity of in�uenza virus in the population are
nonlinear and always lasting well beyond the exposure period. The weekly in�uenza activity, which was
presented by weekly con�rmed in�uenza cases every ten thousand outpatient visits, was modeled using
a quasi-Poisson regression model combined with a distributed lag non-linear models (DLNM). The DLNM
proposed by Gasparrini DLNMis a �exible model that estimated the nonlinearity and distributed lag
effects of exposure-response relationships simultaneously 8.

In this study, we used DLNMs to explore the potential exposure-lag-response associations between
multiple meteorological factors and in�uenza activity. We used the variance in�ation factor (VIF) to
assess the co-linearity. A VIF greater than 5 indicates multicollinearity 9. The results showed that the VIFs
of the mean temperature and atmospheric pressure are 8.39 and 5.70, which suggested that the two
variables should not be included in the model simultaneously.

A Poisson regression with a quasi-Poisson function was established to test the over-dispersion in
in�uenza activity, which was presented by  weekly con�rmed in�uenza cases every ten thousand
outpatient visits. All models were adjusted with other explanatory variables of meteorological factors,
seasonality and long-term trend, and school holiday etc. The model structure is stated as following:

log[E(Yt)] = α + cb(climate variables, lag, df) +∑ns(Xj, df) + ns(time, df*8) + factor (holiday)

Where E(Yt) is the expected weekly con�rmed in�uenza cases every ten thousand outpatient visits on
week t; α is the intercept; cb( ) represents the cross-basis matrix of climate factors, including mean
temperature, relative humidity, aggregate rainfall, wind speed and sunshine; df is the degree of freedom;
Xj is the other explanatory variables of meteorological factors; time refers to duration of seasonality and
long-term trend; holiday is an indicator variable which equals to 1 if week t is in school holidays and 0
otherwise. We used Akaike Information criterion (AIC) to choose the df, which was supported by other
references 10-13. The weeks of lag structure in the models were determined by incubation period and
infectious period of in�uenza virus 14, the Akaike Information criteria and other references 10, 11. We
provided all AICs in the appendix (Supplementary Tab. S1).

We calculated the relative risk (RR) with corresponding 95% con�dence interval (CI), relative to the
reference levels. The reference levels were de�ned as the median values of mean temperature, relative
humidity, wind speed, sunshine and aggregate rainfall. Moreover, we estimated the extreme effects by
comparing the 97.5th percentiles and 2.5th percentiles to the median values. The RRs brought by high
temperature (hot effect), high relative humidity (wet effect), high aggregate rainfall (rainy effect), high
wind speed (windy effect), long sunshine (long-sunshine effect) were calculated by comparing the 97.5th

percentiles to the median values. The RRs brought by low temperature (cold effect), low relative humidity
(dry effect), low aggregate rainfall (rainless effect), low wind speed (windless effect), short sunshine
(short-sunshine effect) were calculated comparing by the 2.5th percentiles to the median values.

Sensitivity analysis
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To test the robustness of our results, sensitivity analyses were performed by changing (2-5) for climate
variables and maximum lag weeks (2-4 weeks) in the model.

All statistical tests were two-sided, the p-value  0.05 was considered statistically signi�cant. We
performed all data analyses using R software version 3.4.2and used the “dlnm” package for the DLNMs.

 

Results
General characteristics

From January 1, 2012 to December 31, 2019, a total of 43664 specimens were tested in network
laboratories and 18.16% (7928/43664) were positive for in�uenza virus. Figure 2 displayed the time-
series distribution of the weekly meteorological factors and con�rmed in�uenza cases every ten
thousand outpatient visits during the study period. From top to bottom, the panels represent the
distribution of weekly con�rmed in�uenza cases every ten thousand outpatient visits, relative humidity,
aggregate rainfall, sunshine, temperature and wind speed. We observed a signi�cant seasonal variation
for both in�uenza and meteorological factors. The weekly average mean temperature, average relative
humidity, aggregate rainfall, average wind speed, and average sunshine were provided in Table 1.

Table 1 Descriptive statistics of meteorological factors and confirmed influenza cases every ten thousand outpatient visits  in Chongqing, China,

2012-2019.

 Mean SD Min P25 P50 P75 Max

Influenza 24.14  30.13  1.00  4.75  12.00  32.00  228.00 

Tmean (℃) 17.19  7.49  3.55  10.11  17.14  22.98  31.84 

RHmean (%) 77.78  7.06  57.07  73.65  78.30  82.95  90.63

Rainfall (mm) 3.17  3.27  0.00  0.63  2.00  4.89  14.72 

WSmean (m/s) 1.56  0.27  0.83  1.37  1.54  1.75  2.52 

APmean (hPa) 967.52  7.31  952.13  961.52  968.19  973.30  983.60 

SUNmean (hour) 2.88  2.47  0.00  1.00  2.28  4.18  10.43 

SD: standard deviation; Max: maximum; Min: minimum; Influenza: confirmed influenza cases every ten thousand outpatient visits; Tmean: mean

temperature; RHmean: mean relative humidity; Rainfall: aggregate rainfall; WSmean: mean wind speed; SUNmean: mean sunshine. P25: the 25th

percentile; P50: the 50th percentile; P75: the 75th percentile.

 

Spearman correlations (Table 2) revealed that the mean temperature, aggregate rainfall, wind speed and
sunshine were negatively correlated with the activity of in�uenza in Chongqing. There was a strong
correlation (r = −0.89, P 0.01) between weekly average mean temperature and average atmospheric
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pressure. To avoid multicollinearity, mean temperature and atmospheric pressure were not included in the
model simultaneously.

Table 2. Spearman's correlation results between weekly meteorological variables and confirmed influenza cases every ten thousand outpatient

visits in Chongqing, China, 2012–2019.

 Influenza Tmean RHmean Rainfall WSmean APmean SUNmean

Influenza 1.000             

Tmean -0.409** 1.000           

RHmean 0.072  -0.282** 1.000         

Rainfall -0.295** 0.544** 0.257** 1.000       

WSmean -0.126* 0.360** -0.408** 0.235** 1.000     

APmean 0.280** -0.887** 0.262** -0.553** -0.519** 1.000   

SUNmean -0.254** 0.684** -0.710** 0.121* 0.351** -0.571** 1.000 

*P 0.05 ; **P 0.01; Tmean: mean temperature; RHmean: mean relative humidity; Rainfall: aggregate rainfall; WSmean: mean wind speed; SUNmean:

mean sunshine.

 

Associations between meteorological variables and in�uenza activityThe three-dimensional plots in
Figure 3 showed the relationship between the meteorological variables and in�uenza activity in
Chongqing with various lag weeks. For a better interpretation, the relative risks (RRs) and 95% CIs of
in�uenza were plotted against the risk at the reference levels for mean temperature, relative humidity,
wind speed, sunshine and aggregate rainfall over the corresponding lag weeks in Figure 4. In general,
multiple meteorological factors were associated with in�uenza activity. The RRs increased as weekly
average mean temperature fell below 18.18℃, average wind speed fell below 1.55 m/s and average
sunshine fell below 2.36 hours. The relationship between weekly aggregate rainfall and in�uenza activity
could be described as a U-shaped curve. The RRs increased as aggregate rainfall was below 2.22 mm or
above 7.47 mm per week. The risk of in�uenza activity increased with rising average relative humidity
with 78.26% as the break point. More details were provided in Figure 4 and Table 3.

Table 3. The highest RRs for influenza activity and corresponding meteorological factors in Chongqing, China, 2012-2019. 
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Climate variables Peak 1  Peak 2

Value RR (95%CI)  Value RR (95%CI)

Tmean 3.55℃ 22.02, 95%CI: 4.28-113.39   NA NA

RHmean 57.06% 1.19, 95%CI: 0.29-4.77   90.63% 2.22, 95%CI: 1.31-3.77

Rainfall 0mm 2.61, 95%CI: 1.76-3.87   15.02mm 40.37, 95%CI: 7.13-228.56

WSmean 0.83m/s 5.93, 95%CI: 1.51-23.22   NA NA

SUNmean 0 1.72, 95%CI: 0.93-3.17  NA NA

RR: relative risk; Tmean: mean temperature; RHmean: mean relative humidity; Rainfall: aggregate rainfall; WSmean: mean wind speed; SUNmean:

mean sunshine. Bold numbers indicate effects of meteorological factors on influenza activity are significant on the 95% confidence limit.

 

To identify the extreme effects, the estimated effects of mean temperature, relative humidity, wind speed,
sunshine and aggregate rainfall comparing the 95th percentiles to the median values and 5th percentiles
to the median values were plotted in Figure 5(a) and Figure 5(b). A signi�cant cold effect was observed
along 0-4 lag weeks, and hot effect appeared within 1-4 lag weeks. The dry effect was not signi�cant,
whereas wet effect was observed at the current week. The rainless effect appeared within 0-3 lag weeks,
and extreme rainfall effect was observed within 0.5-4 lag weeks. The windless effect was observed within
0.5-4 lag weeks, and windy effect was not signi�cant. The short-sunshine effect was observed within 0.5-
2 lag weeks, and long-sunshine effect was appeared with 1.5-4 lag weeks.

Sensitivity analyses were performed to check the robustness of our results. The residuals of the model for
in�uenza were randomized distributed and independent over time (Supplementary Figure S1). We
changed the lag weeks and the degrees of freedom for climatic variables, similar effects of
meteorological factors on in�uenza activity were observed, indicating the robustness of our results
(Supplementary Figure S2).

Discussion
Our study comprehensively explored the role of multiple meteorological factors on in�uenza activity in
the largest municipality in China. The correlations between mean temperature, wind speed, sunshine and
in�uenza activity were illustrated with inverted J-shaped curves. The relation between relative humidity
and in�uenza activity was described as a J-shaped curve. The relationship between aggregate rainfall
and in�uenza activity was illustrated with a U-shaped curve.
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Consistent with previous studies 10-12, 15, 16, we found that the mean temperature was inversely
associated with in�uenza activity. The in�uenza activity increased signi�cantly with a lower temperature
below 18℃. Laboratory studies showed that low temperature may promote the spread of in�uenza by
lengthening the survival of in�uenza virus, enhancing the transmissibility of in�uenza virus, and
increasing the host susceptibility 17, 18. Moreover, people are likely to spend more time indoor under cold
condition, so the indoor environment-virus-host interactions substantially increase the opportunity of
in�uenza transmission 7, 19.

A signi�cant wet effect on in�uenza activity was observed in Chongqing, which is consistent with
previous studies 12, 20-23. Experimental study has shown stronger infectivity of in�uenza virus in a high
relative humidity 24. High humidity may bring forth droplets that bind to in�uenza virus, increasing the
concentration of virus in the air around the infection source 25. However, many studies have
demonstrated that “dry” condition played a critical role in in�uenza transmission 11, 16, 21, 26. Laboratory
study has shown that the in�uenza virus is active when relative humidity is below 50%, especially
between 20% and 35% 27. The lack of association between the “dry” condition with in�uenza activity in
our study may be partly explained by the fact that no exposure to extremely dry condition of relative
humidity below 50% was observed during the whole study period. The relative humidity was high all year
around in Chongqing, with minimum weekly average relative humidity of 57.07% during 2012-2019. Our
�nding indicates that dehumidifying the indoor air on extreme moist days may be useful to reduce the
spread of in�uenza in Chongqing.

Previous studies have inconsistent �ndings on the association between rainfall and in�uenza. Many
studies reported increased in�uenza circulation during the rainy seasons 28, 29, while others reported no or
contradicting effects of rainfall 11, 30. The �ndings of our study agrees with the former. We found that
extreme rainfall increased the risk of in�uenza activity with high relative risk of 40.37, which was much
higher than rainless effect (relative risk was 2.61). Rainfall may lead to indoor crowding and
consequently increase the probability for close contact which could speed the transmission of in�uenza
virus 31. Previous study also indicated that low level precipitation could increase the amount of virus
particulate in the air and increased the risk of virus infection 32. In the future, more studies are needed to
fully solve the inconsistence in the association between rainfall and in�uenza.

The understanding of effects of sunshine and wind speed on in�uenza is still limited. We found that long
sunshine decreases the risk of in�uenza activity. It has been proposed that sunshine could affect the
in�uenza activity through the mediation effect of Vitamin D synthesis on individuals’ immune response
to infection 33, 34, but remains unveri�ed. In addition, our study showed that low wind speed increases the
risk of in�uenza activity in Chongqing, which was consistent with previous study 35. Future studies are
needed to fully understand the roles of these meteorological factors on in�uenza activity and the
potential mechanisms.
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This study has several limitations. First, the meteorological data were taken from �xed monitoring sites
rather than individual exposure measures, which may create measurement errors in the exposure.
However, these errors are likely to be random. Second, due to data unavailability, we did not account for
the effect of other factors such as socioeconomic condition, host susceptibility and vaccination status on
the association between meteorological factors and in�uenza activity. Third, we didn’t explore the effects
of age and sex on the associations between meteorological factors and in�uenza activity. We plan to
address this limitation in future work.

Conclusions
Our study provides evidence that multiple meteorological factors have strong associations with in�uenza
activity in Chongqing. Accordingly, a meteorology-based early warning system for in�uenza should be
developed and implemented to facilitate timely response to upsurge of in�uenza activity.

Declarations
Acknowledgments

We appreciate the China Meteorological Bureau providing meteorological data for our study, and would
like to thank all study participants, discussion facilitators and consultants who contributed to this study.

Authors’ contributions

LQ, WGT, LZF and QYL designed the study. LQ, LZF, WGT, YG, QL and KS collected the data. LQ, LT, YG and
DCT performed the statistical analysis. LQ, TL, WGT, LZF and QYL coordinated and drafted the
manuscript. All the authors have read and approved the �nal manuscript.

Funding

Dr. Li Qi was supported by the High-level Medical Reserved Personnel Training Project of Chongqing,
Chongqing Health Commission Program (grant number 2019GDRC014) and China Postdoctoral Science
Foundation (grant number 2019M660754). Dr. Qi-Yong Liu was supported by the National Basic Research
Program of China (973 Program) (GrantNo.2012CB955504). Dr. Wen-Ge Tang was supported by the
National Key Research and Development Program of China (Grant No. 2017YFC0907303).

Availability of data and materials

The dataset used in the study is available from the corresponding author.

Ethics approval and consent to participate

Not applicable.

Consent for publication



Page 10/17

Not applicable.

Declaration of competing interest

The authors declare that they have no con�ict of interest.

Author details

1Chongqing Municipal Center for Disease Control and Prevention, Chongqing 400042, China. 2State Key
Laboratory of Infectious Disease Prevention and Control, Collaborative Innovation Center for Diagnosis
and Treatment of Infectious Diseases, National Institute for Communicable Disease Control and
Prevention, Chinese Center for Disease Control and Prevention, Beijing 102206, China. 3Jingzhou Center
for Disease Control and Prevention, Hubei 434000, China. 4Statistician, Weihai, Shandong 264200, China.
5School of Population Medicine and Public Health, Chinese Academy of Medical Sciences & Peking
Union Medical College, Beijing 100730, China.

References
1. WHO. Up to 650 000 People Die of Respiratory Diseases Linked to Seasonal Flu Each Year, 2018.

2. Li L, Liu Y, Wu P, Peng Z, Wang X, Chen T, et al. In�uenza-associated excess respiratory mortality in
China, 2010–15: a population-based study. The Lancet Public Health. 2019; 4:e473-e81.

3. Yu H, Alonso WJ, Feng L, Tan Y, Shu Y, Yang W, et al. Characterization of regional in�uenza
seasonality patterns in China and implications for vaccination strategies: spatio-temporal modeling
of surveillance data. PLoS Med. 2013; 10:e1001552.

4. Qi L, Li Q, Ding XB, Gao Y, Ling H, Liu T, et al. Mortality burden from seasonal in�uenza in Chongqing,
China, 2012-2018. Human vaccines & immunotherapeutics. 2020:1-7.

5. Qi L, Gao Y, Yang J, Ding XB, Xiong Y, Su K, et al. The burden of in�uenza and pneumonia mortality
attributable to absolute humidity among elderly people in Chongqing, China, 2012-2018. The Science
of the total environment. 2020; 716:136682.

�. Qi L, Xiong Y, Xiao B, Tang W, Ling H, Long J, et al. Epidemiological and Virological Characteristics of
In�uenza in Chongqing, China, 2011-2015. PloS one. 2016; 11:e0167866.

7. Dai Q, Ma W, Huang H, Xu K, Qi X, Yu H, et al. The effect of ambient temperature on the activity of
in�uenza and in�uenza like illness in Jiangsu Province, China. The Science of the total environment.
2018; 645:684-91.

�. Gasparrini A, Armstrong B, Kenward MG. Distributed lag non-linear models. Stat Med. 2010; 29:2224-
34.

9. Zhang Y, Ye C, Yu J, Zhu W, Wang Y, Li Z, et al. The complex associations of climate variability with
seasonal in�uenza A and B virus transmission in subtropical Shanghai, China. The Science of the
total environment. 2020; 701:134607.



Page 11/17

10. Guo Q, Dong Z, Zeng W, Ma W, Zhao D, Sun X, et al. The effects of meteorological factors on
in�uenza among children in Guangzhou, China. In�uenza and other respiratory viruses. 2019;
13:166-75.

11. Emukule GO, Mott JA, Spreeuwenberg P, Viboud C, Commanday A, Muthoka P, et al. In�uenza activity
in Kenya, 2007-2013: timing, association with climatic factors, and implications for vaccination
campaigns. In�uenza and other respiratory viruses. 2016; 10:375-85.

12. Bai YL, Huang DS, Liu J, Li DQ, Guan P. Effect of meteorological factors on in�uenza-like illness from
2012 to 2015 in Huludao, a northeastern city in China. PeerJ. 2019; 7:e6919.

13. Chong KC, Liang J, Jia KM, Kobayashi N, Wang MH, Wei L, et al. Latitudes mediate the association
between in�uenza activity and meteorological factors: A nationwide modelling analysis in 45
Japanese prefectures from 2000 to 2018. The Science of the total environment. 2020; 703:134727.

14. Nishiura H, Inaba H. Estimation of the incubation period of in�uenza A (H1N1-2009) among imported
cases: addressing censoring using outbreak data at the origin of importation. Journal of theoretical
biology. 2011; 272:123-30.

15. Chong KC, Lee TC, Bialasiewicz S, Chen J, Smith DW, Choy WSC, et al. Association between
meteorological variations and activities of in�uenza A and B across different climate zones: a multi-
region modelling analysis across the globe. J Infect. 2019; 09.

1�. Soebiyanto RP, Gross D, Jorgensen P, Buda S, Bromberg M, Kaufman Z, et al. Associations between
Meteorological Parameters and In�uenza Activity in Berlin (Germany), Ljubljana (Slovenia), Castile
and Leon (Spain) and Israeli Districts. PloS one. 2015; 10:e0134701.

17. Lipsitch M, Viboud C. In�uenza seasonality: lifting the fog. Proc Natl Acad Sci U S A. 2009; 106:3645-
6.

1�. Shaman J, Kohn M. Absolute humidity modulates in�uenza survival, transmission, and seasonality.
Proc Natl Acad Sci U S A. 2009; 106:3243-8.

19. Cheng YH, Wang CH, You SH, Hsieh NH, Chen WY, Chio CP, et al. Assessing coughing-induced
in�uenza droplet transmission and implications for infection risk control. Epidemiology and
infection. 2016; 144:333-45.

20. Wang XL, Yang L, He DH, Chiu AP, Chan KH, Chan KP, et al. Different responses of in�uenza epidemic
to weather factors among Shanghai, Hong Kong, and British Columbia. International journal of
biometeorology. 2017; 61:1043-53.

21. Thai PQ, Choisy M, Duong TN, Thiem VD, Yen NT, Hien NT, et al. Seasonality of absolute humidity
explains seasonality of in�uenza-like illness in Vietnam. Epidemics. 2015; 13:65-73.

22. Soebiyanto RP, Clara W, Jara J, Castillo L, Sorto OR, Marinero S, et al. The role of temperature and
humidity on seasonal in�uenza in tropical areas: Guatemala, El Salvador and Panama, 2008-2013.
PloS one. 2014; 9:e100659.

23. Tamerius JD, Shaman J, Alonso WJ, Bloom-Feshbach K, Uejio CK, Comrie A, et al. Environmental
predictors of seasonal in�uenza epidemics across temperate and tropical climates. PLoS Pathog.
2013; 9:e1003194.



Page 12/17

24. Lowen AC, Steel J, Mubareka S, Palese P. High temperature (30 degrees C) blocks aerosol but not
contact transmission of in�uenza virus. Journal of virology. 2008; 82:5650-2.

25. Anne V. Baughman EAA. Indoor humidity and human health—part i: literature review of humidity-
in�uenced indoor pollutants. ASHRAE Transactions Research. 1996; 102:193-211.

2�. Caini S, Spreeuwenberg P, Donker G, Korevaar J, Paget J. Climatic factors and long-term trends of
in�uenza-like illness rates in The Netherlands, 1970-2016. Environmental research. 2018; 167:307-13.

27. Lowen AC, Mubareka S, Steel J, Palese P. In�uenza virus transmission is dependent on relative
humidity and temperature. PLoS Pathog. 2007; 3:1470-6.

2�. Fernanda E. A. Moura ACBPaMMS. Seasonality of In�uenza in the Tropics A Distinct Pattern in
Northeastern Brazil. Am J Trop Med Hyg. 2009; 81:180-3.

29. Radina P. Soebiyanto FA, Richard K. Kiang. Modeling and Predicting Seasonal In�uenza
Transmission in Warm Regions Using Climatological Parameters. PloS one. 2010; 5:e9450.

30. Tang JW, Lai FY, Nymadawa P, Deng YM, Ratnamohan M, Petric M, et al. Comparison of the
incidence of in�uenza in relation to climate factors during 2000-2007 in �ve countries. Journal of
medical virology. 2010; 82:1958-65.

31. Liu Z, Zhang J, Zhang Y, Lao J, Liu Y, Wang H, et al. Effects and interaction of meteorological factors
on in�uenza: Based on the surveillance data in Shaoyang, China. Environmental research. 2019;
172:326-32.

32. Levy K, Hubbard AE, Eisenberg JN. Seasonality of rotavirus disease in the tropics: a systematic
review and meta-analysis. International journal of epidemiology. 2009; 38:1487-96.

33. Yamshchikov AV, Desai NS, Blumberg HM, Ziegler TR, Tangpricha V. Vitamin D for treatment and
prevention of infectious diseases: a systematic review of randomized controlled trials. Endocrine
practice : o�cial journal of the American College of Endocrinology and the American Association of
Clinical Endocrinologists. 2009; 15:438-49.

34. Gruber-Bzura BM. Vitamin D and In�uenza-Prevention or Therapy? International journal of molecular
sciences. 2018; 19.

35. Xiao H, Tian H, Lin X, Gao L, Dai X, Zhang X, et al. In�uence of extreme weather and meteorological
anomalies on outbreaks of in�uenza A (H1N1). Chinese science bulletin = Kexue tongbao. 2013;
58:741-9.

Figures



Page 13/17

Figure 1

The geographical location and weather monitoring stations distribution of Chongqing, China. The red
broadlines on the left map indicate the southwest of China and 12 red dots on the right map represent the
12 weather monitoring stations in Chongqing. Note: The designations employed and the presentation of
the material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.
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Figure 2

The distribution of weekly con�rmed in�uenza cases every ten thousand outpatient visits and
meteorological variables in Chongqing, China, 2012–2019.
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Figure 3

Plot of the relative risks of meteorological factors on in�uenza activity in Chongqing, China, 2012-2019.
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Figure 4

The estimated overall effects of mean temperature, relative humidity, aggregate rainfall, wind speed, and
sunshine along corresponding lag days. In each panel, the y-axis represents the value of relative risk, and
the x-axis represents the values of the corresponding relevant variable. The red line and grey region
represent the relative risk and its 95% con�dence interval, respectively. The black vertical line represents
the median of the corresponding meteorological factor, and the two dashed lines represent the 2.5
percentile and the 97.5 percentile for the corresponding meteorological factor, respectively.
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Figure 5

(a). The extreme effects of mean temperature, relative humidity, and aggregate rainfall with extreme high
effects (97.5%) and extreme low effects (2.5%). In each panel, the y-axis represents the value of relative
risk, and the x-axis represents the value of lag week. The red line represents mean relative risk and grey
region represent 95% con�dence interval. (b). The extreme effects of wind speed and sunshine duration
with extreme high effects (97.5%) and extreme low effects (2.5%). In each panel, the y-axis represents the
value of relative risk, and the x-axis represents the value of lag week. The red line represents mean relative
risk and grey region represent 95% con�dence interval.
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