
Acute effects of air pollutants on 
influenza-like illness in Hangzhou, 
China
Ye Lv1, Hong Xu1, Zhou Sun1, Muwen Liu1, Shanshan Xu1, Jing Wang1, Chaokang Li1, Hui Ye2 
& Xuhui Yang1

At present, with increasing awareness of the relationship between respiratory disease and air 
pollution, it is critical to assess the environmental risk factors for influenza. This study aimed to 
estimate the associations between ambient air pollution and the number of influenza-like illness 
(ILI) cases in Hangzhou, China, from 2015 to 2021. Weekly meteorological data, including average 
ambient temperature and average relative humidity, from December 29, 2014 to January 2, 2022 were 
collected from the Hangzhou Meteorological Service Center, and air pollutants, including nitrogen 
dioxide (NO2), sulfur dioxide (SO2), ground-level ozone (O3), particulate matter (PM) with aerodynamic 
diameter ≤ 2.5 μm (PM2.5), and PM with aerodynamic diameter ≤ 10 μm (PM10), were collected from 
National Ambient Air Quality Automatic Monitoring Stations in Hangzhou. The number of weekly 
ILI cases was collected from 15 influenza surveillance sentinel hospitals in Hangzhou. A generalized 
linear model (GLM) with quasi-Poisson regression was adopted to estimate the association between 
air pollution and ILI. After adjusting for the effects of average temperature, relative humidity, and 
seasonal and long-term trends, PM2.5, PM10, NO2, and SO2 were found to be significantly associated 
with the number of ILI cases, with relative risk (RR) values of 1.018 (95% CI 1.001–1.036), 1.016 
(1.005–1.028), 1.063 (1.067–1.364), and 1.207 (1.067–1.364), respectively. In the two-pollutant model, 
putting PM2.5, PM10, NO2, or SO2 into the model separately with O3 produced results similar to those of 
the single-pollutant model. PM2.5, PM10, and NO2 have statistical significance in cold seasons, with the 
RR values of 1.020 (95% CI 1.001–1.038), 1.012 (95% CI 1.000-1.024), and 1.060 (95% CI 1.031–1.090), 
respectively. In summary, our study found that most air pollutants (PM10, PM2.5, NO2, and SO2) have a 
significant association with the risk of ILI cases in Hangzhou. These findings can serve as a reference for 
the formulation of effective protective measures.
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ILI cases are defined as outpatients having “acute respiratory infection with body temperature more than 38°C 
and either cough or sore throat”1. ILI is a common and nonspecific marker of influenza, belonging to symptom 
monitoring2, which can reflect the epidemic trends of influenza and be used to explore the relationship between 
influenza and influencing factors.

Many respiratory viruses can cause ILI, including influenza viruses, parainfluenza viruses, adenovirus, 
respiratory syncytial virus, etc. Influenza is the first infectious disease for which global monitoring has been 
implemented. The majority of influenza epidemics are caused by serotypes A and B3, and the illness has large 
morbidity, mortality, and economic costs per year4,5. It is estimated that up to 1 billion infections, 3–5 million 
severe cases, and 0.29–0.65 million deaths worldwide were caused by influenza every year6.

It is estimated that air pollution contributes to the premature deaths of 7 million people and poor health in 
millions more every year, and the burden of disease caused by air pollution is on a par with that of other major 
global health risks7. The short-term effects of air pollution manifest mainly in the increased morbidity and 
mortality of respiratory diseases. Hu et al.8found significant lagged and non-linear effects of meteorological 
factors and PM exposure on childhood asthma by Distributed lag non-linear models (DLNM) analyses. Besides, 
both time-series and case-crossover analyses revealed a positive association between air pollutants and mortality 
in Wuhan9.
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Air pollutants are considered potential drivers of influenza transmissibility. The association between air 
pollutants and influenza incidence is nonlinear and spatially heterogeneous10,11. Strong positive relationships 
have been identified between PM2.5 and ILI during flu season12. There was an exponential relationship 
between PM2.5 and clinical ILI as well as laboratory-confirmed ILI, which remain significant after adjusting for 
temperature and long-term trends, while PM10 was negatively correlated, respectively13,14. Besides, Yang et al.15 
demonstrated a significant association between ozone (O3) and influenza transmissibility, which tends to display 
a U-shaped pattern.

There have been many studies on environmental factors and influenza in various cities. However, insufficient 
studies have quantified the acute effects of all air pollutants on ILI cases. We gathered data on weekly 
meteorological factors, air pollutants, and the number of ILI cases in Hangzhou city from 2015 to 2021 and 
applied a GLM with a quasi-Poisson regression to assess the effects of air pollution on ILI cases. In addition, two-
pollutant models are presented to assess the stability and consistency of the estimated effects of each pollutant.

Materials and methods
Study area
Hangzhou, the provincial capital and a sub-provincial city of Zhejiang province, which is located on the southeast 
coast of China at the lower reaches of the Qiantang River, is one of China’s most important e-commerce centers. It 
is also a new first-tier city with an area of 16,850 square kilometers and a population of 12 million. The air quality 
in Hangzhou improved from 2015 to 2021, with the average concentration of PM2.5 decreasing from 54.7 µg/
m3 to 27.8 µg/m3 and PM10 decreasing from 81.1 µg/m3 to 56.3 µg/m3, which puts both below the national 
standard (GB3095-2012 “Environmental Air Quality Standard”). However, there were still 44 days when the air 
quality index (AQI) exceeded the third level limit of the national standard. Winter in Hangzhou runs from late 
November to early December16, with a season length of 103 days, and the average winter temperature is 6.1 ℃17.

Data collection
Daily meteorological factors, including average ambient temperature and average relative humidity, from 
December 29, 2014, to January 2, 2022, were obtained from the Hangzhou Meteorological Service Center. The 
concentration of air pollutants, including SO2, NO2, O3, PM2.5, and PM10, for the same period were collected 
from National Ambient Air Quality Automatic Monitoring Stations in Hangzhou. We determined the weekly 
mean of the concentration of each pollutant for Hangzhou by averaging the daily data from the following 10 
monitoring stations: Binjang, Hemu Primary School, Zhejiang Agricultural University, Wolong Bridge, Xixi, 
Yunqi, Fire Brigade, Xiasha, Chengxiang Town, and Linping Town.

The influenza surveillance system of Hangzhou is composed of 15 sentinel hospitals, which included 1 
children’s hospital and 14 general hospitals. ILI cases were defined as the outpatients who had an acute respiratory 
infection with a body temperature higher than 38 °C, and cough or sore throat. The surveillance departments 
included internal medicine out-patient emergency, pediatric internal medicine out-patient emergency, and fever 
clinics. The ILI cases were identified by physicians in the surveillance unit of the sentinel hospital. Based on the 
ILI definition, the numbers of total visits and ILI cases were reported to the influenza surveillance system every 
week. A total of 895,363 ILI cases were included in this study from 2015 to 2021. The influenza surveillance 
was conducted in accordance with the National influenza surveillance protocol1. The influenza surveillance has 
been approved by the National Health Commission of China and Hangzhou Municipal Health Commission. 
The study was conducted following Declaration of Helsinki, and the research protocol was approved by Ethics 
Committee of Hangzhou Center for Disease Control and Prevention (2022-26). The need to obtain informed 
consent was waived by Ethics Committee of Hangzhou Center for Disease Control and Prevention, as it only 
uses quantitative data from the influenza surveillance system without individual case information. If a sentinel 
hospital encounters a case of acute respiratory infection that meets the definition of ILI, the patients will be 
informed to report and register as an ILI case.

Study design and statistical analysis
Descriptive statistical analyses were conducted using mean ± standard deviation (SD), range, and percentiles, as 
appropriate. Spearman correlations were performed for the independent and response variables. Weekly visits 
to the influenza sentinel hospital for influenza-like symptoms were small probability events relative to that of 
Hangzhou overall, with a distribution approximating the Poisson distribution. The data were cleaned and pre-
analyzed, and a GLM with a quasi-Poisson regression was used to analyze the effect of pollutant concentrations 
on the number of ILI cases. Most existing studies have considered the influence of mean temperature and relative 
humidity on ILI. Thus, the confounding effects of meteorological conditions were adjusted by incorporating 
the weekly average of mean temperature and humidity, which was smoothed by a natural cubic spline function 
(ns). Additionally, time variables smoothed by ns were used to adjust for the unmeasured long-term trends and 
seasonality of weekly ILI cases8,10,18,19

The formula of the model is shown below:

	 log [E (Yt)] = + (Pollutantt) + ns (time, df*year) + ns (Tempt, 3) + ns(Rhumt, 3)

where Yt denotes the weekly number of ILI cases at t (t = 1, 2, …, 366) week, α is the model intercept, Pollutantt is 
the concentration of air pollutant, ns (time, df*year) is a time variable, Tempt is the weekly average temperature, 
and Rhumt is the weekly average relative humidity. According to the approaches used in previous studies, the 
degrees of freedom (df) of meteorological factors, such as temperature and relative humidity, were taken as 3, 
and the degrees of freedom of time variables were taken as 7/year18–20. The partial autocorrelation function 
(PACF) was used to test the goodness of fit of the model.We used both single-pollutant model and double-
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pollutant model to explore the effects of air pollutants on risk of ILI. When constructing a model, the presence of 
multicollinearity can lead to model distortion or inaccurate estimation. In order to reduce the effect of collinearity 
between pollutants, the variance inflation factor (VIF) and correlation coefficients were used to illuminate the 
multi collinearity in the models. Variables with VIF values greater than 5 or correlation coefficients greater 
than 0.7 could not be included in the model simultaneously21,22. In addition, we analyzed the effects of different 
pollutants on the risk of influenza in the warm season (April-September) and the cold season (October-March).

Excel software was used to create a database. Statistical analyses were conducted using R4.4.3 software with 
the “tsModel” and “splines” packages to fit a time-series model, and a p value less than 0.05 was considered to be 
statistically significant (two tailed).

Results
895,363 ILI cases were enrolled during the study period, and the average number of weekly ILI cases was 
2446.35. The average concentrations of PM2.5, PM10, SO2, NO2, and O3 were 40.88, 68.96, 9.59, 42.46, and 
95.67 µg/m3, respectively. The mean values of air temperature and relative humidity were 17.72 °C and 73.33%, 
respectively (Table 1). The results of the statistical tests revealed that all pollutants correlated with temperature 
and humidity. PM2.5, PM10, SO2, and NO2 negatively correlated with temperature and relative humidity, but O3, 
which positively correlated with air temperature, did not. There was also a correlation among air pollutants with 
correlation coefficients greater than 0.6, except for O3 (Table 2; Fig. 1).

Figure 2 presents the time-series distributions of ILI cases, PM2.5, PM10, NO2, SO2, O3, mean temperature, 
and relative humidity for Hangzhou from 2015 to 2021. The concentrations of all pollutants showed seasonality, 
with PM2.5, PM10, NO2, and SO2 gradually increasing in winter and peaking between the 48th and 5th week of 
the following year (winter), then gradually decreasing, reaching a minimum in the 28th to 33rd week (summer), 
and then gradually increasing again, and so on. However, the seasonality of O3 was completely different from 
that of other pollutants, where the highest concentration occurred in summer, then gradually decreased, and 
reached the lowest concentration in winter. In addition, the weekly average concentration of SO2 showed a 
continuous decreasing trend from 2015. The weekly average temperature in Hangzhou was regular, with high 
temperatures occurring from the 26th to the 35th week (summer) of the year and low temperatures from the 
50th to the 6th week of the following year (winter). The weekly average relative humidity in Hangzhou did not 
show periodicity.

Table 3 shows the results of the single-and double-pollutant models. After controlling for the effects of average 
temperature, relative humidity, and seasonal and long-term trends, the weekly mean PM2.5 concentration was 
significantly statistically associated with the number of ILI cases, and there was a 1.8% (RR: 1.018, 95% CI 
1.001–1.036) increase in ILI cases for every 10 µg/m3 increase in PM2.5. Additionally, PM10, NO2, and SO2 were 

PM2.5 PM10 NO2 SO2 O3 Mean temperature Relative Humidity

PM2.5 0.944* 0.775* 0.773* − 0.329* − 0.663* − 0.162*

PM10 0.944* 0.835* 0.703* − 0.292* − 0.644* − 0.315*

NO2 0.775* 0.835* 0.641* − 0.481* − 0.658* − 0.112*

SO2 0.773* 0.703* 0.641* − 0.188* − 0.436* − 0.180*

O3 − 0.329* 0.292* 0.481* 0.188* 0.737* − 0.362*

Mean temperature − 0.663* − 0.644* − 0.658* − 0.436* 0.737* 0.030

Relative humidity − 0.162* − 0.315* − 0.112* − 0.180* − 0.362* 0.030

Table 2.  Correlations among air pollutants and meteorological parameters in Hangzhou from 2015 to 2021. 
*Indicates P < 0.05.

 

Variables Mean SD Min

Percentile

Max25 50 75

ILI cases (N) 2446.35 1013.60 800.00 1828.50 2231.00 2813.00 7979.00

Meteorological parameters

 Mean temperature (°C) 17.72 8.4 -1.14 10.10 18.17 24.74 33.79

 Relative Humidity (%) 73.33 9.70 41.71 66.33 73.78 81.00 95.29

Weekly average concentration

 PM2.5 (µg/m3) 40.88 19.80 9.16 26.77 35.62 49.79 118.27

 PM10 (µg/m3) 68.96 28.81 23.43 47.61 64.87 82.77 182.96

 SO2 (µg/m3) 9.59 4.63 3.71 6.18 8.45 11.91 32.29

 NO2 (µg/m3) 42.46 14.03 11.49 31.38 42.27 52.06 84.14

 O3 (µg/m3) 95.67 40.34 19.57 63.37 93.68 123.41 198.33

Table 1.  Distribution of ILI cases, air pollutants and meteorological parameters in Hangzhou from 2015 to 
2021. SD standard deviation, Min minimum, P25 the 25th percentile, P75 the 75th percentile, Max maximum.
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significantly associated with ILI cases, with RR values of 1.016 (95% CI 1.005–1.028), 1.063 (95% CI 1.067–
1.364), and 1.207 (95% CI 1.067–1.364), respectively. According to the VIF and correlation coefficient between 
two pollutants, only variables without obvious collinearity were included in double-pollutant models. When 
PM2.5, PM10, NO2, or SO2 was separately included into the model with O3, the results were similar to those of 
the single-pollutant model, but SO2 was no longer statistically associated with ILI cases when it was adjusted 
with NO2. Compared with the single pollutant model, the effect of NO2 was decreased after adjusting with SO2.

Table 4 shows the effects of different pollutants on the risk of ILI cases in the warm season and the cold 
season. PM2.5, PM10, and NO2 have statistical significance in cold seasons, with the RR values of 1.020 (95% CI 
1.001–1.038), 1.012 (95% CI 1.000–1.024), and 1.060 (95% CI 1.031–1.090), respectively. While the effects of 
pollutants on ILI cases were not statistically significant during the warm season.

Discussion
Air pollution and influenza are dual challenges to human health. The 2019 Global Burden of Disease Report 
deemed air pollution to be the fourth largest Level 2 risk factor for attributable deaths, contributing to 2.92 million 
(2.53–3.33) or 11.3% (10.0–12.6) of all female deaths and 3.75 million (3.31–4.24) or 12.2% (11.0–13.4) of all 
male deaths in 2019 23. Despite improvements in doses, adjuvants, and alternative administration routes for 
influenza vaccines, influenza remains a serious global public health problem with increasing morbidity and 
mortality. It is important to identify and analyze the environmental risk factors of influenza to understand how 
they influence respiratory virus infections. In our research, we investigated the short-term effects of air pollution 

Fig. 1.  Correlation Heat Map of air pollutants and meteorological parameters.
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on ILI in Hangzhou, it showed that PM2.5, PM10, NO2, and SO2 were found to be significantly associated with the 
number of ILI cases, and the two-pollutant model produced the similar results to those of the single-pollutant 
model.

For this, Yang et al.25 built a novel integrated platform to realize the visualization of air quality for analyzing data 
together accurately and effectively. Chen et al.26 updated the procedure of performing the extended convergent 
cross-mapping (CCM), and found the respiratory infection cases increased progressively with increased AQI. 
Various evaluating indicators such as the number of influenza cases and rates, have been used in studies27. In our 
study, we chose the number of ILI cases as the surveillance object. The application of symptom surveillance, such 
as ILI cases, can shorten the lag period of traditional monitoring and is conducive to monitoring the occurrence 
and development trends of diseases effectively28. Many prior studies have shown that elevated concentrations 
of air pollutants, such as NO2, SO2, PM10, and PM2.5, increase the relative risk of influenza or ILI, with effects 
generally limited to one week. This can be explained by the incubation period of acute respiratory diseases such 
as influenza, which is commonly in the range of 1–4 days, respiratory syncytial virus infection, which is usually 
in the range of 2–8 days, and human adenovirus infection, which is usually in the range of 3–8 days. In our 
study, the single-pollutant model suggested that concentrations of PM2.5, PM10, NO2, and SO2 were positively 
associated with the number of ILI cases that week, which is similar to the results of several existing studies. After 

Fig. 2.  The distribution of weekly ILI cases, air pollutant concentrations and meteorological factors, in 
Hangzhou, China during 2015–2021.
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adjusting for the effects of average temperature, relative humidity, and seasonal and long-term trends, PM10, 
PM2.5, NO2, and SO2 were found to be significantly associated with the number of ILI cases. In the two-pollutant 
model, any pair of pollutants with a correlation coefficient larger than 0.7 were not included. We put PM2.5, 
PM10, NO2, or SO2 into the model separately with O3 produced results similar to those of the single-pollutant 
model, in agreement with some previous studies. PM was considered to be a vector for the transport of different 
respiratory pathogens, and it could enhance the probability for the inhalation of these pathogens29. The observed 
results in our study were consistent with previous epidemiology studies. In Guangzhou, PM1, PM2.5, and PM10 
were found to be risk factors for ILI, and the health impacts of PM pollutants varied by particle size30.

While some studies reported a negative or no association between pollutants and ILI, no significant effect of 
NO2 was observed in Jinan22. Nor did we find a significant association between O3 and ILI, which is consistent 
with Sun’s research31. Ali et al. reported the reduced transmissibility of influenza associated with O3 in Hong 
Kong, China32. In a study conducted in Brisbane, O3 and PM10 were found to be positively associated with 
pediatric seasonal influenza33, this is consistent with the research findings from Ningbo34. While O3 was found 
to be negatively associated with ILI and reproduction number (Rt) in a nationwide study in China, and it might 
be attributable to the virucidal activity of O3 and its effect on host defense mechanism15,22. The discrepancies 
in these results are attributable to the geographical location, socio-demographic characteristics, sources of 
pollutants, or statistical methods used. It might also be related to different exposure concentration levels and 
durations of O3.

Among the five main air pollutants, PM2.5, PM10, and NO2 exhibit strong collinearity, so we only include 
pollutant variables without obvious collinearity in the two-pollutant models. After correcting for the possible 

Season β SE Z P RRs(95%CIs)ɑ

Cold

PM2.5 0.001980 0.000913 2.168 0.032* 1.020(1.001–1.038)

PM10 0.001205 0.000594 2.031 0.044* 1.012(1.000–1.024)

NO2 0.005824 0.001429 4.074 < 0.01* 1.060(1.031–1.090)

SO2 0.008109 0.006846 1.184 0.238 1.084(0.948–1.240)

O3 0.0005474 0.0010973 0.499 0.618 1.005(0.984–1.027)

Warm

PM2.5 0.0015970 0.0014590 1.094 0.276 1.016(0.987–1.046)

PM10 0.0005499 0.0010129 0.543 0.588 1.006(0.986–1.027)

NO2 0.0037720 0.0020840 1.810 0.073 1.038(0.997–1.082)

SO2 − 0.005901 0.0111300 − 0.530 0.596 0.943(0.758–1.172)

O3 0.0000899 0.000503 0.179 0.859 1.001(0.991–1.011)

Table 4.  Estimated relative risks (RRs) and 95% confidence intervals (CIs) of ILI cases for a 10 µg/m3 increase 
of pollutant concentrations in the warm (April to September) and cold (October to March) seasons. *Indicates 
P < 0.05. ɑEstimated relative risks (RRs) and 95% confidence intervals (CIs) of ILI cases for a 10 µg/m3 increase 
of pollutant concentrations.

 

Model β SE Z P RRs(95%CIs)ɑ

Single-pollutant

PM2.5 0.001814 0.000862 2.104 0.036* 1.018(1.001–1.036)

PM10 0.001621 0.000569 2.846 0.005* 1.016(1.005–1.028)

NO2 0.006098 0.001250 4.879 < 0.01* 1.063(1.067–1.364)

SO2 0.018778 0.006265 2.997 0.003* 1.207(1.067–1.364)

O3 0.000260 0.000570 0.456 0.648 1.003(0.991–1.014)

Two-pollutant

PM2.5+O3

PM2.5 0.001838 0.000896 2.052 0.041* 1.019(1.001–1.037)

O3 − 0.000060 0.000588 − 0.103 0.918 0.999(0.988–1.011)

PM10 + O3

PM10 0.001649 0.000587 2.810 0.005* 1.017(1.005–1.028)

O3 − 0.000122 0.000580 − 0.210 0.833 0.999(0.987–1.011)

NO2 + SO2

NO2 0.005950 0.001559 3.816 < 0.01* 1.061(1.029–1.094)

SO2 0.001226 0.007682 0.160 0.873 1.012(0.871–1.177)

NO2 + O3

NO2 0.006087 0.001255 4.850 < 0.01* 1.063(1.037–1.089)

O3 0.000065 0.000553 0.117 0.907 1.001(0.990–1.012)

SO2 + O3

SO2 0.018678 0.006282 2.973 0.003* 1.205(1.066–1.363)

O3 0.000174 0.000564 0.309 0.757 1.002(0.991–1.013)

Table 3.  Estimated relative risks (RRs) and 95% confidence intervals (CIs) of ILI cases for a 10 µg/m3 increase 
of pollutant concentrations based on the single- and two-pollutant models. *Indicates P < 0.05. ɑEstimated 
relative risks (RRs) and 95% confidence intervals (CIs) of ILI cases for a 10 µg/m3 increase of pollutant 
concentrations.
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confounding effects of O3, the RR of other air pollutants did not change significantly. It indicated that O3 had 
little effect on the other four pollutants. However, SO2 was no longer statistically associated with ILI cases when 
it was adjusted with NO2, which was the same as the results of Wuhan, researchers concluded that NO2 may be 
a potential confounder for co-pollutants in the multi-pollutant model21.

It’s suggested that the cold season has a greater impact on ILI cases than the warm season, which is consistent 
with other studies21,29. PM2.5 could increase the prevalence of influenza in cold weather, after adjusting for 
potential variables, there were a strong positive relationship between PM2.5 and ILI risk during the flu season12. 
The reasons may be that the concentration of pollutants in cold season is higher than that in warm season, and the 
low temperature makes it more comfortable for influenza viruses to survive, what’s more, the respiratory mucosa 
is more fragile in winter. The results of this study suggest certain potential mechanisms that might be involved 
in the relationship between air pollution and influenza risk35. A possible reason is that oxidative stress may 
cause air pollutants to produce free radicals, which are bad for the lungs36. Second, air pollutants can reduce the 
ability of macrophages to phagocytize or inactivate viruses, which may lead to changes in a host’s susceptibility. 
A previous study found evidence that PM10 exposure may interfere with the replication of viruses37. In addition, 
air pollutions can decrease the expression of surfactant proteins, which may lead to increased inflammation 
and decreased phagocytosis38. Some researchers have contended that polluting particles in the air can provide 
“condensation nuclei” to which virus droplets attach, increasing the risk of various infectious diseases12.

In this study, we evaluated the relationship between air pollution and ILI by GLM, which helps provide 
insight into the health effects of air pollution on ILI. However, this study also has several limitations. Firstly, 
the study used the daily mean values of air pollutants as monitored by 10 stations located in nine districts of 
Hangzhou rather than individual exposure, which would have involved measuring indoor microclimate and 
exposure time, this may lead to the measurement error. Future studies should incorporate personal monitoring 
to improve exposure estimates18. Secondly, this study focused on pollutants and did not analyze socio-
demographic characteristics, lifestyle and habits, pollutant sources, and other factors that might influence the 
incidence of ILI. Thirdly, the data used in this study were collected in a single city, which limits extrapolation 
of the conclusions. however, the results are relevant for cities with similar geography and economic conditions. 
Future multi-regional studies are needed to validate the results of this work. In summary, this is the first study 
to quantify the acute effects of multiple air pollutants on the number of ILI cases in Hangzhou, China. The study 
found that air pollutants (PM10, PM2.5, NO2, and SO2) have a significant association with the risk of influenza in 
Hangzhou. Controlling the air pollution levels may reduce the opportunity of exposure, thereby decreasing the 
transmission of influenza and other respiratory viruses in China29. Our finding also provided additional urban 
evidence regarding the impact of air pollutants on ILI in China. The quantitative evaluation of the health effects 
of air pollution on the number of ILI cases can provide epidemiological evidence for future mechanism research 
and can act as a reference for developing effective protective measures. Besides, timely release the warning 
information for vulnerable groups to remind them of pollution situations and preventive measures. This study 
also emphasized that the effect of ozone cannot be ignored.

Data availability
The datasets generated and analysed during the current study are not publicly available due to the monitoring 
data of ILI are non open data, and there are available from the corresponding author upon reasonable request.
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