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Abstract

Background
Since its �rst appearance in Wuhan China in December 2019, the coronavirus disease 2019 (COVID-19)
has become a worldwide pandemic. Although the COVID-19 is known to cause by human-to-human
transmission, it remains largely unclear whether ambient air pollutants and meteorological factors could
promote its transmission process.

Methods
We conducted a retrospective cohort study to understand the correlation between COVID-19 incidence
and eight ambient air pollutants (PM2.5, PM10, SO2, CO, NO2, and O3-8 h) and three meteorological
variables (temperature, humidity and wind level) in China’s two worst-hit cities, Wuhan and XiaoGan,
between Jan 25th to Feb 29th in 2020.

Results
Our data showed that the COVID-19 incidence was constantly correlated with PM2.5, NO2 and local
temperature in both cities. Speci�cally, in Wuhan, the tightest correlation was observed between NO2 and

COVID-19 incidence (R2 = 0.329, p < 0.01). The PM2.5 and CO also present tight correlation with the

incidence number, whose R2 equaled 0.174 (p < 0.01) and 0.203 (p < 0.05), respectively. In XiaoGan, in
addition to the PM2.5 (R2 = 0.23, p < 0.01) and NO2 (R2 = 0.158, p < 0.05), a notable correlation was also

observed between the PM10 and incidence cases (R2 = 0.158, p < 0.05). Moreover, temperature is the only
meteorological factors that constantly correlated well with COVID-19 incidence in both Wuhan and
XiaoGan, but in a negative pattern (R2 = 0.126 and 0.13, respectively, both p < 0.05).

Conclusion
Our data concludes that ambient air pollutants, especially PM2.5 and NO2, and temperature are three
variables that could potential promote the sustained transmission of COVID-19. Thus, personal protective
devices, especially the facial mask and eye goggle, shall be suggested to residents for SARS-CoV-2
protection in highly polluted regions.

Background
Since its �rst appearance in Wuhan China in December 2019, the coronavirus disease 2019 (COVID-19)
has become a worldwide pandemic [1–3]. The Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-
CoV-2) is the pathogen of the COVID-19, which is now a big threat to global health. As of Mar 31st, 2020,
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785,979 con�rmed cases and 37,810 death related to COVID-19 had been recorded from 204 countries
[4].

Ambient air pollutant is a well-known threat to human health, as su�cient evidence become available to
generate the tight correlation between pollutant and increased risks of numerous diseases [5–7]. Among
pollution related health issues, ambient air pollutant has raised concerns over its association with
infectious diseases, some of which have previously caused local epidemic [8–10]. It is speculated that
the airborne air pollutants provide “condensation nuclei” for virus to attach. This hypothesis was
supported by the studies based on the observation of in�uenza-PM2.5 correlation [10–12]. Although the
COVID-19 is known to cause human-to-human transmission by infectious secretions [3], these secretions
can be transferred in many different ways. Thus, whether the ambient air pollutants could promote the
transmission of SARS-CoV-2 becomes an urgent question in the current pandemic scenario. Additionally,
meteorological factors such as humidity and temperature had also been suggested to enhance air
pollution [13, 14] and promote transmission of infection disease[14]. However, their role in SARS-CoV-2
transmission also remains largely unknown.

Wuhan is one of the most populated cities in china, which has a subtropical humid monsoon climate.
Due to rapid industrialization and urbanization, both the concentration and composition of air pollutants
become higher and more complicated [15, 16], respectively, which caused severe health problems to local
population[17]. Previous study demonstrated a mycobacterium surge in Wuhan as being fueled by local
worsen air pollution and weather[18]. Nevertheless, no study so far has studied the correlation between
Wuhan local air quality/ meteorological data and COVID-19 incidence.

Due to its sever air pollution and COVID-19 incidence, Wuhan provided a good research object to
investigate this issue. Thus, we hypothesized a potential role of air pollutants and meteorological
variables in promoting SARS-CoV-2 transmission, aiming to provide clues of in�uencing factors for SARS-
CoV-2 pandemic. We have also enrolled XiaoGan into the current study, which is the seconded worst
COVID-19-affect city located in the same province of Wuhan.

Methods

Study Population
The study population included a retrospective cohort of coronavirus infected patients in two China cities,
Wuhan and XiaoGan between Jan 25th to Feb 29th in 2020. The incidence data of coronavirus subjects
were obtained from the Health Commission of Hubei Province[19].

The daily air quality index (AQI) and average concentrations of six ambient air pollutants data were
collected from the website Platform AQI (https://www.aqistudy.cn). These pollutants included PM2.5,
PM10, SO2, CO, NO2, and O3-8 h (maximum 8-h moving average concentrations for O3), whose daily
concentration were calculated by averaging the concentrations of all stations in the city to represent the
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citywide pollution exposure. The daily temperature, relative humidity, and wind (in Beaufort number) were
also obtained from the Platform AQI.

Data analysis
A time-series analysis was applied to examine the associations between the pollutants and COVID-19
incidence. We conducted the Pearson regression coe�cient analysis to estimate the association between
various pollutants concentration and COVID-19 incidence in Wuhan and XiaoGan, China on a daily base.
All analyses were conducted using GraphPad Prism® 6.0. The statistical tests were two-sided, and p-
value < 0.05 was considered as statistically signi�cant.

Results
Previous epidemiological study demonstrated that the median incubation period of SARS-CoV-2 infection
was 4 days [20]. Thus, the Pearson correlation was applied to analyze the relationships of COVID-19
incidence numbers with air pollution data from four days ago.

Table 1 presents the descriptive statistics for daily COVID-19 incidence numbers and the air pollutants
value in Wuhan. In Wuhan, on Jan 26th, 80 cases of COVID-19 were newly diagnosed, which appeared to
be the lowest incidence number during the entire study period. Meanwhile, the highest incidence number
showed up on Feb 12th, which were 13,436 cases. The daily means of weather factors in Wuhan were as
follows: temperature 7.11 ± 0.67 ̊C, humidity 79.33 + 1.47%, wind (Beaufort No.) 0.75 ± 0.14. Additionally,
the daily means of air pollution factors in Wuhan were as follows: PM2.5 45.53 ± 3.84 µg/m3, PM10 53.08 

± 3.99 µg/m3, SO2 7.36 ± 0.38 µg/m3, CO 0.89 ± 0.03 µg/m3, NO2 22.25 ± 1.42 µg/m3, O3-8 h 75.39 ± 

3.6 µg/m3. Similarly, Table 2 presents the descriptive statistics in XiaoGan. From 25th Jan to 29th Feb
2020, the minimal and maximum incidence of COVID-19 incidence was − 15 and 424 cases, respectively.
The daily means of weather factors in XiaoGan were as follows: temperature 6.86 ± 0.63 ̊C, humidity
81.69 ± 1.96%, wind (Beaufort No.) 1.17 ± 0.07. In addition, the air pollution factions in XiaoGan were as
follows: : PM2.5 50.28 ± 4.27 µg/m3, PM10 59.58 ± 4.69 µg/m3, SO2 7.03 ± 0.44 µg/m3, CO 1.15 ± 

0.04 µg/m3, NO2 11.69 ± 0.81 µg/m3, O3-8 h 78.72 ± 3.7 µg/m3.
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Table 1
Descriptive statistics of daily COVID-19 incidences numbers and meteorological
data /air pollution conditions from 25th Jan to 29th Feb 2020 in Wuhan, China

(total 36 days).
Factors (Wuhan) Minimum Maximum Mean S.E.M.

Incidence (cases) 80 13436 1386 373.5

Meteorological Data        

Temperature (ºC) 2 18 7.11 0.67

Humidity (%) 58 95 79.33 1.47

Wind (Beaufort No.) 0 3 0.75 0.14

Ambient Air Pollutants (µg/m3)        

PM2.5 11 97 45.53 3.84

PM10 20 103 53.08 3.99

SO2 5 13 7.361 0.38

CO 0.5 1.3 0.8861 0.03

NO2 10 47 22.25 1.42

O3-8 h 45 110 75.39 3.64
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Table 2
Descriptive statistics of daily COVID-19 incidences numbers and meteorological
data /air pollution conditions from 25th Jan to 29th Feb 2020 in XiaoGan, China

(total 36 days).
Factors (XiaoGan) Minimum Maximum Mean S.E.M.

Incidence (cases) -15 424 98.94 16.17

Meteorological Data        

Temperature (ºC) 2 17 6.86 0.63

Humidity (%) 58 98 81.69 1.96

Wind (Beaufort No.) 1 3 1.17 0.07

Ambient Air Pollutants (µg/m3)        

PM2.5 12 108 50.28 4.27

PM10 22 122 59.58 4.69

SO2 4 14 7.03 0.44

CO 0.8 1.6 1.15 0.04

NO2 4 26 11.61 0.81

O3-8 h 40 120 78.72 3.70

Next, the presence of linear relationship was evaluated between air pollutants/meteorological data and
the COVID-19 incidence numbers in each city (Table 3, Fig. 1.). Due to the change of case de�nition on
Feb 12th, there existed a surge of COVID-19 incidence on Feb 12th and 13th[21, 22]. Additionally, XiaoGan
shows a negative number in COVID-19 incidence on Feb 19th. Thus, we excluded the data on these date
in our study. First, in Wuhan (Table 3), among six air pollutants, the negative linear relationship was only
revealed between O3-8 h and incidence number, while the rest pollutants showed positive correlation. The

tightest correlation was observed between NO2 and COVID-19 incidence (R2 = 0.329, p < 0.01). The PM2.5

and CO also present tight correlation with the incidence number, whose R2 equaled 0.174 and 0.203,
respectively (p < 0.01 and 0.05, respectively). In addition, we also studied the correlation between three
meteorological variables and COVID-19 incidence. The temperature was the only factor that
predominantly correlated with the incidence cases (R2 = 0.126, p < 0.05), but in a negative pattern. Neither
the humidity nor wind level had linear correlation with the COVID-19 incidence.
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Table 3
The correlation between the COVID-19 transmission and eight ambient air pollution and three

meteorological variables from 25th Jan to 29th Feb 2020 in Wuhan and XiaoGan, China.

    Wuhan   XiaoGan

  Slope R2 P   Slope R2 P

Meteorological Data                

Temperature   -0.002 + 
0.001

0.126 < 0.05   -0.014 + 0.007 0.130 < 
0.05

Humidity   0.003 + 
0.003

0.040 0.27   -0.019 + 0.022 0.025 0.40

Wind   0.00 + 0.00 0.001 0.84   0.00 + 0.00 0.003 0.75

Ambient Air
Pollutants

               

PM2.5   0.015 + 
0.006

0.174 0.02   0.117 + 0.046 0.23 < 
0.01

PM10   0.117 + 
0.006

0.105 0.07   0.105 + 0.044 0.158 0.03

SO2   0.00 + 0.00 0.008 0.64   0.009 + 0.005 0.101 0.08

CO   0.00 + 0.00 0.203 < 0.01   -0.0003 + 
0.0004

0.022 0.42

NO2   0.007 + 
0.002

0.329 < 
0.001

  0.015 + 0.007 0.158 0.03

O3-8 h   -0.005 + 
0.006

0.023 0.41   0.034 + 0.043 0.021 0.43

In XiaoGan, among six air pollutants (Fig. 2), the negative linear relationship was only revealed between
CO and incidence number, which however showed no statistical signi�cance. Similar to that of Wuhan,
the PM2.5 (R2 = 0.23, p < 0.01) and NO2 (R2 = 0.158, p < 0.05) had tight correlation with COVID-19

incidence. Moreover, a notable correlation was also observed between the PM10 and incidence cases (R2 
= 0.158, p < 0.05). Among three meteorological factors, the COVID-19 incidence only correlated well with
the temperature, but in a negative pattern (R2 = 0.13, p < 0.05).

Discussion
Ambient air pollution and meteorological variables can impact viral transmission (e.g., in�uenza) but
have not yet been examined for the SARS-CoV-2. In the current study, we provided an initial assessment
of ambient air pollutants and meteorological variables on the incidence of COVID-19 day by day from Jan
25th to Feb 29th in 2020. Overall, the results, based on data from China’s two worst-hit cities, we showed
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that the COVID-19 incidence was tightly correlated with PM2.5, NO2 and local temperature, indicating their
potential role in promoting viral transmission.

The PM is a mixture of both solid particles and liquid droplets suspended in the air. PM2.5 and PM10 is
identi�ed as the PM diameter cut off at 2.5 and 10 µm, respectively. Although it is not the sole cause of
respiratory illness, previous studies had provided some evidence to support the hypothesis that ambient
air pollutant is a strong environmental determinant of viral transmissions. For example, tight correlation
was discovered between human in�uenza cases and PM2.5 concentrations in epidemical studies based in
big cities, such as Beijing[23], Hong Kong[24] and Brisbane[25]. Its potential mechanisms are believed to
the increased oxidative stress caused by ambient air pollutants that damage bronchial immunity[26] and
epithelial cells integrity [27] and thus enhance viral attachment. However, it remains particularly unclear
whether the ambient air pollutant could assist SARS-CoV-2 transmission. In the current study, we
observed that among six ambient air pollutants, the PM2.5 concentration is constantly and positively
correlated with the COVID-19 incidence, which agreed with the data from previous in�uenza study.
Moreover, although not statistically signi�cant in Wuhan, the correlation between PM10 concentration and
COVID-19 incidence is prominent in XiaoGan. We tend to believe that PM2.5 and PM10 could both promote
coronavirus transmission based on following reason: The receptor for both SARS-CoV-2 and SARS-CoV
binding is the angiotensin-converting enzyme 2, which concentrates on the type II alveolar cells [28].
However, the type II alveolar cells locates in the alveoli, which is only reachable to particles with a
diameter less than 5 micrometers[29]. Thus, small airborne pollutants, such as PM2.5, are particularly
harmful as they are more likely to penetrate the respiratory tract all the way to the alveolar region
un�ltered[30, 31]. For larger PM, penetration ability decreased dramatically when its size rise. We believe
PM10 is also harmful respiratory tract to some extent as starts at 20 µm and beyond, PM is not able to
penetrate below the trachea[31]. This might also explain our �nding that PM2.5 is more tightly correlated
with the COVID-19 incidence than that of the PM10. The safety guideline concentration of PM2.5 of PM10

are 15 and 50 µg/m3 by US EPA[32], respectively. Meanwhile, both Wuhan and XiaoGan were constantly
suffered from particularly higher than safe PM2.5 and PM10 levels during our study period. Future
epidemiological study in other world regions with similar population density but different PM2.5 and PM10

concentration could be used to verify this result.

There are a number of studies demonstrate the adverse health effects of NO2 exposure. For example,
short-term increase of outdoor NO2 concentration can signi�cantly increase the risk of upper respiratory

tract infection[33]. This phenomenon is was particularly notable in children, as this subpopulation is
highly susceptible to NO2 induced lung injury [34–36]. Viral infection was common after NO2 exposure.
According to Chauhan et al.[37], four viruses were frequently detected in NO2-related respiratory tract
infection and coronavirus was one of them. Previous study indicated that preceding NO2 exposure can
decrease host immunity and thus signi�cantly increase infection risk of cytomegalovirus in mice[38].
Moreover, recovered mice tended to be re-infected after re-exposing to NO2[39]. In the current study,
although the NO2 level was constantly lower than the US EPA standards[40], our data revealed that



Page 9/15

COVID-19 incidence were highly correlated with the ambient NO2 concentration. This �nding agreed to

epidemiological studies from other regions of the world [35, 37].

So far, epidemiological studies had identi�ed at least nine viruses categories that are capable of infecting
respiratory tract [41, 42]. Although all feature seasonal oscillation of outbreaks, only three viruses show
peak incidences in the winter months, which are the In�uenza, human coronavirus, and human respiratory
syncytial virus[43, 44]. Although the epidemiological characteristics of SARS-CoV-2 is not clear, recent
study predicted the SARS-CoV-2 transmits more e�ciently in winter than summer[45], indicating the
importance of temperature. In current study, our data agreed with previous �ndings as we demonstrated
that temperature is an important metrological variable that is negatively correlated with COVID-19
incidence, indicating lower temperature promote the SARS-CoV-2 transmission. This phenomenon might
be related to life-style as people tend to huddle indoors together during winter season. Future study needs
to investigate the direct effect of temperature on viral activity as well.

There also exist some discrepancies between the results current and previous studies. For example, it had
been shown that low humidity could increase the viability and thus promote viral transmission [29, 46].
However, we failed to observe the role of humidity on COVID-19 incidence. This issue might be related to
the high humidity (constantly > 50%) of Wuhan and XiaoGan during the entire period. Without proper
shifting of humidity for comparison, we believe our data could not properly reveal the importance of
humidity on viral transmission.

The current study has some limitations. First, as the ambient PM2.5 is a mixture of solid particles and
liquid droplets, the exact components of PM2.5 that could promote coronavirus transmission remain
unknown. Second, due to the relatively short study period since the current outbreak and imperfect daily
reporting practices, our results are vulnerable to changes as the emerging of more detailed data.

Conclusions
In conclusion, we found that PM2.5, NO2 and temperature are three variables that could potential promote
the sustained transmission of SARS-CoV-2. Personal protective devices, especially the facial mask, shall
be suggested to residents for coronavirus protection in highly polluted regions.

Abbreviations

COVID-19 Coronavirus Disease 2019

SARS-CoV-2 Severe Acute Respiratory Syndrome Coronavirus-2
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Figure 1

The correlation between the COVID-19 incidence and six ambient air pollution and three meteorological
variables in Wuhan.
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Figure 2

The correlation between the COVID-19 incidence and six ambient air pollution and three meteorological
variables in XiaoGan.


