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A B S T R A C T

Objectives: Although COVID-19 is known to be caused by human-to-human transmission, it remains
largely unclear whether ambient air pollutants and meteorological parameters could promote its
transmission.
Methods: A retrospective study was conducted to study whether air quality index (AQI), four ambient air
pollutants (PM2.5, PM10, NO2 and CO) and five meteorological variables (daily temperature, highest
temperature, lowest temperature, temperature difference and sunshine duration) could increase COVID-
19 incidence in Wuhan and XiaoGan between Jan 26th to Feb 29th in 2020.
Results: First, a significant correlation was found between COVID-19 incidence and AQI in both Wuhan
(R2 = 0.13, p < 0.05) and XiaoGan (R2 = 0.223, p < 0.01). Specifically, among four pollutants, COVID-19
incidence was prominently correlated with PM2.5 and NO2 in both cities. In Wuhan, the tightest
correlation was observed between NO2 and COVID-19 incidence (R2 = 0.329, p < 0.01). In XiaoGan, in
addition to the PM2.5 (R2 = 0.117, p < 0.01) and NO2 (R2 = 0.015, p < 0.05), a notable correlation was also
observed between the PM10 and COVID-19 incidence (R2 = 0.105, p < 0.05). Moreover, temperature is the
only meteorological parameter that constantly correlated well with COVID-19 incidence in both Wuhan
and XiaoGan, but in an inverse correlation (p < 0.05).
Conclusions: AQI, PM2.5, NO2, and temperature are four variables that could promote the sustained
transmission of COVID-19.
© 2020 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
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Introduction

The outbreak of COVID-19 from Wuhan, China, was officially
characterized as a pandemic on March 11th, 2020 (World Health
Organization, 2020b), which has led to more than 3.5 million
subjected infected and 0.24 million dead worldwide as of May 4th,
2020 (World Health Organization, 2020a). The causative pathogen
of COVID-19 has been confirmed as the severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) (Lu et al., 2020), which
belongs to the coronavirus family and previously caused severe
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acute respiratory syndrome (SARS) (Peiris et al., 2004) and the
Middle East respiratory syndrome (MERS) (Zaki et al., 2012).

Air pollution has been an on-going research focus as it is a major
environmental threat to human health. Sufficient evidence has
tightly linked ambient air pollution to occurrence of numerous
respiratory diseases, such as COPD (Ling and van Eeden, 2009) and
asthma (Gorai et al., 2016). Moreover, air pollution is also
associated with infectious diseases transmission. For example,
worse air quality has also been shown to increase SARS fatality (Cui
et al., 2003) as well as to increase influenza incidence (Landguth
et al., 2020). In laboratory conditions, van Doremalen et al. (2020)
demonstrated a long viability of SARS-CoV-2 in ambient aerosols,
which could be an important source of COVID-19 transmission
(Luo et al., 2020). However, whether ambient air pollutants are
associated with increased incidence of COVID-19 in realistic
situations remains largely unknown.
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Table 1
An overview of air quality index (AQI), ambient air pollution and meteorological
parameters between Jan 26th to Feb 29th in 2020 in Wuhan and XiaoGan, China.

Wuhan XiaoGan

Mean Std. deviation Mean Std. deviation

Air quality index (AQI) 63.63 25.30 71.58 27.83
Ambient air pollutants

PM2.5 (mg/m3) 44.16 21.63 50.39 24.18
PM10 (mg/m3) 51.88 22.26 59.65 25.98
NO2 (mg/m3) 21.47 7.66 11.35 3.95
CO (mg/m3) 0.88 0.04 1.16 0.04

Meteorological parameters
Temperature (�C) 7.19 4.04 7.26 3.92
Daily highest temp (�C) 13.25 4.19 12.97 4.96
Daily lowest temp (�C) 4.38 4.55 4.87 3.91
Daily temp diff (�C) 8.81 3.76 7.97 3.85
Sunshine duration (h) 11.04 0.28 10.91 0.27

Table 2
The correlation between COVID-19 incidence and three ambient air pollutants along
with five meteorological parameters, Jan 26th to Feb 29th in 2020 in Wuhan and
XiaoGan, China. The data marked with *, ** and *** indicated statistical significance,
where p < 0.05, 0.01 and 0.001, respectively.

Wuhan XiaoGan

Slope R2 Slope R2

Air quality index (AQI) 0.015 � 0.007* 0.127 0.133 � 0.046** 0.222
Ambient air pollutants

PM2.5 0.015 � 0.006* 0.174 0.117 � 0.046** 0.23
PM10 0.117 � 0.006 0.105 0.105 � 0.044* 0.158
NO2 0.007 � 0.002*** 0.329 0.015 � 0.007* 0.158
CO 0.000 � 0.000** 0.203 �0.000 + 0.000 0.022

Meteorological data
Temperature �0.002 � 0.001* 0.126 �0.014 � 0.007* 0.13
Daily highest temp �0.002 � 0.001 0.114 �0.014 � 0.009 0.076
Daily lowest temp �0.003 � 0.001* 0.143 �0.013 � 0.007 0.109
Daily temp diff 0.000 � 0.001 0.003 �0.001 � 0.007 0.001
Sunshine duration �0.000 � 0.000 0.000 �0.002 � 0.000*** 0.407
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Previous study indicated that meteorological parameters can
affect spread and thriving of multiple viruses. For example,
ambient temperature and relative humidity are inversely associ-
ated with influenza A infection rate in Japan (Iha et al., 2016). The
coronavirus also exhibited a seasonal oscillation of outbreak,
which also suggested a strong association between meteorological
parameters and virus transmission and viability (Killerby et al.,
2018). Moreover, although the epidemiological characteristics of
SARS-CoV-2 are not clear, a recent study predicted SARS-CoV-2
transmits more efficiently in winter than summer (Lipsitch, 2020),
indicating the importance of temperature in COVID-19 transmis-
sion. However, whether COVID-19 transmission is associated with
meteorological parameters, at this moment, is not backed by
sufficient investigations and robust evidence.

In this retrospective study, we attempted to conduct an
exploratory analysis looking at the association between environ-
ment conditions (including ambient pollutants and meteoroidal
parameter) and COVID-19 incidence/mortality in Wuhan, given a
city-wide lockdown and varying pollution/meteorological data
throughout the entire study period.

Materials and methods

COVID-19 incidence data

In this time-series analysis, COVID-19 incidence counts in
Wuhan and XiaoGan were provided by the Centers for Disease
Control and Prevention (CDC) of Hubei Province (Health Commis-
sion of the Hubei Province, 2020). The data used in this study are
daily case counts of positive diagnoses of COVID-19 from all
reporting sources, including laboratory and clinical diagnoses.
COVID-19 cases of all ages are included. In total, the COVID-19
incidence data for Wuhan produced over 35 ‘clusters’ of time series
between Jan 26th to Feb 29th in 2020.

Environmental condition data
The daily air quality index (AQI), PM2.5, PM10, NO2 and CO

concentration were retrieved from the Platform AQI (Platform AQI,
2020). Five meteorological parameters were retrieved from the
database of Weather.com (The Weather Channel, 2020), including
daily mean temperature, highest temperature, lowest tempera-
ture, sunrise and sunset time. Daily temperature difference and
sunshine duration were calculated based on the difference of
highest and lowest temperature and sunrise and sunset time,
respectively. Thus, a total of five meteorological parameters were
enrolled as independent variables.

Data analysis

Due to imperfect daily reporting practices, COVID-19 incidence
numbers in XiaoGan exhibited data on Feb 19th which was �15.
Furthermore, China updated their diagnostic criteria on Feb 12th
and 13th, which resulted in a significant increase of COVID-19
incidence cases on these days (Han and Yang, 2020). Thus, these
data were excluded from the current study.

All data analyses were done in GraphPad Prism1 8.0 (GraphPad
Software, La Jolla, CA, USA). First, a descriptive analysis was
performed to provide an overview of COVID-19 incidence and air
quality during the study period. Next, we utilized a linear
regression model to fit the dependent variables (COVID-19
incidence) for each independent variable (four ambient air
pollutants and five meteorological parameters). As SARS-CoV-2
has a median incubation period of 4 days in humans (Guan et al.,
2020), all independent variables were used to fit daily COVID-19
incidence from 4 days later. The statistical tests were two-sided,
and p-value <0.05 was considered as statistically significant.
Results

Detailed information of daily COVID-19 incidence number was
listed in Table 1, including the AQI, four ambient air pollutants and
five meteorological parameters. The AQI values for Wuhan and
XiaoGan were 63.63 � 4.47 and 71.58 � 5, respectively, both of
which were categorized as moderate according to the US EPA
standard (United States Environmental Protection Agency, 2019a).
The highest and lowest daily COVID-19 incidences were 1690 cases
on Feb 16th and 80 cases on Jan 26th in Wuhan, respectively.
Meanwhile, incidences in XiaoGan were 424 on Feb 5th and 0 on
Feb 29th.

We then looked into the correlation between local AQI and
COVID-19 incidence number in each city (Table 2, Figure 1). The
data showed that AQI was significantly and positively associated
with daily COVID-19 incidence number in both Wuhan (R2 = 0.13,
p < 0.05) and XiaoGan (R2 = 0.223, p < 0.01), which indicated the
important role of AQI in COVID-19 transmission. Thus, we further
studied the association of daily newly diagnosed COVID-19 cases
with each air pollutant in Wuhan (Table 2, Figure 2). Interestingly,
all ambient air pollutants showed positive association with daily
COVID-19 incidence. Among them, NO2 (R2 = 0.329, p < 0.01), PM2.5

(R2 = 0.174, p < 0.05) and CO (R2 = 0.203, p < 0.001) exhibited
statistical significance. Next, we studied the correlation between
meteorological parameters and COVID-19 incidence in Wuhan.
Among five parameters, daily temperature (R2 = 0.126, p < 0.05)
and daily lowest temperature (R2 = 0.143, p < 0.05) were predomi-
nantly correlated with COVID-19 incidence, but both in an inverse
correlation.



Figure 1. The correlation between daily COVID-19 incidence and air quality index (AQI) in Wuhan (A) and XiaoGan (B).

Figure 2. The correlation between daily COVID-19 incidence and ambient air pollution/five meteorological parameters in Wuhan.
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In XiaoGan, both PM2.5 (R2 = 0.23, p < 0.01) and NO2 (R2 = 0.158,
p < 0.05) were also apparently associated with COVID-19 inci-
dence. Moreover, a notable correlation was also observed between
the PM10 and incidence cases (R2 = 0.158, p < 0.05). Among five
meteorological factors, COVID-19 incidence correlated well with
the temperature (R2 = 0.13, p < 0.05) and daily sunshine duration
(R2 = 0.407, p < 0.01), which were, however, in an inverse correla-
tion (Figure 3).

Discussion

Multiple factors could impact viral transmission. For example,
influenza viability and activity could be potentiated by ambient air
pollutants and some meteorological variables (Iha et al., 2016;
Landguth et al., 2020). However, this has not been examined for the
SARS-CoV-2. Thus, a preliminary analysis was conducted in the
current study to assess the role of air pollution and meteorological
parameters on COVID-19 transmission. We found that COVID-19
incidence was enhanced by increased AQI (decreased air quality),
PM2.5, and NO2 and weakened by temperature.

The PM is hazardous due to its complicate composition and
strong capacity of air suspension. PM could be divided into coarse
and fine particulate matter, whose diameters are less than 10 mm
and 2.5 mm, respectively. Among various causes of respiratory
illness, the PM has been shown to potentiate viral transmissions.
For instance, ambient PM2.5 concentration was prominently
correlated with influenza-like illness risk during the flu season
in Beijing, China (Feng et al., 2016). In a single hospital setting,
researchers found that both influenza and respiratory syncytial
virus remain airborne for a long time period after they attach to
PM, which allows viruses to be transmitted by the airborne route
(Lindsley et al., 2010). Additionally, viral replication in the



Figure 3. The correlation between daily COVID-19 incidence and ambient air pollution/five meteorological parameters in XiaoGan.
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respiratory system is enhanced by the negative effect of PM on the
human respiratory barrier integrity (Xian et al., 2020; Zhao et al.,
2018). However, it remains particularly unclear whether the
ambient air pollutant could assist SARS-CoV-2 transmission. In the
current study, the PM2.5 concentration is correlated with the
COVID-19 incidence in a positive correlation, which agreed with
previous studies. Based on this information, we hypothesize that
PM could potentiate the transmission ability of SARS-CoV-2 in two
ways: (1) PM2.5 could disrupt the integrity of the human
respiratory barrier integrity (Zhao et al., 2018). Thus, the
dysfunctional respiratory barriers are more likely to expose deeper
respiratory tissue to foreign pathogens. (2) PM could form
condensation nuclei for viral attachment (Lee et al., 2014). Due
to its relatively smaller size, PM2.5 is more pernicious as it can
penetrate the respiratory tract and reach alveoli directly (Tellier,
2009). Since both PMs, especially PM2.5 concentration, were
constantly higher than safety guidelines of the US EPA (United
States Environmental Protection Agency, 2019b) in both cities, we
believed that PM2.5 is a stronger factor promoting SARS-CoV-2
transmission.

A number of studies demonstrate the adverse health effects of
NO2 exposure. For example, short-term increase of outdoor NO2

concentration can significantly increase the risk of upper
respiratory tract infection (Li et al., 2018). This phenomenon
was particularly notable in children, as this subpopulation is highly
susceptible to NO2 induced lung injury (Ghosh et al., 2012; Lin
et al., 2013; Moshammer et al., 2006). Viral infection was common
after NO2 exposure. According to Chauhan et al. (2003), 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 significantly increase infection risk of
cytomegalovirus in mice (Rose et al., 1988). Moreover, recovered
mice tended to be re-infected after re-exposing to NO2 (Rose et al.,
1989). In the current study, although the NO2 level was constantly
lower than the US EPA standards (United States Environmental
Protection Agency, 2016), our data revealed that COVID-19
incidence was highly correlated with the ambient NO2 concentra-
tion. This finding agreed with epidemiological studies from other
regions of the world (Chauhan et al., 2003; Lin et al., 2013).

So far, epidemiological studies identified at least nine virus
categories that are capable of infecting the respiratory tract
(Nichols et al., 2008; Pavia, 2011). Although all feature seasonal
oscillation of outbreaks, only three viruses show peak incidences in
the winter months, which are the Influenza, human coronavirus,
and human respiratory syncytial virus (Killerby et al., 2018;
Midgley et al., 2007). Although the epidemiological characteristics
of SARS-CoV-2 are not clear, recent study predicted that SARS-CoV-
2 transmits more efficiently in winter than summer (Lipsitch,
2020), indicating the importance of temperature. These data
agreed with our results as temperature seems to decrease the
incidence of COVID-19, indicating an inhibitory effect of tempera-
ture on SARS-CoV-2 transmission. This phenomenon might be
related to life-style as people tend to huddle indoors together
during the winter season. Future study needs to investigate the
direct effect of temperature on viral activity as well.

Other than the PM and NO2, the data from Wuhan also indicated
that CO has a strong positive effect on SARS-CoV-2 transmission.
However, the data from XiaoGan failed to repeat the same result.
So far, only a few studies are available concerning the effect of CO
on viral transmission. For example, Su et al. (2019) presented that
CO can increase the risk of influenza-like illness. Ali also identified
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that CO had a weak positive association with influenza transmis-
sibility (Ali et al., 2018). We believe our current results could not
fully represent the potency of CO on SARS-CoV-2 transmission due
to relatively limited study period and location. Thus, we cannot
conclude the effect of CO on SARS-CoV-2 transmission based on
current data. Further studies are required to elaborate on this issue.

The current study has some limitations. First, there are only two
cities enrolled, which might result in some results deviation from
the exact effect of ambient pollution and meteorological param-
eters on SARS-CoV-2 transmission. Second, the study period is
relatively short compared to other epidemiological study. In future
study, we will enroll more data from multiple countries and areas
to validate the results from current study.

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