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Abstract: Meteorological factors may influence coronavirus disease 2019 (COVID-19) transmission.
Due to the small number of time series studies, the relative importance of seasonality and meteo-
rological factors is still being debated. From March 2020 to April 2021, we evaluated the impact
of meteorological factors on the transmission of COVID-19 in Chennai, India. Understanding how
the COVID-19 pandemic spreads over the year is critical to developing public health strategies.
Correlation models were used to examine the influence of meteorological factors on the transmission
of COVID-19. The results revealed seasonal variations in the number of COVID-19-infected people.
COVID-19 transmission was greatly aggravated by temperature, wind speed, nitric oxide (NO) and
barometric pressure (BP) during summer seasons, whereas wind speed and BP aggravated COVID-19
transmission during rainy seasons. Furthermore, PM 2.5, NO and BP aggravated COVID-19 transmis-
sion during winter seasons. However, their relationships fluctuated seasonally. Our research shows
that seasonal influences must be considered when developing effective interventions.

Keywords: COVID-19; linear regression model; seasonal; temperature; wind speed; barometric
pressure; PM 2.5

1. Introduction

COVID-19, which developed in Wuhan, China, in December 2019, was caused by
the severe acute respiratory syndrome coronavirus 2. Despite the widespread use of
intervention programs, the number of people contracting COVID-19 and dying continues to
rise. On 11 March 2020, the WHO designated COVID-19 a pandemic. As of 15 October 2020,
there were around 39 million confirmed cases across 235 nations, regions and territories,
with an estimated 1.1 million fatalities [1]. Strategic planning, crucial policies and time-
worthy decisions in the global public health sector have all been impacted by the COVID-19
pandemic. Controlling COVID-19 was difficult due to the inability to fully comprehend
the infectious agent and its environmental interactions. In addition, factors such as climate
and atmosphere may have impacted respiratory infectious illnesses’ tendency to lead to
pandemics [2,3].

The transmission of COVID infections, including the Middle East respiratory syn-
drome coronavirus and the severe acute respiratory syndrome (SARS), has been linked to
temperature, relative humidity and wind speed [4,5]. When the warmer weather arrived in
2003, China’s Guangdong province saw a gradual drop in the incidence of severe SARS [6].
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However, the epidemic was caused by additional environmental components, including
the significant accumulation of air pollution. According to Cui et al. (2003), air pollution
influenced the SARS pandemic that broke out in mainland China in November 2002. The
study investigated the seasonal occurrence of respiratory illness epidemics, which often
happen at low winter temperatures [7]. The coronavirus may survive in a subtropical
environment for two weeks in low-temperature, humid locations, allowing virus trans-
mission [8]. According to research conducted in Korea, the risk of contracting influenza
increased noticeably with greater relative humidity and lower daily temperatures [9].

The number of findings on COVID-19 mortality and the connection with environmen-
tal and meteorological factors is increasing, and they are also critical. Several cited studies
have been reported concerning COVID-19 mortality, infection and environmental variables.
For instance, Qi et al. (2020b) discovered a strong correlation between humidity and tem-
perature associated with COVID-19 in China [10]. Ma et al. (2020) utilized air pollution
datasets and climatic factors to calculate the daily number of COVID-19 deaths in Wuhan,
China, the city where the pandemic originated [2]. However, it is currently unknown
how climatic conditions influence the rates of COVID-19 confirmed cases. According to
the current research, a firm conclusion about the possible impact of climatic variables on
COVID-19 globally has yet to be reached. Only a few studies have examined the impact of
seasonality [11–14] (Table S1). In the early stages of the pandemic, most studies focused on
time series with a limited time frame [15]. Meteorological influences on COVID-19 cannot
be discerned from investigations conducted over a short period.

Chennai, which is one of India’s largest metropolises with around 10 million peo-
ple spread across 1189 square kilometres [16]. Throughout the pandemic, Chennai has
surpassed all the other districts of Tamil Nadu in the number of confirmed COVID-19
infections and fatalities per 1000 population [17]. However, we do not know how weather
conditions could influence disease transmission. Therefore, using a linear regression model
(LRM), we sought to determine the impact of meteorological conditions on COVID-19
confirmed cases in Chennai, India. Using the data, we may better understand the proba-
ble connections between COVID-19 and meteorological conditions. For the first time, a
report from Chennai, India, on possible correlations between meteorological conditions
and verified COVID-19 cases has been presented in this research.

2. Materials and Methods
2.1. Data on COVID-19 Incidence

The Directorate of Public Health and Preventive Medicine, Health and Family Welfare
Department, Government of Tamil Nadu, provided COVID-19 incidence numbers for this
time-series study in Chennai. In this analysis, we used daily counts of positive COVID-19
diagnoses from all reporting sources, including clinical and laboratory diagnoses. The
COVID-19 database contains cases of all ages and the COVID-19 incidence data for Chennai,
Tamil Nadu, between 7 March 2020, and 12 April 2021.

2.2. Environmental Condition Data

The mean daily temperature, wind speed, PM 2.5, NO, sulfur dioxide (SO2) and BP
concentration were retrieved from the central pollution control board, Chennai, Tamil
Nadu, India, between 1 March 2020, and 6 April 2021.

2.3. Data Analysis

The GraphPad Prism1 8.0 (Graphpad Inc., Harvey Motulsky, Los Angeles, CA, USA)
was used for all data analysis. A descriptive analysis was first carried out to give an overall
view of COVID-19 incidence and temperature, wind speed, PM 2.5, NO, SO2 and BP over
the research period. The daily incidence of COVID-19 was matched using all independent
variables. The COVID-19 incidence was then fitted to each independent variable using an
LRM. The p-value < 0.05 was considered statistically significant in the two-sided statistical
tests.
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3. Results
3.1. Description of COVID-19 Outbreak, Temperature, Wind Speed, and Air Pollutants

The statistical analysis of confirmed cases of COVID-19, temperature, wind speed,
and air pollutants were shown in Figure 1 and Table 1. During the study (7 March 2020,
to 6 April 2021), 264,535 confirmed cases of COVID-19 were reported in Chennai. On
average, approximately 658.2 confirmed COVID-19 cases were reported per day (Figure 1a).
There was a temperature range of between 25 ◦C and 42 ◦C (Figure 1b). The averages
are as follows: temperature 31.07 ◦C (Figure 1b), wind speed 0.7279 m/s (Figure 1c),
PM 2.5 32.312 µg/m3 (Figure 1d), SO2 µg/m3 7.512 (Figure 1e), NO 5.697 µg/m3 (Figure 1f)
and BP 754.0 mmHg (Figure 1g).
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Figure 1. Boxplot of the weather conditions in Chennai, India from March 1, 2020, to April 12,
2021. (a) cases, (b) temperature (◦C), (c), wind speed (m/s), (d) PM 2.5 (µg/m3), (e) SO2 (µg/m3),
(f) NO (µg/m3), (g) BP (mmHg).

Table 1. Summary of COVID-19 positive cases, temperature, wind speed and air pollutants.

Cases Temperature Wind
Speed PM 2.5 SO2 NO Bar Pressure

number of values 402 402 402 402 402 402 402
minimum 0.000 25.00 0.1200 0.000 1.260 0.8900 742.8

25% percentile 176.0 29.25 0.3800 17.23 3.508 2.838 748.3
median 509.5 31.00 0.5700 26.34 4.370 4.155 752.4

75% percentile 1131 32.72 0.9525 42.30 8.190 5.075 760.8
maximum 2393 42.00 2.590 353.2 34.02 49.27 763.7

range 2393 17.00 2.470 353.2 32.76 48.38 20.89
mean 658.0 31.07 0.7279 32.31 7.512 5.697 754.0

std. deviation 534.9 2.591 0.4745 27.45 7.834 5.936 6.200
std. error of mean 26.68 0.1292 0.02367 1.369 0.3907 0.2961 0.3092

sum 264,535

Figure 2a and Table S2 show the total confirmed cases in each season from March 2020
to April 2021. The highest number of confirmed cases were reported in the period from
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July to October 2020 (132,289), followed by March 2020 to June 2020 (68,614), November
2020 to February 2021 (33,602) and March 2021 to April 2021 (30,570). The highest increase
in confirmed cases was from July 2020 to October 2020. The average temperature was
found to be highest at 32.86 ◦C from March 2021 to April 2021, and the lowest average was
30.19 ◦C from November 2020 to February 2021. From July 2020 to October 2020, the mean
temperature was 32.09 ◦C, and from March 2020 to June 2020 it was 30.24 ◦C (Figure 2b and
Table S3). The mean wind speed was 0.8209 m/s from March 2020 to June 2020, 0.4184 m/s
from July 2020 to October 2020, 1.069 m/s from November 2020 to February 2021 and
0.4112 from March 2021 to April 2021 (Figure 2c and Table S4). The mean concentration of
PM 2.5 (µg/m3) showed an increase of 42.10 µg m−3 between March 2021 and April 2021,
followed by 37.66 µg/m3 (November 2020–February 2021), 28.60 µg/m3 (July 2020–October
2020) and 27.09 µg/m3 (March 2020–June 2020) (Figure 2d and Table S5). From March
2020 to June 2020, the SO2 concentration was 4.133 µg/m3. The mean SO2 concentration
(µg/m3) in Chennai from March 2021 to April 2021 reached 28.26 µg/m3 (Figure 2e and
Table S6). NO concentrations were 7.966 µg/m3 from March 2020 to June 2020, 3.784 µg/m3

from July 2020 to October 2020, 4.181 µg/m3 from November 2020 to February 2021 and
9.274 µg/m3 from March 2021 to April 2021 (Figure 2f and Table S7). BP mmHg readings
were 749.8 mmHg from March 2020 to June 2020, 749.0 mmHg from July 2020 to October
2020, 761.34 mmHg from November 2020 to February 2021 and 759.3 mmHg from March
2021 to April 2021 (Figure 2g and Table S8).
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3.2. Association between All Variables and COVID-19 Confirmed Cases

The correlation between COVID-19 transmission and meteorological conditions was stud-
ied (Figure 3). From 7 March 2020, to 6 July 2020, the frequency of new dailyCOVID-19
cases exhibited no significant association with PM 2.5 or SO2. The data showed that tem-
perature (R2 = 0.2691, p < 0.0001), wind speed (R2 = 0.2278, p < 0.0001), NO (R2 = 0.08785,
p < 0.0009) and BP (R2 = 0.6027, p < 0.0001) was significantly associated with daily COVID-19
incidence which indicated its importance in the role of COVID-19 transmission during summer
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(1 March 2020, to 30 June 2020) (Figure 3a and Table 2). Interestingly, during the rainy season
(1 June 2020, to 31 October 2020), wind speed (R2 = 0.04867, p < 0.05) and BP (R2 = 0.1648,
p < 0.001) showed significant association with daily COVID-19 incidence (Figure 3b and
Table 2). However, temperature (R2 = 0.01552, p > 0.05), PM 2.5 (R2 = 0.007495, p > 0.05) and
SO2 (R2 = 0.00005, p > 0.05) did not show a statistical significance. In the winter months
(1 November 2020, to 28 February 2021), we examined the association between COVID-19
incidence and meteorological characteristics. Among the six parameters, PM 2.5 (R2 = 0.07301,
p < 0.01), NO (R2 = 0.06935, p < 0.01) and BP (R2 = 0.07248, p < 0.01) were predomi-
nantly correlated with COVID-19 incidence (Figure 3c and Table 2). During the summer
(1 March 2021, to 6 April 2021) temperature (R2 = 0.4272, p < 0.0001), wind speed (R2 = 0.1285,
p < 0.001), PM 2.5 (R2 = 0.1272, p < 0.05), SO2 (R2 = 0.3177, p < 0.001) and BP (R2 = 0.5915,
p < 0.001) were significantly associated with COVID-19 incidence (Figure 3d and Table 2).

Table 2. The correlation between COVID-19 incidence and meteorological parameters, March 2020 to
April 2021, in Chennai, India. The data marked with *, **, ***, **** indicated statistical significance,
where p < 0.05, 0.0028 and 0.0009 and 0.0001 respectively.

1 March 2020, to 30 June 2020 1 July 2020, to 31 October 2020 1 November 2020, to 28
February 2021 1 March 2021, to 6 April 2021

Variables Slope R2 Slope R2 Slope R2 Slope R2

temperature 0.0002010 **** 0.2691 0.001126 0.005129 0.001151 0.001794 0.001004 **** 0.4272
wind speed 0.00004836 **** 0.2278 0.00009834 *** 0.02256 0.0003886 0.01517 0.00005209 * 0.1285

PM 2.5 0.005438 0.03118 0.007116 0.007495 0.01263 ** 0.07301 0.005601 * 0.1272
SO2 0.0002346 0.01443 0.0009985 0.007495 0.003445 0.0006598 0.0005683 *** 0.3177
NO 0.001098 *** 0.08785 0.001365 0.01255 0.002596 ** 0.06935 0.001646 0.006817
BP 0.00023112 **** 0.6027 0.001412 **** 0.1648 0.0006967 ** 0.07248 0.0004261 **** 0.7758
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4. Discussion
4.1. Pollutant Levels during COVID-19 Pandemic

Viral survival and spread can be affected by changes in temperature. Viruses are
more active in cold weather, and their activity decreases as the temperature rises because
the lipid layer of the virus is damaged by higher temperatures [8]. From March 2021 to
April 2021, our study recorded the highest mean temperature (32.86 ◦C). There is a general
relationship between wind speed and the amount of air pollution that can be dispersed. The
present study observed high wind speeds (1.069 ms−1) from November 2020 to February
2021. According to Li et al. (2012), a wind speed of roughly 1.0 m s−1 is sufficient to
disperse pollutants in a roadway canyon [18]. In our study, the average concentration of
PM 2.5 µg/m−3 was highest in April and March 2021 (40.17 µg/m3) and from November
2020 to February 2021 (37.66 µg/m3). This shows that the concentration of PM 2.5 exceeds
the WHO limit of 25 µg/m3 [19]. The increases in PM 2.5 concentrations recorded in
Chennai might be linked to meteorological factors, mainly rainfall. Due to a lack of rain,
the study period was deemed a dry season, meaning that pollutants such as PM 2.5 cannot
be washed away. Soil, dust, construction, industrial emissions, traffic and biomass burning
are all possible sources of PM 2.5 in Chennai [20]. From March 2021 to April 2021, SO2
levels were reported to be above the WHO guideline of 20 µg/m3 [19]. SO2 emissions may
be caused by chemical manufacture, community power generation, petroleum refineries,
transportation and metal industries [21]. In the present study, high mean NO emissions
occurred in summer (March 2021 to April 2021 and March 2020 to June 2020). The low
NO emission levels were observed during the rainy and winter season. In the summer, air
conditioner use resulted in a significant increase in electricity consumption. A considerable
quantity of fuel is used for this equipment to function, resulting in an increase in the amount
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of NO emissions being released [22]. The levels of BP were found above the standard limit
of 760 mm-Hg from November 2020 to February 2021 [23].

4.2. The Association between Meteorological Factors and Daily COVID-19 Cases

The environmental conditions of 6 days prior to case confirmation were correlated
because on average, symptoms showed up in the newly infected person about 5.6 days
after contact [24]. False-positive tests, in general, refer to an incorrect signal of the presence
of a specific illness. Poor rRT-PCR laboratory practices raise the possibility of a test result
being falsely positive and must be considered. False-positive testing is crucial to managing
local disease outbreaks successfully. There are many cases where people had positive test
results for the coronavirus test, but it turned out that they did not have COVID-19 [25]. The
effect of temperature is the most studied of all-weather features [26,27]. In this study, the
temperature was associated with COVID-19 incidence from 1 March 2020, to 20 June 2020
(summer season), and 1 March 2021, to 6 April 2021 (summer season). At temperatures
between 23 ◦C and 34.5 ◦C, COVID-19 infections increased [28]. Thailand’s average daily
temperature was shown to be correlated with the cumulative daily number of COVID-19
cases [29]. Similar to research in Singapore, the number of new cases and total cases were
strongly connected with the average temperature [30]. Another study showed that the
COVID-19 pandemic was directly associated with the average temperature [26].

Wind speed does not appear to impact the number of COVID-19 cases [31]. Research
on this subject has been limited so far. However, in our study, we analyzed wind speed.
Interestingly, from 1 March 2020, to 30 June 2020 (summer season), 1 July 2020, to 31 October
2020, and 1 March 2021, to 6 April 2021 (summer season), the number of confirmed daily
COVID-19 cases exhibited a significant positive association with wind speed. A study
conducted in Iran found that the association is significant when the wind speeds are low
enough to cause an outbreak [32]. Studies in the United States indicated wind speed did
not affect viral dissemination [31]. In contrast, others found that wind speed was associated
with decreasing COVID-19 infections [33].

During the flu season, the PM 2.5 concentration was strongly associated with an
increased risk of influenza-like illness [34]. After attaching to PM, influenza remains
airborne for a long time, allowing viruses that can be transmitted by air to be spread in
a hospital setting [35]. In addition, PM has a deleterious effect on the human respiratory
barrier integrity, which increases virus replication in the respiratory system [36]. According
to the current study, the COVID-19 incidence from 1 November 2020, to 28 February 2021
(winter season), is strongly associated with the PM 2.5 concentration. Additionally, our
data exhibited a significant correlation between the prevalence of COVID-19 and PM 2.5
from March 2021 to April 2021 (summer season). A PM 2.5 was not significantly related
between 1 March 2020, and 30 June 2020 (summer season). These factors are significantly
and not significantly connected with COVID-19 transmission since the present study’s data
for PM 2.5 are inadequate to make any firm conclusions during summer seasons. In Italy,
elevated levels of PM 2.5 were linked to an increased risk of viral transmission [37]. New
COVID-19 cases in Milan, Italy, were related to the PM 2.5 concentrations [38].

However, there has been minimal investigation into SO2 correlations with everyday
COVID-19 instances. In this investigation, from 1 March 2021, to 6 April 2021 (summer
season), SO2 concentrations were significantly associated with daily COVID-19 instances.
Between 1 March 2020, and 30 June 2020 (summer season), SO2 was not significantly corre-
lated. Due to insufficient data for SO2 in the current investigation, there is an inability to
draw any conclusive conclusions about how these variables affect COVID-19 transmission
throughout the summer. Instead, increases in SO2 were linked to a decrease in COVID-19
cases daily [39]. Since there is not enough information to draw any firm conclusions about
SO2 in this study, these variables are not significantly correlated to the spread of COVID-19.

Our data showed a strong correlation between COVID-19 occurrence with NO from
1 March 2020, to 30 June 2020 (summer season), and 1 July 2020, to 31 October 2020 (rainy
season), despite the NO level being lower than US EPA guidelines [40]. Meanwhile, NO
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was significantly associated during summer (March 2021 to April 2021). The current study’s
evidence for NO is insufficient to draw any definite conclusions; hence, these variables
are both significantly and not significantly linked with COVID-19 transmission. However,
the results revealed that BP is significantly associated with the spread of COVID-19 from
1 March 2020, to 30 June 2020 (summer season), 1 July 2020, to 31 October 2020, (rainy
season), 1 November 2020, to 1 February 2021 (winter season), and 1 March 2021 to 7
April 2021 (summer season). COVID-19 spreads faster in places with higher atmospheric
pressure than in locations with lower pressure, which may be because high-pressure areas
tend to be wetter, making pathogens more active and invasive [41].

5. Conclusions

Our study examined meteorological factors’ effects on COVID-19 transmission in
Chennai from 7 March 2020, to 12 April 2021. Overall, the results showed that: (1) Tem-
perature, wind speed, NO and BP aggravated COVID-19 transmission during summer.
(2) Wind speed and BP aggravated COVID-19 transmission during rainy seasons. (3) PM
2.5, NO and BP aggravated COVID-19 transmission during winter seasons. (4) COVID-19
transmission varied with seasonal changes. However, due to the relatively small area
covered by our current data, we believe they may not accurately reflect the influence of
temperature, wind speed, BP and PM 2.5 on the transmission of COVID-19. Therefore,
based on the available information, we cannot draw any conclusions about the impact of
temperature, wind speed, BP and PM 2.5 on the spread of COVID-19. To get into further
detail in this study, more research is needed. There are several limitations to the present
investigation. The first issue is that only one city is registered, which might cause specific
findings to deviate from the precise impact of climatic factors on COVID-19 transmission.
To confirm the outcomes of the present study, we will collect more data from other cities,
nations, and regions in future studies.
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