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Meteorological variables associations and the occurrence of covid-19
in the city of Sdo Paulo, Brazil

Several studies evaluate the association between meteorological variables and cases of respiratory diseases, such as acute respiratory syndrome (SARS) and
influenza. Since the emergence of the new coronavirus (SARS-CoV-2), researchers from all over the world have joined forces to study the influence of demographic,
anthropogenic and climatic aspects on the incidence of new cases of the disease. According to this, the objective of this study is to present a preliminary assessment
of the associations between confirmed cases and deaths caused by the disease COVID-19, in the first days of the contamination in the city of Sdo Paulo-Brazil, with
the meteorological variables temperature, relative humidity, atmospheric pressure, and wind speed. Data on the daily numbers of contamination cases and deaths
from COVID-19 in addition to meteorological variables were collected from February 26, 2020, to April 6, 2020. Associations were measured using Spearman's
correlation coefficient and daily incidence rates (IRR), with their 95% confidence intervals (Cl), for each meteorological factor was estimated using the generalized
linear regression model with a negative binomial distribution. It was observed temperature and relative humidity are important variables to identify meteorological
conditions associated with the number of deaths and contamination by the COVID-19. Extreme events may be related to an increase in the daily numbers of new
cases and deaths at the beginning of contamination in the city of Sdo Paulo.
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Associagdo de varidaveis meteorologicas e ocorréncia de covid-19 na
cidade de Sdo Paulo, Brasil

Vdrios estudos avaliam a associagdo entre varidveis meteoroldgicas e casos de doengas respiratdrias, como sindrome respiratdria aguda (SARS) e influenza. Desde
o surgimento do novo coronavirus (SARS-CoV-2), pesquisadores de todo o mundo uniram forgas para estudar a influéncia de aspectos demograficos,
antropogénicos e climaticos na incidéncia de novos casos da doenga. Nesse sentido, o objetivo deste estudo é apresentar uma avaliagdo preliminar das associagdes
entre os casos confirmados e de dbitos causados pela COVID-19, nos primeiros dias da contaminagdo na cidade de Sdo Paulo-Brasil, com variaveis meteoroldgicas,
entre elas, temperatura, umidade relativa, pressdo atmosférica e velocidade do vento. Os dados sobre o nimero didrio de casos confirmados e de ébitos do COVID-
19, além de varidveis meteoroldgicas, foram coletados de 26 de fevereiro de 2020 a 6 de abril de 2020. As associagdes foram medidas usando o coeficiente de
correlagdo de Spearman e as taxas de incidéncia didria (TIR), com seus respectivos intervalos de 95% de confianga (IC) para cada fator meteoroldgico foram
estimados usando o modelo de regressdo linear generalizada com distribuigdo binomial negativa. Observou-se que temperatura e umidade relativa do ar sdo
varidveis importantes para identificar condigGes meteoroldgicas associadas ao nimero de mortes e casos confirmados de COVID-19. Eventos extremos podem
estar relacionados a um aumento no nimero didrio de novos casos e mortes no inicio da contaminagdo na cidade de Sdo Paulo.

Palavras-chave: Modelo de Regressdo Linear Generalizada; Umidade Relativa; SARS-CoV-2; Temperatura.
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INTRODUCTION

Because of the new coronavirus, the world has faced an unprecedented epidemic in recent months,
with impacts on social, political, and economic sectors, but mainly in the health sector. This will certainly
cause significant changes in relations between countries and people. Coronavirus (CoV) is a family of viruses
that cause respiratory infections and is named because they have the shape of a crown when viewed on
microscopy images. They cause respiratory, enteric, hepatic and neurological problems in several animals
and show tendencies of genetic recombination and high mutation rates, which allow them to adapt to new
hosts and environments (LAl et al., 1997).

Two types of coronavirus have attracted attention in the past two decades: SARS-CoV (Severe Acute
Respiratory Syndrome) and MERS-CoV (Middle East Respiratory Syndrome). SARS-CoV originated in 2002-
2003 in Guangdong province, southern China, and was responsible for 774 (CHAN-YEUNG et al., 2003). MERS-
CoV, originating in the Middle East in 2012-2013, already accounts for 858 deaths (WHO, 2019). But none of
them are as lethal and aggressive as the new coronavirus that plagues world society today. On 12/31/2019,
WHO recognized this new disease as SARS-Cov-2 or popularly COVID-19 (WHO, 2020a).

One of the major obstacles to controlling the SARS-CoV-2 pandemic is its high person-to-person
transmission and its viability in the environment. The most common symptoms of COVID-19 are fever, dry
cough, pneumonia, and in more severe cases, progressive respiratory failure with damage to the alveoli and
death. People with a history of pre-existing diseases and/or comorbidities are more susceptible to the disease
(HUANG et al., 2020).

In early January 2020, Chinese researchers isolated and identified SARS-CoV-2 using samples
collected from patients in Wuhan, China, the epicenter of the disease. After verifying human-to-human
transmission (WANG et al.,, 2020a) and increasing numbers of cases on a global scale due to its high
transmission power, WHO declared a pandemic state in mid-March 2020 (MA et al., 2020; WHO, 2020a).
Despite countries adopting measures such as social isolation and mass testing of the population to reduce
the transmission of the disease, as of April 7, 2020, there were already more than 1.2 million confirmed cases
and more than 72 thousand deaths worldwide (WHO, 2020b).

Researchers from all over the world have joined forces to study COVID-19, relating cases of the
disease to demographic, anthropogenic, and climatic aspects. Research findings show that the virus can
survive for up to 9 days on smooth surfaces, depending on environmental conditions (KAMPF et al., 2020).
Chinazzi et al. (2020), on the other hand, indicate a reduction in the virus transmission rates when adopting
travel restriction policies. Ahmadi et al. (2020) emphasize the importance of understanding the influence of
human and environmental parameters in COVID to guide strategic actions to combat the disease, which may
vary from country to country. Zambrano-Monserrate et al. (2020) relate the impact of COVID-19 on the
emission of greenhouse gases from studies carried out with the Copernicus Sentinel-5P satellite.

Studies also point to the importance of associating the number of COVID-19 cases with climatic

variables such as temperature, relative humidity, wind speed, solar radiation and precipitation for different
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locations (GUPTA et al., 2015; QU et al., 2017; AHMADI et al., 2020; Ql et al., 2020; BASHIR et al., 2020; PRATA
et al., 2020; SOBRAL et al., 2020; OLIVEIROS et al., 2020; WANG et al., 2020b). However, different climatic
conditions and different statistical tools used in the analyzes produced controversial results for climatic-
COVID correlations. So, further studies are required to better understand the correlation of COVID-19 cases
with climatic variables, mainly for tropical climates.

The first confirmed case of contamination by the new coronavirus (COVID-19) in Brazil occurred in
the city of Sdo Paulo, on February 26, 2020 (BRASIL, 2020), being a 61-year-old man, who was traveling to
Italy, in the Lombardy region. From the first case until April 6, the country recorded 4,866 cases of the disease
and 304 deaths, according to the Center for Epidemiological Surveillance from S3o Paulo State Health
Department (SEADE, 2020). The epicenter of the epidemic in Brazil is the city of Sdo Paulo, with 36% of the
cases of contaminated and about 40% of the deaths until the analyzed data.

Thus, the objective of this work is to present a preliminary assessment of the associations between
confirmed cases and deaths reported for COVID-19 with meteorological variables, in addition to checking
possible effects of the variables temperature, relative humidity, and atmospheric pressure on the daily
number of deaths. The study focuses on the beginning of transmission in the city of Sdo Paulo, in order to

identify possible patterns of dissemination and lethality related to the disease.

METHODOLOGY

The city of Sdo Paulo, with about 12.25 million inhabitants (IBGE, 2019), is located 770 m above
average sea level and 60 km west of the Atlantic Ocean (Figure 1). The climate, typical of subtropical regions
of Brazil, is characterized by a dry winter during June-August and a humid summer during the months of
December to March. According to Codato et al. (2008), the minimum values of temperature and relative
humidity of the daily air occur in July and August (162C and 74%, respectively), and the minimum monthly
precipitation occurs in August (35 mm). The maximum daily average of air temperature occurs in February
(22.52C) and maximum daily relative humidity occurs from December to January and from March to April
(80%). The maximum value of total monthly precipitation occurs in February (255 mm). The shortest and
longest daylight duration is 10.6 hours (June) and 13.4 hours (December), respectively, when the sun reaches
its maximum solar elevation of 540 and 890. The diurnal evolution of surface winds in the city of Sdo Paulo
is systematically affected by the penetration of the sea breeze and the topography. Despite the high altitude
and distance from the ocean, the sea breeze penetrates S3o Paulo in about 50% of the days of the year
(OLIVEIRA et al., 2003).

The meteorological variables air temperature, relative humidity, atmospheric pressure and wind
speed were provided by the National Institute of Meteorology (INMET, 2020) in the period from 02/17/2020
to 04/06/2020. The measurements were made in the hourly partition by the automatic weather station SESC-
Interlagos, located in the city of Sdo Paulo (Latitude -23.72450, Longitude -46.67750 and Altitude 771m). The

daily values were calculated using a computational routine developed in the Origin software (Microlabs TM).
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Figure 1: Map of Brazil with state divisions showing the sampling location (Sdo Paulo City).

The number of confirmed cases and deaths by COVID-19 were obtained from the Epidemiological
Surveillance Center “Prof. Alexandre Vranjac ” from the Sao Paulo State Health Secretariat, available on the
website of the State Foundation for Statistical data (SEADE, 2020). The period between February 26, 2020,
to April 6, 2020 (41 days) was used to account for the daily number of confirmed cases. The period between
March 17, 2020, to April 6, 2020 (21 days) was used to account for the daily number of deaths.

Initially, the descriptive statistics of the variables were calculated. Then, the associations between
the meteorological variables and the number of confirmed cases and deaths by COVID-19 were measured
using Spearman's correlation coefficient, also considering lags of 0, 5, 10 and 15 days in the meteorological
variables. A generalized linear regression model with a negative binomial distribution, which takes into
account the problem of overdispersion, was used to estimate the daily incidence rate ratio (IRR) of new cases
and deaths of COVID-19 and its 95% confidence intervals (Cl) by temperature, relative humidity, barometric
pressure, and wind speed. A 5% level of significance was used for inferential analyzes. The R-Gui version 3.6.3
(R CORE TEAM, 2020) was used for all statistical analyzes and the “mgcv” package was used to adjust the

models.

RESULTS
Descriptive analysis

Table 1 contains the descriptive analysis of data related to meteorological variables and the periods
of the first confirmed cases of contamination (February 26 to April 6) and death (March 17 to April 6). 41
daily counting measures were taken for contamination cases and 21 measurements for death numbers, and
their corresponding daily meteorological variables. Temperature and relative humidity of the air ranged from
14 to 32.8 ° C and from 34 to 98%, respectively. Atmospheric pressure varied from 919.9 to 932.7 hPa. The
number of new contamination cases, reported each day in the city of Sdo Paulo, ranged from zero to 822.

The variation in new cases of deaths was from zero to 41.

Table 1: Descriptive analysis of meteorological variables and contamination and death counts.

Variable n Mean (SD) Min Max Median P25 P75
Tmean(°C) 41 20.41 (1.98) 17.23 24.67 20.59 18.70 21.59
Tmax (°C) 41 25.88 (3.33) 19.60 32.80 25.80 23.50 27.80

Tmin (°C) 41 17.08 (1.63) 14.00 21.20 17.00 15.60 18.30
RHmean(%) 41 83.57 (5.85) 71.75 93.29 82.96 80.58 86.58
RHmax (%) 41 95.76 (1.88) 89.00 98.00 96.00 95.00 97.00
RHmin (%) 41 58.24 (11.27) 34.00 80.00 58.00 50.00 63.00
Pmean (hPa) 41 927.80 (2.21) 921.83 931.54 928.31 927.19 929.13
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Pmax (hPa) 41 929.67(1.84) 924.10 932.70 929.60 929.10 930.60
Pmin(hPa) 41 926.10(2.54) 919.90 930.40 926.90 924.70 927.80
WS (m/s) 41 2.11(0.56) 1.23 3.56 2.04 1.82 2.45

Cases new 41 118.68(195.15) 0.00 822.00 45.00 3.00 154.00
Dead new 21 14.48(11.00) 0.00 41.00 10.00 7.00 23.00

Figure 2 shows the temporal evolution of the meteorological variables temperature, relative
humidity, and atmospheric pressure and the sequences of daily numbers of deaths. The peaks and valleys of
temperature curves are accompanied by variations in the number of deaths. As temperatures rise, the

number of deaths decreases. For relative humidity, a decrease in their values is accompanied by an increase

in the number of deaths.
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Figure 2: Relationship between maximum, average and minimum values of meteorological variables and daily number
of deaths.

Analysis of associations between new cases and deaths with meteorological factors

Table 2 shows Spearman's associations between meteorological variables and daily numbers of
deaths and contaminants, at different times, considering lags of 0, 5, 10, and 15 days. The mean temperature
shows a positive and significant correlation at lags zero and 5 for new cases of contamination (r = 0.348 and
0.349, respectively) and for maximum temperature (r = 0.442 and 0.445, respectively). For relative humidity
(average, maximum and minimum), a negative correlation is observed with the number of contaminated
cases at lag zero (r =-0.555, -0.314 and -0632), while at lag 5, only RHmean and RHmin were significant (r = -
0.463 and -0.654). These associations may indicate that days with higher average temperatures also have
more confirmed cases of COVID-19, as well as days with lower relative humidity (Table 2).

For Tminin lag 10, it is observed a negative and significant correlation with the number of new cases
(r=-0.288), as well as for mean, maximum and minimum air relative humidity (r = - 0.411, -0.495 and -0.276
respectively). This may indicate that 10 days after lower Tmin and UR conditions, the number of
contamination cases increases. Also in lag 10, it is observed that barometric pressures (mean, maximum and
minimum) showed significant and positive correlations with the number of confirmed cases (r = 0.332, 0.341

and 0.301), whereas in lag zero, only the minimum pressure showed a low negative association with the
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number of cases (r = -0.292). The variables RHmean, RHmax and RHmin have a negative and significant

correlation for most of the lags in relation to the numbers of new cases, which is not observed for new cases

of deaths, except for the lag 15.

Table 2: Spearman's correlation coefficients between meteorological variables (in different lags) and new cases of death
and contamination.

Variable New Cases New Dead

n=41 n=21

L0 L5 L10 L15 L0 L5 L10 L15
Tmean 0.348* 0.349* -0.072 0.098 -0.074 -0.457* -0.320 0.758*
Tmax 0.442%* 0.445%* 0.028 0.126 0.087 -0.425** -0.332 0.625%*
Tmin 0.025 0.121 -0.288** 0.052 -0.421** -0.379** -0.204 0.811*
RHmean -0.555%* -0.463* -0.411* -0.243 -0.330 0.099 -0.239 -0.208
RHmax -0.314* -0.240 -0.495%* -0.208 -0.145 0.323 -0.121 -0.258
RHmin -0.632%* -0.654* -0.276** -0.187 -0.186 -0.006 -0.198 -0.402%**
Pmean -0.209 0.179 0.332%* 0.026 -0.090 0.301 0.180 -0.338
Pmax -0.181 0.124 0.341* 0.040 0.036 0.346 0.211 -0.411**
Pmin -0.292** 0.133 0.301** -0.006 -0.062 0.253 0.097 -0.515%*
WS -0.367%* -0.203 0.223 -0.104 -0.142 0.160 0.389** -0.426**

* Significant (p<0.05); ** Significant (p<0,10)

In lag 10, the only meteorological variable that showed a significant correlation with the number of
deaths was the wind speed (r = 0.389). At lags zero and 5, negative correlations between the number of
deaths and air temperature are observed (r =-0.421 at lag zero for Tmim and r =-0.457, -0.425 and -0.379 at
lag 5 for Tmean, Tmax and Tmim, respectively).

For lag 15, the number of deaths showed significant positive correlations with Tmean (r = 0.758),
Tmax (r = 0.625), Tmin (r = 0.811) and significant negative correlations with RHmin (r = -0.402), Pmax (r = -
0.411) and wind speed (r = -0.426). Evaluation in lagged times can be important due to the virus incubation
time, which is linked to the manifestation of the disease.

The number of deaths was computed from the confirmation of death due to the virus and, therefore,
the data are more reliable when compared to the numbers of contaminated cases. For contaminated cases,
the delay in exam results and the lack of mass testing can generate uncertainty and fail to portray the reality
of the day. It is also noteworthy that the results point to possible associations between variations in
temperature, relative humidity and barometric pressure with the number of deaths for lag zero. However,

the time lag for manifestation, complications and disease outcome must be taken into account.

Effect of temperature, relative humidity, pressure and wind speed on COVID-19 mortality

Tables 3 and 4 show the results of the negative binomial regression model, which was adjusted to
assess the effects of meteorological variables in new daily cases and in daily mortality from COVID-16,
respectively. The IRR indicates possible variations in daily cases or daily mortality with the unit increase in
each meteorological variable in different lags.

In relation to the new cases, the mean daily temperature and relative humidity were significantly
associated with an increase in mortality from COVID-19, while maximum temperature, relative humidity
(maximum and minimum) and wind speed were significantly associated with a decrease in mortality,

considering the effects of other factors. Thus, an increase of one unit in temperature was associated with an
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increase in the count of new cases by COVID-19 at lag zero (IRR of 32 [95% CI: 3.9; 273.1]), as well as an
increase of one unit in RHmean increased by 1.5 [95% Cl: 1.0; 2.2] times in the number of cases. However,
the unitary increase in maximum temperature, relative humidity (maximum and minimum) and wind speed
was associated with a reduction in the number of covid-19 cases at lags zero (Tmax, RHmin and WS), 5 (Tmax
and RHmin), 10 (RHmax) and 15 (RHmax and RHmin). There was a greater reduction in confirmed cases with
anincrease in Tmax (variation of -94%, that is, IRR =0.06 [95% Cl: 0.02; 0.21]) at lag zero and RHmax (variation

of -51% in cases, with an IRR of 0.49 [95% Cl: 0.3; 0.79]) at lag 15.

Table 3: Estimated coefficients, p-value, incidence rate ratio (IRR) and 95% confidence interval obtained from the
Negative Binomial Regression adjusted for lags zero, 5, 10 and 15 days - number of confirmed cases x meteorological

variables.

Meteorological LO L5 L10 L15

Variable

Tmean 3.481 (p=0.001)* 0.673 (p=0.409) 1.961 -1.583 (p=0.060) 0.205 -0.533 (p=0.561)
32.493([3.867;273.055] [0.396; 9.707] [0.040;1.068] 0.587[0.097; 3.546]

Tmax -2.830 (p<0.001)*  0.059 -0.904 (p=0.029)* 0.192 (p=0.649) 1.212 -0.412 (p=0.399) 0.662
[0.017; 0.207] 0.405 [0.179; 0.913] [0.530;2.770] [0.254;1.725]

Tmin -0.619 (p=0.230) 0.539 0.137 (p=0.777) 1.147 0.852 (p=0.092) 2.345 0.721 (p=0.180) 2.056
[0.196; 1.480] [0.445; 2.959] [0.869;6.329] [0.717;5.894]

RHmean 0.403 (p=0.033)* 1.497 0.243 (p=0.107) 1.276 0.021 (p=0.883) 1.021 0.187 (p=0.232) 1.206
[1.034; 2.167] [0.949;1.715] [0.775;1.346] [0.887;1.638]

RHmax -0.364 (p=0.154) 0.695 -0.021 (p=0.932) 0.979 -0.631 (p=0.003) 0.532 -0.723 (p=0.004)*
[0.421; 1.147] [0.596;1.606] [0.353;0.801] 0.485[0.298;0.789]

RHmin -0.514 (p<0.001)* 0.598 -0.317 p<0.001)* -0.130 (p=0.100) 0.878 -0.203 (p=0.036)
[0.487; 0.735] 0.728 [0.621;0.853] [0.752;1.025] 0.816[0.676;0.986]

Pmean 0.161 (p=0.903) 1.175 1.612 (p=0.165) 5.011 0.149 (p=0.899) 1.161 0.334 (p=0.793)
[0.087; 15.867] [0.514; 48.822] [0.115;11.712] 1.397[0.115;16.92]

Pmax -0.909 (p=0.222) 0.403 -0.655 (p=0.334) 0.519 0.680 (p=0.334) 1.973 -0.256 (p=0.738)
[0.094; 1.731] [0.137;1.965] [0.496;7.845] 0.774[0.173;3.472]

Pmin 0.158 (p=0.839) 1.171 -0.957 (p=0.121) 0.384 -0.619 (p=0.319) 0.538 -0.073 (p=0.914)
[0.255; 5.374] [0.115;1.287] [0.159;1.819] 0.930[0.249;3.467]

WS -2.516 (p=0.008) 0.081 -0.816 (p=0.254) 0.442 -0.299 (p=0.703) 0.742 -1.406 (p=0.089)
[0.012; 0.524] [0.109;1.794] [0.159;3.450] 0.245[0.048;1.241]

* Significant for p<0.05

Regarding the incidence of deaths from COVID-19, for lag zero, it is observed that mean temperature,
mean relative humidity and atmospheric pressure (maximum and minimum) showed positive associations,
while minimum temperature, maximum relative humidity, maximum pressure and speed of winds showed a
negative relationship, considering the effects of other factors. Tmean (IRR of 5 [95% Cl: 2.2; 11.3]) and Pmax
(IRR of 3.31 [95% ClI: [2.1; 5.3]) contributed to an increase in cases of death with a positive variation in their
values. On the other hand, the variables Pmean (IRR=0.16 [95% CI: 0.07; 0.36]) and Tmin (0.24 [95% CI: 0.16;
0.38]) contributed to the decrease in mortality, with mean reductions of 84% and 76 %, respectively.

Considering the lags 10 or 15, it is clear that the increase in the number of deaths was associated
with an increase in the mean pressure (IRR = 7,389 [1,137; 48,009] for lag 10 and IR = 3,788 [95% ClI: 1,093;
13,132] for lag 15) and minimum temperature (IRR = 2,399 [95% Cl: 1,248; 4,610] for lag 10 and IRR = 1,674
[95% ClI: 1,059; 2,647] for lag 15), while an increase in minimum pressure results in a reduction in deaths (IRR

=0.321 [95% Cl: 0.138; 0.745] for lag 10 and IRR = 0.485 [95% Cl: 0.260; 0.905] lag 15).
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Table 4: Estimated coefficients, p-value, incidence rate ratio (IRR) and 95% confidence interval obtained from the
Negative Binomial Regression adjusted for lags zero, 5, 10 and 15 days - number of deaths x meteorological variables.

Meteorological LO L5 L10 L15

Variables

Tmean 1.610 (p=<0.001)* 5.001 0.613 (p=0.213) 1.845 -0.744 (p=0.144) 0.475 -0.083 (p=0.848) 0.920
[2.217;11.281] [0.703;4.840] [0.175;1.289] [0.393;2.153]

Tmax -0.462 (p=0.065) 0.630 -1.036 (p=<0.001)* 0.355 -0.486(p= 0.119) 0.615 -0.213 (p=0.376) 0.808
[0.386;1.030] [0.214;0.588] [0.334;1.133] [0.505;1.295]

Tmin -1.421 (p=<0.001)* 0.118 (p=0.672) 1.125 0.875 (p=0.009)* 2.399 0.515 (p=0.027)* 1.674
0.241 [0.156;0.375] [0.651;1.945] [1.248;4.610] [1.059;2.647]

RHmean 0.220 (p=0.006) 0.121  (p=0.179) 1.129 0.061 (p=0.462) 1.063 0.117 (p=0.132) 1.124
1.247 [1.065;1.460] [0.946;1.348] [0.903;1.250] [0.965;1.308]

RHmax -0.224 (p=0.011) 0.800 -0.024 (p=0.864) 0.977 -0.185 (p=0.113) 0.831 -0.198 (p=0.116) 0.821
[0.673;0.950] [0.747;1.277] [0.662;1.044] [0.641;1.050]

RHmin 0.013 (p=0.757) -0.184 (p=<0.001)* 0.832 -0.144 (p=0.002)* -0.085 (p=0.055) 0.918
1.013 [0.933;1.101] [0.765;0.905] 0.866 [0.791;0.948] [0.842;1.002]

Pmean -1.838 (p=<0.001)* 1.094 (p=0.087) 2.000 (p=0.036)* 7.389 1.332 (p=0.036)* 3.788
0.159 [0.070;0.362] 2.987[0.852;10.477] [1.137;48.009] [1.093;13.132]

Pmax 1.191 (p=<0.001)* 3.291 -0.758 (p=0.062) 0.469 -0.764 (p=0.162) 0.466 -0.644 (p=0.088) 0.525
[2.061;5.256] [0.212;1.038] [0.160;1.359] [0.251;1.100]

Pmin 0.738 (p=0.002) 2.091 -0.393 (p=0.237) 0.675 -1.135 (p=0.008)* 0.321 -0.724 (p=0.023)* 0.485
[1.317;3.320] [0.352;1.296] [0.138;0.745] [0.260;0.905]

WS -0.831 (p=0.034) 0.436 -1.791 (p=<0.001)* 0.167 -1.619 (p=0.090) 0.198 -0.027 (p=0.949) 0.973
[0.202;0.939] [0.069;0.405] [0.030;1.287] [0.424;2.232]

* Significant for p<0.05
DISCUSSION

Fluctuations in temperature, relative humidity, and atmospheric pressure were observed and may
be related to the daily new cases and deaths by COVID-19, at the beginning of the contamination in the city
of Sdo Paulo-Brazil. Studies indicate that meteorological factors are associated with the annual incidence of
influenza and other respiratory diseases. There is a higher incidence of respiratory disease contamination in
conditions of temperature and relative humidity reduced, that facilitate the spread of aerosols that are
carriers of viruses (JAAKKOLA et al., 2014; SUNDELL et al., 2016). Variations in temperature cause variations
in air relative humidity and consequently in atmospheric pressure (PAULOSE et al., 2014), due to the
convective processes of transporting heat and water vapor in the atmosphere. However, Lowen et al. (2007)
indicate the higher relative humidity is related to minor contamination by viruses. The higher water
concentration in the atmosphere promotes more likely to adherence to the virus, which increases its weight
and facilitates its deposition by gravitational action. This causing the virus remaining in suspension in the
atmosphere for less time.

Considering the occurrence of the disease symptoms attributed to COVID-19 appear a few days after
the contagion, and therefore, the numbers may be correlated with the weather conditions of previous days,
for lag zero the significant correlations may not portray the contamination process and symptom
manifestation, however, positive associations of death cases with temperature and negative with humidity
were also observed by Ma et al. (2020).

The negative associations of new cases with minimum temperature and relative humidity (average,
maximum and minimum) and positive associations with atmospheric pressures (minimum, maximum and
average), 10 days before confirmation, corroborate with some results from the literature on respiratory
diseases (JAAKKOLA et al., 2014). Studies mention that the increase in temperature can cause a decrease in
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death numbers by COVID19 (SHI et al., 2020; FICETOLA et al., 2020), as the negative associations between
the death numbers and Tmin, Tmax and Tmean for the lag 5.

The significant associations between the relative humidity (min, max and mean) and the new
contaminated cases were negative, showing that for the analyzed data, the reduction of relative humidity
increases the numbers analyzed, for all lags of up to 10 days. Air low humidity facilitates contamination by
viruses due to reduced protection of the mucous membranes of the respiratory system (JO et al., 2017),
which is an aggravating factor for both new cases and mortality.

However, the occurrences of respiratory viruses generally increase in humid seasons in countries
with tropical climates. The same is observed in cold and dry seasons in countries with temperate climates,
with average temperatures below 5 ° C (ROUSSEL et al., 2016), a condition that does not occur in most of the
Brazilian territory. The causes of these respiratory diseases, such as influenza, are not yet totally understood
(PECI et al., 2019). Even in the case of a tropical climate city, the reduction of relative humidity could
aggravate the disease.

The low air relative humidity, characteristic of winter in countries with a temperate climate, allows
better survival of the influenza virus and its transport via aerosols. However, the higher the air relative
humidity, the conditions present in humid seasons in tropical countries, the greater the maintenance of the
virus's physiological saline solution, which maintains it viable for dissemination (YANG et al., 2012; PECI et
al., 2019).

Wind speed is also an important variable in terms of aerosol dissipation, heat, and humidity (PECI et
al., 2019), so the higher the wind speed, the greater the aerosol dissipation power, facilitating the process
contamination by virus. We obtained a negative and significant association between wind speed and death
numbers, for lags zero and 5. The same was observed related to new case numbers, in lag zero. These
observations agree with the observed by Altamimi et al. (2020), that evaluated the influence of climatic
factors on the incidence of respiratory syndrome by a coronavirus in the Middle East (MERS-CoV).

Considering the adjusted negative binomial regression results of the model (Table 3), to the zero lag,
the 1 ° C increase in Tmean is associated with an increase of 32 times the number of cases, as well as an
increase in one unit of RHmean is associated with an increase of 1.5 times the number of cases. This result
corroborates with that found by Auler et al. (2020) when analyzing the association between meteorological
variables and the case numbers for the Sao Paulo city.

The other significant associations found in our work, for the zero lag, show that the reduction of
Tmax, RHmin, and WS increases the number of new cases. This was also found by Auler et al. (2020), who
points out that for extreme events, Tmax and RHmin showed negative associations with the contamination
numbers. Similar associations were observed in our results for the other lags.

Regarding the number of deaths, the results of the adjusted negative binomial regression model
show that, for the zero lag, the increase in Tmean and Pmax, increases 5 and 3.31 times the number of deaths,
respectively. Ma et al. (2020) and Bashir et al. (2020) also found a positive association between the death

numbers and average temperature. Concerning atmospheric pressure, in situations of high pressure and low
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wind speed, pollutants remain on the surface of a given location, being prevented from spreading to higher
regions in the atmosphere (BAUMBACH et al., 2018), that facilities the local virus transmission, due to a
higher concentration of aerosols present. Still considering the zero lag, Pmean showed a negative association
for the death numbers. There are still no studies that discuss the associations of deaths by COVID 19 with
variations in atmospheric pressure. Future studies should analyze atmospheric pressure and pollution, in
addition to the other variables, to better elucidate the aggravating conditions.

For the lags 10 and 15 (Table 4), Pmean and Tmin showed positive associations with the number of
deaths. The opposite was observed for the zero lag. The associations between meteorological variables and
the number of deaths and new cases caused by COVID19 are not yet clear and may be different from what is
recommended by the literature on other viruses caused by other coronaviruses. The complexity of the
association between meteorological variables and mortality and new cases of contamination by COVID19
should be better analyzed for each microclimate and location, as mentioned by Auler et al. (2020). We can
consider that the nature of the associations may not be linear, as tested in the model proposed in this work,
and then new associations between temperature, relative humidity, local pressure, and wind speed can be

better explored.

CONCLUSIONS

This preliminary study on the city of S3o Paulo, Brazil, explored the associations between
meteorological variables and the daily number of cases of infected people and the daily number of deaths,
using the initial data related to the pandemic generated by COVID19. The results indicate temperature and
relative humidity are important variables to identify meteorological conditions that lead to an increase in the
number of deaths and contamination by the virus.

The negative binomial regression model presented results similar to the results presented by
researchers from China, Brazil, and the United States. However, there is a need for further investigation
concerning the analyzed variables and also about air pollution, which may be related to the different
atmospheric pressure and wind speed conditions. Variations in meteorological variables may also be related
to the process of contamination and lethality of the disease, as extreme weather events may be related to
the number of contamination and deaths.

Therefore, this study agrees with observed by some researchers about associations between
meteorological variables and numbers related to COVID19, related to the contamination and lethality
dynamics of the new coronavirus, that must be better explored to collaborate with useful information to the

public prevention policies.
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