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A B S T R A C T   

Objective: This study investigates the spatial differences in the occurrence of COVID-19 in Brazilian Tropical Zone 
and its relationship with climatic, demographic, and economic factors based on data from February 2020 to May 
2021. 
Methods: A Linear Regression Model with the GDP per capita, demographic density and climatic factors from 
5.534 Brazilian cities with (sub)tropical climate was designed and used to explain the spread of COVID-19 in 
Brazil. 
Main results: The model shows evidence that economic, demographic and climate factors maintain a relationship 
with the variation in the number of cases of COVID-19. The Köppen climate classification defines climatic regions 
by rainfall and temperature. Some studies have shown an association between temperature and humidity and the 
survival of SARS-CoV-2. In this cohort study, Brazilian cities located in tropical regions without a dry season 
(monthly rainfall > 60 mm) showed a greater prevalence than in cities located in tropical regions with a dry 
season (some monthly rainfall < 60 mm). 
Conclusion: Empirical evidence shows that the Brazil’s tropical-climate cities differ in the number (contamination 
rate) of COVID-19 cases, mainly because of humidity. This study aims to alert the research community and public 
policy-makers to the trade-off between temperature and humidity for the stability of SARS-COV-2, and the 
implications for the spread of the virus in tropical climate zones.   

1. Introduction 

COVID-19 is an infectious respiratory disease caused by the SARS- 
CoV-2 virus, which can cause rapid death of those affected by the dis-
ease, depending on general health conditions and anamnesis. As of Jan 
30, 2022, COVID-19 had caused about 5.6 million deaths worldwide. 
This number has grown rapidly, especially following the appearance of 
the Omicron variant. 

A relevant question around the expansion of SARS-CoV-2 is, What 
are the main climatic, economic, and/or demographic features that 
allow a greater expansion of this virus [1]? [2,3] pointed out that a virus 
similar to SARS-CoV-2, the influenza virus, was affected by the climate. 

The Köppen climate classification divides the climatic regions of the 
Earth by rainfall and temperature. Several studies have shown a rela-
tionship between temperature and humidity and the outbreak of COVID- 
19 [1,4–13,15–18]. For many of these studies, the virus outbreak in 
tropical regions has dashed hopes that the virus would exhibit only minor 
spread in warmer climates. This study aims to inspire a closer examination 
of this hypothesis, considering e.g., studies such as [19] which indicated 
that SARS-CoV-2 incubation has its longest predicted half-life at 30 ◦C, a 
higher temperature than originally believed. Other experiments have 
shown that SARS-CoV-2 survival, depending on temperature, is about five 
times more likely under wet conditions than under dry conditions [20]. In 
[21], PRATA et al. showed a trade-off between humidity and temperature 
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(in (sub)tropical Köppen zones) and the spread of COVID-19 for the 
capital cities of Brazil. In authors investigated the trade-off between hu-
midity and temperature among some cities in Tropical zone of Brazil. 
Recently studies have shown a relationship between Köppen climate re-
gions and the genomes evolution and spread of SARS-CoV-2 [23]. 

Another approach to the COVID-19 pandemic considers Gross Domestic 
Product (GDP) and the population densities. Researchers as GANGEMI, 
TONACCI [24] and LULBADDA, KOBBEKADUWA, GURUGE [25] show 
possibilities related to socioeconomic indicators, like the GDP, in the 
spread of SARS-CoV-2. Hence, this relationship is included in this study. 

Brazil is a vast tropical country, with most of its territory located in 
the range from 5◦ N to 33◦ S. The country falls almost entirely into the 
Tropical classification, with an annual average temperature about 
24.3 ◦C, with a small portion of the country, below 20◦ S, falling into the 
Subtropical classification, with an average temperature of 18 ◦C. 

Thus, this paper aims to investigate regional differences in the 
occurrence of COVID-19 in Brazil, and its relationship with climatic, 
economic, and demographic factors, based on records of identified cases 
from February 22, 2020, to May 09, 2021. Our sample includes COVID- 
19 data from 5534, given that 1567 Brazilian cities are located in the 
tropical zone. The investigation seeks the differences and main de-
terminants of One Health factors of the COVID-19 contagion rate in the 
Brazilian tropical climate zones. 

2. Methodology 

The expansion trajectories of COVID-19 in different parts of the 
planet need to be compared to understand the disease’s dynamics under 
different climatic, demographic, and socio-economic conditions. We 
start with the following generic model (Formula 1): 

Fig. 1. Köppen climate classification for Brazil. 
Source: Alvares et al. [26] 

Cases per capita COVID − 19 = f (GDP per capita, demography density, climate zone) (1)   
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The trend of COVID-19’s case count is considered as the dependent 
variable (y), with the independent variables being GDP per capita (x1), 
demographic density (x2), and climate zone (x3). Specifically, the 
climate zone variable is the Köppen climate classification, based on the 
assumption that the taxonomy accounts comprehensively for seasonal 
and average annual and monthly air temperature and precipitation. 
Each climatic type is denoted by a code, consisting of uppercase and 
lowercase letters, whose combination indicates the types (zones) and 
subtypes (subzones). 

There are five major climate groups in the Köppen classification in 
Brazil: A - Tropical; B - Dry (arid and semi-arid); C - Subtropical; as 
shown in Fig. 1. In this article, we focused the tropical subzones as 
follows: Af – Without Dry Season, Am – Monsoon, and Aw – With Dry 
Winter. Specifically, the question that must be answered is: are there 
differences in the COVID-19 contamination rate in relation to One 
Health factors among Köppen-tropical Brazilian cities? 

The tropical subzones (Af, Am, and Aw) were treated as dummy 
variables. A sensitivity analysis was performed to evaluate the signifi-
cance of dozens of One Health factors as covariates of the model, 
including poverty level, income concentration index, housing condi-
tions, ageing rate and quality and health care index in the cities, GDP per 
capita, and population density. We hypothesize that climatic, socio-
economic, and health factors should be determinants for the 

contamination rate. 
The climatic and the socioeconomic variables of GDP per capita and 

population density were selected according to their robustness to the 
model maintaining a statistical significance of <0.0001 to the contam-
ination rate, for all the random model tests. 

It is expected that higher GDP per capita results in higher incidence 
of COVID-19, because GDP is related to a greater degree of economy- 
associated movement. In addition, we test whether, in the Brazilian 
context, the cities’ climate affects the occurrence rate of Covid-19. 

To operationalize the regression model, the following steps were 
taken:  

1. Selection of the explanatory variables, considering the best theorical 
or empirical relationships;  

2. Codification of the variables;  
3. Making scatter plots with all variables, pair by pair;  
4. Performing univariate analyses of the independent variables, with 

their respective analyses of residuals;  
5. Development of the correlation matrix to assess the collinearity of 

the independent variables and to define their order of entry in the 
multi-variable model; 

Table 1 
Covid-19 distribution in Brazilian cities – 2020 and 2021.  

Tropical (sub)zone Number of Cities % of Cities % of Total Area (Km2) Population (mean) % of Population Log Contamination Rate (mean) 

Af 101 1.83 22.6 64,163.57 3.06 4.7583253 
Am 238 4.30 27.5 47,283.78 5.32 4.3807290 
Aw 1228 22.19 25.8 22,891.70 13.29 4.3731791 
Remainder* 3967 71.68 24.1 41,777.69 78.33 4.3140861 
Total/Mean 5534 100 100 38,232.23 100 4.3381727  

* Brazilian cities localized in other Köppen’s (sub)zones. 

Fig. 2. Log of Covid-19 contamination rate by Köppen Tropical (sub)zones in Brazil.  
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6. Performing the multi-variable analysis, evaluating the significance of 
the general model, each of the variables and the increment of each 
one, through the F test and p-value;  

7. Deciding on the best model and the best adjustment. 

3. Results and discussion 

Daily data on the occurrence of COVID-19 in 5534 Brazilian cities 
were analyzed to verify the hypothesis that a city’s Köppen climate 
classification can estimate the occurrence of COVID-19. The three 
Köppen tropical subzones each account for a similar land area in the 
study, as do the aggregated non-tropical zones; see Table 1. 

Fig. 2 shows the ANOVA boxplot for the log of COVID-19 contami-
nation rate by Köppen Tropical (sub)zones between February 22, 2020, 
and May 09, 2021. 

To control the ANOVA Type-I experimentwise error rate, Tukey’s 
Studentized Range (HSD) test was applied. The Af subzone exhibited 
statistical significance for the log of Contamination Rate when compared 
with any of the other subzones; see Table 2. 

Likewise, statistically significant regression coefficients were found, 
in logarithmic space, between the COVID-19 contamination rate cases in 
Tropical Brazilian’s cities, with the GDP per capita (0.33), demographic 
density (0.04), and Köppen climate zones: Af (0.71), Am (0.24) and Aw 
(0.12). The overal model parameters are shown in Table 3. 

The regression model restates the initial hypothesis that, in Brazilian 
cities with greater economic dynamism, represented by the highest GDP 
per capita, there were more cases of COVID-19 per capita. 

Some limitations of the research should be pointed out. The data 
about cities do not identify information about the sites where patients 
were infected. This should be an important factor, especially because 
enclosed environments are known to promote superspreading events. 
Also, other One Health factors should be considered, such as density in 
residences, the abundance of high-rise buildings, and the use of masks. 
In Brazil, interpersonal distancing rules and mask use were established 
in a heterogeneous manner for each city; this variation may be consid-
ered in future work. 

4. Conclusions 

In this Brazilian study, the hypothesis that “One Health factors 
among Brazil’s Köppen Tropical cities can impact the proliferation of 
Covid-19” was accepted. 

As interpersonal distancing rules and other preventive measures 
differed between Brazilian cities, locations with large economic move-
ment scale (indicated by greater GPD) exhibited higher COVID-19 case 
counts. When considering climatic zones, there is a tendency towards 
infection with Covid-19 in cities located in tropical subzone Af, which 
spans the Brazilian Amazonian region. 

Even though many studies have shown a relationship between tem-
perature and humidity with COVID-19, it is worth examining the virus’s 
spread in tropical regions more closely, since the epidemic of COVID-19 
(mainly in Amazonian region of Brazil) has astonished researchers and 
public policy-makers who had hoped that the virus would have a smaller 
impact in warmer climates. To improve investigations about the sur-
prising fact that SARS-CoV-2 can spread so well in warmer and humid 
regions, this study aims to encourage research towards further exami-
nation of, e.g., the trade-off between temperature and humidity for the 
incidence of COVID-19, primarily in Tropical zones. 
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