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Abstract 

This paper studies the association between dengue cases and climatic variables in the city of São Paulo, Brazil, in the 

period from 2001 to 2011. The main hypothesis is that climatic conditions, such as precipitation, humidity and 

temperature, are all correlated to the dengue spread in São Paulo. Randomization and Spearman rank correlation are 

applied over the collected dataset, and the estimated results show that only a higher temperature is correlated to an 

increase in the notification of new dengue cases in São Paulo, further reinforcing the fact that the Aedes aegypti 

mosquito is known to survive in distinct climatic conditions, greatly adapting itself to urban environments. 

Keywords: Correlation; Computational model; Epidemic disease. 
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Resumo  

Este trabalho estuda a associação entre casos de dengue e variáveis climáticas na cidade de São Paulo, Brasil, no 

período de 2001 a 2011. A principal hipótese é que as condições climáticas, como precipitação, umidade e 

temperatura, estão todas relacionadas à dengue disseminada em São Paulo. A randomização e a correlação de 

Spearman são aplicadas sobre o conjunto de dados coletado, e os resultados estimados mostram que apenas uma 

temperatura mais alta está correlacionada a um aumento na notificação de novos casos de dengue em São Paulo, 

reforçando ainda mais o fato de que o mosquito Aedes aegypti é conhecido por sobreviver em condições climáticas 

distintas, adaptando-se enormemente aos ambientes urbanos.  

Palavras-chave: Correlação; Doenças epidêmicas; Modelo computacional. 

 

Resumen  

Este trabajo estudia la asociación entre casos de dengue y variables climáticas en la ciudad de São Paulo, Brasil, en el 

período de 2001 a 2011. La principal hipótesis es que las condiciones climáticas, como precipitación, humedad y 

temperatura, están correlacionadas con el dengue. difundido en São Paulo. La aleatorización y la correlación de rango 

de Spearman se aplican sobre el conjunto de datos recopilados, y los resultados estimados muestran que solo una 

temperatura más alta se correlaciona con un aumento en la notificación de nuevos casos de dengue en São Paulo, lo 

que refuerza aún más el hecho de que se sabe que el mosquito Aedes aegypti sobrevive en distintas condiciones 

climáticas, adaptándose en gran medida a los entornos urbanos. 

Palabras clave: Correlación; Enfermedad epidémica; Modelo computacional. 

 

1. Introduction 

Epidemics are well known to be characterized by a sudden increase in the number of new cases and even deaths 

caused by a disease in a particular region of the world. Examples such as the Ebola virus in Africa (Pourrut, et al. 2005), the 

influenza A (H1N1) in Europe (Neumann & Kawaoka, 2009), and the dengue in America (Araújo, et al. 2018, Nascimento 

Filho, et al. 2018, Saba, et al. 2018, Zambrano, et al. 2019) are threats to the communities around the world, mainly because 

some of those infectious diseases are highly transmissible and may even lead to fatal cases. Currently, one of the major 

epidemics plaguing societies on different continents is dengue. This disease has emerged as a worldwide problem since the 

1950s. Although dengue rarely occurs in the continental United States, it is endemic in Puerto Rico and many popular tourist 

destinations in Latin America, Southeast Asia and the Pacific Islands (CDC, 2020, Halstead, 2006). 

Dengue is a typical viral infectious disease in tropical and subtropical areas of the world, generally where climatic 

and socio-environmental conditions are favourable to its spread (Halstead, 2007). Because it is an arbovirus, this disease is 

spread by two species of mosquitoes: Aedes aegypti (the main vector of transmission) and Aedes albopictus. The mosquito is 

infected by a virus, which presents one of the four consolidated serotypes: DENV1, DENV2, DENV3, and DENV4, although 

one study has indicated the emergence of the fifth serotype of dengue, DENV5 (Mustafa, et al. 2015). Aedes aegypti also 

transmits four other diseases: yellow fever, malaria, chikungunya and zika. 

The epidemiological cycles of dengue fever in Brazil show annual oscillations due to environmental or seasonal 

changes. Thus, in addition to being closely associated with socio-environmental and socioeconomic conditions, 

epidemiological cycles of dengue fever may also be linked to the variation of the climatic conditions of an environment, even 

though some studies have already reported that the Aedes aegypti has great resistance to variations in temperature and other 

climatic variables (Reinhold, Lazzari & Lahondère, 2018). 

São Paulo is the city with the highest population density in Brazil. According to the Brazilian Institute of Geography 

and Statistics (IBGE, 2020), São Paulo has an estimated population of 12,325,232 in 2020, a total area of approximately 1,521 

square kilometers, and a population density of 7,398.26 people per square kilometers. The climate of this city is tropical, with 

summer rains, average annual temperatures between 19 °C and 27 °C and a rainfall index of 1,317 mm. In São Paulo, all the 

seasons of the year can be experienced in a single day. The relief of São Paulo is qualified by plains, plateaus, hills, 
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mountains, and depressions. The main problems that affect the city regarding abiotic factors are: air pollution, deforestation, 

water pollution, and soil pollution.  

In this work, we aim to evaluate whether an increase in the new cases of dengue fever has a correlation with climatic 

variables, such as precipitation, humidity and temperature. To do so, we make use of data collected in the city of São Paulo, 

Brazil, since this city is the one with the highest population density of Brazil, as previously stated in this paper, and also 

because with an annual temperature that ranges between 19°C and 27 °C, a precipitation average of 110 mm per month and a 

high humidity, mainly in the summer, the city of São Paulo, Brazil has appropriate climatic conditions for mosquito 

dissemination. In this sense, we believe that the results of this research are useful to guide the decision-making process of local 

governments, with respect to the public policies to combat the dengue fever in São Paulo, Brazil, and we also aim to stimulate 

the evaluation of such correlations in other regions around the world that are affected by the infectious disease of dengue fever. 

 

2. Methodology 

The methodology applied in this study sought to understand how the phenomenon of growth of notified cases of 

dengue in the federal system of diseases, may be related to local climatic conditions. Thus, we sought to correlate the growth 

of cases, and their seasonality, with the historical series of climatic conditions. The outbreaks and epidemic moments of 

dengue in São Paulo, may be related to climatic variables. 

 

2.1 Dengue Cases 

Figure 1 shows data from daily reports of dengue fever cases in São Paulo, Brazil, as recorded by the Brazilian 

Diseases Notification System (SINAN). There were 37,291 reports of dengue fever cases in the period from 2001 to 2011 in 

São Paulo. As can be seen in Figure 1, the day of May 4, 2010 had 252 notifications registered in SINAN, the highest number 

of daily notifications found in the time series shown in Figure 1. This autumn day recorded 10.8 mm of rainfall, an average 

temperature of 18.9 °C and an average relative humidity of 94.5%. In São Paulo, between 2001 and 2011, the day with the 

lower average temperature was July 28, 2001, with 8.76 °C and the day with the highest average temperature was March 2, 

2009, with 28.48 °C. The epidemic waves registered in São Paulo were concentrated from April to June. In the years 2002, 

2007, 2010, and 2011, the respective annual incidence rates of dengue fever were 50.37, 49.11, 90.88 and 58.77 per 100,000 

inhabitants. In 2010, this rate presented its maximum value and was the highest incidence coefficient recorded during the 

study. The mean number of cases in the period studied was between 3,189 and 3,390. The year 2010 was out of the norm of the 

other years with 10,227 notifications of dengue fever cases. 
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Figure 1: Daily notifications of cases of dengue fever in São Paulo, Brazil between 2001 and 2011. 

 

Source: Author. 

 

2.2 Climate Variables 

São Paulo is a city in Brazil with a high incidence of rains along the year. Some periods of high precipitation are 

concentrated in the spring, but mainly occurring in the summer, between the months of December to February, with hot days 

and storms. On the other hand, the minimum values of precipitation occur from June to August (winter). Summer rains make 

environments favourable for egg development and larvae, and in the period immediately after autumn there is an increase in 

cases, as the rains stop, but there is still a hot and humid climate ideal for development of Aedes aegypti. The sanitation 

conditions of urban areas are one of the complicating elements in this process, since there is an accumulation of exposed 

containers that favour the breeding of the mosquito. 

 

2.3 Data Collection 

To conduct our research, we have extracted data from SINAN and the Meteorological Database for Teaching and 

Research (BDMEP), corresponding to the period between 2001 and 2011. As mentioned in Section 1, the city of São Paulo, 

Brazil was selected for our analysis due to its high population density and favorable climatic conditions for the spread of the 

dengue fever. We have extracted daily data of precipitation (mm), temperature (°C) and humidity (%) of São Paulo between 

2001 and 2011 from the BDMEP database (INMET, 2020), by using a meteorological station in São Paulo, named MIR de 

SANTANA, whose World Meteorological Organization code is 83781. 

To better understand the behaviour of dengue fever in São Paulo, Figure 2 shows the daily dengue fever notifications 

versus the daily measurement of the climate variables. In Figure 2a, the peaks of dengue fever notifications coincide with the 

peaks of high temperatures. In Figure 2b, the increase of notifications of cases are mostly preceded by rainy periods. In Figure 

2c, it is noted that in the periods of lower humidity, fewer notifications occur. 
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Figure 2: Daily reports of cases of dengue fever (in red) versus daily reports (blue) of (a) temperature, (b) precipitation and (c) 

humidity as measured in São Paulo, Brazil, in the period between 2001 and 2011. 

 

Source: Author. 

 

2.4 Statistical Analysis 

In terms of statistical analysis, we used randomization on the basis of Monte Carlo simulation (Manly, 2016) and 

Spearman correlation to measure whether and how much the discrete variables of daily reports of new cases of dengue fever, 

measured temperature, precipitation, and humidity in São Paulo, Brazil is correlated, and whether the reported results are 

statistically significant. 

 

3. Results and Discussion 

In this section, we analyze the behaviour of the correlation between different climatic variables and dengue fever 

cases. Figure 3 depicts the randomization test results with two sequences of random numbers. In this sense, Spearman 

correlation randomization was performed 100,000 times with data interactions. We recall that the green bar is the result of the 

correlation between daily dengue fever notification and one of the climatic variables. The red bar represents the distribution of 

randomized data. For all the randomization tests, we used the default threshold of p < 0.05 as a parameter of significance level. 
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Figure 3: Results of randomization between daily reports of new cases of dengue fever versus daily measurements of (a) 

temperature, (b) precipitation, and (c) humidity.  

 

 

Source: Author. 

 

Figure 3a shows a comparison between the distribution of Spearman correlation indices of the random outputs with 

the correlation value obtained from the original data of daily notifications versus the temperature in São Paulo. As a result, we 

obtained p = 0 as the significance level and 14% as the correlation coefficient of Spearman. Thus, it was observed that there is 

a significant correlation between the incidence of dengue fever and the mean temperature in São Paulo. 

Figure 3b shows the distribution of correlation values found for randomizations and correlation of the original data of 

daily reports versus precipitation. As a result, we obtained p = 0.0948, which indicates that the results presented in the 

randomization are insufficient to indicate a significant relationship between the variables tested. In this case, we found 2% as 

the correlation coefficient of Spearman. 

Figure 3c shows the distribution of correlation values found for randomizations and correlation of the original data of 

daily notifications versus humidity. It also shows that the randomization results are insufficient to assert a significant 

relationship between the variables tested. A negative probability was recorded with 0% from the original correlation, that is, 

none of the results with correlations and obtained a p = 0.5111. Thus, in Figures 3b and 3c, no correlation was observed 

between the daily reports of dengue fever cases versus precipitation and humidity. 

The behaviour observed in Figure 3a suggests a correlation between an increased number of reports of dengue fever in 

days with higher temperatures. The behaviour observed in Figure 3b suggests that the peaks of reports of dengue fever cases 

precede rainy periods. However, this pattern could not be statistically validated by the randomization test, which suggests a 

weak correlation between the two variables (reports of dengue fever cases and precipitation). Finally, Figure 3c shows that in 
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periods of low humidity, few cases of dengue fever are reported. The randomization test showed there is no correlation 

between reports of dengue fever cases and humidity, that is, the relationship is random. 

 

4. Conclusion 

Several diseases that are restricted to tropical areas, are associated with temperature, so that they could hypothetically 

be affected by changes in climate. Moreover, temperature is linked to many other non-parasitic contagious diseases, such as 

yellow fever and other arthropod-borne viral diseases, including dengue fever. Some studies (Keating, 2001) have already 

stated that temperature and rainfall influences vector survival, vector procreation, changes in vector distribution and vector 

density. However, recently, dengue fever cases have been reported in the Iberian peninsula. Thus, dengue fever has spread to 

previously unregistered regions, such as the European continent, showing the vector’s high adaptability (Akiner, et al. 2016). 

In this way, this disease can be considered a world-scale problem.  

In this paper, we have shown that the spread of dengue fever in São Paulo follows unclear behaviours. Since its 

climatic variables are dynamic, with rapid climatic transitions in the day, the dengue fever spread is not governed by season. A 

possible reason for the dengue fever spread is the adaptivity of the Aedes aegypti mosquito in urban environments. This type of 

mosquito has been shown to survive regardless of the most common climatic conditions seen in São Paulo. Thus the 

hypothesis of an association between reports of dengue fever cases and temperature can be accepted. However, no statistical 

significance was found for the correlation between an increase in the number of dengue fever cases, and daily measurements 

for humidity and precipitation variables. 

It is interesting, as a future work, to study the impact of climatic variables in epidemic years, as well as how the 

climate impacts the growth of cases in different biomes in the state of São Paulo. 
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