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ABSTRACT: Dengue is one of the biggest problems of global public health in developing and underdeveloped 

countries. Nowadays, researchers in climate changes are concerned about the impact of these changes on human health, particularly 
with increased this epidemic. Dengue is among the largest public health problems in Brazil and is higher in the months with high 
temperatures, which is the Aedes aegypti's reproductive period climax. Reported dengue cases via DATASUS from 1994 to 2014 
were analyzed. Mann-Kendall (MK), Run and Pettit nonparametric tests; were applied to time series. The run test indicated 
that the time series is homogenous and persistence free. There is a non-significant trend of increase of a number of 
reported dengue cases only in Rio de Janeiro. Based on the test, three positive trends were identified in the time series of 
São Paulo, Minas Gerais and the Espírito Santo States of dengue cases reported in Southeast of Brazil. Pettitt test was able 
to identify the years classified as El Niño events and that had a significant impact on the increase of dengue cases in the 
southeastern region of Brazil. 
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INTRODUCTION 
 

Dengue is one of the biggest global public 
health problems in developing and underdeveloped 
countries (BHATT et al., 2016). Nowadays, climate 
change researchers are concerned about the impact of 
these changes on human health, particularly with the 
increasing epidemics of dengue, Zika virus and 
Chikungunya around the world (COSTELLO, et al. 
2009; MASSAD, et al. 2010; COLÓN-GONZÁLEZ, et 
al. 2013). Along with global warming in recent decades, 
there was an increase of these pandemic disease through 
infectious vector-borne diseases, among which dengue 
plays a significant role (HUSAIN and CHAUDHARY, 
2008; MORIN, et al. 2013). The occurrence of this 
disease has substantially grown year after year, and 
currently, about 50 to 100 million people are estimated 
to have been infected worldwide (MURRAY et al., 
2013; WHO, 2015; BHATT, et al. 2016). These 
mosquitoes have great adaptability to urban areas and 
need reservoirs and containers with static, preferably 
clean water to lay their eggs, followed by rainfall and 
continued high air temperature for their development 
(CAMPBELL, et al. 2015). 

Dengue epidemics in Brazil are higher in the 
months with high temperatures, which is the Aedes 
aegypti's reproductive period climax. Vector metabolism 

rate increases in these months, which shortens their life 
cycle in up to eight days or extends it in up to 22 days in 
cold months (MARZOCHI, 2004). The replication and 
maturation of the virus into an insect (extrinsic period) is 
also accelerated with a rise in air temperature 
(CÂMARA et al. 2009; MASSAD et al., 2011). 
Worldwide, there are four types of dengue: DEN-1, 
DEN-2, DEN-3, and DEN-4. The persistence and 
progression of these viruses are conditioned to the 
survival and reproduction of their vector in the 
environment (CÂMARA et al., 2009). 

In Brazil, education, food, hygiene, health care 
and social relations have a strong impact on the 
population health, but they also help determine the 
incidence and expansion of endemic diseases (VIANA 
and IGNOTTI, 2013). These factors associated with 
meteorological variables such as air temperature, air 
relative humidity, rainfall, air pressure and wind regime 
indirectly affect the population health (infectious 
diseases carried by vectors such as air, water, soil and 
food), because the human body is in constant contact 
with atmospheric environment through thermal, hydric 
and gaseous exchanges (MORIN et al., 2013; 
CAMPBELL et al., 2015). 

There is a substantial increase in the number of 
cases of dengue reported in the summer, due to high 
temperatures and increased rainfall rates contributing to 
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the mosquito’s life cycle. There is also a greater 
exposure of the population to vector attacks in the 
summer because high temperatures encourage people to 
go for outdoor walks and to wearless protective clothing 
(MAGALHÃES and ZANELLA, 2015). However, the 
occurrence of cases in other seasons of the year has been 
observed by the Ministry of Health (MS) 
(BARCELLOS and LOWE, 2013; VIANA and 
IGNOTTI, 2013), in recent years, based on 
symptomatology.  

Several types of researches on dengue in some 
Brazilian regions were carried out on an individual basis 
(OLIVEIRA and VALLA, 2001; MARZOCHI, 2004; 
CÂMARA et al., 2009; MASSAD et al., 2010; LOWE 
et al., 2012). These studies have associated the weather 
phenomena (rain, air temperature, relative humidity) 
with the number of reported cases and incidence rate of 
dengue. However, it has been demonstrated that the 
highest incidence rate of reported cases of dengue occurs 
during the rainy season, followed by a rise in the air 
temperature, which increases Aedes aegypti's longevity 
as well as the possibility of the virus transmission 
(BARCELLOS and LOWE, 2013; MURRAY et al. 
2013). 

However, there are only a few studies relating 
the dengue vector and the climatic variables (rain and air 
temperature) (MASSAD et al. 2010; SHEPARD et al., 
2013) to the population data across Brazil. Therefore, the 
aim of this study was to evaluate reported cases of 
dengue in Brazil from 1994 to 2014 by using statistical 
techniques. 
 
MATERIAL AND METHODS 
 
Study Area 

The Southeast region of Brazil occupies 
approximately 924 620 km ², being the most populous of 
Brazil with 85 million people. It is composed of four 
states: Espírito Santo, Minas Gerais, Rio de Janeiro and 
São Paulo (Figure 1). The relief is quite bumpy, with a 
predominance of plateaus. The climate is tropical, 
between hot and temperate, with large local variations. 
SUS Department of Informatics (Unified Health 
System) from Brazil provided the data of reported 
dengue cases in the Southeastern region of Brazil of the 
time series from 1994-2014 (DATASUS, 2015). 

 

 
Figure 1. Location and states that make up the Southeast region of Brazil. 
 
Statistical analysis 

Time series of reported dengue cases were 
evaluated as the occurrence of randomness. We 
performed the counting the number of oscillations of the 
values above and below the median, and then applied the 
Run test. The run test evaluated the number of 
oscillations within the distribution range considered 

normal. Higher values indicate several oscillations, and 
low values indicate a deviation from the median in the 
period recorded. If the sequence contains N1 symbols of 
a type, and N2 symbols of another (and N1 and N2 are not 
very low), the sampling distribution of the total number 
of Runs can be approximated by the normal distribution 
with mean. This value was compared with Z calculated 
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values for the normal distribution. For the significance 
level at 5%, Z calculated is between -1.96 and 1.96. If Z 
calculated is higher than the adopted value, the null 
hypothesis should be rejected in the adapted series. 

After, we applied Mann-Kendall (MK) test 
(MK) (MANN, 1945; KENDALL, 1975), which 
considers the stability hypothesis of the occurrence of 
successive and independent values with the probability 
distribution remaining the same. MK test is the most 
appropriate method for the approximate location and 

detection of the starting point of a trend in the time 
series, particularly of reported dengue cases. Based on 

MKZ  statistics, we decided to accept or reject the 

null hypothesis 0H , i.e., the hypothesis is accepted 

when the time series has no tendency (for p-
value>α), and rejected in favor of the alternative 
hypothesis 1H  when there is a tendency to p-

value<α in the time series. We adopted a 
significance level at 5% for this study (Table 1). 

 
Table 1. Interpretation of MKZ  trend at confidence interval -1.96 to +1.96. 

Interpretation Scales 

Significant Trend (Increase or Decrease) - Sti MKZ ≥ +1.96 

Non-significant Trend of Increase - NSti 0 < MKZ < +1.96 

Without trend - Wt MKZ  = 0 

Non-significant Trend of Decrease - NStd -1,96 < MKZ < 0 

Significant Trend of Decrease -Std MKZ ≤ -1.96 

 
Results will be analyzed according to the 

sign of Z statistics that indicate that positive values 
)0( >Z  show an increasing trend and negative 

values a decreasing trend )0( <Z  time series of 
reported dengue cases occurred in Brazil. 
Estimating the magnitude of the time series trend of 
reported dengue cases increased or decreased refers 
to the inclination that can be estimated by the least 
squares method (MMQ) of inclination )(β . 
However, this value calculated by linear regression 
(YUE et al., 2003; AHMED et al., 2014) may 
deviate from the true value of the line inclination in 
the presence of outliers in the data. The result of the 
pre-bleached time series is the combination of time 
series, including the initial trend, but without data 
self-correlation. All steps were followed in the study 
and, therefore, MK test can be applied to time 
series. 

Reported dengue data were submitted to 
PETTITT (1979) nonparametric test, which enables 
identifying the year of occurrence of an abrupt 
change in time series. We used a Mann-Whintney 
test version, n which verifies whether two samples 

tXX ,...,1  and Tt XX ,...,1+  belongs to the same 

population. MK, Pettit and Run tests were 
calculated using the software environment R version 
3.2.2 with the use of the annual data series (R 
DEVELOPMENT CORE TEAM, 2011). 
 
 

RESULTS AND DISCUSSION 
 

The highest reported number of dengue 
cases in Southeast of Brazil per state were in Rio de 
Janeiro (1,261,021 cases, 14.86%), Minas Gerais 
(1,197,515 cases, 14.11%), São Paulo (1,161,520 
cases, 13.69%), and Espírito Santo (379,917 cases, 
4.48%) – (Figure 2). These states have metropolitan 
regions (MR) densely populated and highly 
urbanized, thus, contributing to the significant 
increase of dengue cases in Brazil (IBGE, 2015). 
These regions are associated with the 
ineffectiveness of public health policies and 
uncontrolled urbanization that help the development 
and proliferation of the vector (MAGALHÃES and 
ZANELLA, 2015). Therefore, it is possible to 
affirm that dengue cases and environmental 
conditions followed by people's habits in the states 
are strongly linked since the areas are densely 
urbanized and have increased population density in 
the last two censuses 2001-2010 (IBGE, 2015). 
According to BARCELLOS and LOWE (2014), the 
mosquito transmitter is easily found in major and 
warm cities. Outbreaks concentrations over the 
previously mentioned states are due to climate 
regime and socioeconomic causes (VIANA and 
IGNOTTI, 2013). 
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Figure 2. Total annual dengue cases reported in Southeast of Brazil from 1994-2014. Source: DATASUS 

(2015). 
Time series oscillations analysis for dengue 

cases reported in Southeast of Brazil based on Run 
test has shown that the determined Z value was 
within the confidence interval (Table 1) on 5% of 

probability. Based on the results, the time series is 
considered free of temporal persistence and 
homogeneous (Table 2). 

 
Table 2. Run test (Zcal) of the number of reported dengue cases in the Southeast of Brazil at confidence interval 

-1.96 to +1.96. 

ID States 
Run test 
Zcal 

1 Minas Gerais -1.49 

2 Espírito Santo -1.49 

3 Rio de Janeiro -0.63 

4 São Paulo -1.06 
 

There is a non-significant trend of increase 
(NSti) of a number of reported dengue cases only in 
Rio de Janeiro, according to the condition, Z > 0 and 
p-value > 0.05 probability (Table 3). Based on the 
test, three positive trends were identified in the time 
series of dengue cases reported in Southeast of 
Brazil. The Minas Gerais and Espirito Santo States 
showed the same values for Zcal (1.49). That means 
that there was a slight increase in dengue cases 
reported in the period from 1994 to 2014. It worth 

pointing out that NSti was growing in the states 
identified by the MK test and that new public policy 
measures are needed to contain the growth of this 
disease. Significant increase in the magnitude of the 
number of dengue cases reported at regional level 
recorded by 

eS  method. At the state level, the states 
that stood out were São Paulo (4,151 cases per 
year), Minas Gerais (2,904 cases per year), and 
Espírito Santo (1,092 cases per year).  

 
Table 3. Trend of reported dengue cases by MK test, Z score, trend magnitude estimate by Se method in the 

respective region, Southeast of Brazil from 1994 to 2014. 
ID States Z score p-value eS  

1 Minas Gerais 3.77 0.000 2.904 

2 Espírito Santo 1.96 0.050 1.092 

3 Rio de Janeiro 0.15 0.880 0.312 

4 São Paulo 2.45 0.014 4.151 
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Pettitt test (Table 4) has shown the existence 
of both situations, increase and a non-significant 
decrease in dengue cases reported in Brazil. The 
years identified in time series with significant abrupt 
changes were classified as moderate and neutral El 

Niño events (CPTEC, 2015). The cycles were in the 
years 2004-2007, have reached most states of Brazil 
in relation to dengue cases and corroborate the 
results obtained by descriptive and exploratory 
statistics previously performed.  

 
Table 4. Values obtained from Pettitt test (K, p-value and years) for the respective region Southeast of Brazil 

from 1994 to 2014. 

ID States 

Pettitt test 

K p-value Years 

1 Minas Gerais 84 0.025 2007 

2 Espírito Santo 58 0.250 2007 

3 Rio de Janeiro 28 1.232 2006 

4 São Paulo 70 0.097 2005 
 

El Niño causes negative rainfall anomalies 
in the Southeast of Brazil. These rainfall anomalies 
are encouraged by a disturbance in CW and CH 
over the eastern Pacific and on SA, as well as by 
Rossby wave in South SA (Grimm, 2003). Both the 
summer and the rainy season (in the tropics) that 
reach most of Brazil, there is an inter-annual 
variability of rainfall due to El Niño, which in its 
turn had a significant impact on the increase of 
dengue cases in some regions of the country during 
the study period. 
 
CONCLUSIONS 
 

The southeastern region of Brazil shows a 
significant increase in dengue cases in the last 20 
years, except for the State of Rio de Janeiro. 

Pettitt test was able to identify the years 
classified as El Niño events and that had a 
significant impact on the increase of dengue cases in 
the southeastern region of Brazil. 
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RESUMO: A dengue é um dos maiores problemas de saúde pública global em países em desenvolvimento e 
subdesenvolvidos. Hoje em dia, os pesquisadores em mudanças climáticas estão preocupados com o impacto dessas 
mudanças na saúde humana, particularmente com o aumento dessa epidemia. A dengue está entre os maiores problemas de 
saúde pública no Brasil e é maior nos meses com altas temperaturas, que é o clímax do período reprodutivo do Aedes 
Aegypti. Foram analisados relatórios de casos de dengue via DATASUS de 1994 a 2014. Testes não paramétricos de 
Mann-Kendall (MK), Run e Pettit; foram aplicadas em séries temporais. O teste Run indicou que a série temporal é 
homogênea e sem persistência. Existe uma tendência não significativa de aumento do número de casos de dengue relatados 
apenas no Rio de Janeiro. Com base no teste, três tendências positivas foram identificadas na série temporal de casos de 
dengue de São Paulo, Minas Gerais e Espírito Santo relatados no Sudeste do Brasil. O teste de Pettitt foi capaz de 
identificar os anos classificados como eventos de El Niño e que tiveram um impacto significativo no aumento de casos de 
dengue na região sudeste do Brasil. 
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