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HIGHLIGHTS
¢ Climate change affects human infectious disease via pathogen, host and transmission.
¢ Go heyond the empirical observation of the association between climate and health effect.
e Improve prediction of associated changes in infectious diseases at various scales.

¢ Health impacts can be controlled by taking certain proactive measures.

Abstract: Climate is considered an important factor in the temporal and spatial distribution of vector-borne
diseases. Dengue transmission involves many factors: although it is not yet fully understood, climate is a
critical factor as it facilitates risk analysis of epidemics. This study analyzed the effect of seasonal factors and
the relationship between climate variables and dengue risk in the municipality of Campo Grande, from 2008
to 2018. Generalized linear models with negative binomial and Poisson distribution were used. The most
appropriate model was the one with "minimum temperature" and "precipitation”, both lagged by one month,
controlled by "year". In this model, a 1°C rise in the minimum temperature of one month led to an increase in
dengue cases the following month, while a 10 mm increase in precipitation led to an increase in dengue
cases the following month.

Keywords: dengue; climate; temporal distribution.

INTRODUCTION

Responding to global change through the pursuit of sustainable development is a major challenge for
human society [1,2]. Climate change can affect human health [3-6], especially when it comes to infectious
diseases [7-9]. Three components are essential for most infectious diseases: an agent (or pathogen), a host
(or vector), and transmission environment [7].
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Some pathogens are vector-borne or require intermediate hosts to complete their life cycle. Appropriate
weather conditions are necessary for the survival, reproduction, distribution and transmission of disease
pathogens, vectors and hosts. Therefore, changes in climate or weather conditions can affect infectious
diseases by affecting pathogens, vectors, hosts and their living environment [7,10].

Studies have found that long-term climate warming tends to favor the geographic spread of various
infectious diseases [3,12,13] and that extreme weather events can help create opportunities for clustered
disease outbreaks or outbreaks in nontraditional places and times [14]. Overall, climatic conditions restrict
geographic and seasonal distributions of infectious diseases, and climate affects the timing and intensity of
disease outbreaks [10,15].

A climate of warming and instability is playing an increasingly important role in driving the global
emergence, resurgence and redistribution of infectious diseases [16]. Many of the most common infectious
diseases, particularly those transmitted by insects, are highly sensitive to climate variation [15,17]. New and
resurgent vector-borne communicable diseases, including dengue, malaria, hantavirus, and cholera, are
widely evident [18-20].

Dengue is an acute febrile disease caused by arboviruses (arthropod-borne viruses) of the Flaviviridae
family, with female Aedes aegypti culicid mosquitoes as the vector. Tropical countries are the most heavily
affected due to their environmental, climatic, and social conditions. Climate is an important factor in the
temporal and spatial distribution of vector-transmitted diseases like dengue fever. Studies of climatic
variables can improve knowledge and prediction of epidemic seasonality [21], because the vector-climate
relationship is just as important as vector-human interaction.

Several authors have investigated the relationship between climatic variables and dengue fever, often
using time-series analysis to describe temporal trends, to identify patterns, and even to make predictions.
The variables used in these studies have been temperature, precipitation, relative humidity, wind velocity,
and EIl Nifio Southern-Oscillation (ENSO) [22-30]. Studies have also evaluated dengue's relationship with
socio-demographic and environmental variables in the municipality of Rio de Janeiro, Brazil, with a view to
examining the effect of seasonal and annual factors on increases and decreases in dengue cases, as well
as to make predictions [31-33].

Dengue incidence fluctuates with climatic conditions and is associated with increased temperature and
rainfall, ENSO interferes with the action of meteorological systems, changing or intensifying rainfall and air
temperatures in Brazil [34,30]. Such conditions favor an increase in the number of available breeding sites,
as well as the vector's development, and thereby increase the probability of vector-human (and consequently
human-virus) interaction. According to various studies, temperature has an impact on the population size,
maturation period, blood-sucking activity, and survival rate of Aedes aegypti [35,36,37,38]. The relationship
to precipitation depends on local characteristics and whether breeding sites are maintained predominantly
by rain [22].

The present study aimed to analyze the effect of seasonal factors and how the climate variables
"temperature", "precipitation” and "relative humidity" were related to the risk of dengue in the city of Campo
Grande, MS, Brazil, from 2008 to 2018 and the Impact of climate change on number of dengue cases.

MATERIAL AND METHODS

Geographically, the municipality of Campo Grande is located near the Brazilian border with Paraguay
and Bolivia. It is located at latitude 20°26'34” South and longitude 54°38'47” West. The climate of Campo
Grande is classified as tropical with a dry season (“Aw”, according to the Koéppen-Geiger climate
classification), indicating the coldest months (June and July) with an average compensated temperature of
18.6°C, transition between the monsoon tropical (“Am”, according to Képpen), the dry season tropical and
the humid subtropical (“Cfa”, according to Képpen). The thermal amplitude is relatively high due to the great
influence of continentality, Campo Grande has quite variable temperatures during the year with two very well
defined seasons: hot and humid in summer and less rainy and milder in winter. In winter months the
temperature can drop considerably with sporadic and light frosts, on occasion the thermal sensation can
reach below 0°C.

The research used an ecological time series and analytical study, with a quantitative and descriptive
approach. The data were obtained from a seconDCy source and correspond to the number of dengue cases
(DC) reported in the Reported Diseases Information System (SINAN) (codes ICD-10 A90-A91), between
2008 and 2018. The number of cases was paid in each month of each year, being, therefore, the object of
study (number of dengue cases per month).
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Meteorological data between 2008 and 2018 were also obtained from the Water Resources Monitoring
Center (CEMTEC-MS). The meteorological data set was composed of monthly data on minimum, average
and maximum temperature (Tmin, Tavg and Tmax), relative humidity (RU) and precipitation (Prec) of the
Campo Grande city, Mato Grosso do Sul State.

Exploratory data analysis was performed using boxplots, time series decomposition and autocorrelation
plots. The outcome variable was the number of dengue cases, and the independent variables were monthly
average rainfall, monthly minimum and maximum temperatures. After exploratory analysis, cutoff points for
average temperature were evaluated by generalized additive models [39].

Dengue risk was observed to increase up to 26°C. According to the literature, the mosquito's optimal
temperature is from 22°C to 26°C, based on which the following variables were used: proportion of days in
the month with mean temperature below 22°C, which corresponds to 85% of the values observed; proportion
of days in the month with mean temperature from 22°C to 26°C, which corresponds to 87% of the values
observed in this interval; and proportion of days in the month with mean temperature above 26°C, which
corresponds to 55% of the values observed [40-44].

The effect of climate variables on the number of reported cases was assessed using generalized linear
models [45] with a logarithmic binding function for Poisson and negative binomial distribution. Time series
are characterized by a sequence of data obtained at equal time intervals. The data used here refer to months,
which do not have the same number of days, so compensation was employed in multiplying the population
by the number of days in the month. Model fit was assessed by autocorrelation and residual normality test.

Analyzes were performed using the R software, version 2.10.1 (The R Foundation for Statistical
Computing, Vienna, Austria; http://www.r-project.org). The models were compared with the Akaike
Information Criterion (AIC), which is widely used to compare models.

RESULTS

The Anderson-DCling (AD) normality test was performed to verify the normality of the variables under
study. Therefore, according to the results presented in Table 1, it is possible to observe the non-normality of
the analyzed variables (p-value <0.001). Since these are count data, the Poisson distribution was initially
adjusted. However, the model adjustment provided residual deviance, indicating strong signs of
overdispersion and evidence that meant that the adjustment was not adequate (p <0.001).

Table 1. Statistical distribution of dependent and independent variables and Anderson-DCling (AD) normality test of the
dengue variable in relation to the climatic variables between 2008 and 2018.

Statistic DC Tmin (°C) Tmax (°C) Tavg (°C) RH (%) Prec (mm)
Means 15.050 18.430 30.640 24.540 65.960 117.030
SD 33.020 3.160 2.450 2.120 12.220 91.290
Variance 1090.270 9.980 5.980 4.510 149.300 8333.710
CV (%) 219.460 17.140 7.980 8.660 18.530 78.000
Q1 2.000 16.350 29.300 22.780 60.830 40.400
Median 4.500 19.500 30.950 25.480 69.900 97.250
Q3 11.000 21.000 31.780 26.230 73.900 166.930
Minimum 0.000 6.900 25.600 18.100 2.300 0.000
Maximum 229.000 24.300 38.300 28.050 81.400 476.200
Skewness 3.950 -1.250 0.250 -0.750 -2.250 1.030
Kurtosis 17.730 1.920 0.730 -0.480 8.110 1.240
Statistics AD 25.390 8.310 3.890 4.120 6.210 6.340
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

n 132.000 132.000 132.000 132.000 132.000 132.000

SD = StanDCd derivation; CV = coefficient of variation; Q1 = First quantile; Q3 = Thyrth quantile; AD = Anderson-DCling;
P-valor = Anderson-DCling p value; n = number of observations.
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The Figure 1 shows the box-plot analysis of the number of cases and the precipitation that occurred in
the years of analysis, represented by lines. It is possible to observe a coincidence between the extreme
values of dengue cases in months when precipitation was higher. From January to April, a greater number
of cases and, invariably, greater rainfall were observed, especially extreme values. The relationship between
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dengue and rain has been reported [45].
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Figure 1.

The Figure 2 shows the serie, sazonal, trend and remainder analysis for minimum (Tmin) and maximum
(Tmax) and average air temperature (Tavg), relative humidity (RU), precipitation (Prec) in Campo Grande.
The time series for the variables: minimum, average and maximum temperatures, precipitation and relative
umidity in the month with mean temperature show sazonality and values below 22°C, from 22°C to 26°C, and
above 26°C (Figure 3). There is certainly some seasonal variation in the number of for the hospital admissions
for dengue fever per month which is related to the seasonality of the weather elements, according with Figure

3.
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Box-plot analysis for the hospital admissions for dengue fever.
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Figure 2. Seasonal, trend and remainder time series analysis for the minimum, average and maximum air temperature
(c), relative humidity (d), precipitation (e) and DC (f) in Campo Grande, MS, 2008-2018. Legend: Tmin = minimum
temperature; Tavg = avarege temperature; Tmax = maximum temperature; RU = relative umidity; Prec = precipitation;
DC = number of hospital admissions for dengue.
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Figure 3. Monthly number of dengue cases and climatic variables for Campo Grande, MS. Tmax = maximum
temperature (°C); Tavg = average temperature (°C); minimum temperature (°C); RU = relative humidity (%); Prec =
precipitation (mm).

There are two well-defined seasons in Campo Grande, where from September/October to March is the
rainy season and from April to August/September is the dry season. The relative humidity of the air follows
the precipitation during the year. This analysis is important to verify the most appropriate periods for the
reproduction of the Aedes egypty mosquito. Temperatures are lower in the dry seasons and higher in the
rainy season. Only between May and July the average temperature is below 22°C. Campo Grande can
therefore be considered a region susceptible to dengue outbreaks. In general, the series of climatic variables
showed seasonality, but not trends.

The figure 4 show the correlation between the DC and the climatic variables (panel a) and the variation
of DC and climatic variables years of analysis. The between DC and climatic variables were, in general,
negative correlation with low values (|r] < 0.50). It is possible to observe a delay in the response of the DC in
relation to precipitation, especially at the beginning of the rainy season. With the beginning of the rainy season
in September/october, precipitation monthly totals start to increase, while the number of DC has increased
effectively in January.
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Figure 4. Analysis of the correlation of the dengue and the climatic variables. Tmax = maximum temperature (°C); Tavg

= average temperature (°C); minimum temperature (°C); RU = relative humidity (%); Prec = precipitation (mm); DC =
dengue cases.
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Figure 5 shows the time series for dengue cases and the series as estimated, which managed to detect
the epidemic years, although underestimating the major epidemics and overestimating the number of dengue
cases in the following year.
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Figure 5. Times series of dengue cases and series estimed.

Table 2 and Figure 5 show the main statistics described for the dependent and independent variables,
highlighting the discrepancy between the mean and variance values, values that should have equal or close
values in order to be able to adapt to the assumptions of the Poisson model. Thus, the results presented
indicate a probable overdispersion of dengue cases in the municipality under study, that is, a variance higher
than the average. As for the shape measures of the data distribution, the values of asymmetry and kurtosis
suggest that the data are well dispersed around their average value and have a low correlation index between
the variables.

Analysis of the distribution of cases showed that most cases were concentrated in the first half of the
year, especially from January to April, highlighting the known seasonality of dengue. The average annual
temperatures for the period were 24,5 °C, for the minimum monthly average temperature of 18°C and for the
maximum monthly average temperature of 31°C. The monthly accumulated precipitation in the period ranged
from 36 to 203 mm, with a monthly average of 117 mm.

As the data are overdispersed (sample mean of 15, stanDCd deviation of 33, a coefficient of variation of
219, minimum of zero and maximum of 229 for a number of observations of 132), the comparison of the AIC
of the models showed that the negative binomial distribution was a better choice than the Poisson distribution.
The models were initially equipped with only one variable; in these, the variable "proportion of days with
temperature from 22°C to 26°C" was not significant, even when lagged, while precipitation was significant
only in relation to the number of cases when lagged in one month. The other variables were significant with
lags of up to two months.

On the basis of this initial analysis, all the models contained the variable precipitation, and then the
inclusion of temperature-related variables was evaluated. Residuals analysis of the models showed that a
time structure persisted; accordingly, an annual effect was incorporated into the model. Introduction of this
variable improved both auto-correlation of residuals and model fit.

Table 2 shows the estimated relative risk (RR), 95% confidence intervals (95% ICI), and AIC for the fitted
models. The RR for the variable "precipitation” varies little between the models. Concerning the AIC criterion
for comparing models, the model with the best fit was the one which (after controlling for the variable "year")
used the variables "minimum temperature" and "precipitation”, both lagged by one month. In that model, a
one-degree rise in temperature in a month led to a 45% increase in dengue cases in the following month,
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while a 10mm increase in precipitation led to a 6% increase in dengue cases in the following month. These
results are similar to those founded by [43] to Rio de Janeiro. Models with the variables "mean temperature"
and "maximum temperature" presented similar results.

Table 2. Relative risk (RR), 95% confidence intervals (95% IC), and Akaike Information Criterio (AIC) of the proposed
models for the relationship between dengue transmission and meteorological variables, Campo Grande, MS, Brazil,
2008-2018.

Models Variables lagged by 1 month RR 95% IC AIC
1 Minimum temperature 1.324 1.305-1.398 1.468
Precipitation 1.002 0.951-1.073
2 Proportion of day with temperature >26°C 1.167 1.108-1.121 1.483
Precipitation 1.003 0.952-1.076
3 Proportion of day with temperature <22°C 0.912 0.866-1.079 1.496
Precipitation 1.003 0.953-1.053
DISCUSSION

Several studies have reported a positive association between minimum temperature lagged by one
month and dengue incidence [10, 24, 33, 46, 47]. Minimum temperature is thus a critical limiting factor in the
development and maintenance of the vector population. Replication of the virus and maturation periods in
the insect (extrinsic period) are shortened by increased temperature [40,48,49], while decreased virus
incubation time increases the likelihood that the vector will live long enough to transmit the virus, significantly
boosting the magnitude of the epidemics.

Studies have shown that Aedes aegypti, the vector for dengue in the Americas, ceases to feed when
temperature falls below 17°C, and that the virus is not amplified in the vector when temperature falls below
18°C, while the threshold survival temperature for the dengue virus has been estimated at 11.9°C [40, 50,
51]. Thus, at very low temperatures the virus develops more slowly, and the mosquito does not live long
enough to become infectious and transmit the virus [52]. Accordingly, analysis of minimum temperatures
affords a better understanding of dengue epidemics. This study showed a small (but significant) coefficient
for the relationship between dengue cases and precipitation. Studies in the literature on the correlation
between rainfall and dengue are contradictory, because the relationship depends on local characteristics [22,
53].

Analysis of Model 3 shows that a unit increase in the proportion of days in the month when the mean
temperature falls below 22°C led to an 9% decrease in the number of dengue cases in the following month,
corroborating reports by other authors, because the vector's feeding rate declines at lower temperatures (as
does the viral transmission rate, consequently [53,59].

According to Model 2, which incorporates temperature above 26°C, a unit increase in the proportion of
days in the month when mean temperature is above 26°C leads to a 16% increase in dengue cases in the
following month. That result was expected, because studies have found an association between dengue risk
and temperatures above 26°C, with temperatures from 21°C to 29°C favoring the development of Aedes
aegypti, and from 22°C to 30°C, the longevity and fertility of the adults [23, 55].

These results are important because they demonstrate the need to test the best models, since for each
region, the results may be different. For the city of Rio de Janeiro, the best adjustment was controlled by
indicative variables of the year, which show the minimum and minimum temperature variations, and with a
reduction of one month. This is because at low temperatures they prevent the development of the Aedes
aegypti mosquito [43]. In Can Tho (Mekong, Vietnam), [56] founded that the relative humidity was the most
important meteorological predictor for dengue hospitalizations.
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Climate change and disease transmission

Many studies have proven that climate variables and weather conditions can affect disease transmission,
despite some uncertainty about specific mechanisms. This impact may be direct, as changes in weather
conditions may alter disease transmission, directly influencing pathogen viability. It may be indirect if a
change in transmission routes results from human and vector/host response behaviors to climate change.

Temperature change alone or in conjunction with other variable changes, such as rain, can alter disease
transmission. Climate change can affect the transmission of infectious diseases by changing the contact
patterns of human-pathogen, human-vector or human-host.

Climate variation plays an important role in shaping the activity patterns and behaviors of humans and
other hosts, such as seasonal occupation, migration, winter-summer lifestyles, and physical exercise ®.
These, in turn, can significantly influence the patterns of disease transmission [15].

Climate change can undermine human immunity and susceptibility to disease, thereby affecting the
transmission of disease. This can lead to ecosystem degradation, which could possibly put pressure on
agricultural productivity, causing problems such as crop failure, malnutrition, famine, increased population
displacement, and resource conflict. These pressures may contribute to increased human susceptibility to
infectious diseases.

Societal response and human factor

It is essential to recognize that social and economic factors play a significant role in predicting the
changing risk for infectious diseases caused by climate change [10,58,59]. Some population and regions are
more vulnerable to the elevated risks due to their lack of the ability to effectively respond to the stresses and
challenges imposed by climate change [60-62]. Levels of vulnerability are partly a function of the programs
and measures that are in place to reduce burdens of climate-sensitive health determinants and outcomes,
and partly a result of the success of traditional public-health practices, including access to safe water and
improved sanitation, and biosecurity and surveillance programs to identify and respond to infectious diseases
outbreaks [62-65].

A society's vulnerability to climate change induced health risk of infectious diseases is further related to
its existing public health system and infrastructure. Developing countries tend to be more sensitive to an
elevated health risk caused by climate change due to the lack of resources and capabilities for their public
health system to effectively respond to the various challenges.

Climate change results in variations in weather conditions and patterns of extreme weather events. The
health effects of climate change (including changes in climate variables and extreme weather events) on
human infectious diseases are imposed through impacts on pathogens, hosts/vectors, and disease
transmission. First, a series of infectious diseases is spatially and temporally restricted by climatic variables.
Changes of climate variables in spatial and/or temporal scales will affect the development, survival,
reproduction, and livability of disease pathogens, hosts, and their interaction with human beings. Second,
sudden and dramatic changes in weather conditions due to extreme weather events and meteorological
hazards have profound effects on many infectious diseases. Due to our incomplete knowledge to some of
these extreme weather events, being able to accurately predict their patterns and their health impacts
remains challenging. Last, extreme weather, including large-scale extreme weather events and
meteorological hazards, often involves combined shifts of several climate variables, making it more
complicated to predict the implications for disease pathogens, hosts, and transmission.

Humans are more than passive recipients of climate change induced health effects. We can play a
significant and active role by adopting proactive adaptation measures in order to control and alleviate the
negative health impacts of climate change. First, the magnitude of changes in climate variables varies across
the globe, posing more challenges and stresses for some societies than others. Regional specific projection
of climate change induced health implications on infectious diseases is necessary. Second, given the same
magnitude of climate change, some population groups and areas are more vulnerable to the elevated risks
due to their lack of the ability and resources to effectively respond to the stresses and challenges.
Recognizing that infectious diseases do not confine themselves within a vulnerable population group,
developed countries and capable societies should work together with developing countries and less capable
societies to reduce their vulnerability to climate change induced health risks. Third, human vulnerability to the
changing risks for infectious diseases may be altered through proper adaptation measures. One example of
such is to continuously improve public health programs and to timely (re-) allocate financial and health care
resources following scientific projection of spatial-temporal changes in health risk for human infectious
diseases.
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These data regarding the association of dengue cases and climatic variables in Campo Grande, MS,
corroborate the study by [66], who highlighted the relationship between dengue cases and air temperature
(monthly average) and relative air humidity. In relation to temperature, in Cuiaba, MT, between August 2004
and August 2005, one of the hottest capitals in the country (maximum average around 31°C), the significant
correlation with the maximum temperature, average and minimal [67]. In Teresina, PI, from 2002 to 2006,
there was also a strong positive correlation between the incidence of dengue with precipitation and
temperature, particularly in the first half of each year [68]. In the municipality of Rio de Janeiro, RJ, between
2001 and 2009, an increase of one degree in minimum temperature in one month generated a 45% increase
in the number of dengue cases in the following month [43].

In Campo Grande in the period from 2008 to 2018, the temperatures did not vary considerably, and this
fact may not be relevant for the development of the population of the mosquito that transmits dengue. The
ideal temperature for the development of this ecological agent varies from 22°C to 26°C, which demonstrates
that high temperatures are not always related to the presence of the dengue vector [69]. Similar results were
found in Sao Sebastido, SP, where, between 2001 and 2002, there was no association between the values
of average monthly temperature, average monthly rainfall and number of dengue cases [34].

In line with the present study, in Cascavel, PR, between the years 2007 to 2011, a study identified that,
in the period when the number of cases presented was greater, the relative humidity of the air was in an
average level of 77% to 80%. As for the smallest number of cases, this variable was between 67% and 72%.
Thus, the highest occurrence of dengue in the months of January, February and March is related, since the
relative humidity of the air at levels above 70% favors the proliferation of the mosquito and its development
[70].

In Jodo Pessoa, PB, dengue had a higher incidence in the summer months, due to high temperature and
humidity, and, in the autumn, due to rains. In the municipality of Rio de Janeiro in 2005, there was no
statistically significant difference between the dry and rainy periods, with the seasonality effect being
described as low or absent in most of the analyzed reservoirs [71].

In Rondonépolis, MT, there was no significant association between dengue cases and rainfall [72]. The
relationship between the levels of this variable and dengue cases changes according to the place of study.
In Boa Vista, RO, the correlation between the number of reported cases and the meteorological variables
was not found, presenting a different pattern each year, highlighting the existence of case peaks in both the
rainy and dry periods [21], in Jodo Pessoa, PB, between 2007 and 2011, there was a greater number of
records in the period in which there are higher precipitation values, corresponding to 85% of the notified
cases [73], as well as, between 2007 and 2012, in Recife, PE, 1,844 cases of dengue were confirmed
correlated to a pluviometric accumulation [74].

The pluviometric indexes were also not significant for the occurrence of dengue in the city of Rio de
Janeiro, RJ between the years 1986-2003. As the period of greatest risk for increasing the number of cases
of the disease, the hot and dry summers, the average minimum temperature above 22°C, mainly in the first
guarter of the analyzed period and the volume of rain below 200 were considered mm/month [75].

CONCLUSION

The highest number of hospital admissions for dengue fever occurs between the months of January and
April, influenced by the highest minimum temperatures and the highest total rainfall that start between the
months of November and March.

Dengue transmission involves a number of factors, including the impact of climate, whose role is not yet
fully understood. Clarifying the role of climate is critical because it facilitates epidemic risk analysis and aids
preventive efforts. This study proposed a model to examine dengue time series, in which mean, maximum
and minimum temperature, relative humidity and precipitation were statistically associated with the number
of cases, while the minimum lagged one-month temperature proved to be the most important explanatory
factor strong for the number of cases of dengue cases.
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