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A B S T R A C T   

According to the World Health Organization, dengue is a neglected tropical disease. Latin America, specifically 
Colombia is in alert regarding this arbovirosis as there was a spike in the number of reported dengue cases at the 
beginning of 2019. Although there has been a worldwide decrease in the number of reported dengue cases, 
Colombia has shown a growing trend over the past few years. This study performed a Poisson multilevel analysis 
with mixed effects on STATA® version 16 and R to assess sociodemographic, climatic, and entomological factors 
that may influence the occurrence of dengue in three municipalities for the period 2010–2015. Information on 
dengue cases and their sociodemographic variables was collected from the National Public Health Surveillance 
System (SIVIGILA) records. For climatic variables (temperature, relative humidity, and precipitation), we used 
the information registered by the weather stations located in the study area, which are managed by the Instituto 
de Hidrologia, Meteorologia y Estudios Ambientales (IDEAM) or the Corporación Autónoma Regional (CAR). The 
entomological variables (house index, container index, and Breteau index) were provided by the Health office of 
the Cundinamarca department. SIVIGILA reported 1921 dengue cases and 56 severe dengue cases in the three 
municipalities; of them, three died. One out of four cases occurred in rural areas. The age category most affected 
was adulthood, and there were no statistical differences in the number of cases between sexes. The Poisson 
multilevel analysis with the best fit model explained the presentation of cases were temperature, relative hu-
midity, precipitation, childhood, live in urban area and the contributory healthcare system. The temperature had 
the biggest influence on the presentation of dengue cases in this region between 2010 and 2015.   

1. Introduction 

Neglected tropical diseases include all the infections that affect 
populations with a high level of inequities and low access to basic util-
ities.These circumstances have an impact on the quality of life and the 
presence of a constant risk of getting sick related to being more exposed 
and having fewer protection barriers or behaviors than others [27,67]. 
Dengue is included in this category. 

Dengue is a vector-borne disease of high incidence around the world; 
it is caused by dengue virus (DENV), a member of the Flaviviridae 
family, Flavivirus genus, with four serotypes (DENV 1–4), which are 
transmitted by the bite of Aedes aegypti (L), its principal vector, and also 

Aedes albopictus (S) [68]. All serotypes and both vectors are currently 
present in Colombia. Although in Colombia the transmission of dengue 
via A. albopictus has not been proven, there are reports of this species’ 
natural infection with DENV-1 and DENV-2 in Valle del Cauca [40] and 
with DENV-2 in Medellin, Antioquia [22]. 

Weak monitoring systems for the vector and the disease, climate 
change, tourism, globalization, and migration have allowed this arbo-
virosis and other diseases transmitted by A. aegypti to gain worldwide 
prominence [62]. The disease burden report from the year 2010 showed 
390 million dengue cases, of which 96 million cases exhibited clinical 
signs and symptoms [7]. In 2015, the Americas reported 2.35 million 
dengue cases and the region frequently reported a high cumulative 
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incidence [69]. In Colombia, according to the cases reported by the 
National Public Health Surveillance System (SIVIGILA), when 
comparing the disease occurrence from the 1990s with those from 2000 
to 2009 and 2010–2016, increases of 1.7 and 2.5 times, respectively 
[51]. This confirms that dengue is a prevalent disease that requires 
focused attention. 

The environmental (altitude, temperature, humidity, and precipita-
tion); social (population growth, unplanned urbanization, poor drinking 
water supply, inadequate solid waste disposal, population migration, 
poverty, and poor community participation and education on these 
topics); and entomological (presence of A. aegypti in 90% of the country) 
factors [50], as well as the poor execution of vector control programs, 

Fig. 1. Location of the municipalities of La Mesa, Anapoima, and Apulo (Colombia).  
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have led to this disease remaining a relevant issue for the national and 
international public health [25,28,55,61]. 

Global warming has changed the climate of the regions and even the 
biological and ecological characteristics of the vectors [37,63]. These 
changes have led to adaptations in A. aegypti [32] to a higher altitude, 
being found at 2302 m above sea level (m.a.s.l.), with the isolation of the 
flavivirus at 1984 m.a.s.l., in Colombia [55]. On the other hand, the 
endemic transmission of dengue in urban areas with high infestation of 
A. aegypti, water storage and irregular supply services, and high mobility 
between urban-rural settlements, provide the vector and the disease 
adequate conditions to spread in rural areas [26,48]. In Bolivia, this 
vector has been found at 2550 m.a.s.l. [13], and there are records con-
firming its presence in 78.8% (197/250) of all countries worldwide, but 
only 74.1% of these countries have reported cases of an arbovirosis that 
can be transmitted via this vector, such as dengue, Zika, chikungunya, 
and yellow fever, among others [35]. Additionally, new clinical de-
scriptions in populations after infection with certain arboviruses like 
chronic arthritis [70], sexual transmission of Zika virus [71], micro-
cephaly [33], and Guillain-Barré syndrome [8]), are factors that suggest 
the pertinence of permanent epidemiological and entomological moni-
toring of both the disease and the vector [28]. This study assessed 
sociodemographic, climatic, and entomological factors that may influ-
ence the occurrence of dengue in three municipalities of the central 
region of Colombia for the period 2010–2015. 

2. Materials and methods 

The municipalities of La Mesa, Anapoima, and Apulo are located in 
the southwest area of the department of Cundinamarca, 69, 87, and 
100.8 km away from Bogota, respectively. These municipalities were 
recognized as tourist destinations due to their mild climate and closeness 
to the capital. Additionally, the region has reported a high number of 
dengue cases. 

La Mesa is located at 4◦37′49” N and 74◦27′45” W. It has a popula-
tion of 30,250 and is 1200 m.a.s.l.; it has an area of 148 km2 and an 
average temperature of 22 ◦C [3]. Anapoima is located at 4◦33′01” N 
and 74◦32′10” W. It has a population of 13,928; it is 710 m.a.s.l. and has 
an average temperature of 28 ◦C [2]. Apulo is located at 4◦31′15” N and 
74◦35′55” W. It has a population of 8162; it is 420 m.a.s.l. and has an 
average temperature of 28 ◦C [47](Fig. 1). 

2.1. Sample 

The present study included 100% of the population with a diagnosis 
of dengue [dengue or classical dengue (A90X) and dengue hemorrhagic 
fever (A91X)] that had visited the municipalities of La Mesa, Anapoima 
and Apulo, and were reported to SIVIGILA between 2010 and 2015. 
Sociodemographic data were provided by SIVIGILA; this system has the 
official records from Colombia. The study used age category defined by 
Ministerio de Salud y Protección Social of Colombia: early childhood 
(<5 years), childhood (6–13 years), youth (14–26 years), adulthood 
(27–59 years), and elderly (>60 years) [46]. Colombia’s healthcare 
system is based on the assurance of individuals according to their pay-
ment capacity: health attention for people without payment capacity is 
subsidized by the State (subsidized healthcare), while people who work 
and receive a salary contribute to the healthcare system according to 
their income (contributory healthcare). Nonetheless, both categories 
have access to the same health services [16,57]. Individuals who stated 
that their home was outside the downtown of the three municipalities 
were defined as living in a rural area. In addition, if the rural settlement, 
neighborhood or place of residence was out of the borders of the three 
municipalities people were defined as tourists, otherwise they were 
resident. 

The analyzed database from SIVIGILA was delivered by the Health 
office of the Cundinamarca department, the cases registered were 
without name or identification to comply with the national laws on 

personal data protection [43,53]. 

2.2. Entomological variables 

The Health office of the Cundinamarca department provided the 
entomological indexes [house index (HI), container index (CI), and 
Breteau index (BI)] of the three municipalities for the period 
2010–2015. The metodology used for measurement of A. aegypti ento-
mological index are based on the national guidelines of Ministerio de 
Salud y Protección Social and Panamerican Health Organization [45]. 

2.3. Climatic variables 

Climatological information was provided by the weather stations 
from Instituto de Hidrología, Meteorología y estudios Ambientales 
(IDEAM) or the Corporación Autónoma Regional (CAR) located in the 
study area. The requested climatological variables were precipitation 
(P), temperature (T), and relative humidity (RH). The climatic variables 
were calculated every month in three municipalities using the average of 
the data collected during that month from the region’s weather stations 
records. Data analysis took average daily and monthly of each variable. 
Monthly average is calculated the average of the daily values for each 
variable. 

We used linear regression and cross-multiplication to complete the 
time series analysis according to the correlation found between the 
measures of each station [20,38]. 

We used one-way analysis of variance (ANOVA) to compare the data 
from the monthly and annual average values of the climatic variables. 
Additionally, we categorized the climatic variables by taking the 
extreme value of each variable and used the values found in the 33rd and 
66th percentiles of those ranges as cut-off points. For the temperature, 
we set the ranges as low, medium, and high (<24 ◦C, 24 ◦C–27.3 ◦C, and 
> 27.3 ◦C, respectively), and for precipitation, we set the seasons as low, 
medium, and high (<128 mm; 128–253 mm and > 253 mm, respec-
tively); furthermore, RH was set as low, medium, and high (<64.8%, 
64.8%–83.3%, and > 83.3%, respectively). 

2.4. Data analysis 

We performed a bivariate and multilevel analyses with STATA® 
version 16 and R, using as the axes for analyses the climatic, entomo-
logical, and sociodemographic variables linked to dengue in the mu-
nicipalities of Anapoima, La Mesa, and Apulo during 2010–2015. 

3. Results 

3.1. Entomological variables 

The entomological indexes used in this study were HI, CI and BI. A BI 
value >5 indicated a risk of dengue transmission [39]. With the 
exception of Anapoima during 2011 and Apulo during 2012, all the BI 
values were above the reference value. When HI equal to the BI value, it 
means that all positive houses only have a positive container; as 
observed in Anapoima during 2011 and in Apulo during 2015 (Table 1). 

The situation presented in Apulo during 2012, where the HI is 5 and 
the BI is 4, is not possible because the lowest value the BI can have is 
equal to the HI, as mentioned. When the BI value is higher than the HI 
value, it means that one or more of the inspected houses may have more 
than one positive container; this situation occurred in all of the mu-
nicipalities in the rest of the years of analysis. It is worth noting that in 
Anapoima during 2015, the BI value was the highest in relation to the HI 
than in the other municipalities in the analyzed year range (9.80 and 23, 
respectively), which indicates multifocality; that is, some houses have 
more than one positive container, which would indicate a higher risk 
factor for dengue transmission. 
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3.2. Climatic variables 

The variations of the climatic variables in three municipalities could 
be seen in fig. 2 (Supplementary 1). 

3.2.1. Precipitation (P) 
The three municipalities between 2010 and 2015 shows a bimodal 

dynamic with two periods of high precipitation during April–May and 
October–November and two periods of low precipitation during 
June–September and December–January. 

3.2.2. Relative humidity (RH) 
The monthly average RH in the three municipalities between 2010 

and 2015 is related to precipitation, with two periods of high RH during 
November (80%–83%) and April (78%–85%) and two periods of low RH 
during September (62%–73%) and January–March (70%–81%). 

3.2.3. Temperature (T) 
We used mean temperature. During 2010–2015, the months with the 

lowest average temperature were May (22.6 ◦C–26.6 ◦C) and November 
(22.7 ◦C–24.2 ◦C) and the month with the highest average temperature 
was September (24.3 ◦C–27.3 ◦C). La Mesa was the municipality with 
the lowest monthly average temperature (23 ◦C–24 ◦C), followed by 
Anapoima (24 ◦C–27 ◦C) and Apulo with the highest average values 
(27 ◦C–28 ◦C). The temperature in the three municipalities ranged be-
tween 20.7 ◦C and 30.7 ◦C. 

The one-way ANOVA of the monthly and annual average values of 
the climatic variables confirmed that the only different variable among 
the three municipalities was temperature [F(2,213) = 69.951; p < 0.05 
and F(2,15) = 14.05; p < 0.05, respectively], supporting the hypothesis 
that the difference in the number of cases among the municipalities is 
attributable to temperature. 

The categorization of the climatic variables using the two established 
cut-off points (the 33rd and 66th percentiles) generated 27 climate 
combinations in the three municipalities. We added up the months 
where the climate combinations were repeated in the three municipal-
ities to verify the number of dengue cases by climate; we concluded that 
5 of the 27 generated combinations (R, T, and RH) comprised 49.98% of 
the dengue cases. Moreover, the climate combination with high pre-
cipitation, low temperature, and medium RH registered an average of 20 
dengue cases per month. This climate is seldom present in the study 
area, during the study just happened 0.9% of the overall time (Table 2 
and Supplementary 2). The climate combinations were not included in 
the multilevel analysis (Supplementary 2, Table 6). 

3.3. Sociodemographic variables 

Between 2010 and 2015, SIVIGILA registered 1921 dengue cases 
(with or without warning signs) and 56 severe dengue cases in the three 
municipalities; of them, three died as consequence of the disease. The 
first months of the studied years showed an increase in the number of 
cases. Moreover, there were no statistically significant differences be-
tween the cases registered in both sexes (z = 1.026, p < 0.05), the most 
affected age category was adulthood, the contributory healthcare was 

the category with a higher number of dengue cases, tourists exhibited 
low infection rate (21.03%), and one out of every four dengue infections 
occurred in rural areas. (Table 3). 

Table 1 
Infestation indexes for Aedes aegypti in the municipalities of Apulo, Anapoima, and La Mesa (Cundinamarca), Colombia.   

Apulo Anapoima La Mesa 

Infestation indexes House % Container % Breteau House % Container % Breteau House % Container % Breteau 

2010 6.60 2 7 14.3 9 15 21.8 10 22 
2011 8.6 6 9 3 10 3 14.5 8 15 
2012 5 2 4 8 8 9 14.4 6.61 15 
2013 8.23 2.27 8.56 12.9 6 14 15 9.24 17 
2014 9.70 3.36 10 12.3 4.52 15 9.5 4 10 
2015 10 3.5 10 9.80 5 23 4 2 7  

Table 2 
The five primary climate combinations (R, T, and RH) according to the average 
number of cases per month and the absolute frequency of dengue cases in the 
three municipalities between 2010 and 2015.  

Precipitation Temperature Relative 
humidity 

Dengue 
cases1 

(%) 

Months2 

(%) 
Average 
number of 
cases per 
month 

High Low Medium 40 (2.0) 2 (0.9) 20 
Medium Low High 179 

(9.1) 
10 (4.6) 17.9 

Medium Low Medium 231 
(11.7) 

15 (6.9) 15.4 

Low Medium Low 208 
(10.5) 

15 (6.9) 13.8 

Low Low Medium 330 
(16.7) 

26 (12.0) 12.7 

Total 988 
(49.98) 

68 
(31.48) 

N/A3  

1 Total number of dengue (with or without warning signs) and severe dengue 
cases in these municipalities between 2010 and 2015 = 1977 cases. 

2 Number of months where the three categories of climatic variables are 
repeated within the 6 analyzed years. 

3 N/A = Not applicable. 

Table 3 
Sociodemographic variables of reported dengue cases in the three municipalities 
2010–2015.  

SEX Municipality 

La Mesa Anapoima Apulo 

Male 620 270 125 
Female 568 267 127 
Age Category 
Early childhood 85 40 42 
Childhood 211 82 60 
Youth 309 126 54 
Adulthood 411 203 73 
Elderly 172 86 23 
Heathcare 
Contributory 728 340 131 
Subsidized 361 163 105 
No data 99 34 16 
Home Location 
Urban area 830 295 183 
Rural area 273 160 65 
No data 85 82 4 
Place of Residence 
Resident of the study area 972 384 204 
Tourist 216 153 48 
Dengue Classification 
Dengue with warning signs 669 305 164 
Dengue without warning signs 487 218 78 
Severe dengue 32 14 10 
Deaths from dengue 1 1 1  
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According to the guidelines, 59.2% of the cases were dengue with 
warning signs [49]. Furthermore, 42.2% of all patients were hospital-
ized, 50.5% (n = 410) of them during the first 3 days of the onset of 
symptoms. Of all the hospitalized patients, 45% were female and 55% 
were male. The age category with the highest frequency of hospitali-
zations was adulthood (29.9%), followed by youth (25.5%) and child-
hood (19.7%). 13.9% of people who did not have dengue-warning signs 
were hospitalized. Moreover, 26.6% of hospitalized patients attended 
late (five or more days with symptoms), and three out of four cases of 
late hospitalization showed warning signs during the consultation. 

Tourists showed a higher percentage of warning signs than residents 
(68.8% vs. 56.6%); however, these people had a smaller proportion of 
hospitalization than residents (39.9% vs. 44.5%), with statistically sig-
nificant differences in both comparisons (Z = − 5.57 and Z = 4.78, p <
0.01, respectively). 

3.4. Multilevel analysis with mixed effects 

Several models were executed to assess the variables that best 
explained the presentation of cases in the three municipalities and the 
model that best fit was mixed – effects Poisson multilevel analysis 
having as group variable the municipality. The model assessed the 
variables T, RH, P, childhood as the age category, home in an urban 
area, and contributory healthcare system (Wald chi (6) = 1353.89, Prob 
> chi2 = 0.0000). An additional model was executed with the afore-
mentioned variables, but childhood was substituted with adulthood as 
the age category, given that the latter stage comprised the highest 
proportion of dengue cases. This model had a prediction (Wald chi2 (6) 
= 1396.97, Prob > chi2 = 0.0000) (See Supplementary 3). Although 
both models were statistically significant, we opted for the first one. The 
model show that the variable with the highest predictive value was 
temperature between munipalities and it is the main reason in the dif-
ference of dengue cases of them. The entomological indexes were 
included in the multilevel analysis, but their inclusion did not improve 
the statistical prediction, possibly because we only had one value per 
year in each municipality. 

4. Discussion 

We performed a multilevel analysis that showed that the most 
important variable related to dengue cases in these municipalities was 
temperature. It has also been established in Singapore, Puerto Rico, and 
Brazil that temperature is one of the primary climatic factors that impact 
the presentation of dengue in these countries [21,41,52]. Its importance 
lies in the influence it has on the life cycle of A. aegypti. Currently, it is 
known that the adequate temperature for the reproduction and survival 
of this mosquito ranges between 22 ◦C and 30 ◦C; furthermore, the 
higher the temperature, the shorter its life-cycle development, changing 
from 22.42 days for the development of egg to adult to 11.64 days. The 
vector is more active during this short period, and it can breed two 
generations, whereas in colder climates it can only breed one generation 
during the same period. When we assessed the average temperature by 
month in the studied municipalities, the values were optimal for 
A. aegypti. Temperature does not only affect the biological characteris-
tics of the vector, but also allows the virus to be more virulent, which 
influences the pathogens transmission of A. aegypti. This could explain 
why there was an increase in the number of dengue cases without an 
increase in the municipality’s indexes [6], for example in Anapoima and 
La Mesa in 2013. 

One in four cases of dengue reported in SIVIGILA were inhabitants of 
rural area. It could be explained by presence of A. aegypti in rural areas 
[48,60] and endemic dengue transmission in cities with high mobility 
between rural and urban areas [26]. In addition, we can infer that 
A. aegypti adaptations in rural areas, DENV vertical or transovarial 
transmission [23,65], and the presence of patients with asymptomatic 
dengue [15,18] contributed to this disease becoming endemic in these 

territories. 
Epidemiological and entomological studies linked dengue with 

climate variability, associating a rise in dengue transmission with high 
temperatures, which causes an increased virulence of the different se-
rotypes of this flavivirus [36,61]. Temperature also plays a key role in 
vector behavior because it improves the vector’s ability to sting, 
increasing the disease transmission probability [10,34,36]. Moreover, 
we found ideal climate combinations for this arbovirosis that resulted in 
a high incidence. It would be important in future studies to verify 
whether these conditions are present in other regions of the country and 
whether these combinations show the same behavior with regard to 
dengue cases. The same combinations were not found in other studies. 

Precipitation is a climatic variable that has always been associated 
with an increased number of dengue cases, mainly in Asia, where 
monsoons and wet seasons are the factors most linked to the increase in 
the occurrence of this disease [58,66]. In Colombia, the climatic vari-
ables of precipitation, RH, and temperature have been evaluated, but the 
results obtained in the different studies are not the same. For example, 
researchers in Medellin assessed the behavior of this disease with regard 
to climatic variables, and they found that the variable most linked to the 
presentation of this arbovirosis was precipitation with a delay of 20 
weeks [54]. Another study conducted in Monteria found that precipi-
tation, RH, and temperature are important when trying to explain the 
presentation of dengue cases in this municipality [11]. In addition, a 
study conducted in Medellin [1] assessed other factors affecting the 
occurrence of dengue such as the Oceanic Niño Index and the Multi-
variate ENSO Index, which are variables obtained from the behavior 
exhibited by El Niño–Southern Oscillation (ENSO). By analyzing the 
above mentioned indexes and standardizing the dengue cases in the city 
of Medellin, it was possible to prove that there is a delay of 6 or 7 months 
in the occurrence of cases after an increase in the temperature that af-
fects these two indexes. Recently, a thesis assessed similar factors for the 
same period in several municipalities in Cundinamarca, which included 
La Mesa, Anapoima, and other towns with different altitudes. This 
analysis established that a rise of 1 ◦C increases the risk of dengue 
occurrence by 14% in the evaluated municipalities [64]. These findings 
coincide with the results obtained in this study and indicate that tem-
perature is an important factor in the prevalence of dengue in the region. 

Additionally, our study provides data regarding the presentation of 
dengue in rural areas, a piece of evidence that very few studies in 
Colombia and Latin America have been able to obtain [51]. Between 
2010 and 2015, the National Health Institute of Colombia reported that, 
on average, 18.7% of all dengue cases occur in the rural areas of the 
country [4,5,29–31,42]. These data are similar to those obtained in our 
study. Dengue cases have also been reported in rural areas in the rest of 
Latin America but lower prevalence, as recorded in Paraguay with 
13.05% [9] and an observational study from Ecuador [17] confirmed 
that 17% of all dengue cases were found in rural areas. Furthermore, the 
presence of this disease in rural areas has been confirmed in Mexico, 
although the proportion is not mentioned [59]. The actual number of 
dengue cases in Colombian rural areas may be higher than the number 
recorded as people do not always attend healthcare centers, because the 
high cost of transport from their home to the hospital and/or the lack of 
permanent transport service. 

After evaluating the population affected by dengue, we concluded 
that individuals with more complications were the residents of these 
municipalities. It could be due to had secondary dengue infections, 
which is normally associated with a severe symptomatic and clinical 
manifestation [19,24]. Therefore, local community education programs 
must be promoted to help people recognize warning signs and avoid 
complications in patients. 

The regions with the highest number of dengue cases in the world are 
Southeast Asia, Africa, and Latin America. These territories have a high 
number of people with low income, primarily because they rely on an 
informal economy. Latin America has improved healthcare for this 
infection and has reduced its mortality, but this disease still shows a 
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rising trend, as it has registered an increase of 8.6 times the number of 
cases compared with those in the 80s and the first years of the 21st 
century (2000–2007) [56]. The incidence rates in the three municipal-
ities as well as in the country provide the evidence of a growing trend in 
the number of dengue cases, which corresponds with the region’s trend. 
Brazil, Mexico, and Colombia currently have the largest disease burden 
in the region, comprising 70% of the reported dengue cases in the 
Caribbean and Latin American regions [44]. It proves to need continue 
improving monitoring systems in these countries and analyzing the 
causes behind the constant increase in the occurrence of this arbovirosis. 

This disease continues to impose high costs on the Colombian 
healthcare system and bring economic losses to the people that suffer 
from it. In 2011, Colombia registered 30,694 dengue cases and an 
expenditure of 54 million dollars on dengue direct care; this figure is 
equivalent to 0.02% of the country’s GDP for that year, but the disease 
was considered non-epidemic [12]. Other studies have proven that in 
Colombia, the disability-adjusted life years (DALY) caused by dengue 
can range between 765.4 and 1376.5 DALY per million inhabitants in 
endemic years and between 9845.9 and 13,584.2 DALY per million in-
habitants in epidemic years [14]. Therefore, we recognize the impor-
tance of further monitoring of this disease and its primary vector, which 
is also a transmitter of other diseases such as Zika virus infection, chi-
kungunya and yellow fever. These diseases are relevant to not only Latin 
American countries but also the entire world. 

A limitation of the study is that we could only obtain an annual 
average value of A. aegypti infestation indexes for each municipality, 
which limits the analysis of these indicators. We requested more detailed 
information (monthly or quarterly infestation indexes) from both 
departmental and national administrations on numerous occasions, but 
we were unable to obtain the required information. Additionally, we did 
not verify the filled-out physical forms for dengue events in the mu-
nicipalities nor were there attempts to fill in the gaps in variables or to 
correct erroneous information in the database provided by the Health 
office of Cundinamarca. 

5. Conclusions 

Although dengue is a multifactorial disease, this study was able to 
conclude that in the studied Colombian region, the variable that best 
explains the presentation of dengue is temperature. However, we found 
five optimal climate combinations for the vector that encourage the 
development of this arbovirosis in the individuals within the region. 

It is important to continue implementing dengue prevention and 
control programs as well as to monitor this arbovirosis because it re-
mains a public health issue that primarily affects the working age pop-
ulation, thus impacting the family and national economies. Promoting 
vector control measures and early diagnosis will reduce the cost 
incurred due to dengue-related complications and other cost overruns 
(deaths, DALY). 

Author statement 
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dengue, Rev. Cubana Med. Trop. 54 (2002) 180–188. 

[25] M.G. Guzmán, G. García, G. Kourí, El dengue y el dengue hemorrágico: prioridades 
de investigación, Rev. Panam. Salud Públ. 19 (2006) 204–215, https://doi.org/ 
10.1590/S1020-49892006000300015. 

[26] C.G. Hayes, I.A. Phillips, J.D. Callahan, W.F. Griebenow, K.C. Hyams, W. Shuenn- 
Juh, D.M. Watts, The epidemiology of dengue virus infection among urban, jungle, 
and rural populations in the Amazon region of Peru, Am. J. Trop. Med. Hyg. 55 
(1996) 459–463, https://doi.org/10.4269/ajtmh.1996.55.459. 

[27] P.J. Hotez, M.E. Bottazzi, C. Franco-Paredes, S.K. Ault, M.R. Periago, The neglected 
tropical diseases of Latin America and the Caribbean: a review of disease burden 
and distribution and a roadmap for control and elimination, PLoS Negl. Trop. Dis. 
(2008), https://doi.org/10.1371/journal.pntd.0000300. 

[28] Instituto Nacional de Salud (Colombia), Informe final del evento dengue, año 2012, 
Instituto Nacional de Salud, Bogotá D.C, 2012. 
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[59] T.J. Sosa Cabrera, M. Santos Pérez, Caracterización clínica y de laboratorio de un 
brote de dengue en un ́area rural de Campeche, México, Rev. Cubana Med. Trop. 60 
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la Ocurrencia de Dengue en Cundinamarca, Universidad Nacional de Colombia, 
2019. 

[65] M.L. Velandia-Romero, V.A. Olano, C. Coronel-Ruiz, L. Cabezas, M.A. Calderón- 
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