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Abstract —

The research entitled: Study Temporal Space of the Adaptation of the Aedes Aegypti in the western province of Boyaca,
allowed us to identify the threat that the vector represents for the communities of the populated areas in the geographical
corridor comprised by the municipalities of Puerto Boyacd, Otanche, San Pablo de Borbur, Pauna, and Chiquinquira. Thence,
a comparison mechanism was used from the epidemiological data collected in the departmental public health bulletins, climate
data from the National Institute of Hydrology, and Meteorology and Environmental Studies. With this information, a
homogeneous temporal analysis was carried out with the variables of precipitation, temperature, humidity, and cases of
Dengue, Zika, and Chikungunya. Therefore, a weekly time was defined, and a comparison was made between the change in
climate conditions found in the study area and the case reporting of diseases recorded in the epidemiological surveillance
system. When the correlation of the climatology and epidemiology variables is obtained, they are compared with the
independent variable, which includes the orographic conditions of the territory, because this shows altitudinal changes in a
length of 146 kilometers of a gradient of 2732 meters, located in the lowest ground level at 141 m a.s.l. in the municipality of
Puerto Boyacd, an endemic area for the vector to transmit arboviral diseases, passing to sub-endemic areas and reaching the
highest level of 2873 m a.s.l. m in Chiquinquira, a non-endemic area. Thus, the above allowed identifying the risk associated
with the transmission of diseases in the different altitudinal ranges.

Keywords: Threat, climate, epidemiology, vector.

I.INTRODUCTION

Epidemiological surveillance of vector-borne diseases is becoming increasingly important wortldwide [1]. To
determine the epidemiological risk caused by arboviral diseases transmitted by the Aedes aegypti mosquito, as a
transmitter of arboviruses such as yellow fever, dengue chikungunya and Zika [2]. In Colombia, studies on
mosquito resilience in urban areas and suitability to climate change indicate that the risk of increased disease spread
in new areas considered non-endemic and sub-endemic [3]. Next, we present the first research carried out in the
biological corridor of Western Boyaca (delimited by the municipalities of Puerto Boyacd, Otanche, Pauna and
Chiquinquird), with the aim of identifying the presence or absence of the vector in an altitudinal range that ranged
from 145 m a.s.l. to 2556 m a.s.l.

From the delimitation of the study area, with the processing of cartographic data, it was executed through the use
of geographic information system tools. Meteorological data were collected from the information provided by the
IDEAM stations or through satellite information from a period of 30 years, verifying the data of minimum 70%
reliability [4]. Regarding the available historical records of the occurrence of Chikungunya and Zika diseases, data
were taken from the National Institute of Health of Colombia, epidemiological surveillance system -SIVIGILA-,
hosted in a publicly accessible database (http://portalsivigila.ins.gov.co/sivigila/index.php). The information
found in the databases was systematized, and then compared with that obtained in the field [5].

Finally, a correlation of the data obtained was carried out, in order to identify the degree of risk for Aedes aegypti to
reach new altitudinal ranges and establish ecological niches, for the demagnetization of arboviral diseases (Zika,
Chikungunya and Dengue) in the region under study.

THEORETICAL FRAMEWORK

The A. acgypti mosquito is found at latitudes near the equator, in areas of the tropics and subtropics, which presents
a potential risk in the transmission of viral and emerging diseases, especially in Latin America, such as the dengue
virus [6]. The adaptive capacity at high latitudes is related to introductions in the warm and contact periods, which
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defines the temporary colonizing capacity. Due to the proliferation of outbreaks of positive cases worldwide, it is
necessary to establish entomological surveillance mechanisms. Defining demographic and spatial distribution is an
important exercise through the study of climatic and demographic data that allow the evaluation and management
of transmission mechanisms based on the presence and absence of vectors and determine the probability of
establishment, spread and proliferation [7]

Il. METHODOLOGY
A. Identification of the study area
The research process that led to the spatiotemporal identification of the adaptation mechanism of Aedes aegypti in
the Western Corridor of Boyaci was based on the description of the study area, through the analysis of the
geographic information system and reconnaissance of the area, through field visits in which the following actions
were developed.
¢ Consultation of cartographic information from open databases of the Agustin Codazzi Geographic Institute.
e Processing of GIS information, selecting the study area using ArcGIS software.
e Generation of base maps of the study area
¢ Guided tours by inhabitants of the Western Corridor sector of Boyaca, a tour that began in the municipality of
Puerto Boyaca and ended in the municipality of Chiquinquira.
e Marking of points of interest with the use of GPS of populated places.
e Processing of information collected in the field using GIS.

With the identification of the altitudinal behavior of the Interference Corridor of National Route 60 given by the
municipalities of Puerto Boyacd, Otanche, San Pablo de Borbur, Puna and Chiquinquird, the study area is delimited.
It can be seen that the municipality of Puerto Boyaca is in a range of 140 to 500 m a.s.l., which constitutes a land
with a low slope unlike the other municipalities.

The identification of the Biological Corridor [8] that includes the area of the municipalities of Puerto Boyaca,
Otanche, San Pablo de Borbur, Pauna and Chiquinquird was proposed, in order to establish the altitudinal
conditions [9] through which the Aedes aegypti would transit. In the geographical aspect, the endogenous and
exogenous environmental variables related to the generation of the ecological niche conducive to the colonization
and transmission of the vector are defined [10]

B. Selection of Climatic Factor Analysis

Prior to the selection of climatological factors, which tend to the dissemination of the vector with the transmission
of arboviral diseases, previous research denotes that temperature, precipitation and relative humidity condition the
epidemiological behavior of Aedes aegypri [11]. Based on this proven scientific basis, the decision was made to work
with the factors described.

This information was obtained from the Institute of Hydrology, Meteorology and Environmental Studies —
IDEAM, where the data are the result of the indicators of the statistical operation, and are presented in tables
structured according to the formats established by the organization.

The request for information was made according to the following parameters:

¢ Consultation of the national catalogue of stations based on the indications of the methodological guide of the
statistical operation of meteorological variables [12].
e Identification of the stations present in the study area of the Western Corridor of Boyaca.

e Selection of stations according to the categories presented; ordinary climatological, main climatological, special
meteorological station, rainfall and pluviometric, because in these stations they provide the data of the factors to
be studied.

With the data obtained, the spatiotemporal analysis of the climatological variables of interest was carried out, taking

into account that the necessary information was available; that is, data reliability, series continuity, and

representativeness in the area.

C. Epidemiological conditions

The epidemiological bulletins were consulted, in which information on prioritized diseases of interest to the
department's public health is published, which is notified weekly to the National Institute of Health (INS) through
the Public Health Surveillance Systems. There, the corresponding information on vector-borne diseases was
obtained.
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The procedure carried out to obtain the number of reported cases consisted of:

e To extract information from the historical records available from epidemiological bulletins on the occurrence
of Chikungunya, Zika and Dengue diseases in the municipalities that make up the study area, which was found
in publicly accessible data from the Ministry of Health of the department of Boyaca.

e To build a database with information on epidemiological weeks, in weekly temporality in spatial relation to the
municipalities of Puerto Boyacd, Otanche, San Pablo de Borbur, Pauna and Chiquinquira.

e Generate a graphical analysis of the information obtained using Excel software.

D. Checking the presence of the vector in the study area
In order to carry out an analysis to identify the presence or absence of the vector in the population centers, the
sampling methodology was adjusted, which consisted of performing the actions shown in Fig. 2.
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Fig. 1 Methodological procedure for vector capture. In original language: Spanish

The use of traps is justified under considerations that lead to a rapid and standardized estimation of the biological
parameters of the population [13]. On the other hand, the WHO, in terms of capturing specimens in the adult
reproductive phase, allows the species to be accurately identified and the effects of these on public health to be
monitored [14].

As for the description of how the traps work, they are shown in Fig. 3.
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Fig. 3. Description of how the trap works. In original language: Spanish
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I1l. RESULTS
A. Location of the corridor
Spatially, the study area was identified with geographic information analysis (GIS) using ArcGIS software. Fig 4
describes the Geographic Corridor of Western Boyaca, made up of the municipalities of Puerto Boyaca, Otanche,
San Pablo de Borbur, Pauna and Chiquinquira, with an approximate area of 9,158.77 hectares.

The description of the orographic and relief conditions of the corridor of the study area shows changes in
geomorphological structures between the valley of the Magdalena River and the eastern mountain range. Fig. 5
corresponds to the elevation profile, which allows the identification of habitats for the vector in terms of altitudinal
behavior, with a gradient of 2732 meters, over a length of 146 kilometers. The lowest level of the terrain is 141 m
a.s.l. in the municipality of Puerto Boyaca and the highest level is 2873 m a.s.l. in the municipality of Chiquinquira;
This gradient, with a wide altitudinal range, prepares the territory for the location and habitat of the Aedes aegypti
vector, which, according to the WHO, develops between zero meters and 1800 m a.s.L. [15] This analysis was carried
out using ArcGIS and Google Earth Pro software
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Fig. 4: Geographic identification of the study area. In original language: Spanish
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Fig. 5. Elevation profile. In original language: Spanish
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B. Climate analysis

The selection of stations corresponded to the classification of Ordinary Climatological (CO) and Principal
Climatological (CP). Called Furatena 23125140 station, 23115010 Puerto Boyaca station and Buenavista station
23125100 because they have data on the three parameters to analyze. Temperature, precipitation, and relative
humidity. Recommended data for 30 years, for the purpose of conducting climate studies,

The temperature and precipitation conditions are shown in Fig. 6, which describes a bimodal behavior with two
periods of increased rainfall and inversely decreased temperature. The Furatena station, which is located to the
south of the Corridor, at an altitude of 1250 m above sea level, shows an increase in temperature in the months of
December to February and a decrease in rainfall. In the months of March to June, rainfall increases, with its highest
peak in April; In the months of June to August, there is the second period of decreased rainfall; and from
September to November, rainfall increases again
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Fig. 6: general climatic conditions in the Western Corridor of Boyaca

The climate conditions according to the data analysis carried out in the present study for the Puerto Boyaca station,
with an altitude of 350 m a.s.l., show a bimodal rainy period; the first, in the months of March to May; the second,
from September to November, with a range of maximum and minimum temperature variation of 0.9 °C.

The Buenavista station, located to the south-west of the Corridor at an altitude of 2200 m a.s.l, has the peaks of
precipitation in the months of March and November. It is imperative to highlight the existence of a wide range
between the maximum precipitation values with respect to the multi-year monthly minimum, which oscillates
around 60.8 ml. Given this condition, the bimodal rainfall regime is more remarkable . The temperature gradient
between maximum and minimum is 0.7 °C.

Relative humidity conditions allow us to know how humid or dry the air is, a determining factor for an insect to
find the conditions of habitability and development of its life cycle [16]. The humidity behavior in the air was
evaluated by creating multitemporal maps, using ArcMap software, with the relative humidity data of the three
stations that construct Fig. 7.

Average humidity ranges are between 75% to 90%. In the months of January to February, the humidity decreases
over the valley of the Magdalena River and the Minero River; Like the months of May to June, from September to
December, the humidity increases in much of the corridor remaining above 80%.
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Fig. 7: Monthly multi-year behavior of relative humidity. In original language: Spanish

C. Epidemiological data

The epidemiological analysis was carried out taking into account the information contained in the epidemiological
bulletins existing in the open access database of the Ministry of Health of the department of Boyaca, extracting
the information of the reported cases of the diseases: Dengue, Zika, Chikungunya, for each of the municipalities
object of this study. with a temporary order from 2013 to 2020.

The behavior of reported cases of dengue, zika, and chikungunya is shown in Fig. 8. In general, it is found that
for the municipality of Puerto Boyaca the number of cases of diseases transmitted by the Aedes Aegypti is higher.

An atypical case occurred in 2019, which presents a high incidence of Dengue cases. The reported value was 383
cases for the corridor, this result is in accordance with the epidemiological alert issued by the Ministry of Health
for the year 2019, which describes the importance of territorial entities adopting the instruments aimed at
organizing primary care services and support for monitoring the associated contingency of the epidemic related to
the presence of the El Nifio phenomenon throughout the national territory. This health entity reported that 951
municipalities in the country were at risk for being below 2200 m a.s.l. [17] In Latin America, epidemiological week
49 to 52 of 2019 reported 3,139,335 cases of dengue (incidence of 321.58 cases per 100,000 inhabitants), including
1,538 deaths. Of the total reported cases, 1,367,353 (43.6%) were laboratory-confirmed and 28,169 (0.9%) were
classified as severe dengue. The case fatality rate was 0.049% [18].

In 2014, the municipality of Puerto Boyaca had the highest number of Chikungunya cases, and in 2015 it led
with the presence of Zika. The second municipality with a permanent record during the entire period of study of
Dengue cases is Otanche, which in 2015 presents a significant increase in the number of cases, in contrast the
municipality of Chiquinquira reports the lowest number of cases of arboviral diseases.
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Fig. 8: reported cases of the diseases: Dengue, Zika, Chikungunya, for each of the municipalities. In original
language: Spanish

D. Vector identification

The Aedes aegypti test in the Western Corridor of Boyaca was carried out as a general epidemiological surveillance
mechanism, without determining the virology of the VDEN, VCHIK, VZIK and VFA agents. To verify the
presence or absence of the vector, sampling was carried out in the main population centers. The objective of the
sampling was to verify the postulate in the distribution of the vector, which is transported all over the world, in
tropical, subtropical and sometimes temperate regions, through global trade and commodity courier activities [19],
since mosquitoes have an enormous vectorial capacity. innate effectiveness in transmitting viruses [20].

The results of the methodology for capturing adult mosquitoes by means of traps, as shown in Fig. 9 corresponding
to the identification of nearby points with human presence, abundant vegetation and sources of stagnant clean
water, characteristics of the habitat of the vector [21].

Fig. 9: Sampling points for vector identification.

Sampling at the indicated points was carried out by placing CDC light traps, which were imported from the United
States. The operation of this type of trap consists of a reverse ventilation system, which sucks the mosquitoes from
the top and throws them into the collection container at the bottom (entomological cloth bag for live samples); In
addition, with white light on its top as a source of attraction for insects, powered by a power system supplied by a

12-volt battery.
The other traps used were BG Sentinel. these capture mechanisms use BG-Lure as an attractant, which have a

combination of attractive visual and olfactory cues.
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The identification analysis was performed with the electron stereoscopy technique of the entomology laboratory,
defining the general taxonomic characteristics. of the morphotype of the vector found in the study area.

- Kingdom: Animal

- Phylum: arthropoda.

- Class: Insect

- Otder: Diptera

- Family: Culicidea

- Genus: aedes

- Species: A. aegypti

Fig. 10 Vector morphotype.

Once the presence of the vector has been verified in the points selected for the location of the traps along the
Western Corridor of Boyaca, it is concluded that the captures made in all the municipalities using the BG-Sentitinel
trap and the attractant, are effective for the collection of individuals, given the conditions of selectivity in attracting
Aedes aegypti [20] On the other hand, in the points identified as urban areas, the collection of mosquitoes was
higher for all cases than the PTAPs.
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Fig. 11. Verification of the vector in the Western Corridor of Boyaca.

In general, Table 1 summarizes the total number of cases presented for each of the diseases in which the greatest
presence of dengue is observed in all municipalities.

The lowest number of reported cases corresponds to Zika, for Chikungunya intermediate case of reports, with
2014 being the most significant year for this corridor with 225 cases.

Dengue is the virus that presents the most frequent case dynamics for the Western Corridor of Boyaca. However,
there is no correlation with the climatic variables analyzed, which can be seen in Fig. 12 where there is a wide
dispersion of data. Similar studies conducted in Monteria, Cérdoba, Colombia, indicate that temperature did not
influence the presentation of cases of any of the arboviral diseases [22]
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Table I Records Of Dengue, Zika And Chikungunya Cases Throughout The Corridor Period 2013-2020. In
original language: Spanish

Enfermedad
Dengue Zika Chikungunya
Sumatoria Sumatoria Sumatoria
Media Media Media
Afio ANO 2013 16 0 18
ANO 2014 62 0 225
ANO 2015 110 53 8
ANO 2016 73 31 0
ANO 2017 129 1 0
ANO 2018 83 0 6
ANO 2019 383 1
ANO 2020 57 . 0
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Fig. 12. Correlation of climatic factors and reported disease cases

The above are variables that allow the increase or decrease of risk indices, since it has been estimated that the .Aedes
aegypti vector can break bartiers in areas considered as non-endemic to transmit diseases. To date, chemical and
biological control systems have been implemented, where it has been shown that chemical control is not effective,
since it produces collateral damage to human health and the environment, in addition to creating resistance in the
vector and the biological mechanisms lack scientific validity. Therefore, effective and benign control methods for
vector control are urgently needed. It has also been shown that educational strategies, such as tools for
symptomatic recognition of diseases and domestic health control, have not been successful in reducing morbidity
and mortality rates

IV CONCLUSIONS

The establishment of the altitudinal condition through the elaboration of cartography allowed the delimitation of
the endemic, sub-endemic and non-endemic zones, which allow the study of the adaptation of #he Aedes aegypti in
new habitats according to the orographic conditions of the territory. Vector adaptation was found in these
geomorphological zones identified in the study.

The information recorded in the epidemiological bulletins allowed us to know the behavior of the disease
transmitted by the Aedes aegypti vector, establishing the frequency and number of cases reported to public health
surveillance systems. Dengue is the virus with the highest prevalence in the population. However, it is vitally
important to carry out epidemiological monitoring of Zika and Chikungunya, as the outbreaks have occurred with
high transmissibility in the human population.

www.KurdishStudies.net



400 The threat of transmission of Aedes Aegypti diseases from endemic to sub-endemic and non-endemic areas.

The study compared different methods of capturing vector specimens in the adult state. According to the analysis
of information, he indicated that, due to the characteristics of field work, geographical and management conditions,
the best tool to use are traps as an epidemiological surveillance system for vector identification. According to the
advantages offered, it is defined that the BG-Sentinel trap is the best that, together with the attractant, allows the
selective capture of the vector for subsequent entomological and virological analyses.

The study required a homogeneous temporal weekly comparison mechanism (epidemiological data-climatic data)
for the variables of precipitation, temperature, humidity, cases of Dengue, Zika and Chikungunya, which generated
the need to build concordant databases between the information of the IDEAM and the Secretary of Health,
defining a weekly temporality for the territory. where no direct relationship was found in the report of the cases
with the meteorological dynamics of the Western Corridor of Boyaca.

The study reveals that there are cases of Zika and Chikunguya in the municipalities of Puerto Boyaca and San
Pablo, however, the municipality of Otanche, which is located in the middle of these two territorial entities, shows
a lower number of cases, therefore, it is inferred that, given the altitudinal conditions above 1000 m a.s.l, The
vector finds a more comfortable habitat in lower altitudinal ranges.

Of the climatological variables studied (temperature, precipitation and humidity) it is found that humidity has a
greater incidence in the life cycle and in the transmissibility of diseases in the study area. This conclusion is in
addition to the evidence of the study catried out by Barrera R.

In general, corresponding to the territory of the Western Corridor of Boyaca, changes in the altitudinal range favor
the conditions of adaptability to the vector, without having a relevant impact on climatic conditions.

The present work is of great relevance at the local, regional and national levels, taking into account that in the area
where this study was developed, there were no similar investigations that allow to identify the conditions of
adaptability of the vector with attitude, demography, basic sanitation conditions and climatological parameters
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