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Identification of Aedes (Diptera: Culicidae) Species and Arboviruses Circulating in Arauca, Eastern Colombia
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The identification of vector species and their natural infection with arboviruses results in important data for the control of their transmission. However, for the eastern region of Colombia, this information is limited. Therefore, this study morphologically and molecularly identified species of the genus Aedes and the detection of arboviruses (Dengue, Chikungunya, Zika, and Mayaro) in female mosquitoes (individually) present in three municipalities (Saravena, Arauquita, and Tame) by amplifying the genetic material using RT-PCR (reverse transcriptase polymerase chain reaction) in the department of Arauca, eastern Colombia. Inconsistencies between morphological and molecular identification were detected in 13 individuals with Aedes albopictus initially determined as Aedes aegypti based on morphology (n = 13). Molecular identification showed the simultaneous presence of A. aegypti (n = 111) and A. albopictus (n = 58) in the urban municipalities of Saravena and Arauquita. These individuals were naturally infected with Dengue virus type 1 (DENV-1) and Chikungunya virus (CHIKV). The most frequent arbovirus was DENV-1 with an infection rate of 40.7% (11/27) for A. aegypti and 39.7% (23/58) for A. albopictus, which was followed by CHIKV with an infection rate of 1.8% for A. aegypti (2/111) and 6.9% for A. albopictus (4/58). Additionally, a mixed infection of DENV-1 and CHIKV was obtained in 4.5% of A. aegypti (5/111). Zika virus (ZIKV) and Mayaro virus (MAYV) infections were not detected. This study found that barcoding (fragment gene COI) is a successful method for identifying Aedes species. Additionally, we recommend the individual processing of insects as a more accurate strategy for arboviruses detection since the infection rate is obtained and co-infection between DENV-1 and CHIKV is also possible.
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INTRODUCTION

Arboviruses (arthropod-borne diseases) have a major impact on public health in Latin America (Shope and Meegan, 1997; Espinal et al., 2019). DENV, ZIKV, and CHIKV have similar epidemiological cycles and result in epidemics approximately every 3 years (Villar et al., 2015). DENV has the highest incidence due to the interaction of different factors such as socioeconomic conditions, arbovirus control plans and the circulation of four serotypes in Latin America where Dengue virus type 1 (DENV-1) has the highest prevalence (Azevedo et al., 2009; de la Cruz et al., 2019; Liu et al., 2020).

Individuals of the Aedes genus are found in areas with high arbovirus rates, which is why it is associated with an infection cycle in urban areas (Beaty et al., 2016). Within the Aedes genus, there are approximately 190 species; however, Aedes aegypti and Aedes albopictus are important for their vector capacity of CHIKV, DENV, ZIKV, and MAYV (Freitas, 2010; Ramasamy et al., 2011; Vega-Rúa et al., 2014; Lounibos and Kramer, 2016). The morphological identification of these two species is complex where individuals are severely damaged, or their external morphological characteristics are altered such as the pattern in the scutum (mesothorax sclerite) (Patsoula et al., 2006; Sumruayphol et al., 2016). Due to these difficulties, different authors mention that the identification of insects based on deoxyribonucleic acid (DNA) can become a more efficient technique when classifying individuals (Rolo, 2020). For this reason, the concept of the DNA barcoding emerges as a new tool for species discrimination. This tool uses a small fragment of DNA which functions as a specific barcode for each species. In insects, this fragment corresponds to a sequence of ∼ 650 base pairs (bp) located at the 5′ end of the cytochrome c oxidase subunit I gene (COI) (Joyce et al., 2018). Therefore, it is important to conduct molecular identification of species using barcoding to accurately identify individuals. The precise identification of A. aegypti and A. albopictus is relevant because this information defines characteristics for these species such as their biology and vector capacity.

The positive detection of arbovirus and the frequency of infection in vectors is reported as the minimum infection rate (MIR), which is defined as the relationship between positive pools and the total number per 1,000 individuals (Gu et al., 2004). However, there are no studies with methodologies that detect natural infection for arboviruses in single insects. In Latin America, A. aegypti has higher MIR values for CHIKV, DENV, ZIKV, and MAYV compared to A. albopictus. Furthermore, no CHIKV and MAYV infection has been detected in the latter. In A. aegypti, DENV presents a higher range of MIR compared to other viruses and ranges from 0.2 to 26 infected individuals per 1,000 individuals. Alternatively, ZIKV has a MIR value ranging from 3 to 17 individuals and CHIKV ranges from 2 to 3 individuals. Finally, for MAYV, the only reported value is 1.75 (Diallo et al., 2014; Guerbois et al., 2016; Huerta et al., 2017; Cevallos et al., 2018; Eiras et al., 2018; Garcia-Rejon et al., 2018). These data show that A. aegypti presents a higher rate of natural infection by arboviruses compared to A. albopictus and this is attributed to the greater presence of this species in urban areas, which indicates that A. aegypti is the main vector of arboviruses and A. albopictus is the secondary vector in Latin America (Black et al., 2002; Paupy et al., 2009).

Focusing on both the frequency of the viral infection and the incriminated vector species in endemic areas is important to propose reliable prevention and control measures. Also, there is a pivotal need to understand infection rates not only on humans but also on the arbovirus vectors to reveal disease transmission dynamics. The eastern departments of Colombia present the highest incidence of DENV, CHIKV, and ZIKV. Additionally, due to its close proximity to Venezuela, attempting to identify MAYV is worthwhile (Lorenz et al., 2019). Therefore, this study morphologically and molecularly identifies Aedes species circulating in three municipalities of the department of Arauca (Colombia) and obtained sequences that were used to assess the precision of the molecular test used to identify A. aegypti and A. albopictus. In addition, the infection by DENV-1, CHIKV, ZIKV, and MAYV was attempted.



MATERIALS AND METHODS


Location and Capture of Insects

The insects were captured in the department of Arauca in the municipalities of Saravena (6° 57′17″ N, 71° 52′36″ W), Arauquita (7° 01′34″ N, 71° 25′38″ W), and Tame (6° 27′30″ N, 71° 44′41″ W) (Figure 1). These sites were chosen due to the high incidence of arboviral cases. The collection was conducted in the urban area of three municipalities; however, in the municipality of Saravena, individuals were also captured in rural areas, because in this municipality there is not a defined urban area, thus in the rural area there are different farms that have potential breeding sites. Two samplings were conducted, one in 2018 and the other in 2019, and each BG-Mosquitaire was installed for three consecutive months during the rainy season (April–May–June). Six traps were installed in the municipality of Saravena, 5 in Tame and 4 in Arauquita. In each trap, only adult females of the genus Aedes were chosen, and subsequently, the pools were formed using only individuals belonging to the same species and according to their morphological identification. The insects or pools were stored in Invitrogen® RNAlater (Salehi and Najafi, 2014) in jars marked with the coordinates and information regarding the house and/or the collection site and transported to the microbiology laboratory of the Universidad del Rosario. Once in the laboratory, they were individually separated in Eppendorf tubes for molecular identification of species, and in total, 169 specimens were analyzed.
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FIGURE 1. Municipalities where captures were conducted: Saravena (green), Arauquita (pink), and Tame (blue) in the department of Arauca (purple), Colombia. The black dot indicates the urban area where the capture of individuals was made.




Morphological and Molecular Identification of Aedes Species

The morphological identification of Aedes genus individuals was performed using a stereomicroscope following the taxonomic key proposed by Forattini (1965) to identify insects to the genus level, and the taxonomic review by Cova-Garcia et al. (1966) was used to identify species. Molecular identification of individual Aedes species was conducted by amplifying a fragment of the COI gene (barcoding) from the RNA of the insect. For technical reasons, only the RNA of the insect could be obtained.

RNA extraction was conducted with the Quick-RNATissue/Insect Microprep Kit (Zymo, # R2030) following the manufacturer’s recommended instructions, and the RNA concentration was quantified in a NanoDrop (Thermo ScientificTM). Subsequently, One-Step RT-PCR was conducted from the RNA to generate cDNA (complementary DNA) and amplify the COI gene. PCR reactions were performed in a final volume of 20 μL containing 10 μL qScriptTM One-Step, Low ROXTM (Quantabio, Carlsbad, CA, United States), 10 μM of each primer and 5 μL of RNA. The primers LCO1490 (5′-GGT CAA ATC ATA AAG ATA TTG G-3) and HCO2198 (5′-TAA ACT TCA GGG TGA CCA AAA AAT CA-3′) were also used (Joyce et al., 2018). The thermal profile consisted of the following: one cycle at 50°C for reverse transcriptase activation for 10 min followed by initial denaturation at 95°C for 1 min, 45 cycles of 94°C for 10 s, 60°C for 1 min and final extension at 72°C for 10 min.

The amplification of the gene fragment was conducted using 2.5% agarose gel electrophoresis in TBE 1x buffer and SYBR® Safe (Invitrogen®, Carlsbad, CA, United States) as the intercalating agent and then visualized under UV light to observe a band of ∼650 base pairs (bp). Subsequently, the samples were sequenced by the Sanger method if the band corresponding to the fragment of the COI gene was observed.



COI (Barcoding) Gene Sequence Analysis

Sequence cleaning and alignment was performed in Seqman software (Lasergene) and the nucleotide sequence was compared to the Nucleotide Blast database1; the species were assigned considering the percentage of identity, the coverage value and e-value. The sequences were aligned using the MUSCLE algorithm in the MEGA X v10.1 software (Sohpal et al., 2010). From the alignments, a network of haplotypes was generated in PorpArt v1.7 software using the TCS algorithm (Clement et al., 2002), and haplotype diversity (h) was calculated in DNAsp v6 (Librado and Rozas, 2009). A Maximum Likelihood (ML) tree was built in the software IQtree (Nguyen et al., 2014) using the Jukes–Cantor substitution model, and the support of the nodes was established from 5,000 bootstrap replicates. The external group for the phylogenetic tree was Culex spinosus (KM593059.1).



Arbovirus Detection

The detection of each arbovirus (DENV-1/CHKV/ZIKV/MAYV) was conducted on the RNA collected by qRT-PCR One Step using the corresponding primers and Taqman probes (Table 1). Since Endogenous Flaviviral Elements have been identified in the mosquito genome (Houé et al., 2019), the chosen primers have an analytical validation to avoid cross reactions. The qRT-PCR reactions for DENV-1, CHIKV, and ZIKV (per sample) were performed in a final volume of 20 μL containing 10 μL qScriptTM One-Step, Low ROXTM (Quantabio, Carlsbad, CA, United States), 10 μM of each primer, 10 μM of the probe and 5 μL of RNA. The protocol recommended by the WHO (World Health Organization [WHO], 2020) was used for the MAYV detection. The thermal profile used for all arboviruses consisted of the following: one cycle for 50°C for reverse transcriptase activation for 10 min, followed by initial denaturation at 95°C for 1 min, 40 cycles of 95°C for 15 s, 60°C for 1 min and final extension at 72°C for 10 min. The viral RNA from each arbovirus was used as a positive control and was provided by the virology group of the National Institute of Health and the confirmation of positive tests was performed in duplicate. Finally, the infection frequency for each arbovirus species was expressed as the infection rate (infected individual/total individuals).


TABLE 1. Primers and probes specific for each arbovirus.
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Statistical Analyses

Descriptive analyses of the frequency of each species and natural infection of each arbovirus were performed based on percentages. In addition, the kappa index was calculated to identify the percentage of agreement between the identification of A. aegypti and A. albopictus species by taxonomic code and molecular marker. A logistic regression, including the intercept, was performed to identify the statistical associations between arbovirus infection as a composite variable (y) and the explanatory variables: vector species, municipality and collection area. The species variable and collection area were transformed into dummies (1/0) using A. albopictus and the rural area as references (0). Preliminarily, a main effects model was run to identify variables potentially associated with the established outcome and a p-value < 0.2 was significant. Subsequently, a step-by-step, second-level interaction model was executed, which included interactions between vector species and the collection area or municipality.




RESULTS


Morphological and Molecular Identification of Aedes Species

In the two sampling periods, 169 specimens of Aedes were captured with 68% (n = 115) collected in the municipality of Saravena, 15.4% (n = 26) in Arauquita and 16.6% (n = 28) in Tame. Overall, differences were observed in the number of individuals identified as A. aegypti and A. albopictus between molecular and morphological identification methods (Figure 2). A kappa index of 0.764 and agreement of 91.1% (n = 154) were obtained between species identification methods (taxonomic key vs. molecular) (Cook, 2005). Inconsistencies were mainly evident in the identification of 13 individuals (7.7%), where they were initially identified through morphology as A. aegypti while the molecular marker analysis indicated that they were A. albopictus.
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FIGURE 2. Percentage of A. albopictus (purple) and A. aegypti (orange) individuals identified by morphological and molecular testing. The dotted lines mark the inconsistencies where individuals were initially assigned by morphology to a different species compared to the one detected by molecular methods, and the latter is the technique by which individuals were ultimately assigned for subsequent sequence analysis.




COI Gene Sequence Analysis

A 338 bp fragment of the COI gene was obtained. In the haplotype network constructed from the sequences of the individuals of the genus Aedes, 19 haplotypes were found (Figure 3). We observed two groups that corresponded to the species A. aegypti (Orange) and A. albopictus (Purple) and are differentiated by 36 bp (Figure 3A). Additionally, the highest number of haplotypes of the two species was found in the municipality of Saravena (Azul) with 8 haplotypes of the species A. aegypti and 9 haplotypes of the species A. albopictus (Figure 3B). The diversity of haplotypes found in Saravena was h = 0.806 and in Arauquita h = 0.498, and only one haplotype was found in Tame. Furthermore, the global diversity of haplotypes for all individuals captured in Arauca was h = 0.639.
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FIGURE 3. The haplotype network based on sequences of A. aegypti and A. albopictus collected in municipalities of the department of Arauca and colored by (A) species and by (B) collection municipality. The lines in each branch indicate the number of mutational steps between haplotypes, and the size of the circle is proportional to the number of individuals. (C) A maximum likelihood tree based on the JC model of A. aegypti and A. albopictus indivuduals from each place where they were collected. Black dots indicate support bootstrap ≥ 90.


The topology of the phylogenetic tree obtained from the COI sequence alignment revealed two well-supported clusters (bootstrap ≥ 90) that correspond to A. aegypti and A. albopictus (Figure 3C) with a genetic distance of 0.107 between the species. Additionally, the genus Culex (included as an outgroup) formed an independent clade in the species of genus Aedes.



Geographical Distribution of A. aegypti and A. albopictus

For the results of the geographic distribution of individuals and their natural infection by arboviruses, molecular identification of the species was considered. Table 2 shows the information regarding the frequency of A. aegypti individuals (n = 111) and A. albopictus (n = 58) by area and the municipality of capture. The species A. aegypti was present in the three municipalities and only in urban areas (Figure 4A) and there was a greater frequency of this species in the municipality of Saravena at 64.9% (72/111). However, A. albopictus, which is only present in the municipalities of Saravena and Arauquita in both urban and rural areas (Figure 4A), showed a frequency of 74.1% (43/58) in the municipality of Arauquita. The above results show clear evidence of the presence of these two species in the urban area of the municipality of Saravena and Arauquita.


TABLE 2. Number and percentage of A. aegypti and A. albopictus captured per year, area, municipality and infected with arboviruses.
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FIGURE 4. (A) The geographic location of A. aegypti (orange) and A. albopictus (purple) collected from the municipalities of Saravena, Arauquita, and Tame. (B) The percentage of individuals infected by the municipalities of Arauquita, Saravena, and Tame.




Natural Infection by Arboviruses

Of the 169 individuals collected from the genus Aedes, the overall rate of arboviruses (DENV-1 and CHIKV) infection was 36.1% (61/169). The arbovirus with the highest frequency was DENV-1, which was found in 82% (50/61) of infected individuals, while 9.8% (6/61) were infected by CHIKV and none of the individuals were infected with ZIKV or MAYV. In addition, a 4.5% frequency (5/111) of mixed infection by arboviruses DENV-1 and CHIKV was found in A. aegypti. Table 2 shows the arbovirus infection rates in each species, and there was a higher infection rate observed in individuals of the species A. albopictus. In Saravena was found 18 individuals of A. aegypti and 17 of A. albopictus infected by DENV-1, while for CHIKV one individual of A. aegypti and two individuals of A. albopictus were found. Only 5 individuals of A. aegypti were found coinfected by DENV-1 and CHIKV. In Arauquita were found 5 individuals of A. aegypti and 6 individuals of A. albopictus infected by DENV-1, while for CHIKV one individual of A. aegypti and two individuals of A. albopictus were found in Tame, only 4 individuals of A. aegypti were found infected for DENV-1. The logistic regression results showed that the municipality of Arauquita is 7 times more likely to find infected individuals (OR = 7; 95% CI = 1.890–25.932; p = 0.004) compared to Tame. However, the municipality of Saravena was 3.6 more likely to find infected individuals compared to Tame (OR = 3.6; 95% CI = 1.165–11.025; p = 0.026) (Figure 4B) in the Supplementary Table 1 are shown all the parameters of the models.




DISCUSSION

The A. aegypti and A. albopictus classification of individuals is mainly determined by morphological identification (Kraemer et al., 2015), and few reports use molecular identification (Zamora-Delgado et al., 2015; Atencia et al., 2018). Although, morphological identification is the most widely used classification technique, it has different limitations. During the transport of individuals, they are susceptible to damage and modifications in their external parts, which can generate confusion during the classification of individuals (Sumruayphol et al., 2016). Taking this into account, it is necessary to use complementary tools that allow a correct identification of individuals. Among these tools it is recommended to use molecular techniques such as DNA barcoding (Cook et al., 2005; Anoopkumar et al., 2019). In this study was described the precision of taxonomic keys and DNA barcoding to classify individuals of the genus Aedes.

Regarding the analysis of the COI sequences, a global diversity of haplotypes value of 0.639 was evident for species A. aegypti and A. albopictus. This value is similar to that reported by Caldera et al. (2019) for individuals captured in Colombia and Joyce et al. (2018) for El Salvador; these values are relatively high. This high haplotype diversity may be due to adaptation processes for different environmental conditions and ecosystems where the insect is exposed due to its cosmopolitan distribution. Accordingly, the high number and diversity of haplotypes present in Saravena (h = 0.806, Figure 3B) may be due to evolutionary pressures that generate genetic changes in these dipteran species such as the use of insecticides. Between the two species, 36 mutations (Figure 3A) and a genetic distance of 0.107 were found. According to Hoyos-Lopez et al. (2015), this value is found for inter-species ranges (0.022–0.2565) that were previously reported in individuals of the Culicidae family. The tree topology (Figure 3C) is consistent with these results since it is evident that the individuals constitute two clusters grouped by species. Considering the groups formed by species in the haplotype network (Figure 3A) and the clustering by species in the phylogenetic tree (Figure 3C), it is possible to determine the precision of molecular tests to identify A. aegypti and A. albopictus.

According to the kappa index obtained in this study between the identification methods (k = 0.7643) (Cook, 2005), a deficiency in identification through morphology can occur (Figure 2). This could be an indicator of an overestimate of A. aegypti by traditional morphology-based techniques. The main characteristic that permits differentiation between these two species is the pattern in the scutum (mesothorax sclerite). These patterns are described as susceptible to blurring during insect storage processing (Patsoula et al., 2006). Therefore, there may be a risk of incorrect morphological identification and any error in this process has a negative effect on studies that make conclusions on the biology and vector capacity of each of these insect species. In this scenario, molecular identification may become more accurate (Chan et al., 2014). However, molecular techniques are too expensive for routine use and especially in areas with high vector infestation. Therefore, we propose to use this complementary tool mainly in three situations; (i) generate a baseline on the proportions of individuals per species in areas where this information is not available, (ii) as a quality control of morphological identification, choosing a random percentage of individuals to be confirmed by DNA barcoding and (iii) when individuals are damaged and morphological identification cannot be performed.

Studies focusing on the distribution of A. aegypti and A. albopictus conclude that their presence is due to the interaction of different biotic and abiotic factors (Lozano-Fuentes et al., 2012; Liang et al., 2019). This interaction is shown in the models that show an association between land use and the presence of A. aegypti and A. albopictus and the prevalence of arboviruses. The main aspects at risk are human settlements, horticulture and livestock (Cheong et al., 2014), and this is mainly because these activities generate micro-habitats that favor the reproduction of the vector (Sarfraz et al., 2012). In accordance with the above, there is a coexistence of A. aegypti and A. albopictus in urban areas of the Saravena and Arauquita municipalities (Figure 4A). Countries, such as Brazil and Panama, show evidence of this observation (Li et al., 2014; Whiteman et al., 2019). Therefore, the coexistence of these two species in the same area generates a public health risk since they are two vectors contributing to the transmission of arboviruses in the same urban area. Future studies should consider evaluating the transmission dynamics of arboviruses in this region by examining the plausible biological competition of the two species.

However, in the municipality of Arauquita the species that is found in higher frequency is A. albopictus (Table 2). This may be due to the different land uses in each municipality. For example, in Arauquita, there is a high availability of natural water due to the presence of the Arauca river in the northern part of the municipality. The above benefits the reproduction of A. albopictus since this species has preferences for these bodies of water compared to A. aegypti (Claeys et al., 2016). In this study we do not report data about immature collections to identify their most common breeding sites, however, this phenomenon has been previously reported in Vietnam and Brazil (Higa et al., 2010; Barbosa et al., 2020), and in Brazil, a spatial analysis was conducted that determined an association between the presence of vectors, depending on the type of water body (Lozano-Fuentes et al., 2012; Liang et al., 2019). Considering the aforementioned, it is possible that other factors are interacting in the municipalities that influence the geographical distribution of these species and subsequently the transmission dynamics of the arboviruses.

The logistic regression results show that in the municipality of Arauquita there is a higher risk of finding individuals infected with arboviruses (Figure 4B). In accordance with our results, different models (Barmak et al., 2016; Massaro et al., 2019; Zhu et al., 2019) show that human mobility is an important factor for the increase in the incidence of DENV even over short distances, i.e., between cities. Considering the aforementioned, the municipality of Arauquita is in a border area with Venezuela, and therefore, there is a high movement of humans that may maintain the virus in these areas. In accordance with the aforementioned, Lizarazo et al. (2019) showed that DENV-1 strains isolated in Venezuela were closely related to previously published sequences of this serotype in Colombia. This corroborates the influence that the movement of people between these two countries has on the prevalence of infection in insects.

DENV-1 was the arbovirus with the highest frequency in the population of infected individuals at 82% (50/61) and the overall infection rate in A. aegypti and A. albopictus was 29.6% (50/169) (Table 2). The DENV-1 serotype has also been detected more frequently than other arboviruses in Indonesia, Mexico, Cuba, Brazil, and Colombia (Velandia-Romero et al., 2017; Eiras et al., 2018; Garcia-Rejon et al., 2018; Gutiérrez-Bugallo et al., 2018; Rahayu et al., 2019). The high frequency of this arbovirus may be because the transmission in the urban cycle of DENV is provided by the level of viremia of the hosts (humans) since individuals at the beginning of infection have high rates of viremia (Duong et al., 2015; Martínez-Vega et al., 2015). This agrees with the results obtained in this study, given that DENV-1 is the most prevalent arbovirus in the department of Arauca (Boletín Epidemiológico Semanal (BES) Semana Epidemiológica 22, 24 al 30 de mayo, 2020). Furthermore, there is a need to conduct complementary entomo-virological surveillance to actively search for human cases and to have a complete overview of the urban transmission of arboviruses. Nevertheless, future studies should consider the detection of the other 3 DENV serotypes in vectors to complement the understanding of transmission dynamics in this endemic region and due to its proximity to Venezuelan states that are highly endemic for DENV-4 (Grillet et al., 2019).

The results in this study show a higher infection rate by DENV-1 and CHIKV in A. albopictus (Table 2) compared to A. aegypti. This does not agree with the values previously reported since the MIR values in A. aegypti are higher (Guerbois et al., 2016; Huerta et al., 2017; Garcia-Rejon et al., 2018). However, it was experimentally shown that A. albopictus is a vector more susceptible to infection than A. aegypti because the arbovirus dissemination rates were higher in nearly all strains of A. albopictus tested (Turell et al., 1992). The dissemination rate is associated with the CHIKV genotype, where A. albopictus is more susceptible to infection of the Asian genotype and this genotype is reported more frequently than the African genotype in Colombia (Camacho Burgos, 2019). The lack of natural ZIKV infection is due to the low number of cases reported in humans in the department of Arauca over the last 2 years (Boletín Epidemiológico Semanal (BES) Semana Epidemiológica 22, 24 al 30 de mayo, 2020). This confirms that this arbovirus is not circulating in the urban cycle of the three sampled municipalities.

However, the absence of individuals infected by MAYV may be because the insects processed in this study are part of the urban cycle and no studies demonstrate the efficiency of viral transmission in this cycle. However, the study by Pereira et al. (2020) shows that under laboratory conditions, A. aegypti and A. albopictus have the ability to become infected and the potential to transmit MAYV genotype D. Likewise, it is possible to infect mosquitoes with the virus from the saliva of individuals who initially tested negative. This indicates that for the infection to occur, a low viral load is necessary, which cannot be detected by PCR, and this is reflected in the MIR values of 0.4 (95% CI = 0.0–1.4) that are reported for this species (Maia et al., 2019). This is why different studies propose viral enrichment techniques that allow the viral sequences to increase, which is corroborated by next generation sequencing (NGS) (Hall et al., 2014). Therefore, it is important that future studies implement viral enrichment techniques that allow virus detection even at low concentrations.

Natural coinfection between DENV-2 and CHIKV has been previously reported in A. albopictus, where an association with simultaneous circulation of these two arboviruses during a dengue outbreak in Central Africa is possible (Caron et al., 2012). In this study, a mixed DENV-1 and CHIKV coinfection rate of 4.5% (5/111) was found in A. aegypti. This shows a simultaneous circulation of these two arboviruses within one specimen, which can lead to coinfection in humans, where an increase in coinfection cases would lead to rapid genetic evolution of the virus (Caron et al., 2012). There are two methods to estimate the infection rate from detection by pools: MIR (Minimum Infection Rate) and MLE (Maximum Likelihood Estimate). However, to produce a correct estimate, it is necessary to obtain a sampling ≥ 1,000 individuals and sizes of small pools. Processing individually allows us to naturally observe mixed infections in vectors including the option to conduct molecular discrimination of Aedes species (Walter et al., 1980; Gu et al., 2004). Therefore, the importance of conducting surveillance of arboviruses in the individual vector in areas where there is no information on natural infection in the vectors is important. This generates a baseline and avoids erroneous data regarding natural arbovirus infection in each of the vectors. In places where such a baseline exists and there are large samplings, the processing of insects by pools is possible. Future studies should compare the most reliable method for expressing infection rates in arboviral diseases in terms of sensitivity and cost-effectiveness.



CONCLUSION

This study reports on the natural CHIKV infection of A. aegypti and A. albopictus in Colombia, and a higher infection rate was found in the latter species. This shows the susceptibility of this species to infection by arboviruses. In addition, DENV-1 was the arbovirus with the highest frequency in the collected individuals, which may be associated with different factors such as the transovarian transmission of the vector and human infected with high viremias that can maintain constant transmission of the arbovirus. Expression of the natural infection data using infection rates to obtain a value per individual on arbovirus infection is proposed which increased the infection rate and the finding of viral co-infections. Lastly, we demonstrated the coexistence of A. aegypti and A. albopictus in urban areas of Saravena and Arauquita. This coexistence can be explained by the different land uses in the municipalities and the availability of water bodies that allow correct reproduction and development of the vectors. Our findings could become valuable to improve national control programs for arbovirosis. However, it is important to highlight some limitations of the study, among them the lack of detection of the DENV-2 – 4 serotypes as well as the measurement of other meteorological variables that would allow us to carry out a more robust analysis. Likewise, a longer sampling time that could allow us a greater capture of individuals and a more general view of the behavior of the infection of arboviruses in A. aegypti and A. albopictus. Lastly, the non-sequencing of the positive samples for DENV1 and CHIKV and their comparison with sequences available on GenBank. In the future, studies on this region must be also conducted to depict the molecular epidemiology of this arboviral agents for high resolution epidemiological surveillance.
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A. aegypti n (%) A. albopictus n (%) Total

Capture 111 (65,7) 58 (34, 3) 169
Year

2018 51 (49) 53 (61) 104
2019 60 (92.3) 57.7) 65
Zone

Rural 0 37 (100) 37
Urban 111 (84.1) 21 (15.9) 132
Municipality

Saravena 72 (62.6) 43 (37.4) 115
Arauquita 11 (42.3) 15 (67.7) 26
Tame 28 (100) 0 28
Rate infection with arbovirus

DENV-1 27 (54) 23 (46) 50 (29.6)
CHIKV 2 (33.3) 4 (66.7) 6(3.5)
Mixed (DENV-1 y CHIKV) 5 (100) 5(@)
Uninfected 77 (71.3) 31 (28.7) 108 (63,9)
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Primers and Probes

F: TCACTCCCTGTTGGACTTGATAGA
R: TTGACGAACAGAGTTAGGAACATACC

P: [FAM]-AGGTACGCGCTTCAAGTTCGGCG

DENV-1

F: CAAAAGGAAGTCGYGCAATA

R: CTGAGTGAATTCTCTCTGCTRAAC
P: [FAM]-CATGTGGYTGGGAGCRCGC
F: GTGGTCGCACAGTGAATCTTTC

R: CAAATGTCCACCAGGCGAAG
P:[FAM]-
ATGGTGGTAGGCTATCCGACAGGTC-

carboxytetramethylrhodamine
[TAMRA]

F: AARTACACATACCARAACAAAGTG GT
R: TCCRCTCCCYCTYTGGTCTTG!
P: [FAM]-CTYAGACCAGCTGAAR-BBQ

Gen (reference)

NS (non-structural protein)
(Lanciotti et al., 2007)

NS5 (non-structural protein
5) (Santiago et al., 2013)

E2 (envelope protein 2)
(Long et al., 2011)

NS5 (non-structural protein
5) (Faye et al., 2013)
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