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Abstract

:

Birds are important hosts in the life cycle of some species of ticks. In Colombia, there are few eco-epidemiological studies of tick-borne diseases; the existing ones have been focused on areas where unusual outbreaks have occurred. This study describes the identification of ticks collected from birds and vegetation, and the detection of bacteria in those ticks and in blood samples from birds in an urban fragment of tropical dry forest in the department of Magdalena, Colombia. Bird sampling was carried out monthly in 2021, and 367 birds, distributed among 41 species, were captured. All collected ticks were identified as Amblyomma sp. or Amblyomma dissimile. The presence of rickettsiae in ticks collected from birds was evaluated by molecular analysis of the gltA, ompA and sca1 genes. 16S rRNA meta-taxonomy was used to evaluate rickettsiae in ticks collected from vegetation and in blood samples from birds. The presence of the species “Candidatus Rickettsia colombianensi” was detected in ticks from birds. Bacteria of the family Rickettsiacea was the most abundant in ticks collected from vegetation. Bacteria of the families Staphylococcaceae, Comamonadaceae and Pseudomonadaceae were prevalent in the samples of blood from birds. Rickettsia spp. was also detected in low abundance in some of the bird blood samples.
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1. Introduction


Zoonosis refers to diseases that are transmitted from animals to humans, and they represent a serious threat to the health and well-being of people [1]. New zoonotic diseases are constantly emerging as human activity expands into new territories that contain natural foci of infection. Some of the main infectious agents involved include bacteria, viruses and fungi, among others [2].



Ticks are obligate hematophagous ectoparasites and some species can act as vectors of pathogenic microorganisms such as protozoa, bacteria and viruses [3,4,5]. They are cosmopolitan, mainly from warm climates [4], and are recognized as the second greatest vector of diseases in the world, after mosquitoes [6].



Of the diseases transmitted by ticks, rickettsiosis is one of the most important due to its severity [7]. The life cycle of rickettsiae involves vertebrate hosts and invertebrate vectors [8]. Ticks can acquire the bacteria through transovarian transmission (female to egg), which allows infected larvae to develop, maintaining and amplifying the infection in tick populations; by trans-stadial transmission (from the larva to the nymph and from the nymph to the adult); or by horizontal acquisition during feeding from a rickettsemic host [9,10,11].



In Latin America and the Caribbean, several Rickettsia species have been reported, which could be directly related to habitat fragmentation processes due to anthropogenic activities. This not only threatens the different ecosystems, but also alters the circulation of zoonotic agents, increasing the risk of infection in human populations [12].



Birds are important hosts in the life cycle of some tick species, mainly for the immature stages (larvae and nymphs). Some of these species are vectors of pathogens for animals and humans [13,14,15,16,17,18,19]. The role of birds in the spread of diseases has been documented since they can transport ticks and pathogens that are typical of certain areas to other distant regions during migrations [20,21], opening the possibility for a constant flow of ticks and pathogens [15,17,18,22,23,24,25].



Colombia has the largest number of bird species in the world, which have been studied due to their association with viral diseases such as avian influenza [26,27]. However, studies carried out by Londoño et al. [28], Cardona-Romero et al. [29] and Martínez-Sanchez et al. [30] suggest that birds have an important role in maintaining the circulation and spread of rickettsiae.



The objective of this study was to determine the species of ticks and rickettsiae in ticks associated with wild birds in an urban fragment of tropical dry forest in the north of Colombia. Additionally, monthly abundance patterns of ticks in vegetation were evaluated. Finally, given the abundance of ticks and Rickettsia in ticks collected from birds and of ticks collected from vegetation throughout the year, a meta-taxonomic analysis of 16S rRNA was performed in order to carry out a sensitive and rapid screening of Rickettsia and other bacteria both in bird blood samples and in ticks from the same area.




2. Materials and Methods


2.1. Study Area


The study was carried out in an urban fragment of tropical dry forest with an area of 3 ha at the University of Magdalena (11°13′18.31″ N, 74°11′08.80″ W,) which is characterized by a semi-arid climate with a marked water deficit in the dry season. The precipitation regime is bimodal, with two periods of rain concentration, one from May to June and the other from September to November, with its greatest intensity in October, and two dry periods, the most intense being from December to April and a less intense one from July to August. The average monthly rainfall is 578 mm. The average annual temperature is 27 °C, the mean annual maximum temperature is 32.6 °C and the mean minimum is 23.3 °C [31,32].




2.2. Specimen Collection


The capture of birds was carried out using mist nets (12 × 2.5, 38 mm). Five mist nets were installed inside and on the edge of the forest, which were open from 6:00 a.m. to 12:00 p.m., with monitoring every 15 min for three days a week, during the months of January to April and August and September 2021.



For each captured specimen, the entire body was examined for ticks, which were collected from the distal part of the capitulum to avoid detachment of the hypostome using fine-tipped entomological tweezers and placed in labeled 1.5 mL Eppendorf tubes with absolute alcohol [16].



Blood samples were obtained from the brachial or jugular vein, taking 0.1 to 0.2 mL of blood per bird, taking into account the ratio of 0.06 mL of blood per 1 g of weight [33] using a syringe of 1 mL insulin and needles of 27G × ½. To avoid any risk of mortality, birds that weighed less than 10 g were not included for the blood sampling. All captured birds were identified with the help of the Ayerbe field guide [34], were ringed to determine recapture and were finally released.



To determine the seasonal variation in ticks in their free-living phase, monitoring was carried out every 15 days for a year, from February 2021 to February 2022, with a total of 24 samplings. For this, a dry forest trail was traversed, dragging a 1 × 1.30 m white fabric flag through the vegetation (dragging) for 90 min (starting at 8:00 am) and checking every 10 min [35]. These ticks were quantified, identified and stored in groups by species, stage and collection date in Eppendorf tubes with absolute alcohol at −20 °C. Additionally, from the temperature (T) and relative humidity (HR) records obtained from the Institute of Hydrology, Meteorology and Environmental Studies (IDEAM), the saturation deficit (DS) was calculated by applying the formula DS = (1 − HR/100) × 4.9463 × e(0.0621T) described by Randolph and Storey [36].




2.3. Morphological Identification of Ticks


Ticks were identified to the most specific level possible by following specific taxonomic keys and descriptions of Hooker et al. [37] and Martins et al. [38] and with the aid of a Zeiss Stemi 305 stereoscope and a Leica M205A motorized industrial microscope.




2.4. DNA Extractions and Amplifications


DNA extraction of ticks collected from birds was performed from the complete individual, individually or in groups of nymphs or larvae by species and by host, depending on the number of ticks found at each stage. A total of 7 nymphs and 235 larvae were extracted, obtaining 67 DNA samples (7 nymphs and 60 larval pools). Likewise, the DNA extraction of ticks collected in vegetation was grouped and processed in monthly pools and by stage. Extractions were performed using the Lucigen’s MasterPure™ Complete Kit.



To confirm the tick species, three pools of ticks were chosen at random for the amplification and sequencing of the cox1 Folmer et al. [39] and 16S Mangold et al. [40] genes (Supplementary Table S1).



Rickettsia species from ticks collected from birds were identified by PCR (polymerase chain reaction) in an Eppendorf Mastercycler® Pro thermal cycler, aimed at amplifying the gltA, sca1 and ompA genes [41,42] (Supplementary Table S1).



DNA extractions from birds’ blood were performed on those individuals with positive ticks for Rickettsia. The extractions were performed individually using the E.N.Z.A Blood Omega kit. In all cases, DNA quality was confirmed by agarose gel electrophoresis and GelRed (Biotium) staining.




2.5. Analyses of Sequences


Positive PCR samples were sequenced in both directions. Sequences were edited on the BioEdit program [43] and were verified and compared with those deposited in GenBank using the NCBI BLAST tool (www.ncbi.nlm.nih.gov, accessed on 5 February 2022).



Additionally, the sequences obtained in this work, together with sequences available in GenBank, were further corroborated by phylogenetic methods using maximum likelihood (ML), building phylogenetic trees for each of the genes and then a tree with all the genes concatenated. The Geneious program [44] was used for the alignment of the sequences using the MAFFT algorithm [45], all the coding gene sequences (cox1, gltA, ompA and Sca1) were aligned by codons and the reading frame was corrected with the help of the AliView program [46] to eliminate the stop codons and subsequently cleaned in TranslatorX [47]. The sequences of the non-coding genes (16SrRNA) were aligned by nucleotides and subsequently cleaned with Gblocks 0.91b [48]. A partitioned concatenated file was constructed with the Geneious program [43] based on the models obtained by gen. IQ-TREE was used [49] for the selection of the best substitution models and for the phylogenetic analysis. Finally, FigTree V1.4.4 [50] was used to analyze and edit the generated phylogenetic trees. ML analyses were performed using the fast-scaling algorithm and 10,000 bootstrap pseudoreplicates (BPs). Bootstrap values >70% were considered to indicate high statistical support [51].



The best substitution models obtained were TN + F + I for codon positions 1, 2 and HKY + F + G4 for position 3 of the cox1 gene and TPM3 + F + G4 for positions 1, 2 and 3 of the gene 16S. Likewise, the best substitution models for codon positions 1, 2 and 3 of the gltA gene was K3PU + F + I, for ompA it was TPM3 + F + I and for Sca1 it was TPM3 + F + G4.




2.6. 16S Metataxonomy for the Identification of Rickettsiae in the Blood of Birds and Ticks Collected from Vegetation


A total of 23 blood DNA samples were grouped into 11 pools, by bird species or individually for bird species that only had one individual. We only worked with the blood samples of birds that presented ticks positive for rickettsia.



A total of 233 ticks (208 larvae, 21 nymphs and 4 adults) collected in vegetation were grouped in 27 pools, by month and by stage. All DNA samples from blood and tick pools were quantified with a Nanodrop Multiskan go (Thermo scientific) for purity (260/280) > 1.6–2.2 and quality (260/230) > 1.8–2.2 parameters. We only worked with the DNA that met these parameters. In total, 38 pools were processed plus the positive control (ZymoBiomicsTM Microbial community DNA Standard—Zymo research) and negative controls (Supplementary Table S2).



For the preparation of the libraries, directed to the amplification of the V4 region of the 16S rRNA gene, the primers F515 and R806 were used [52]. The PCR reaction mixture was prepared in a volume of 25 µL, 2.5 µL of DNA ~ 5 ng/µL, 12.5 µL of Accuris High Fidelity Hot Start Master Mix 2X and 5 µL of each primer. DNA quality was quantified with a Qubit® fluorometer (Life Technologies Carlsbad, Carlsbad, CA, USA) using a Qubit dsDNA HS® Assay kit (Thermo Fisher Scientific Corporation, Waltham, MA, USA).



The resulting purified products were bound to dual indices using the Nextera XT IDX V2 kit in a reaction mix containing 2.5 µL of DNA, 2.5 µL each of Nextera index primers, 12.5 µL of 2x Accuris High Fidelity Hot Start Master Mix 2X and 5 µL of molecular-grade water. The final PCR product was quantified using a Qubit. The samples were normalized to calculate the volume to be taken from each sample for the multiplexed library, and a negative control sample was included as well as the PhiX Control v3 at 1 nM. Then, 1 nM of the final library was sequenced by paired-ended v.2 chemical sequencing (150 bp reads) along with their multiplex sample adapters on the Illumina iSeq100 platform (Illumina Inc., San Diego, CA, USA) according to the standard protocol (https://support.illumina.com/documents/documentation/chemistry_documentation/16s/16s-metagenomic-library-prep-guide-15044223-b.pdf, accessed on 10 June 2022) at the University of Magdalena.




2.7. Bioinformatic Analyses


The quality of the forward and reverse reads was assessed with fastp [53]. QIIME2 [54] was used to ensemble the metabarcoding data. First, the forward reads were imported and demultiplexed. Then, Amplicon Sequence Variants (ASVs) were generated with the DADA2 plugin [55]. Using the microDecon package with default settings [56], the samples were decontaminated using a negative control sample (blank) as a reference. To assess diversity, a reference-based phylogenetic tree using SEPP was produced with the q2-frament-insertion plugin [57]. Taxonomic assignment was performed with the qiime feature-classifier classify-sklearn plugin [58], using a classifier trained on the V4 region of the 16S rRNA from the SILVA database [59].



Downstream analysis was performed in R (version 4.1.2), using the phyloseq, animalcules, ampvis and microviz packages [60,61,62,63].





3. Results


3.1. Ticks Collected on Birds


A total of 367 birds were captured, distributed among 41 species, 35 genera, 17 families and 7 orders, of which 60 (16.35%) were found infested by ticks (524 larvae and 9 nymphs). The detail of the captured birds and the average abundance of ticks observed for each specie is presented in (Table 1).



All ticks were taxonomically identified as Amblyomma sp. or Amblyomma dissimile. Three pools were molecularly confirmed with Blast, obtaining identity percentages of 99.61%, 99.81% (MF095086.1) and 100% (MF095084.1) for cox1 and 99.47%, 100% (MF026013.1) and 100% (KY389392.1) for 16S with A. dissimile sequences available in GenBank.



This was confirmed by phylogenetic analyses by grouping our A. dissimile sequences (DL19, DL54 and DL89) with available A. dissimile sequences and the formation of a clade with Amblyomma scutatum and Amblyomma rotundatum sequences obtained from GenBank data, these being the most closely related species, with 100% bootstrap support (Supplementary Figure S1).




3.2. Rickettsiae in Ticks Collected from Birds


Of 60 larval and 7 nymphal pools, rickettsia DNA was detected in 47/60 (78%) larval pools and 7/7 (100%) nymphal pools. Of the 60 birds infested with ticks, 40 had ticks DNA positive for Rickettsia. The genera that presented the highest number of ticks with rickettsia infection were Parkesia, Saltator, Campylorhynchus and Troglodytes. Eleven species of birds were residents and two were migratory species (Table 2).



Sequences of the gltA, sca1 and ompA genes showed 100% identity with sequences of “Candidatus Rickettsia colombianensi” (MG563768.1; MN058024.1 and MG020421.1) or Rickettsia spp. (MH936461.1; MG020421.1) (Table 2). Phylogenies analyses confirmed that 100% of the rickettsia sequences obtained in this study correspond to “Candidatus Rickettsia colombianensi” (Supplementary Figure S2).




3.3. Ticks Collected from Vegetation and Seasonality


A total of 27,405 ticks were captured on vegetation, of which only 121 were nymphs and 5 were adults. All were identified as Amblyomma sp. or Amblyomma dissimile. In general, the largest number of larvae and nymphs was captured between the months of March and July, while adults were captured in January and February. A fluctuation between the abundance of larvae per sampling day could be observed in relation to the saturation deficit (DS) (Figure 1A); however, this did not affect the abundance of nymphs (Figure 1B).




3.4. 16S amplicon Sequence Analyses of Blood Samples and Ticks from Vegetation


For the 12 samples of blood from birds infested with ticks and the 27 samples of ticks collected from vegetation, a total of 3,438,420 paired-end reads were obtained. A negative control and a Mock community were also sequenced to evaluate contamination and composition bias. Quality assessment showed an even number of reads for all experimental samples (Supplementary Figure S3). As a result of the low quality at the end of the reverse reads, no overlap could be computed. Thus, a single-end approach using the forward reads was used.



A total of 6897 ASVs were generated and assigned to a taxonomic rank. Rarefaction curves were generated to evaluate if the depth of sequencing was sufficient to capture all diversity in the samples. Figure 2A shows that the number of observed ASVs for all samples levels off before sequencing depth is lost. There are notable differences between blood and vegetation samples in terms of the number of ASVs observed. The number of ASVs from blood samples is not as big as for ticks collected from vegetation, and the blood samples’ display less spread.



Principal Coordinate Analysis (PCoA) showed that most of the variation (PC1, 47.9%) was explained by the source of the sample, i.e., blood of birds or ticks from vegetation (Figure 2B). Most of the samples group closely, except for a sample from a nymph collected from vegetation in the month of December, which clustered with the blood samples. The second principal component (PC2, 12.5%) displayed the variation between the ticks collected from vegetation, which may be explained by the seasonality of the sampling and the different stage of the ticks.



The taxonomic composition of the samples at the Family level was compared between each species of bird sampled for blood, and for ticks collected from vegetation, the month when they were captured, separating for the ticks’ life stage (Figure 3A). Rickettsiaceae was the most abundant family for the vegetation samples, followed by Francisellaceae and the Order Rickettsiales. This last taxon comprises AVSs whose taxonomic classification could not be placed higher than Order rank. January, February and March were the months with the most relative abundance of Rickettsiaceae, but it was found throughout the year.



For the bird samples, the taxa with the most abundance were Staphylococcaceae, Comamonadaceae and Pseudomonadaceae (Figure 3B). Rickettsia spp. was present in low abundance in bird samples, but it was clearly detected in the species P. noveborasensis, C. griseus, C. gujanensis, C. ani and G. brasilianum (Figure 3C). Shannon index alpha diversity analysis showed no significant differences within samples (Kruskal–Wallis rank sum test, p < 0.05). The PERMANOVA test using Bray distance showed a significant beta diversity difference between ticks collected from vegetation and blood samples (p < 0.05) (Supplementary Figure S4).





4. Discussion


This study reports the parasitism of Amblyomma dissimile on wild birds in an urban fragment of tropical dry forest in the department of Magdalena. A. dissimile ticks were also found in great number and throughout the year in the vegetation from the same area. A. dissimile is a tick with a large number of hosts [64]. In Colombia, it has been found parasitizing mammals, such as Hydrochoerus hydrochaeris and Proechimys semispinosus; amphibians such as Rhinella humboldti and Rhinella horribilis; reptiles such as Iguana iguana; domestic animals such as canines, cattle and horses; as well as humans [28,40,65,66,67,68,69,70,71,72].



As in our study, Cotes-Perdomo et al. [71,73] and Santodomingo et al. [40] reported A. dissimile in ticks present in the tropical dry forest in the departments of Cesar, La Guajira and Magdalena, Colombia. However, the tick stages found in their study were adults and nymphs, unlike our study, where the vast majority were larvae and a few nymphs, which could be related to the habits of the host birds. The bird species reported with the highest number of ticks (Campylorhynchus griseus, Furnarius leucopus, Parkesia noveboracensis and Troglodytes aedon) usually wander in the leaf litter and/or low vegetation [34], where the larvae and some nymphs are usually found; after molting, they hydrate in the plant layer, a few millimeters above the ground [74].



Of the 18 species of birds collected with ticks, 13 species had positive ticks for Rickettsia, and from those, 11 species are residents of the dry forest, i.e., Troglodytes aedon, Leptotila verreauxi, Saltator coerulescens, Cyclarhis gujanensis, Campylorhynchus griseus, Hypnelus ruficollis, Dendroplex picus, Furnarius leucopus, Glaucidium brasilianum, Quiscalus lugubris and Melanerpes rubricapillus, and two are migratory species, i.e., Catharus minimus and Parkesia noveborasensis (Table 2). This interaction between A. dissimile and the mentioned bird species had not been previously reported. However, in Toronto, Canada, the finding of A. dissimile in the species Catharus fuscescens was reported, and the authors argued that probably it could have acquired the tick during its migratory flight [20]. This species belongs to the same genus as the migratory species Catharus minimus reported in our study with an A. dissimile tick positive for “Candidatus Rickettsia colombianensi” infection. Both species migrate to spend the winter in Central and South America [34].



In Colombia, nine species of ticks have been reported parasitizing wild birds: A. dissimile, Amblyomma longirostre, Amblyomma ovale, Amblyomma varium, Amblyomma nodosum, Amblyomma calcaratum, Amblyomma mixtum, Haemaphysalis leporispalustris and Ixodes sp. [29,30,75]. However, only two studies report Rickettsia infestation in ticks collected from wild birds, one of which is that of Martínez-Sanchez et al. [30], who reported the parasitism of “Candidatus Rickettsia colombianensi” in A. dissimile collected in the boreal migratory bird species Oporornis agilis in the department of Caldas. Likewise, this author also reported Rickettsia amblyommatis in Amblyomma longirostre, Amblyomma varium and Ixodes sp., obtaining a general prevalence of 11%, lower than that obtained in our study. Cardona-Romero et al. [29] reported Rickettsia parkeri in Amblyomma nodosum in Arauca, and, as in our study, the bird species T. aedon was the one that showed the greatest infestation by ticks.



No significant difference was observed in the abundance of ticks collected from birds during the months sampled. However, when comparing the mean abundance of ticks per family of bird, we found that in our study, it was higher than that obtained in the studies carried out by Cardona-Romero et al. [29] and Martínez-Sanchez et al. [76], also in Colombia (Table 1). We believe that this is due to the characteristics of the study area, as they sampled areas with abundant levels of precipitation throughout the year and floodplain ecosystems. Although ticks are cosmopolitan, most are found mainly in warm climates [4,77]. It is worth mentioning that the greater interactions observed between ticks and rickettsia in Cardona-Romero et al. [29] and Martínez-Sanchez et al. [76] studies may be due to the fact that these were carried out in larger study areas, which included 8 to 11 localities, including elevations from 178 to 3845 m. Our study was carried out in an urban fragment of dry forest, surrounded by an urban matrix.



The results of this study suggest that A. dissimile did not show a clear seasonal pattern, since its stages were found in similar proportions throughout the year, except for adults. This result implies that it would be difficult to identify in which periods of the year people or animals would be at greater risk of acquiring ticks or tick pathogens. Unlike those ticks that inhabit temperate climates or subpolar regions that have marked seasonal periods, in synchroneity with the seasons of the year [78].



In general, the largest number of larvae and nymphs were collected between the months of March and July, while adults were captured in January and February. This coincides with the values of the saturation deficit (SD) (Figure 1), since high percentages of relative humidity (RH) and low average temperature (T) cause the SD to decrease. It should be noted that SD did not affect the abundance of nymphs, since it has been shown that low percentages of HR, low average T and high SD are detrimental during the incubation period of tick eggs and for the larval stages that are more sensitive to desiccation [35]. This pattern was also reflected in a slight relationship in the months with the highest abundance of ticks on birds and vegetation.



Given the abundance of Rickettsia in ticks collected from birds and of ticks collected from vegetation throughout the year, a meta-taxonomic analysis of 16S rRNA was performed to screen for Rickettsia and other bacteria both in blood samples from birds and in ticks from the same area. The metataxonomic analysis of 16S detected the presence of rickettsiae in all the samples of ticks collected in the vegetation in high abundance. Considering that 99% of the ticks collected were larvae, we could suggest the transovarial route of transmission of rickettsia as the main mechanism present, also reported as an amplifying mechanism in ticks [11]. Unlike our study, Kantsø et al. [79] reported in Denmark the presence of Rickettsia helvetica by amplifying the gltA gene in 31/662 Ixodes ricinus nymphs, while none of the larvae carried Rickettsial DNA, the highest rate of ticks positive for R. helvetica was in the month of May. These months are hotter, humid and sunny, conditions that favor fitness, rates of interstadial development and behavior of most tick species [78,80,81,82]. These conditions are present most of the year in tropical countries, which, in our study, correlates with the SD and would explain the presence of Rickettsia in ticks collected throughout the year. Another associated factor is the high level of fragmentation of the study area, which also alters the natural circulation of pathogens in ecosystems [12].



Due to the location of the study area, within an urban matrix, our result should be of importance from a public health perspective. As Quintero et al. [83] points out, the detection of Rickettsia in ticks that are potential ectoparasites to humans, as is the case of A. dissimile, should be of concern, as the pathogenic potential of Rickettsia such as “Candidatus Rickettsia colombianensi” has not been discarded.



Rickettsia was also detected in low abundance in bird blood samples. To our knowledge, this is the first study aiming to detect Rickettsia in blood of birds using 16S rRNA metabarcoding. Similar studies by Stanczak et al. [84] in Poland for the detection of Rickettsia in birds, deer and rodents using PCR did not show positive results in bird blood samples; however, studies such as the one by Ioannou et al. [85] reported 1.5% of bird blood samples positive by PCR for an unknown rickettsia species. Likewise, Spitalska et al. [86] reported the infection of rickettsia in blood in the bird species Periparus ater. Hornok et al. [87] also reported 4.7% of their bird blood samples positive for R. helvetica; however, these authors reported two interesting cases, one in which only 2 out of 11 ticks removed from a PCR-positive bird were PCR-positive for R. helvetica, and a second case in which a bird positive for R. helvetica had only one tick with a negative PCR test. This may suggest that rickettsemia may persist after tick vector shedding in relevant birds and that transmission of rickettsiae from birds to tick vectors may occur inefficiently, especially if the host is not suitable.



However, these authors suggest that the role of vertebrates as reservoirs in the natural life cycle of rickettsiae, capable of transmitting and infecting ticks, remains under debate and study [85,86,87,88,89,90,91], especially when the pathogen is transmitted transovarially, as is the case with many Rickettsia species [92] and when vertebrates are rickettsiaemic only for short periods of time, since they are unable to maintain rickettsemia long enough to infect new uninfected ticks [93,94,95]. It is important to bear in mind that in vertebrates, the endothelial tissues are the main target of some species of Rickettsia—it is in the tissues where, after the bite of the vector, the bacteria lodge and find the necessary physiological conditions to infect the cells and multiply [96,97].




5. Conclusions


This study reports for the first time the presence of “Candicatus Rickettsia colombianensi” in Ambyomma dissimile ticks collected from wild birds in an urban fragment of tropical dry forest in Santa Marta, Colombia. Some species of birds showed a high mean abundance of tick parasitism compared to other studies. The seasonality of larvae and nymphs suggest that they are active throughout the year. The usefulness of the 16S meta-taxonomy technique to quickly and cost-effectively assess the presence of Rickettsiae or other bacteria in ticks and birds’ blood was confirmed.
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Figure 1. Saturation deficit (SD mmHg) of the tropical dry forest in relation to the abundance of ticks collected between February 2021 and February 2022 for (A) larvae, (B) nymphs. 
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Figure 2. (A) Rarefaction curves showing the number of observed ASVs for all sequenced samples, highlighting type of origin of each sample: blood from birds and ticks collected from vegetation. (B) Principal Coordinate Analysis (PCoA) based on weighted UniFrac distances for all samples. The source of the sample (blood sample and ticks collected from vegetation) in shown in different colors. 






Figure 2. (A) Rarefaction curves showing the number of observed ASVs for all sequenced samples, highlighting type of origin of each sample: blood from birds and ticks collected from vegetation. (B) Principal Coordinate Analysis (PCoA) based on weighted UniFrac distances for all samples. The source of the sample (blood sample and ticks collected from vegetation) in shown in different colors.



[image: Life 13 00145 g002]







[image: Life 13 00145 g003 550] 





Figure 3. Taxonomic composition on the relative abundance for (A) the bird blood samples according to their host, (B) the vegetation samples for each month, with each life cycle stage separated. (C) Total abundance of the Rickettsiales Order for the blood birds’ samples, distinguishing between different genera present. 
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Table 1. Order, Family, species and quantity of captured birds infested by Amblyomma dissimile. Includes information on the tick stages collected in each bird species and mean abundance (MA) of ticks from each stage per bird species. * Migratory bird.
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Birds

	
Ticks




	
Order

	
Family

	
Species

	
No. of Birds Infested/No. of Birds Captured (%)

	
Larva

	
Nymph

	
Mean Abundance




	
Larva

	
Nymph






	
Passeriformes

	
Passerellidae

	
Arremonops conirostris

	
0/2 (0)

	

	

	

	




	
Troglodytidae

	
Campylorhynchus griseus

	
6/6 (100)

	
223

	

	
37.2

	




	
Troglodytes aedon

	
5/9 (55)

	
118

	
5

	
13.1

	
0.6




	
Tyrannidae

	
Contopus virens

	
0/8 (0)

	

	

	

	




	
Megarynchus pitangua

	
0/1 (0)

	

	

	

	




	
Pitangus sulphuratus

	
2/10 (20)

	
6

	

	
0.6

	




	
Myiarchus Tyrannulus

	
0/4 (0)

	

	

	

	




	
Myiodynastes maculatus

	
0/2 (0)

	

	

	

	




	
Tyrannus melancholicus

	
0/11 (0)

	

	

	

	




	
Parulidae

	
Geothlypis philadelphia

	
0/1 (0)

	

	

	

	




	
Parkesia noveboracensis *

	
10/15 (66)

	
51

	

	
3.4

	




	
Protonotaria citrea

	
0/4 (0)

	

	

	

	




	
Setophaga petechia

	
0/23 (0)

	

	

	

	




	
Cardinalidae

	
Pheucticus ludovicianus

	
0/2 (0)

	

	

	

	




	
Piranga rubra

	
0/2 (0)

	

	

	

	




	
Furnariidae

	
Dendroplex picus

	
1/1 (100)

	
2

	

	
2.0

	




	
Furnarius leucopus

	
4/8 (50)

	
19

	

	
2.4

	




	
Icteridae

	
Icterus nigrogularis

	
1/40 (2)

	
1

	

	
0.0

	




	
Quiscalus lugubris

	
5/22 (22)

	
10

	

	
0.5

	




	
Quiscalus Mexicanus

	
0/2 (0)

	

	

	

	




	
Thraupidae

	
Saltator coerulescens

	
8/49 (16)

	
18

	

	
0.4

	




	
Volatinia jacarina

	
0/10 (0)

	

	

	

	




	
Thraupis episcopus

	
0/7 (0)

	

	

	

	




	
Turdidae

	
Catharus minimus *

	
1/4 (25)

	
3

	

	
0.8

	




	
Turdus leucomelas

	
1/2 (50)

	
5

	

	
2.5

	




	
Mimidae

	
Mimus gilvus

	
0/1 (0)

	

	

	

	




	
Vireonidae

	
Cyclarhis gujanensis

	
3/7 (42)

	
3

	

	
0.4

	




	
Columbiformes

	
Columbidae

	
Leptotila verreauxi

	
3/17 (17)

	
9

	

	
0.5

	




	
Columbina passerina

	
0/4 (0)

	

	

	

	




	
Columbina squammata

	
1/8 (12)

	
10

	

	
1.3

	




	
Columbina talpacoti

	
0/14 (0)

	

	

	

	




	
Cuculiformes

	
Cuculidae

	
Coccyzos americanus *

	
1/2 (50)

	
2

	

	
1.0

	




	
Crotophaga ani

	
2/8 (25)

	
1

	
1

	
0.1

	
0.1




	
Crotophaga major

	
0/1 (0)

	

	

	

	




	
Piciformes

	
Picidae

	
Melanerpes rubricapillus

	
2/22 (9)

	
2

	

	
0.0

	




	
Colaptes punctigula

	
0/1 (0)

	

	

	

	




	
Psittaciformes

	
Psittacidae

	
Eupsittula pertinax

	
0/2 (0)

	

	

	

	




	
Strigiformes

	
Strigidae

	
Glaucidium brasilianum

	
1/2 (50)

	
18

	

	
9.0

	




	
Galbuliformes

	
Bucconidae

	
Hypnelus ruficollis

	
3/3 (100)

	
23

	
3

	
7.7

	
1.0




	

	
Total:

	

	
524

	
9
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Table 2. Species of birds with ticks infested by Rickettsia. L = Larva, N = Nymph, * migratory bird.
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	Species of Bird Host
	(# of Ticks/Stage)
	No. Birds with Ticks Infested by Rickettsia/No. Birds with Ticks Tested (%)
	Blast Best Identity Match





	Hypnelus ruficollis
	(23/L; 3/N)
	3/3 (100)
	“Candidatus R. colombianensi” (MN058024.1) 100%



	Campylorhynchus griseus
	(223/L)
	4/6 (66)
	“Candidatus R. colombianensi” (MF428453.1) 100% and Rickettsia sp. (MG020421.1) 99.82%



	Troglodytes aedon
	(118/L; 5/N)
	5/5 (100)
	“Candidatus R. colombianensi” (MN058024.1) 100% and Rickettsia sp. (MG020421.1) 100%



	Leptotila verreauxi
	(9/L)
	3/3 (100)
	“Candidatus R. colombianensi” (MN058024.1) 99.55% and Rickettsia sp. (MG020421.1) 100%



	Saltator coerulescens
	(18/L)
	4/8 (50)
	“Candidatus R. colombianensi” (MN058024.1) 100% and Rickettsia sp. (MG020421.1) 99.83%



	Cyclarhis gujanensis
	(3/L)
	2/3 (66)
	“Candidatus R. colombianensi” (MG563768.1) 100% and Rickettsia sp. (MG020421.1) 100%



	Melanerpes rubricapillus
	(2/L)
	1/2 (50)
	Rickettsia sp. (MG020420.1) 100%



	Icterus nigrogularis
	(1/L)
	0/1 (0)
	



	Furnarius leucopus
	(19/L)
	3/4 (74)
	Rickettsia sp. (MH936461.1) 100%



	Columbina squammata
	(10/L)
	0/1 (0)
	



	Crotophaga ani
	(1/L; 1/N)
	1/2 (50)
	



	Dendroplex picus
	(2/L)
	1/1 (100)
	“Candidatus R. colombianensi” (MN058024.1) 99.73% and Rickettsia sp. (MG020421.1) 99.65%



	Turdus leucomelas
	(5/L)
	0/1 (0)
	



	Pitangus sulphuratus
	(6/L)
	0/2 (0)
	



	Catharus minimus *
	(3/L)
	1/1 (100)
	“Candidatus R. colombianensi” (MN058024.1) 100% and Rickettsia sp. (MG020421.1) 100%



	Coccyzos americanus *
	(2/L)
	0/1 (0)
	



	Glaucidium brasilianum
	(18/L)
	1/1 (100)
	Rickettsia sp. (MH936461.1) 100%



	Quiscalus lugubris
	(10/L)
	2/5 (40)
	“Candidatus R. colombianensi” (MN058024.1) 99.45 and Rickettsia sp. (MG020421.1) 100%



	Parkesia noveborasensis *
	(51/L)
	9/10 (90)
	“Candidatus R. colombianensi” (MN058024.1) 100% and Rickettsia sp. (MG020421.1) 100%



	
	Total:
	40/60 (66%)
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