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Abstract

Tick-borne diseases have increased significantly in Europe and Spain in recent years. One
strategy explored for tick surveillance and control is the study of the microbiota. The focus
is on understanding the relationships between pathogens and endosymbionts within the
microbiota and how these relationships can alter these arthropods’ vectorial capacity. Thus,
it is pivotal to depict the bacterial communities composing the microbiota of ticks present in
specific territories. This work aimed to describe the microbiota present in 29 individuals of
5 tick species collected from 4 provinces of Castilla y Leon in northwestern Spain from 2015
to 2022. DNA extraction and sequencing of the V4 hypervariable region of 16S-rRNA was
performed, with subsequent analysis of diversity, taxonomic composition, and correlations
between genera. There were no differences in the alpha diversity by species, nor were
compositional changes evident at the phylum level. However, inter-individual differences at
the genus level allowed spatial differentiation of the five species included in the study.
Correlation analyses showed complex interactions between different genera of pathogens and

endosymbionts with other microbiota members. These findings provide an initial insight into
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the composition of the gut microbiota of various tick species in northwestern Spain, which
can contribute to establishing surveillance and control measures to reduce diseases such as

rickettsiosis, Lyme disease, and Crimean-Congo hemorrhagic fever.

Keywords: Tick microbiota, Tick-borne diseases, Ixodidae, Spain, emerging diseases.
Introduction

Ticks are hematophagous ectoparasitic arthropods able to transmit several pathogens, such
as viruses, bacteria, and protozoa, to humans and animals, generating health risks and
becoming a worldwide concern (Estrada-Pefia et al., 2008; Ghosh et al., 2007, Parola &
Raoult, 2001). Among the main microorganisms transmitted by ticks are Rickettsia spp.,
Anaplasma spp., Borrelia spp., Ehrlichia spp., Babesia spp.. and the Crimean-Congo virus
(Dantas-Torres etal., 2012; Rochlin & Toledo, 2020; Wu-Chuang etal., 2021), having
significant economic effects due to morbidity and mortality rates, as well as severe

implications for healthcare systems (Ghosh et al., 2007; Heyman et al., 2010).

More than 890 ticks species have been described worldwide, where the Ixodidae family has
most of the vectors found in Europe, reaching 70 different species throughout the continent
and five main genera: Ixodes, Dermacentor, Haemaphysalis, Rhipicephalus and Hyalomma
(Estrada-Pefa et al., 2018a; Gilbert, 2010). In the Iberian Peninsula, these five genera are
potential vectors of the Anaplasma, Rickettsia, and Crimean-Congo virus (Femandez Soto,
2003). Likewise, a recent study showed fluctuating distribution patterns of ticks with their
potential to transmit several pathogens throughout northwestern Spain. These findings
demonstrate the importance of monitoring the dispersion of these arthropods and the
transmitting pathogens (Vieira Lista et al., 2022). In this regard, it is worth noting that tick-
borne diseases have increased in southern Europe, especially in Spain, where rickettsiosis,
Lyme disease, and tick-borne encephalitis are considered emerging health problems with
incidences of up to .36 cases/100,000 individuals (Dantas-Torres et al_, 2012; Portillo et al.,
2015) and Crimean-Congo hemorrhagic sporadic cases (Lorenzo Juanes et al., 2023)

Ticks are hosts to a broad range of commensal and symbiont microorganisms in their
microbiota, involved in various physiological processes such as nutrition, reproduction,

development, vectorial ability, and immunity (Bonnet et al., 2017; Dantas-Torres et al., 2011;
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Pollet et al_, 2020). The tick’s microbiota exhibits substantial variation in its composition and
diversity according to different factors such as tick species, sex, life stage, and environmental
factors (Aivelo et al., 2019; Ponnusamy et al., 2014; Sperling et al., 2017; Van Treuren et al.,
2015). Despite these variations, the ability of some tick-borne pathogens to modulate their
microbiota stand out (Abraham et al., 2017; Adegoke et al., 2020, Narasimhan et al., 2017).
Interactions with specific key taxa play a crucial role in modifying the microbiota, potentially
leading to significant alterations in its structure and further affecting the ticks’ vectorial
ability (Maitre et al., 2022). Therefore, studying tick microbiota is considered fundamental
for preventing and managing tick-borne diseases due to the impact that changes in the

microbiota could produce on the transmission of pathogens or commensals/symbionts.

Despite the importance of this in both epidemiological surveillance and vaccine
development, limited investigations have been conducted in the Iberian Peninsula to explore
variations in the microbiota among different species of ticks. Thus, this study aimed to
describe the composition and diversity of the microbiota of 5 ticks found in the Castilla y
Leon between 2015 and 2022. This is the first study that reports the composition and diversity
of the microbiota of ticks from northwestern Spain. The role of endosymbionts in the
structure and development of interactions with other pathogenic microorganisms present in

the microbiota,

Materials and methods

Tick Collection, Identification, and DNA extraction

A total of 29 adult ticks were included in the present study, stored at the University of
Salamanca, Spain. The samples were collected and preserved using the protocol described
by Vieira et al. (Vieira Lista et al., 2022). Briefly, the ticks were gathered between 2015 and
2022 from individuals who attended primary healthcare centers and hospital services for tick
removal. After removal, the ticks were transported to the laboratory for coding and
morphological identification using taxonomic keys (Apanaskevich et al., 2008; Estrada-Pefa
et al., 2004, 2018b; Gil-Collado et al_, 1979). Once the ticks were identified, DNA extraction
was performed using the NucleoSpin Tissue kit (Macherey-Nagel, Dueren, Germany)

following the manufacturer's instructions.
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DNA quality control and sequencing process

The extracted DNA was subjected to quality control by 2% agarose gel electrophoresis to
verify the integrity of the DNA. Additionally, the concentration was evaluated using a
NanoDrop/2000/2000¢ spectrophotometer (Thermo Fisher Scientific, Massachusetts, USA).
A 260/280 relationship between 1.8 and 2.0 and a minimum concentration of 20 ng/pL was
verified. Paired-end sequencing was performed on the Illumina NovaSeq platform (PE 250
Platform) with 0.1 million reads per sample at the facilities of Novogene Corporation Inc.
(Shanghai, China) using primers targeting the hypervariable V4 region of the 16S-rRNA
marker specific for bacteria and Archaea 515-F (5'-GTGCCAGCMGCCGCGGTAA-3") and
806-R (5'-GGACTACHVGGGTWTCTAAT-3') (Caporaso etal., 2011).

Taxonomic assignment

Initially, a quality control step was performed to assess the quality of the sequencing reads,
including the average number of reads per sample, Phred score, frequency of unassigned
bases, and presence of adapters in the samples. Subsequently, the barcodes and primers were
removed using the QIIME2 tool (Bolyen et al., 2019, p. 2) before proceeding with taxonomic
assignment using the DADAZ2 tool in R studio (R Core Team, 2013), following the default
pipeline (Callahan et al_, 2016, p. 2). The sequences were assigned, comparing the sequences
obtained for the 16S-rRNA marker versus the 16S-rRNA using SILVA database version 138
(Quast et al., 2013) until obtaining the Amplicon Sequence Variants (ASVs). The ASVs are
defined as each sequence obtained in the sequencing process, which may vary by a single

nucleotide.
Taxonomical composition, diversity analvsis, and correlation plot

The phyloseq package (McMurdie & Holmes, 2013) was used for importing, storing,
analyzing, and graphically displaying already clustered phylogenetic sequencing data, With
the resulting ASVs, the relative abundance of the different phyla was plotted for each tick
genus. Subsequently, alpha (Shannon and Simpson) and beta diversities were analyzed using
the ASVs by tick genera using a main coordinate plot (PCoA) based on Bray-Curtis
dissimilarity. Permutational multivariate analysis of variance (PERMANOVA), i.e., adonis

(analysis and partitioning of sums of squares using dissimilarities), and vegan functions
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(descriptive statistical package related to community ecology) (Oksanen, 2011) were used to
assess differences between centroids. Finally, the pathogens transmissible to humans and tick
symbionts found in the samples were plotted for each tick genus using a chord diagram using
the cyclize package (Gu et al., 2014).

Statistical analyzes

Statistically significant differences between the studied groups were evaluated using the
Kruskal-Wallis test with respective post hoc analyses with the Dunn test using Benjamini—
Hochberg correction with a confidence level of 95%. Likewise, correlogram graphs were
obtained between ASVs corresponding to genera of the most abundant phyla
(Actinobacteriota, Bacillota, Bacteroidota, and Pseudomonadota). Based on these, a filter of
sub-represented data was carried out, eliminating all those ASVs corresponding to genera
whose sum of reads was less than 1,000 and those ASVs corresponding to genera whose
reads were not present in at least 25% of the samples. These filters were carried out to reduce
potential technical bias and ensure that comparisons were conducted between ASVs in the
groups and not in single samples. The correlation matrix was constructed using the psych
package (Revelle, 2020) on R software, applying the spearman method with Benjamini—
Hochberg correction. We considered only strong correlation values greater than 0.7 and less
than — 0.7 (Spearman Rho strong correlation) and selected statistically significant (p < 0.05)
during the process of establishing a correlation between the ASVs evaluated.

Results

Geographical distribution of collected ticks.

Of the 29 ticks studied, 28% were H. marginatum (6 male, two female), 24% were D.
marginatus (5 female, two male), 17% to L. ricinus (5 female), 17% were R. bursa (4 female,
one male), and 14% were R. sanguineus sensu lato (4 female). Most of the ticks were
gathered in the provinces of Avila (n=17) and Salamanca (n=5), most of them from the
southern and western of Castilla y Leén (Figure 1).
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Taxonomical composition and alpha and beta diversity

The alpha diversity analyses showed no statistically significant differences between tick
species, with low average values of Shannon and Simpson's indices (Figure 2A). The
opposite occurred when analyzing PCoA since spatial differences between tick species were
evident (p-value = 0.017) (Figure 2B). In terms of the microbiota composition, there were no
differences between groups, with the phylum Pseudomonadota as the most abundant,
followed by the phyla Bacillota and Bacteroidota (Figure 2C). The analysis of tick symbionts
and pathogens transmissible to humans showed an increase in the genus Francisella (K-W
test=11.598, p-value=0.00087) in ticks corresponding to the genus Hyalomma versus
individuals of the genera Dermacentor (p-value= 0.0086) and Rhipicephalus (p-value=
0.0275) (Figure 2D). Likewise, the years of the collection did not impact the results of beta
diversity or the taxonomic composition (Figure S1). Also, it is noteworthy that the taxonomic

assignment of microbiota members was limited to the genus level.
Complex correlation between bacterial genera in ticks

Finally, correlation analyses showed distinctive patterns for each tick genus (Figure 3). The
genera Hyalomma (Figure 3B) and Ixodes (Figure 3C) showed the minor complex
interactions between the different bacterial genera found, with a predominance of positive
correlations, while the genera Dermacentor (Figure 3A) and Rhipicephalus (Figure 3D)
displayed the most complex interactions with the presence of many negative correlations.
The interactions between the genera of tick endosymbionts, pathogens transmissible to
humans, and the other bacteria present in the microbiota are striking and characterized by
positive correlations, with Rickettsia, Coxiella, and Stenotrophomonas as the genera with the

highest number of interactions.
Discussion

The tick microbiota analyzed presented diverse profiles. The absence of differences in alpha
diversity between the different tick genera contrasting with that reported by Portillo et al.
(Portillo etal., 2019), who observed diverse alpha diversity between /. ricinus and D.
marginatus collected in northern Spain. These discrepancies could be due to the presence of

various pathogens in the samples, food preferences, and even the sex of the tick, which can
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affect the diversity of the microbiota of these arthropods (Adegoke et al., 2020; Narasimhan
etal, 2021; Swei & Kwan, 2017). Despite statistically significant differences in centroids,
the spatial groupings of the different tick genera showed some overlap between
Rhipicephalus, Dermacentor, and Ixodes (Figure 2B). Such spatial overlap was reported
previously, suggesting that the composition of the microbiota of these genera is usually quite
similar and is altered by sex and geographic distribution (Portillo et al., 2019).

Considering that the ticks herein included presented somewhat restrictive geographical
distribution patterns (Figure 1), it is likely that this factor is a determinant of both the
environmental conditions and the hosts on which they feed (Adegoke etal., 2020;
Narasimhan et al., 2021). Although the study did not have samples of each species for each
year, the temporal analysis showed no spatial clustering patterns (Figure S1), suggesting that
annual seasonality does not generate significant differences beyond the inter-individual
differences in tick microbiota. This contrasts with that reported by Lejal and collaborators
(Lejal etal., 2021), who described recurrent differences in the microbiota of I ricinus
promoted by temporal dynamics. Such discrepancies may be caused by the difference in the
seasonality of each of the individuals included in the different studies (monthly vs. annual
and intermittent), the tick species (/xodes ricinus vs. five different species), as well as the
stage (nymphs vs. adults). This is supported by Pollet and collaborators, who argue that
variability in the microbiota is associated with short periods (Pollet et al., 2020). Although
both studies point to the strong influence of environmental factors in these differences,
further research on the impact of temporal variations in the tick microbiota is required. In

addition, we must highlight that the number of samples was low to support this statement.

The predominance of Pseudomonadota microorganisms in the taxonomic composition of the
ticks evaluated in the present study agrees with previous studies carried out in Spain and
Tunisia (Benyedem etal., 2022; Portillo etal., 2019). This microbiota composition is
probably related to environmental factors, considering that most of the endosymbiont genera
were identified, including Coxiella and Francisella, which are of great importance for the
development of the ticks (Ben-Yosef et al., 2020; Gerhart et al., 2016), as well as some tick-
borne pathogens, belonging to this phylum (Figure 2D). In this sense, the geographic
distribution of ticks becomes essential, as it could influence both the composition and
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diversity of the microbiota since many of the microorganisms found in these ticks are usually
associated with the soils and water of the ecosystems where these arthropods develop
(Narasimhan etal., 2021; Portillo etal., 2019). Likewise, it is worth noting the marked
increase of the genus Francisella in ticks of the genus Hyalomma. A finding of great
importance considering the role of this bacterium in the metabolism of vitamin B, folic acid,
biotin, and riboflavin, which play a fundamental role in the tick's survival (Gerhart etal,,
2016; Sjodin etal, 2012). This finding could denote the effect of competition among
Coxiella, Francisella, and Rickettsia endosymbionts within the microbiota in northwestern
Spain and their limited diet. However, further research with larger samples and temporal
scales is required for a comprehensive understanding of the impact of these changes at the

community level and to explore the potential causes.

The complex interactions observed within the microbiota of all the ticks analyzed suggest
the development of close relationships between the different members of the microbiota,
especially between endosymbionts and some pathogens. Our findings contrast with previous
reports that have suggested the ability of some tick-borne pathogens to modify the microbiota
structure (Adegoke etal., 2020; Narasimhan etal, 2021). Despite the above, these
interactions could account for endosymbionts' fundamental role in the tick's vectorial
capacity by regulating pathogen populations and generating suitable environments for their
development. Understanding these processes is of great importance, considering that
searching for crucial taxa is one of the strategies currently used to develop vaccines against
tick-borne diseases (Mateos-Hernandez et al_, 2020).

Likewise, it is worth highlighting the large number of negative correlations observed in
Dermacentor,  Hyalomma, and  Rhipicephalus, especially  between  some
endosymbionts/pathogens transmissible to humans and other components of the microbiota,
suggesting an increase in competition among the members of this ecosystem, in agreement
with Lejal et al. (Lejal et al_, 2021). Also, the few correlations found within the genus fxodes
are noteworthy, considering that /. ricinus is a notable species in Europe, known to transmit
a wide range of pathogens, such as Borrelia burgdorferi (Aivelo etal., 2019). This low
number of interactions between members of the microbiota could be due to the low number

of individuals included in the present study and the low spatiotemporal variability in their
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collection. It is worth noting that the present research, due to its exploratory nature, has some
limitations, such as the low sample size and the absence of some species per year, the limited

geographical area of collection, and the resolution of the taxonomic assignment.

Our results are of great relevance, considering that the region of Castilla y Leon has increased
the number of reports of tick bites in humans in recent years (Vieira Lista et al., 2022). This
region has geographical and climatological characteristics that favor the proliferation of
multiple tick species and also have been reported the presence of Francisella tularensis,
Rickettsia spp.. Borrelia spp., and Crimean-Congo hemorrhagic fever virus (Minguez-
Gonzilez et al., 2021; Monsalve Arteaga et al., 2020; Portillo et al., 2018). Considering both
the taxonomic composition and the complex relationships established among the members
of the tick microbiota exposed in the present study, the development of biological control
strategies, as well as active epidemiological surveillance, could significantly impact the
number of cases of tick-borne diseases, as well as could contribute to the immediate and
adequate care of patients, considering the spatial distribution of pathogens in the territory.
The results suggest that compositional differences allow spatial clustering of tick species,
despite the absence of differences in diversity. Likewise, complex interaction networks

between microbiota members with endosymbionts and tick-borne pathogens were observed.
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437  Figure 2. Diversity and taxonomical composition of ticks’ microbiota. A. Shannon and
438  Simpson indices by tick species. B. Principal Coordinate Analyses by tick species. C.
439  Taxonomical composition of ticks" microbiota by phyla. D. Chord diagram of endosymbionts
440  and tick-borne pathogens by tick genera.
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Figure 3. Complex correlations between different bacterial genera in ticks” microbiota. A,
Correlation plot of Dermacentor. B Correlation plot of Hyalomma. C. Correlation plot of
Ixodes. D. Correlation plot of Rhipicephalus.
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Figure S1. Influence of spatial-temporal patterns and tick sex over diversity and taxonomical
composition. A) Principal Coordinate Analyses by tick species including year of collection.
B) Principal Coordinate Analyses by tick species including sex C)Taxonomical composition
of ticks’ microbiota by phyla sorted by year and place of collection.
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