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ARTICLE INFO ABSTRACT

Keywords: Exploring the microbial diversity of ticks is crucial to understand geographical dispersion and pathogen trans-
Microbiota mission. Tick microbes participate in many biological processes implicated in the acquisition, maintenance, and
Tick transmission of pathogens, and actively promote host phenotypic changes, and adaptation to new environments.

Shotgun-metagenomics
Vector

The microbial community of Ixodes ventalloi still remains unexplored. In this study, the bacterial microbiota of
wild-caught L. ventalloi was characterized using shotgun-metagenomic sequencing in samples from unfed adults

collected during December 2013-January 2014 in two locations from Sicily, Italy. The microbiota identified in L.
ventalloi was mainly composed of symbiotic, commensal, and environmental bacteria. Interestingly, we identi-
fied the genera Anaplasma and Borrelia as members of the microbiota of I. ventalloi. These results advance our
information on I ventalloi microbiota composition, with potential implications in tick-host adaptation, geo-
graphic expansion, and vector competence.

1. Introduction

Ticks and tick-borne diseases represent a major health issue
(Jongejan and Uilenberg, 2004). Scientists around the world are con-
cerned about how the increase of human activities, fragmentation of
wildlife habitat and global warming have incremented the opportu-
nities for ticks to expand, colonizing new territories, and increase the
contacts with new hosts (Allen et al., 2003; Dantas-Torres, 2015;
Estrada-Pena et al., 2014; Narasimham and Fikring, 2015). Microbes
form part of the tick hologenome, and thus participate in many biolo-
gical processes directly linked to vector eco-epidemiological dynamics
(Ahantarig et al., 2013; Clay and Fuqua, 2010; Narasimhan et al., 2014;
Bonnet et al., 2017). One of the key aspects for researchers is to deci-
pher how the tick microbial community assists and modulates the ac-
quisition, maintenance, and transmission of pathogens (Carpi et al.,
2011; de la Fuente et al., 2017; Abraham et al., 2017). Recent trends in
metagenomics have permitted to explore the implication of tick-asso-
ciated microbiota in the development of adaptive skills. One of the keys
is the rapid adaptation of microbes to new environments, accelerating
host phenotypic changes, which in turn facilitates adaptation (Brucker
and Bordenstein, 2013; de la Fuente et al., 2016; Sevellec et al., 2018).
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Traditionally, tick-endosymbionts and their cooperative relationship
have received most of the researchers” attention (Cowdry, 1925;
Ahantarig et al., 2013; de la Fuente et al., 2016; Duron et al., 2017).
Nevertheless, the diversity of the tick-associated microbiota is high, and
microbes acquired from the environment likely have an impact in di-
verse metabolic networks, stimulate microbial alliances, and host
functions (Zolnik et al., 2016; de la Fuente et al., 2016, 2017). In recent
years, the interest on “who” of the tick microbes and “how” they are
implicated in vector competence (i.e. a component of vectorial capacity
that depends on genetic factors affecting the ability of a vector to
transmit a pathogen) is growing to better design tick-borne diseases
management strategies (Greay et al., 2018).

So far, the tick-associated microbiota of the genus Ixodes (Linnaeus,
1758) has only been described in the species I scapularis, I ricinus, I.
persulcatus, I pavlovskyi and L. ovatus by 16S amplicon sequencing stu-
dies (Qiu et al., 2014; Eshoo et al., 2015; Kurilshikov et al., 2015;
Rynkiewicz et al., 2015; van Treuren et al., 2015; Sui et al., 2017; Clow
et al.,, 2018; Greay et al.,, 2018; Herndndez-Jarguin et al., 2018).
However, the tick-associated microbiota of many Ixodes species has not
been described yet.

The rabbit tick, I. ventalloi (Gil Collado, 1936) is one of those Ixodes
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species whose associated microbiota is still unexplored. From decades,
medical relevance of I. ventalloi has been questioned as originally this
tick was restricted to parasitize the European wild rabbit (Oryctolagus
cuniculus). However, recent reports have warned about the potential
vector competence of I ventalloi to transmit pathogens (Santos et al.,
2004; Latrofa et al., 2017; Huber et al., 2017), adapt to new hosts
(Santos Dias and Santos-Reis, 1989; Otranto et al., 2014; Pennisi et al.,
2015; Latrofa et al., 2017), and geographic expansion (Chastel et al.,
1984; Petney et al., 1996; Jameson and Medlock, 2011; Santos-Silva
et al., 2006 2011). Novel whole-genome shotgun metagenomics can be
used to characterize the microbiota composition of tick vectors by se-
quencing the genome of all microorganisms present in the sample
(Carpi et al., 2011).

Herein, we present the first characterization of the bacterial mi-
crobiota of adult wild-caught I ventalloi. Specifically, we used a
methodology based on Illumina-technology as an attempt to broad
screen the bacterial microbiota composition and the load of common
tick-borne pathogens of I. ventalloi. Finally, the tick bacterial microbial-
rich lineages that compose the putative microbiota of I. ventalloi will
provide insights into potential host-microbiome interactions partici-
pating in vector competence.

2. Material and methods
2.1. Sample collection and study model

Unfed host-seeking adult female I ventalloi ticks were collected
during December 2013 and January 2014 from two localities in Sicily
(Italy), within the Natural Area of Monte Pellegrino. Monte Pellegrino is
a natural reserve that extends over an area of 1300ha bordering
Palermo and extending to the Mediterranean Sea, characterized by a
Mediterranean climate and a diverse flora and fauna (Raimondo and
Venturella, 1993a,b;Surano et al., 1993). The two localities selected for
tick collection, Boschetto Airoldi (Location 1; Long 13.35141°, Lat
38.14946°, 35m a.s.l.) and Castello Utveggio (Location 2; Lon
13.35469,° Lat 38.15640°, 280 m a.s.l.), can be described as an artificial
forest of pine and eucalyptus and the ubiquitous presence of rabbits
(Oryctolagus cuniculus, Linnaeus, 1758), rodents (Rattus norvegicus,
Berkenhout, 1769) and some species of Canidae (Torina et al., 2018).

One thousand and twenty-five total ticks were collected from these
two locations. Collection of host-seeking ticks was conducted from ve-
getation using a 1 m? flannel drag cloth that was dragged along the
floor and surrounding vegetation. Ticks were identified to the genus
and species levels by using a steromicroscope, according to the standard
keys given by Manilla (1998). A total of 125 ticks were finally washed
in 70% ethanol and sterile distilled water to reduce background con-
tamination. Whole ticks were then cut and crushed with a sterile
scalpel, combined with lysis buffer and shaken on a vortex with glass
beads. Pooling individual I ventalloi ticks was required to obtain good
DNA extraction yields. Finally, ticks were grouped according to location
for subsequent analysis. In this project, we aim to identify unique and
common taxa in a particular tick species, so two biological replicates
were taken on each location for consistently obtain biological in-
formation (Fig. 1).

2.2. Performance of whole-genome shotgun metagenomics sequencing

Genomic DNA was extracted from two biological replicates of
pooled samples with a total of 100 tick specimens for Location 1, and 25
tick specimens for Location 2. Finally two biological replicates with 50
pooled specimens each for Location 1, and 12 and 13 pooled specimens
each for Location 2 were used for further analysis (Fig. 1). Whole ticks
were ground and pulverized in liquid nitrogen and homogenized using
a glass homogenizer (20 strokes) in 4 ml buffer (0.25 sucrose, 1 mM
MgCl,, 10 mM Tris—HCl, pH 7.4), supplemented with 4% SDS and
complete mini protease inhibitor cocktail (Roche, Basel, Switzerland).
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DNA was extracted using the NucleoSpin TriPrep kit (Macherey-Nagel,
Duren, Germany) according to the manufacturer’s instructions and
quantified using PicoGreen (Invitrogen, Carlsbad, CA, USA) for tem-
plate ranges of 4 ng to 100 ng. An aliquot of each pooled replicate was
adjusted to the same DNA concentration and exhaustively fragmented
using a BioRuptor (Diagenode, Inc, NJ, USA). Libraries were prepared
using the Ultra DNA library preparation kit (New England Biolabs,
Ipswich, MA, USA) according to the manufacturer’s instructions.
Pooled samples were indexed using a unique combination of primers
provided by the manufacturer. After library preparation, DNA library
was purified in 1.5% agarose gels to select fragments with sizes within
150-400 bp, quantified with the Bioanalyzer TM 2100 (Agilent Tech-
nologies, Palo Alto, CA, USA) and then pooled in equimolar con-
centrations. In addition, to prepare for cluster generation and sequen-
cing, equal volumes of normalized libraries were combined, diluted in
hybridization buffer and heat denatured, according to Illumina protocol
(Illumina, Inc, San Diego, CA, USA). Finally, pair-end sequencing was
performed on the HiSeq2000 platform (Illumina, San Diego, CA, USA)
using the TruSeq reagent kit (2 x 100 bp) according to the manu-
facturer’s instructions (Fig. 1).

2.3. Sequencing data analysis

For assembly of the metagenomics reads, raw data files from
shotgun sequencing were de-multiplexed, filtered by quality and con-
verted to fastq using Casava v.1.8.2 (Illumina). High-quality reads were
processed using a metagenomic de novo assembly approach. First, a
filtering analysis was performed in order to remove the arthropod
reads.

Raw reads from I ventalloi were mapped using Bowtie2 software
(http://bowtie-bio.sourceforge.net/index.shtml) (Langmead et al.,
2009) against Ixodes scapularis complete genome assembled
(VectorBase, https://www.vectorbase.org). All the unmapped reads
remaining after vector filtering (14 to 22 million reads per sample re-
presenting 24-28% of the total; Supplementary file 1: TS2) were as-
sembled using SPADES with a minimum contig length of 200 bp
(http://bioinf.spbau.ru/spades). The quality of genome assemblies
corresponding to the I. ventalloi metagenome was further evaluated
using QUAST (http://bioinf.spbau.ru/quast)” (Supplementary file 1:
FS1). And finally were searched and annotated against a microbial
database previously constructed with bacterial sequences of species-
specific ribosomal RNA (rRNA) sequences downloaded from the NCBI
(https://www.ncbi.nlm.nih.gov) (Supplementary file 1: TS1). The
bioinformatics approach to identify bacterial sequences was done in
two steps. First, we used LAST genome-scale sequence comparison tool
(http://last.cbre.jp) to search against the bacterial database previously
constructed. As cut off criteria for LAST we applied minimum alignment
length of 100 nt, e-value 0.001, with a word size of 11, and a minimum
of 70% sequence identity. Then, putative bacterial reads detected with
LAST were further confirmed by BLAST (https://blast.ncbi.nlm.nih.
gov/Blast.cgi?PAGE_TYPE = BlastSearch) (Frith et al., 2010a, b;
Kietbasa et al., 2011). BLAST assignments were done by using the 10
best BLAST hits (BBH) for each putative bacteria previously assigned by
LAST. The sequences with hits matching to bacteria were confirmed as
identified bacterial sequences, discarding the rest (Fig. 1).

The microbiota composition was reported in terms of relative
abundance of the taxa identified, and defined by the proportion of reads
mapping to the microbial bacteria database previously constructed
(Supplementary file 1: TS1). Taxonomic classification was based on
multigene assignments, 16S rRNA and intergenic regions. The taxo-
nomic relative abundance was calculated as the total number of reads
mapping to each bacteria genome, and normalized against the total
number of reads. The taxonomic relative abundance was assessed se-
parately for each biological replicate and for each location. Finally,
bacterial taxonomic assignments at phyla and genus level were ranked
based on the ratio of the average relative abundance across biological
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replicates for each location (Fig. 1; Supplementary file 2: Dataset S1).
Further classification of bacterial taxa at genus level was done as fol-
lows: genera were classified as major members of the microbiota when
the ratio of taxonomic relative abundance was = 1.00%. As well,
genera were classified as minor members of the microbiota when the
ratio of taxonomic relative abundance was between 0.10 and 1.00%.
The bacterial genera that represented less than a 0.10% in the micro-
biota can be found as well, in Table 1.

To test differential abundance of the taxonomic assignments within
each location, the biological replicates were compared on the basis of
univariate statistical comparisons by a Mann-Whitney/Kruskal-Wallis
analysis (adjusted p-value cut-off 0.05). Finally, the putative microbiota
to both locations were compared by ANOSIM analysis and Bray-Curtis
dissimilarity that were performed at genus level using the software R
v.1.1.38, and the anosim function within the vegan package. Tick-as-
sociated microbiota composition was visually assayed with pruned
cladograms displayed using the open source platforms PhyloT based on
the NCBI taxonomy names (http://phylot.biobyte.de) and iTOL
(https://itol.embl.de) open source platforms.

3. Results and discussion

All the data obtained from the shotgun metagenomic sequencing of
whole tick bodies contributed to structure the microbiota composition
of I ventalloi including pathogenic symbiotic and non-pathogenic bac-
teria.

The bacterial microbiota analysis of the pooled samples represented
a total of 125 L ventalloi ticks, which were further processed and se-
quenced. After the run, sequences were demultiplexed and filtered by
quality, which finally rendered about 250 millions pair-end reads per
sample. Overall, 73,976,098 million pair-end reads remained after
vector filtering, cleaning and quality processing. Unidentified reads
were not included in the analysis, and 1-6704 reads (average + SE,
124 + 32 Location 1, 229 + 71 Location 2) were used for genera
classification (Supplementary file 2: Dataset S1). Finally, the metage-
nomics sequencing revealed that the bacteria taxonomic composition of
all dataset included a total of 6 phyla, 71 families and 107 genera
(Supplementary file 2: Dataset S1). The phyla Actinobacteria (48.95%)
and Proteobacteria (44.83%) were predominant over the phyla
Bacteroidetes (2.59%), Firmicutes (1.92%) and Spirochaetes (1.64%),
meanwhile the phyla Tenericutes (0.41%) was scarcely represented.

The differential abundance analysis showed no statistical differ-
ences between the biological replicates composing each location
(Mann-Whitney/Kruskal-Wallis, p > 0.05). This result was supported
by the ANOSIM and Bray-Curtis dissimilarities analysis performed at
the genus level (R= -0; p = 0.66) which revealed a similar microbiota
composition, leading us to speculate with the existence of a putative
microbiota present in wild-caught I ventalloi. Whether or not geo-
graphic location and/or environment are important drivers of differ-
ences in the microbiota of I ventalloi needs to be further addressed.
Within the putative microbiota observed, the major members of the
microbiota included 17 families and 19 genera (Table 1; Fig. 2A). And a
total of 31 families and 43 genera composed the so-called minor
members of the microbiota (Table 1; Fig. 2B).

Among all microbiota members of I ventalloi, the bacteria genera
Anaplasma and Borrelia were detected within the major microbiota
(Table 1; Fig. 2A). These dominant genera includes from species that
are the causative agents of diseases such as human granulocytic ana-
plasmosis (A. phagocytophilum), Lyme borreliosis (B. burgdorferi s.l.),
and tick-borne relapsing fever (e.g. B. miyamotoi) (Estrada-Pefia et al.,
2012; Breuner et al., 2017), to non-pathogenic species and species of
undetermined pathogenicity (Anderson et al., 1990; Portillo et al.,
2005; Margos et al., 2011;2014). L ventalloi is not the classic vector of
Anaplasma and Borrelia, despite previous studies suggest that I. ventalloi
might be a suitable host and somehow takes part in their eco-epide-
miological cycles, or even cooperate for a mutual benefit (Santos et al.,
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Table 1
Bacterial microbiota composition of I. ventalloi. Genus level composition is re-
ported in terms of average percentage of relative abundance.

MAJOR MICROBIOTA"

Phylum Family Genus Relative
abundance
(%)
Actinobacteria Corynebacterineae Rhodococcus 9.89
Geodermatophilaceae  Blastococcus 1.29
Mycobacteriaceae Mycobacterium 10.68
Nocardioidaceae Aeromicrobium 2.60
Propionibacteriaceae Cutibacterium 14.76
Pseudonocardiaceae Amycolatopsis 2.02
Actinosynema 1.00
Pseudonocardia 1.21
Tsukamurellacea Tsukamurella 2.07
Bacteroidetes Bacteroidaceae Bacteroides 2.52
Proteobacteria Anaplasmataceae Anaplasma 7.48
Caulobacteraceae Brevundimonas 2.15
Comamonadaceae Variovorax 2.10
Enterobacteriaceae Escherichia 7.75
Moraxellaceae Moraxella 2.67
Pseudomonadaceae Pseudomonas 2.82
Rickettsiaceae Rickettsia 9.29
Sphingomonadaceae Sphingomonas 2.13
Spirochaetes Spirochaetaceae Borrelia 1.64
MINOR MICROBIOTA
Phylum Family Genus Relative
abundance (%)
Actinobacteria Conexibacteraceae Conexibacter 0.36
Dermabacteraceae Brachybacterium 0.29
Dietziaceae Dietzia 0.46
Microbacteriaceae Clavibacter 0.07
Micrococcaceae Arthrobacter 0.21
Rothia 0.26
Micromonosporaceae  Actinoplanes 0.97
Micromonospora 0.43
Propionibacteriaceae  Propionibacterium 0.23
Firmicutes Bacillaceae Bacillus 0.21
Erysipelotrichaceae Erysipelothrix 0.10
Lachnospiraceae Roseburia 0.14
Peptoniphilaceae Anaerococcus 0.06
Finegoldia 0.12
Streptococcaceae Streptococcus 0.53
Veillonellaceae Veillonella 0.10
Tenericutes Spiroplasmataceae Spiroplasma 0.41
Proteobacteria Acetobacteraceae Roseomonas 0.30
Aeromonadaceae Aeromonas 0.14
Alcaligenaceae Achromobacter 0.39
Bordetella 0.10
Bradyrhizobiaceae Afipia 0.18
Bradyrhizobium 0.44
Rhodopseudomonas ~ 0.24
Burkholderiaceae Burkholderia 0.19
Ralstonia 0.16
C. Midichloriaceae C. Midichloria 0.22
Caulobacteraceae Caulobacter 0.80
Comamonadaceae Acidovorax 0.85
Enterobacteriaceae Enterobacter 0.17
Klebsiella 0.24
Salmonella 0.11
Moraxellaceae Acinetobacter 0.66
Pasteurellaceae Mannheimia 0.23
Phyllobacteriaceae Mesorhizobium 0.31
Rhizobiaceae Agrobacterium 0.25
Rhizobium 0.23
Sinorhizobium 0.31
Rhodobacteraceae Rhodobacter 0.14
Rhodocyclaceae Thauera 0.11
Novosphingobium 0.43
Xanthomonadaceae Pseudoxanthomonas ~ 0.49
Stenotrophomonas 0.30
LESS REPRESENTED BACTERIA
Phylum Family Genus Relative
abundance
(%)

(continued on next page)
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Table 1 (continued)

MAJOR MICROBIOTA

Actinobacteria Actinomycetaceae Actinomyces 0.02
Bifidobacteriaceae Bifidobacterium 0.05
Micrococcaceae Haematomicrobium 0.05
Bacteroidetes Flavobacteriaceae Flavobacterium 0.03
Chitinophagaceae Niastella 0.01
Sphingobacteriaceae Pedobacter 0.02
Prevotellaceae Prevotella 0.01
Cytophagaceae Runella 0.01
Deinococcus- Deinococcaceae Deinococcus 0.03
Thermus
Firmicutes Bacillaceae Anoxybacillus 0.04
Clostridiaceae Clostridium 0.01
Lachnospiraceae Dorea 0.01
Enterococcaceae Enterococcus 0.06
Listeriaceae Listeria 0.01
Veillonellaceae Megasphaera 0.02
Staphylococcaceae Staphylococcus 0.09
Leuconostocacceae Weissella 0.01
Ruminococcaceae Faecalibacterium 0.02
Fusobacteria Fusobacteriaceae Fusobacterium 0.01
Proteobacteria Campylobacteraceae  Arcobacter 0.02
Acetobacteraceae Asaia 0.01
Caulobacteraceae Asticcacaulis 0.04
Bartonellaceae Bartonella 0.01
Brucellaceae Brucella 0.01
Pseudomonadaceae Cellvibrio 0.001
Enterobacteriaceae Citrobacter 0.02
Coxiellaceae Coxiella 0.01
Anaplasmataceae Ehrlichia 0.04
Erwiniaceae Erwinia 0.04
Francisellaceae Francisella 0.002
Acetobacteraceae Gluconobacter 0.01
Legionellaceae Legionellaceae 0.01
Myxococcaceae Myxococcus 0.04
Pasteurellaceae Pasteurella 0.003
Morganellaceae Proteus 0.004
Providencia 0.01
Yersiniaceae Serratia 0.07
Enterobacteriaceae Shimwella 0.001
Polyangiaceae Sorangium 0.07
Vibrionaceae Vibrio 0.003
Rickettsiaceae Wolbachia 0.004
Xanthomonadales Xylella 0.01
Yersiniaceae Yersinia 0.01
Sphingomonadaceae Zymomonas 0.01
Spirochaetes Spirochaetaceae Treponema 0.05

* Major Microbiota composition of I ventalloi. Genus level composition is
reported in terms of average relative abundance with values of = 1.00%.

** Minor Microbiota composition of I. ventalloi. Genus level composition is
reported in terms of average relative abundance with values of 0.10%- 1.00%.

*** Less Represented Microbiota found in I ventalloi. Genus level com-
position is reported in terms of relative abundance with values of less than
0.10%.

2004; Tomassone et al., 2013; Bonnet et al., 2017). However, it should
be noted that our analysis is not a reflection of the bacterial microbiota
at species level. The major microbiota contained the genus Rickettsia as
well (Table 1; Fig. 2A). This genus is a common member of the Ixodes
midgut microbiota (Nakao et al., 2013; Vayssier-Taussat et al., 2013;
Naramsiham et al., 2014; Qiu et al., 2014; Hernandez-Jarguin et al.,
2018), and as a result of co-evolution it can show a dual behavior as
pathogen or endosymbiont (Carpi et al., 2011; Hunter et al., 2015;
Bonnet et al., 2017). It is evident that the presence of this bacterium
within the microbiota might influence vector competence. Whether or
not I ventalloi is capacitated to maintain and transmit these pathogens
it is a matter of debate.

Other cohabiting members of the major microbiota detected, were
the ubiquitous genera, Sphingomonas and Pseudomonas (Table 1;
Fig. 2A). These genera have been previously catalogued with the status
“symbiont”, due to the high rates of prevalence frequently observed in

340

Ticks and Tick-borne Diseases 10 (2019) 336-343

ticks (Qiu et al., 2014; Narasimhan et al., 2015; Van Treuren et al.,
2015; Sui et al., 2017; Clow et al., 2018). Members of the genus Pseu-
domonas have been linked to the maintenance of the midgut redox
homeostasis in blood-feeding insects (Alvarez et al., 2012). Following
these abundant symbionts, we detected much lower abundance of the
genera Acinetobacter and Spiroplasma, (Table 1; Fig. 2B). Both genera
are frequently reported in Ixodes i.e., I. ovatus, I persulcatus, I. ricinus
and L. pavlovskyi (Tully et al., 1981; Taylor et al., 2015; Qiu et al., 2014;
Bell-Sakyi et al., 2015; Kurilshikov et al., 2015), as facultative sym-
biotic bacteria (Lysyk et al., 1999; Qiu et al., 2014; Moutailler et al.,
2016). However their lifestyle is controversial and switches from
commensals and symbiotic lifestyle to become in pathogenic to human
and animals (Henning et al., 2006; Lo et al., 2015).

Interestingly, we also observed the obligate intracellular tick en-
dosymbiont Candidatus Midichloria mitochondrii but represented by
very low rates within the minor members of the microbiota (Table 1;
Fig. 2B). This intracellular symbiont is well-described in I ricinus
(Sassera et al., 2006). However, in other hard ticks the presence of this
symbiotic bacterium is very variable or absent (Epis et al., 2008;
Beninati et al., 2009). In field-collected I ricinus females a 100% pre-
valence of C. Midichloria mitochondrii was found in ovarian tissues,
however, in males the prevalence decrease notably across maturation
(Lo et al., 2006; Njam et al., 2012). Therefore, the low presence of C.
Midichloria mitochondrii observed in our study might be explained by
the effect of pooling male and female ticks, which likely reduced the
chances to identify this bacterium. Nevertheless, the association of this
bacterium with I ventalloi should be further explored before conjecture
any symbiotic interaction.

Other genera composing the minor microbiota included some pa-
thogenic species for animals and humans, including Bordetella,
Klebsiella, Salmonella, Erysiphelotrix, Mannheimia, and Streptococcus
(Table 1; Fig. 2B). Most of these genera are common members of adult
tick’s midgut microbiota, and their presence is coherent with co-in-
fections likely acquired from the environment and/or from their on-
host feeding habits (Carpi et al., 2011; Otranto et al., 2014; Pennisi
et al., 2015). But at the same time, tick’s co-infection can be linked to
co-transmission of these pathogens to both human and animals, which
might result in disease severity and/or interfere in diagnosis (Moutailler
et al., 2016).

We detected the dominant genus Cutibacterium (formerly
Propionibacterium) at high rates within the major microbiota (Table 1;
Fig. 2B). Colonization of ticks by skin bacteria from humans is a
common finding in the microbiota of blood-feeding arthropods. In
particular, Cutibacterium resides in the skin sebaceous glands skin re-
leasing volatile molecules that result attractive to blood-feeding ar-
thropods, that might conditionate host-seeking behavior (Niels et al.,
2018).

Besides pathogenic bacteria, naturally-occurring bacteria were de-
tected within the minor microbiota, including the genera Bacillus,
Bradyrhizobium, Novosphingobium, Agrobacterium, and Stenotrophomonas
(Table 1; Fig. 2B). All these genera are frequent members of the soil and
water microbial communities that colonize tick’s breeding sites, but
also these bacteria are described from contamination of DNA extraction
kits (Narasimhan et al., 2014; Salter et al., 2014; Carpi et al., 2011).
However, the notion of this bacterium as true microbial partners and its
colonization pathways is not well understood, as they can be selectively
acquired commensals or occasional colonizers of tick’s midguts.

4. Conclusion

In this study we characterized the composition of bacterial micro-
biota in I ventalloi field collected from two locations in Sicily, Italy.
Additionally, the putative microbiota of 1. ventalloi was described using
shotgun metagenomic methodology detecting pathogenic, symbiotic
and non-pathogenic agents. The first identification of the tick bacterial
microbiota is a fundamental step for further explore microbial
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functionality and interactions. From the bacterial microbiota observed
in this study, many biological and epidemiological questions have
arisen, especially regarding “how” and “who” are implicated in I ven-
talloi capacity and vector competence, host adaptation and geographic
expansion, that will be interesting to approach in future tick micro-
biome research studies.
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