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Background: Several species belonging to the genus Ehrlichia are considered pathogenic for animals and humans.
Although wildlife are known to play an important role in the epidemiology of these bacteria, information on the role
of wild lagomorphs in their sylvatic cycle is limited. Thus, the objective of the present study was to assess the occur-

rence of Ehrlichia spp. in ticks collected from wild lagomorphs in Spanish Mediterranean ecosystems.

Methods: A total of 1122 pooled ticks (254 pools) collected from 506 wild rabbits (Oryctolagus cuniculus) and 29
Iberian hares (Lepus granatensis) were analysed using a nested PCR assay targeting the partial groEL gene. Ehrlichia
spp.-positive samples were further subjected to a second PCR assay targeting 16S rRNA.

Results: Three (1.2%) tick pools comprising Rhipicephalus pusillus collected from nine wild rabbits were positive for
Ehrlichia spp. All the Ehrlichia DNA sequences were identical, and use of sequence and phylogenetic analyses allowed

us to identify a novel Ehrlichia species.

Conclusions: We provide evidence that a novel Ehrlichia species, named herein as‘Candidatus Ehrlichia andalusi,
which may be of concern for animal and public health, is circulating in R. pusillus in Spanish Mediterranean ecosys-
tems. Further studies are warranted to assess the epidemiology, pathogenicity and zoonotic potential of this Ehrlichia

species.
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Background

The incidence of tick-borne pathogens has increased
worldwide during the last decades [1]. This emergence,
or re-emergence, may be related to climate change, global
travel, changes in land use (urbanization, deforestation,
habitat fragmentation, etc.), or an increase in outdoor
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activities, among other factors [2]. Scientists and health
authorities are very concerned about tick-borne agents
of disease, so increased diagnostic pressure may also
explain the increased detection of these pathogens in
vectors, other animals and humans [3].

Among the wide variety of tick-borne pathogens, those
belonging to the family Anaplasmataceae are of special
interest due to their zoonotic potential and worldwide
distribution [4]. Within this family, the genus Ehrlichia is
of major concern. Several species belonging to this genus
are considered pathogenic for both domestic and wild
animals, such as Ehrlichia canis, Ehrlichia chaffeensis and
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Ehrlichia ruminantium [5]. In addition, Ehrlichia canis,
Ehrlichia chaffeensis, Ehrlichia ewingii and Ehrlichia
muris have been shown to be zoonotic [6].

Since transovarial transmission of Ehrlichia spp. has
not been demonstrated in ticks [7], it has been suggested
that wildlife may play an important role in the epidemiol-
ogy of these pathogens [8]. Although there is an increas-
ing number of studies providing information on the
presence and prevalence of Ehrlichia spp. in domestic
and wild ruminants and their ticks, data on the epidemi-
ology of these bacteria in ticks collected from wild lago-
morphs are still scarce. Therefore, the aim of the present
study was to molecularly determine the occurrence of
Ehrlichia spp. in pools of ticks parasitizing wild rabbits
(Oryctolagus cuniculus) and Iberian hares (Lepus granat-
ensis) in Mediterranean ecosystems in southern Spain.

Methods

Sample collection

Between October 2016 and August 2020, a total of 1122
ticks were collected from 506 wild rabbits (total number
of rabbits examined =1304) and 29 Iberian hares (total
number of hares examined =58). These specimens were
identified in a previous study [9] as Rhipicephalus pusil-
lus, Rhipicephalus sanguineus sensu lato, Haemaphysalis
hispanica, Hyalomma lusitanicum and Ixodes ventalloi.
The ticks were kept frozen at — 20 °C until examination.
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For the detection of Ehrlichia spp. DNA, ticks collected
from wild rabbits and Iberian hares hunted in the same
hunting area were pooled according to species, develop-
ment stage and host species [9]. The number of pools for
each tick species is summarized in Table 1.

Molecular analyses

Tick DNA was extracted using a commercial kit (High
Pure PCR Template Preparation Kit; Roche Diagnos-
tics, Mannheim, Germany), following the manufactur-
er’s instructions. Ehrlichia spp. DNA was detected by
a nested PCR assay targeting a partial fragment of the
groEL gene [10, 11] Amplicons of the expected size were
purified, sequenced, aligned and edited as previously
reported [9]; consensus sequences were then scanned
against the GenBank database using the Basic Local
Alignment Search Tool. All Ehrlichia spp.-positive sam-
ples were further subjected to a second PCR protocol
targeting the 16S rRNA of these bacteria [5, 12, 13]. The
PCR products were processed, sequenced and analysed
again, as previously described.

A phylogenetic analysis was carried out using MrBayes
3.2.7 software [14] by Bayesian approach with Markov
Chain Monte Carlo sampling (10,000,000 generations
sampling every 1000 steps). A Hasegawa-Kishino-Yano
substitution model with gamma-distributed rate vari-
ation across sites was used for the analysis of Ehrlichia

Table 1 Percentage of pools positive to Ehrlichia spp. and maximum likelihood estimation (MLE) from wild rabbits and hares when

considering the tick development stage

Stage of development Total
Nymph Adult (female) Adult (male)
% MLE % MLE (95% Cl) % MLE %
Wild rabbits
Rhipicephalus pusillus 0/65 - 3/54 1.25(0.31-3.20) 0/50 - 3/169 (1.78%)
(0%) (5.6%) (0%)
Rhipicephalus sanguineus s.l. - - - - 0/2 - 0/2
(0%) (0%)
Haemaphysalis hispanica 0/13 - - - - - 0/13
(0%) (0%)
Hyalomma lusitanicum 0/23 - - - - - 0/23
(0%) (0%)
Ixodes ventalloi - - 0/4 - 0/2 - 0/6
(0%) (0%) (0%)
Hares
R. pusillus 0/3 - 0/11 - 0/10 - 0/24
(0%) (0%) (0%) (0%)
R. sanguineus s.l. - - - - 0/1 - 0/M
(0%) (0%)
H. lusitanicum 0/4 - 0/2 - - - 0/6

(0%) (0%)

(0%)
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spp. sequences at the groEL and 16s rRNA genes. The
model was selected based on Akaike information crite-
rion values using the free software jModelTest v.2.1.10
[15]. The tree was visualized and edited using FigTree
1.4.3 (http://tree.bio.ed.ac.uk/software/figtree/).

Statistical analysis

Maximum likelihood estimation was used to estimate the
prevalence of Ehrlichia spp. in pooled R. pusillus [16].
Statistical analyses were performed using the statistical
software R 4.2.1 [17] and the functions llprevr and dprev
[16].

Results and discussion

Only three out of the 254 (1.2%) tick pools (maximum
likelihood estimate 0.3%, and 95% confidence inter-
val0.1-0.7) yielded positive results with respect to tar-
geting of the groEL partial gene (Table 1). These results
revealed that Ehrlichia spp. were not prevalent in the
ticks collected from the wild lagomorphs from Mediter-
ranean ecosystems of southern Spain, which suggests
that these ticks probably do not play an important role in
the sylvatic cycle of these pathogens.

All the positive pools comprised female R. pusillus
obtained from nine rabbits hunted in three hunting areas
in eastern and western Andalusia (Fig. 1), and represent,
to the best of our knowledge, the first report of Ehr-
lichia spp. in R. pusillus. To the best of our knowledge,
there is only one previous report of Anaplasmataceae
in this tick species, where 1.8% of R. pusillus collected
from horses in France were found to be positive for
Anaplasma phagocytophilum [18]. Ehrlichia DNA was
not detected in the other tick species collected from the
wild rabbits or the Iberian hares. However, R. sanguineus
sensu lato is known to be involved in the transmission of
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numerous pathogens, including E. canis [19], and quest-
ing I ventalloi from Portugal and Spain were found to
harbour Anaplasmataceae, including A. marginale and
A. phagocytophilum [20-22]. The vectorial competence
of H. lusitanicum in the transmission of Ehrlichia spp. is
poorly understood; however, DNA of these bacteria was
detected in H. lusitanicum from Italy [23]. Finally, little is
known about tick-borne pathogens in H. hispanica [24].
The sequences identified in this study were depos-
ited in GenBank under accession numbers OP490270
and OP502086. Sequence analysis revealed that all
the Ehrlichia spp. isolates were identical to each other
at both the groEL and 16S rRNA genes. For the groEL
gene, all the sequences had a percentage nucleotide
identity between 91.5% to 91.7% when compared to
uncultured Ehrlichia sp. clone Tajikistan sequences
KJ930191 and KJ930192 obtained from Hyalomma
anatolicum from Tajikistan [25]; 91.7% identity with
sequences MWO054555 and MWO054557 deposited for
Ehrlichia sp. isolate YNT obtained from Rhipicephalus
annulatus and Rhipicephalus geigyi from Guinea [26]
was also found. In addition, the nucleotide sequences
at the 16S rRNA partial gene showed a percentage
identity ranging from 99.4 to 99.7% when compared
to several deposited sequences of uncultured Ehrli-
chia spp. (AF311968, AY309970, KJ410257, KX987325,
KX577724, KY046298, MH250197, MT258392 and
OK481113) from different species of Hyalomma, Rhi-
picephalus and Haemaphysalis from African and Asian
countries, including Angola [27], China [28, 29], Japan
[30, 31], Malaysia [32], Niger [33] and Pakistan [34].
The degree of similarity between the Ehrlichia species
at the 16S rRNA gene could indicate that it is not an
appropriate gene for discriminating between species

@ Hunting state where ticks were collected from wild rabbits
@ Hunting state where ticks were collected from Iberian hares
B Hunting state with Ehrlichia spp. positive ticks

Fig. 1 Distribution of the tick samples collected from wild rabbits (a) and Iberian hares (b)
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of this genus, similar to previous conclusions for other
bacterial genera [35].

Phylogenetic trees constructed with partial sequences
of the groEL and 16S rRNA genes had similar topolo-
gies (Figs. 2, 3). The groEL sequences formed a clade
with sequence KJ930194 detected in H. anatolicum from
Tajikistan [25], which was clearly separate from the main
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Ehrlichia species. Similarly, the 16S rRNA sequences of
Ehrlichia sp. obtained in this study formed a clade with
sequence JX402605 obtained from Hyalomma asiaticum
from China [28]. The genetic distances and phylogenetic
relationships indicated that a novel Ehrlichia species had
been found, which is named herein as ‘Candidatus Ehrli-
chia andalusi’ Interestingly, the positive pools comprised
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Fig. 2 Phylogenetic tree clustering of the partial groEL of Ehrlichia spp. The tree was obtained using a Hasegawa—-Kishino-Yano substitution model
with gamma-distributed rate variation across sites (HKY 4 G) with the software MrBayes 3.2.7 [14] by Bayesian approach with Markov Chain Monte
Carlo sampling (10,000,000 generations sampling every 1000 steps). This analysis involved 47 nucleotide sequences. The nucleotide sequence of
Neoehrlichia mikurensis was used as an outgroup. The isolate identified in this study is indicated in bold
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ticks collected from wild rabbits from different hunting
areas in eastern and western Andalusia (Fig. 1). Since
wild rabbits are territorial and live close to their warrens,
and their home range is not larger than 10 ha [36], the
detection of this novel species in ticks from three geo-
graphically separated wild rabbit populations suggests
that it may be distributed throughout southern Spain. In
support of this hypothesis, no translocations of wild rab-
bits have been carried out in these hunting areas accord-
ing to data collected by the gamekeepers.

Novel Ehrlichia species and strains have been
reported worldwide during the last decades, suggesting
that there are several knowledge gaps in the epidemiol-
ogy and phylogeny of these zoonotic bacteria, especially
regarding their sylvatic cycles. Most of these novel
organisms were reported for ticks that feed on both
domestic and wild animals in South American [37-43]
and Asian countries [28, 30, 32, 44]. However, reports
of novel Ehrlichia species are very scare for Europe, and
mainly restricted to ticks collected from wild animals.
Ehrlichia sp. HF strain was detected in Ixodes ricinus
collected from the European wood mouse (Apodemus
sylvaticus) in France [45], as well as in Ixodes aprono-
phorus, Ixodes ricinus and R. sanguineus collected from
dogs and foxes in Romania [46, 47]. In addition, a strain
similar to Ehrlichia chaffeensis and Ehrlichia muris was
detected in song thrush (Turdus philomelos) from Hun-
gary [48].

Since all developmental stages of R. pusillus are known
to feed on lagomorphs, especially wild rabbits [49, 50],
this tick may have a restricted host range. However, it has
been sporadically reported in other mammals, such as
rodents, ungulates, carnivores and humans [49]. Consid-
ering that no transovarial transmission of Ehrlichia spp.
has been reported in ticks [7], the detection of ‘Candida-
tus E. andalusi’ in R. pusillus that were feeding on rabbits
may be an accidental finding that is not related to lago-
morph populations. Unfortunately, as we were unable
to obtain tissue or blood samples from the hunted wild
rabbits and hares, we were unable to further examine the
role of these lagomorph species in the epidemiology of
this pathogen. In this regard, future studies are warranted
to investigate the presence of this pathogen in popula-
tions of hosts of R. pusillus.

Although several Ehrlichia species are considered to
be pathogenic for humans and animals [6, 51], informa-
tion on their presence in host or vector populations in
Europe is limited. Our results suggest that Ehrlichia spe-
cies of unknown pathogenicity are circulating in wild ani-
mal populations or in the ticks that they harbour, which
may be of concern for human and animal health. Further
studies are needed to determine the presence, prevalence
and reservoir range of the Ehrlichia species present in
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Mediterranean ecosystems, and to unravel their epidemi-
ology, pathogenicity and phylogenetic relationships.
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