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A B S T R A C T

Livestock and their ectoparasites are involved in the epidemiology of several zoonotic diseases. Studies regarding
the molecular detection of infectious agents in ticks from Northwestern Algeria are scarce. Thus, the presence of
spotted fever group Rickettsia spp., Anaplasmataceae microorganisms and Coxiella burnetii was investigated in
ticks collected from ruminants in Sidi Bel Abbes and Saida provinces. Rickettsia aeschlimannii was detected in one
Hyalomma excavatum pool and one H. marginatum pool. Moreover, ‘Candidatus Rickettsia barbariae’ was found in
one H. excavatum and six Rhipicephalus bursa pools. Lastly, Coxiella burnetii was amplified in two H. excavatum
and two R. bursa pools. No Anaplasmataceae bacterium was detected. This study demonstrates the presence of
the tick-associated microorganism ‘Candidatus R. barbariae’ in the North of Africa, and corroborates the presence
of the zoonotic pathogens R. aeschlimannii and C. burnetii in Algeria.

1. Introduction

Ticks are considered, after mosquitoes, to be the most important
vectors of a large diversity of human and animal pathogens all over the
world (Jongejan and Uilenberg, 2004; Parola et al., 2013; García-
Álvarez et al., 2013). Livestock such as cattle, sheep and goats are hosts
and possible reservoirs of a variety of pathogens carried and trans-
mitted by ticks (Wardeh et al., 2015).

Arthropod-borne rickettsioses, caused by several Rickettsia species,
are among the oldest known vector-borne diseases (Parola et al., 2013).
To date, nine pathogenic spotted fever group (SFG) rickettsiae have
been detected in Algeria. These include Rickettsia conorii subsp. conorii,
Rickettsia aeschlimannii, Rickettsia massiliae, Rickettsia monacensis, Rick-
ettsia africae, Rickettsia sibirica subsp. mongolitimonae, Rickettsia slovaca,
Rickettsia helvetica and Rickettsia felis (Bitam et al., 2006; Dib et al.,
2009; Mouffok et al., 2009; Kernif et al., 2012; Mokrani et al., 2012).

Anaplasmosis and ehrlichiosis are tick-borne diseases that occur in
mammals, including cattle, sheep, dogs and humans. They are caused
by obligate intracellular bacteria belonging to the family
Anaplasmataceae (order Rickettsiales), within the genera Anaplasma,
Ehrlichia and ‘Candidatus Neoehrlichia’ (Rar and Golovljova, 2011).

Among them, bovine anaplasmosis is prevalent in Algeria and Ehrlichia
canis infection from domestic animals has been also reported (Bessas
et al., 2016; Dahmani et al., 2015; Rjeibi et al., 2018).

Q fever is a zoonosis with a worldwide distribution that is caused by
the obligate intracellular bacterium Coxiella burnetii (Angelakis and
Raoult, 2010). Domestic ruminants (cattle, sheep and goats) are the
main reservoirs of this microorganism (Arricau-Bouvery and Rodolakis,
2005). Ticks are involved in the epidemiology of C. burnetii, although
not as recognized vectors. In Algeria, Q fever was reported for the first
time in French soldiers in 1948 and serological studies have confirmed
a high seroprevalence in Algerian inhabitants (Pierrou et al., 1956;
Lacheheb and Raoult, 2009).

There are few studies on ticks and tick-borne diseases from Algeria
and most of them are reported from the northeastern area (Bitam et al.,
2006; Leulmi et al., 2016; Aouadi et al., 2017). Therefore, the purpose
of the present study was to investigate the presence of bacteria (SFG
Rickettsia spp., Anaplasma/Ehrlichia/’Candidatus Neoehrlichia spp.’ and
C. burnetii) in ticks removed from livestock in Northwestern Algeria.
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2. Methods

2.1. Tick collection

Tick surveys were conducted from April to September 2017 in 31
ruminant farms from two districts of Northwestern Algeria (Sidi Bel
Abbes and Saida). The farms included in the present study consisted of
17 cattle and 14 sheep farms; seven of them were pure-bred (three
Holstein for cattle, and three Ouled djellal and one Hamra for sheep).
The collection of ticks was performed during the ordinary visit of pri-
vate veterinarians to the ruminant farms with owners’ permission. Ticks
were collected from animal hosts using fine forceps, and immediately
stored in 70% alcohol. Specimens were transported to the National
Veterinary Higher School (Algiers), and subsequently to the Center of
Rickettsiosis and Arthropod-Borne Diseases, Hospital Universitario San
Pedro-CIBIR (La Rioja, Spain). Ticks were identified by morphological
approaches through taxonomic keys (Walker et al., 2003; Estrada-Peña
et al., 2004).

2.2. DNA extraction

Ticks were pooled (2–5 ticks per pool) taking into account the tick
species and the origin and, whenever possible, the gender. Adult ticks
were rinsed in sterile water and laterally bisected using a sterile scalpel,
and a half of each adult tick was stored at -80 °C for future analysis, if
needed. The second half of ticks was chopped with sterile scalpels,
grouped into pools (as described above) and washed three times with
phosphate buffered saline for blood removal, prior to DNA extraction.
The DNA from each pool was extracted using the Qiagen DNA Mini kit
(Qiagen, Hilden, Germany), following the manufacturer’s re-
commendations.

2.3. Validation of the tick classification

At least one specimen of each tick species and doubtful specimens
were also classified using molecular detection as previously described
by Black and Piesman (1994) (Supplementary Table).

2.4. Bacterial screening

The adequate DNA extraction and the control of inhibitors of the
PCR technique in the pool samples were checked using PCR assays that
amplify fragment genes of the mitochondrial ribosomal DNA of ticks.
All the samples were analysed using the 16S rRNA PCR assay (Black and
Piesman, 1994), and those that gave doubtful or negative results were
also analyzed using the PCR assay that amplifies the 12S rRNA gene
(Beati and Keirans, 2001) (Supplementary Table). Pools that gave po-
sitive results for these PCR assays were analysed for presence of SFG
Rickettsia spp., Anaplasma spp., Ehrlichia spp., ‘Candidatus Neoehrlichia
spp.’ and C. burnetii using specific PCR assays. These assays were carried
out as described by the respective authors using KAPA Taq PCR Kit
(Kapa Biosystem, Wilmington, MA, USA) and Premix Ex Taq (Probe

qPCR) (Takara Bio Inc., Shiga, Japan) for conventional and real time
PCR assays respectively, following the manufacturer’s recommenda-
tions. PCR primer pairs, size of the amplicons (bp) and annealing
temperatures of the assays are shown in Supplementary Table.

A positive control (Ixodes ricinus tick DNA extract, Rickettsia slovaca,
Anaplasma phagocytophilum or C. burnetii DNA) and two negative con-
trols, one of them containing water instead of template DNA and the
other with template DNA but without primers, were included in the
PCR assays.

2.5. Identification of bacterial species

All PCR products were sequenced in both senses using the BigDye®
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Forest City,
CA, USA) with sequence product resolution (Prism 3130; ABI) at the
Sequencing Unit, CIBIR, Spain. The nucleotide sequences were analysed
and compared to those available in NCBI database using BLAST (http://
blast.ncbi.nlm.nih.gov/Blast.cgi). The obtained sequences that differed
from any other sequence available from GenBank were submitted using
Sequin software (https://www.ncbi.nlm.nih.gov/Sequin/).

A phylogenetic tree was constructed by the neighbour-joining
method using MEGA version 7 (www.megasoftware.net). Confidence
values for individual branches of the resulting tree were determined by
bootstrap analysis with 1000 replicates. The evolutionary distances
were computed using the maximum composite likelihood (MCL) ap-
proach.

3. Results

3.1. Tick collection

A total of 149 engorged or partially engorged ticks were collected.
All the ticks were adult specimens morphologically classified within
four different species: Rhipicephalus bursa (n= 74; 49.7%), Hyalomma
excavatum (n= 68; 45.6%), Hyalomma scupense (n= 3; 2%) and
Hyalomma marginatum (n= 4; 2.7%). The gender and origin of the tick
specimens are specified in the Table 1. The molecular classification of
six R. bursa, four H. excavatum, one H. scupense and one H. marginatum
specimens confirmed morphological data. Specifically, three R. bursa
specimens showed 100% identity with the sequence KR870983 de-
posited in GenBank, and the three remaining ones, 99.8% of identity
with this sequence. The nucleotide sequences obtained from H. ex-
cavatum specimens, which were identical to each other, and the one
from H. scupense showed 99.8% identity with the sequences under
GenBank accession numbers KU130429 and KC203349, respectively.
The remaining 16S rRNA sequence corresponded to a H. marginatum
specimen and it was 100% identical to the sequence deposited under
GenBank accession number L34307.

3.2. Bacterial screening

Ticks were grouped in 38 pools. From them, 11 pools corresponding

Table 1
Ticks collected in two districts (Sidi Bel Abbes and Saida) of Algeria from May to September 2017.

No. of ticks (no. of pools) collected/ No. of ticks (no. of pools) for bacteria screening

R. bursa H. excavatum H. scupense H. marginatum

Origin District M F M F M F M F

Cattle Sidi Bel Abbes 9(2)/9(2) 3(1)/3(1) 25(5)/25(5) 0 0 0 0 2(1)/0
Saida 0 3(1)/3(1) 25(5)/20(4) 9(3)/9(3) 0 3(1)/3(1) 0 0

Sheep Sidi Bel Abbes 17(3)/8(1) 23(8)/18(6) 2(1)/2(1)* 3(1)/3(1)* 0 0 1(1)/1(1)** 1(1)/1(1)**
Saida 5(1)/0 14(4)/0 0 4(1)/4(1) 0 0 0 0

R.: Rhipicephalus; H.: Hyalomma; M: male; F: female; *; **: Corresponding to the same pool that included both genders.
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to 40 ticks (33 R. bursa, 5 H. excavatum and 2 H. marginatum specimens)
gave negative results for the PCR assays that amplified fragment genes
of the ticks (16S rRNA and 12S rRNA) and were not included in the
bacterial screening (Table 1). Therefore, 27 pools (109 specimens) were
processed for the bacterium detection (Table 1).

Rickettsia-specific ompA and ompB amplicons were obtained from
nine pools. The analysis of the sequences showed the presence of R.
aeschlimannii from two pools containing H. excavatum or H. marginatum.
In addition, ‘Candidatus Rickettsia barbariae’ was found in one and six
pools of H. excavatum and R. bursa, respectively. The sequences ob-
tained from the second round of the ompA (484–487 bp) and ompB (367
bp) PCR assays corresponding to the seven samples were identical to
each other and were 100% identical to sequences under GenBank ac-
cession numbers JF700253 and KY233287, respectively. Moreover, a
longer fragment of the ompA gene (587 bp) and two of the ompB gene
(420 bp) were obtained from R. bursa pools from the first rounds of the
respective PCR assays. The longer fragment of the ompA sequence was
identical to the sequence JF700253 but the two longer ompB sequences
showed a change with the sequence KY233287 (Table 2). The phylo-
genetic tree based on the longest ompA fragment gene obtained showed
homology (100% identity) with a strain of this Candidatus species de-
tected in China (GenBank accession number KU645284) (Fig. 1). Ana-
plasma spp., Ehrlichia spp. and ‘Candidatus Neoehrlichia spp.’ were not
identified in any of the samples with the target genes used. Coxiella
burnetii was amplified from 2 H. excavatum pools using two target
genes. Moreover, two pools of R. bursa tested positive results for this
bacterium only with one target gene. These results are summarized in
the Table 2.

3.3. Sequences submission to a Public database

The sequences obtained in this study that were different from those
previously deposited on a public database were submitted to GenBank
under accessions nos.: MK601703- Rhipicephalus bursa 16S rRNA gene;
MK601704- Hyalomma excavatum 16S rRNA gene; MK601704-
Hyalomma scupense 16S rRNA gene; MK028342- Rickettsia aeschlimannii
ompB gene; MK028340-‘Candidatus Rickettsia barbariae’ ompA gene;
and MK028339-‘Candidatus Rickettsia barbariae’ ompB gene; and
MK028341- Coxiella burnetii IS1111 gene.

4. Discussion

Rickettsia aeschlimannii and C. burnetii have been found in ticks from
Northwestern Algeria and ‘Candidatus R. barbariae’ has been detected
for the first time in the North of Africa. The presence of a bacterium in
engorged ticks does not demonstrate their role as vectors and/or re-
servoirs, but proves the circulation of a microorganism in an area and

gives information about its ecoepidemiology.
The presence of R. aeschlimannii in H. excavatum and H. marginatum

has been previously documented from Algeria (Bitam et al., 2006;
Parola et al., 2013; Leulmi et al., 2016), and H. marginatum is con-
sidered the most important vector of this zoonotic agent. Endemic cases
of R. aeschlimannii infection occurred in Algeria, although the patho-
genicity of this microorganism does not seem to be severe (Oteo et al.,
2005; Mokrani et al., 2008; Portillo et al., 2015).

Molecular techniques have allowed the identification of several
candidatus to Rickettsia species that remain uncultivated, among them
‘Candidatus R. barbariae’. Fragment genes (gltA, ompA and ompB genes)
of this ‘Candidatus’ were amplified for the first time from R. bursa ticks
from Portugal, and later a deeper genetic characterization was per-
formed from a strain obtained from R. turanicus removed from domestic
animals in Italy (de Sousa et al., 2006; Mura et al., 2008). Until now,
‘Candidatus R. barbariae’ has been reported from ticks from Europe
(Portugal, Italy, Greece, Cyprus and France), from Asia (China, Le-
banon, Israel and Palestinian Territories) and recently from Africa
(Cameroon and South Africa) (de Sousa et al., 2006; Mura et al., 2008;
Chochlakis et al., 2012; Socolovschi et al., 2012; Waner et al., 2014;
Papa et al., 2016; Guo et al., 2016; Ereqat et al., 2016 Fernández de
Mera et al., 2018; Vanegas et al., 2018; Halajian et al., 2018). In ad-
dition, new ‘Candidatus spp.’ have been proposed for closely related
strains in South Africa and Kenya, named ‘Candidatus Rickettsia rhab-
domydis’ and ‘Candidatus Rickettsia moyalensis’ respectively (Kimita
et al., 2016; Essbauer et al., 2018). Nevertheless, up to our knowledge it
has not been previously detected in the North of Africa. The bacterium
has been mainly amplified from ticks, specifically from Rhipicephalus
species (R. turanicus and R. sanguineus in the majority of the cases but
also from R. bursa, Rhipicephalus annulatus, Rhipicephalus lunulatus or
Rhipicephalus simus) (de Sousa et al., 2006; Mura et al., 2008; Halajian
et al., 2018). It has also been detected in other tick genera such as
Amblyomma or Hyalomma, but not in H. excavatum (Ereqat et al., 2016;
Kimita et al., 2016; Fernández de Mera et al., 2018; Vanegas et al.,
2018). Moreover, it has been found in other arthropods such as the flea
Vermipsylla alakurt (Zhao et al., 2016). Nevertheless, all but a few
questing R. turanicus and R. sanguineus ticks were fed arthropods, as
well as the ticks analysed in our study, and the infection could be due to
the just taken blood meal (Socolovschi et al., 2012; Waner et al., 2014).
Thus, the bacterium has been amplified from polecats (Vormela per-
egusna) or rodents (Rhabdomys pumilio) tissues (Liu et al., 2018;
Essbauer et al., 2018). The pathogenic potential of ‘Candidatus R. bar-
bariae’ remains unknown. It has not been associated with human or
animal diseases, although it has been identified in a R. bursa tick re-
moved from a woman in Greece (Papa et al., 2016). More studies should
be performed to elucidate the vectors, reservoirs and the pathogenic
potential of this microorgamism.

Table 2
Microorganisms amplified in this study.

Bacterium (No. of positive pools) Tick species (no. of pools) Origin/District (no. of pools and
gender)

Gene % dentity (bp)-GenBank
no.

Gene % dentity (bp)-GenBank no.

Rickettsia aeschlimannii (2) H. excavatum (1) Cattle/Saida (1M) ompA 100 (590/590)-U43800 ompB 99.6 (483/485) AF123705
100 (471/471) KJ663755

H. marginatum (1) Sheep/ Sidi Bel Abbis (1M/F) ompA 100 (491/491)-HQ335157 ompB 100 (382/382)-KJ663755
Candidatus R. barbariae (7) H. excavatum (1) Cattle/ Sidi Bel Abbis (1M) ompA 100 (487/487)-JF700253 ompB 100 (367/367)-KY233287

R. bursa (6) Cattle/ Sidi Bel Abbis (3M/F) ompA 100 (484/484)-JF700253 ompB 100 (367/367)-KY233287b

Sheep/ Sidi Bel Abbis (3M/F) ompA 100 (484/484)-JF700253a ompB 100 (367/367)-KY233287b

Coxiella burnetii (4) H. excavatum (2) Cattle/Sidi Bel Abbis (1M) IS30 100 (122/122)-CP014563 IS1111 99.6 (550/552)-CP018150
Sheep/Saida (1 F) IS30 100 (122/122)-CP014563 IS1111 100 (604/604)-CP018150

R. bursa (2) Sheep/ Sidi Bel Abbis (2 F) IS30 100 (122/122)-CP014563 IS1111 NA

NA: Not amplified; M: Male; F: Female; H.: Hyalomma; R. barbariae: Rickettsia barbariae; R.: Rhipicephalus.
a A longer fragment gene (587 bp) was obtained from a pool that showed homology (100% identity) with the sequence from GenBank with accession number

KU645284.
b A longer fragment gene (471 bp) was obtained from two out of the three pools that showed a maximum identity of 99.8% (419/420 bp) with the sequence from

GenBank with accession number KY233287.
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The infection of livestock with A. phagocytophilum, Anaplasma cen-
trale, Anaplasma marginale, Anaplasma bovis and Anaplasma platys has
been reported from Algeria (Dahmani et al., 2015; Rjeibi et al., 2018).
Moreover, E. canis and A. platys infection in companion animals has
been also reported in this country (Bessas et al., 2016). The negative
results of the present study were expected due to the absence of the
main vectors (Ixodes ricinus for A. phagocytophilum; R. microplus for A.
marginale; R. simus for A. centrale; Amblyomma variegatum and Rhipice-
phalus appendiculatus for A. bovis; and R. sanguineus sensu lato for E.
canis and A. platys) (Rar and Golovljova, 2011).

Human and veterinarian cases of infection by C. burnetii have been
reported from Algeria (Pierrou et al., 1956; Angelakis et al., 2014;
Rahal et al., 2018). The infection mainly occurs via inhalation of
aerosolized bacteria and livestock is one of the most important re-
servoirs of this pathogen. The role of ticks as vectors has been suggested
but not demonstrated (Eldin et al., 2017). Coxiella burnetii has been
detected in several tick species, including R. bursa in Algeria or H. ex-
cavatum in Africa (Eldin et al., 2017; Aouadi et al., 2017 Loftis et al.,
2006). Thus, the presence of this bacterium in ticks suggests that C.
burnetii is widely spread although the real role of these arthropods
needs further investigations.

5. Conclusion

The present study corroborates the circulation of the zoonotic

pathogens R. aeschlimannnii and C. burnetii in Algeria and demonstrates
the presence of ‘Candidatus R. barbariae’ in the North of Africa.
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