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In  Algeria,  only  limited  information  is  currently  available  on  the  prevalence  of emergent  canine  and  feline
vector-borne  diseases.  The  aim  of  the  present  work  was to  detect  by  qPCR  vector-associated  bacteria  in
stray dogs  and  cats  and  their  ectoparasites  from  Algiers.

18/117  (15.38%)  dogs  and  2/107  (1.87%)  cats  were  positive  for at least  one  vector-borne  agent.  Coxiella
burnetii  and  Bartonella  henselae  were  identified  in  1/117  (0.85%)  dog  individually.  Ehrlichia  canis  DNA  was
detected in  17/117  (14.52%)  dogs.  1/107  (0.93%)  cat was  positive  to C. burnetii  and  another  1/107  (0.93%)
to  B. henselae.

DNA  of Rickettsia  massiliae,  Rickettsia  conorii  and  E.  canis  was  detected  in Rhipicephalus  sanguineus.  Cat
lea
oxiella burnetii
hrlichia canis
artonella spp.
ickettsia spp.

fleas  were  infected  with  Rickettsia  felis,  B.  henselae  and Bartonella  clarridgeiae.  B.  vinsonii  subsp.  berkhoffii
was  identified  in Xenopsylla  cheopis  collected  from  dogs.

The  findings  of  this  study  indicate  that  dogs  and  cats  from  Algeria  are  exposed  to  multiple  tick  and
flea-borne  pathogens.

© 2016  Elsevier  Ltd. All  rights  reserved.
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. Introduction

Vector-borne agents are increasingly recognized as important
auses of morbidity and mortality in humans and domestic ani-
als worldwide [1,2]. Companion animals, such as dogs and

ats, are potential victims, reservoirs and/or sentinels of various
ector-borne pathogens [3]. They are exposed to several arthropod
pecies which are incriminated in the transmission cycles of many
athogens [4,5].

Coxiella burnetii is recognized as a worldwide zoonotic pathogen
hat causes Q fever [6]. Recently, many authors have highlighted the

ole of pets in the epidemiology of Q fever, indicating that contact
ith infected dogs and cats represents a risk factor for acquiring the

nfection [6–9]. In Algeria, C. burnetii infection in humans has been

∗ Corresponding author at: Aix Marseille Université, Unité de Recherche sur les
aladies Infectieuses Tropicales et Emergentes (URMITE), UM63, CNRS 7278, IRD

98, Inserm 1095, Faculté de Médecine, 27 bd Jean Moulin, 13385 Marseille cedex
,  France.

E-mail address: philippe.parola@univ-amu.fr (P. Parola).

ttp://dx.doi.org/10.1016/j.cimid.2016.01.002
147-9571/© 2016 Elsevier Ltd. All rights reserved.
rarely reported [10], however no published data exist concerning
the prevalence of C. burnetii in animals in that country.

Ehrlichia canis is a bacterium belonging to the Anaplasmataceae
family that causes canine monocytic ehrlichiosis [2]. The disease
was first described in sick dogs from Algeria, in 1935 [11]. More
recently, two  studies have indicated the molecular presence of E.
canis in dogs in this country [12,13]. Recent research has demon-
strated that domestic cats can also be efficient hosts of E. canis
[14,15].

Bartonella species are emerging infectious organisms that have
recently been documented in a broad range of domestic and wild
mammals. In Algeria, a high prevalence of infective endocarditis is
caused by Bartonella quintana in humans [16] and different species
of Bartonella have been detected in fleas [17]. Investigation into
the diversity of Bartonella spp. in Algerian reservoir animals was
previously performed. To date, five Bartonella species (B. vinsonii
subsp. berkhoffii, B. clarridgeiae, B. elizabethae,  B. rochalimae and B.

henselae) have been detected infecting dogs [13,18] and only one
species (B. henselae) has been described in cats [19]. Furthermore,
Bartonella spp. has been identified in hedgehogs (Atelerix algirus)
and Rodents [20].

dx.doi.org/10.1016/j.cimid.2016.01.002
http://www.sciencedirect.com/science/journal/01479571
http://www.elsevier.com/locate/cimid
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cimid.2016.01.002&domain=pdf
mailto:philippe.parola@univ-amu.fr
dx.doi.org/10.1016/j.cimid.2016.01.002
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Rickettsioses are among the oldest known vector-borne dis-
ases. Mediterranean Spotted Fever caused by Rickettsia conorii
onorii is endemic in Algeria [21]. Over the past ten years, thanks in
articular to the use of entomological approaches, other Rickettsia
pp, including human pathogens have been detected in ticks and
eas from Algeria [22,23]. Dogs have been considered as potential
entinels and reservoirs for R. conorii [24]. Cats are also involved in
he cycle of SFG rickettsiae and R. typhi, the agent of murine typhus
25,26].

Borrelia burgdorferi sensu lato is a group of spirochete bacterial
pecies, some of which cause lyme borreliosis, especially in humans
nd dogs [27]. Cats were reported to be susceptible to the infec-
ion with this agent [28]. Recently, a high rate of seropositivity for
orrelia burgdorferi s.l. was found in dogs from Algiers [13].

To date, information about vector-borne diseases agents circu-
ating in Algeria remains limited. The aim of the present study was
hus to assess the presence of bacteria (C. burnetii, E. canis, Bartonella
pp., Rickettsia spp. and Borrelia spp.) of veterinary and zoonotic sig-
ificance in stray dogs and cats and their ectoparasites from Algiers
sing rapid specific molecular tests.

. Materials and methods

.1. Ethic statement

Risk assessment was submitted to and approved by the ethics
ommittee and decision board of Hygiène Urbaine d’Alger (HUR-
AL). HURBAL is an institution affiliated with the Algerian Ministry
f the Interior, the Local Government and the Algerian Ministry of
griculture and Rural Development. HURBAL, by decision of the
inistry of the Interior and in the context of the National Pro-

ram for Rabies Control, in which the authors of the paper are not
nvolved, was the agency which captured stray dogs and cats from
lgiers. Once captured, the stray animals are housed in cages, being
uthanized after expiration of the legal waiting time (7 days, in

rder to permit owners to claim their pets).

To facilitate fieldwork, collaborations were established
ith veterinary doctors and their assistants working in this

stablishment.

able 1
etected pathogens in dogs and cats from Algeria, as determined by quantitative PCR and

Animal n◦ Animal species Age Sex Breed Clinica

1 Canine <1 year F Mixed-breed H 

2  Canine 30 months M Mixed-breed H 

3  Canine <1 year F Mixed-breed H 

4  Canine 4 months M Mixed-breed S 

5  Canine 8 years M American Staffordshire S 

6  Canine 4 months M Mixed-breed H 

7  Canine 7 months F German Shepherd H 

8  Canine 1 year M Shepherd crosses S 

9  Canine 18 months M Mixed-breed H 

10  Canine <1 year F Mixed-breed H 

11  Canine – F Mixed-breed H 

12  Canine 2 years M Mixed-breed H 

13  Canine 1 year F Mixed-breed H 

14  Canine – F Mixed-breed H 

15  Canine 3 years M Mixed-breed H 

16  Canine – M Mixed-breed H 

17  Canine – F Mixed-breed H 

18  Canine 18 months M Shepherd cross H 

19  Feline 2 years M Mixed-breed H 

20  Feline <1 year M Mixed-breed H 

 = male; F = female; H = healthy; S = sick.
a Rh. sanguineus positive by qPCR to E. canis and R. massilae.
b Rh. sanguineus positive by qPCR to E. canis.
c Rh. sanguineus positive by qPCR to R. massiliae.
logy and Infectious Diseases 45 (2016) 23–28

2.2. Sample collection

Between October 2010 and September 2013, spleens were col-
lected from stray dogs and cats living in the city of Algiers, Algeria.
Sampling was  conducted in a room dedicated to and equipped for
veterinarian activities. A necropsy was performed immediately fol-
lowing euthanasia of the animals. Spleen fragments were collected
aseptically and stored in 70% ethanol.

The age of each animal was  estimated, based on dentition
and physical aspect. Information concerning sex, breed and the
presence of ectoparasites was  noted. Ticks, fleas and lice were col-
lected and stored in 70% ethanol solution for later identification by
genus and/or species using standard taxonomic morphological keys
[1,29,30]. Dogs and cats were classified as apparently healthy or sick
based on their physical condition at the time of sampling (Table 1).
All samples were later processed at the National Reference Center
for Rickettsial Diseases in Marseille, France.

2.3. DNA extraction

The specimens (ectoparasites and spleens) conserved in ethanol
were rinsed twice for 5 min  in distilled water. All experiments
were conducted in a laminar flow cabinet. Each sample was incised
using an individual scalpel and crushed in sterile tubes (Eppen-
dorf; Hamburg, Germany). A total of 100 �L of DNA was extracted
using the QIAamp Tissue Kit (Qiagen, Hilden, Germany) by
QUIAGEN-BioRobot EZ1, according to the manufacturer’s instruc-
tions. Genomic DNA was stored at −20 ◦C under sterile conditions
until used as a template in PCR assays. The remaining piece of
spleen and the ectoparasites were kept at −80 ◦C for additional
control.

2.4. Detection of bacteria

Extracted DNA was used in qPCR amplifications to detect C. bur-

netii, E. canis, Bartonella spp, Rickettsia spp. and Borrelia spp. The
final qPCR reaction mixture consisted of (5 �L) of DNA  extracted
with (15 �L) of mix  from the Takyon PCR Kit (QIAGEN, Hilden,
Germany) as previously described [31].

 information relative to positive animals.

l status Presence of ectoparasites qPCR results

Tick and fleas E. canis
Ticka and fleas E. canis
Ticka and fleas E. canis
Tick, fleas and lice E. canis
Tick and fleas E. canis
Tickb and fleas E. canis
Tickc and fleas E. canis
Tick and fleas E. canis
– E. canis
Tickb and fleas E. canis
– E. canis
- E. canis
Tick and fleas E. canis
– E. canis
– Co-infection with E. canis and C. burnetii
– E. canis
– E. canis
Tick and fleas B. henselae
– B. henselae
– C. burnetii
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Negative controls for all PCR assays consisted of DNA extracted
rom laboratory colonies of uninfected ticks. Positive controls
ncorporated DNA extracted from a diluted strain of C. burnetii, E.
anis, B. elizabethae,  B. henselae, R. montanensis, R. typhi, R. conorii,
. massilae, R. felis and Borrelia burgdorferi cultured in our labora-
ory in Marseilles. Results were recorded as positive when the cycle
hreshold (Ct) was lower than 36.

All samples were screened for C. burnetii DNA using IS30a
pacers [32]. C. burnetii-positive samples were then confirmed by
nother qPCR system targeting the IS1111 [32].

For E. canis, the DNA extracts from spleens and ticks were ampli-
ed using a qPCR primer and probe combination based on the Ecaj
701 gene encoding the glutaredoxin-related protein for detection
f E. canis as previously described [33].

Molecular detection and identification of Bartonella genus-
pecific qPCR was based on the 16S-23S rRNA intergenic
ranscribed spacer (ITS gene) [34]. Positive samples were subse-
uently analyzed by a second qPCR specific for B. henselae targeting
he heme-binding protein gene, Pap31 [35].

Samples that were qPCR-positive for Bartonella DNA by the
TS primers and negative for qPCR specific for B. henselae were
hen confirmed by standard PCR performed with Bartonella-specific
rimers for the citrate synthase gene (gltA) [34].

PCR products were purified and sequenced with gltA primers
s described previously [34]. All obtained sequences were assem-
led and edited using ChromasPro (version 1.7.7). The sequences
ere then analyzed by Basic Local Alignment Search Tool

BLAST) and compared with sequences available in the GenBank
atabase.

Using qPCR, DNA samples were screened for all spotted fever
roup rickettsiae (SFG) by targeting a partial sequence of the citrate
ynthase gene (gltA), RKND03 system [32].

R. massiliae and R. conorii-specific qPCR were conducted on pos-
tive tick DNA samples as previously described [31,36].

The fleas which were positive for Rickettsia spp. at the first
creening were subjected to R. felis-specific qPCR amplification of
he membrane phosphatase gene [34]. Typhus group (TG) was  also
ested using specific primers and an R. typhi probe targeting the Rpr
74 gene [37].

All spleens were screened using a Borrelia genus-specific qPCR
argeting a fragment of the 16S rRNA gene as described [38].

. Results

.1. Sample collection

From October 2010 to September 2013, a total of 117 dogs and
07 cats, from animal shelters in Algiers, were sampled. These ani-
als live in urban and rural areas, spending most of their time

xclusively outdoors and do not receive any tick or flea control
roducts. Of the 117 dogs, 59/117 (50.42%) were males and 58/177
49.57%) were females. The canine population was predominantly
rossbred dogs; the others belonged to the German shepherd, shep-
erd crosses, American Staffordshire and Pit-bull mixed breeds. Dog
ge ranged between 2 months and 11 years. Among the 107 cats,
8/107 (54.20%) were males and 49/107 (45.79%) were females. The
ats were described as mostly belonging to mixed breeds and also
o European and Siamese crossbreeds. Most cats were estimated
o be less than 3 years old. Among these animals, 31/117 (26.49%)
ogs and 8/107 (7.47%) cats were apparently sick. A total of 72/117
61.53%) dogs and 65/107 (60.74%) cats were infested with at least

ne ectoparasite species. Mixed infestations with two or more
ctoparasites were detected on 61/117 dogs (52.13%) and 18/107
ats (16.82%). Among the 117 dogs examined, 68/117 (58.12%) were
ound to be infested with ticks, while fleas and lice were found on
logy and Infectious Diseases 45 (2016) 23–28 25

62/117 (52.99%) and 2/117 (1.71%) of dogs respectively. Of the 107
cats examined, 11/107 (10.28%) were infested with ticks, 65/107
(60.74%) with fleas and 4/107 (3.74%) with lice.

A total of 640 fleas were collected from these animals, 305/640
(47.65%) from dogs and 335/640 (52. 34%) from cats. Three species
were morphologically identified, including 369/640 (57.7%) Cteno-
cephalides felis which was  the most abundant, followed by 149/640
(23.3%) Xenopsylla cheopis, and 122/640 (19%) Ctenocephalides
canis.

A total of 532 ticks were collected, 520/532 (97.74%) from dogs
and 12/532 (2.25%) from cats. All ticks belonged to the Rhipicephalus
sanguineus species. In addition, 48 chewing lice were collected,
including 39 Felicola subrostratus on cats and 9 Trichodectes canis
on dogs.

For the present study, a convenient sample of 115/532 (21.6%)
ticks (103 from dogs, 12 from cats) and 225/640 (35.1%) fleas:
108 Ctenocephalides felis (21 from dogs, 87 from cats), 53 Cteno-
cephalides canis (49 from dogs, 4 from cats) and 64 Xenopsylla
cheopis (62 from dogs, 2 from cats) were selected at random for
molecular screening. Spleen samples collected from all 117 dogs
and 107 cats were tested for the presence of pathogens.

3.2. Detection of bacteria

Using qPCR targeting the IS30a and the IS1111gene of C. burnetii
in spleen samples, C. burnetii DNA was identified in 1/117 (0.85%)
dog and 1/107 (0.93%) cat. Using qPCR targeting the Ecaj 0701 gene
of E. canis, 17/117 (14.52%) dogs were positive. 10/17 (58.82%) of the
positive dogs were infested with ticks and fleas and 3/17 (17.64%)
were sick (Table 1). B. henselae DNA was amplified from the splenic
tissue of 1/117 (0.85%) dog and 1/107 (0.93%) cat for both qPCR sys-
tems; genus-specific Bartonella spp and B. henselae. The dog positive
for B. henselae harbored ticks and fleas. All animals tested negative
for Rickettsia spp. and Borrelia spp. DNA.

Using qPCR targeting the RKND03 system for all spotted fever
group rickettsiae (SFG), Rickettsia spp. DNA was  detected in 29 ticks
and 2 fleas. R. massilae DNA was  identified in 28/115 (24.35%) ticks
by qPCR. R. massilae DNA was detected in 27/103 (26.21%) ticks from
dogs and in 1/12 (8.33%) ticks from cats. Only 1/115 tick (0.87%) was
positive to R. conorii-specific qPCR. R. conorii DNA was detected in
1/103 (0.97%) Rhipicephalus sanguineus collected from dogs. Using
qPCR specific for membrane phosphatase gene, we identified R. felis
in 2/225 (0.88%) fleas. R. felis DNA was detected in 2/87 (2.30%)
Ctenocephalides felis collected from cats.

21/225 (9.33%) fleas tested were positive for Bartonella spp.
by Bartonella qPCR. 11/225 (4.88%) were positive by B. henselae-
specific qPCR. B. henselae DNA was  detected in 11/87 (12.64%)
Ctenocephalides felis collected from cats. Sequencing of the gltA gene
fragment from the remaining ten Bartonella-positive fleas revealed
gene sequences matching those of B. vinsonii subsp. berkhoffii and B.
clarridgeiae. A search in GenBank of similar partial sequences from
the gltA gene indicated that 6/225 (2.66%) samples were identical
to B. vinsonii subsp. berkhoffii (GenBank accession no. DQ360833.1,
with 99% similarity) and 4/225 (1.77%) fleas were in complete
homology with the sequences for B. clarridgeiae (accession no.
FN645454.1, with 100% similarity). B. vinsonii subsp. berkhoffii DNA
was detected in 6/62 (9.67%) Xenopsylla cheopis collected from dogs.
B. clarridgeiae was  identified in 4/87 (4.59%) Ctenocephalides felis
collected from cats.

Using qPCR targeting the Ecaj 0701 gene of E. canis, 8/115 (6.95%)
ticks were positive. E. canis DNA was detected in 8/103 (7.77%)

Rhipicephalus sanguineus collected from dogs, these positive ticks
were taken from 4/10 (40%) infested dogs positive by E. canis.

Moreover, four of these positive ticks were co-infected with R.
massilae. All ticks tested negative for C. burnetii.
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. Discussion

In this study, we investigated the occurrence and diversity of
anine and feline vector-borne infections in Algiers using molecular
echniques. Overall, 18/177 (15.38%) dogs and 2/107 (1.87%) cats
ere positive for at least one vector-borne agent, including one dog

o-infected with two agents E. canis and C. burnetii. We  also show
hat ectoparasites collected from these animals were infected with
everal bacteria, including R. massilae, R. conorii and E. canis in ticks
nd R. felis, B. henselae, B. clarridgeiae and B. vinsonii subsp. berkhoffii
n fleas.

To the best of our knowledge, this is the first molecular study
emonstrating the presence of C. burnetii in dogs and cats from
lgeria. C. burnetii, the causative agent of Q fever, is recognized
s one of the most important zoonotic pathogens. In addition to
omestic animals such as cattle, sheep and goats, considered to be
he primary reservoirs of C. burnetii, pets such as dogs and cats have
eceived attention as a potential source of human exposure [2]. Cats
ave been implicated in some outbreaks [39] and dogs in only one
40].

C. burnetii was  detected in the spleen samples of one dog and one
at. Based on molecular results, this pathogen was also identified
n dogs from Hungary [9], Japan [41], Brazil [6] and the Netherlands
42], and in cats from North America [8] and Japan [41].

In Algeria, a recent study showed that C. burnetii was the cause of
ever in one patient, but cases are rarely documented and the preva-
ence of the disease is probably underestimated [10]. Our results
ndicate that apparently healthy dogs and cats from Algeria might
erve as a source of human C. burnetii infection. It is possible that
he positive animals lived in a rural habitat in close contact with
omestic ruminants which are the most important reservoirs for
his agent.

In our study, E. canis was the most common pathogen found
n spleens of dogs. Infection with E. canis causes canine monocytic
hrlichiosis, first recognized as a distinct clinical entity in Algeria
n 1935 [11]. Since then, ehrlichiosis has been acknowledged as an
mportant emerging tick-borne disease in both humans and ani-

als [43]. E. canis, is primarily transmitted by the brown dog tick
hipicephalus sanguineus,  with worldwide distribution [2]. In this
ork, the percentage of positivity to E. canis DNA in spleen sam-
les of dogs from Algiers was 14.5%. In Algeria, E. canis was newly
etected in blood of dogs in 7/110 (6.4%) cases in the provinces of
izi Ouzou and Béjaïa [12] and in 10/213 (4.7%) in Algiers [13].

Previous studies have demonstrated that the spleen is the organ
ost likely to store E. canis during the subclinical phase and the

ast organ to harbor these organisms before elimination [44]. The
uthors also indicated longer persistence of E. canis in splenic
acrophages than in blood monocytes [45]. These findings reveal

hat extraction and amplification of DNA from splenic aspirates is
 reliable method for determining the carrier state of E. canis as
eported here [44,45]. Recently, 27/60 (45%) spleen samples from
aturally infected dogs were positive for E. canis by PCR assays in
razil [46].

In our investigation, 58.8% of the positive dogs were infested
ith ticks. Molecular detection of E. canis in ticks demonstrated

hat 8/103 (7.77%) Rhipicephalus sanguineus collected from our dogs
ere infected. These positive ticks were collected from 4/10 (40%)

nfested dogs positive for E. canis. We  report here the first direct
vidence of E. canis in ticks from Algeria. The prevalence of E. canis in
hipicephalus sanguineus ticks from dogs in other African countries
as been reported in Cameroon at 6% [47] and in Ivory Coast at 27%
33] using molecular tools.
In the present work, one cat was qPCR-positive for B. henselae.
his bacterium is an emerging pathogen of veterinary and medi-
al significance [48]. Domestic cats frequently develop subclinical
nfection with B. henselae, the main agent of cat scratch disease
logy and Infectious Diseases 45 (2016) 23–28

(CSD). They are therefore considered as the principal reservoir for
human infection [49,50]. The molecular prevalence of B. henselae in
the present study (1/107; 0.9%) was similar to a study conducted on
blood samples of cats in Portugal 2/649 (0.3%) [4] and in Albania by
PCR 1/146 (0.7%) [51], but lower than two investigations previously
reported in cats from Argentina 14/101 (11.9%) and Guatemala
32/47 (68.1) [52,53]. Recently, Whole blood samples from stray
cats from Algiers, were cultured to detect the presence of Bartonella
species. B. henselae was the only species isolated from 36/211 (17%)
cats [19]. Because no culture method is currently recommended as
a gold standard for Bartonella isolation, in cases where infection by
these agents is suspected, molecular approach is more sensitive,
especially real-time PCR [53,54]. Our result can be explained that
Bartonella may cause persistent bacteremia in cats and therefore a
high number of circulating organisms.

We report for the first time the detection of B. henselae and
B. clarridgeiae in Ctenocephalides felis collected from cats in Alge-
ria. The prevalence rate of B. henselae and B. clarridgeiae DNA
was 12.64% and 4.59% respectively. This finding is consistent with
reports in several countries worldwide [55–57]. In Algeria, B. clar-
ridgeiae was  detected in the blood of dogs [18] and in fleas collected
from hedgehogs [17].

In this study, we  detected B. henselae in the spleen of one dog.
Domestic dogs may  be excellent epidemiological sentinels for Bar-
tonella infection in humans [58]. In accordance with our findings,
B. henselae was molecularly amplified from the splenic tissue of
dogs [59,60]. Recently, B. henselae was  identified in 4/96 (4.16%)
dog blood samples in Algeria by PCR [13].

Molecular analysis of ectoparasites from our dogs revealed that
B. vinsonii subsp. berkhoffii was  detected in 6/62 (9.67%) Xenop-
sylla cheopis.  These positive fleas belong to dogs that were negative
for Bartonella spp. Bartonella vinsonii subsp. berkhoffii was earlier
detected infecting Algerian dogs [18]. Xenopsylla cheopis,  the Ori-
ental rat flea, is distributed worldwide and is suspected to transmit
several Bartonella species [61]. In Algeria, B. tribocorum and B. eliz-
abethae were detected in Xenopsylla cheopis collected from rodents
[17]. We  detected for the first time the presence of B. vinsonii subsp.
berkhoffii in Xenopsylla cheopis.

In our study, all animals tested negative for Rickettsia spp. Molec-
ular research of these bacteria in ectoparasites showed positives
results. We  identified R. felis DNA in 2/87 (2.30%) Ctenocephalides
felis collected from cats. In Algeria, the molecular presence of R.
felis was  detected in Ctenocephalides canis and Xenopsylla cheopis
from rodents [23]. Lately, Ctenocephalides felis has also been shown
to harbor this emerging pathogen (data submitted to parasites and
vectors [62]. In previous studies, R. felis DNA was  detected in Cteno-
cephalides felis of cats in Thailand [55], in Malaysia [57] and in
Ethiopia [56].

We  also reported an infection rate of 24.4% for R. massiliae and
11% for R. conorii in Rh. sanguineus ticks. These two spotted fever
group rickettsiae were amplified from Rh. sanguineus by molecular
tools in Algeria [63,64] and in Tunisia [65]. Overall, we  confirm that
dogs and cats can act as hosts for ectoparasites infected with several
rickettsial agents.

An outdoor housing, contact with other hosts and the non-use
of preventive or therapeutic anti-ectoparasite applications were
found to be correlated with PCR-positivity to vector-borne infec-
tions [5], which is associated with a higher exposure of stray dogs
and cats of our study to arthropod vectors and the agents they might
transmit.
5. Conclusion

This is the first study to investigate exposure to multiple vector-
borne pathogens in stray cats from Algeria. This is also the first
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ime that C. burnetii has been described in animals from Alge-
ia. The occurrence of these agents in the country, with zoonotic
haracter, emphasizes the need to alert the veterinary community,
wners and public health authorities to the risk of infection. Control
easures, including chemoprophylaxis against the ectoparasite

ectors, should be implemented to prevent infection of domestic
arnivores, other vertebrate hosts and people.

This paper has provided interesting new information on
oonotic pathogens emerging from companion animals. Additional
pidemiological data using larger numbers of domestic animals
rom more localities is necessary in order to determine the actual
revalence and distribution of these diseases in Algeria, as well
o allow the analysis of differences between risk factors. Further
nvestigations are also warranted in order to isolate these species
nd to determine their clinical significance.
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