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Abstract

Canine tick-borne diseases are regarded as emerging problems within Iran and throughout the world. The
present article aims at investigating Ehrlichia canis and Babesia canis infections in herd and stray dogs in Iran.
The present study is therefore an attempt to compare PCR assay with specific primers in order to detect the
organisms at the species level. This study is based on PCR amplification of the 16S rRNA, 18S rRNA and p28
genes. Concerning Babesia canis, species-specific primers BAB3 and BAB1 are compared with genus-specific
primers B-GA1B and 16S8FE. Moreover, for Ehrlichia canis, species-specific primers ECp28-F and ECp28-R
are compared with genus-specific primers RLB - F2 and RLB - R2. For the purpose of this study, 280 herd and
stray dogs from seven different regions in south of Iran were monitored. As the results revealed, molecular
surveillance of tick-borne diseases was based on PCR amplification of the 16S rRNA, 18S rRNA and p28
genes. For Ehrlichia canis, PCR was positive with genus-specific primers (B-GA1B and 16S8FE ) and species-
specific primers (ECp28-F and ECp28-R),1.4% (4 of 280) of blood samples. For Babesia canis, PCR was
positive with genus-specific primers (RLB - F2 and RLB - R2), 1% (3 of 280) and species-specific primers for
Babesia canis (BABL1 and BAB3) 0.4% (1 of 280) of blood samples, respectively. Sequencing results showed
that one herd dog was infected with Babesia canis, four herd dogs were infected with Ehrlichia canis, and one
herd dog showed co-infection with Ehrlichia canis and Babesia canis. This has been the first report of the co-
infections of both Ehrlichia canis and Babesia canis in naturally infected dogs in South of Iran.
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Introduction

Piroplasmosis and Ehrlichiosis are tick-borne diseases in dogs, caused by B. canis and E. canis. They are
common worldwide zoonosis, concentrated in tropical and subtropical regions due to the geographical
distribution of its vector ticks Rhipicephalus sanguineus and Dermacentor reticulatus (Caeiro 1992; Perez,
2006; Dantas-Torres, 2008). R. sanguineus is widely distributed throughout the world. This tick is reported as a
common tick in Iran (Rahbari et al., 2007), but there has been inadequate epidemiological data regarding the
prevalence of ehrlichiosis in different geographical parts of the country. E. canis is recognized in dogs in Iran
(Avizeh et al., 2010). Ehrlichiosis is characterized by fever, anorexia, depression, lymphadenopathy, emaciation,
bleeding, epistaxis and in some cases death (Neer, and Harrus 2006, Cardenas et al., 2007). Canine babesiosis is
an infectious disease caused by protozoans of the genera Babesia that is characterized by fever, anemia and

hemoglobinuria. The main hosts, B. canis and E. canis, are dogs. The parasites are transmitted to the host by
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the bite of ticks and infect the spleen, the liver and lymph nodes. Definitive diagnosis of canine ehrlichiosis and
babesiosis are based on hematological, biochemical, and serologic findings. Direct detection of the
intracytoplasmatic E. canis morulae is a rapid and low-cost diagnosis method in blood smears. The proportion
of infected cells in a serological positive animal may be less than 1% and the absence of the E. canis morulae
do not exclude positive diagnostic. The immunofluorescence assay test (IFAT) and Dot-ELISA are the serology
tests usually used to detect antibodies anti- E. canis in sera of suspected dogs. Though serology is a sensitive
test, it cannot detect current infection from either exposure without establishment of infection or previous
infection (Igbal, Chaichanasiriwithaya, and Rikihisa, 1994), and titers might remain high after infection for an
additional period of more than 11 months (Harrus et al., 1998). Because of the disadvantages of these methods,
PCR has been used as a complement in the diagnosis of canine ehrlichiosis and babesiosis, due to its high
sensitivity and specificity for detection of low levels of E. canis DNA (Igbal, and Rikihisa, 1994). This
technique can be used to confirm active infection, and establish failure or success of treatment of Ehrlichia
infections (Igbal, Chaichanasiriwithaya, and Rikihisa, 1994). Many PCR methods for the detection of infections
by Ehrlichia species have been described (Chang, and Pan, 1996; Engvall, 1996; Stich, 2002). Primers used to
detect Ehrlichia organisms may be generic or species-specific. Generic primers detect many organisms in related
genus groups, while specific primers designed to amplify highly variable portions of the genome can be chosen
to identify only a particular species of organism (Breitschwerdt et al.,1998).

The PCR protocol, widely employed to detect E. canis, is the 16S rRNA PCR, but limited sequence
variation of this gene between related bacteria results in unspecific amplification (Sumner, 1997; Whitlock,
2000). Although ehrlichiosis pathogenesis is poorly understood, some studies show that multigene families
described in members of the genus Ehrlichia may be involved in the evasion of host immune system by the
variation of major surface antigen expression (Mcbride, Yu, and Walker, 2000). The 28 kDa immunodominant
outer membrane protein of E. canis encoded by a multigene family (p28 gene) has been recently reported, and
this gene may be conserved in North America. It is likely that the p28 protein of E. canis has a similar location
and function to that of the p28 of E. chaffeensis. There is evidence that the E. canis p28 protein may be a
reliable serodiagnostic antigen (Mcbride, Yu, and Walker, 1999). The microscopically direct examination of
blood smear is the conventional method wused for the differentiation B. canis, which is based on the
morphometric characteristics. This is a rapid and low-cost method with high specificity, but lacks sensitivity to
detect low-level parasitemia (Carret 1999; Dantas-Torres, and Figueredo, 2006). Capillary parasitemias are
usually higher than venous parasitemias as frequently found in dogs with B. canis infections. Thus capillary
samples are the most appropriate diagnostic samples (Bohm et al., 2006).

Recently, technologies based on molecular biology have provided a wide variety of methods that are
currently being adopted as alternative tools for the genetic characterization of all sort of pathogens (Gasser,
2006). Among these, the phylogenetic analysis of fragments of the SSU rRNA gene has been frequently applied
for molecular studies of B. canis isolates (Caccio 2002; Inokuma, and Jefferies, 2003; Oyamada, and Passos,
2005; Gu" lanber, and Trapp, 2006; Criado- Fornelio, and Yamasaki, 2007). PCR assays have been validated
as alternative methods to achieve reliable species-specific DNA detection of B. canis (Martin et al., 2006) with
high level of sensitivity and relatively less time-consuming. A study has reported a semi-nested PCR assay to
amplify specific DNA fragments varying from 185 bp to 200 bp of either B. gibsoni, B. c. canis, B. c. vogeli or
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B. c. rossi which has been demonstrated to be effective for the detection of these organisms. (Birkenheuer et al.,
2003).

The present study, therefore, has been an attempt to evaluate a PCR assay, based on amplification of the
E. canis p28 gene with species-specific primers, comparing that with PCR method used to amplify the 16S
rRNA genes with genus-specific primers. It also aims at comparing PCR assay used to genus-specific primers
with species-specific primers for the diagnosis of B. canis, based on amplification 18S rRNA genes. It will

therefore lead to detect molecular prevalence rate E. canis and B. canis.

Materials and Methods
Blood samples and DNA extraction

A total of 280 blood samples were monitored. Samples were collected in seven regions of the Southern
Iran. Shiraz as the capital of Fars province is located in the South of Iran. Blood samples were removed and
stored at —20°C until PCR analysis. Blood smears were prepared and allowed air drying. The smears were fixed
in methanol for 5 min and stained with 10% Giemsa to detect morulae of E. canis in monocytes and B. canis in

red blood cells.

Selection of PCR primers B.canis and E.canis

The primers chosen for this purpose were as follows: partial 18S rDNA sequences of B. canis. A genus
forward (BABL1) was then selected from a Babesia conserved region in the 3’ end of the 18S rRNA gene and
species-specific reverse primers from variable regions of the large subunit rRNA genes of B. canis (BAB3)
could amplify the 714-732 bp open reading frame.(Duarte et al., 2008). Genus-specific Primers used in PCR to
amplify a portion of the 18S rRNA gene for Babesia were RLB - F2 and RLB - R2 could amplify the 460- 520
bp open reading frame. (Gubbels et al.,1999). (Table I).

Table 1. Primers used in PCR assays to amplify Babesia canis

Gene Primers Sequence 5'- 3'

18S rRNA *BABL (f) 5'-GTGAACCTTATCACTTAAAGG-3'
tBAB3 (1) 5-CTACACAGAGCACACAGCC-3

18S rRNA 1RLB- F2 () 5-ACACAGGGAGGTAGTGACAAG-3'
§RLB-R2 (r) 5'-CTAAGAATTTCACCTCTGACAGT-3’

* forward genus-specific primers; freverse species-specific primers; fforward genus-specific
primers;8genus-specific primers

Specific PCR primers were chosen based on a previously sequenced conserved region to amplify a partial
locus of the p28 gene (Mcbride, Yu, and Walker, 1999). Forward primer (ECp28-F) and reverse primer (ECp28-
R) could amplify the 843-bp open reading frame. (Nakaghi et al., 2010). Genus-specific Primers used in PCR to
amplify a portion of the 16S rRNA gene for Ehrlichia were B-GA1B and 16S8FE could amplify the 492-498 bp
open reading frame. (Bekker et al., 2002). (Table I1)

Table 2. Primers used in PCR assays to amplify Ehrlichia canis
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Gene Primers Sequence 5'- 3’

P28 *ECP28-F (f) 5-ATGAATTGCAAAAAAATTCTTATA-3'
+ECP28-R () 5-TTAGAAGTTAAATCTTCCTCC-3'

16S rRNA 1B-GA1B (f) 5'-CGAGTTTGCCGGGACTTYTTCT-3'
§16S8FE () 5-AGAGTTGGATCMTGGYTCAG-3'

*forward genus-specific primers; freverse species-specific primers; {forward genus-specific primers;
8genus-specific primers

DNA isolation, PCR amplification, Sequencing

For PCR amplification of the 16S rRNA gene spanning the V1 region primers 16S8FE and B-GA1B
were used as described by Bekker (2002). For p28 gene spanning the specific primers ECp28-F and ECp28-R
were used as described by Nakaghi (2010) and of the 18S rRNA gene genus-specific primers RLB F2 and RLB
R2 covering the hypervariable region 4 described by Gubbels (1999). BAB1 and BAB3 were used as described
by Duarte (2008). The reaction mixture contained 25 pl of REDExract—-N-Amp PCR Ready Mix, 0.25 pl of
forwarding primer, 0.25 pl of reverse primer, 5 ul of DNA extract and water to a final volume of 50 ul. PCR
amplification was performed in an automatic DNA thermocycler (Eppendorf). The reaction was incubated at
94°C for 10 min to denature genomic DNA. The thermal cycle reaction program was as follows: 94°C for 20
sec, 67°C for 30 sec and 72 °C for 30 sec for two cycles. During the subsequent two-cycle sets the annealing
temperature was lowered by 2°C until it reached 59°C following a traditional touch-down program. Then, for
the next 30 cycles annealing, temperature was 57 °C. The PCR reaction was ended by a final extension at 72°C
for 5 min. Samples were held at 4°C until analysis. Samples containing DNA of the various species were used
as positive controls and those containing water as negative controls were part of each PCR amplification. PCR
products were visualized on 1.2% agarose gels stained with ethidium bromide and under UV light using a
Bioimaging system SYNGENE. After amplification generated DNA, fragments were sequenced by Lark
Technologies, Inc., Essex. Sequencing reaction contained 200 ng of the template with 1.8 pmol of primer, using
ABI Prism BigDye Terminator Cycle Sequencing Ready Reaction Kit version 1.1. to final volume 10 pl.
Reaction condition's modifications of the companies recommended conditions. The completed sequence
reactions are then run on an ABI 3730 xl capillary machine. Data analyzed using ABI sequence analysis
software version 5.0.

Statistical analysis

Dogs were grouped based on age, sex, breed, and season to determine whether these factors were
associated with the prevalence of E. canis and B. canis. Statistical evaluations were carried out using SPSS
15.0. Chi-square test and Fisher’s exact test were computed. Differences were considered significant when P<
0.05.
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Results
PCR assays to amplify E. canis and B. canis

A total of 280 DNA samples were tested by 16S rRNA and p28-based PCR. Amplification of the 16S
rRNA gene of Ehrlichia with genus-specific primers was demonstrated by a 492-498 bp fragment (Figure 1),
and it was visualized in four samples (1.4%). The Other 276 samples (98.6%) were negative in this PCR.
Positive samples were demonstrated by the amplification of an 843-bp fragment of the p28-based PCR gene of
E. canis with species-specific primers (Figure 2). Results detected in this PCR system was similar to 16S rRNA
-based PCR. All positive samples by p28-based PCR were also detected in 16S rRNA gene. Furthermore,
samples were tested by the amplification of the 18S rRNA gene of Babesia with genus-specific primers
demonstrated by a 460-520 bp fragment (Figure 3), and it was visualized in three samples (1%). The Other 297
samples (99%) were negative in this PCR. Positive samples were demonstrated by the amplification of a 714-
732 bp (BAB1/BAB3-B. canis fragment of the 18S rRNA gene of B. canis (Figure 4). Amplification of the 18S
rRNA gene with B. canis-specific primers was visualized in one sample (0.4%). The Other 279 samples (99.6%)
were negative in this PCR. 1 out of 6 (16.7%) were Co-infection E. canis and B. canis. Co-infection E. canis

and B. canis were found 1 of 280 samples (0.4%), in one adult male dog > 3 years-old.

Figure 1. Ehrlichia PCR with genus-specific primers B-GA1B/ 16S8FE by 1.2% agarose gel electrophoresis. M, 100 bp
DNA ladder; lane 3,4,6 and 7 positive; +, positive control; -, negative control.

Figure 2. Ehrlichia canis PCR with species-specific primers ECp28-F/ ECp28-R by 1.2% agarose gel electrophoresis. M,
100 bp DNA ladder; lane 1,2,7 and 13 E.canis; +, positive control; -, negative control.
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Figure 3. Babesia PCR with genus-specific primers RLB-F2/RLB-R2 by 1.2% agarose gel electrophoresis. M, 100 bp
DNA ladder; lane 1,2 and 5 positive; +, positive control; -, negative control.
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Figure 4. Babesia canis PCR with species-specific primers BAB1/BAB3 by 1.2% agarose gel electrophoresis. M, 100 bp
DNA ladder; lane 1, B.canis; +, positive control; -, negative control.

Molecular prevalence rate E. canis and B. canis

Molecular prevalence rate E. canis was in herd dogs 2.9% (4 of 140) and positive sample was not
observed in stray dogs. There were significant differences between maintenance environment in the herd and
stray dogs and prevalence of infection (P<0.05). Molecular prevalence rate B. canis was in herd dogs 0.7% (1 of
140). There were not any significant differences between the molecular prevalence rate of infection and
maintenance environment. (P>0.05). The positive sample was not visualized in stray dogs. Molecular
prevalence rate E. canis was higher in male dogs (2.1%) than female dogs (0.7%), and B. canis was higher in
male dogs (0.7%). There were not significant differences between the molecular prevalence rate of infection and
host gender, season and region (P>0.05). Molecular prevalence rate E. canis was significantly higher in adult
dogs, 3 years old (4.1%) compared with 1-3 years old dogs (P= 0.05) and young dogs of 1 year old (P<0.05).

B. canis was found in adult > 3 years old (P>0.05).

Sequencing

Sequencing results from four samples of blood showed that four samples from dogs were infected with
E. canis (97-98%, identities with E. canis, GeneBank accession numbers AF082744.2 and EF014897.1), one
sample with B. canis (98-99%, identities with E. canis GenBank accession numbers HQ148664.1 and
AY371197.1). E. canis was identified in Bidzard, Dariun and Dinakan, B. canis in Bidzard. Co-infection E.

canis and B. canis were found in one region-Bidzard.

Discussion
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In this study, canine babesiosis and ehrlichiosis were diagnosed when climate conditions favor the
activity of Dermacentor and Rhipicephalus sp. ticks (Caeiro1992; Perez, 2006; Dantas-Torres, 2008). History
of travel outside this area, where canine ehrlichiosis and babesiosis were endemic, was not obtained for any of
the dogs. This situation supports the assumption that infections with B. canis and E. canis and the other vector-
borne agents were acquired locally. In addition, to our best knowledge, this is the first report of molecular
identification of B. canis and E. canis in dogs from south of Iran. B. canis was detected as (0.4%) and E. canis
as (1.4%) in 280 herd and stray dogs. This is in agreement with other studies conducted in Iran (Ashrafi et al.,
2001). In fact, only 0.3% of the dogs studied by Ashrafi (2001) were clinically suspected of B. canis, and
infection with Babesia sp. was not assessed molecularly by the researcher. This could be due to a lower
prevalence of infected dogs or tick vectors in the study area, in comparison to Babesia sp. in other animals in
Iran. Prevalence of ehrlichiosis was reported from other regions of Iran. Akhtardanesh (2009) noted that the

seroprevalence of canine monocytic ehrlichiosis using IFA and ICA was 13.8% and 10.6%, respectively.

In West Azerbaijan, 67% of wild dogs and 38% of domestic dogs were serologically positive for E.
canis. These rates of infection reported 58% and 39%, respectively, in east Azerbaijan (Asri and Mahmoudian,
2001). Studies indicate that the incidence of ehrlichiosis can vary greatly between countries and regions. The
high seroprevalence of E. canis infection was detected as 21% in Turkey (Batmaz et al., 2001), whereas low
prevalence (2.9- 9.7%) was obtained in Italy (Solano-Gallego et., al 2006). In the present study, the differences
between these low prevalence rates for E. canis (1.4%) as detected by molecular methods, and those observed in
the present study may be explained by a different sample population, and the methods used. In this study,
infection with E. canis was more prevalent than with B. canis. Due to relatively lower parasite loads of B.
canis and E. canis in the blood, compared with other tissues, the use of blood to assess infection with B. canis
and E. canis may demonstrate limited sensitivity of detection. In this study, However, the use of highly
sensitive quantitative PCR for B. canis and E. canis with specific primers probably improved the prospects of
detection, when compared to other conventional methods. In the present study, B. canis and E. canis were not
detected in blood smears. Parasites were not detected in the smears of four dogs which were found infected with
E. canis. Moreover, 1 of four dogs was detected with co-infection with B. canis and diagnosed by PCR and
sequencing. Microscopy may lack sensitivity in dogs clinically suspected of babesiosis and ehrlichiosis,
possibly due to low parasitaemia. We used PCR assays based on the p28, 16S rRNA, and 18S rRNA genes of
E. canis and B. canis species infecting dogs, mainly in the tropics and subtropics. The detection was carried out
by species-specific primers, and no cross-reactions were observed. The catchall E. canis and B. canis control is
of importance in case a PCR product is amplified. Dog blood sample infected by B. canis and E. canis as a
representative was used, but no specific reaction was seen. Additional species or strains can be identified by the
PCR with species-specific, and subspecies-specific primers should be subsequently sequenced to identify these
organisms, and if necessary, they can be included in the assay. The previously described molecular methods
applied to discriminate among the species of B. canis were either based on RFLP-PCR technique (Zahler, 1998;
De Sa’, 2006) or on phylogenetic analysis of PCR products (Caccio 2002; Inokuma, 2004; Oyamada, 2005;
Passos, 2005; Gu"” lanber, 2006; Criado-Fornelio, 2007; Yamasaki, 2007). These methods are recommended

for definite genetic characterization of the organism. The results obtained from this study give support to PCR
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assay with the specific-primers pair to be used as reliable tools for species detection and discrimination of B.
canis and E. canis. These methods account for less time-consuming and cheaper procedures for the molecular
diagnosis of canine babesiosis and ehrlichiosis at the species level of B. canis and E. canis that could be steadily
applied for further research on different aspects of the disease such as etiology, geographic distribution,
molecular epidemiology, etc. The assays used in this paper were PCR products of wide and clear differences
between the species (B. canis = 732 bp and E. canis= 843 bp ) to reinforce the specificity of the results while
testing large numbers of samples. This feature may also facilitate the simultaneous use of these primer pairs in a

multiplex PCR from where the results could be instantly read and concluded.

The PCR results in the specificity evaluation for each primer's pair (BAB1/BAB3 and ECp28-F/ ECp28-
R) strongly demonstrated the lack of B. canis and E. canis species PCR cross-amplification as well as with
other common dog haemoparasites, i.e., H. canis, T. evansi, M. haemocanis and B. gibsoni. Ehrlichia infections
can mimic several other diseases, and nonspecific clinical signs make the diagnosis difficult (Cohn, 2003). The
diagnosis of ehrlichiosis can be achieved by a combination of clinical and hematological presentation, serology
and molecular biology tests (Nakaghi et al., 2008). DNA amplification by PCR has improved the sensitivity and
specificity of the diagnosis of ehrlichiosis (Igbal, Chaichanasiriwithaya, and Rikihisa, 1994). There have been
many reports about PCR techniques for the detection of E. canis DNA, but only a few studies compared their
sensitivity and specificity. To determine the sensitivity and specificity of the PCR to detect gene p28, a
comparison with 16S rRNA-based PCR was performed. In this study, the p28 PCR system exhibited sensitivity
like the 16S rRNA-based PCR assay. PCR assays with species-specific sequences, rather than highly conserved
bacterial sequences, are likely to provide sensitive and specific tests (Wagner et al., 2004). However, this
method can result in unspecific amplification due to the highly conserved 16S rRNA gene among strains of
species of Ehrlichia, and it is at higher risk of DNA cross-contamination (Labruna et al.,2007). Therefore, a
PCR assay that amplifies the p28 gene seems to be the most specific method to detect E. canis DNA. The only
dog found infected with B. canis in our study also had the co-infection with E. canis. Dogs in our study had not
clinical signs for B. canis and E. canis. It is possible that chronic subclinical infection with B. canis and E. canis
are not clinically apparent by these co-infections. The co-infected dog may have been exposed to arthropods
infected with single pathogen species at different points in time or to vector(s) concurrently infected with
multiple agents (Otranto et al., 2009). Co-infections with tick-borne organisms may affect the severity of canine
vector-borne disease and the variety of associated clinical signs (Tabar et al., 2009). In a study, it was reported
that there was a significant difference between animals with dual infection and those with single infection
(Mekuzas et al., 2009). However, the clinical signs of co-infections with two or more vector-borne organisms
are often difficult to be specifically assigned to each one of the infecting agents (Kordick et al., 1999).

In the present study, although a complete clinical-pathological evaluation was not performed, especially
blood cell counts, no significant differences among HCT values were found between the co-infected dogs,
and those with one single infection detected. In the recent investigation, prevalence was significantly differed
among age groups. This is in line with other studies (Watanabe 2004; Rodriguez-Vivas, 2005; Costa, 2007).
Possible explanations can be attributed to the increased probability of a dog being exposed to E. canis. In some

other studies, age was not associated with E. canis (Matthewman 1993; Inokuma, 1999; Waner, 2000).
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Seroprevalence of infection in male dogs (2.1%) was higher than females (0.7%), though, it was not
significantly differed. It can be explained by the territorial habits associated with males, as they have a wider
area of operation than females, and the result was in line with some other studies (Waner 2000; Watanabe, 2004,
Rodriguez-Vivas, 2005; Solano- Gallego, 2006). However, findings were not in agreement with Batmaz (2001).
Sainz (1996) reported no difference between breeds, though, he found a correlation between the utility of dogs
and seropositivity to E. canis. In the present study, as the findings demonstrated, there was a low prevalence
(1.4%) of E. canis infection. However, the results were in agreement with the low prevalence of infection
(3.5%) in dogs in Rio de Janeiro, Brazil (Macieira et al., 2005).

A study in urban and rural dogs (n = 651) from Hungary revealed a 6% seropositivity to B. canis
(Hornok et al.,2006). In the present study, B. canis was found in one old male herd dog, only. A herd dog
littermates, aged 3 years, was found co-infected with B. canis and E. canis. This finding could suggest the
possibility of keeping environment and having contact with the domestic animal transmission. However, it
should be regarded as the most likely source of transmitting Babesia and Ehrlichia to them. E. canis was
found in male and female old herd dogs. There was no clear distinction of age and sex between single infected
and co-infected dogs. Rather than a genetic or breed predisposition, this situation probably reflects the fact that
these dog breeds and crosses are popular and over-represented in the southern part of Iran. Also, a considerable
percentage of these dogs lives outdoors and are used for herding activities in the field, where they face a higher
risk of contact with infected arthropod vectors. Nevertheless, it is due to the increasing mobility of dogs and the
existence of competent or presumptive vectors (Otranto et al., 2009).

1.4% and 0.4% of the blood from Iranian herd and stray dogs were infected by tick-borne bacteria and
protozoa, respectively. Sequencing analysis showed infection by E. canis and B. canis occurred in blood
samples of dogs in monitored regions of southern Iran. Veterinarians should be aware that babesiosis and
ehrlichiosis seem to be endemic in Iran. Since babesiosis and ehrlichiosis are a zoonotic disease that is mostly
transmitted by ticks Dermacentor reticulatus and Rhipicephalus sanguineus, a complex study has to be done,
where both dogs and humans are included with an appropriate sample size and the evaluation of risk factors.
Furthermore, preventive and control measures to control ticks should be established in order to minimize the
risk of infection.

Conclusion

It is concluded that further investigation and additional molecular studies are necessary to identify the
strains of the organism. Development of PCR assays can provide sensitive and/or specific tests to be used in the
diagnosis of experimental or natural infections. The p28-based and 18S rRNA-based PCR seem to be useful
tests for the molecular detection of E. canis, and B. canis. However, studies with primers targeting a specific
region inside gene p28, and 18S rRNA may improve the sensitivity of this method that in return it can be an
important alternative in the diagnosis of canine ehrlichiosis and babesiosis. This study confirmed the presence
of B. canis and E. canis as agents of babesiosis and ehrlichiosis in dogs in south of Iran. A higher sensitivity of
Babesia and Ehrlichia sp. detection was obtained by the use of PCR assays, compared to microscopy of blood

smears. Co-infections with some other vector-borne agents were also detected and molecularly characterized.
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Detection and identification of species and subspecies of pathogens, either in single or in co-infection are

necessary for the treatment, clinical management, and prevention of canine vector-borne disease.
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