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Abstract

Background: Canine Monocytic Ehrlichiosis (CME), due to the bacterium Ehrlichia canis and transmitted by the
brown dog tick Rhipicephalus sanguineus, is a major tick-borne disease in southern Europe. In this area, infections
with other vector-borne pathogens (VBP) are also described and result in similar clinical expression. The aim of the
present study was to evaluate the incidence risk of clinical CME in those endemic areas and to assess the potential
involvement of other VBP in the occurrence of clinical and/or biological signs evocative of the disease.

Methods: The study was conducted from April to November 2011 in veterinary clinics across Italy, Spain and
Portugal. Sick animals were included when fitting at least three clinical and/or biological criteria compatible with
ehrlichiosis. Serological tests (SNAP®4Dx, SNAP®Leish tests, Idexx, USA) and diagnostic PCR for E. canis, Anaplasma platys,
Anaplasma phagocytophilum, Babesia spp, Hepatozoon canis and Leishmania infantum detection were performed to
identify the etiological agents. Ehrlichiosis was considered when three clinical and/or biological suggestive signs were
associated with at least one positive paraclinical test (serology or PCR). The annual incidence risk was calculated and
data were geo-referenced for map construction. The probabilities of CME and other vector-borne diseases when facing
clinical and/or biological signs suggestive of CME were then evaluated.

Results: A total of 366 dogs from 78 veterinary clinics were enrolled in the survey. Among them, 99 (27%) were
confirmed CME cases, which allowed an estimation of the average annual incidence risk of CME amongst the
investigated dog population to be 0.08%. Maps showed an increasing gradient of CME incidence risk from northern
towards southern areas, in particular in Italy. It also suggested the existence of hot-spots of infections by VBP in
Portugal. In addition, the detection of other VBP in the samples was common and the study demonstrated that a dog
with clinical signs evocative of CME is as likely to be positive to Ehrlichia canis as to another VBP.

Conclusions: The study confirms the endemicity of CME in southern Europe and highlights the difficulties
encountered by veterinarians to differentiate CME from other vector-borne diseases under field conditions.
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Background
Canine Tick Borne Diseases are emerging all over Europe
and the burden of those transmitted by the brown
dog tick Rhipicephalus sanguineus is a major concern
[1,2]. Among the latest, canine monocytic ehrlichiosis
(CME), caused by the bacterium Ehrlichia canis, is one of
the tick-borne diseases associated with the most marked
clinical expression in dogs. CME results in a variety of
acute, chronic or subclinical syndromes with different
phases of the disease course and multiple clinical manifes-
tations. In the field, diagnosis of CME may be complicated
by the possible occurrence of co-infections with other
vector-borne pathogens (VBP), including Anaplasma
platys, Babesia canis, B. vogeli, B. microti-like (previously
referred to as Theileria annae), Hepatozoon canis and
Leishmania infantum - some sharing the same vector -
that may result in “altered clinical disease manifestations”
[3-6]. Therefore, the diagnosis of the disease can be chal-
lenging for practicing veterinarians [7]. According to the
consensus of the infectious disease group of the American
College of Veterinary Internal Medicine (ACVIM) [8], con-
firmed cases of CME are defined as dogs presented with
(i) evocative clinical signs and for which (ii) positive tests
are obtained, either by serology and/or by PCR.
As its tick vector R. sanguineus, CME has a wide

distribution in the world in particular under tropical,
subtropical or Mediterranean climates. It is considered
enzootic in southern Europe [1]. Although several stud-
ies were carried out to evaluate seroprevalence of E.
canis infection in this area, none have attempted to as-
sess the incidence of the disease in canine populations
living there [9].
Thus, the objectives of the study were (i) to evaluate

the incidence risk of CME in veterinary clinics and (ii)
to calculate the probabilities of CME and other vector-
Table 1 Clinical and biological signs suggesting canine mono

Clinical signs CBC1

Fever Mode

Depression, lethargy, weakness Anaem

Anorexia Leuko

Lymphadenomegaly Lymp

Splenomegaly

Haemorrhagic tendencies (including dermal petechiae and
ecchymoses, epistaxis)

Pale mucous membranes

Weight loss

Ophthalmological lesions (including anterior uveitis, chorioretinitis,
papilledema, retinal haemorrhage, retinal perivascular infiltrates,
bullous retinal detachment)

Neurological disorders
1Complete blood count.
borne diseases in dogs showing evocative signs of CME
in endemic areas of southern Europe.
The study was based on the systematic enrollment of

sick dogs presented with suspicion of CME in veterinary
clinics from Spain, Italy and Portugal and the realization
of serological and/or PCR tests for E. canis and/or other
VBP antibodies or antigens and/or DNA detections. The
criteria defined by the expert group of the ACVIM were
used for the definition of a case of CME and incidence
risk of CME was evaluated for each clinic and was used
to construct distribution maps.

Methods
Geographical and temporal framework
The study was conducted between April and November
2011, during the seasonal onset of the tick vector
R. sanguineus under Mediterranean climates. Since the
incubation of CME following tick transmission is short
(from 2 to 4 weeks) [6], this time period was considered to
correspond also to the window of occurrence of the
disease. Veterinary clinics were selected on a voluntary
basis in Portugal, Spain and Italy taking attention to
cover homogeneously each country.
The survey was anonymized, veterinary practitioners

participated on a voluntary basis and no specific proce-
dure was undertaken on animals. No approval by an ethics
committee was required for the applied methodology.

Dogs inclusion
Dogs selection by veterinarians: veterinarians were asked
to select sick dogs presented to their practice when fitting
at least three criteria compatible with CME among a list of
clinical and/or biological signs suggestive of the disease
(Table 1), i.e. dogs with a documented suspicion of CME.
The association of at least three signs was required because
cytic ehrlichiosis used for dogs selection

abnormalities Biochemistry abnormalities

rate to severe thrombocytopenia Hypoalbuminemia

ia Hyperglobulinemia

penia Increase in

hocytosis - alanine aminotransferase (ALT)

- alkaline phosphatase (ALP)

- C-reactive protein (CRP)

- alpha 1-acid glycoprotein (AAG)
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of the non-specific expression of the disease. For each dog
selected, veterinarians had to sample blood for diagnostic
confirmation and to fill a registration form gathering an-
amnesis, description of clinical signs, results of additional
tests if any and additional epidemiological information
such as the travel history, the life style (indoor, outdoor)
and the frequency of contacts with other animals.
Criteria used for dogs inclusion in the survey: Dogs

selected by veterinarians were finally included in the
survey when associating:

– Suspicion of CME based on three clinical and/or
biological suggestive signs

– At least an E. canis serological test performed at the
clinic or a blood sample available for PCR analyses.

No specific agreement was required as the manage-
ment of the dogs followed the classical process of a field
veterinary consultation.

Sampling methods and serological tests performed at the
clinic
Venous blood samples (whole blood and blood on EDTA)
were obtained from the cephalic or jugular veins of dogs
and stored at 5°C +/− 1°C until analysis. SNAP®4Dx test
(Idexx, Westbrook, USA) was used on whole blood or sera
to detect antibodies of E. canis but also antibodies of
Borrelia burgdorferi, Anaplasma spp and antigens of
Dirofilaria immitis. Moreover, SNAP®Leish test (Idexx,
Westbrook, USA) was performed on samples to allow
detection of antibodies of Leishmania infantum.

PCR analyses
Blood samples from each dog were then sent to the
Laboratory of Parasitology and Parasitic Diseases of
VetAgro Sup (Marcy l’Etoile, France) for PCR analyses.
DNA was extracted from blood samples as previously
described [10] and the quality of each extracted DNA was
assessed by PCR amplification of mitosin gene specific for
dogs to confirm the presence of dog DNA and the absence
of PCR inhibition [11]. Then, multiplex PCR amplifica-
tions were performed from each DNA blood sample to
detect DNA of E. canis, A. platys, A. phagocytophilum,
Babesia spp, H. canis and Leishmania spp using primers
previously designed (Table 2). The amplification reactions
were carried out in a thermocycler (Biometra T gradient,
Goettingen, Germany) in a total of 25 μL containing
1.25 μL of 2 μM of each primer, 12.5 μL of 2× Type-it
Multiplex PCR Master mix (Qiagen Multiplex PCR Kit,
Qiagen, Hilden, Germany), 1 μL DNA and 9 μL of RNase
free water and the following conditions were applied: 95°C
5 min, 35 cycles at 95°C 30 s, 61°C 90 s, 72°C 30 s
and 60°C 30 min. A negative control (reaction mix without
DNA) and a positive control (mix of pathogens DNA and
dog DNA) were systematically included in parallel. For all
Babesia spp positive samples, species were characterized
using a RFLP-PCR method using TaqI and HinfI enzymes
as previously described [12,13].

Definition of CME cases
As the presence of evocative clinical signs was one
of the criteria of selection, all dogs included in the study
had de facto clinical findings compatible with ehrlichiosis.
In agreement with the consensus opinion of the infec-

tious disease group of the ACVIM on CME diagnosis [8],
a CME confirmed case was defined in the study as a dog
with clinical signs suggestive of the disease (clinical suspi-
cion) and for which at least one of the two biological tests
(E. canis serology and/or PCR) was positive.

Dog population
In order to calculate the incidence risk of the disease, i.e.
the percentage of the dog population that contracted
CME during the period of the study, reference data about
the dog populations at risk were required. For that pur-
pose, the number of dogs referring to each clinic involved
in the study was collected. In Italy and Portugal, this
number was communicated by the veterinarian surgeons.
In Spain, this number was not available. Therefore, it was
estimated as the number of companion animal veterinar-
ians in the clinic multiplied by the average number of
dogs per companion animal veterinarian in the country
as previously described [19].

Computation of the annual incidence risk
The number of CME cases occurring during the study
period in the clinic was considered to be equivalent to
the annual number of CME cases since the study took
place during the whole period of vector activity. As pre-
viously explained, CME was considered when at least
one of the two biological tests (E. canis serology and/or
PCR) was positive. For dogs negative for one test and un-
determined for the other, a probability of CME was esti-
mated for incidence risk calculation using the dataset
from the dog population for which both tests were
available:

– For dogs with PCR negative and serology
undetermined, the probability of CME was given by
the proportion of dogs with positive serology among
dogs negative to E. canis by PCR.

– For dogs with serology negative and PCR
undetermined, the probability of CME was given by
the proportion of dogs with positive PCR among
dogs negative to E. canis by serology.

The annual CME incidence risk (CME IncRclin) in each
clinic was calculated as the ratio of the total number of



Table 2 Primers used for vector-borne pathogens detection by PCR in the study

Gene target PCR target Name Primer sequence Fragment
length

Reference

Mitosin gene Canis familiaris CAN-F 5′-CTTGTCACGGTAAGGTTC-3′ 290-bp [14]

CAN-R 5′-CTGATGTATTTCCTGCACCAAG-3′

Vir-B9 protein gene Ehrlichia canis Ehr1401F 5′-CCATAAGCATAGCTGATAACCCTGTTACAA-3′ 380-bp [15]

Ehr1780R 5′-TGGATAATAAAACCGTACTATGTATGCTAG-3′

GroEL gene Anaplasma platys GroAplatys-35 s 5′-AGCGTAGTCCGATTCTCCAGTTTT-3′ 515-bp [16]

GroAplatys-550as 5′-TCGCCGTTAGCAGAGATGGTAG-3′

AnkA gene Anaplasma phagocytophilum AnkAP-2074s 5′-GGCAAATGAGGCAAGTAACC-3′ 741-bp [16]

AnkAP-2815as 5′-GCCACTACCCAAGGATGATAG-3′

18S rDNA Babesia spp Ba103F 5′-CCAATCCTGACACAGGGAGGTAGTGACA-3′ 612-bp [15]

Ba721R 5′-CCCCAGAACCCAAAGACTTTGATTTCTCTCAAG-3′

18S rDNA Hepatozoon canis Hep F 5′-ATACATGAGCAAAATCTCAAC-3′ 666-bp [17]

Hep R 5′-CTTATTATTCCATGCTGCAG-3′

18S rDNA Leishmania spp R221 5′-GGTTCCTTTCCTGATTTACG-3′ 603-bp [18]

R332 5′-GGCCGGTAAAGGCCGAATAG-3′
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dogs positive for CME in the clinic to the dog popula-
tion referring to this clinic following the formula:

CME IncRclin ¼ n CMEpos
n DOG1

where n_CMEpos is the total number of dogs positive
for CME in the clinic, including the dogs with unknown
status for which a probability of CME was attributed as
explained above; n_DOG1 is the dog population in each
clinic.
95% confidence intervals of the annual CME inci-

dence risk were calculated in each country using Exact
Binomial test in R software [20]. As the number of
cases was low in each clinic, a Fisher’s Exact test was
performed to compare the incidence risk of CME of
each clinic that participated to the study to the average
incidence risk observed in the three countries. A prob-
ability p value < 0.05 was considered as statistically
significant.

Map building
The geo-referencing of 57 administrative regions of
Spain, Italy and Portugal was performed with ESRI Data
& Maps (2005, Redlands, USA). The location of the
clinics with geographical coordinates of the locality was
obtained using Google Earth. Mapping used GIS soft-
ware (QGIS v2.0.1 - Dufour) to observe distribution
patterns of the clinics and to perform statistical analysis
of the incidence risk of CME. A smoothed interpolated
map of the CME incidence risk was produced using
an Inverse Distance Weighting (IDW) interpolation
method. IDW in QGIS was set at 2.0. The colored scale
in the raster obtained was proportional to the value of
the incidence rates.

Probability of diagnosis of CME and other VBD
For a few dogs, information regarding the results of the
tests against some of the targeted VBP was missing. In
order to estimate probability of diagnosis of CME and
other VBD, we used the subset of dogs with complete
data for all tests.
The probabilities of diagnosis of CME (pCME) or

another VBD (pVBD) in the absence of CME, when
facing clinical or biological signs consistent with CME
were estimated as follows:

pCME ¼ n CMEpos
n DOG2

pVBD ¼ n VBDpos
n DOG2

where pCME and pVBD are respectively the probability of
diagnosis of CME and the probability of diagnosis of an-
other vector-borne disease when negative for CME;
n_CMEpos and n_VBDpos are the number of dogs
positive for CME and the number of dogs positive for
other vector-borne diseases and negative for ehrlichio-
sis, respectively; n_DOG2 is the number of dogs for
which all the diagnostic methods where applied.

Results
Questionnaire records and blood collections
From April to June 2011, 78 veterinary clinics (23 in Spain,
37 in Italy and 18 in Portugal) took part to the study with a
fairly homogeneous distribution throughout the countries.



Figure 1 Map of distribution of the veterinary clinics that took part to the study. The map shows provinces in Portugal, Spain and Italy and
locations where veterinary clinics, represented by dots, were integrated in the study and from which cases of canine monocytic ehrlichiosis were
obtained. The map confirms the fairly homogenous distribution of the sampling sites.
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In Spain sampling sites were scarcer (Figure 1). Within
those 78 clinics, 366 dogs were included in the survey.
Among them, 102 were from Spain, 144 from Italy and
120 from Portugal.
Table 3 Results of vector-borne pathogens (VBP)
detection

Targeted VBP Specific PCR Serology

Number of positive
samples/number of
tested samples

Number of positive
samples/number of
tested samples

Ehrlichia canis 35/317 (11%)1 92/356 (26%)

Leishmania infantum 20/317 (6%)2 66/340 (19%)

Anaplasma spp. ND 31/356 (9%)

A. platys 24/317 (8%)3 ND

A. phagocytophilum 0/317 (0%) ND

Hepatozoon canis 24/317 (8%) ND

Babesia spp. 15/317 (5%) ND

Dirofilaria immitis ND 8/356 (2%)4

Borrelia burgdorferi ND 4/356 (1%)
1Including 28 dogs also positive by serology.
2Including 12 dogs also positive by serology.
3Including 5 dogs also positive for Anaplasma sp. by serology.
4Antigens detection.
ND: Not done.
Detection of Ehrlichia and other Vector-Borne Pathogens
(VBP)
From these 366 dogs included, 356 were tested using
SNAP®4Dx test, 340 using SNAP®Leish test, 317 were
screened by PCR. Among the 366 dogs, 291 were tested
using all diagnostic methods. Results of VBP detection
by PCR and serology are summarized in Table 3.
Serology allowed detection of antibodies of E. canis in

26% of the serum tested and specific DNA of E. canis
was detected in 11% of the blood samples tested. Thus, a
total of 99 dogs were positive either by PCR or serology
to E. canis.
L. infantum was detected in 19% of the serum tested and

its specific DNA was identified in 6% of the samples giving
a total of 74 dogs positive either by PCR or by serology to
L. infantum. Antibodies against Anaplasma sp. were de-
tected in 9% of the sera. Only DNA of A. platys was identi-
fied in 8% of the blood samples whereas no dogs were
found infected with A. phagocytophilum using PCR ana-
lysis. Thus, a total of 50 dogs were found positive to Ana-
plasma sp. either by PCR or by serology. Four dogs had a
serological test positive for B. burgdorferi (1%) and antigens
of D. immitis were detected in 8 dogs (2%).
Multiplex PCR allowed detection of DNA of H. canis

in 8% dogs.
Babesia spp were detected by PCR in 5% dogs tested.

Species characterization using RFLP identified B. canis
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in 5 dogs (4 from Spain and 1 from Portugal), B. vogeli
in 6 dogs (2 from Portugal, 2 from Spain and 2 from
Italy) and B. microti-like in 4 dogs from Spain (2 in
Galicia, the endemic region for B. microti-like and 2
in Southern Spain).
A map showing the geographical origin of all dogs

positive to tick-borne pathogens detected in the study is
presented in Figure 2.
In addition, the high number of samples positive for

several VBP is noticeable. Among the 99 dogs positive
for E. canis, serological or PCR detection of another
VBP was done in almost the half of them (42/99).
The most frequently VBP found associated with E.
canis were Anaplasma spp. (N = 14; 4%) and L. infan-
tum (N = 14; 4%) detected by serology, followed by
H. canis (N = 10; 3%), A. platys (N = 8; 2%), Babesia
spp (N = 6; 2%) and L. infantum (N = 6; 2%) detected
by PCR whereas co-detection of B. burgdorferi and
D. immitis were evidenced in 2 (0.5%) and 1 (0.3%)
cases respectively.
Figure 2 Geographical distribution of Tick-Borne Pathogens (TBP) det
Portugal, Spain and Italy and locations where dogs with clinical suspicion o
by PCR. Stars correspond to locations where no dog was found positive to
TBP was evidenced.
Out of the 366 dogs included, 224 were negative to
E. canis. Among them, 78 (21% of the 366 dogs en-
rolled) were positive to other VBP (except E. canis) by
serology and/or PCR. In 62 dogs, blood samples were
positive to a single VBP (Leishmania spp in 32 dogs,
Anaplasma spp in 17 dogs, Babesia spp in 6 dogs,
H. canis in 5 dogs, D. immitis in 2 dogs). In 10 dogs, several
VBP (except Ehrlichia) were detected and 6 dogs were
positive either to one or several VBP because they were
not tested for all VBP.
Finally, 137 out of the 366 dogs included (37%) were

negative for all VBP. Final diagnosis, when available
revealed other non vector-borne infectious process,
tumoral process, autoimmune anaemia, intoxications
or non-identified causes.

CME incidence risk and geographical distribution
Among the 366 dogs included in the study, 99 were consi-
dered as CME cases and 224 were not. Forty-three dogs
had an unknown status for CME because they were not
ected in dog blood samples by PCR. The figure shows provinces in
f CME were detected positive to one or several of the TBP screened
TBP by PCR. Portugal was the country where the greatest number of
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tested by both methods: for 7 dogs, serology was not deter-
mined and PCR was negative, and for 36 others, PCR was
not determined and serology was negative. In order to
avoid a bias in the incidence risk estimate, the pro-
bability of infection of these 43 dogs was estimated as
explained in the Methods section:

– For the 7 dogs with PCR negative and serology
undetermined, the probability of CME was evaluated
to 18.5%, corresponding to the number of dogs
positive by serology (N = 51) among the dogs
negative by PCR (N = 275). These 7 dogs
represented 1.26 supplementary CME cases.

– For the 36 dogs with serology negative and PCR
undetermined, the probability of CME was evaluated
to 1.8%, corresponding to the number of dogs
positive by PCR (N = 4) among the dogs negative by
serology (N = 228). These 36 dogs represented 0.72
supplementary CME cases.

The average annual incidence risk of CME in the
78 clinics of the three countries was equal to 0.08%
(CI 95%: 0.06 – 0.09%). The average annual incidence
risk in Spain was 0.03% (CI 95%: 0.01 – 0.04%), in Italy
0.10% (CI 95%: 0.08 – 0.13%) and in Portugal 0.14%
(CI 95%: 0.09 – 0.19%). The annual incidence risk
Figure 3 Interpolated map of annual CME incidence risk in Italy, Spai
significantly different from the average incidence of the three countries we
SAN, San Piero a Sieve; BAT, Battipaglia; BEN, Benevento; POT, Potenza; CAP
BEJ, Beja; ALM, Almancil in Portugal.
observed in Spain was significantly lower than those in
the two other countries (P < 0.05).
An interpolated map of annual CME incidence risk in

Italy, Spain and Portugal was then produced (Figure 3).
An increasing gradient of infection from North to South
emerges from this analysis. Incidence risk in southern
Italy appears to be higher than in other areas including
southern Spain and Portugal. In Spain, the distribution
shows also an increasing gradient from central Spain to
western and southern borders. In Portugal, a West to
East (Spain border) increasing gradient was observed with
hot-spots of detections in the southern part of the country.
The annual incidence risks of CME in two clinics in

Spain (clinics in the towns Pereiro De Aguiar and
Puente Genil, incidence equal to zero) were significantly
lower than the average incidence risk in the 78 clinics
of the three countries. In Portugal, three clinics had a
significantly higher annual incidence risk of CME com-
pared to the average incidence risk of the three countries
(in towns Beja, Castello Branco and Almancil with inci-
dence risk of 0.64%, 0.46% and 0.36% respectively).
Seven Italian clinics had significantly higher incidence
risk than the average incidence risk of the three coun-
tries in the towns Battipaglia (1.60%), Potenza (0.80%),
Benevento (0.78%), Rende (0.60%), Capoterra (0.37%),
Giarre (0.36%), San Piero a Sieve (0.34%).
n and Portugal in 2011. Only towns where clinics had incidence
re indicated: PER, Pereiro De Aguiar and PUE, Puente Genil in Spain;
, Capoterra; GIA, Giarre; REN, Rende in Italy and CAS, Castello Branco;
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Probability of diagnosis of CME by veterinarians
The probability of diagnosis of CME and other VBP infec-
tions in dogs with clinical suspicion of CME was computed
on the 291 dogs for which results of all diagnosis tests were
available (PCR and/or serology for all VBP).
Eighty-two dogs were positive for E. canis using at least

one of the two diagnostic methods (PCR and/or serology)
and, therefore, were considered as confirmed cases of the
disease. The probability of diagnosis of CME by veterinar-
ians (pCME) when facing a suspicion of CME based on
three clinical or biological signs consistent with an infec-
tion with E. canis was evaluated at 0.28 [0.23; 0.33].
Among dogs negative to E. canis, 72 were positive for

at least one other VBP, so the probability of diagnosis of
other VBD in the absence of CME (pVBD) was evaluated
to 0.25 [0.20; 0.30].
A total of 137 dogs were negative to all tests. The

probability of a negative diagnosis of CME or other VBD
was 0.47 [0.41; 0.53].

Discussion
Numerous studies on the seroprevalence of VBD of pets
in endemic areas have been performed during the last
decades [9,21-23]. However, studies evaluating incidence
risk of CME are rare, in particular studies presenting
rates in reference to a dog population [9]. The study
conducted in 2011 allowed to collect samples from 366
cases of CME suspicion in 78 veterinary clinics from
Spain, Portugal and Italy. According to the results of sero-
logical and molecular tests, an overall annual incidence
risk of the disease in those countries was calculated at
0.08% in the three countries with important geographic
variations (from 0 to 1.6%). In addition, the identification
of other vector-borne pathogens in the samples was ex-
tremely frequent and the study demonstrated that a dog
with clinical signs evocative of CME is as likely to be posi-
tive to Ehrlichia canis as to another VBP including Ana-
plasma platys, Babesia canis, B. vogeli, B. microti-like,
Hepatozoon canis or Leishmania infantum.
To support the clinical suspicion, veterinarians were

asked to perform serological tests at the clinic and to
send blood for PCR confirmation in laboratory.
Among the 366 included cases, 291 (79.5%) were
analyzed using all diagnostic methods. This relatively
high percentage of blood analyzed confirms the
strong involvement of veterinarians that accepted to
participate in the study. However, we could not ex-
clude that some veterinarians did not fulfill perfectly
the protocol and did not submit all clinical suspects;
in this case, it might have induced an underestimate
of the incidence risk of CME.
As previously noted, CME is a complex disease with

several clinical phases characterized by different expres-
sions, which means diagnosis may be extremely
challenging [7]. In the present study, we chose to include
only dogs with clinical suspicions of CME, i.e. with
expressed clinical signs, and to consider a positive diag-
nosis of CME when at least one biological test was posi-
tive for E. canis either by serology and/or by PCR. This
postulate was based on recommendations from experts
[8] but may have generated biases.
PCR generally allows detection of dogs in the clinical

(=”acute”) phase of the disease. On the contrary,
serology allows detections of dogs in later phases such
as sub-clinical, chronic or recovering. In the study, the
selection of dogs positive either by serology and/or by PCR
and the selection of dogs with clinical and/or biological
signs suggest the possibility of selection of dogs in any
stages of the disease. However, using this method of re-
cruitment, it is possible that some dogs, in a sub-clinical
phase (very slight clinical signs) were not selected by veter-
inarians and thus were excluded from the study at an early
stage. A qualitative test (SNAP®4Dx test, Idexx, USA) was
employed because of its ease of use in the field and its cap-
acity to detect several VBP with a single test. This test was
calibrated by the manufacturer to be positive at a titer of
approximately 1:100 or greater [8]. Therefore, the capacity
of antibodies detection by this test is higher than the
threshold value (1:80) below which cases must be consid-
ered as doubtful according to the consensus. Moreover, ac-
cording to the same experts group, “titers do not correlate
with the duration of infection or the severity of disease”
and consequently do not allow to conclude to the “ill”, “just
exposed” or “infected” status of the dogs. In addition, dogs
negative by serology were, in most cases in the study,
tested by PCR that is one of the 3 methods recommended
by the consensus for CME doubtful cases confirmation.
Thus, it was decided to consider the qualitative SNAP®4Dx
test sufficient for CME diagnosis in the context of the
study. It is possible however that some dogs under sero-
conversion process (i.e. with an IFA titer under 1:100 at
the time of the test but with a possible higher titer few days
later) were not detected by the method. Finally, the study
was conducted from April to November with the exclusion
of winter months when the expression of acute disease is
limited. It excluded therefore few dogs with delayed signs
of chronic CME. All these considerations could have led to
an underestimation of the risk in particular in places where
incidence is high.
On the other hand, we cannot exclude that some of

the dogs considered as positive because of a positive
serology, had actually a previous contact with E. canis
(recovery or sub-clinical phase) and had clinical signs
caused by another disease, including another VBP infec-
tion. In this case, it could have led to an overestimation of
CME risk. Nevertheless, despite those elements of uncer-
tainty, the present study offers an interesting picture of the
field expression of CME in endemic areas.
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The geographical coverage was homogeneous in Portugal
and Italy but rather sparse in Spain. This may limit
the accuracy of the results in the country. Geographic
heterogeneities due to the presence of mountains, rivers
or sea boarders were not taken into account in the
interpolation method. However, the sampling method
allowed a raw coverage of the geographical diversity of
the three countries and the resulting maps illustrated
contrasted epidemiological situations regarding CME
and other VBD.
The study suggests the existence of gradients and hot-

spots of CME infections. In particular, incidence risk in
southern Italy appears to be higher than in other areas
including southern Spain and Portugal. A clear increas-
ing gradient of CME incidence from North to South
emerges from this analysis.
In Spain, mean incidence risk was relatively low (0.03%

ranging from 0 to 0.27% between clinics) with only
sporadic cases or small foci. Cases were mainly detected
in the southern part of the country, essentially near the
coasts, whereas in a previous survey, seropositive dogs
were mostly detected near the northern coasts [22].
These differences in distribution may be due to either
the low number of veterinary clinics that took part in
the study in Spain or the method (dog selection or diag-
nosis) used. However, Spain is divided in two phytogeo-
graphic regions, the Eurosiberian region in the northern
part, characterized by typically oceanic climate and
vegetation, and the Mediterranean region, in the rest
of the country, with hot summers and cold winters in
the mountains of central Spain and hot but milder
climate around the coasts [24]. Knowledge on ecological
and climatic preferences of the vector tick species,
R. sanguineus (warm climate with mild winter) [25], and
previous reports [26], suggest it may be more abundant in
the hot milder areas of southern coasts than in other areas
of the country and supports our results.
In Portugal, mean incidence risk was higher (0.14%,

ranging from 0 to 0.64% between clinics); three towns
situated in central and southern Portugal along the
Spain border (Beja, Castello Branco and Almancil towns)
had higher incidence risks than elsewhere in the country
and appeared hot-spots of CME infection. A previous
survey showed that Portugal is a highly endemic country
for VBD [21]. Regarding CME distribution, results of
our study correspond to those previously published with
higher positivity rates in southern areas compared to
northern [21]. R. sanguineus is described as the most
prevalent tick species throughout all the regions of the
mainland [21].
In Italy, E. canis was detected throughout the coun-

try as well as in Sardinia and Sicily (mean incidence
risk 0.10%, ranging from 0 to 1.6% between clinics). A
clear increasing gradient of detection was evidenced
from the North to the South. This distribution is simi-
lar to those previously published and corresponds to
the known distribution of the vector R. sanguineus in
the country [23].
In addition to the detection of E. canis, serological or

PCR tests were performed targeting other VBP known
to circulate in southern Europe, susceptible to infect
dogs with similar clinical expression and/or sharing the
same vector. It included serological detection of other
pathogens targeted by the SNAP®4Dx test (Anaplasma
spp., B. burgdorferi, and D. immitis (detection of anti-
gens)) and L. infantum. In order to allow an accurate
differential diagnosis, the detection of specific DNA from
A. platys, A. phagocytophilum, Babesia spp, H. canis and
Leishmania spp. was also conducted on the blood sam-
ples. These tests confirmed the high level of circulation of
those VBP in those endemic areas of southern Europe
resulting in a high rate of detection of other VBP among
the E. canis positive dogs but also in a high rate of other
VBP detection among the dogs selected for clinical suspi-
cion of CME and finally negative for E. canis. Interestingly,
A. platys, which is usually considered as less pathogenic
than E. canis with essentially subclinical expression was
identified by PCR in mono-infection of at least 9 dogs
included in the study.
According to the study, when facing at least three clin-

ical or biological signs consistent with CME, the prob-
ability to find PCR or serology evidence of CME is equal
to 0.28. In the absence of CME, the probability to find
evidence of another VBD is 0.25. These findings highlight
the difficulties encountered by veterinarians to conduct a
differential diagnosis between the different vector-borne
diseases in endemic areas based on clinical suspicion
under field conditions. If a vector-borne pathogen was
identified in half of the cases, the cause of the disease
was not linked to vector-borne infectious process in the
other half illustrating that diagnosis of those polymorphic
diseases in the field remains challenging. Future studies
should focus on identifying reliable clinical and/or bio-
logical parameters to help veterinarians in their diagnosis
procedure.
A distribution map was constructed in order to

localize the place where DNA from other tick-borne
pathogens were collected. Interestingly, the detection
of several pathogens appeared to be more concentrated
in hot-spots that correspond to those identified for
CME especially along the eastern border of Portugal.

Conclusions
This survey conducted in 2011 allowed evaluation of
incidence risk of CME in 3 endemic countries, Italy,
Spain and Portugal, and suggested the probable existence
of hot-spots of infections and gradients of distribution.
Similar studies should be conducted in the future in
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other countries of Europe in order to enhance know-
ledge on epidemiology of the disease but also to assess the
putative progression of CME and its vector R. sanguineus
to the North. The study highlights also the high frequency
of infections and co-infections by several VBP in those
endemic areas and demonstrates the complexity of the
diagnosis of those diseases in practice.

Competing interests
The work reported herein was funded by Merial S.A.S, France. ML, AL, SB and
LH are current employees of Merial.

Authors’ contributions
MRM carried out the overall analyses of the results and was responsible for
the first draft of the manuscript; IL, CD and DA carried out the SIG analyses,
JC and RM performed the PCR tests; ML, AL and SB contributed to the
design of the study and were responsible for the contact with vet clinics
and the collection of the samples and figures respectively in Spain, Portugal
and Italy; KCM carried out the statistical analyses. LC contributed to the
design of the study and was responsible for the molecular biology part of
the study. LH designed the study and was involved in the overall analyses of
the results. All authors read and approved the final manuscript.

Acknowledgements
The authors are sincerely grateful to all veterinarians, who voluntarily took
part in the study. Marta Perello, Anne-Laure Finizio, Frederique Cernicchiaro
and Nadine Duperray contributed to the computerization of information.

Disclaimer
This document is provided for scientific purposes only. Any reference to a
brand or trademark herein is for informational purposes only and is not
intended for a commercial purpose or to dilute the rights of the respective
owner(s) of the brand(s) or trademark(s).
®All trademarks are the property of their respective owners.

Author details
1Université de Lyon, VetAgro Sup Campus vétérinaire de Lyon, Jeune équipe
Hémopathogènes vectorisés, 1 avenue Bourgelat, 69280 Marcy L’Etoile,
France. 2Merial S.A.S, 29 avenue Tony Garnier, 69007 Lyon, France. 3INRA, UR
346 Epidémiologie Animale, 63122 Saint-Genès-Champanelle, France.
4VetAgro Sup campus vétérinaire de Lyon, 1 avenue Bourgelat, 69280 Marcy
l’Etoile, France.

Received: 1 October 2014 Accepted: 18 December 2014

References
1. Beugnet F, Marié J-L: Emerging arthropod-borne diseases of companion

animals in Europe. Vet Parasitol 2009, 163:298–305.
2. Nicholson WL, Allen KE, McQuiston JH, Breitschwerdt EB, Little SE:

The increasing recognition of rickettsial pathogens in dogs and people.
Trends Parasitol 2010, 26:205–212.

3. De Caprariis D, Dantas-Torres F, Capelli G, Mencke N, Stanneck D,
Breitschwerdt EB, Otranto D: Evolution of clinical, haematological and
biochemical findings in young dogs naturally infected by vector-borne
pathogens. Vet Microbiol 2011, 149:206–212.

4. De Tommasi AS, Otranto D, Dantas-Torres F, Capelli G, Breitschwerdt EB,
de Caprariis D: Are vector-borne pathogen co-infections complicating the
clinical presentation in dogs? Parasit Vectors 2013, 6:97.

5. Klag AR, Dunbar LE, Girard CA: Concurrent ehrlichiosis and babesiosis in a
dog. Can Vet J 1991, 32:305–307.

6. Little SE: Ehrlichiosis and anaplasmosis in dogs and cats. Vet Clin North
Am Small Anim Pract 2010, 40:1121–1140.

7. Baneth G, Bourdeau P, Bourdoiseau G, Bowman D, Breitschwerdt E, Capelli
G, Cardoso L, Dantas-Torres F, Day M, Dedet J-P, Dobler G, Ferrer L, Irwin P,
Kempf V, Kohn B, Lappin M, Little S, Maggi R, Miro G, Naucke T, Oliva G,
Otranto D, Penzhorn B, Pfeffer M, Roura X, Sainz A, Shaw S, Shin S, Solano-
Gallego L, Straubinger R, et al: Vector-Borne Diseases - constant challenge
for practicing veterinarians: recommendations from the CVBD World
Forum. Parasit Vectors 2012, 5:55.

8. Neer TM, Breitschwerdt EB, Greene RT, Lappin MR: Consensus statement
on ehrlichial disease of small animals from the infectious disease study
group of the ACVIM. American College of Veterinary Internal Medicine.
J Vet Intern Med 2002, 16:309–315.

9. Trotz-Williams LA, Trees AJ: Systematic review of the distribution of the
major vector-borne parasitic infections in dogs and cats in Europe.
Vet Rec 2003, 152:97–105.

10. René M, Chêne J, Beaufils JP, Valiente Moro C, Bourdoiseau G, Mavingui P,
Chabanne L: First evidence and molecular characterization of Babesia
vogeli in naturally infected dogs and Rhipicephalus sanguineus ticks in
southern France. Vet Parasitol 2012, 187:399–407.

11. Criado-Fornelio A, Martinez-Marcos A, Buling-Saraña A, Barba-Carretero JC:
Molecular studies on Babesia, Theileria and Hepatozoon in southern Europe.
Part I. Epizootiological aspects. Vet Parasitol 2003, 113:189–201.

12. Carret C, Walas F, Carcy B, Grande N, Précigout É, Moubri K, Schetters TP,
Gorenflot A: Babesia canis canis, Babesia canis vogeli, Babesia canis rossi:
differentiation of the three subspecies by a restriction fragment length
polymorphism analysis on amplified small subunit ribosomal RNA genes.
J Eurkaryotic Microbiol 1999, 46:298–301.

13. Solano-Gallego L, Trotta M, Carli E, Carcy B, Caldin M, Furlanello T: Babesia
canis canis and Babesia canis vogeli clinicopathological findings and DNA
detection by means of PCR-RFLP in blood from Italian dogs suspected of
tick-borne disease. Vet Parasitol 2008, 157:211–221.

14. Criado-Fornelio A, Martinez-Marcos A, Buling-Saraña A, Barba-Carretero JC:
Molecular studies on Babesia, Theileria and Hepatozoon in southern
Europe. Part II. Phylogenetic analysis and evolutionary history. Vet Parasitol
2003, 114:173–194.

15. Kledmanee K, Suwanpakdee S, Krajangwong S, Chatsiriwech J, Suksai P,
Suwannachat P, Sariya L, Buddhirongawatr R, Charoonrut P, Chaichoun K:
Development of multiplex polymerase chain reaction for detection of
Ehrlichia canis, Babesia spp and Hepatozoon canis in canine blood.
Southeast Asian J Trop Med Public Health 2009, 40:35–39.

16. Beall MJ, Chandrashekar R, Eberts MD, Cyr KE, Diniz PPVP, Mainville C, Hegarty
BC, Crawford JM, Breitschwerdt EB: Serological and molecular prevalence of
Borrelia burgdorferi, Anaplasma phagocytophilum, and Ehrlichia species in
dogs from Minnesota. Vector Borne Zoonotic Dis 2008, 8:455–464.

17. Inokuma H, Okuda M, Ohno K, Shimoda K, Onishi T: Analysis of the 18S
rRNA gene sequence of a Hepatozoon detected in two Japanese dogs.
Vet Parasitol 2002, 106:265–271.

18. Van Eys GJ, Schoone GJ, Kroon NC, Ebeling SB: Sequence analysis of small
subunit ribosomal RNA genes and its use for detection and identification of
Leishmania parasites. Mol Biochem Parasitol 1992, 51:133–142.

19. Halos L, Lebert I, Abrial D, Danlois F, Garzik K, Rodes D, Schillmeier M, Ducrot C,
Guillot J: Questionnaire-based survey on the distribution and incidence of
canine babesiosis in countries of Western Europe. Parasite 2014, 21:13.

20. R Development Core Team: R: A Language and Environment for Statistical
Computing. Vienna: R Foundation for Statistical Computing; 2011.
http://www.r-project.org/. Accessed 20 Jan 2014.

21. Cardoso L, Mendão C, de Carvalho LM: Prevalence of Dirofilaria immitis,
Ehrlichia canis, Borrelia burgdorferi sensu lato, Anaplasma spp. and
Leishmania infantum in apparently healthy and CVBD-suspect dogs in
Portugal - a national serological study. Parasit Vectors 2012, 5:62.

22. Miró G, Montoya A, Roura X, Gálvez R, Sainz A: Seropositivity rates for
agents of canine vector-borne diseases in Spain: a multicentre study.
Parasit Vectors 2013, 6:117.

23. Otranto D, Dantas-Torres F: Canine and feline vector-borne diseases
in Italy: current situation and perspectives. Parasit Vectors 2010, 3:2.

24. Moreno JM, Pineda FD, Rivas-Martinez S: Climate and vegetation at the
Eurosiberian-Mediterranean boundary in the Iberian Peninsula. J Veg Sci
1990, 1:233–244.

25. Beugnet F, Kolasinski M, Michelangeli PA, Vienne J, Loukos H:
Mathematical modelling of the impact of climatic conditions in France
on Rhipicephalus sanguineus tick activity and density since 1960.
Geospatial Health 2011, 5:255–263.

26. Estrada-Peña A, Farkas R, Jaenson TGT, Koenen F, Madder M, Pascucci I,
Salman M, Tarrés-Call J, Jongejan F: Association of environmental traits
with the geographic ranges of ticks (Acari: Ixodidae) of medical and
veterinary importance in the western Palearctic. A digital data set. Exp
Appl Acarol 2013, 59:351–66.

http://www.r-project.org/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Geographical and temporal framework
	Dogs inclusion
	Sampling methods and serological tests performed at the clinic
	PCR analyses
	Definition of CME cases
	Dog population
	Computation of the annual incidence risk
	Map building
	Probability of diagnosis of CME and other VBD

	Results
	Questionnaire records and blood collections
	Detection of Ehrlichia and other Vector-Borne Pathogens (VBP)
	CME incidence risk and geographical distribution
	Probability of diagnosis of CME by veterinarians

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Disclaimer
	Author details
	References

